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Chuong 1: A
TONG QUAN

1. VAI TRO CUA CAU TRUC DU LIEU TRONG MOT BE AN TIN HOC

Thyc hién mot dé an tin hoc 1a Chuyén bai toan thuc té thanh bai toan c6 thé giai
quyét trén may tinh. Mot bai toan thuc té bat ky déu bao gdm cac ddi twong dir liéu va
C4cC yeu cau xur 1y trén nhimg d6i tugng do. Vi the dé xdy dyng mot mb hinh tin hoc phan
anh duoc bai toan thuc té can chi trong dén hai van dé :

e T4 chirc biéu dién cac d6i tuong thyc té : Cac thanh phan dit liéu thyc té da dang,
phong phu va thuong chira dung nhiing quan hé nao do véi nhau, do do trong mé
hinh tin hoc ctia bai toén, can phai té chirc , xay dung cac cau tric thich hop nhat
sa0 cho vira co thé phan anh chinh xac cac dir lidu thuc té ndy, vira €0 thé dé
dang ding may tinh dé xur ly. Cong viéc nay duoc goi 1a Xay dung cdu tric dir
liéu cho bai toan.

e Xay dung céc thao tac xu ly dir liéu: Tt nhitng yéu cau xu 1y thuc té, can tim ra
céc giai thuat tuong ng de xac dinh trinh ty cac thao tac may tinh phai thi hanh
dé cho ra két qua mong mubn, day 1a bude xay dung gidi thudt cho bai toan.

Tuy nhién khi giai quyet mdt bai toan trén may tinh, ching ta thuong c6 khuynh
huéng chi chu trong dén viée xdy dung giai thuat ma quén di tam quan trong cua viéc t6
chirc dir liéu trong bai toan. Giai thuat phan anh cac phép xur 1y, con di tugng xir 1y ciia
giai thudt lai 1a dit li¢u, chinh dit li¢u chira dung céc thong tin can thiét dé thyc hién giai
thuat. Dé xac dinh dugc gidi thudt phU hop can phai biét n6 tac dong dén loai dir liéu nao
va khi chon lya cau trac dit liéu ciing can phai hiéu r0 nhirng thao tac nao sé tac dong dén
nd. Nhu vay trong mot dé an tin hoc, giai thuat va ciu tric dir liéu c6 moi quan hé chat
ch& véi nhau, duogc thé hién qua cong thirc:

Cdu tric dir liéu + Giai thudt = Chuong trinh
V&i mot cu trac dit liéu da chon, s& co nhirng giai thuat tuong ung, phtl hop. Khi cdu
trdc dir lidu thay d6i thuong giai thudt cling phai thay d6i theo dé tranh viéc xur ly guong
ép, thiéu ty nhién trén mot cau tric khong phl hop. Hon nira, mot cau trac dir lidu tot s&
gilp giai thuat xir 1y trén do c6 thé phat huy tac dung tét hon, vira dap tng nhanh vira tiét
kiém vat tu, giai thuat ciing dé hiéu va don gian hon.

2. CAC TIEU CHUAN DANH GIA CAU TRUC DU LIEU
Mot cau tric dir liéu tot phai thoa man cac tiéu chuan sau:

e Phan anh dung thyc té&: Day 14 tiéu chuan quan trong nhat, quyét dinh tinh dung
dan cua toan bo bai toan. Can xem xét ky ludng ciing nhu du trll cAC trang thai
bién d6i cua dit liéu trong chu trinh Séng dé c6 thé chon céu tric dir liéu luu trit
thé hién chinh xac d6i tugng thuc té.

e Phu hop véi cac thao tac trén d6: Tiéu chuan nay gitp tang tinh hiu qua ciia dé
&n: viéc phat trién cac thuit toan don gian, ty nhién hon; chuong trinh dat hiéu
qua cao hon vé tbc do xir 1.

e Tiét kiém tai nguyén hé thong: Cau trac dir liéu chi nén st dung tai nguyén hé
thong vira du dé dam nhiém dugc chirc ning ctia nd.Thong thuong c¢6 2 loai tai
nguyén can luu tdm nhét : CPU va bo nho. Tiéu chuan nay nén can nhac tly vao
tinh hudng cu thé khi thuc hién dé an . Néu t6 churc sir dung dé 4n can c6 nhiing
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xir Iy nhanh thi khi chon cau trac dir liéu yéu t6 tiét kiém thoi gian xir ly phai dat
nang hon ti€u chuan st dung téi vu bd nhd, va nguoc lai.

3. TRUU TUONG HOA DU LIEU

Truru tugng hod 12 y niém vé su vat hay hién tuong sau khi thu thap chit loc nhirng
thdng tin c6 y nghia; va loai bo di nhitng thdng tin khéng can thiét hoic nhitng chi tiét
khéng quan trong. Thang tin bao gdm céc trang théi tinh(data) va cac tac vu(operation)
Ién dir liéu do. ‘

Su triru tugng hod bao ham triru twong hod dit ligu dé thu thap thong tin vé dit licu va
triru twong hoé tac vu dé thu tap cac tac vu lién quan. Két qua cua qua trinh triru tuong
hod gilip chiing ta xay dwng mot md hinh cho mot kiéu dir lidu méi goi 1a kiéu dit lidu
triru twong(Abstract Data Type - ADT), mdi kiéu dit lidu triru twong c6 mé ta dit liéu va
cac tac vu lién quan.

Vi du: mé ta kiéu dix liéu triru tugng vé sb hitu ti a/b véi cac tac vu cong hai sé hitu ti,
nhan hai s6 hitu ti, chia hai s6 hitu ti.

KIEU DU LIEU TRUU TUQNG VE SO HOU Ti
M6 ta dir liéu:
o Tirsé.
e Mau sb (miu sb phai khéc 0).
M6 ta tac vu:
e Téc vu cong: add(sbhitutil, séhituti2)
Nhap:
a,b 1a tir vd mau cua sbhitutil
c,d 1a tir va mau cua sbhituti2
Xuét:
ad+bc 13 tir cua s hitu ti két qua
bd 1a mau cua sb hiru ti két qua.
e Téc vu nhan: mul(séhitutil,sdhiruti2)
Nhap: ....
Xuét: ....

4. KIEU DU LIEU CO BAN

Céc loai dir liéu co ban thuong 1a cac loai dir liéu don gian, khong c6 cu truc.
Chung thuong 14 cac gié tri vo hudng nhu cac sd nguyén, sé thuc, cic ky tu, cac gia tri
logic ... C&c loai dit liéu nay, do tinh théng dung va don gian ciia minh, thuong dugc cac
ngbn ngit lap trinh (NNLT) cép cao xdy dung sin nhu mot thanh phan ciia ngdn ngir dé
giam nhe cong viéc cho nguoi 1ap trinh. Chinh vi vay d6i khi nguoi ta con goi ching 1a
c4c kiéu dir liéu dinh sin.
Thong thuong, cac kiéu dir liéu co ban bao gom :
Kiéu cé thir tw roi rac: s6 nguyén, ky tu, logic , liét k&, mién con .
Kiéu khong roi rac: s6 thye
Céc kiéu dir liéu dinh sin trong C gdm cac kiéu sau:

Tén kiéu Kthwée  Mién gia tri Ghi chd
char 01 byte -128 dén 127 C6 thé dung nhu s6 nguyén 1
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byte c6 dau hodc kiéu ky tu

unsign char 01 byte 0 dén 255 S6 nguyén 1 byte khong dau
int 02 byte -32738 dén 32767

unsign int |02 byte (0 dén 65335 C6 thé goi tit 1a unsign

long 04 byte -2%% dén 2% -1

unsign long 04 byte |0 dén 2%%-1

float 04 byte 3.4E-38 ... 3.4E38 Gi6i han chi trj tuyét d6i.Cac

gid tri <3.4E-38 duoc coi = 0.
Tuy nhién ki€u float chi c6 7
chir so co nghia.
double 08 byte 1.7E-308 ...
1.7E308

long double |10 byte |3.4E-4932...
1.1E4932

5. KIEU DU LIEU CO CAU TRUC
Tuy nhién trong nhiéu truong hop, chi véi cac kiéu dir liéu co sé khong du dé
phan anh ty nhién va dﬁy du ban chit cua su vat thuc té, dan dén nhu cau phai xay dung
céc kiéu dir liéu méi dua trén viéc to chirc, lién két cac thanh phén dir lidu co kiéu dir liéu
dé dugc dinh nghia. Nhirng kiéu dir liéu duoc xay dung nhu thé goi 12 kleu dir lidu c6 cu
tric. Pa sb cac ngdn ngir lap trinh déu cai dat san mot s6 kiéu c6 cu tric co ban nhu
mang, chudi, tap tin, ban ghi...va cung cip co ché cho lap trinh vién ty dinh nghia kiéu dir
li¢u moi.
Vidu : Dé mo ta mot dbi tugng sinh vién, can quan tam dén cac thong tin sau:
- M4 sinh vién: chudi ky tu
- Tén sinh vién: chudi ky tu
- Ngay sinh: kiéu ngay thang
- Noi sinh: chudi ky tu
- Diém thi: s6 nguyén
Céc kiéu dir liéu co s cho phép mo ta mot s6 thong tin nhur :
int Diemthi;
Céc thong tin khac doi hoi phai sir dung céc kiéu co cau trac nhu :
char masv[15];
char tensv[15];
~ char noisinh[15];
D¢ thé hién thong tin vé ngdy thang nim sinh can phai xdy dung mot kiéu ban ghi,
typedef struct tagDate{
char ngay;
char thang;
char thang;
}Date; ‘ .
Cubi cling, ta c6 thé xay dung kiéu dir liéu thé hién thong tin vé mot sinh vién :
typedef struct tagSinhVien{
char masv[15];
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char tensv[15];

char noisinh[15];

int Diem thi;
}SinhVien;
Gia str da ¢6 ciu tric phi hop dé luu trit mot sinh vién, nhung thyc té lai cAn quan 1y
nhiéu sinh vién, lac do nay sinh nhu cAu xay dung kiéu dit lieu méi...Muc tiéu cua viéc
nghién ctru cu triic dit ligu chinh 13 tim nhitng phuong cach thich hop dé t6 chue, lién
két dir liéu, hinh thanh cac Kiéu dit lidu c¢6 cau tric tir nhitng kiéu dir lidu ¢4 dwoc dinh
nghia.

6. BAI TAP
1. Viét chuong trinh C khai bao kiéu dit liéu 12 mang mot chiéu, chuong trinh c6 cac chuc
nang nhu sau:

Nhap gia tri vao mang.

Sip xép mang theo thir tu tir nho dén 16n.

Xem ndi dung c&c phan tir trong mang.
2. Viét chuong trinh C cé khai bao kiéu dit liéu 12 mang hai chiéu, chuong trinh cé cac
chtrc nang sau:

Nhap gia tri vao ma tran.

Nhan hai ma tran thanh ma tran tich

Xem ndi dung cua cac phan tir trong ma tran.
3. Hay xay dung va hién thyuc kiéu dir liéu triru twong caa sé hitu ti a/b véi cac tac vu
cong hai sé hitu ti, nhan hai sé hitu ti, chia hai s6 hitu ti.
4. Hay xay dung va hién thuc kiéu dit liéu triru tugng cho sé phic vai céc tac vu cong,
trir, nhan, chia hai sb phuec.
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Chuong 2: )
DANH SACH

Danh sach(list) 1a mét trong nhitng cau tric co ban nhat dwoc cai dat trong hau hét céc
chuong trinh tng dung. Danh sach 1a mot kiéu dix liéu triru twong ¢é nhidu nit cing kiéu
dir liéu, cac nut trong danh sach c6 thir tu. ‘ ‘

C6 hai c4ch cai dat danh sach 1a cai dit theo kiéu ké tiép va cai dat theo kiéu lién két. Vi
céch cai dat thir nhat ching ta c6 danh séach k& hay con goi 1a danh sach dic, vai cach cai
dat tha hai ching ta duoc danh sach lién két.

1. MO TA CAU TRUC DANH SACH
M6 ta dir liéu:
Danh sach 1a mot tap hop c4c nat cung kiéu di liéu, cac nat trong danh sach c6
thu tu.
M0 ta cdc tac vu:
e Tac vu initialize:
Chirc nang: khoi dong danh sach.
Dt ligu nhap: khong.
e Té&c vu empty:
Chuwre nang: kiém tra danh séch c6 bi rong khang.
Dt ligu nhap: khong.
Dir liéu xuat: TRUE|FALSE
e Tac vu full:
Chure nang: kiém tra danh séch c6 bi day khang.
Dt ligu nhap: khong.
Dir liéu xuat: TRUE|FALSE.
e Tac vu listsize:
Chuwre nang: kiém tra s6 nat cd trong danh sach.
Dt ligu nhap: khong.
Dir liéu xuét: sb ndt trong danh sach.
e T&c vu retrieve:
Chwrc nang: truy xuat ndt tai vi tri position trong danh séch.
Dt liéu nhap: pos 4 vi tri cua n(t can truy xut trong danh sach.
Diéu kién: 0=<pos<=numnodes - 1 (numnodes I sb n(t cua danh sach)
e Tac vu insert:
Chirc nang: thém nut vao vi tri pos cua danh sach.
Dir liéu nhap: nat mai va vi tri pos (vi tri thém nat mai).
Diéu kién: 0=<pos<=numnodes.
Dit liéu xuat: khong.
e Tac vu remove:
Chirc nang: Xda nut tai vi tri pos cua danh sach.
Dir liéu nhap: pos (Vi tri cia nat x6a).
Diéu kién: 0=<pos<=numnodes — 1
Dir liéu xuét: nat bj xoa.
e Tac vu replace:
Chuwre nang: thay thé nit tai vi tri pos caa danh séch bang nit khac.
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Dir liéu nhap: nat khac va vi tri thay thé pos.

Diéu kién: 0=<pos<=numnodes-1

Dir liéu xuat: khong

T&c vu traverse:

Chuc niang: duyét tic ca cac nat cua danh séach.

Dir ligu nhap: khong.

Dit liéu xuat: khong.

T&c vu sort:

Chuire nang: sip xép lai danh sach theo mot khoa sap xép.
Dit liéu nhap: key (khoa sip xép)

Dit liéu xuat: khong.

Téac vu search:

Chue nang: tim kiém mot nat trong danh sach theo mot khoa tim kiém.
Dit liéu nhap: key 1a khoa can tim.

Dir ligu xuét: TRUE|FALSE va pos. TRUE la tim thdy key trong danh sach va pos
chi vi tri tim thay.

Tac vu copylist:

Chuire nang: copy mot danh sach thanh 1 danh séch méi gidng danh sach cil.

Dir ligu nhap: khong.

Dit liéu xuit: danh sach méi.
Téac vu clearlist:

Chirc nang: xoda danh sach.
Dir ligu nhap: khong

Dit liéu xuat: khong.

2. PHUONG PHAP CAI DAT DANH SACH

C6 hai cch cai dat danh séch: cai dit theo kiéu danh sach ké tiép va cai dat theo kicu
danh sach lién ket.
2.1 Cai dat theo kiéu ke tiep:

Cai dat theo kiéu ké tiép s& b tri cac nat trong danh sach lién két ké can nhau
trong bo nho, cai dat kiéu nay tao nén danh sach ké. Mang, chudi ky tu, stack hay hang
doi cai dat theo kiéu ké tiép, ... 1a nhitng dang khac nhau cua danh sach ké.
Hinh sau day minh hoa danh sach ké& dung mang 1 chiéu, méi phan tir trén mang
la mot ndt caa danh sach, danh sach hién cé 7 ndt trai dai tir ndt 0 dén nit 6 ciia mang.
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8

7

R Nut 6
5 Nt 5
- Nt 4
3 Nut 3
2 Nut 2
1 Nt 1
0 Nut 0

Hinh: Danh sach ké dung mang mot chiéu.

2.2 Cai ddt theo kiéu lién két:

Danh sach duoc cai dat theo kiéu lién két goi la danh sach lién két. Mdi nit trong
danh séch c6 truong info 12 ndi dung cua ndt va truong next 1a con tré chi nat ké tiép
trong danh s&ch. Con tré dau cua danh sach (FirstPtr) chi nat dau tién, nat cudi cling cua
danh séch c6 truong next tro dén vi tri null.

Hinh v& sau minh hoa céch cai dat bang danh sach lién két:

F'mt—PtLlnm Next = Info [Next———- Info Next—l

NULL
Hinh: Danh sach lién két.
2.3 So sanh hai kiéu cai dat:

Danh sach k& néu khai bao kich thuéc danh sach phi hop thi danh sach ké téi vu
vé bd nhé vi tai mi nat s& khong can chira truong next. Va tdc do truy xuat phan tir thir i
trong danh séch ké rat nhanh.

Tuy nhién, vé s nat cip phét cho danh sach ké la ¢ dinh nén sé nat can dang ltc
thira, IGc thiéu. Hon nita, danh sach ké bi han ché khi thuc hién cac tac vu insert, remove
vi mdi khi thuc hién cac tac vy nay ching ta phai doi chd rat nhiéu nat. S6 nit cua danh
sach cang 16n thi sé lan doi ché cang nhiéu nén cang cham.

S6 nat cap phat cho danh sach lién két thay dbi khi chuong trinh dang chay nén
viéc cap phat nat cho danh séch lién két rat linh hoat: khi nao can thi cap phét nat, khi
khéng can thi giai phong nat. Danh sach lién két rat thich hop khi hién thuc cac tac vu
remove, insert vi lic nay ching ta khéng phai doi ndt ma chi stra lai cac vang lién két cho
phu hop. Thai gian thuc hién cac tac vu ndy khong phu thudc vao sé luong cac nit c6
trong danh sach lién két.
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Tuy nhién, vi mdi nit cua danh séch lién két phai chira thém truong next nén
khong sir dung tbi wu bd nhé, viéc truy xuat nat thir i trén danh sach lién két chap vi phai
truy xuét tir dau danh sach, cac tac vu tim kiém trén danh séch lién két ciing khdng téi uu
vi thuong phai dung phueong phép tim kiém tuyént tinh.

3. HIEN THUC DANH SACH KE

3.1 Khai b&o cdu tric cia danh sdach ké:
La mdt mau tin c6 hai truong:
e Trudng numnodes: leu sb ndt hién cé trong danh sach.
e Truong nodes: 1a mang mot chiéu, méi phan tir ciia mang 1a mot ndt cia danh
séch.
#define MAXLIST 100
typedef struct list{
int numnodes;
int nodes[MAXLIST];

e Khi khai b4o kich thuéc mang (MAXLIST) du lon dé c6 thé chira hét cac nat cua
danh sach ké.

e Taco thé khai béo danh sach ké& bang bién ciu trdc ¢ tam vuc cuc bo hoic toan
cuc.

e Khi danh s&ch bi réng thi khong thé hién thuc tac vu x6a mot phan tir ra khoi
danh sach.

e Khidanh sach bi day thi khong thé thuc hién tac vu thém vao.

3.2 CAc tac vu tén danh sach ké

Tac vu khoi dong danh sach:

void initialize(struct list *plist){
plist->numnodes=0;

}

TAc Vu xdc dinh sé nit cia danh séch
int listsize(struct list *plist){

return plist->numnodes;
}

Tac vy kiém tra danh sdch réng
int empty(struct list *plist){
if(plist->numnodes==0)
return TRUE;
else
return FALSE;

¥

Tac vy kiém tra danh sdch day.
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int full(struct list *plist){
if(plist->numnodes==MAXLIST)
return TRUE;
else
return FALSE;

¥

Tac Vi truy xudt mot phan tir cia danh sach
int retrieve(struct list *plist, int pos){
if(pos<0||pos>=listsize(plist))
printf(“Vi tri %d khong hop le”,pos);
else
if(empty(list))
printf(“danh sach bi rong”);
else
return plist->nodes[pos];

¥

Tac vu thém mét phan tir méi vao danh sach
void insert(struct list *plist, int pos, int x){
int i;
if(pos <0 || pos> listsize(plist))
printf("\n Vi tri chen khong phu hop");

else{
if(full(plist)){
printf("Danh Sach bi day");
return;
Yelse{
for(i=listsize(plist)-1;i>=pos;i--){
plist->nodes[i+1]=plist->nodes[i];
}
plist->nodes[pos]=Xx;
plist->numnodes++;
}
}

}

Hinh v& sau miéu ta qua trinh thém mot phan tir vao danh sach ké:
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9 9

8 8

7 7 17
6 17 6 22
5 22 5 12
4 12 > 4 28
3 28 3 18
2 15 2 15
1 24 1 24
0 30 0 30

Hinh: Thém nut 18 vao vi tri 3 trong danh sach

Tac v xod mot phan tir ra khéi danh sdach
int remove(struct list *plist, int pos){
int i;
int x;
if(pos <0||pos>=listsize(plist))
printf("\n Vi tri xoa khong phu hop");

else{
if(empty(plist)){
printf("\n Danh sach khong co sinh vien");
}
else{
x=plist->nodes[pos];
for(i=pos;i<listsize(plist)-1;i++){
plist->nodes[i]=plist->nodes[i+1];
}
plist->numnodes--;
return X;
}
}
return X;

¥

Tac vu thay thé mét phan tir Ciia danh sdch.
void replace(struct list *plist, int pos, int x){
if(pos<0||pos>=listsize(plist)){
printf("\n Vi tri hieu chinh khong dung");
return;
Yelse{
if(empty(plist)){
printf("\n Danh sach khong co sinh vien");
return;
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}else
plist->nodes[pos]=x;
}

} :

Hinh vé sau miéu ta tac vu xoa mot khoa trong danh sach ke:
9 9
8 8
7 17 7
6 22 6 17
5 12 5 22
4 28 - " 4 12
3 18 3 28
2 15 2 18
1 24 1 24
0 30 0 30

Hinh: X6a nat 15 & vi tri 2 trong danh sach
Tac vu duyét danh sach
void traverse(struct list *plist){
int i;
if(plist->numnodes==0){
printf("\n Danh sach khong co sinh vien");
return;
}
for(i=0;i<plist->numnodes;i++){
printf("\n%d", plist->nodes[i]);
}

¥

Tac vy fim kiém mét phan tir trong danh sdch
int linearsearch(struct list *plist, int x){
int vitri=0;
while(plist->nodes[vitri]!=x && vitri<plist->numnodes)
vitri++;
if(vitri==plist->numnodes)
return -1;
else
return vitri;

¥

Tac vy sdp xép cdc phan tir bén trong danh séch.
void selectionsort(struct list *plist){
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int i,j,vitrimin,min;

for(i=0;i<plist->numnodes-1;i++){

min=plist->nodes[i];
vitrimin=i;

for(j=i+1;j<plist->numnodes;j++){
if(min >plist->nodes[j]){
min=plist->nodes[j];
vitrimin=j;

ks
ks

plist->nodes[vitrimin]=plist->nodes][];

plist->nodes[i]=min;

¥

4, CHUONG TRINH MINH HOA

Chuong trinh sau dé quan ly danh sach sinh vién. Chuong trinh cung cép céac chic niang:
xem danh sach sinh vién, thém mot sinh vién vao danh sach, xoa mét sinh vién trong
danh séach, hiéu chinh théng tin vé mét sinh vién, sap xép danh séch sinh vién theo thur tu,

tim kiém mot sinh vién khi biét ma sb sinh vién.

