Gido trinh: Cédu trive dit ligu va gidi thudt

LOI NOI PAU

“Cau truc dir li€u va giai thuat” 1a mon hoc chinh yéu va 1a kién thirc nén tang cua

chuyén nganh Cong nghé Thong tin. Nhim xdy dung mot gido trinh vira dam bao tinh

chuan myc cuta sach gido khoa, vira dap ing nhu céau thyc hanh cua sinh vién. Ching t61

da tham khdo nhiéu tai li€u c6 gia tri cia nhi€u tac gia trong va ngoai nudc nham cung

cap kién thitrc vé mon hoc “Cau tric dir li¢u va giai thuat” moét cach c6 hé thong, nhiéu

van dé duoc minh hoa truc quan va huéng dan theo timg budc 14p trinh cu thé cho sinh

Vién.

Gi4o trinh gidi thidu cac cau trac dir lidu (tir co ban dén phirc tap) va cac giai thuat

trén cac céu tric ndy. Cac giai thuat duoc trinh bay theo céc ciu tric diéu khién chuan
va dugc minh hoa bang Ngon ngir Lap trinh C.

Gi4o trinh bao gdm 6 chuong va 1 phu luc:

Chuong 1 trinh bay vé tdm quan trong cua cdu tric dir liéu va giai thuat trong
mot dé an tin hoc; Panh gia cdu tric dir liéu va giai thudt cling nhu téng quan
vé danh gia do phurc tap giai thuat. Bén canh d6 trinh bay céc kiéu dir liéu thuong
gap trong lap trinh.

Chwong 2 trinh bay mot sb giai thuat tim kiém va sdp xép ndi (bd nhd trong).
Panh gia do phuc tap cla cac giai thuat tim kiém va sap xép noi.

Chwong 3 trinh bay khai niém vé cac loai danh sach lién két (cau trac dir liéu
dong) cung voi cach to chire, cac thao tac va giai thuat, img dung ciia nd.
Chwong 4 trinh bay cac khai niém vé céu triic danh sich han ché. Ngan xép,
hang doi cung v6i cach t6 chic, cac thao tac va giai thudt, ing dung cua no.
Chwong 5 trinh bay cac khai niém vé céu tric cdy. Cay nhi phan, cay nhi phin
tim kiém cing v6i céch to chirc, cac thao tic va giai thuat, mg dung. Bén canh
d6 ciing trinh bay céu tric dit liéu cdy nhi phan tim kiém cén bang, cac thao tac
can bang lai khi cdy bi mat can bang.

Chwong 6 trinh bay cac khai niém vé Bang bam (hash Table), cing voi céch to
chire, cac thao tac va giai thudt ctia mot s6 phuong phap bam co ban.

Phan phu luc trinh bay mot sb kién thirc co ban nham giup sinh vién hé thong
lai nhitng nd1 dung da hoc nhu: Cach phat sinh dir li¢u ngﬁu nhién, céac budc dé
giai mot bai toan tin hoc, d¢ quy, khir dé quy, ...

Mic du rat nhiéu c6 ging nhung chic chin khong thé tranh khoi nhimg thiéu sot.

Téc gia rat mong nhan dugc nhitng ¥ kién dong gop va phé binh qui bau cua cac ban

doc dé cubn gido trinh ndy ngdy cang dugc hoan thién hon.

Tac gia
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Chuong 1. TONG QUAN

1.1. TAm quan trong ciia ciu tric dir liéu va giai thuit trong mdt dé 4n tin hoc
1.1.1. Vai trod cia ciu tric dir liéu

C6 thé noi rang khong c6 mot chuong trinh may tinh ndo ma khong cé dir lidu dé
xu ly. D li€u co thé 1a dir liéu dua vao (input data), dir li€u trung gian hodc dir li¢u dua
ra (output data). Viéc t6 chirc dé luu trir dit liéu phuc vu cho chuong trinh ¢6 ¥ nghia rat
quan trong trong toan bd hé thong chuong trinh. Viéc xdy dung céu tric dit liéu quyét
dinh rat 16n dén chéat lugng ciing nhu cong sirc ciia ngudi lap trinh trong viéc thiét ké,
cai dat chuong trinh. Nhu vy, dé xay dyng mQt mod hinh tin hoc phan anh dugc bai toan
thuc té can cha trong dén hai van dé:

— Té chiic biéu dién céc doi twong thuc té:

Céc doi tuong dir li€u thuc té rat da dang, phong pht va thuong chira dung nhitng
quan hé nao d6 voi nhau, do do6 trong mo hinh tin hoc cta bai toan, can phai to chirc,
xdy dung cac cau trac thich hop sao cho vira ¢6 thé phan anh chinh xéac cac dit liéu thyc
té 36, vira c6 thé d& dang ding may tinh dé xr 1y. Cong viéc nay duogc goi 1a xdy dung
cdu tric dir liéu cho bai toan.

— Xay dung cac thao tac xwr ly dir liéu:

Tir nhitng yéu cau xir 1y thuc té, can tim ra céc giai thuat tuong ung dé xac dinh
trinh ty cac thao tac mdy tinh phai tdc dong 1én dit li¢u dé cho ra két qua mong muén,
day la budc xay dung gidi thudt cho bai toan.

Vi du: Mot chuong trinh quan 1y diém thi ciia sinh vién can luu trit cc diém sb
ctia 4 sinh vién. Do mdi sinh vién c6 ba diém sd tmg v6i ba mén hoc khac nhau nén dir
liéu c6 dang bang nhu sau:

Bing 1-1: Bang diém sinh vién

Sinh vién Moén 1 Mobn 2 Mobn 3
Svi 8 6 4
S\V2 9 5 3
SV3 6 7 2
Sv4 5 6 5

Chi xét thao tac xir ly 1a xuat diém s6 cac mon hoc cua tung sinh vién. Gia st co
cac phuong an t6 chuc luu trit sau:
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— Phwong 4n 1: Str dung mang mot chiéu

C6 tat ca 4(sv) x 3(mon) = 12 diém sd can luu trit, do d6 khai bao mang diem

nhu sau:

intdiem[12]={ 8 6 4
9 5 3
6 7 2
5 6 5}

Khi d6 trong mang diem céc phan tir s& duoc luu trit nhu sau:

Bang 1-2: Ming mt chi€u chira di€m cuia sinh vién

614|953 |6 |72 |5|6]5

AN AN AN J

hd hd hd hd

Sv1 SV2 SV3 Sv4

Va truy xudt diém s6 mén j ctia sinh vién i (1a phan tr tai dong i, cot j trong

bang) - phai sir dung mot cong thirc xac dinh chi sb twong Gmg trong mang diem:

BangDiém(dong i, cotj) > diem[((i - 1) * sb cot) + j]

Nguoc lai, vdi mdt phan tur bat ky trong mang, mudn biét do6 1a di€ém so6 cua

sinh vién ndo, mon gi, phdi dung cong thirc xac dinh nhu sau:

diem[i] = diem[((i - 1) * s6 cot) + j]

O phuong 4n nay, thao tac xir Iy dugc cai dat nhu sau:

{

{

©ZPRoOTRwWN =

9.
10.