//[HIEN THUC DANH SACH LIEN KET BANG DANH SACH KE

#include <stdio.h>
#include <conio.h>
#define MAXLIST 100
#define TRUE 1
#define FALSE 0
typedef struct sinhvien{
int mssv;
char hoten[20];
¥
typedef struct list{
int numnodes;
sinhvien nodes[MAXLIST];
¥
void initialize(struct list *plist){
plist->numnodes=0;
}

int listsize(struct list *plist){
return plist->numnodes;
}

int empty(struct list *plist){
if(plist->numnodes==0)
return TRUE;
else
return FALSE;

Trang:8



Gido trinh ciu trac dit liéu va thuat giai

Chuong 2: Danh Sach

}
int full(struct list *plist){

if(plist->numnodes==MAXLIST)
return TRUE;
else
return FALSE;
}
void insert(struct list *plist, int pos, sinhvien x){
int i;
if(pos <0 || pos> listsize(plist))
printf("\n Vi tri chen khong phu hop");
else{
if(full(plist)){
printf("Danh Sach bi day");
return;
Yelse{
for(i=listsize(plist)-1;i>=pos;i--){
plist->nodes[i+1]=plist->nodes[i];

}
plist->nodes[pos]=Xx;
plist->numnodes++;

¥

sinhvien remove(struct list *plist, int pos){
int i;
sinhvien X;
if(pos <0||pos>=listsize(plist))
printf("\n Vi tri xoa khong phu hop");
else{

if(empty(plist)){
}

else{
x=plist->nodes[pos];
for(i=pos;i<listsize(plist)-1;i++){
plist->nodes[i]=plist->nodes[i+1];
}

plist->numnodes--;
return x;

printf("\n Danh sach khong co sinh vien");

ks
ks

return x;
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void clearlist(struct list *plist){
plist->numnodes=0;
}

void replace(struct list *plist, int pos, sinhvien x){
if(pos<0||pos>=listsize(plist)){
printf("\n Vi tri hieu chinh khong dung");

return;
Yelse{
if(empty(plist)){
printf("\n Danh sach khong co sinh vien");
return;
Jelse
plist->nodes[pos]=Xx;
}
}
void traverse(struct list *plist){
int i;
if(plist->numnodes==0){
printf("\n Danh sach khong co sinh vien");
return;
}
for(i=0;i<plist->numnodes;i++){
printf("\n%7d%7d%16s",1, plist->nodes[i].mssv,plist->nodes[i].hoten);
}
}
void selectionsort(struct list *plist){
int i,j,vitrimin;
sinhvien svmin;
for(i=0;i<plist->numnodes-1;i++){
svmin=plist->nodesJi];
vitrimin=i;
for(j=i+1;j<plist->numnodes;j++){
if(svmin.mssv >plist->nodes[j].mssv){
svmin=plist->nodes[j];
vitrimin=j;
}
}
plist->nodes[vitrimin]=plist->nodes][];
plist->nodes[i]=svmin;
}
int linearsearch(struct list *plist, int mssv){
int vitri=0;
while(plist->nodes[vitri].mssv !=mssv && vitri<plist->numnodes)

Vitri++;
if(vitri==plist->numnodes)
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return -1;
else
return vitri;

¥

void main(){
struct list ds;
sinhvien sv;
int chucnang,vitri;
char c;
initialize(&ds);
do{

printf("\n\n CHUONG TRINH QUAN LY DANH SACH HOC SINH:

\n");

printf("\n Cac chuc nang chinh cua chuong trinh: ");

printf("\n 1: Xem danh sach sinh vien");

printf("\n 2: Them mot sinh vien vao danh sach");
printf("\n 3: Xoa mot sinh vien trong danh sach");

printf("\n 4: Hieu chinh sinh vien");
printf("\n 5: Sap xep danh sach theo MSSV");

printf("\n 6: Tim kiem sinh vien theo MSSV");

printf("\n 7: Xoa toan bo danh sach™);
printf("\n O: ket thuc chuong trinh");
printf("\n Chuc nang ban chon: ");
scanf("%d",&chucnang);
switch(chucnang){

case 1:{

printf("\n Xem danh sach sinh vien");
HOTEN");

printf("\n STT MSSV
traverse(&ds);
break;

case 2: {

printf("\n Nhap vao vi tri them");

scanf("%d",&vitri);
printf("Ma so sinh vien: ");
scanf("%d",&sv.mssv);
printf("Ho va ten SV: ");
scanf("%s", &sv.hoten);
insert(&ds,vitri,sv);

break;

case 3: {
printf("\n Vi tri xoa: ");
scanf("%d",&vitri);
remove(&ds,vitri);
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break;

}

case 4:{
printf("\n Vi tri hieu chinh: ");
scanf("%d",&vitri);
printf(*Ma so sinh vien moi: "');
scanf("%d",&sv.mssv);
printf("Ho ten sinh vien moi: ");
scanf("%s",&sv.hoten);
replace(&ds,vitri,sv);
break;

case 5: {
selectionsort(&ds);
break;
}
case 6:{
printf("\n Nhap vao ma so sinh vien can tim: ");
scanf("%d",&sv.mssv);
vitri=linearsearch(&ds,sv.mssv);
if(vitri==-1){
printf("\n Khong tim thay sinh vien trong danh sach");

Yelse{
printf("\n Tim thay sinh vien trong danh sach");
}

break;

¥

case 7:{
clearlist(&ds);
break;

}

}
while(chucnang!=0);

¥

5. HIEN THUC DANH SACH LIEN KET DON
5.1 Gidi thiéu danh séch lién két don:

Danh séch lién két don 1& mot danh séach cé nhiéu nit va cac ndt caa né c6 thi tu.
MJi nit 1a mét cau trac co truong info - chira ndi dung that sy cua nit va truong next la
con tré chi nit tiép theo trong danh séach lién két. Thir ty cua cac nat dugc thé hién qua
truong next: con tro dau (plist) chi nit dau tién trong danh séach lién két, nat dau chi nat
thir hai, ..., nit cudi cung cua danh sach lién két don 1a ndt cd truong next c6 gia tri
NULL.

Hinh v& sau ddy md ta mot danh séch lién két don:
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list
S e Info | Next » Info | Next —— ... —> Info NEXt‘l
Hinh: Danh sach lién két don NULL
Luuy:

e Khi khoi dong danh sach lién két don, con tro dau plist duoc gan gia tri NULL:
plist=NULL; danh sach lién két ltc nay bi rdng.

e Khi danh sach bj rdng thi khong thé thuc hién tac vu xod mot phan ta, vi vdy
trude khi thuc hién tdc vu x04, ching ta nén kiém tra danh sach c6 bi réng hay
khong.

e Khi duyét danh s&ch lién két don nho con tré dau plist ching ta truy xuét duoc nit
dau va cir lan theo lién két co ¢ tung nat dé tuan ty truy xuit dén nit cudi cing
cua danh sach lién két.

5.2 Khai b&o cdu triic danh séach lién két don
Khai bao mdi cau trac 1a mot mau tin ¢d hai truong info va truong next:
e Truong info: chira noi dung cua nat.
e Trudng next: Ia con tro chi nat, dung dé chi dén nit ké tiép trong danh séach lién
két.
struct node{
int info;
struct node *next;

}
Typedef struct node *NODEPTR;

5.3 CAc tac vu #én danh sach lién kér don
Tac vu getnode:
Téc vu ndy dung dé cung cip mot bién dong lam mat nat cho danh sach lién két.
NODEPTR getnode(){
NODEPTR p:
p=(NODEPTR)new node;
return p;
}
Tac vy freenode:
Téc vu nay dung dé giai phong bién dong da cap truse do:
void freenode(NODEPTR p){
delete p;
}

Tac vu initialize:
Téc vu nay dung dé khai dong danh sach lién két.
void initialize(NODEPTR *plist){
*plist=NULL;
}

Tacvuempty: .
Tac vu nay dung dé kiém tra danh sach co6 rong hay khong.
int empty(NODEPTR *plist){
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if(*plist==NULL)
return TRUE;
else
return FALSE;
}
Tac vu nodepointer:
Téc vu ndy dung dé xac dinh con tro cta nat thir i trong danh sach lién két.
NODEPTR nodepointer(NODEPTR *plist, int i){
NODEPTR p;
int vitri;
p="*plist;
Vitri=0;
while(p!=NULL && vitri<i){
p=p->next;
Vitri++;
}
return p;
}
Tac vy position:
Téc vu ndy dung dé xac dinh vi tri cia nit p trong danh sach lién két.
int position(NODEPTR *plist, NODEPTR p){
int vitri;
NODEPTR q;
g="*plist;
Vitri=0;
while(q!=NULL && q!=p){
g=g->next;
Vitri++;
}
if(g==NULL)
return -1;
return vitri;
}
Tac vu prenode:
Téc vu ndy dung dé xac dinh nat trudc cua ndt p trong danh séch lién két.
NODEPTR prenode(NODEPTR *plist, NODEPTR p){
NODEPTR q;
if(p=="*plist)
return NULL;
g="*plist;
while(q!=NULL && g->next !=p)
g=g->next;
return q;

¥

Tac vu push:

Téc vu ndy dung dé them mat nidt cd noi dung x vao dau danh sach lién két.
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void push(NODEPTR *plist, int x){
NODEPTR p;
p=getnode();
p->info=x;
p->next=*plist;
*plist=p;
}
Tac vu isafter:
Téc vu ndy dung dé thém mat ndt cd ndi dung x ngay sau nt p.
void insafter (NODEPTR p, int x){

NODEPTR q;
if(p!I=NULL){
g=getnode();
g->info=x;
g->next=p->next;
p->next=q;
}
}
Tac vu pop:

Téc vu ndy dung dé xoa nit & dau danh sach lién két, tra vé& noi dung caa ndt bi xo4.
int pop(NODEPTR *plist){
NODEPTR p;
int x;
if(empty(plist))
printf(“\n danh sach bi rong”);

else{
p="*plist;
X=p->info;
*plist=p->next;
freenode(p);
return x;

}

¥

Tac vu delafter:
Téc vu ndy dung dé xoa n(t ngay sau ndt p, tra vé noi dung cia nit bi xoa
int deafter(NODEPTR p){
NODEPTR q;
int x;
if(p==NULL ||p->next==NULL)
printf(“\n Nut khong ton tai”);
else{
q=p->next;
X=g->info;
p->next=g->next;
freenode(q);
return Xx;
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}
}
Tac vu place: ‘
Téc vu nay dung dé thém mot nit c6 noi dung x trén danh sach lién két c6 tht tu. Gia si
truong info cua cac nut ¢6 thir ty tang dan tir nho dén 1n.
void place(NODEPTR *plist, int x){
NODEPTR p,q;
q=NULL;
for(p=*plist;p!=NULL&&x>p->info;p=p->next){
a=p;
}

if(g==NULL)
push(plist,x);
else
insafter(q,x);
}
Tac vy traverse:
Téc vu ndy dung dé duyét danh sach lién két.
void traverse(NODEPTR *plist){
NODEPTR p;
p="*plist;
if(p==NULL)
printf(“\n Danh sach bi rong”);
while(p'=NULL){
printf(“%d”,p->info);
p=p->next;
}
}
Tac vy search:
Téc vy nay dung dé tim kiém nat c6 noi dung x trén danh sach lién két bang phwong phép
tim tuyén tinh.
NODEPTR search(NODEPTR *plist, int x){

NODEPTR p;
p="*plist;
while(p->info '=x&&p!=NULL)
p=p->next;
return p;
}
TAc vu sort:

Téc vu ny dung dé sip xép danh sach lién két theo gi4 tri tang dan.
void sort(NODEPTR *plist){
NODEPTR p,q,pmin;
int min;
for(p=*plist;p->next!=NULL;p=p->next){
min=p->info;
pmin=p;
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for(q=p->next;q!=NULL;q=0->next){
if(min>g->info){

min=g->info;
pmin=q;
}
}
pmin->info=p->info;
p->info=min;

}
}
Tac vu clearlist:
Téc vu nay dung dé xoa danh sach lién két bang cach giai phong tic ca cac nit co trén
danh séch.
void clearlist(NODEPTR *plist){
NODEPTR p,q;
g=NULL;
p="*plist;
while(p!=NULL){
q=p;
p=p->next;
freenode(q);

¥

6. CHUONG TRINH MINH HOA ‘ ,
Chuong trinh sau dé quan ly danh sach sinh vién, chuong trinh duoc cai dat bang bién
dong.

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <alloc.h>
#define TRUE 1
#define FALSE 0
typedef struct sinhvien{

int mssv;
char ten[20];
¥
struct node{
sinhvien info;
struct node *next;
¥

typedef node* NODEPTR;

/ltac vu khoi tao mot node moi

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

}

//delete node ra khoi bo nho

void freenode(NODEPTR p){

free(p);
}

/Ikhoi dau mot danh sach lien ket

void initialize(NODEPTR *plist){
*plist=NULL;

}

//Kiem tra xem danh sach co empty hay khong
int empty(NODEPTR *plist){
if(*plist==NULL)
return TRUE;
else
return FALSE;
}
/[Them mot node vao dau danh sach
void push(NODEPTR *plist, sinhvien x){
NODEPTR p;
p=getnode();
p->info=x;
p->next=*plist;
*plist=p;
}
/[Duyet danh sach va in ra noi dung
void traverse(NODEPTR *plist){
NODEPTR p;
int stt=0;
p="*plist;
if(p==NULL)
printf("\n Khong co sinh vien trong danh sach");
while(p!=NULL){
printf("\n %5d%8d%?20s",stt++,p->info.mssv,p->info.ten);
p=p->next;

¥

/[Tra ve contro node thu i
NODEPTR nodepointer(NODEPTR *plist, int i){
NODEPTR p;
int vitri;
p="*plist;
vitri=0;
while(p!=NULL &&vitri<i) {

Trang:18



Gido trinh ciu trac dit liéu va thuat giai

Chuong 2: Danh Sach

p=p->next;
vitri++;

}

return p;

¥

/IThem mot node moi sau node p
void insafter(NODEPTR p, sinhvien x){

NODEPTR q;
if(p==NULL)
printf("Khong them sinh vien vao danh sach duoc");
else{
g=getnode();
g->info=x;
g->next=p->next;
p->next=q;
}

¥

/[Xoa mot node ngay sau node p

sinhvien delafter(NODEPTR p){
NODEPTR q;
sinhvien X;
if((p==NULL) ||(p->next==NULL))

else{

¥

printf("\n Khong xoa sinh vien nay duoc");

q=p->next;
x=g->info;
p->next=g->next;
freenode(q);

return x;

¥

/[Xoa mot node o dau danh sach lien ket
sinhvien pop(NODEPTR *plist){
NODEPTR p;
sinhvien Xx;

if(lempty(plist))

else{

¥

printf("Khong co sinh vien nao trong danh sach™);

p="*plist;
X=p->info;
*plist=p->next;
freenode(p);

return x;
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/[Xoa toan bo danh sach

void clearlist(NODEPTR *plist){
NODEPTR p,q;
g=NULL;
p="*plist;
while(p!=NULL){

¥

a=p;

p=p->next;

freenode(q);

*plist=NULL;

¥

//sap xep danh sach theo thu tu tang dan cua ma ssv.
void selectionsort(NODEPTR *plist){
NODEPTR p,q,pmin;
sinhvien min;
for(p=*plist;p->next!=NULL;p=p->next){

ks
¥

min=p->info;

pmin=p;

for(g=p->next;q I=NULL;q=q->next){
if(min.mssv>q->info.mssv){

min=g->info;
pmin=q;
}
}
pmin->info=p->info;
p->info=min;

[ltra ve vi tri cua mot node trong danh sach lien ket
int position(NODEPTR *plist, NODEPTR p){

int vitri;

NODEPTR q;

g="*plist;

vitri=0;

while(q!=NULL && q!=p){

¥

g=q->next;
vitri++;

if(g==NULL){

Yelse{
}

return -1;

return vitri;
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/IThem sinh vien vao mot danh sach da co thu tu
void place(NODEPTR *plist, sinhvien x){
NODEPTR p,q;
g=NULL;
for(p=*plist;p!=NULL&&X.mssv>p->info.mssv;p=p->next)
a=p;
if(g==NULL)
push(plist,x);
else
insafter(q,x);
}
/ltim Kiem sinh vien dua vao ma so
NODEPTR search(NODEPTR *plist, int x){
NODEPTR p;
p="*plist;
while(p->info.mssvI=x&&p '=NULL)
p=p->next;
return p;
}
void main(){
NODEPTR plist,p;
sinhvien sv;
int vitri,chucnang;
char c;
initialize(&plist);
do{

printf("\n\n CHUONG TRINH QUAN LY DANH SACH SINH VIEN");

printf("\n\n Cac chuc nang cua chuong trinh");
printf("\n 1: Xem danh sach sinh vien");
printf("\n 2: Them sinh vien vao danh sach");
printf("\n 3: Xoa sinh vien trong danh sach");
printf("\n 4: Hieu chinh sinh vien");
printf("\n 5: Sap xep danh sach theo MSSV");
printf("\n 6: Tim kiem sinh vien theo MSSV");
printf("\n 7: Them sinh vien vao danh sach da co thu
printf("\n 8: Xoa toan bo danh sach™);
printf("\n 0: thoat khoi chuong trinh");
printf("\n\n Chuc nang ban chon: ");
scanf("%d",&chucnang);
switch(chucnang){

case 1:{

printf("\n Danh sach sinh vien: ");

tu");

printf"\n STT MSSV HOTEN");

traverse(&plist);
break;
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case 2:{

¥

printf("\n Nhap vao vi tri can them: ");
scanf("%d",&vitri);
printf(" Ma so sinh vien: ");
scanf("%d",&sv.mssv);
printf(" Ten sinh vien: ");
[Iscanf("%s",&sv.ten);
fflush(stdin);
gets(sv.ten);
if(vitri==0)
push(&plist,sv);
else{
p=nodepointer(&plist,vitri-1);
if(p==NULL)
printf("Vi tri khong hop le");
else{
insafter(p,sv);
}

}
break;

case 3:{

¥

printf("\n Nhap vao vi tri can xoa; ");
scanf("%d",&vitri);
if(vitri==0){

pop(&plist);

Yelse{
p=nodepointer(&plist,vitri-1);
delafter(p);

}
break;

case 4:{

>info.mssv,p->info.ten);

printf("\n Nhap vao vi tri can hieu chinh: ");
scanf("%d",&vitri);
p=nodepointer(&plist,vitri);
if(p==NULL)
printf("\n Vi tri khong phu hop");
else{
printf("\n STT: %d MSSV: %d TEN: %s",vitri,p-

printf("\n Ma so sinh vien moi: ");
scanf("%d",&sv.mssv);

printf("\n Ten sinh vien moi: ");
scanf("%s",&sv.ten);
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p->info=sv;

}
break;

}

case 5:{
selectionsort(&plist);
break;

}

case 6:{

printf("\n Nhap vao ma so sinh vien can tim: ");
scanf("%d",&sv.mssv);
p=search(&plist,sv.mssv);
if(p==NULL)
printf("\n Khong co sinh vien trong danh sach");

else
printf("\n Tim thay sinh vien o vi tri %d trong danh
sach",position(&plist,p));
break;
}
case 7:{
/[Them sinh vien vao mot danh sach da co thu tu
printf("\n Ma so sinh vien: ");
scanf("%d",&sv.mssv);
printf("\n Ten sinh vien: ");
scanf("%s",&sv.ten);
place(&plist,sv);
break;
}
case 8:{
clearlist(&plist);
break;
}

¥

}while(chucnang !=0);

}
7. CAC LOAI DANH SACH LIEN KET KHAC
7.1 Danh sach lién két vong
Danh séch lién két vong 1a danh sach lién két nhung truong next caa nit cudi chi
nat dau tién cua danh sach.
Hinh v& sau day mé ta danh séch lién két vong.
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plist
Y
Info | Next —>» .. — Info | Next

L 4

Info | Next

L

Hinh: Danh sach lién két vong
Luuy:
e Ching ta quy ugc plist tré dén nat cudi cua danh sach lién két vong.
e Khi khoi dong danh sach plist dwoc gan bang NULL.
e Vi danh sach lién két vong khi biét con tré p cua mot ndt ching ta c6 thé truy
xuat bat ky nat nao trong danh sach biang cach lan theo vong lién két.

7.2 Danh séch lién kéz kép

Danh sach lién két kép Ia danh sach lién két ma mdi nat c6 hai truong lién két:
mot truong lién két chi nat trude (truong left) va mot truong lién két chi ndt sau (truong
right).
Hinh anh sau md ta mot nit cua danh sach lién két kép.

- eft Info right |—»

Hinh: Mt nut cia danh sach lién két kép

Hinh anh sau mo ta mot danh sach lién két kép voi plist la con tro chi nit dau tién coa
danh s&ch lién ket kép.

Nut 1 Nt 2 Nat cudi
plist - - ]
NULL Hinh: Danh sach lién két kép

NULL

Véi danh sach lién két kép ching ta c6 thé duyét danh sach lién két theo thur tu
xudi danh sach (lan theo lién két right) hoic duyét nguoc danh sach (lan theo lién két
left). Nt cudi caa danh sach lién két cé truong right chi NULL, ndt dau caa danh sach
lién két c6 truong left chi NULL.

8. BAI TAP

1. Viét chuong trinh hién thyc danh sach lién két kép.

2. Viét 1 ham gilp x04 nut cudi cua danh sach lién két don.

3. Viét 1 ham néi 2 danh sach lién két don thanh 1 danh sach lién két don.

4. Viét 1 ham dé copy mot danh sach lién két thanh 1 danh sach lién két khac giéng vai
no.

5. So sanh wu khuyét diém cua danh sach lién két don véi danh sach ké.

6. Cai dat tac vu copylist dé tao mot danh séch méi gidng nhu danh sach ci.
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7. Viét chuong trinh nhap vao mot danh sach lién két N sé nguyén. Xéac dinh c6 bao
nhiéu nut co gia tri x?

8. Viét chuong trinh nhap vao danh sach lién két c6 N s6 nguyén. Hay loc cac nat gidng
nhau ra khoi danh sach.

9. Viét chuong trinh hién thuc danh sach lién két vong.
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Chuong 4

CAY NHI PHAN

Stack, hang doi, danh sach 1a c4c ciu trdc tuyén tinh - céc nit trong cac céu tric
nay co tht tu, khi duyét cac cu tric ndy ching ta duyét tuan tu tir nat 1, nit 2, ... dén
nat cubi.

Chuong nay ching ta s& nghién cau mot cau tric khong tuyén tinh duoc sir dung
rat phd bién Ia cay nhi phan. C4c nat trén cdy nhi phan khéng c6 thi tu, mo| cay nhi phan
c6 mot ndt goc, co nhanh cdy con bén trai va nhanh cay con bén phai; mbi nhanh cay con
lai ty than hinh thanh mot cay nhi phan ciing c6 nat gbc va hai nhanh cay con riéng.
Ngudi ta goi cAy nhi phan la cay bac 2, vi mi nit trén cay cé téi da hai nhanh cay con.
Cay nhiéu nhéanh la cay cd bac Ién hon 2, mai nat trén cay nhiéu nhanh c6 thé c6 nhiéu
hon 2 nhanh cy con. Cay nhiéu nhanh s& dugc xem xét & chuong sau.