11.

12. )
13.}

void inDiem()

int somon = 3;
int sv, mon;
for(inti=0;i< 12;i++)

sv=1i/somon;
mon =i % somon + 1;
if(mon ==1)
printf(“\nDiém cta SV thit %d: \n”, sv);
printf(“\tbiém mén %d la: %d \n”, mon, diem[i]);

— Phuwong an 2: St dung mang hai chiéu:

Khai bdo mang hai chiéu diem c6 kich thuéc (3 ¢t x 4 dong) nhu sau:

intdiem [12] ={{8 6 4},
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{9 1 3}
{6 7 2}
{5 6 5t}

Khi d6 trong mang diem céc phan tir s& duoc luu trit nhu sau:

Bang 1-3: Mang hai chi¢u chira di€ém cia sinh vién

cot0 cot1 cot2

Dong 0 | diem[0][0] = 8 | diem[0][1] = 6 | diem[0][2] = 4
Dong 1 | diem[1][0] =9 | diem[1][1] =1 | diem[1][2] =3
Dong 2 | diem[2][0] =6 | diem[2][1] =7 | diem[2][2] = 2
Dong 3 | diem[3][0] =5 | diem[3][1] = 6 | diem[3][2] =5

Nhu vay truy xuat diém s6 mon j ciia sinh vién i 13 phan tir tai dong i cot j
trong bang — ciling chinh 13 phan tirnam & vi tri dong i cotj trong mang:
BangDiém(dong i, cot j) > diem[i][j]

O phuong 4n nay, thao tac xir Iy dugc cai dat nhu sau:

1. void inDiem()

2. {

3 int somon = 3, sosv = 4;

4 for(inti = 0;1i < sosv; i++)

5. {

6 printf(“\nDiém cta SV thit %d: \n”, i);

7 for(intj = 0;j <somon; j++)

8 printf(“\tPiém moén %d la: %d \n”,j, diem[i][j]);
9. }

10. }

Nhén xét: Ta c6 thé thiy rang phuong 4n 2 cung cip mot céu tric dit liéu phi hop
v6i dit liéu thuc té hon phuong an 1, do d6 giai thuat xir 1y trén cau trac dir liéu cia
phuong éan 2 cling don gian va tu nhién hon.

Tuy nhién, khi gii quyét mot bai toan trénmay tinh, ching ta thuong chi cha trong
dén viéc xdy dung giai thuat ma quén di tAm quan trong cta viéc to chuc dit liéu trong
bai toan. Giai thuat phan anh cac phép xir 1y, con cac déi tuong xir Iy cia giai thuat lai
12 dir liéu, chinh dit liéu chira dung cac thong tin can thiét dé thuc hién giai thuat.

=>Nhu vay trong mot dé 4n tin hoc, giai thuat va céu trac dir liéu c6 mbi quan h¢
chat ché vo1 nhau.
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1.1.2. MSbi quan hé giira cu tric dir liéu va giai thuat

Trong mdt d& an tin hoc, céu tric dit liéuva giai thuat méi quan hé voi nhau, ching
dugc thé hién qua cong thirc ndi tiéng cua nha toan hoc nguodi Thuy si Niklaus Wirth
nhu sau:

Cau trac dir liéu + Giai thuat = Chuong trinh

Nhu vy, khi dd c6 cdu tric dir liéu tot, ndm vitng giai thuat thuc hién thi viéc thé
hién chuong trinh bang mot ngdn ngit cu thé chi 13 vin dé thoi gian. Khi c6 cdu tric di
liéu ma chuwa tim ra giai thuat thi khong thé c6 chuong trinh va nguoc lai khong thé co
gidi thuat khi chua co céu truc dir lidu. Mot chuong trinh may tinh chi c6 thé dugc hoan
thién khi c6 day du ca céu truc dir liéu dé luu trit dir liéu va giai thuat xu 1y dit liéu theo
yéu cau cla bai toan dit ra.

Luu y: Giai thuat co6 khi con dugce goi 1a thuat gidi hay thuat toan.

1.1.3. Xay dung giai thuat

1.1.3.1. Khai niém giai thuat
Giai thuat 1a mot chuong trinh duoc thiét ké dé giai quyét yéu cau bai toan dit ra.

Giai thuat hay thuat toan ding dé chi phuong phap hay cach thirc (method) dé giai
quyét vin dé. Giai thuit c6 thé dugc minh hoa bang ngdn ngit ty nhién (natural
language), bang so dd (flow chart) hodc bang mi gia (pseudo code). Trong thuc té, giai
thuat thuong duoc minh hoa hay thé hién bang mi gia dua trén mot hay mot s6 ngon
ngit 1ap trinh nao do (thudng 1a ngdn ngit ma ngudi 1ap trinh chon dé cai dat giai thudt),
chéng han nhu C/C++, Pascal, ...

Khi di x4c dinh dugc céu triuc dir liéu thich hop, ngudi lap trinh s& bat dau tién
hanh xdy dung giai thudt twong tng theo yéu cau cua bai toan dit ra trén co so cua cdu
tric dir liéu da duge chon. Dé giai quyét mot vin dé cé thé co nhiéu phuong phap, do
vay su lya chon phuong phap phu hop 12 mot viéc ma nguoi 1ap trinh phai can nhic va
tinh toan. Su lya chon ndy ciing ¢ thé gop phan dang ké trong viéc giam bdt cong viée
cua nguoi 18p trinh trong phf?m cai dat giai thuat trén mdt ngébn nglr cu thé.

1.1.3.2. Tinh chat giai thuat

Giai thuat c6 5 tinh chit quan trong sau: Dir li€u, Tinh chinh xé4c, Tinh dung, Tinh
dtng dan va Tinh kha thi.
1.1.3.2.1. Dit liéu

Vi du: Cho mot mang a ¢6 n phan tir kiéu nguyén. Hiy sap xép mang a ting dan.
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— Dir liéu gom: Dix lidu vao mang a chua sip xép thtr tw, ¢6 n phan tu.
— Dir liéu ra: Mang a da co thur tu.
1.1.3.2.2. Tinh xac dinh
Vi du: Véi baitoén trén.
Tinh x4c dinh duoc thé hién & viéc xac dinh dugc giai thuat nao ap dung vao
bai toan trén.
1.1.3.2.3. Tinh dimg
Vi du: Véi baitoan trén.