1. CAY NHI PHAN TONG QUAT
1.1 Dinh nghia ‘
Cay nhi phan 12 mat cu tric gdm mét tap hitu han cac nat cing kiéu dit lidu (tap
nat nay c6 thé rong) va duoc phan thanh 3 tap con:
e Tap con thi nhat c6 mot nat goi 1 nit gde (root)
 Hai tap con con lai ty than hinh thanh hai cay nhi phan la nhanh cay con bén trai
(left subtree) va nhanh cay con bén phai (right subtree) cua nut goc. Nhanh cay
con bén trai hozic bén phai ciing co thé la cay rdng.

Nut gbe

v Nhanh cay con
phai

Nhanh caycon ¢

trai 5!

II'-.O

A"

Hinh v& mé ta cay nhi phan
1.2 C&c khéi niém co ban ve cdy nhi phdn ,,
Chung ta dung cay nhi phan nhu hinh sau dé mé ta cac khai niém trén cay nhi phan:



- /%/K |
" /ﬁw/E)\E\ @/\a

Mic 2

Chiéu sau cua
cay

pry

Mirc 3 (e H) AR )

Hinh: Khai niém trén cay nhi phan
NGt gbe (root): 1a ndt dau tién caa cay, hinh vé trén c6 A 1a nit gdc.
Nt cha (father), nat con bén trai (left son), nat con bén phai (right son): nat A la
cha ctia nut B va C. NGt B la nat con bén tréi ctia A, nat C la nat con bén phai cua
A.
Nut la (leaf): 1a nat khéng cé con, vi du cac nut D, G, H va | la cac nut la.
Nt trung gian (internal node): NGt trung gian la nat ¢ gitta cy nhi phan, no
khong 1a nit 14 ciing khong phai 1a nat gc. Vi du cac nit B, C, E va F 1a nhiing
nat trung gian.
NGt truge (ancestor): NGt x goi la nt trudc cua nat y néu cay con nit goc x co
chtra nat y. Vi du C la nat truegce caa nat H.
NuUt sau bén trai (left descendant), nat sau bén phai (right descendant): niat y dugc
goi la nit sau bén trai cua x néu nhu cay con bén trai cua x co chira nit y. Tuong
ty ndt y duoc goi la nat sau bén phai caa nat x néu cay con bén phai caa nit x
chtray.
NGt anh em (brothers): Hai ndt goi la anh em vé&i nhau néu ching 1a nat con bén
trdi va nat con bén phai ctia cung mét nut cha.
Bac cua cay (degree of tree): Bac cua cay la s6 cay con tdi da caa mot nat trén
cay. Cay nhi phan 1a cay cd bac 1a 2, cay nhiéu nhanh 1a cay c6 bac I6n hon 2.
Bac cua nat (degree of node): Bac cua nit 1a s nat con cua nat d6. Vé&i cay nhi
phan bac cua nat cé 1 trong ba gia tri: 0, 1, 2. Vi du nat A c6 bac caa nut la 2, nat
E c6 bac cua nut la 1, nat D c6 bac cua nat l1a 0.
Muc cua nat (level of node): Mirc cua mot nut trén cdy duoc dinh nghia nhu sau:
Murc ciia ndt géc 1a 0.
Murc ciia ndt khac trong cay nhi phan bang muc caa nit cha + 1.
Chiéu sau caa cay nhi phan (depth of tree): la muc 16n nhat cua ndt 14 trén cay.
Chiéu sau chinh la dudng di dai nhat tir nat gbc dén nit 4.
Puong di, chiéu dai cia duong di: duong di 1a doan duong di tir ndt truéc dén nat
sau. Chiéu dai cua duong di = muc caa ndt sau - muc cua nat truée.

1.3 C&c cay nh;j phdn dac biét
1.3.1 Cay nhi phan diing (strictly binary tree)

MGt cdy nhi phan goi 1a cay nhj phan dung néu ndt goc va tac ca cac nit trung gian déu

c6 hai ndt con. Néu cay nhi phan ding c6 n nat 14 thi cay nay s& cé tac ca 2n - 1 nt.
Hinh v¢& sau day miéu ta cdy nhi phan dang:



Hinh: Cay nhj phan dang
1.3.2 Cay nh; phdn day (complete binary tree)
Mot cay nhi phan duogc goi 1a cay nhi phan day véi chiéu sau d thi:
e Trudc tién nd phai la cdy nhi phan dang.
e Tét ca cac nat 14 déu c6 muc la d.
Cay nhi phan day la cay nhi phan c6 s6 nit tdi da & mdi muc.

Hinh: Cay nhj phan day

1.4 M0 ta cay nhi phan

1.4.1 M0 ta dir lieu

Cay nhi phan 1a mét cau trdc gdm mét tap hitu han cac nit cung kiéu di liéu va cac nat
nay duoc phan thanh 3 tap con nhu sau:

e Tap con thi nhat chi c6 mot nat goi la nit gbce.

e Haitap con con lai tu th&n hinh thanh hai cay nhi phéan Ia nhanh cay con bén tréi
va nhanh cua cay con bén phai caa nat goc. Nhanh cay con bén trai hoic bén phai
c6 thé rdng.

1.4.2 M6 ta tdac vu

e Tac vu initialize
Chure nang: khoi dong cay nhi phan.

Dt ligu nhap: khong.

e Tac vu empty
Chire nang: Kiém tra cay c6 rdng hay khong.

Dt ligu nhap: Khong
Dir liéu xuat: TRUE|FALSE.

e Tac vu makenode
Chwre nang: Cung cip mot nit mgi cho cay nhi phan.



Dt liéu nhap: noi dung cta ndt mai X.
Dir ligu xuat: Con tré chi dén nat vira méi cap phat.

Téac vu setleft

Chirc nang: tao mot nut con bén trai (nat 18) cua nut p.
Dt liéu nhap: Con tré chi nat p va ndi dung caa nat X.
Diéu kién: nat p chua cé nat con bén trai.

Dit liéu xuat: khong.

Tac vu setright

Chirc nang: tao nat con bén phai (nat 18) cua nat p.
Dt liéu nhap: Con tré chi nat p va ndi dung caa nat Xx.
Diéu kién: NGt p chua c6 nat con bén phai.

Dit liéu xuat: khong.

Téac vu delleft

Chirc nang: xoda nut con bén trai (nat 1a) cua nut p.
Dir liéu nhap: con tré chi nut p.

Diéu kién: nat con trai cua nat p la nat I4.

Dir liéu xuét: nat bj xo4.

Tac vu delright

Chirc nang: xoa nut con bén phai (nat 18) cta nat p.
Dir liéu nhap: con tré chi nut p.

Diéu kién: nat con phai caa nit p 1a nat Ia.

Dir liéu xuét: nat bj xo4.

TAac vu pretrav

Chuae nang: duyét cay theo thur tu truoc (NLR).
Dir liéu vao: khong.

Dir ligu ra: Khong.

T&c vu intrav

Chure nang: duyét cay theo thir ty gitta (LNR)
Dir liéu vao: Khong.

Dt ligu ra: Khong.

TAac vu posttrav

Chac nang: duyét cay theo thir tu sau (LRN)
Dir liéu vao: Khong.

Dir ligu ra: Khong.

Téc vu search

Chuwre nang: tim kiém ndt trong cay nhi phan theo mot khoé tim kiém.
Dit liéu nhap: khoa tim kiém.

Dir liéu xuét: con tré chi nit tim thay.



e Tacvucleartree
Chirc nang: dung dé xoa cay nhi phan.

1.5 Ba phép duyét cdy nhi phdn
C0 ba phéo duyét cay nhi phan:
e Pretrav: duyét cay nhi phan theo tht tu trudc (NLR- Node Left Right). Dau tién
tham nat goc, sau d6 dén duyét cay con bén trai, sau d6 duyét cay con bén phai.
e Intrav: duyét cay theo thir tu giita (LNR): DAu tién duyét qua nhanh cay con bén
tréi, sau do tham nit gbc, cudi cung duyét cly con bén phai.
e Posttrav: Duyét cdy theo thtr ty sau (LRN): Dau tién, duyét nhanh cay con bén
tréi, sau do duyét nhanh cay con bén phai, cudi cling tham nit goc.

Hinh vé sau ddy md ta vi du cua ba phép duyét cay nhi phan:

Hinh: Ba phep duyét cay nhi phan
Néu duyét cay trén theo thir tw NLR thi thir tu cacnit s€ 13: ABDEGCFHI
Néu duyét cay trén theo thir tw LNR thi ther tw cacnit &: DBGEACHF |
Néu duyét cay trén theo thir tw LRN thi thir tw cac nit l&: DGEBHIFCA

1.6 Hién thuc cay nhj phan téng quét

1.6.1 Khai bao cdu tric cia mét nit

MJi ndt trén cay nhi phan tong quat la mot mau tin ¢ cac truong nhu sau:
e Truong info: chira noi dung cua nut.
e Truong left 1a con tro chi ndt, ding dé chi ndt con bén tréi.
e Trudng right la con tré chi nit, ding dé chi nat con bén phai.

typedef struct nodetype{
int info;
nodetype *left;
nodetype *right;

Y

typedef nodetype *NODEPTR;

1.6.2 Hién thuc cac tac vu
e Tac vu makenode o
Tac vu nay dung dé cap phat mot nat mai.



NODEPTR makenode(int x){
NODEPTR p;
p=getnode();
p->info=x;
p->left=NULL;
p->right=NULL,;
return p;

¥

e TAac vu pretrav
void pretrav(NODEPTR proot,int level){

if(proot '=NULL){
for(int i=0;i<level;i++)

printf("-");
printf("%d\n",proot->info);
pretrav(proot->left,level+1);
pretrav(proot->right,level+1);

¥

e Tac vu Intrav
void intrav(NODEPTR proot){
if(proot!=NULL){
intrav(proot->left);
printf(*%4d",proot->info);
intrav(proot->right);

¥

e Tac vu posttrav
void posttrav(NODEPTR proot){
if(proot!=NULL){
posttrav(proot->left);
posttrav(proot->right);
printf(%4d",proot->info);

¥

e Tac vu search
NODEPTR search(NODEPTR proot,int x){
NODEPTR p;
if(proot->info==x)
return proot;
if(proot==NULL)
return NULL,
p=search(proot->left,x);



if(p==NULL)
p=search(proot->right,x);
return p;

¥

Téac vu cleartree
void cleartree(NODEPTR proot){
if(proot!=NULL){
cleartree(proot->left);
cleartree(proot->right);
freenode(proot);

ks
¥

Téac vu setleft
void setleft(NODEPTR p, int x){
if(p==NULL)
printf("\n Nut khong ton tai");
else
if(p->left I=NULL)
printf("\n Nut p da co con ben trai");
else
p->left=makenode(x);
}
Tac vu setright
void setright(NODEPTR p, int x){
if(p==NULL)
printf("\n Nut khong ton tai");
else
if(p->right!=NULL)
printf("\n Nut da co con ben phai");
else
p->right=makenode(x);

¥

Téac vu delleft
int delleft(NODEPTR p){
NODEPTR q;
int x;
if(p==NULL){
printf("\n Nut khong ton tai");
}
else{
q=p->left;
X=g->info;
if(g==NULL)
printf("\n Nut khong co con ben trai");



else{
if(g->left!=NULL ||g->right '=NULL)
printf("\n Nut khong phai la 1a");
else{
p->left=NULL;
freenode(q);

¥

return x;

¥

e Tac vu delright
int delright(NODEPTR p){
NODEPTR q;
int x;
if(p==NULL){
printf("\n Nut khong ton tai");
}
else{
q=p->right;
x=g->info;
if(g==NULL)
printf("\n Nut khong co con ben phai");
else{
if(g->left'=NULL ||g->right '=NULL)
printf("\n Nut khong phai la 1a");
else{
p->right=NULL,;
freenode(q);

¥

return x;

¥

1.7 Chuong trinh minh hog hién thyc cay nhi phan téng quat
#include <stdio.h>
#include <stdlib.h>

#define TRUE 1
#define FALSE 0

/[dinh nghia cau truc cho cay nhi phan
typedef struct nodetype{
int info;



nodetype *left;
nodetype *right;
Y

typedef nodetype *NODEPTR;

NODEPTR ptree;
int nodecount;
int chieucao;

NODEPTR getnode(){
NODEPTR p=(NODEPTR)malloc(sizeof(nodetype));
return p;

¥

void freenode(NODEPTR p){
free(p);
}

void initialize(){
nodecount=0;
ptree=NULL,
}

int empty(){
if(ptree==NULL)
return TRUE;
else
return FALSE;

¥

NODEPTR makenode(int x){
NODEPTR p;
p=getnode();
p->info=x;
p->left=NULL;
p->right=NULL,;

return p;

¥

/lthem mot nut moi co noi dung X vao ben trai node p
void setleft(NODEPTR p, int x){
if(p==NULL)
printf("\n Nut khong ton tai");
else



if(p->left I=NULL)
printf("\n Nut p da co con ben trai");
else
p->left=makenode(x);

¥

/lthem mot nut moi co noi dung X vao ben phai node p
void setright(NODEPTR p, int x){
if(p==NULL)
printf("\n Nut khong ton tai");
else
if(p->right!=NULL)
printf("\n Nut da co con ben phai");
else
p->right=makenode(x);

¥

/[Xoa nut la ben trai node p
int delleft(NODEPTR p){
NODEPTR q;
int x;
if(p==NULL){
printf("\n Nut khong ton tai");
}
else{
g=p->left;
x=g->info;
if(g==NULL)
printf("\n Nut khong co con ben trai");
else{
if(g->left!=NULL ||g->right '=NULL)
printf("\n Nut khong phai la 1a");
else{
p->left=NULL;
freenode(q);

¥

return x;

¥

/[Xoa node la ben phai node p
int delright(NODEPTR p){
NODEPTR q;
int x;
if(p==NULL){



printf("\n Nut khong ton tai");

}
else{
q=p->right;
X=g->info;
if(g==NULL)
printf("\n Nut khong co con ben phai");
else{
if(g->left!=NULL ||g->right '=NULL)
printf("\n Nut khong phai la la");
else{
p->right=NULL,;
freenode(q);
}
}
}
return x;

¥

//Duyet cay theo thu thu NLR
void pretrav(NODEPTR proot,int level){
if(proot '=NULL){
for(int i=0;i<level;i++)
printf("-");
printf("%d\n",proot->info);
pretrav(proot->left,level+1);
pretrav(proot->right,level+1);
}
}
/[Duyet cay theo thu thu LNR
void intrav(NODEPTR proot){
if(proot!=NULL){
intrav(proot->left);
printf(%4d",proot->info);
intrav(proot->right);

}
//Duyet cay theo thu thu LRN

void posttrav(NODEPTR proot){
if(proot!=NULL){
posttrav(proot->left);
posttrav(proot->right);
printf("%4d",proot->info);
}
}

//[dem so nut tren cay



void demnut(NODEPTR proot){
if(proot!=NULL){
nodecount++;
demnut(proot->left);
demnut(proot->right);

¥

//dem so nut la tren cay
void demnutla(NODEPTR proot){
if(proot!=NULL){
if(proot->left==NULL &&proot->right==NULL)
nodecount++;

demnutla(proot->left);
demnutla(proot->right);

ks
ks

void tinhchieucao(NODEPTR proot, int level){
if(proot!=NULL){
if(level>chieucao)
chieucao=level;
tinhchieucao(proot->left,level+1);
tinhchieucao(proot->right,level+1);
}
}

/ltim Kiem phan tu x tren cay
NODEPTR search(NODEPTR proot,int x){
NODEPTR p;
if(proot->info==x)
return proot;
if(proot==NULL)
return NULL,;
p=search(proot->left,x);
if(p==NULL)
p=search(proot->right,x);
return p;

¥

/[Xoa cay, tra bo nho ve cho he thong
void cleartree(NODEPTR proot){
if(proot!=NULL){
cleartree(proot->left);
cleartree(proot->right);
freenode(proot);



int chucnang,noidung,noidungl;

}

void main(){
NODEPTR p;
initialize();
do{

printf("\n CAY NHI PHAN");
printf("\n Cac chuc nang cua chuong trinh: ");

printf("\n1.
printf(*\n2.
printf(*\n3.
printf(*\n4.
printf(*\n5.
printf(*\n6.
printf(*\n7.
printf(*\n8.
printf(*\n9.

Tao nut goc cho cay nhi phan™);

Them mot nut la ben trai nut cho truoc");
Them mot nut la ben phai nut cho truoc");
Xoa mot nut la ben trai");

Xoa mot nut la ben phai");

Duyet cay theo thu tu NLR");

Duyet cay theo thu tu LNR");

Duyet cay theo thu tu LRN");

Tim kiem");

printf(*\n10. Xoa toan bo cay");
printf("\n11.Dem so nut tren cay");
/lprintf("\n12.So nut la tren cay: ");
/Tprintf(*\n0. Ket thuc chuong trinh");

printf("\n\nChuc nang ban chon: ");

scanf("%d"

,&chucnang);

switch(chucnang){
case 1:

ifempty(){
printf("\n Nhap vao noi dung cua nut goc: ");
scanf("%d",&noidung);

ptree=makenode(noidung);

else{

}
break;

case 2:

printf("\nNhap vao noi dung cua nut can them: ");
scanf("%d",&noidung);
p=search(ptree,noidung);
if(p!I=NULL)
printf("\n Bi trung khoa");

printf("\n Nhap vao noi dung cua node cha: );
scanf("%d",&noidungl);
p=search(ptree,noidungl);



if(p==NULL)
printf("\n Khong tim thay node cha");
else

setleft(p,noidung);

case 3:

break;

printf("\n Nhap vao noi dung nut la can them:");
scanf("%d",&noidung);
p=search(ptree,noidung);
if(p!'=NULL)
printf("\n Bi trung khoa khong them vao duoc");
else{
printf("\n Nhap vao noi dung nut cha");
scanf("%d",&noidungl);
p=search(ptree,noidungl);
if(p==NULL)
printf("\n Khong tim thay node cha");
else

setright(p,noidung);

case 4:

case 5:

case 6:

case 7:

}
break;

printf("\nNhap vao noi dung cua node cha: ");
scanf("%d",&noidung);
p=search(ptree,noidung);
if(p==NULL)

printf("\n Khong tim thay node cha");
else

delleft(p);
break;

printf("\nNhap vao noi dung cua node cha: ");
scanf("%d",&noidung);
p=search(ptree,noidung);
if(p==NULL)

printf("\n Khong tim thay node cha");
else

delright(p);

break;
printf("\n Duyet cay theo thu tu NLR: \n");

pretrav(ptree,0);
break;



printf("\n Duyet cay theo thu tu LNR");

intrav(ptree);
break;
case 8:
printf("\n Duyet cay theo thu tu LRN");
posttrav(ptree);
break;
case 9:
printf("\n Nhap vao noi dung can tim: ");
scanf("%d",&noidung);
if(search(ptree,noidung)!=NULL)
printf("\n tim thay phan tu %d tren cay",noidung);
else
printf("\n Khong tim thay phan tu %d tren cay",noidung);
break;
case 10:
printf("\n Xoa cay");
cleartree(ptree);
ptree=NULL,;
break;
case 11:
nodecount=0;
demnut(ptree);
printf("\nSo nut co tren cay: %d",nodecount);
break;
case 12:

nodecount=0;
demnutla(ptree);
printf("\n so nut la tren cay: %d",nodecount);
break;

case 13:

chieucao=-1,
tinhchieucao(ptree,0);
printf("\nChieu cao cua cay la: %d",chieucao);
break;

¥

Jwhile(chucnang !=0);
if(ptree!=NULL){
cleartree(ptree);
ptree=NULL,;
}
}

2. CAY NHI PHAN TiM KIEM BST (Binary Search Tree)
2.1 BPinh nghia cdy nhi phdn tim kiem



Cay nhi phan tim kiém la cay nhi phan hoic bi rong, hoic tat ca cac nat trén cay c6 noi
dung thoa man cac diéu kién sau:
e NOoi dung cua tat ca cac nat thugc nhanh cay con bén trai déu nho hon noi dung

Cta nut goc.

o Noi dung cua tat ca cac nat thuoc nhanh cay con bén phai déu Ién hon noi dung
cua nit goc.

e Cay con bén trai va cay con bén phai tu than ciing hinh thanh hai cay nhi phan tim
kiem.

Hinh v& sau ddy md ta cay nhi phan tim kiém.

Hinh: Cay nhi phan tim kiém
2.2 Uu diém ciia cdy nhi phan fim kiém
Trong phan nay, ta s& so séanh cac dat diém cua cay nhi phan tim kiém vai danh sach lién
két va danh sach ké dua trén 2 tiéu chi 1a viéc tim kiém dit liéu va viéc cap nhat di licu.
e Véidanh sach ké
Téc vu thém nat, xoa nit trén danh sach k& khdng hiéu qua vi ching phai doi chd
nhiéu 1an c&c ndt trong danh séch. Tuy nhién, néu danh sach ké la c6 thu ty thi tac
vu tim kiém trén danh séch thuc hién rat nhanh bang phuong phap tim kiém nhj
phan, toc do tim kiém ti I8 voi O(log n).
e Vi danh sach lién két
Téc vy thém nat, xoa nit trén danh séch lién két rat hiéu qua, lic nay ching ta
khéng phai doi chd cac ndt ma chi hiéu chinh mot vai lién két cho phu hop.
Nhung tac vu tim kiém trén danh sach lién két khong hiéu qua vi thuong ding
phuong phép tim kiém tuyén tinh do tir diu danh sach. Téc d6 tim kiém ti 18 voi
O(n).
e Cay nhi phan tim kiém
La cau trdc dung hoa duogc 2 yéu té trén: viéc thém nat hay xoé ndt trén cay kha
thuan loi va thoi gian tim kiém khéa nhanh. Néu cay nhi phan tim kiém 1a can bing
thi thoi gian tim kiém 1a O(log n), vai n 1a sb phan tir trén cay.

2.3 Cai ddt cdy nhi phan im kiém
Cay nhi phan tim kiém la mot dang dac bit cua cay nhi phan nén chung ta van ding cac
tac vu trong phan trén hién thuc cho cay nhi phan tim kiém. O phan nay ching ta chi xét



c4c tac vu tim kiém, thém vao cdy mot phan tir va xo4 mot phan tir ra khoi cay nhij phan
tim kiém.
2.3.1 TAc vu Am kiém (Search) trén cay BST
NODEPTR search(NODEPTR proot,int x){
NODEPTR p;
p=proot;
if(p!=NULL)
if(x<proot->info)
p=search(proot->left,x);
else
if(x>proot->info)
p=search(proot->right,x);
return p;
¥ :
2.3.2 TAc vu thém m¢ét phan tir vao cay BST
Hinh v& sau day m6 ta viéc thém 2 nat ¢6 noi dung 1a 12 va 40 vao cdy nhi phan tim

Kiém o o o
(1 @) Temiz (1) @) Temawo (0)  (30)
& ® ® & (#0)

12) Q

Hinh minh hoa tac vy thém vao trén cay nhi phan tim kigm
Sau day la hién thuc tac vu thém mot phan tur vao cay nhi phéan tim kiem dung phuong
phap dé qui.

void insert(NODEPTR proot, int x){
if(x==proot->info){
printf("\n Bi trung noi dung, khong them vao node nay duoc");
return;
}
if(x<proot->info&&proot->left==NULL){
setleft(proot,x);
return;
}
if(x>proot->info&&proot->right==NULL){
setright(proot,x);
return;



if(x<proot->info)
insert(proot->left,x);
else
insert(proot->right,x);

¥

2.3.3 T4C Vi xod mét phan tir ra khéi cay BST
Viéc x0d mot nat p trong cdy nhi phan tim kiém khé& phuc tap, vi khi d6 ching ta phai
diéu chinh lai cay sao cho n6 van la cay nhi phan tim kiém. C6 3 truong hop can chd y
khi x04 mot phan tir trén cay nhi phan tim kiém.
o Truong hop 1: Néu n(t p can xo04 1a ndt 14, viéc xoa nit 14 chi don gian 12 viéc
huy nat la do.

(20) (20)
(10) (0)  Xoats (10) (30)
5 @ (®)

Hinh minh hoa tac vu xod nat 14 trén cay nhi phan tim kiém
e Truong hop 2: Néu niit p can xoa c6 mot cay con, chiing ta chon nit con cua p
lam nat thé mang cho nat p. Chdng ta phai tao lién két tir nat cha caa p dén nut
thé mang, sau do huy nut p di.

Hinh minh hoa tac vy xoa nut cé mét cay con trén cay nhij
phan tim kiém

e Truong hop 3: Néu nit p can xo0a co hai cdy con, ching ta chon nit c6 ndi dung
gan p nhat lam nat thé mang cho nat p. NGt thé mang cho nut p c6 thé Ia nat tréi




nhat caa nhanh cay con bén phai ndt p hoic 1a nGt phai nhit cia cay con bén tréi
nat p.

Xoa 10

Hinh minh hoa tac vy xoa nat co hai cay con trén cay nhi
phan tim kiém

NODEPTR remove(NODEPTR p){
NODEPTR rp,f;
if(p==NULL){
printf("\n Nut p khong hien huu, khong xoa nut duoc");
return NULL,;

}
else{
if(p->right==NULL)
rp=p->left;
else{
if(p->left==NULL)
rp=p->right;
else{
f=p;
rp=p->right;
while(rp->left I=NULL){
f=rp;
rp=rp->left;
}
if(fl=p){
f->left=rp->right;
rp->right=p->right;
}
rp->left=p->left;
}
}
free(p);
return rp;
}



2.4 Chuong trinh hién thuc cdy nhi phan fim kiém
#include <stdio.h>
#include <stdlib.h>

#define TRUE 1
#define FALSE 0

/[dinh nghia cau truc cho cay nhi phan
typedef struct nodetype{
int info;
nodetype *left;
nodetype *right;
Y

typedef nodetype *NODEPTR;

NODEPTR ptree;

NODEPTR getnode(){

NODEPTR p=(NODEPTR)malloc(sizeof(nodetype));
return p;

}

void freenode(NODEPTR p){
free(p);

}

void initialize(){
ptree=NULL,;

}

int empty(){
if(ptree==NULL)
return TRUE;
else
return FALSE;

}

NODEPTR makenode(int x){
NODEPTR p;
p=getnode();
p->info=x;
p->left=NULL;

p->right=NULL,;
return p;



¥

/lthem mot nut moi co noi dung X vao ben trai node p
void setleft(NODEPTR p, int x){
if(p==NULL)
printf("\n Nut khong ton tai");
else
if(p->left I=NULL)
printf("\n Nut p da co con ben trai");
else
p->left=makenode(x);

¥

/lthem mot nut moi co noi dung X vao ben phai node p
void setright(NODEPTR p, int x){
if(p==NULL)
printf("\n Nut khong ton tai");
else
if(p->right!=NULL)
printf("\n Nut da co con ben phai");
else
p->right=makenode(x);

¥

//Duyet cay theo thu thu NLR
void pretrav(NODEPTR proot,int level){
if(proot '=NULL){
for(int i=0;i<level;i++)
printf("-");
printf("%d\n",proot->info);
pretrav(proot->left,level+1);
pretrav(proot->right,level+1);
}
}
/[Duyet cay theo thu thu LNR
void intrav(NODEPTR proot){
if(proot!=NULL){
intrav(proot->left);
printf("%4d\n",proot->info);
intrav(proot->right);
}
}
/[Duyet cay theo thu thu LRN
void posttrav(NODEPTR proot){

if(proot!=NULL){
posttrav(proot->left);



posttrav(proot->right);
printf(*%4d",proot->info);

¥

/ltim Kiem phan tu x tren cay
NODEPTR search(NODEPTR proot,int x){
NODEPTR p;
p=proot;
if(p!'=NULL)
if(x<proot->info)
p=search(proot->left,x);
else
if(x>proot->info)
p=search(proot->right,x);
return p;

¥

/lthem mot nut x vao cay BST
void insert(NODEPTR proot, int x){
if(x==proot->info){
printf("\n Bi trung noi dung, khong them vao node nay duoc");
return;
}
if(x<proot->info&&proot->left==NULL){
setleft(proot,x);
return;
}
if(x>proot->info&&proot->right==NULL){
setright(proot,x);
return;
}
if(x<proot->info)
insert(proot->left,x);
else
insert(proot->right,x);

¥

NODEPTR remove(NODEPTR p){

NODEPTR rp,f;

if(p==NULL){
printf("\n Nut p khong hien huu, khong xoa nut duoc");

return NULL;
}

else{

if(p->right==NULL)



rp=p->left;

else{

if(p->left==NULL)
rp=p->right;

else{
f=p;
rp=p->right;
while(rp->left I=NULL){

f=rp;
rp=rp->left;

}
if(fl=p){

f->left=rp->right;
rp->right=p->right;
}
rp->left=p->left;

}
}
free(p);
return rp;

ks
ks

/[Xoa cay, tra bo nho ve cho he thong
void cleartree(NODEPTR proot){
if(proot!=NULL){
cleartree(proot->left);
cleartree(proot->right);

freenode(proot);
}
}
void main(){
NODEPTR p;
int chucnang,noidung,noidungl;
initialize();
do{

printf("\n\n CAY NHI PHAN TIM KIEM");
printf("\n\n Cac chuc nang cua chuong trinh: ");
printf("\n1. Them nut cho cay nhi phan");
printf("\n2. Xoa nut goc");

printf("\n3. Xoa nut con ben trai");

printf("\n4. Xoa nut con ben phai");

printf("\n5. Xoa toan bo cay");

printf("\n6. Duyet cay theo thu tu NLR");



printf("\n7. Duyet cay theo thu tu LNR");
printf("\n8. Duyet cay theo thu tu LRN");
printf("\n9. Tim kiem");

printf("\n0. Ket thuc chuong trinh");

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

switch(chucnang){
case 1:
printf("\n Nhap vao noi dung nut moi: *);
scanf("%d",&noidung);
if(ptree==NULL)
ptree=makenode(noidung);
else
insert(ptree,noidung);
break;
case 2:
if(ptree ==NULL)
printf("\nCay bi rong");
else
ptree=remove(ptree);
break;
case 3:
printf("\n Cho biet noi dung nut cha: ");
scanf("%d",&noidung);
p=search(ptree,noidung);
if(p!'=NULL)
p->left=remove(p->left);
else
printf("\n Khong tim thay nut cha ");
break;
case 4:
printf("\n Cho biet noi dung nut cha: ");
scanf("%d",&noidung);
p=search(ptree,noidung);
if(p!=NULL){
p->right=remove(p->right);
}
else
printf("\n Khong thay nut cha.");
break;
case 5:
while(ptree)
ptree=remove(ptree);
break;



case 6:
printf("\n Duyet cay theo thu tu NLR:\n");
pretrav(ptree,0);

break;
case 7:
printf("\n Duyet cay theo thu tu LNR");
intrav(ptree);
break;
case 8:
printf("\n Duyet cay theo thu tu LRN");
posttrav(ptree);
break;
case 9:
printf("\n Nhap vao noi dung can tim: ");
scanf("%d",&noidung);
if(search(ptree,noidung))
printf("\n Tim thay");
else
printf("\n Khong tim thay");
break;
}

}while(chucnang !=0);

if(ptree!=NULL){
cleartree(ptree);
ptree=NULL,;
}
}

3. CAY NHI PHAN TIM KIEM CAN BANG
3.1 Pinh nghia cdy nhi phan fim kiém cin bang (AVL Tree)

Nguoi ta ding cay nhi phan tim kiém véi muc dich thuc hién tac vu tim kiém cho
nhanh, tuy nhién dé tim kiém trén cay nhanh thi cay can phai can di. Truong hop téi uu
nhat Ia cay nhi phan tim kiém hoan toan can bing (la cay ¢6 sw khéac biét cua tong so nit
cdy con bén trai va téng sé nut cua cay con bén phai khong qua 1). Tuy nhién khi thém
vao hoic x0a nit trén cay rat dé lam ciy mat can bang, va chi phi dé can bang lai cay rat
I6n vi phai thao tac trén toan b cay.

Do vay, ngudi ta tim cach té chic mot cay nhi phan tim kiém dat trang thai can
bang yéu hon nhiam 1am giam thiéu chi phi can bing khi thém nat hay xoa nit. Mot dang
cay can bing 1a cay nhi phan tim kiém can bang do hai nha toan hoc nguoi Nga la
Adelson Velski va Landis xay dung vao nam 1962 nén con duoc goi la cdy AVL. Cay
AVL la cay nhi phan tim kiém ma tai tt ca cac nat cua né chiéu sau cua cay con bén phai
va chiéu sau cua cay con bén trai chénh nhau khong qua 1.

Goi Ih(p) va rh(p) 1 chiéu sau caa cay con bén trai va chiéu sau cua cay con bén phai
cta nut p. C6 3 truong hop o thé xay ra ddi vai cdy AVL:



e Ih(p)=rh(p): nit p can bang.
e Ih(p)=rh(p) + 1: nt p bi léch v& bén trai.
e Ih(p)=rh(p) — 1: nut p bi léch vé bén phai.

Véi cay AVL, khi thém nit hay xoa ndt trén cay c6 thé lam tang hay giam chiéu
siu cua cay nén co thé l1am cady AVL mit can bang, khi d6 ching ta phai can bang lai cy.
Tuy nhién viéc can bang lai trén cdy AVL chi xay ra & pham vi cuc b bing cach xoay
tréi hay xoay phai & mot vai nhanh cay con nén giam thiéu chi phi can bang.

Chi sb can bang (balance factor) bf cia mét nat trén cady AVL I3 hiéu cua chiéu sau cay
con bén trai va chieu sau cay con bén phai cta nut do. q

Xét mot nat p bat ky trén cady AVL, chi s6 can bang caa nut p chi c6 thé 1a mot trong 3
gia tri sau:

bf(p)=0: Ih(p)=rh(p) nat p can bang
bf(p)=1: Ih(p)=rh(p) + 1 nat p bi léch trai
bf(p)=-1: Ih(p)=rh(p) — 1 nat p bi léch phai.

Hinh v& sau day minh hoa cac cdy AVL, mdi nit c6 mot sb 1a chi sé can bang cua nat do.

© © | (%)
@ @ O @ @
@ © ©

Hinh cac cay AVL va chi sb can bang ctia méi nat
3.2 CAc t&c vu xoay
Khi thém vao hoic xoa di mot nat trén cdy AVL, cdy cd thé mat can bang. Dé can bang
lai cay, ching ta s& ding cac tac vu xoay trai va xoay phai. Trong phan nay ching ta s&
nghién ctru hai phép xoay trai va xoay phai.

3.2.1 T&c vu xoay trai (RotateLeft)

Hinh v& sau mo ta tac vy xoay trai cay nhi phan tim kiém quanh nit r , yéu cau la
nat r phai ¢ ndt con bén phai goi 1a nat p. Sau khi xoay xong, nat p thanh gdc cia cay
nhi phan tim kiém.



Xoay Trai o c

Hinh xoay trai cay nhi phan quanh gbc la r
Hinh v& sau minh hoa cho viéc xoay trai quanh cay nhi phan tim kiém cé nat gbc 1a 15
nhu sau:

@ @ Xoay Trai

®

Hinh xoay trai cay nhi phan quanh gbc 1a 15
Poan code sau s& minh hoa tac vu xoay trai quanh nit gc proot, tc vu nay tra vé con tro
chi nGt gbc méi ctia nhéanh.
NODEPTR rotateleft(NODEPTR proot){
NODEPTR p;
p=proot;
if(proot==NULL){
printf("\n Khong the xoay trai vi cay rong");
Yelse{
if(proot->right==NULL)
printf("\n Khong the xoay trai vi khong co node con ben phai");
else{
p=proot->right;
proot->right=p->left;
p->left=proot;



}
return p;

¥

3.2.2 Tac vu xoay phdi (RotateRight) ’
Hinh vé sau m6 ta tac vu xoay phai quanh nat gocr.

() (®)
/\q

0 c Xoay Phai e 0

Hinh xoay phai cay nhj phan quanh géclar
Hinh v& sau minh hoa cho viéc xoay phai quanh ndt géc caa cay nhi phan tim kiém:

Hinh xoay phai cay nhi phan quanh goc I1a 30

DPoan mi sau day hién thuc tac vu xoay phai quanh nit proot, tc vu nay tra vé con tro chi
nat gbc mai cua nhéanh.
NODEPTR rotateright(NODEPTR proot){
NODEPTR p;
p=proot;
if(proot==NULL)
printf("\n Khong the xoay phai vi cay bi rong");
else
if(proot->left==NULL)
printf("\n Khong the xoay phai vi khong co con ben trai");



else{
p=proot->left;
proot->left=p->right;
p->right=proot;
}

return p;

¥

3.3 Thém mg¢t nut vao cay AVL
Viéc thém mot nit vao cay AVL kha phuc tap, dugc tién hanh qua cac budc sau:
e Trudc tién ching ta thém nat vao cdy AVL nhu thém nat vao cdy nhi phan tim
kiém, nghia la nat mgi thém vao s& 1a nat 14 & vi tri thich hop trén cay.
e Tiép theo ching ta tinh lai chi s§ can ban cua cac nat ¢6 bj anh huong.
e Sau d6 ching ta xét cay c6 bi mét can bang khong, néu cay bi mit can bing thi
phai can bang lai cay (biang cach thuc hién cac phép xoay phu hop)

3.3.1 Trwong hop thém vao lam cay mar cdn bang.
C6 hai truong hop khi thém nat vao thi cay s& bi mat can bang.
e (Cay s& bi mét can bang néu vi tri thém nat [a vi tri sau bén trai caa mot nat trudc
gan nhat bi léch trai.
e (Cay s& bi mét can bang néu vi tri thém nat Ia vi tri sau bén phai cia mot nat trude
gan nhat bj léch phai.

3.3.2 Thue hién cdc phép xoay dé cin bang lai cdy
Néu khi thém nat 1am cay bi mat can bing, ngudi ta s& thuc hién cac phép xoay phu hop
dé dua cy tro vé trang thai can bing. Goi ya la ndt trudc gan nhat bi mat can bang khi
thém nit x vao cay AVL, Van dé& 1a phai xoay cay nhu thé ndo trong 2 truong hop sau:

e Truong hop 1: bf(ya)=1, nat la thém vao cay la nat sau bén trai ya.

e Truong hop 2: bf(ya)=-1, nat 1 thém vao cay la nut sau bén phai ya.
Vi hai treong hop la twong tu nhau nén & day ta chi xét truong hop 1, con truong hop 2
duoc suy ra dua trén truong hop 1.
Trong truong hop 1, xét nhanh cay c6 nat goc ya, nhu hinh vé:



T3 chiéu
saun

T1 chiéu T2 chiéu
sAun saun

Hinh nhanh cay con nat gbc ya trwde khi thém nut
Khi thém nat x vao nhanh cay con trén, ¢6 2 vi tri thém phai can bang lai 1a thém vao
nhanh T1 va thém vao & nhanh T2.
e Thémvao ¢ nhanh T1

ya
5 ..
T3 chidu Xoay phai quanh
- ya
sau n e
T2 chiéu T3 chidu
T1 chiéu T2 chiéu saun saun
sau n sau n

Xoay phai quanh ya dé can bang lai cay

e Thém vao ¢ nhanh T2: Phai tién hanh xoay kép nhu hinh v&



Xoay kep - trai
T3 chidu guanh s - phai
sdun guanh ya

T3 chiéu
saun

T chibu miohidul | S| | ohew
sau n Sau n
saun -1 saun -1
T2 -1 T2-2
chidu chiéu
sdun -1 sdun -1

Xoay kép dé can bang lai cay

Truong hop cdy bi léch phai va thEm mot nat vao nhanh cay con bén phai thi lam tuong
tu nhu truong hop trén.

3.4 Cai dat cay AVL
3.4.1 Khai béo cdu triic cho cdy AVL
Khi khai bao nit cua cay AVL, ta can khai bao thém mot truong bf (balance factor) cho
biét chi s6 can bang cua nit.
struct nodetype{
int info;
int bf; //balance factor
struct nodetype *left, *right;

Y
typedef struct nodetype *NODEPTR,;

3.4.2 Cac tac vu cua cay AVL
Phan 1én céc tac vu dugc dung lai tir nhitng phan trén trir tAc vu thém mét nit vao cay
AVL. Nén phan nay ta chi xét tdc vu thém mét phan tir vao cdy AVL.

void insert(NODEPTR *pavltree, int x)
{
/[fp la nut cha cua p, q la con cuap
/lya la nut truoc gan nhat co the mat can bang, fya la cha cua ya
/ls la nut con cua ya theo huong mat can bang
/limbal=1: lech trai; =-1 lech phai

NODEPTR fp,p,q, fya,ya,s;
int imbal;



//khoi dong cac gia tri
fp=NULL;
p=*pavltree;
fya=NULL;
ya=p;

while(p'=NULL){
if(x==p->info)
return;
if(x<p->info)
q=p->left;
if(x>p->info)
q=p->right;

if(q!=NULL)

if(g->bf 1=0){ //neu bi mat can bang
fya=p;
ya=q;

}

fp=p;

P=q;

}

g=makenode(x);
/lthem vao mot node la con cua fp
if(x<fp->info)
fp->left=q;
else
fp->right=q;

//hieu chinh lai chi so can bang cua tac ca cac node giua ya va q
if(x<ya->info)

p=ya->left;
else
p=ya->right;
s=p;
while(p!'=g){
if(x<p->info){
p->bf=1;
p=p->left;
Yelse{
p->bf=-1;
p=p->right;
}

¥



IIxac dinh huong lech
if(x<ya->info)
imbal=1,;
else
imbal=-1;

if(ya->bf==0){
ya->bf=imbal;
return;

}
if(ya->bf !=imbal){
ya->bf=0;
return;

¥

if(s->bf==imbal){
if(imbal==1){
p=rotateright(ya);
Yelse{
p=rotateleft(ya);
}
ya->bf=0;
s->pf=0;
Yelse{
if(imbal==1){
ya->left=rotateleft(s);
p=rotateright(ya);
Yelse{
ya->right=rotateright(s);
p=rotateleft(ya);
}
if(p->bf==0){
ya->bf=0;
s->pbf=0;
}else
if(p->bf==imbal){
ya->bf=-imbal,
s->bf=0;
Yelse{

s->bf=imbal;

}
p->bf=0;

ya->bf=0;



if(fya==NULL)
*pavltree=p;
else
if(ya==fya->right)
fya->right=p;
else
fya->left=p;
}

3.5 Churong trinh hién thuc cay AVL
#include <stdio.h>
#include <conio.h>
#include <alloc.h>

struct nodetype{
int info;
int bf; //balance factor
struct nodetype *left, *right;

}l
typedef struct nodetype *NODEPTR,;

//lay ve mot node moi tu he thong
NODEPTR getnode(){
NODEPTR p;
p=(NODEPTR) malloc(sizeof (struct nodetype));
return p;

¥

//khoi dong gia tri ban dau cho cay can bang

void initialize(NODEPTR *pavltree){
*pavitree=NULL;

}

/[tao mot node moi trong bo nho

NODEPTR makenode(int x){
NODEPTR p;
p=getnode();
p->info=x;
p->bf=0;
p->left=NULL;
p->right=NULL,;

return p;

¥

/[duyet cay theo thu tu truoc
void pretrav(NODEPTR proot){



if(proot!=NULL){
printf(*%4d",proot->info);
pretrav(proot->left);
pretrav(proot->right);
}
}

/[duyet cay theo thu tu giua
void intrav(NODEPTR proot){
if(proot '=NULL){
intrav(proot->left);
printf(%4d",proot->info);
intrav(proot->right);
}
}

/[duyet cay theo thu tu cuoi
void posttrav(NODEPTR proot){
if(proot '=NULL){
posttrav(proot->left);
posttrav(proot->right);
printf("%4d",proot->info);
}
}

/ltim kiem khoa x trong cay avl
NODEPTR search(NODEPTR proot, int x){
NODEPTR p;
p=proot;
if(p!I=NULL)
if(x<proot->info)
p=search(proot->left,x);
else
if(x>proot->info)
p=search(proot->right,x);
return p;

¥

/[Xoay trai
NODEPTR rotateleft(NODEPTR proot){
NODEPTR p;
p=proot;
if(proot==NULL){
printf("\n Khong the xoay trai vi cay rong");

Yelse{
if(proot->right==NULL)



¥

printf("\n Khong the xoay trai vi khong co node con ben phai®);
else{

p=proot->right;

proot->right=p->left;

p->left=proot;

¥

return p;

/Xoay phai
NODEPTR rotateright(NODEPTR proot){
NODEPTR p;

p=proot;

if(proot==NULL)

¥

else

¥

printf("\n Khong the xoay phai vi cay bi rong");

if(proot->left==NULL)

printf("\n Khong the xoay phai vi khong co con ben trai");
else{

p=proot->left;

proot->left=p->right;

p->right=proot;

return p;

/[Them mot node moi vao cay AVL
void insert(NODEPTR *pavltree, int x)

{

/Ifp la nut cha cua p, q la con cua p

/lya la nut truoc gan nhat co the mat can bang, fya la cha cua ya
/ls la nut con cua ya theo huong mat can bang

/limbal=1: lech trai; =-1 lech phai

NODEPTR fp,p,q, fya,ya,s;
int imbal;

//khoi dong cac gia tri
fp=NULL;
p=*pavltree;
fya=NULL;

ya=p;

while(p!'=NULL){

if(x==p->info)



return;
if(x<p->info)

q=p->left;
if(x>p->info)
q=p->right;
if(q!=NULL)
if(g->bf 1=0){ //neu bi mat can bang
fya=p;
ya=q;,
ks
fp=p;
P=q;

¥

g=makenode(X);
/lthem vao mot node la con cua fp
if(x<fp->info)
fp->left=q;
else
fp->right=q;

//hieu chinh lai chi so can bang cua tac ca cac node giua ya va q
if(x<ya->info)

p=ya->left;
else
p=ya->right;
s=p;
while(p!'=g){
if(x<p->info){
p->bf=1;
p=p->left;
Yelse{
p->bf=-1;
p=p->right;
}
}

IIxac dinh huong lech
if(x<ya->info)
imbal=1,;
else
imbal=-1;

if(ya->bf==0){



ya->bf=imbal;
return;
}
if(ya->bf !=imbal){
ya->bf=0;
return;

¥

if(s->bf==imbal){
if(imbal==1){
p=rotateright(ya);
}else{
p=rotateleft(ya);
}
ya->bf=0;
s->bf=0;
Yelse{
if(imbal==1){
ya->left=rotateleft(s);
p=rotateright(ya);
Yelse{
ya->right=rotateright(s);
p=rotateleft(ya);