1. void sapXep_TangDan(ItemType a] |, int n)

2. {

3. for(inti=0;i<n- 1;i++)

4, for(intj=i+1;j<n;)

5.

6. if(a[j] < a[i])

7. hoanVi(a[i], a[j]);
8. }

S }

Giai thuat trén 1dp vo tan; khéng cho ra két qua. Do khong ting bién j.

1.1.3.2.4. Tinh dung dan

Vi du: Véi baitoan trén.

1. void sapXep_TangDan(ItemType a[ ], int n)

2. {

3. for(inti=0;i<n- 1; i++)

4. {

5. for(intj =i+ 2;j<n;j++)
6. {

7. if(a[i] > a[j])

8. hoanVi(al[i], a[j]);
9. }

10. }

11. }

Bai toan nay khdng dung din thé hién ¢ viée gin j =i + 2.
1.1.3.25. Tinh kha thi
Vi du: Vi bai toan trén.

1. void sapXep_TangDan(ItemType a[ ], int n)
2. {
3. [temType min;
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4, for(inti=0;i<n-1;i++)

5. {

6. min = a[i];

7. for(intj=i+1;j<n;j++)
8. if(min > a[j])

9. min = a[j];

10. printf(“%4d”, min);

11. }

12. }

Giai thuat trén khong kha thi, tuy viét giai thuat co in ra két qua sap xép ting dan
nhung khong tra vé mang a sap xép tang dan.

1.2. Panh giaciu tric dir liéu va giai thuit
1.2.1. Cac tiéuchuin danh gia ciu tric dir liéu

Qua phén trén ta da théy duogc vai tro va tam quan trong cua vi¢c lga chon mdt
phuong an t6 chirc dir liéu thich hop trong mot chuong trinh hay mot dé an tin hoc. Mot
céu tric dit liéu tot phai thoa man cac tiéu chuan sau:

— Phan &nh dung thyc té cua bai toan dat ra.
— Phu hop véi céc thao tac xir 1y (dé dang trong viéc thao tac dir liéu).

— Tiét kiém tai nguyén (CPU, b nhé trong, b nhé ngoai, thoi gian,...).

1.2.1.1. Phan anh dung thuc té

Pay 14 tiéu chuan quan trong nhét, quyét dinh tinh ding d4n cia toan b bai toan.
Can xem xét ki ludng ciing nhu dur tri céc trang thai bién d6i cua dit liéu trong chu trinh
séng dé c6 thé chon cau tric dit 1iéu luu trix thé hién chinh xac doi tuong thuc té.

Vi du: Mot s trudng hop chon céu tric dit lidu sai:

— Chon mdt s nguyén int dé luu trit diém trung binh cua sinh vién (dugc tinh
theo cong thirc trung binh cong ctia cac mon hoc c6 hé s6), nhu viy sé& lam tron
moi diém s6 cua sinh vién gay ra viéc danh gia sinh vién khong chinh xac qua
diém sb. Trong truong hop ndy phai str dung bién sb thuc dé phan anh ding két
qua cua cong thirc tinh thuc té cling nhu phan anh chinh xac két qua hoc tap cia
sinh vién.

— Trong truong phd thong, mot 16p ¢ 50 hoc sinh, mdi thang dong quy 16p 1000
ddng. Néu chon mot bién sb kiéu unsigned int (kha nang luu trir 0 — 65535) dé
luu triv tong tién quy cua 16p hoc trong thang, néu xay ra trudng hop trong hai
thang lién tiép khong c6 chi hodc ting tién dong quy ctia mdi hoc sinh 1én 2000
dong thi tong qily 16p thu duge 1a 100000 dong, vuot khoi kha ning luu trir ctia
bién di chon, gdy nén tinh trang tran, sai I¢énh. Nhu vay khi chon bién dir lidu ta
phai tinh dén cac truong hop phét trién cua dai luong chua trong bién dé chon
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liéu dir liéu thich hop. Trong trudng hop trén ta c6 thé chon kiéu dit liéu long
(c6 kich thudc 4 bytes, kha nang luu trir 1a -2147483648 > 2147483647) hoac
chon kiéu dit liéu unsigned long (c6 kich thudc 4 bytes, kha nang luu trit 13 0
> 4294967293) dé luu trit tong tién quy 16p.

1.2.1.2. Phu hgp véi cac thao tac xu ly
Tiéu chuan nay gitp ting tinh hiéu qua cua dé an: Phat trién cac giai thuat don
gian, tu nhién hon; chuong trinh dat hi¢u qua cao hon vé toe do xur 1y.

Vi du: Mot s6 trudng hop chon céu tric dir liéu khong phu hop.

Khi can xay dung mot chuong trinh soan thdo van bdn, cic thao tac xur 1y
thuong xdy ra la chén, x0a, stra cac ky tu trén van ban. Trong thoi gian xur 1y van
ban, néu chon céu tric Iuu trit vin ban truc tiép 1én tap tin thi s€ gay kho khan khi
xay dung cac giai thudt cap nhat van ban va lam cham tdc do xir 1y cua chuong
trinh vi phai 1am viéc trén bo nhé ngoai. Trudng hop ndy nén tim mot cu tric dir
liéu c6 thé t6 chirc c6 thé t6 chirc & b nhé trong dé luu trit vin ban sudt thoi gian

soan thao.

1.2.1.3.  Tiét kiém tai nguyén hé théng

Céu truc dit liéu chi nén sir dung tai nguyén h¢ théng vira du dé dam nhiém duoc
chtic nang cta nd. Thong thudng c6 hai loai tai nguyén can luu tim nhat 13 CPU va bo
nhé. Tiéu chuin ndy nén can nhic tuy vao tinh hudng cu thé khi thyc hién dé an. Néu to
chtrc str dung dé an can c6 nhitng xtr 1y nhanh thi chon cau trac dir liéu c6 yéu to tiét
ki€ém thoi gian xtr 1y vu tién hon tiéu chuan str dung t6i uu bd nhé, va nguoc lai.

Vi du: Mot s trudng hop chon céu tric dir lidu gdy lang phi.

— Sir dung bién kiéu int (2 bytes) dé luu trit mot gia tri thong tin v& ngdy trong
thang. Nhung vi s6 ngdy cua mot thang chi ¢ thé nhan cac gia tri tir 1 dén 31
nén chi can str dung bién kiéu char (1 byte) 1a du.