}
if(p->bf==0){
ya->bf=0;
s->bf=0;
}else
if(p->bf==imbal){
ya->bf=-imbal,
s->bf=0;
Yelse{
ya->bf=0;
s->bf=imbal,
}
p->bf=0;
}
if(fya==NULL)
*pavltree=p;
else

if(ya==fya->right)
fya->right=p;
else
fya->left=p;



void main(){
int noidung,chucnang;
NODEPTR pavltree,p;
initialize(&pavltree);
do{
printf("\n\n \t CAY NHI PHAN TIM KIEM CAN BANG AVL");
printf("\n Cac chuc nang cua chuong trinh: ");
printf("\n 1. Them node");
printf("\n 2. Duyet cay theo thu tu truoc NLR");
printf("\n 3. Duyet cay theo thu tu giua LNR");
printf("\n 4. Duyet cay theo thu tu sau LRN");
printf("\n 5. Tim kiem");
printf("\n 0. Ket thuc chuong trinh");
printf("\n\n Chuc nang cua ban la:");
scanf("%d",&chucnang);
switch(chucnang){
case 1:
printf("Noi dung moi: ");
scanf("%d",&noidung);
if(pavitree==NULL)
pavitree=makenode(noidung);
else
insert(&pavltree,noidung);
break;
case 2:
printf("\n Duyet cay theo thu tu truoc NLR: ");
pretrav(pavltree);
break;
case 3:
printf("\n Duyet cay theo thu tu giua LNR: ");
intrav(pavltree);
break;
case 4:
printf("\n Duyet cay theo thu tu sau LRN: ");
posttrav(pavltree);
break;
case 5:
printf("\n Noi dung can tim");
scanf("%d",&noidung);
if(search(pavltree,noidung))
printf("\n Tim thay");
else
printf("\n Khong tim thay");
break;



}
}while(chucnang !'=0);

}
BAI TAP
1. Mét cay nhi phan dugc goi la cay nhi phan dang néu nat gdc cua cay va cac nit trung
glan déu cé hai nat con. Chang minh rang néu cay nhi phan dang c6 n nat 14 thi cay co
tac ca 2n -1 nat. Hay viét chu:ong trinh kiém tra xem mot cay nhi phan cé phai 1a mot cay
nhi phan dung hay khong? néu cay khong phai la cay nhi phan dang, tim céch b sung
mot s6 nat dé cay tré thanh cay nhi phan dang.
2. M6t cay nhi phan duoc goi la cay nhi phan day véi chiéu sau d khi va chi khi & mic i
0=<i<=d) cay c6 dung 2i nit. Hay viét chuong trinh kiém tra xem mot cay nhj phan c6
phai la cay nhi phan day hay khong? Néu chua phai la cay nhi phan day, tim cach b
sung mdt sb node vao cay nhi phan dé né tré nén day.
3. Hay xay dung cac thao tac sau trén cay nhi phan:

e Tao lap cay nhi phén
DPém sb ndt cua cay.
Xac dinh chiéu cao cua cay nhi phan
Xéc dinh sé nat [4 coa cay.
Xac dinh sé nat trung gian cua cay.
Xac dinh sb nit trong ting muc cua cay nhi phan
4. Xét tac vy insert va remove dé thém nut va x04 nit trén cay nhi phan tim kiém.

e V& lai hinh anh cta cy BST néu thém cac nit vao cay theo tht tu nhu sau: 8, 3,

5,2,20,11, 30, 9, 18, 4.

e V& lai hinh anh cua cay trén néu ta lan leoc x04 2 nit 5 va 20.
5. Lam lai bai 4 véi gia thuyét la cay AVL?
6. Viét chuong trinh 1am lich cdng tac c6 cac chuc niang sau:

o Nhap noi dung cong viéc can lam theo ngay, theo gio.
Xem lich cong tac theo ngay yéu cau.
Xem lich c¢6ng tac tir ngayl dén ngay?
Xo4, diéu chinh lich cong tac. Néu sau khi diéu chinh, ngay nao khéng con viéc
phai lam sé xoda khoi lich cng tac.
Yéu cau chuong trinh c6 cai dat cay nhi phan tim kiém: mdi nit trén cay 1a mot ngay cua
lich cong tac, trong mdi nut ngay lai c6 mot danh sach lién két leu giir céc gid co trong
ngay.



Chuong 5: A ‘ ) . '
CAY NHIEU NHANH TIM KIEM

Cay nhi phan 1a cay bac 2, mdi nit cua cay nhi phan cé téi da 1a hai nhanh cay con. Con
cay nhieu nhanh la cdy c6 bac Ién hon 2, moi nat trén cady nhiéu nhanh thuong cé nhicu
khod va c6 nhiéu hon hai nhanh cay con.

Cay nhiéu nhéanh c6 rat nhiéu loai, trong chwong ndy ching ta chi nghién cau cay nhiéu
nhanh tim kiém théng qua hai loai cdy nhu sau: Cay nhiéu nhanh tim kiém trén xuong
(top-down multiway search tree) va cay B-Tree.

1. GIOI THIEU CAY NHIEU NHANH
1.1 Dinh nghia cay nhiéu nhdnh
Cay nhiéu nhanh 1a mot ciu tric gdm mét tap hitu han cac ndt cung kiéu di liéu (tap cac
nat nay c6 thé 1a tap rdng), tap nat nay dwoc phan thanh céc tap con nhu sau:
e Tap thi nhit cd mot nat goi la nit gbce.
e Céc tap con con lai tw than hinh thanh cac cay nhiéu nhanh, goi Ia cac nhanh cay
con cua nit goc, cac nhanh cay con nay ciing c6 thé la cay rdng.

Nguoi ta thuong dung dd thi dé biéu didn cac cay nhiéu nhanh, mdi nit cua ciy duoc
minh hoa bing moét vong tron, trong vong tron c6 ghi cac khoa cua nat.

Cac khai niém trén cay nhi phan trong chuong trudc ciing duoc &p dung cho cay nhiéu
nhanh nhu: bac cua cay, bac caa nat, duong di ...

1.2 Dinh nghia cdy nhiéu nhénh fim kiém

O chuong trudce, ching ta da nghién cuu va cai dat cay nhi phan tim kiém (Binary Search
Tree), cay nhiéu nhanh tim kiém ciing glong nhu cay nhi phan tim kiém nhung tong quat
hon. Mdi nat trén cay nhiéu nhéanh tim kiém c6 nhiéu khoa va nhiéu nhanh cay con, sb
khoa it hon sé nhanh cay con 1a 1. Vi du nit ¢6 3 kho thi c6 4 nhanh cay con, nit c6 4

K\ }{ K waE Km_
q,."' ! ll : \\K

Nhanh Mhanh

Xét hinh minh hoa sau:

Nhanh Nhanh Nhanh

ca cé ca cay cay
¥ y y con con
con Sg con s con s

Sm-z S!'n-1

Hinh minh hoa nut ¢cé m -1 khoa va m nhanh cay con



Hinh trén minh hoa mot nat trén cay nhidu nhanh tim kiém. Gia sir nat nay c6 bac m: nat
c6d m — 1 khod va c6 m nhanh céy con. Goi:

Ko, k1, Kz, ..., kmz2 12 m — 1 khod (theo tht ty tang dan cua nat).

So, S1, S2, ..., Sm-1 l& M nhanh cay con cua nat

Nhénh cay con s; goi la nhanh cay con bén tréai cua khoa k; va nit géc cua nhanh cay con
si goi la nat con bén tréi ctia khod k;.

Twong tu, nhanh cay con s; con duoc goi la nhanh cay con bén phai cia khoé ki.; va nat
g6c cua nhanh cay con s; goi la nat con bén phai cua khoé ki.1.

Dinh nghia cay nhiéu nhanh tim kiém N
Cay nhiéu nhanh tim kiém la cdy nhiéu nhanh ma & moi nat cta cdy thoa man cac tinh
chat sau:
e Tit ca cac khod trén nhanh cay con sy déu nhé hon hay bang khoa ko.
o Tét ca cac khod trén nhanh cay con's; (1<=i<=m-2) déu lon hon khoa ki.1 va nho
hon hay bang khoé k.
e Tit ca cac khoa trén nhanh cdy con sy déu 16n hon khoa k..

Hinh v& sau day minh hoa cay nhiéu nhanh tim kiém bac 3:

Hinh minh hoa cay nhiéu nhanh tim kiém bac 3
Sau ddy ching ta s& tién hanh xem xét hai cay tim kiém nhiéu nhanh thong dung la cay
top-down va cay Btree.

2. CAY TREN XUONG

2.1 Gidi thiéu cdy trén-xuéng

Cay trén xudng la cay nhiéu nhanh tim kiém ma tit ca cac nat khdng day déu 1a nat Ia.
Hinh sau md ta cay trén xudng bac 3, véi cac nit khong day duoc td mau:




Hinh minh hoa cay trén - xubng béac 3

Khi thém mot khoa vao cay trén-xudng ching ta phai tim nit 1a phu hop dé chén khoa
ma&i vao nat 14 nay. Néu nuat 14 chua day thi ta chén khod vao, con néu nit 1a nay da day
thi ching ta phai cap phat mot nat 1& méi dé chira khod, nat 1& mai nay Ia con caa nat 1a
cu.

Hinh v& sau mo ta viéc thém 2 khoa 17 va 80 vao cay trén-xudng & trén:

@

Hinh minh hoa thém I-ghoe‘l 17 va 80 vao cay trén -
xuong bac 3

2.2 Cai ddt cdy trén - xuéng
2.2.1 Khai bao cdu tric
Goi ORDER Ia béc cua cay trén xudng.
Goi numtrees 1a s6 nhanh cua cay con cua mot nit (numtrees <= ORDER), nit nay s& cd
numtrees -1 khoa.
Khai bao mdi nit trén cay trén-xudng 1a mot miu tin ¢6 cac truong sau:
e Trudng numtrees: sé nhanh cay con cua nt.
e Truong key: la mang chara cac khod cua nut.
e Truong son: la mang chaa céc con tro chi dén cac nit con cia nat.

#define ORDER 4



struct node{

};

int numtrees;//so cay con cua mot nut
int key[ORDER -1];//cac khoa cua mot node
struct node *son[ORDERY];//cac con tro chi den cac nut con cua mot node cha

typedef struct node *NODEPTR,;
NODEPTR ptree;

2.2.2 Cac tac vu

Tac vy makenode

Téc vu nay dung dé tao nit mai cho cay trén xudng. NGt méi tao 1a nGt c6 mot
khod va hai nhanh cay con. Ham makenode duoc goi khi thm khoa vao cay trén
xudng trong cac truong hop: cay dang bi rdng va chdng ta thém khod dau tién vao
cay do hoac Ia nit 14 dé cheén khoa vao da day, ching ta phai cap phat mot nat 14
méi dé chira khod, nat 1a4 méi 1a con caa nit 14 trudc.

NODEPTR makenode(int k){
int i;
NODEPTR p;
p=getnode();
p->numtrees=2;
p->key[0]=k;
/Inut moi chua co cac nut con
for(i=0;i<ORDER;i++)

p->son[i]=NULL;

return p;

¥

TAac vu Am kiém mét khod trén nGt
Tra vé vi tri nho nhit cua khoa trong nit p bat dau Ién hon hay bang k. Truong
hop k 16n hon tat ca cac khod trong nat p thi tra vé vi tri p->numtrees — 1.
int nodesearch(NODEPTR p, int k){
int i;
for(i=0;i<p->numtrees -1&&p->key[i]<k;i++);
return i;

¥

Téc vu Am kiém 1 khod trén cay , ) )
Tim khoa k trén cay trén - xuong. Con tré p xuat phat tir ndt goc va len xuong cac
nh&nh cay con phu hop dé kiém khod k c6 trong mot nat nao trén cay hay khéng.

Néu c6 kho k tai n(t p thi:

- Bién found tra vé gié tri TRUE.

- Ham search() tra vé con tré p chi nit ¢ chtra khod k.
- Bién position tra vé vi tri ciia khoa k c6 trong nut p.



Néu khong c6 khoa k trén cay, ltc nay p=NULL va q (nut cha caa p) chi nit la co
thé thém khoa k vao.

- Bién found tra vé gia tri FALSE

- Ham search trat v& con trd q chi vi tri cua nit la c6 thé thém khoa k.

- Bién Position tra vé vi tri c6 thé chén khoa k vao nt 14 g.

NODEPTR search(int k, int *pposition, int *pfound){
int i;
NODEPTR p,q;
q=NULL,;
p=ptree;
while(p'=NULL){
i=nodesearch(p,k);
if(i< p->numtrees-1 && k==p->key[i]){//found
*pfound=TRUE;
*pposition=i;
return p;

}
0=p
p=p->sonl[i;

}
*pfound=FALSE;

*pposition=i;
return q;

¥

e TA&c vu duyét cdy
void traverse(NODEPTR proot){

int i, nt;
if(proot==NULL)

return;
else{

nt=proot->numtrees;
for(i=0;i<nt-1;i++){
traverse(proot->son[i]);
printf("%8d",proot->keyl[i]);

}
traverse(proot->son[nt-1]);
}
}
void viewnodes(NODEPTR proot, int level){
int i;

if(proot==NULL)
return;



else{
printf("\n Nut %p (muc %4d): ",proot,level);
for(i=0;i<proot->numtrees;i++){
printf("%4d",proot->key[i]);

}
printf("\n");
for(i=0;i<proot->numtrees;i++){
viewnodes(proot->son[i],level+1);
}
}
}

e Tac vu chén 1 khoa vao nut la

void insleaf(NODEPTR s, int k, int pos){
int i,nt;
nt=s->numtrees;
s->numtrees=nt+1;
for(i=nt-1;i>pos;i--){
s->key[i]=s->key[i-1];
}

s->key[pos]=k;
}

e TA&c vu chen 1 khod vao cay top-down
NODEPTR insert(int k){
NODEPTR s,p;
int position,found,
if(ptree==NULL){
ptree=makenode(k);
return ptree;
}
s=search(k,&position,&found);
if(found==TRUE){
printf("\n Bi trung khoa");
returns;
}
if(s->numtrees<ORDER){
insleaf(s,k,position);
returns;
}
p=makenode(k);
s->son[position]=p;
return p;

¥

2.3 Chuong trinh minh hog cdy top-down




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

#define TRUE 1
#define FALSE 0
#define ORDER 4

struct node{
int numtrees;//so cay con cua mot nut
int key[ORDER -1];//cac khoa cua mot node
struct node *son[ORDERY];//cac con tro chi den cac nut con cua mot node cha
Y
typedef struct node *NODEPTR,;
NODEPTR ptree;

/ltac vu khoi tao cho cay nhieu nhanh
void initialize(){

ptree=NULL,;

}

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

}

void freenode(NODEPTR p){
free(p);

}

NODEPTR makenode(int k){
int i;

NODEPTR p;

p=getnode();
p->numtrees=2;
p->key[0]=k;
/Inut moi chua co cac nut con
for(i=0;i<ORDER;i++)
p->son[i]=NULL;
return p;

¥

//search tim khoa k trong nut p
/Ineu tim thay tra ve index i, neu khong thay tra ve p->numtrees



int nodesearch(NODEPTR p, int k){
int i
for(i=0;i<p->numtrees -1&&p->key[i]<k;i++);
return i;

¥

NODEPTR search(int k, int *pposition, int *pfound){
int i;
NODEPTR p,q;
q=NULL,;
p=ptree;
while(p'=NULL){
i=nodesearch(p,k);
if(i< p->numtrees-1 && k==p->key[i]){//found
*pfound=TRUE;
*pposition=i;
return p;

*pfound=FALSE;
*pposition=i;
return q;

¥

void traverse(NODEPTR proot){
int i, nt;
if(proot==NULL)
return;

else{
nt=proot->numtrees;

for(i=0;i<nt-1;i++){
traverse(proot->son[i]);
printf("%8d",proot->keyl[i]);
}

traverse(proot->son[nt-1]);
}
}

void viewnodes(NODEPTR proot, int level){
int i;
if(proot==NULL)
return;

else{
printf("\n Nut %p (muc %4d): ",proot,level);



for(i=0;i<proot->numtrees;i++){
printf("%4d",proot->key[i]);
}

printf("\n");
for(i=0;i<proot->numtrees;i++){
viewnodes(proot->son[i],level+1);

}

}

}

void insleaf(NODEPTR s, int k, int pos){
int i,nt;
nt=s->numtrees;
s->numtrees=nt+1;
for(i=nt-1;i>pos;i--){
s->key[i]=s->key[i-1];

}
s->key[pos]=k;
}

NODEPTR insert(int k){
NODEPTR s,p;
int position,found,
if(ptree==NULL){
ptree=makenode(k);
return ptree;
}
s=search(k,&position,&found);
if(found==TRUE){
printf("\n Bi trung khoa");
returns;
}
if(s->numtrees<ORDER){
insleaf(s,k,position);
returns;
}
p=makenode(k);
s->son[position]=p;
return p;

¥

void main(){
int i,n,k,pos,timthay,chucnang;
NODEPTR p;



initialize();
do{

printf("\n\n CHUONG TRINH HIEN THUC CAY NHIEU NHANH

TREN XUONG");

printf("\n\n Cac chuc nang chinh cua chuong trinh");
printf("\n 1. Them mot khoa");

printf("\n 2. Them ngau nhien nhieu khoa");

printf("\n 3. Duyet cay theo thu tu nho den lon");
printf("\n 4. Xem noi dung tung nut cua cay tren xuong");
printf("\n 5. Tim kiem");

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

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

switch(chucnang){

case 1:

printf("\n Noi dung khoa moi: "');
scanf("%d",&K);

break;

printf("\n So node muon chen vao: ");

scanf("%d",&n);

for(i=0;i<n;i++){
insert(random(1000));

}

printf("\n Da them vao cay %d node ngau nhien",n);
break;

printf("\n Duyet cay theo thu tu tu nho den lon™);
if(!ptree)

printf("\n Cay bi rong");
else

break;
printf(*\n Xem noi dung tung node cua cay tu tren xuong:
if(!ptree)

printf("\n Cay rong");

else{
viewnodes(ptree,0);

break;

insert(k);
case 2:
case 3:
traverse(ptree);
case 4:
")
getch();
case 5:
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printf("\n Khoa can tim: ");
scanf("%d",&K);
p=search(k,&pos,&timthay);
if(timthay)
printf("\n Tim thay tai vi tri %d cua node co con tro

%p",pos,p);
else
printf("\n Khong tim thay");
break;
}
}while(chucnang !=0);
}
3. CAY BTREE

3.1 Dinh nghia cay Btree

Cay Btree bac ORDER Ia cay nhiéu nhanh tim kiém bac ORDER thoa hai diéu kién sau:
e Tt ca cac nut I4 trén cay c6 cung mot mic.
e Tét ca cac nut trén cay (trir nit gbc) co it nhat (ORDER -1 )/2 khoé.

Mot s6 nhan xét vé cay Btree:
e Btree la cay can bing va chiéu sdu cua cdy Btree nho nén viéc tim mot khoa trén
cay Btree duoc thuc hién nhanh do it lan so sanh.
e Vitit ca cac nit déu diy hon mot nira nén ciu trdc B-Tree khé tdi uu vé b nhé.
e Nguoi ta thudng dung ciu tric Btree dé truy xuét di liéu dwoc td chic ¢ b nho
ngoai.

Hinh vé sau day minh hoa hinh anh cua cady Btree bac 5:

Hinh minh hoa cay Btree bac 5

3.2 Thém kho& vao céay Btree
Khi thém mot khoa vao cdy Btree ching ta phai tim nat & pha hop dé chén khoa mai vao
nat la nay.
e Néu nit 14 nay chua day thi ching ta chén khoa méi vao nat 14.
e Néu nit 14 d& day (da c6 ORDER -1 khoa va ORDER nhénh con), néu tinh luén
khoa mai ta sé c6 ORDER -1 khoa va ORDER + 1 nhanh cay con. Goi midkey la
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khod nam ngay chinh giita cia ORDER kho4, ching ta tach ndt 14 bi tran nay

thanh hai nit biang nhau nhu sau:

NUt nita tréi (goi & nit nd) gdm céc khod nhé tir vi tri 0 dén vi tri midkey -1.

NUt nira phai (goi 1a nat nd2) gdm céc kho In tir vi tri midkey + 1 dén ORDER.
e Va khod chinh giira tai vi tri midkey va nat con nd2 duoc chén vao nit cha. Van

dé duoc s ly twong tu khi chén khoa midkey va nit con nd2 vao nut cha.

Hinh vé sau minh hoa viéc chén cac khoa 35, 2, 42, 41, 44, 43 vao cay Btree bac 5 ¢ trén:
e Thém khoa 35 ‘
Thém khod 35 bang cach chén khoa 35 vao nut la chua day nhu hinh:

035 40 4

Hinh Chén 35 vao nat la chuwa day
e Thém khoa 2

Thém 2 vao nat 14 day thi ta tach nat 14 ra 1am 2 nat, nta trai ¢ 2 khoa 1a 2 va 3, nia
phai c6 2 khod la 8 va 12, nlt 5 duoc dua lén nut cha.

A

Hinh Chén 2 vao nut 14 da day

e Thém khoéa 42 ’
Thém 42 vao nut 14 d& day, tach nat 1& nay ra lam 2 nat con giong nhu qua trinh &
trén.

12



Hinh Chén 42 vao nut la da day

Thém khoa 41 va 44 ‘
Thém khoé 41 va 44 vao nut 4 chua day, ta ca thém vao 2 khoa nay nhu hinh vé
duai day.

Hinh chén 41 va 44 vao nut 14 chwa day

Thém khoéa 43

Khi thém 43 vao nit I da day, nat nay tach ra lam 2 nGt nhu trén, nhung khi chén
nat gitra la 43 vao nat cha, thi ndt cha bi day va tiép tuc tach ndt tai nat cha. Hinh
V& sau mo ta két qua cua qué trinh chén 43 vao cay Btree trén.

<> < T >

235 @@@@@@

Hinh chén 43 vao nat 1a da day

3.3 Cai dat cay Btree

3.3.1 Khai bo cdu triic cho cdy Btree

Goi ORDER la bac cua cay Btree

Goi Ndiv2 la ORDER/2

Goi Numtrees la s6 nhanh cay con cua mot ndt, nit nay s& cd numtrees — 1 khoa.
Khai b4o mdi nit cua cly Btree [a mot mau tin c6 cac trudong nhu sau:
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e Trudng numtrees 1a s6 nhanh cay con ciia mot nit.
e Truong key: la mang chara khod cua mot nat.
e Truong son: la mang chira c&c con tro chi cac nat con cua nut.

struct node{
int numtrees;
int key[ORDER-1];
struct node* son[ORDERY];

}l
typedef struct node *NODEPTR,;

/Ikhai bao goc cua cay BTree
NODEPTR ptree;

3.3.2 Cac tac vu
e Tac vu makeroot
Tac vu nay dugc goi khi thém khoa vao cay Btree trong cac truong hop:

- Btree dang bj rdng va chiing ta thém khoé dau tién vao Btree.

- Nt la thich hop dé chén khoa va tat ca cac nit cha déu day, Itc nay ching ta
phai tach hang loat nat tir nat 14 d&én nat gdc sau d6 goi ham makeroot dé tao
nat géc méi cua cay Btree.

- Mai 1an goi ham makeroot thi chiéu sau cua cay Btree ting 1.

NODEPTR makeroot(int k){
int i;
NODEPTR p;
p=getnode();
p->numtrees=2;
p->key[0]=k;
for(i=0;i<ORDER;i++){
p->son[i]J=NULL,;
}

return p;

¥

e TAac vu nodesearch
Tra vé vi tri nho nhat cua khoa trong nit p bat dau Ion hon hay bang khoa k. Truong
hop k 16n hon tat ca cac khod trong nat p thi tra vé vi tri p->numtrees -1.
int nodesearch(NODEPTR p, int k){
int i;
for(i=0;i<p->numtrees-1&&p->key[i]<k;i++);
return i;

¥

e TA&c vu father
Tim nat cha cua nut s trén cay Btree.
NODEPTR father(NODEPTR s){
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int i;
NODEPTR p,q;
if(s==ptree)
return NULL,
g=NULL;
p=ptree;
while(p!=s){
i=nodesearch(p,s->key[0]);
a=p;
p=p->son[i];
}

return g;

¥

e TAac vu search , ’ ’
Tim khoa k trén c@y Btree. Con tré p xuat phat tir goc va len xuong nh&nh cac cay con

ph hop dé tim khoé k ¢6 trong mot nit p hay khang.

Néu c6 kho k tai n(t p trén cay:
- Bién found tra vé gié tri TRUE.
- Ham search tra vé con tro chi nat p c6 chira khoé k.
- Bién position tra vé vi tri ciia khoé k c6 trong nat p nay.

Néu khong c6 khoa k trén cay: ltc nay p=NULL va g (ndt cha cua p) chi nit I4 c6 thé
thém khod k vao.
- Bién found tra vé gia tri False
- Ham search tra vé con tro q 1a nit 14 c6 thé thém khoa k vao.
- Bién position tra vé vi tri c6 thé chén khoa k vao nit 14 g nay.
NODEPTR search(int k, int *pposition, int *pfound){
int i;
NODEPTR q.p;
g=NULL;
p=ptree;
while(p!=NULL){
i=nodesearch(p,k);
if(i<p->numtrees-1&&k==p->key[i]){
*pfound=TRUE;
*pposition=i;
return p;

p
p->son[i];

ks
q
P

}

*pfound=FALSE;

*pposition=i;
return g;
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¥

e TA&c vu duyét cdy
void traverse(NODEPTR proot){

int i;
if(proot==NULL)

return;
else{

for(i=0;i<proot->numtrees-1;i++){
traverse(proot->son[i]);
printf("%8d",proot->keyl[i]);
}
traverse(proot->son[proot->numtrees-1});
}
}

e TA&c vu chen khoa vao cay Btree

Thém khoa k vao vi tri position cua nit la s.

Néu nit 14 s chua day, goi tAc vu insnode dé chén khoé k vao s.

Néu nat 14 s d& day, tach nat 14 s ndy thanh hai ndt nira trai va nira phai.
void insert(NODEPTR s, int k, int position){

NODEPTR nd,nd2,f,newnode;
int pos,newkey,midkey;

nd=s;

newkey=K;
newnode=NULL,;
pos=position;
f=father(nd);

/Inut bi day
while(f'=NULL&&nd->numtrees==ORDER){
split(nd,newkey,newnode,pos,&nd2,&midkey);
nd=f;
newkey=midkey;
newnode=nd2;
pos=nodesearch(f,midkey);
f=father(nd);
}
/Inut chua day
if(nd->numtrees<ORDER){
insnode(nd,newkey,newnode,pos);
return;

¥
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/Inut goc bi day, chieu cao tang len 1
split(nd,newkey,newnode,pos,&nd2,&midkey);
ptree=makeroot(midkey);
ptree->son[0]=nd;
ptree->son[1]=nd2;
}

e TA&c vu split
Téach nat day nd, tac vu nay duoc goi bai ham insert.

nd 1 nat day bi tach, sau khi tach xong nit nd chi con lai mot nira sé khoa bén
tréi.

Newkey, newnode va pos la khoa mai, nhanh cay con, va vi tri chen vao nat
nd.

NGt nd2 Ia ndt nita phai c6 dwoc sau lan tach, nit nd2 chiém phan nita s6 khoa
bén phai.

Midkey la khoa ngay chinh gitra s€ dugc chen vao nat cha.

void split(NODEPTR nd, int newkey, NODEPTR newnode,int pos,
NODEPTR *pnd2,int *pmidkey ){

NODEPTR p;
p=getnode();

[Ivi tri can chen o phia nua phai

if(pos>Ndiv2){

copy(nd,Ndiv2+1,0RDER-2,p);
insnode(p,newkey,newnode,pos-Ndiv2-1);
nd->numtrees=Ndiv2+1;//so nhanh con lai cua node nua

trai
*pmidkey=nd->key[Ndiv2];
*pnd2=p;
return;

¥

[Ivi tri can chen nam ngay giua

if(pos==Ndiv2){
copy(nd,Ndiv2,0ORDER-2,p);
nd->numtrees=Ndiv2+1;
p->son[0]=newnode;
*pmidkey=newkey;
*pnd2=p;

return;

¥

/Ivi tri can chen vao ben nua trali
if(pos<Ndiv2){
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copy(nd,Ndiv2,0ORDER-2,p);
nd->numtrees=Ndiv2;
*pmidkey=nd->key[Ndiv2-1];
insnode(nd,newkey,newnode,pos);
*pnd2=p;
return;
}
}

3.4 Chuong trinh minh hoa cdy Btree dwoc t6 chirc bang bé nhé trong
#include<stdio.h>
#include<stdlib.h>

#define ORDER 5
#define Ndiv2 ORDER/2
#define TRUE 1

#define FALSE 0

struct node{
int numtrees;
int key[ORDER-1];
struct node* son[ORDER];

}l
typedef struct node *NODEPTR,;

/Ikhai bao goc cua cay BTree
NODEPTR ptree;

void initialize(){

ptree=NULL,;
}
NODEPTR getnode(){
NODEPTR p;
p=(NODEPTR)malloc(sizeof(struct node));
return p;
}
NODEPTR makeroot(int k){
int i;
NODEPTR p;

p=getnode();
p->numtrees=2;
p->key[0]=k;
for(i=0;i<ORDER;i++){
p->son[i]J=NULL;



¥

return p;

¥

//search khoa k trong node p, tra ve vi tri cua khoa nho nhat bat dau lon hon hay bang k
int nodesearch(NODEPTR p, int k){
int i;
for(i=0;i<p->numtrees-1&&p->key[i]<k;i++);
return i;

¥

/ITim node cha cua node s tren btree
NODEPTR father(NODEPTR s){
int i;
NODEPTR p,q;
if(s==ptree)
return NULL;
g=NULL;
p=ptree;
while(p!=s){
i=nodesearch(p,s->key[0]);
a=p;
p=p->son[i];
}

return g;

¥

/ltim kiem mot gia tri trong Btree tra ve node thay hoac la vi tri ma le ra no phai co o do
NODEPTR search(int k, int *pposition, int *pfound){
int i;
NODEPTR q,p;
g=NULL;
p=ptree;
while(p'=NULL){
i=nodesearch(p,k);
if(i<p->numtrees-1&&k==p->key[i]){
*pfound=TRUE;
*pposition=i;
return p;
}
g=p;
p=p->son[i];
}
*pfound=FALSE;
*pposition=i;
return q;
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¥

/[duyet cay Btree theo thu tu tang dan
void traverse(NODEPTR proot){

int i;
if(proot==NULL)

return;
else{

for(i=0;i<proot->numtrees-1;i++){
traverse(proot->son[i]);
printf("%8d",proot->keyl[i]);
}

traverse(proot->son[proot->numtrees-1});

ks
ks

/lchep cac khoa tu vi tri first den last tu node nd sang node nd2
void copy(NODEPTR nd, int first, int last, NODEPTR nd2){
int i;
for(i=first;i<=last;i++){
nd2->key[i-first]=nd->key[i];
}

for(i=first;i<=last+1;i++){
nd2->son[i-first]=nd->son[i];
}

nd2->numtrees=Ilast-first+2;

¥

/Ichen node newkey vao vi tri pos cua cay chua day p, newnode se la cay
/lcon ben phai cua khoa newkey
void insnode(NODEPTR p, int newkey, NODEPTR newnode, int pos){
int i;
for(i=p->numtrees-1;i>=pos+1;i--){
p->son[i+1]=p->son[i];
p->key[i]=p->key[i-1];

p->key[pos]=newkey;
p->son[pos+1]=newnode;
p->numtrees++;

¥

/[tach node day nd,
void split(tNODEPTR nd, int newkey, NODEPTR newnode,int pos, NODEPTR *pnd2,int
*pmidkey ){

NODEPTR p;
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p=getnode();

[Ivi tri can chen o phia nua phai

if(pos>Ndiv2){

copy(nd,Ndiv2+1,0RDER-2,p);
insnode(p,newkey,newnode,pos-Ndiv2-1);
nd->numtrees=Ndiv2+1;//so nhanh con lai cua node nua trai
*pmidkey=nd->key[Ndiv2];
*pnd2=p;

return;

¥

[Ivi tri can chen nam ngay giua
if(pos==Ndiv2){
copy(nd,Ndiv2,0ORDER-2,p);
nd->numtrees=Ndiv2+1;
p->son[0]=newnode;
*pmidkey=newkey;

*pnd2=p;
return;
}
[Ivi tri can chen vao ben nua trai
if(pos<Ndiv2){
copy(nd,Ndiv2,0ORDER-2,p);
nd->numtrees=Ndiv2;
*pmidkey=nd->key[Ndiv2-1];
insnode(nd,newkey,newnode,pos);
*pnd2=p;
return;
}

¥

/lchen khoa k vao nut s o vi tri position
void insert(NODEPTR s, int k, int position){

NODEPTR nd,nd2,f,newnode;
int pos,newkey, midkey;

nd=s;

newkey=K;
newnode=NULL;
pos=position;
f=father(nd);

/Inut bi day
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while(f'=NULL&&nd->numtrees==ORDER){

split(nd,newkey,newnode,pos,&nd2,&midkey);
nd=f;

newkey=midkey;

newnode=nd2;

pos=nodesearch(f,midkey);

f=father(nd);

¥

/Inut chua day
if(nd->numtrees<ORDER){

return;

¥

void main(){

initialize();

duoc™);

¥

insnode(nd,newkey,newnode,pos);

/Inut goc bi day, chieu cao tang len 1
split(nd,newkey,newnode,pos,&nd2,&midkey);
ptree=makeroot(midkey);

ptree->son[0]=nd;

ptree->son[1]=nd2;

int chucnang,k,pos,timthay;
NODEPTR p;

do{

printf("\n\n CHUONG TRINH HIEN THUC CAY BTREE");
printf("\n Cac chuc nang cua chuong trinh");

printf("\n 1.Them vao mot khoa ");

printf("\n 2.Duyet cay theo thu tu tu nho den lon™);

printf("\n 3.Tim kiem");

printf("\n 0.Ket thuc chuong trinh™); [

printf("\n Chuc nang ban chon: ");

scanf("%d",&chucnang);

switch(chucnang){
case 1:
printf("\n Nhap vao noi dung cua khoa moi: ");
scanf("%d",&Kk);
if(ptree==NULL)
ptree=makeroot(k);
else{
p=search(k,&pos,&timthay);
if(timthay==TRUE)
printf("\n Bi trung khoa, khong them vao

22



else{

¥

insert(p,k,pos):

}
break;

case 2:
printf("\n Duyet cay Btree theo thu tu tang dan: ");
if(!ptree){
printf("\n BTREE RONG");
}

else{
traverse(ptree);
}
break;
case 3:
printf("\n Nhap vao mot khoa can tim: );
scanf("%d",&Kk);
p=search(k,&pos,&timthay);
if(timthay)
printf("\ntim thay vi tri cua %d tai con tro
%p",pos,p); I
else
printf("\nKhong tim thay");
break;
}

}while(chucnang!=0);
}

3.5 Btree cdi tién

Vi tat ca cac nit trén cay Btree déu day hon mot nira nén cau tric cua cay Btree kha toi
uu bo nha. Bé dung bd nhé hiéu qua hon nguoi ta cai tién cay Btree thanh nhirng cau trac
nhu sau:

3.5.1B*-Tree

B*-Tree bac ORDER ciing 1a cay Btree bic ORDER nhung tit ca c4c nit trén cay (trur
nat gbc) phai day hon 2/3.

Ching ta thdy ciu tric B*-Tree t6i wu b nhé hon Btree, hiéu xuat dung bo nhé 1a 1on
hon 67%.

3.5.2 Compact B-Tree

La Btree ma tac ca cac nut déu day (6 thé trir mot vai nlt 14 & cudi).

Cay Compact Btree c6 uwu diém la tim kiém mot khoé trén cay nhanh va 1 ciu trac dat
hiéu suat st dung bo nhé téi uu: 100%.

Tuy nhién cady Compact Btree duoc it dung vi giai thuat dé thém mot khoa vao cay rat
phuc tap va chi phi dé chuyén cay vé dang Compact Btree rat I6n.
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3.5.3 B+-Tree

Vi Btree duyét cay phic tap nén ngudi ta cai tién cay Btree thanh cay B+tree dé qua trinh
duyét cay hiéu qua hon.

B+Tree la Btree ma tit ca cac khoa trén cay déu c6 mit & céc nit 1a. Céc nat 1a duoc lién
két v6i nhau tir trai qua phai hinh thanh mot danh sach lién két gitp duyét cac khoa trén
cay.

Hinh vé mé ta cay B+Tree:

Hinh vé mé ta céy B+Tree bac 4

BAI TAP
1. Viét cac tac vu xac dinh cac thong tin vé cay Btree.
e Xéc dinh sé nit c6 trén cay.
X&c dinh s6 nut la
Xéc dinh chiéu sau cua cay.
Xac dinh sb nat trén ting muec.
Xac dinh sb nat ¢6 noi dung > x (x 1a s6 nhap vao).
Xac dinh sb nat ¢6 ndi dung < x (x 1a s6 nhap vao).
2.VV& cay Btree bac 5 khi chen vao céac khoa sau: 1, 2, 3, 4,5, 6, 7, 8, 9.
3. Viét giai thuat xo& mot nit trén cay Btree.
4. Cai dat cay B+Tree.
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Chuwong 7 q
BANG BAM

Céc tac vu trén céc cAu tric nhu danh séch, cay nhi phan,...phan lon duoc hign thyc bing
cach so sanh cac nut cua ciu trac, do Vay thoi gian truy xuat khong nhanh va phu thu¢c
vao kich thuéc cua ciu trdc. Chuong nay chung ta s& xét mot cau tric méi la bang bam
(hash table), c&c tac vu trén bang bam han ché sé lan so sanh véi mong muén thoi gian
truy xuat 1 tac thoi co bac O(1) va khong phu thudc vao kich thuéc cua bang bam.

Vé6i mdi bang bam nguoi ta xay dwng mot phép bam (hash function) dé chuyén déi s6
hoc céc khoé caa nit thanh céc dia chi trén bang bam. Bang bam 1a ciu tric dung hoa tét
giita thoi gian truy xuit va dung luong b nhd. Bang bim dwoc tng dung nhiéu trong
thuc té, rat thich hop khi té chuc dir liéu c6 kich thuéc 16n va duoc leu trit ¢ bd nhé
Ngoai.

1. MO TA BANG BAM
1.1 MO td dir liéu
Bang bam dwoc md ta bang cac thanh phan sau:
e (Co tap khod cua cac nat trén bang bam goi la tap K.
e (Co tap céc dia chi cua bang bam dugc goi la tap M.
e CH ham bam dé anh xa mot khoa trong tap K thanh 1 dja chi trong tap M.
Bang bam dugc md ta bang hinh vé& nhu sau:

Tap khoa Ham bam f
K

Hinh v& mb ta bang bam

1.2 Céc tac vu trén bang bam
Bang bam cd thé ¢ cac tac vu sau:

e Téc vu khai dong: Cap phat bo nhé va khoi dong cac gia tri ban dau cho bang
bam.

e Téac vu tim kiém: Pay 1a mot trong nhitng tac vu thuong duoc sir dung nhat cua
bang bam. Tac vu nay s& tim kiém céc phan tir trong bang bam dira vao khoé cua
ting phan tu.

e Téac vu thém mét phan tir: Tac vy nay thém mot phan tir mai vao bang bam.

e Téc vu xo4 mot phan tir: TAc vu ndy duoc ding dé xod mot phan ta ra khoi bang
bam.

e Téac vu duyét bang bam: Tac vu nay dung dé duyét qua tat ca cac phan tu trén
bang bam.




1.3 C4c bang bam thong dung

Véi mbi loai bang bam, ching ta phai xac dinh tap khoa K, xac dinh tap dia chi M va xay
dung ham bam.

Khi xay dung ham bam ching ta mudn cac khoa khac nhau s& anh xa vao cac dia chi
khéc nhau, nhung thyc té thi thuong xay ra truong hop cac khoa khac nhau lai anh xa vao
cung mét dia chi, ching ta goi la xung dot. Do d6 khi xay dung bang bam ching ta phai
xay dung phuong &n giai quyét su xung dot trén bang bam.

Trong chuong nay ta s€ nghién cau cac bang bam thdng dung nhu sau véi mdi bang bam
c6 chién lroc giai quyét su xung dot rleng

o Bdng bam véi phwong phdp néi két truc tiép: mdi dia chi ciia bang bim twong
rng v&i mot danh sach lién két. Cac nat bi xung dot dugc ndi két véi nhau trén
mot danh séach lién két.

o Bdng bam véi phwong phdp noi két hop nhdt: Bang bam loai ndy dwoc cai dat
bing danh sach k&, mdi nit c6 hai truong: truong key chia khod cua nit va
truong next chi ndt ké bi xung dot. Cac nit bi xung dot duoc ndi két véi nhau qua
truong lién két next.

e Bang bam véi phuong phdp do tuyén tinh: vi du nhu khi thém nat vao bang bam
loai nay neu bam lan dau bi xung dot thi 1an luoc do dia chi ké...cho dén khi gap
dia chi trong dau tién thi thém nat vao dia chi nay.

1.4 Ham bam
Ham bam 12 ham bién dbi khoé cua ndt thanh dia chi trén bang bam.
e Khoa c6 thé la khoa & dang sé hay dang chudi.
e Dia chi duoc tinh ra 1a cac s6 nguyén trong khoang 0 dén M — 1 véi M 1a s6 dia
chi trén bang bam.
e Ham bam thuong duoc dung ¢ dang cong thac: vi du nhu cdng thuc f(key)=key
% M véi M 1a do 16n cua bang bam.

Mot ham bam duoc coi 1a tot thuong phai thoa céc yéu cau sau:
e Phai giam thiéu sy xung dot
e Phai ph&n b6 déu céc nat trén M dia chi khac nhau ctia bang bam.

1.5 Uu diém cuia bang bam
Bang bam 1a mot ciu tric dung hoa tot gitta thoi gian truy xuat va dung hrong b nhe:
e Néu khdng c6 su gigi vé bo nhé thi chiing ta co thé xay dung bang bam voi moi
khoa urng véi mot dia chi vai mong muon thoi gian truy xuat tuc thoi.
e Néu dung lrong cua bo nhd cé gisi han thi td chic mot sé khoa cé cung dia chi.
Ldc nay thoi gian truy xuat cd bj giam di.
Bang bam duoc tng dung nhiéu trong thuc té, rat thich hop khi té chic dir ligu c6 kich
thudc 16n va duoc leu trit & bd nhé ngoai.

2. BANG BAM VOI PHUONG PHAP KET NOI TRUC TIEP
2.1 Mb tg



Bang bam dwogc cai dit bang danh sach lién két, cac ndt trén bang bam duoc bam thanh
M danh §éch lién két (tir danh sach 0 dén danh sach M-1). Céc nit bi xung dot tai dia chi
i dugc noi két truc tiép vai nhau qua danh séch lién keét i.

Khi thém mot nit ¢ khoa key vao bang bam, ham bam f(key) s€ xac dinh dia chi i trong
khoang 0 dén M — 1 ung véi danh sach lién két i ma nat nay sé dugc thém vao.

Khi tim kiém mot nat c6 khoé key trén bang bam, ham bam f(key) s& xéac dinh dia chi i
trong khoang tir 0 dén M — 1 ung véi danh sach lién ket i cé thé chara nat, viéc tim kiem
nat trén bang bam quy vé bai toan tim kiém trén danh sach lién két.