— Pé luu trit danh sach nhan vién trong cong ty ma sir dung mang 1000 phan t.
Néu s6 luong nhan vién that su it hon 1000 (bj giam hodc bién ché khong du)
thi s& gay lang phi. Truong hop nay can c6 mot céu trac dir liéu linh dong hon
méang — vi du danh sach lién két.

1.2.2. Danh giad¢ phirc tap cta giai thuit

Viéc danh gia do phuc tap clia mot giai thuat qua khong dé dang chut nao. Nhu
vay, lam thé nao dé chon duoc giai thuat t6t? Mot giai thuat duoc goi la tot khi néi dén
tinh hiéu qua ctia n6. Ngudi ta thuong ude lugng thoi gian thyc hién giai thuat T(n) dé
¢ thé co su so sanh tuong doi gilta cac giai thuat véi nhau. Trong thuc té, thoi gian thuc
hién mot giai thuat con phu thudc rat nhiéu vao cac diéu kién khac nhu cu tao cta may

11 Bién soan: Trin Vin The



Gido trinh: Cdu trive dit ligu va gidi thudt

tinh, dr li€u dua vao, ..., & day chung ta chi xem xét trén muc do cua lugng dir liéu dua
vao ban dau cho giai thuat thuc hién.

Pé udc luong thoi gian thuc hién giai thuat ching ta co thé xem xét trong hai
truong hop:

— Trong trudng hop t6t nhat: Tmin

— Trong trudng hop xau nhat: Tmax

D Tir d6 ching ta c6 thé udc luong thoi gian thuc hién trung binh cua giai thuat:
Tavg

Ta c6 thé danh gia giai thuit bang phuong phép thuc nghiém thong qua viéc cai
dit giai thudt roi chon céc bo dit liu thir nghiém. Thong ké cac thong sb nhan duoc khi
chay céc dit liéu ndy ta s& c6 mot danh gia vé giai thuat.

A

5ms Fwm-------------m@r---------------
4 ms
3ms
2ms- N R EE R
1ms

A B C D E F G
Input Instance

Running Time

Hinh 1.1: Uéc lwgng thoi gian thwe hién giai thuat

Tuy nhién, phuong phap thuc nghiém c6 mot sé nhuoc diém sau khién no kho co
kha niang 4p dung trén thuc té:

— Do phai cai dit bang mot ngdn ngit 14p trinh cu thé nén giai thut s& chiu sy han
ché ctia ngdn ngir 14p trinh nay.

— Hi€u qua cua gidi thudt s€ bi anh hudng bdi trinh do ctia nguoi cai dat.

— Viéc chon duoc cac bo dir lidu thir nghiém dic trung cho tét ca tap cac dit liéu
vao ciia gidi thuat 13 rat kho khan va tén nhiéu chi phi.

— Cac s6 liéu thu nhan dugc phu thudc nhidu vao phan clng ma giai thuat duoc
thir nghiém trén do, diéu nay khién cho viéc so sanh cac giai thuat kho khin néu
ching dugc thr nghiém & nhitng noi khac nhau.

Vi nhitng 1y do trén, nguoi ta da tim kiém nhitng phuong phap danh gia giai thuét
hinh thtrc hon, it phy thudc méi truong ciing nhu phan ctimg hon. Mot phuong phap nhu
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viy 1a phuong phap danh gia giai thudt theo hudng x4p xi tiém c4n qua cac khai niém
toan hoc O 16n - O(), o nho - o(), Q(),=().

Thong thudng cac van dé can giai quyét c6 mot “kich thudc” ty nhién (thuong 1a
s6 luong dir lidu dugc xir 1y) s& duoc goi 1a N. Ching ta muén mo ta tai nguyén can
dugc ding (thong thuong nhat 1a thoi gian can thiét dé giai quyét van dé) nhu mot ham
s6 theo N. Nguoi ta quan tdm dén trwong hop trung binh, tic 13 thoi gian can thiét dé
xir 1y dit liéu nhap thong thudng, trwong hop tot nhat tuong tng voi thoi gian can thiét
khi dit liéu roi vao truong hop tot nhat va truwomg hop xAu nhit tuong Gng voi thoi gian
can thiét khi dir liéu roi vao trudng hop xau nhit co thé.

Viéc xac dinh chi phi trong truong hop trung binh thudng dugc quan tim nhiéu
nhit vi nd dai dién cho da sb truong hop st dung giai thuat. Tuy nhién, viéc xac dinh
chi phi trung binh nay lai gip nhiéu khé khin. Vi vy, trong nhiéu trudng hop, ngudi ta
xac dinh chi phi trong trudng hop xau nhét (chin trén) thay cho viéc xac dinh chi phi
trong trudng hop trung binh. Hon nita, trong mot sd bai toan, viéc xac dinh chi phi trong
truong hop xdu nhat 13 rat quan trong. Vi du: Céc bai toan trong nganh hang khong,
phau thuat, ...

1.2.2.1. Céc budc phan tich bai toan

— Budce 1: Trong viéc phan tich mot giai thudt 1a xac dinh dac trung dir licu sé€
duoc ding 1am di liéu nhap cua giai thuat va quyét dinh phan tich nao 1a thich
hop. Vé mit 1y tudng, ching ta mudn rang voi mot phan b tiy ¥ duoc cho cua
dir liéu nhap, sé& c6 sy phan bd tuong Gmg vé thoi gian hoat dong cua giai thuat.
Chang ta khong thé dat ti diéu 1y tuong nay cho bat ky mot giai thuat khong
tam thuong nao, vi viy chung ta chi quan tim dén bao dong cua thong ké vé
tinh ning cua giai thuat bang cach cb ging chimg minh thoi gian chay ludn ludn
nhé hon mot “chin trén” bat chip dit liéu nhap nhu thé ndo va ¢b gang tinh duoc
thoi gian chay trung binh cho dit liéu nhap “ngau nhién”.

— Buwérc 2: Trong phan tich mot giai thuat 1a nhan ra céc thao tac triru tuong cua
giai thuat dé tach biét su phan tich vé1 su cai dat. Vi dy, chung ta tach biét su
nghién ctru c6 bao nhiéu phép so sanh trong mot giai thuat sip xép khoi su xac
dinh can bao nhiéu micro gidy trén mot may tinh cy thé; yéu té thir nhat duoc
xac dinh boi tinh chat ciia giai thuat, yéu t6 tha hai lai duogc xac dinh boi tinh
chat ciia may tinh. Sy tach biét ndy cho phép chung ta so sanh céc giai thuat mot
cach ddc 1ap voi sy cai dat cy thé hay doc 1ap vo1 mdt may tinh cu thé.

- Buwdce 3: Trong qua trinh phan tich gidi thuat 1a sy phan tich vé mit toan hoc,
v6i muc dich tim ra cac gi tri trung binh va trudng hop xau nhat cho mdi dai
lugng co ban. Ching ta s€ khong gap kho khan khi tim mét chan trén cho thoi
gian chay chuong trinh, van d& 13 phai tim ra mot chan trén tot nhat, ttc 1 thoi
gian chay chuong trinh khi gip dir liéu nhdp cta truong hop xdu nhat. Truong
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hop trung binh thong thuong doi hoi mdt phan tich todn hoc tinh vi hon truong
hop xdu nhat. M&i khi d& hoan thanh mot qua trinh phéan tich giai thuat dua vao
cac dai luong co ban, néu thoi gian két hop v6i mdi dai luong dugc xac dinh rd
thi ta s& c6 cac biéu thirc dé tinh thdi gian chay.

N6i chung, tinh ning ctia mot giai thuat thuong c6 thé duoc phan tich & mot mirc
d6 vo cung chinh xéac, chi bi gidi han boi tinh niang khong chic chan cua may tinh hay
boi sy khé khin trong viéc xac dinh cac tinh chat toan hoc ctia mot vai dai lugng toan
hoc triru twgng. Tuy nhién, thay vi phan tich mot cach chi tiét ching ta thyong thich yoc
Iyong 8¢ tranh sa vao chi tiét.

1.2.2.2. Danh gia do phuc tap
1.2.2.2.1. Khai niém “O”
Cho f(n) va g(n) ta noi: f(n) € O(g(n)) khi va chi khi f(n) <c * g(n), Vn>avédi c

va a la hang so, va f(n), g(n) l1a cac ham trén mién s6 tu nhién.

t c*g(n)
Running Time f(n)
0 é e

Hinh 1.2: Biéu d6 thé hién 2 ham fva g

Chu y: “O” c¢6 nghia 1a Big - O notation.
Vi du:

— 1.000.001<¢ * 1.000.000, véi c€R do do6 ta chon dugc mot gia tri cho ¢ = 2
sao cho biéu thirc trén dung.

— 3m2<c* 2, véi c<R do d6 ta chon duoc mot gid tri cho ¢ = 4 sao cho biéu
thirc trén dung.

— Tn+5< c*n, vdi ceR do do6 ta chon dugc mdét gia tri cho ¢ = 8 sao cho biéu
thirc trén dung vo1 n 1a nhitng gia tri du 1on.
1.2.2.2.2. Quy tic xac dinh O(?)
Xét thanh phan c6 bac cao nhat cta fvoi f 1a da thic tuyén tinh.
Vi du:
— (4n? +8n - 4) € O(n?).
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— (4rdlog(n) + 4n—1) € O(n%log(n)).

1.2.2.2.3. Vi du vé cach danh gia giai thuat
Cho mot mang a gom n phan ti.

1. void temp(ItemType a[ ], int n, temType x)

2. {

3. for(inti=0;i < n;i++)
4, if(a[i] == x)

5. ali]=1;

6. else

7. ali] = 0;

8.

M&i lan i lap:
— S6 phép so sanh cua khéi 1énh con trong vong 1ap for 1a 1.
— S6 phép gan cuia khéi 1énh con trong vong 1ap forla 1.
n-1

— Do i=0..(n-1) nén s6 phép so sanh ctia ham Temp la: Z(l-i-l) +1=2n+1
i—0

n-1
va sb phép gan ctia ham Temp la: Z(1+l) +1=2n+1,
i=0
— Vay sb1an gan va so sanh cua giai thuat Temp 1a: ¢(2n + 1) + d(2n + 1) = 2(c
+d)n + (c+ d).

Vay do phuc tap cua giai thuat la: O(n).

1.2.2.3. Su phan 1ép céc gidi thuat

Nhu da dugc cha y ¢ trén, hau hét cac giai thuat déu ¢ mot tham sb chinh 1a n,
thong thuong d6 1a s luong céc phan tir dir liéu dwoc xir Iy ma anh hudng rat nhiéu téi
thoi gian chay. Tham s N co thé 1a bac cua mot da thirc, kich thudc ctia mot tap tin duoc
sap xép hay tim kiém, s nut trong mot d6 thi, v.v... Hau hét tit ca cac giai thuat trong
gido trinh nay c6 thoi gian chay tiém can td1 mot trong cac ham sau:

1) Hang sé: Hau hét céc chi thi ctia cac chuong trinh déu duoc thuc hién mot lan

hay nhiéu nhat chi motvai l1an. Néu tat ca céc chi thi cua cing mot chuong trinh
c6 tinh chét ndy thi ching ta s& n6i rang thoi gian chay cua né 1a hiang sé.
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2) log(n): Khi thoi gian chay cua chuong trinh la logarit tac la thoi gian chay
chuong trinh tién cham khi N I6n dan. Thoi gian chay thudc loai ndy xuit hién
trong cac chuong trinh ma giai mot bai toan Ion bang cach chuyén né thanh mot
bai toan nho hon.

Vi du: Khi n = 10thi logio(n) 1a 1; khi n =100 thi logio(n) la 2.

Bét c{r khi ndo n dugc nhan d6i, logio (n) ting 1én thém mot hang sd.

3) n: Khi thoi gian chay cua mot chuong trinh 1a tuyén tinh.

Vi du: Khi n 1a mdt tri€u thi thoi gian chay cling ¢ mot triéu. Khi n dugc nhan
gp doi thi thoi gian chay ciing duoc nhan gip doi.

Pay 1a tinh hudng ti vu cho mot giai thuat ma phai xtr 1y n dit liéu nhap.

4) nlog(n): Day la thoi gian chay tang dan 1&n cho cac giai thuat ma giai mot bai
toan bang cach tach nd thanh cac bai toan con nho hon, ké dén giai quyét ching
mot cach doc lap va sau d6 t6 hop céc 10i giai. Chlng ta néi rang thoi gian chay
cua giai thuat nhu thé 1a nlog(n).

Vi du: Khi n la mdt tri€u, nlogz(n) c6 1€ khoang hai muoi tri¢u. Khi n dugc nhan

gip doi, thoi gian chay bi nhan 1én nhiéu hon gip doi.

5) n?: Khi thoi gian chay cta mét giai thuat Ia bac hai. Thoi gian binh phuong
thuong tang dan Ién trong céc giai thuat ma xir Iy tat ca cac cap phan ta dir lidu
(c6 thé 1a hai vong 1ap 16ng nhau).