Sau day 1a minh hoa cho bang bam cé tap kho4 1a tap sb tu nhién, tap dia chi c6 10 dia
chi va chon ham bam la f(key)=key % 10.

bucket
0 —m 20 - 50

1T 11 |+—» 31 |—» 41

2 22 - 42

3 13 Y 53 = 83

41— 24 |—p 54 |—p 94

55— 15 S 35

B —- 36 S 76

T 17 +—» 97

8 — 8 - 28 - 38

O 19 - 29 - 59

Bang bam ding phwong phap ndi két trure tiép

2.2 Cai dat )
2.2.1Khai bdo cau triic bang bam
#define M 10




struct nodes{
int key;
struct nodes *next;
Y
typedef struct nodes *NODEPTR,;
NODEPTR bucket[M];

2.2.2 Ham bam

int hashfunc(int key){
return (key % M);

}

2.2.3 Tim kiém mot phan tir trén bang bam
int search(int k){
NODEPTR p;
int b;
b=hashfunc(k);
p=bucket[b];
while(k>p->key&&p!=NULL)

p=p->next;
if(p==NULL || k!=p->key)
return -1;
else
return b;

¥

2.2.4 Thém vao mét phdn ti
void insafter(NODEPTR p, int k){

NODEPTR q;
if(p==NULL)
printf(""Khong them vao node moi duoc");
else{
g=getnode();
g->key=k;
g->next=p->next;
p->next=q;
}

¥

/ tac vu nay chi su dung khi them vao mot bucket co thu tu
void place(int b, int k){
NODEPTR p,q;
g=NULL;
for(p=bucket[b];p!=NULL && k>p->key;p=p->next)
a=p;
if(g==NULL){



push(b,k);
Yelse{
insafter(q,k);
}

¥

/lthem mot node co khoa la k vao trong bang bam
void insert(int k){

int b;

b=hashfunc(k);

place(b,k);
}

2.2.5 X0& Mot phan tir

int delafter(NODEPTR p){
NODEPTR q;
int k;
if(p==NULL||p->next==NULL){

printf("\n Khong xoa node duoc");
return 0;
}
g=p->next;
k=qg->key;
p->next=q->next;
freenode(q);
return k;

¥

/[Xoa mot phan tu co khoa k ra khoi bang bam
void remove(int k){

int b;

NODEPTR p,q;

b=hashfunc(k);

p=bucket[b];

g=p;
while(p!=NULL&&p->key!=k)
{
g=p;
p=p->next;
}
if(p==NULL)
printf("\n Khong co node co khoa la: %d",b);
else

if(p==Dbucket[b])
pop(b);



else
delafter(q);

¥

2.3 Chuong trinh minh hoa

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

#define TRUE 1
#define FALSE 0
#define M 10
struct nodes{
int key;

struct nodes *next;
¥
typedef struct nodes *NODEPTR,;
NODEPTR bucket[M];

// khoi tao bang bam
void initbucket(){
int b;
for(b=0;b<M;b++){
bucket[b]=NULL;
}

¥

/[cap nhat mot node moi cho bang bam
NODEPTR getnode(){
NODEPTR p;
p=(NODEPTR)malloc(sizeof(struct nodes));
return p;

¥

//xoa mot node trong bo nho
void freenode(NODEPTR p){

free(p);
}

//Kiem tra mot bucket co phai empty?
int emptybucket(int b){
if(bucket[b]==NULL)
return TRUE;
else



return FALSE:;
}

//kiem tra toan bo bang bam co null hay khong
int empty(){
int b;
for(b=0;b<M;b++)
if(bucket[b]'=NULL)
return FALSE;
return TRUE;
}
[ltraverse tren tung bucket
void traversebucket(int b){
NODEPTR p;
p=bucket[b];
while(p'=NULL){
printf("%4d",p->key);
p=p->next;
}
}

/[duyet gia bang bam
void traverse(){

int b;

for(b=0;b<M;b++){

printf("\n Bucket[%d]=",b);
traversebucket(b);

}

}

/[Xoa tren mot bucket
void clearbucket(int b){
NODEPTR p,q;
g=NULL;
p=bucket[b];
while(p!=NULL){
a=p;
p=p->next;
freenode(q);
}
bucket[b]=NULL,;
}

//Xo0a toan bo bang bam
void clear(){
int b;



for(b=0;b<M;b++){
clearbucket(b);
}

}

//Ham hash function

int hashfunc(int key){
return (key % M);

}

/lthem mot node vao dau bucket
void push(int b, int x){
NODEPTR p;
p=getnode();
p->key=Xx;
p->next=bucket[b];
bucket[b]=p;

/[Xo0a mot node o dau bucket

int pop(int b){
NODEPTR p;
int k;
if(emptybucket(b)){

printf("Bucket %d bi rong, khong xoa duoc”,b);
return 0;
}
p=bucket[b];
k=p->key;
bucket[b]=p->next;
freenode(p);
return k;

¥

/ltac vu them vao bucket mot node moi sau node p
void insafter(NODEPTR p, int k){

NODEPTR q;
if(p==NULL)
printf(""Khong them vao node moi duoc");
else{
g=getnode();
g->key=k;
g->next=p->next;
p->next=q;
}



/[ tac vu nay chi su dung khi them vao mot bucket co thu tu
void place(int b, int k){

NODEPTR p,q;

g=NULL,;

for(p=bucket[b];p!=NULL && k>p->key;p=p->next)

a=p;

if(g==NULL){

push(b,k);

Yelse{

insafter(q,k);

}

¥

/lthem mot node co khoa la k vao trong bang bam
void insert(int k){

int b;

b=hashfunc(k);

place(b,k);
}

/[Tac vu tim kiem mot khoa trong bang bam
int search(int k){
NODEPTR p;
int b;
b=hashfunc(k);
p=bucket[b];
while(k>p->key&&p!=NULL)
p=p->next;
if(p==NULL || k!=p->key)
return -1;
else
return b;

¥

/[Xoa mot node ngay sau node p
int delafter(NODEPTR p){
NODEPTR q;
int k;
if(p==NULL||p->next==NULL){
printf("\n Khong xoa node duoc");
return 0;
}
g=p->next;
k=g->key;
p->next=qg->next;



freenode(q);
return k;

¥

/[Xoa mot phan tu co khoa k ra khoi bang bam
void remove(int k){

int b;

NODEPTR p,q;

b=hashfunc(k);

p=bucket[b];

g=p;

while(p!=NULL&&p->key!=k)

{

o O
111
T T

->next;
}
if(p==NULL)

printf("\n Khong co node co khoa la: %d",b);
else

if(p==Dbucket[b])

pop(b);

else

delafter(q);

¥

void main(){

int b,key,i,n,chucnang;

char c;

initbucket();

do{
printf("\n\n CAC CHUC NANG CUA CHUONG TRINH");
printf("\n 1: Them mot node vao bang");
printf("\n 2: Them ngau nhien nhieu node vao bang bam");
printf("\n 3: Xoa mot node trong bang bam");
printf("\n 4: Xoa toan bo bang bam™);
printf("\n 5: Duyet bang bam");
printf("\n 6: Tim kiem tren bang bam");
printf("\n O: ket thuc chuong trinh");
printf("\n chuc nang ban chon: ");
scanf("%d",&chucnang);

switch(chucnang){
case 1:{
printf("\n Them mot node vao trong bang bam");
printf("\n Nhap vao khoa cua node can them vao: ");
scanf("%d",&key);



insert(key);

break;
}
case 2:{
printf("\n them mot bang ngau nhien nhieu node vao
bang");
printf("\n So node ban muon them: ");
scanf("%d",&n);
for(i=0;i<n;i++){
key=random(100);
insert(key);
}
break;
}
case 3:{
printf("\n Xoa mot node tren bang bam");
printf("\n Nhap vao khoa cua node can xoa: ");
scanf("%d",&key);
remove(key);
break;
}
case 4:{
clear();
break;
}
case 5:{
printf("\n Duyet Bang Bam");
traverse();
break;
}
case 6:{
printf("\n Tim kiem mot khoa tren bang bam");
printf("\n Khoa can tim: "');
scanf("%d" key);
b=search(key);
if(b==-1)
printf(" Khong thay");
else
printf(" Tim thay trong bucket %d",b);
break;
}
}

}while(chucnang !'=0);
}

3. BANG BAM VOI PHUONG PHAP KET NOI HOP NHAT



3.1 Mé ta
Bang bam trong truong hop nay duogc cai dat bang danh sach lién két dang mang, ¢6 M
nat. Cac nit bi xung dot dia chi dugc ndi két véi nhau qua mot danh sach lién két.
MJbi nit ciia bang bam 1a mot mau tin ¢é hai truong:
e Truong key: chira kho& caa nut.
e Trudng next: con tré chi nit ké tiép néu c6 xung dot.
Khi khéi dong bang bam thi tat ca truong key dugc gan gia tri 1a NULLKEY, tat ca cac
troeong next duoc gan la -1.
Hinh v& sau m6 ta bang bam ngay sau khi khai dong:

MULLKEY | -1
MULLKEY | _q
MULLKEY | -1
MULLKEY | -1

Hinh minh hoa bang bam khi khéi déng

Khi thém mot nat cé khoa key vao bang bam, ham bam f(key) sé€ xac dinh dia chi i trong
khoang tir 0 ¢én M — 1.

e Néu chua bi xung dot thi thém nat mai tai dia chi i nay.

e Néu bj xung dot thi nit méi dwoc cip phat 1a nat trng phia cudi mang. Cap nhat

lién két next sao cho cac ndt bi xung d6t hinh thanh mot danh sach lién két.

Khi tim mot nat cé khoa key trong bang bam, ham bam f(key) s€ xac dinh dia chi i trong
khoang tir 0 dén M — 1, tim nat khoé key trong danh sach lién két xuat phat tir dia chi i.

Minh hog

Sau day 1a minh hoa cho bang bam c6 tap khod 1a s6 tu nhién, tap dia chi gé 10 dia chi
(M=10), chon ham bam f(key)=key % 10. Hinh v& sau day minh hoa cho tién trinh thém
cac nut 10, 15, 26, 30, 25, 35 vao bang bam.

Hinh (a): Sau khi thém 3 nut 10, 15, 26 vao bang bam — lGc nay chua bi xung dot.

Hinh (b): Thém nat 30 vao bang bam - bi xung dot tai dia chi 0 — nat 30 dwoc cap phét tai
dia chi 9, truong next cua ndt tai dia chi 0 dugc gan la 9.

Hinh (c): Thém ndt 25 vao bang bam - bj xung dot tai dia chi 5 — nat 25 duoc cap phat tai
dia chi 8, truong next cua ndt tai dia chi 5 dugc gan la 8.

Hinh (d): Thém nuat 35 vao bang bam - bi xung doét tai dia chi 5 va dia chi 8 — nat 35
dugc cap phat tai dia chi 7, trudng next caa nit tai dia chi 8 dugc gan 12 7.



(a) (b) (c) (d)
0 10 -1 0 10 9 0 10 9 0 10 ]
1 -1 1 -1 1 -1 1 -1
2 -1 2 -1 2 -1 2 -1
3 -1 3 -1 3 -1 3 -1
4 -1 4 -1 4 -1 4 -1
5 15 -1 5 15 -1 5 15 8 5 15 8
6 26 A 6 26 A 6 26 A 6 26 1
7 -1 7 -1 7 -1 7 35 -1
8 -1 8 -1 8 25 -1 8 25 7
9 -1 9 30 -1 9 30 -1 9 30 -1
Hinh minh hoa viéc thém cac khoa vao bang bam

3.2 Cai dat

3.2.1 Khai b&o cdu triic bang bam

#define M 10

struct node{

int key;
int next;

¥

struct node hashtable[M];

int avail,

3.2.2 T&c vu khoi dong cho bang bam
void initialize(){
int i;
for(i=0;i<M;i++){
hashtable[i].key=NULLKEY;
hashtable[i].next=-1,;

¥

avail=M-1;

¥

3.2.3 Tac vu Aim kiém
int search(int k){
int i;
i=hashfunc(k);
while(k!'=hashtable[i].key && i 1=-1)
i=hashtable[i].next;
if(k==hashtable[i].key)
return i;

else
return M;

¥

3.2.4 TAc vu thém mét phan tir vao bdang bam




int insert(int k){
int i,j;
i=search(k);
if(i'=M){
printf("\n khoa %d bi trung, khong them vao duoc" k);
return i;
}
i=hashfunc(k);
while(hashtable[i].next>=0)
i=hashtable[i].next;
if(hashtable[i].key==NULLKEY)
j=i;//khong co su dung do, first time
else{
Jj=getempty();
if(j <0){
printf("\n Bang bam bi day khong them vao duoc");
return j;

}else{
hashtable[i].next=j;

}
}
hashtable[j].key=k;
return j;

¥

3.2.5 T&c vu duyét bang bam
void viewtable(){
int i;
for(i=0;i<M;i++){
printf("\n table[%2d]: %4d %4d",i,hashtable[i].key,hashtable[i].next);
}

¥

3.3 Chuong trinh minh hog
#include<stdio.h>
#include<stdlib.h>
#include<conio.h>

#define TRUE 1
#define FALSE 0
#define NULLKEY -1
#define M 10

struct node{
int key;
int next;



};

struct node hashtable[M];
int avail;

//lham bam

int hashfunc(int key){
return (key %M);

}

//khoi dong bang bam
void initialize(){
int i;
for(i=0;i<M;i++){
hashtable[i].key=NULLKEY;
hashtable[i].next=-1,;

}
avail=M-1;
}
//kiem tra bang bam co rong hay khong?
int empty(){
int i;
for(i=0;i<M;i++){
if (hashtable[i].key!=NULLKEY)
return FALSE;
}
return TRUE;
}

/[Xem chi tiet thong tin bang bam
void viewtable(){
int i;
for(i=0;i<M;i++){
printf("\n table[%2d]: %4d %4d",i,hashtable[i].key,hashtable[i].next);
}

¥

/ltim mot khoa co trong bang bam hay khong, tim thay tra ve dia chi
//khong thayy tra ve M
int search(int k){

int i;

i=hashfunc(k);

while(k!'=hashtable[i].key && i !=-1)

i=hashtable[i].next;
if(k==hashtable[i].key)



return i;
else
return M;

¥

/[chon node con trong phia duoi bang hash de cap nhat khi xay ra xung dot
int getempty(){
while(hashtable[avail].key '=NULLKEY)
avail --;
return avail;

¥

/lthem mot node co khoa k vao bang bam
int insert(int k){
int i,j;
i=search(k);
if(i'=M){
printf("\n khoa %d bi trung, khong them vao duoc" k);
return i;
}
i=hashfunc(k);
while(hashtable[i].next>=0)
i=hashtable[i].next;
if(hashtable[i].key==NULLKEY)
j=i;//khong co su dung do, first time
else{
Jj=getempty();
if(j <0){
printf("\n Bang bam bi day khong them vao duoc");
return j;

}else{
hashtable[i].next=j;

}
}
hashtable[j].key=k;
return j;

¥

void main(){
int i,n;
int key,chucnang;
initialize();

do{
printf("\n\n CAC CHUC NANG CUA CHUONG TRINH");
printf("\n 1: Them node moi vao bang bam");



printf("\n 2: Them ngau nhien nhieu node vao bang bam");
printf("\n 3: Xoa toan bo bang bam™);

printf("\n 4: Xem chi tiet bang bam™);

printf("\n 5: Tim kiem tren bang bam");

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

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

switch(chucnang){
case 1:{
printf("\n THEM MOT NODE MOI VAO BANG BAM");
printf("\n Khoa cua node moi: ");
scanf("%d",&key);

insert(key);
break;
}
case 2:{
printf("\n THEM NGAU NHIEN NHIEU NODE VAO
BANG BAM");
printf("\n Ban muon them vao bao nhieu node: ");
scanf("%d",&n);
for(i=0;i<n;i++){
key=random(1000);
insert(key);
}
break;
}
case 3:{
printf("\n XOA TOAN BO BANG BAM");
initialize();
break;
}
case 4:{
printf("\n CHI TIET THONG TIN BANG BAM");
viewtable();
break;
}
case 5:{
printf("\n TIM KIEM KHOA TREN BANG BAM");
printf("\n Khoa can tim: "');
scanf("%d",&key);
i=search(key);

if(i==M){
printf("\n KHONG THAY");
}



else{
printf("Tim thay tai dia chi %d cua bang bam "i);

}
break;

}
}
}while(chucnang!=0);
}

4. BANG BAM VGl PHUONG PHAP DO TUYEN TINH
4.1 M6 ta
Bang bam trong truong hop nay duoc cai dit bing mot danh sach ké c6 M nat, mdi nit
ctia bang bam 1a mot mau tin cd mot truong key dé chira khoé cua nit.
Khi thém nat cd khoa key vao bang bam, ham bam f(key) sé xac dinh dia chi i trong
khoang tir 0 ¢én M-1:
e Néu chua bi xung dot thi thém nat mai tai dia chi i nay.
e Néu bi xung dot thi ham bam lan 1 f; s& xét dia chi ké tiép, néu lai bi xung dot thi
ham bam lai 1an 2 f, s& xét dia chi ké tiép nita... qua trinh ctr thé cho dén khi nao
tim duoc dia chi tréng va thém nit vao dia chi nay.
Khi tim mot nat c6 khoa key trong bang bam, ham bam f(key) sé€ xac dinh dia chi i trong
khoang tir 0 dén M — 1, tim nit khoa key trong khéi dic chua cac nit xuit phat tir dia chi
.
Ham bam lai cua phuong phap do tim tuyén tinh 1 truy xuat dia chi ké tiép. Ham bam lai
duoc biéu dién bang cong thic sau:

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

Minh hoa:

Sau day 1a minh hoa cho bang bam cé tap kho4 1 tap sb tu nhién, tap dia chi c6 10 dia
chi, chon ham bam f(key)=key %10.

Hinh v& sau miéu ta tién trinh thém cac nat 32, 53, 22, 92, 17, 34 vao bang bam.

Hinh (a): Sau khi thém 2 nat 32 va 53 vao bang bam — ltc nay chua bi xung dot.

Hinh (b): Thém nat 22 va 92 vao bang bam - bi xung dot tai dia chi 2, nit 22 dugc cap
phét tai dia chi 4, n(t 92 dwoc cip phét tai dia chi 5.

Hinh (c): thém ndt 17 va 34 vao bang bam — nat 17 khdng bi xung dot cip phat tai dia chi
7, N0t 34 bi xung dot tai dia chi 4, duoc cip tai dia chi 6.



(a) (b)
0 0
1 1
2 32 2 32
3 53 3 53
4 < 22
5 5 92
6 6
7 7
8 8
9 9
Hinh minh hoa viéc thém cac khoa vao bang bam
4.2 Caidat
4.2.1 M0 td cau tric
#define M 10
struct node{
int key;
Y
struct node hashtable[M];
int N;
4.2.2 Tac vu khoi dong

void initialize(){

inti;

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

}
N=0;

¥

hashtable[i].key=NULLKEY;

4.2.3 Tac vu fim kiém

int search(int k){

inti;

i=hashfunc(k);

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

}
if(hasht

else

i=i+1;
if(i>=M)
i=i-M;

able[i].key==k)
return i;

0 m ~ & & W = O

()

32

23

22

92

34

17




return M;

¥

4.2.4 Téc vu thém mét phan nir vao bang bam
int insert(int k){
int i,j;

if(full()){

printf("\n Bang bam bi day, khong them vao duoc");

return M;

}

i=hashfunc(k);

while(hashtable[i].key '=NULLKEY){
i++:
if(i>=M)

i=i-M;

}

hashtable[i].key=k;

N++;

return i;

¥

void viewtable(){
int i;
for(i=0;i<M;i++){
printf("\n table[%2d]: %4d",i,hashtable[i].key);
}

4.3 Chuong trinh minh hog
#include <stdio.h>
#include <stdlib.h>
#include <conio.h>

#define TRUE 1
#define FALSE 0
#define NULLKEY -1
#define M 10

struct node{
int key;
Y

struct node hashtable[M];
int N;



int hashfunc(int key){
return (key %M);

}
void initialize(){
int i;
for(i=0;i<M; i++){
hashtable[i].key=NULLKEY;
}
N=0;
}
/ltac vu kiem tra bang bam co rong hay khong
int empty(){
if(N==0)
return TRUE;
else
return FALSE;
}
/ltac vu kiem tra bang bam co day:
int full(){
if(N==M-1)
return TRUE;
else
return FALSE;
}

/ltac vu tim 1 key, tim thay tra ve index, khong thay tra ve M
int search(int k){
int i;
i=hashfunc(k);
while(hashtable[i].key!=k&&hashtable[i].key!=NULLKEY){
iI=i+1;
if(i>=M)
i=i-M;
}
if(hashtable[i].key==Kk)
return i;
else
return M;

¥

/lthem khoa k vao bang bam
int insert(int k){
int i,j;



if(full()){
printf("\n Bang bam bi day, khong them vao duoc");

return M;

}

i=hashfunc(k);

while(hashtable[i].key '=NULLKEY){
i++:
if(i>=M)

i=i-M;

}

hashtable[i].key=k;

N++;

return i;

¥

void viewtable(){
int i;
for(i=0;i<M;i++){
printf("\n table[%2d]: %4d",i,hashtable[i].key);
}
}

void main(){

int i,n;

int b,key,chucnang;

initialize();

do{
printf("\n\n BANG BAM THEO PHUONG PHAP DO TUYEN TINH");
printf("\n 1: them mot node moi vao bang bam™);
printf("\n 2: them ngau nhien nhieu node vao bang bam");
printf("\n 3: Xoa node tren bang bam™);
printf("\n 4: Xoa toan bo cac node tren bang bam");
printf("\n 5: Xem chi tiet thong tin tren bang bam");
printf("\n 6: Tim kiem tren bang bam");
printf("\n 0: Ket thuc chuong trinh");
printf("\n\n Chuc nang cua ban: ");
scanf("%d",&chucnang);

switch(chucnang){
case 1:{
printf("\n THEM MOT NODE MOI VAO BANG BAM");
printf("\n khoa cua node moi: ");
scanf("%d",&key);
insert(key);
break;
}



case 2:{
printf("\n THEM NGAU NHIEN NHIEU NODE VAO

BANG");
printf("\n Ban muon them vao bao nhieu node: ");
scanf("%d",&n);
for(i=0;i<n;i++){
key=random(1000);
insert(key);
}
break;
}
case 3:{
break;
}
case 4:{
printf("\n XOA TOAN BO CAY TREN BANG BAM");
initialize();
break;
}
case 5:{
printf("\n THONG TIN CHI TIET TREN BANG BAM");
viewtable();
break;
}
case 6:{

printf("\n TIM KIEM TREN BANG BAM");
printf("\n khoa can tim: ");
scanf("%d" key);
if(search(key)==M)
printf("\n Khong thay");
else
printf("\n Tim thay khoa trong bang bam tai dia chi: %d trong
bang",search(key));

break;
}
}
}while(chucnang!=0);
}
BAI TAP

1. Viét mot chuong trinh hién thuce tir dién Anh - Viét, chuong trinh c6 cai dit bang bam
vé6i phuong phap ndi két truc tiép. MAi nat caa bang bam co khai bao cac truong sau:

e Trudng word 13 khod chira mot tir tiéng anh.

e Trudng mean la nghia tiéng Viét.

e Trudng next 1a con tro chi nat ké bi xung dot cing dia chi.



Tap khoa la mot chudi tiéng anh, tap dia chi cd 26 chit cai. Chon ham bam sau cho khoa
bit dau bang ky tu a dugc bam vao dia chi 0, b bam vao dia chi 1,..., z bam vao dia chi
25. Chuong trinh ¢ nhitng chirc nang nhu sau:
e Nhap vao mot tir
Xem tir dién theo ky tu dau.
Xem toan b tir dién.
Tra tir dién.
Xoa mét tur.
X6a toan b tir dién.
Toét khoi chuong trinh.

2. Viét chuong trinh xem thng tin vé mot sinh vién qua méa sé sinh vién.
Thdng tin vé tat ca sinh vién chira trong tap tin van ban, mai sinh vién chiém mot dong
van ban gdm MSSV, ho, tén va diém cac mdn hoc. Chuong trinh s& doc tap tin vin ban
nay dé tao ra bang bam. M&i nit cua bang bam bao gom truong MSSV ding lam kho4,
truong line cho biét vi tri dong van ban caa sinh vién. Khi truy xuét théng tin vé mot sinh
vién chdng ta nhap MSSV, qua bang bam chlng ta xac dinh duoc vi tri dong van ban va
doc théng tin sinh vién qua dong vin ban nay.
Chuong trinh cé cac chirc nang nhu sau:

o Xem tit ca MSSV

e Xem MSSV trong khoang tir ... dén ...

e Xem thong tin vé sinh vién qua MSSV.



Chuong 7: ’ ’
SAP XEP

1. GIGI THIEU VE BAI TOAN SAP XEP

Sép xép cac nit cua mot cau tric theo thir ty tang dan (hay giam dan) 1a mot cdng viéc
duoc thyc hién thuong xuyén. Véi mot cau tric d4 duoc sip xép chung ta rat thuan tién
khi thuc hién cac tac vu trén ciu tric nhu tim kiém, trich loc duyét ciu tric..

C6 hai giai thuat sap xép dwoc diing phd bién trong khoa hoc may tinh Ia sip xép dir ligu
trén b nhd trong (internal sort) va sap xep di liéu trén bd nha ngoai (external sort).

Vi sip xép dit ligu trén bo nho trong thi toan bo dir liéu can sap xép duoc dua vao bo
nha trong, do vay kich thuéc dix liéu can sap xép khéng lon, tuy nhién thoi gian sap xép
duoc thuc hién rat nhanh.

Véi sap xép dit lidu trén bo nhé ngoai thi chi mot phan nho dit liéu can sip xép duoc dua
vao bd nhd trong, phan 1on dir liéu dugc huu trir & bo nhd ngoai nhu dia tir, bang tur, dia
cuang... kich thudc dix liéu can dugc sap xeép ldc nay rat Ion va thoi gian sap xép rat cham.

Pé phan tich danh gia giai thuat sip xép, chung ta can tham dinh giai thuat chiém dung
bao nhiéu viing nhé, giai thuat chay nhanh hay chay cham. Hai tiéu chi chinh dung dé
phan tich mot giai thuat sap xép la:

e Sy chiém dung bo nhé cua giai thuét.

e Thoi gian thyuc hién cua giai thuat.

2. SAP XEP BO NHG TRONG

C6 rat nhiéu giai thuat dé hién thuc viéc sip xép di liéu trong b nhd trong. O phan nay
ta xét cac phuong phap: bubble sort, simple selection sort, simple insertion sort, quicksort
va merge sort.