Vi du: Khi n 1a mdt ngan thi thoi gian chay 1a mdt tri¢u. Khi n dugc nhan doi thi
thoi gian chay ting 1én gap bon lan.

6) 2": Mot sb it giai thuat co thoi gian chay lily thira, nhung lai thich hop trong mot
sb truong hop thuc té, mac du cac giai thuat nhu thé 1a "khong tuong" dé giai céc
bai toan.

Vi du: Khi n 1a hai muoi thi thoi gian chay 1a mot triéu.

Khi n gip d6i thi thoi gian chay dugc ning 1én liy thira hai.

1.2.2.4. Phan tich truong hop trung binh

Mot tiép cén trong viéc nghién ciru tinh ning cua giai thuat 1a khao sét truong hop
trung binh. Trong tinh hudng don gian nhat, ching ta c6 thé dic trung chinh x4c céc dir
liéu nhap cua giai thuat: Vi du mét giai thuat sép xép 6 thé thao tac trén mot mang N

sb6 nguyén ngau nhién, hay mot giai thuat hinh hoc c6 thé xir Iy n diém ngdu nhién trén
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mit phing voi cac toa dd ndm gitta 0 va 1. K& dén 1a tinh toan thoi gian thuc hién trung
binh ctia mdi chi thi, va tinh thdi gian chay trung binh cta chuong trinh bang cach nhan
tan so st dung cua moi chi thi véi thoi gian céan cho chi thi do, sau cung cong tat ca
chung lai voi nhau. C6 it nhdt ba kho khin trong céch tiép can ndy nhu thao luan duéi

day:

— Truwéc tién, 1 trén mot sb may tinh rat kho xac dinh chinh xac sé luong thoi
gian doi hoi cho mdi chi thi. Truong hop xdu nhét thi dai luong nay bi thay doi
va mot sb luong 16n céc phan tich chi tiét cho mot may tinh c6 thé khong thich
hop d6i v6i mot may tinh khac. Py chinh 13 vin dé ma cac nghién ciu v& do
phirc tap tinh toan ciing can phai né tranh.

— Thir hai, chinh viéc phan tich truong hop trung binh lai thuong la doi héi toén
hoc qua kho. Do tinh chat tu nhién cua toan hoc thi viéc chiing minh cac chan
trén thi thudng it phirc tap hon béi vi khong can sy chinh xac. Hién nay chling
ta chua biét duoc tinh ning trong truong hop trung binh cua rat nhidu giai thuat.

— Thit ba (vi chinh 1 diéu quan trong nhat) trong viéc phan tich truong hop trung
binh 12 md hinh dit liéunhdp co thé khong dic trung day du dir liéu nhap thuong
gap trong thuc té. Vi du nhu 1am thé nao dé dac trung dugc dit li¢u nhap cho
chuong trinh xtr Iy vin ban tiéng Anh? Mot tac gia dé& nghi nén ding cac mo
hinh dit liéu nhdp ching han nhu “tdp tin thir tu ngiu nhién” cho giai thuat sap
xép, hay “tap hop diém ngiu nhién” cho giai thuat hinh hoc, déi voi nhimg mé
hinh nhu thé thi c6 thé dat dugc cac két qua toan hoc ma tién doan duogc tinh
nang cua cac chuong trinh chay trén cac trng dung thong thuong.

1.3. Kiéu dir liéu

May tinh chi c6 thé luu trit dit liéu & dang nhi phan so cp. Dé phan anh duogc dir
liéu thyc té da dang va phong phu, can phai xdy dung cac phép anh xa, nhitng quy tic
t6 chirc phire tap che 1én tang dir liéu tho, nham dua ra nhimg khai niém logic vé hinh
thirc luu trir khadc nhau thuong duoc goi la kiéu dir liéu. Nhu da phan tich & muc trudc,
gitra hinh thtrc luu trit dir li€u va cac thao tac xur 1y tréndo c6 quan h¢ mat thiét vdi nhau,
tir d6 ¢6 thé dua ra mot dinh nghia cho kiéu dit liéu nhu sau:

1.3.1. Khai ni¢m vé kiéu dir liéu
Kiéu dit liéu T dugc xac dinh béi mot bd <V, O>, vii:
— V: Téap céc gia tri hop 1 ma mot ddi twong kiéu T co thé luu trit.
— O: Tap céc thao tac xtr 1y ¢6 thé thi hanh trén ddi tuong kiéu T.
M&i kiéu dir lidu thuong dugc dai dién bdi mot tén (dinh danh). Mbi phﬁn ta dir

liéu c6 kiéu T s& co gia tri trong mién V va co thé dugc thuc hién céc phép toan thudc
tap hop céc phép toan trong O.
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Dé luu trix cac phﬁ?m tr dir li€u nay thuong phai ton mot sb byte(s) trong bd nhd, sb
byte(s) nay goi la kich thudc cua kiéu dir ligu.
Vi du:
— Gia sir ¢6 kiéu dir liéu miu tw alpha = <V, O véi
Vc={a..z, A.Z}
O = {lay ma ASCII cua ky tu, bién doi ky tu thuong thanh ky tu hoa...}
— Gia st c6 kiéu dir liéu s6 nguyén = <V;, O;> véi
Vi = {32768 .. 32767}
Oi={+,-*/ %}

Nhu vdy, mudn st dung mot kiéu dir li€u can nam virng cd ndi dung dir li¢u duoc
phép luu trir va céc xtr 1y tac dong trén do.

Cac thudc tinh ciia mot ki€u dir 1i¢u bao gom:
— Tén kiéu dir liéu.

— Mién gia tri.

Kich thuéce luu trit.
— Tap cac toan tir tac dong Ién kiéu dit liéu.
1.3.2. Céc kiéu dir liéu co s¢

Hau hét cac ngon nglr 1ap trinh déu co6 cung cap cac kiéu dit li¢u co sd. Tuy vao
moi ngdn nglt ma cac kiéu dit liéu co so co thé co cac tén goi khac nhau song chung quy
lai ¢6 nhiing loai ki€u dir li¢u co s¢ nhu sau:

— Kiéu sé nguyén: C6 thé c6 dau hodc khong c6 diu va thuong c6 céc kich thudce
sau:

+ Kiéu sb nguyén 1 byte.
+ Kiéu s nguyén 2 bytes.
+ Kiéu s nguyén 4 bytes.

SKiéu sb nguyén thuong duoc thuc hién véi cac phép toan: O = { + , -, *, /,
DIV, MOD, <,>,<=,>=, =, ..}

b

— Kiéu so thuc: Thuong c6 cac kich thudc sau:

+ Kiéu sd thuc 4 bytes.
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+ Kiéu sé thuc 6 bytes.
+ Kiéu sé thuc 8 bytes.
+ Kiéu sd thyc 10 bytes.

S Kiéu sb thuc thuong dugc thuc hién voi cac phép toan: O ={+ ,-, *,/, <,
> <=,>= =, ...}

— Kiéu Kky tu: C6 thé c6 cac kich thude sau:
+ Kiéu ky tu byte.
+ Kiéu ky tu 2 bytes.

S Kiéu ky tu thuong dugc thuc hién voi céc phép toan: O = { +, -, <, >, <=,
>=,=,0RD, CHR, ...}.

— Kiéu chudi ky tw: C6 kich thudc tuy thudc vao timg ngdn ngit 1ap trinh.

S Kiéu chudi ky tu thuong duoc thuc hién voi céc phép toan: O = { +, &, <,
> <=,>= =, Length, Trunc, ...}.

— Kiéu luan ly: Thuong c6 kich thuéc 1 byte.
S Kiéu luan 1y thuong duoc thuc hién véi cac phép toan: O = {NOT, AND,
OR, XOR, <,>,<=,>=, =, ...}
1.3.3. Cac kiéu dir liéu c6 ciu tric
Kiéu dir liéu cé céu trac 1a cac kiéu dir liéu duoc xdy dung trén co s& cac kiéu dir
liéu dd c6 (cling c6 thé 1a mot kiéu dir lidu co ciu trac khac). Tuy vao timg ngdn ngit 1ap
trinh song thuong co céc loai sau:
— Kiéu mang (hay con goila day): Kich thuc bang tong kich thudc cta cac phan
tu.
— Kiéu ban ghi (hay cdu tric): Kich thudc bang tong kich thudc cac thanh phan
(Field).

1.3.3.1. Kiéu mang

Mang 14 kiéu dit liéu trong ¢6 mdi phan tir ctia nd 13 mot tap hop co thu tu cac gia
tri ¢6 cing cau trac, thuong duoc luu trir 1ién tiép nhau trong bo nhé. Mang c6 thé mot
chiéu hay nhiéu chiéu. Mot ddy sb chinh 14 hinh tuong ctia mang mot chiéu, ma tran 13
hinh twong ctia mang hai chiéu.
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Mot didu dang luu ¥ 1 mang hai chiéu c6 thé coi 1a mang mot chiéu trong d6 mdi
phan tir ctia nd 1a mot mang mot chidu. Tuong tu nhu vdy, mot mang n chiéu cé thé coi
12 mang mot chiéu trong ¢6 mdi phan tir 1a mot mang n - 1 chiéu.

Trong ngdn ngit 1ap trinh C, mang mot chiéu duge khai bao nhu sau:

<Kiéu dir liu> <Tén bién> [<S& phan tir>];

Vi du: Dé khai bao mot mang a chira toi da 50 s6 nguyén ta khai bao nhu sau:
int a[50];

C6 thé vira khai bdo wira gan gia tri khoi dong cho mot mang nhu sau:
inta[5] ={3,5, 7, -9, 16};

Trong truong hop trén ngdn nglt C cho phép ta khai bao mot cach tién lgi hon nhu
Sau:

inta[ ]={3,5,7 -9, 16};
Piéu ndy cho thiy khong can chi ra s6 lugng phan tir cu thé trong khai bao. Trinh

bién dich s€ ty dong 1a viéc nay.

Tuong tu, c6 thé khai bao mot mang hai chiéu theo ct phap sau:

<Kiéu dir liéu> <Tén bién> [<Sd dong>][<SH6 cot>];

Vi du: C6 thé khai bao mang hai chiéu nhu sau:
int a[50][40];
hay
inta[ ][]={{ 1, 5 6 -7, 4},
{ -8 9 -2 5 3}
{ 4 -6, 7, 3, 1}}

(mang a s€ c6 kich thude 1a 3 x 5)

1.3.3.2. Kiéu chudi ky tu

Chudi ky tu 1a mot trong céc kiéu dit liéu c6 cau trac don gian nhat va thudng céc
ngdn ngit 14p trinh déu dinh nghia né nhu mot kiéu co ban. Do tinh thong dung cua kiéu
chudi ky tu cac ngdn ngit 14p trinh luén cung cap san mot bd cac ham thu vién xir 1y trén
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kiéu dir liéu nay. Trong ngdn ngit 1ap trinh C, thu vién string.h chta cac ham xtr Iy chudi
ky tu rat da dang va phong phu.

Chudi ky tu trong ngdn ngit 1ap trinh C dugc céu trac nhu mot chudi lién tiép cac
ky tu két thic bang ky tu co md ASCII biang 0 (NULL character). Nhu vdy, giéi han
chiéu dai ctia mot chudi ky tu trong ngdn ngir 1ap trinh C 1a mot segment (chta tdi da
65535) ky tu, ky tu dau tién duoc danh sb the tu 1a ky tu thi 0.

C6 thé khai bao mot chudi ky tu theo mot sb cach sau day:

— char s[10]; // khai bdo mét chudi ky tw ¢6 chiéu dai téi dala 10 (ké cd ky tw
két thiic)

— char s[ ]| = “ABC”; //khai bdo mét chudi ky tw s ¢6 chiéu dai bang chiéu dai
ciia chudi “ABC” va gid tri khoi dau ciia S la “ABC”

— char *s = “ABC”; //giong cdch khai bdo trén

O vi duy trén c6 thé thdy rang mot hang chudi ky tu dugc thé hién bang mot chudi
ky tu dat trong cap ddu nhay kép.

Céc thao téc trén chudi ky tu rat da dang. Sau day 1a mot s thao tac thong dung:

1. So sanh hai chudi strcmp
2. Sao chép hai chudi strcpy

3. Kiém tramot chudi nam trong chudi kia strstr

4. Cat mot tir ra khoi mot chudi strok

5. D6i mot sb ra mot chudi itoa

6. D6i mot chudi ra sd nguyén, sb thuc atoi, atof
7. P6i mot hay mot sb gia tri ra chudi sprintf
8. Nhap mot chudi ky tu gets

9. Xudt mot chudi ky tur puts

1.3.3.3.  Kiéu dir liéu c6 cdu triic do ngudi ding dinh nghia

Trong thuc té cac kiéu dir liéu co ban khéng du dé phan anh ty nhién va day du
ban chét cta sy vat thuc té, dan dén nhu cau phai xay dung kiéu dir liéu méi dua trén
viéc t6 chtrc, lién két cac thanh phan dit lidu c6 kiéu dit lidu da dugc dinh nghia. Nhiing

kieu dir li¢u dugc xay dung nhu thé goi 1a kiéu dir 1liéu c6 cau tric.