2.1 Giai thudt bubble sort
2.1.1 M6 ta phuwong phap

Giai thuat nay s& duyét danh sach nhiéu lan, trong mdi lan duyét s& Ian luot so sanh ting
cap nat thir i va ther i + 1 va doi chd hai nat nay néu chiing khdng dang thu tu.

Minh hoa: ‘

Dung phuong phép bubble sort dé sip xép lai danh sach dudi day.

25 55 45 40 10 90 85 35

Bang sau ddy minh hoa qua trinh so sanh va ddi chd cho lan duyét dau tién

i Nodes[i] | Nodes[i+1] Kiém tra Nodes[i] | Nodes[i+1]
(truoc) (truoc) nodes[i]>nodes[i+1]? (sau) (sau)
0 25 55 Sai ->khong doi cho | 25 55
1 55 45 bung ->doi cho 45 55
2 55 40 bung ->doi cho 40 55
3 55 10 bung ->doi cho 10 55
4 55 90 Sai ->khong doi cho | 55 90




90 85 Pang ->ddi chd 85 90

90 35 Pang ->ddi chd 35 90

5
6
Néu dung phuong phéap bubble sort dé sap xép danh sach cé n nat:

e Sau lan duyét tha 1, nGt 16n nhit duoc dinh vi ding chd.

e Sau lan duyét the 2, nt thir 2 dwoc dinh vi dang chd.

e Sau lan duyét thir n-1 thi n n(t trong danh sach s& duoc sap xép thir ty.

Sy bién d6i cua danh sach qua cac lan duyét dugc mé ta trong bang dudi day.

lan duyét Dt liéu

Bandau |25 55 45 40 10 90 85 35
1 25 45 40 10 55 85 35 90
2 25 40 10 45 55 35 85 90
3 25 10 40 45 35 55 85 90
4 10 25 40 35 45 55 85 90
5 10 25 35 40 45 55 85 90
6 10 25 35 40 45 55 85 90
7 10 25 35 40 45 55 85 90

2.1.2 Cai dat giai thudt bubble sort

void bubblesort(int nodes[], int n){
int temp, 1,j;
int doicho=TRUE;
for(i=1; i<n&&doicho==TRUE;i++){
doicho=FALSE;
for(j=0;j<n-i;j++)
if(nodes[j]>nodes[j+1]){
doicho=TRUE;
temp=nodes[j];
nodes[j]=nodes[j+1];
nodes[j+1]=temp;

ks
¥

2.2 Giai thudt simple selection sort
2.2.1 M6 ta phwong phap

Phuong phap nay lan lugt chon ndt nho nhat cho cac vitri 0, 1, 2,...,n-1. Cu thé:

Lan chon thir 0: ‘
Do tim trong khoang vi tri tir 0 dén n-1 @€ xac dinh nat nhé nhat tai vi tri min.
Da6i cho hai ndt tai vi tri ming va 0.

Lan chon thir 1: ‘
D(‘g tim trong khoang vi tri tir 1 dén n-1 dé xac dinh nat nho nhat tai vi tri min;.
Da6i cho hai ndt tai vi tri ming va 1.




Lan chon thir i: , ,, ,
Do tim trong khoang vi tri tir i dén n-i @€ xac dinh nat nho nhat tai vi tri min;.
Da6i cho hai nit tai vi tri min; va i.

Lan chon thir n-2 (Ian chon cudi cung): ,
Do tim trong khoang tir vi tri n-2 dén n-1 dé xac dinh nat nho nhat tai vi tri ming,.
Da6i cho hai nit tai vi tri ming, va vi tri n-2.

Minh hoa: duing giai thuat simple selection sort dé sip xép cho danh sach sau:
25 55 45 40 10 90 85 35

Lan chon Dt liéu

Bandau |25 55 45 40 10 90 85 35
0 10 55 45 40 25 90 85 35
1 10 25 45 40 55 90 85 35
2 10 25 35 40 55 90 85 45
3 10 25 35 40 55 90 85 45
4 10 25 35 40 45 90 85 55
5 10 25 35 40 45 55 85 90
6 10 25 35 40 45 55 85 90

2.2.2Cai dat gidi thudt simple selection sort

void selectionsort(int nodes[], int n){
int i,j,min,vitrimin;
for(i=0;i<n-1;i++){
min=nodes][i];
vitrimin=i;
for(j=i+1;j<=n-1;j++)
if(min >nodes[j]){
min=nodes[j];
vitrimin=j;
}
nodes[vitrimin]=nodesJi];
nodes[i]=min;
}
}

2.3 Gidi thudt simple insertion sort
2.3.1 M0 ta phwong phdp
Phuong phap nay s& lan leoc chén cac ndt vao danh séch d4 c6 thi ty:
e Xem danh sach dau tién d& c6 thu tu chi 1a 1 nat nodes[0].
e Lan chén 1: chén nodes[1] vao dung vi tri ching ta dugc danh sach da cé thi tu
cd dang hai nat la nodes[0] va nodes[1].
e Lan chén 2: chén nodes[2] vao dung vi tri ching ta dugc danh sach da co thi tu
c6 dung 3 nat la nodes[0], nodes[1] va nodes[2].




Lan chén n-1: chén nodes[n-1] vao dang vi tri chling ta dwoc danh séch cudi cing
da cé thtr ty 6 n nat 1a nodes[0], nodes[1],...,nodes[n-1].

Minh hoa: diing phuong phép Simple Insertion Sort sip xép danh sach sau:

25 55 45 40 10 90 85 35
Lan Danh sach trugce lan chen Nut chén | Danh sach sau khi chen
chén vao danh
sach
nodes[i]
1 25 55 25,55
2 25,55 45 25,45,55
3 25,45,55 40 25,40,45,55
4 25,40,45,55 10 10, 25,40,45,55
5 10, 25,40,45,55 90 10, 25,40,45,55,90
6 10, 25,40,45,55,90 85 10, 25,40,45,55,85,90
7 10, 25,40,45,55,85,90 35 10, 25,35,40,45,55,85,90

2.3.2 Cai dat giai thudt simple insertion sort

void simpleinsertionsort(int nodes[],int n){

¥

for(j=i-1;j>=0&&x<nodes[j];j--)
nodes[j+1]=nodes][j];

int x;
for(i=1;i<n;i++){
x=nodes[i];
nodes[j+1]=x;
}

2.4 Giai thudt quick sort

2.4.1 M0 ta giai thudt

Quick Sort la giai thuat rat hiéu qua, rit thong dung va thoi gian chay cua giai thuat trong
khoang O(nlogn). Noi dung cua giai thuat nay nhu sau:

Chon mat nit bat ky trong danh sach (gia sir 1a nGt dau tién) goi 1a nat lam truc
(pivot node), x&c dinh vi tri caa nat nay trong danh sach goi la vi tri pivot.

Tiép theo ching ta phan hoach cac nit con lai trong danh sach can sip xép sao
cho c&c ndt tir vi tri 0 dén vj tri pivot -1 déu ¢ noi dung nhd hon hoic bang nat
lam truc, cac nut tir vi tri pivot + 1 d&én n-1 déu c6 ndi dung I6n hon hoic bang nat

lam truc.

Qua trinh lai tiép tuc nhu thé véi hai danh séch con tir vi tri 0 dén vi tri pivot -1 va
tur vi tri pivot + 1 dén vi tri n-1. Sau cung ching ta s€ dugc danh sach da cé thi

tu.

Minh hoa:

Dung giai thuat quick sort sip xép danh sach sau:

25

55 45 40 10

90 85

35




Nut  lam Dt ligu
truc

25 95 45 40 10 90 85 35
25 10 25 55 45 40 90 85 35
10 10 25 55 45 40 90 85 35
55 10 25 45 40 35 55 90 85
45 10 25 40 35 45 95 90 85
40 10 25 35 40 45 95 90 85
35 10 25 35 40 45 55 90 85
90 10 25 35 40 45 95 85 90
85 10 25 35 40 45 55 85 90

2.4.2 Cai dat giai thudt

void quicksort(int nodes[],int low, int up) {

¥

int pivot;

if(low>=up)
return;

if(low<up){
partition(nodes,low,up,&pivot);
quicksort(nodes,low,pivot-1);
quicksort(nodes,pivot+1,up);

void partition(nodes[], int low, int up, int* pivot){

¥

int nuttruc,l,u,temp;
nuttruc=nodes[low];
I=low;
u=up;
while(l<u){
while(nodes[l]<=nuttruc && I<up)
++;
while(nodes[u] >nuttruc) u--;
if(l<u){
temp=nodes[l];
nodes[l]=nodes[u];
nodes[u]=temp;
}
}
nodes[low]=nodes[u];
nodes[u]=nuttruc;
*pivot=u;

2.5 Giai thudt merge sort

2.5.1 M ta giai thudt




La phuong phép sip xép biang cach tron hai danh sach da c6 tht tu thanh mot danh séch
d4 c6 thir tu. Phuong phép Merge Sort tién hanh qua nhiéu buéc tron nhu sau:

Buorc 1:

Xem danh sach can sip xép nhu n danh sach con da cé thir tw, mdi danh sach con chi ¢ 1
nat.

Tron tirng cap hai danh sach con ké can ching ta dwgc n/2 danh sach con d& cé thi tu,
mdi danh s&ch con c6 2 nut.

Buoc 2:

Xem danh sach can sip xép nhu n/2 danh séch con d4 c6 thir ty, méi danh sach con c6 2
nat.

Tron tirng cap hai danh sach con ké cin ching ta dwgc n/4 danh sach con d& cé thi tu,
moi danh sach con c6 4 nut.

Qua trinnh cir tiép tuc dién ra nhu thé cho dén khi dugc mét danh sach cé n nit.
Néu danh séch cé n nat thi ta phai tién hanh logzn budc tron.,

Minh hoa: o
Dung phuong phép merge sort dé sap xép danh sach nhu sau:
25 55 45 40 10 90 85 35

Budc 1 [25] [55] [45] [40] [10] [90] [85] [35]

Bu6c2 EX3

Budc 3 25 40 45 55 10 35 85 90

Budc 4 \ 10 25 35 45 55 85 90

Hinh minh hoa giai thuat merge sort

2.5.2 Cai dat gidi thuat Merge Sort
void mergesort(int nodes[], int n){
int i,j,k,lowl, upl, low2, up2,size;
int dstam[MAXLIST];
size=1;
while(size<n){
low1=0;
k=0;
while(lowl+size<n){




low2=low1l+size;
upl=low2-1;
up2=(low2+size-1<n)? low2+size-1:n-1;
for(i=lowl,j=low2;i<=upl && j<=up2;k++)
if(nodes[i]<=nodes[j])
dstam[k]=nodes[i++];
else
dstam[k]=nodes[j++];
for(;i<=upl;k++)
dstam[k]=nodes[i++];
for(;j<=up2;k++)
dstam[k]=nodes[j++];
lowl=up2+1;
}
for(i=lowl;k<n;i++)
dstam[k++]=nodes][i];
for(i=0;i<n;i++)
nodes[i]=dstam([i];
size *=2;

¥

3. SAP XEP BO NHG NGOAI

3.1 Gidi thudt tron Run

Run 1a mot day lién tiép cac phan tir dwoc sip thir ty.

Vidu: 12 3451amét run gom cé 5 phan tiv

Chiéu dai run chinh Ia s6 phan tir trong Run. Chang han, run trong vi du trén c6 chiéu dai
la 5. Nhur vay, mdi phan tir cta ddy 6 thé xem nhu 1a 1 run co chiéu dai 1a 1. Hay noi
khac di, mdi phﬁn tr ciia ddy chinh 1a mot run co chiéu dai bﬁng 1.Viéc tao ra mot run
ma&i tir 2 run ban du goi la tron run (merge). Hién nhién, run duoc tao tir hai run ban dau
la mot day cac phan tir ¢4 dugc sép tha tu.

Giai thuat sap xép tap tin bang phuong phap tron run ¢ thé toém luge nhu sau:

Input: f0 Ia tap tin cin sap thir ty.

Output: f0 1a tap tin d& duoc sip thir ty.

Goi f1, 2 1a 2 tap tin tron.

Céc tap tin 10, f1, f2 c6 thé 1a c4c tap tin tuan ty (text file) hay c6 thé 1 cac tap tin truy
Xuat ngau nhién (File of <kiéu>)

Budrc 1:

- Gia sir cac phan tir trén 0 1a:
24 12 67 335842 113429 31

- f1 ban dau rdng, va f2 ban dau ciing rdng.

- Thuc hién phan bd m=1 phan tr lan luot tir f0 vao f1 va f2;
f1: 24 67 58 11 29
f0: 24 12 67 335842 1134 29 31



f2: 12334234 31
- Tron 1, £2 thanh fO:
f0: 12 24 3367 4258 11 34 29 31

Budc 2:
-Phan bé m=2 phan tir lan luot tir f0 vao f1 va f2:
f1: 12 24 42 58 29 31
f0: 12 24 33 67 4258 11 34 29 31
f2: 3367 11 34
- Tron 1, £2 thanh fO:
f1: 12 24 42 58 29 31
f0: 12 24 3367 11 34 4258 29 31
f2: 3367 11 34

Budrc 3:
- Tuong ty budc 2, phan bd m=4 phan tir lan luot tir f0 vao f1 va 2, két qua thu dugc nhu
Sau:
f1: 12 24 33 67 29 31
f2: 11 34 42 58
- Tron 1, £2 thanh fO:
f0: 11 12 24 33 34 42 58 67 29 31

Budéc 4:
- Phan bd m=8 phan tir 1an luot tir f0 vao f1 va f2:
f1: 11 12 24 33 34 42 58 67
f2: 29 31
- Tron 1, £2 thanh fO:
f0: 11 12 24 29 31 33 34 42 58 67 29
Budéc 5:
Lap lai twong tu cac budc trén, cho dén khi chidu dai m cua run can phan bd 16n hon
chiéu dai n cia 0 thi ding. Luc nay f0 d4 duoc sap thir ty xong.

3.2 Chuong trinh minh hoa giai thudt tréon run
#include <stdio.h>

int p,n;

void tao_file()

{

int i,x;
FILE *fp;
fp=fopen("c:\\bang.int","wb");
printf("Cho biet so phan tu : ");
scanf("%d",&n);
for (i=0;i<n;i++)
{
scanf("%d",&x);
fprintf(fp,"%3d",x);



}
fclose(fp);

¥

void xuat_file()
{
int x,i;
FILE *fp;
fp=fopen("c:\\bang.int","rb");
i=0;
while (i<n)
{
fscanf(fp,"%d",&X);
printf(*%3d",x);
i++;
}
fclose(fp);

¥

/[chia cac phan tu cho 2 file b va ¢ moi lan p phan tu
void chia(FILE *a,FILE *b,FILE *c,int p)
{
int dem,x;
a=fopen("c:\\bang.int","rb");
b=fopen("c:\\bangl.int","wb");
c=fopen("c:\\bang2.int","wb");
while (!feof(a))
{
/*Chia p phan tu cho b*/
dem=0;
while ((dem<p) && (!feof(a)))
{
fscanf(a,"%3d",&X);
fprintf(b,"%3d",x);
dem++;
}
/*Chia p phan tu cho c*/
dem=0;
while ((dem<p) && (!feof(a)))
{
fscanf(a,"%3d",&X);
fprintf(c,"%3d",x);
dem++;
}
}

fclose(a); fclose(b); fclose(c);



¥

[*Tron p phan tu tren b voi p phan tu tren ¢ thanh 2*p phan tu tren a
cho den khi file b hoac ¢ het. */
void tron(FILE *b,FILE *c,FILE *a,int p)
{
int stop,x,y,l,r;
a=fopen("c:\\bang.int","wb");
b=fopen(*c:\\bangl.int","rb");
c=fopen("c:\\bang2.int","rb");
while (('feof(b)) && (Ifeof(c)))
{

I=0;/*so phan tu cua b da ghi len a*/
r=0;/*so phan tu cua c da ghi len a*/
fscanf(b,"%3d",&X);
fscanf(c,"%3d",&y);

stop=0;
while ((I'=p) && (r'=p) && (!stop))
{

if (x<y)

{

fprintf(a,"%3d",x);

++;

if ((I<p) && (!feof(b)))
[*chua du p phan tu va chua het file b*/
fscanf(b,"%3d",&X);

else
{
fprintf(a,"%3d",y);
r++;
if (feof(b)) stop=1;
}
}
else
{

fprintf(a,"%3d",y);

r++;

if ((r<p) && (!feof(c)))
[*chua du p phan tu va chua het file c*/
fscanf(c,"%3d",&y);

else
{
fprintf(a,"%3d",x);
++;
if (feof(c))stop=1,;
}
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/* Chep phan con lai cua p phan tu tren b len a*/
while (('feof(b)) && (I<p))

{
fscanf(b,"%3d",&x);
fprintf(a,"%3d",x);
++;

}

/* Chep phan con lai cua p phan tu tren ¢ len a*/
while (('feof(c)) && (r<p))

{
fscanf(c,"%3d",&y);
fprintf(a,"%3d",y);
r++;
}
I
if (Ifeof(b))
{
[*chep phan con lai cua b len a*/
while (!feof(b))
{
fscanf(b,"%3d",&x);
fprintf(a,"%3d",x);
}
}
if ('feof(c))
{
[*chep phan con lai cua c len a*/
while (!feof(c))
{
fscanf(c,"%3d",&X);
fprintf(a,"%3d",x);
}
}
fclose(a); fclose(b); fclose(c);
void main ()
{
FILE *a,*b,*c;
tao_file();

xuat_file();



p=1

while (p <n)

{
chia(a,b,c,p);
tron(b,c,a,p);
p=2*p;

}

printf("\n");

xuat_file();

¥

3.3 Gidi thudt tron tw nhi€n

Trong phuong phap tron d4 trinh bay ¢ trén, giai thuat khong tan dung duogc chidu dai cuc
dai cia cac run trude khi phan bd; do vay, viéc t8i wu thuét toan chua duoc tan dung.Dac
diém co ban cta phuong phap tron tu nhién 1a tin dung do dai "ty nhién" cua cac run ban
dau; nghia 13, thuc hién viéc tron cac run c6 d6 dai cuc dai voi nhau cho dén khi day chi
bao gom mot run: day da dugc sép thir tu.

Input: fO Ia tap tin cin sap thir tu.
Qutput: fO la tap tin d& dwoc sap thir tu.

Lip Cho dén khi ddy can sap chi gdm duy nhit mot run.

Phan bb:

- Chép mot day con ¢ thir ty vao tip tin phu fi (i>=1). Khi chdm dut day con nay, bién
eor (end of run) co gia tri True.

- Chép day con c6 thir t ké tlep vao tap tin phu ke tiép fi+1 (xoay vong).

- Viéc phan b két thic khi két thiic tap tin can sap f0.

Tron:

- Tron 1 run trong f1 val run trong 2 vao f0.

- Viée tron két thuc khi duyét hét f1 va hét £2 (hay n6i cach khéc, viéc tron két thuc khi
d4 c6 du n phan tir cdn chép vao 0).

3.4 Chuong trinh minh hoa gidi thudt trén tu nhién
#include <stdio.h>

#include <stdlib.h>

#include <iostream.h>

FILE *FO,*F1,*F2;
int M,N,Eor;

/*Bien eor dung de kiem tra ket thuc Run hoac File*/
int X1,X2,X,Y;
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void CreatFile(FILE *Ft,int Num)
[*Tao file co ngau nhien n phan tu* */
{
randomize();
Ft=fopen("c:\\bang.int","wb");
for(inti=0;i<Num;i++)

{
X = random(30);
fprintf(Ft,"%3d",X);
}
fclose(Ft);

¥

void ListFile(FILE *Ft)
/*Hien thi noi dung cua file len man hinh */
{
int X,1=0;
Ft = fopen(*'c:\\bang.int","rb");
while (1<N)

{
fscanf(Ft,"%3d",&X);
cout<<" "<<X;
1++;
}
printf("\n\n");
fclose(Ft);
}

I**/

void Copy(FILE *Fi,FILE *F))
{
/IDoc phan tu X tu Tap tin Fi, ghi X vao Fj
/[Eor==1, Neu het Run(tren Fi) hoac het File Fi
fscanf(Fi,"%3d",&X);
fprintf(Fj,"%3d",X);
if( 'feof(Fi) )

{
fscanf(Fi,"%3d",&Y);
long curpos = ftell(Fi)-2;
fseek(Fi, curpos, SEEK_SET);
}
if ( feof(Fi) ) Eor =1,
else Eor=(X>Y)?1:0;
}
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void CopyRun(FILE *Fi,FILE *Fj)
/*Chep 1 Run tu Fi vao Fj */

{
do
Copy(Fi,Fj);
while ( !Eor);
}

void Distribute()
/*Phan bo luan phien cac Run tu nhien tu FO vao F1 va F2*/

{
do

CopyRun(F0,F1);
if( 'feof(FO) ) CopyRun(FO0,F2);
Iwhile( !feof(F0) );

fclose(F0);
fclose(F1);
fclose(F2);

¥

void MergeRun()
/*Tron 1 Run cua F1 va F2 vao FO*/

{
do

fscanf(F1,"%3d",&X1);
long curpos = ftell(F1)-2;
fseek(F1, curpos, SEEK _SET);
fscanf(F2,"%3d",&X2);
curpos = ftell(F2)-2;
fseek(F2, curpos, SEEK_SET);
if( X1 <=X2)
{
Copy(F1,F0);
if (Eor) CopyRun(F2,F0);
}
else
{
Copy(F2,F0);
if (Eor) CopyRun(F1,F0);

} while ( 'Eor);
}

void Merge()
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[*Tron cac run tu F1 va F2 vao FO*/
{
while( (feof(F1)) && (Ifeof(F2)) )
{
MergeRun();
M++;
}
while( !feof(F1) )

{
CopyRun(F1,F0);
M++;

}
while( !feof(F2) )

{
CopyRun(F2,F0);
M++;
}
fclose(F0);
fclose(F1);
fclose(F2);

¥

void main()

{
randomize();
cout<<" Nhap so phan tu: ";
cin>>N;
CreatFile(FO,N);
ListFile(FO);
do

{

FO=fopen(*c:\\bang.int","rb");
Fl=fopen("c:\\bangl.int","wb");
F2=fopen("c:\\bang2.int","wb");
Distribute();
FO=fopen("c:\\bang.int","wb");
Fl=fopen("c:\\bangl.int","rb");
F2=fopen("c:\\bang2.int","rb");
M=0;

Merge();
Iwhile (M 1= 1);
ListFile(FO);

}

BAI TAP
1. Hién thyc giai thuat quicksort khéng dung dé quy ma dung stack.



2. Viét chuong trinh nhap vao danh sach sinh vién duoc t6 chirc thanh danh sach lién két,
thong tin cua sinh vién bao gom: ma so sinh vién, ho va tén, diém trung binh. Sau do tien
hanh xép hang cho cac sinh vién bang cach sap xép theo thi tu giam dan caa diém.

3. Viét chuong trinh minh hoa cac phuong phép sip xép, chuong trinh ¢d cac chuc ning
chinh nhu sau:
e Nhap ngau nhién n s6 vao danh séch.
e Chon phuong phép sip xép, sau khi chay xong, chuong trinh c6 béo thoi gian
chay.
e Xem danh sach sau khi da sip xép.
e Két thic chuong trinh.

4. Nghién ctu va hién thuc giai thuat heap sort va shell sort.
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