Khai bao tong quat cta kiéu struct nhu sau:

struct <tén Kiéu struct>

{
<kiéu dir liéu 1> <tén trwong 1>;
<kiéu dir liéu 2> <tén trwong 2>;
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};

Vi du: D¢ mo ta mot doi tuong 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 thue.
Pé thé hién céc thong tin vé ngdy thang nim sinh can phai xdy dung mot cdu tric
dir liéu nhu sau:
1. struct Date
char Ngay|[2];

char Thang[2];
char Nam[4];

oukrwn

5

D Tir d6 c6 thé xdy dung kiéu dir liéu thé hién thong tin mdi sinh vién:

1. struct SinhVien

2. {

3. char Masv|[20];

4, char Tensv[20];
5. char Noisinh[20];
6. Date Ngaysinh;
7. float Diemthi;

8. %

Kiéu ciu tric bd sung nhiéu thiéu sot cta kiéu mang, giup cho kha niang thé hién
cac d6i tuong da dang ctia thé gidi hién thuc vao trong mdy tinh mot cach dé dang, va
chinh xé4c hon.

1.3.3.4. Kiéu union

Kiéu “union” 1a mot dang céu trac dir liéu dic biét cta ngdén ngir 1ap trinh C. N6
rat gidng voi kiéu cdu tric. Chi khac mot diéu, trong kiéu union, céc truong dugce phép
ding chung mot ving nhé, cé thé truy xuat dudi cac dang khac nhau.

Khai bao tong quat cua ki€u union nhu sau:

union <tén Ki€u union>

{

<kiéu dir liéu 1> <tén treong 1>;

<kiéu dir liéu 2> <tén truwomng 2>;
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<kiéu dir liéu 3> <tén trwong 3>;

Vi du: C6 thé dinh nghia kiéu sé nhu sau:

1. union Number

{
int i;
long l;

ok wn

I

Viéc truy xuat dén mot trudng trong union duoc thyc hién hoan toan giéng nhu
trong struct. Gid st co bién n kiéu Number. Khi do, n.i 1a mot s6 kiéu int conn.l 13 mot
sb kiéu long, nhung ca hai déu dung chung mdt ving nhd, Vi vay, khi thyc hién 1€nh
gan: n.i = 0xfd03; thi gia tri cua n.i ciing bi thay doi (n.i s&bang 3).

Viéc dung ki€u union rat c6 1gi khi can khai bdo cac cau tric dir licu ma ndi dung
cua no thay doi tuy trang thai. Vi du dé mo ta cac thong tin v¢ mot nhan vién, cé thé
khai bao mot kiéu dir li€u nhu sau:

1. struct NhanVien

2. {

3. char HoTen[30];

4, int NamSinh;

5 char NoiSinh[50];

6 char GioiTinh; //0: N, 1: Nam

7 char DiaChi[50];

8. char Ttgd; //0: Chwa cé gia dinh, 1: C6 gia dinh
9 union

10. {

11. char TenVo[30];

12. char TenChong[30];
13. }

14. };

1.3.4. Kiéu dir liéucon tré

Céc ngdn ngit 1ap trinh thuong cung cép cho chung ta mot kiéu dir liéu dic biét dé
luu trit cac dia chi ctia bd nhd, d6 1a con tro (Pointer). Tiy vao loai con trd gan (near
pointer) hay con tr¢ xa (far pointer) ma kiéu dir lidu con tré cé cac kich thudc khac nhau:

— Con trd gan: 2 bytes

— Con tré xa: 4 bytes

23 Bién soan: Trdn Vin Tho



Gido trinh: Cdu trive dit ligu va gidi thudt

Cho truéce kiéu T = <V, O>. Kiéu con tro, ky hi¢u "Tp", chi dén céac phﬁn tr co
kiéu '"T" duoc dinh nghia:

Tp = <Vp, Op>

Trong do:

Vp = {{ céac dia chi c6 thé luu trit nhitng ddi tuong c6 kiéu T}, NULL} (v6i
NULL la mot gia tri dac biét tugng trung cho mot gia tri khong biét hodc khong
quan tam).

Op = {cac thao tac dinh dia chi ctia mot d6i twong thudc kiéu T khi biét con tro
chi dén d6i tugng do}.

(Thuong gém cdc thao tac tao mét con tré chi dén mot doi tuwong thuoc
kiéuT, huy mot doi twong dir lieu thuoc kiéu T khi biét con tré chi dén doi tuong
do).

No6i mot cach dé hiéu, kiéu con tro 13 kiéu co so dung luu dia chi ciia mot doi
tuong khac.

Bién thudc kiéu con tré Tp 12 bién ma gia tri cua nd la dia chi cia mét ving nhd
ung voi mot bién kiéu T, hodc 1a gia tri NULL.

Luwu y: Kich thudc cua bién con tré tuy thudc vao quy udc sd byte dia chi trong

timg mo hinh bd nhd ciia timg ngdn ngit 14p trinh cu thé.

1.3.5.

Kiéu dir liéu tap tin

Tép tin (File) c6 thé xem 1a mot kiéu dit liéu dic biét, kich thudc tdi da cua tap tin

tuy thudc vao khong gian dia noi luu trir tap tin. Viéc doc va ghi dit li€u truc tiép trén

tap tin rat mét thoi gian va khong bao dam an toan cho dir liéu trén tép tin d6. Do vy,

trong thyc té, ching ta khong thao tac tryc tiép dir lidu trén tap tin ma chi can chuyén

timg phan hodc toan bd ndi dung ciia tap tin vao trong bo nhd trong dé xir 1y.
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TONG KET CHUONG

Trong chuong nay, chung ta dd xem xét cac khai niém vé céu trac dir liéu, kiéu dir
liéu. Thong thudng, cac ngdn ngit 14p trinh ludn dinh nghia sin mot sé kiéu dit lidu co
ban. Céc kiéu dir liéu nay thudng co céu triic don gian. Dé thé hién dugc cac déituong
da dang trong thé gidi thuc, chi dung céc kiéu dit liéu nay 13 khong du nén can xay dung
cac kiéu dir liéu méi phu hop v6i ddi twong ma nod biéu dién. Thanh phan dit liéu ludn
1a mot vé quan trong trong moi chuong trinh. Vi vay, viéc thiét ké céu trac dir lidu tot 1a
mot van dé dang quan tam.

Vé thir hai trong chuong trinh 13 cac giai thuat (thuat toan). Mot chuong trinh tbt
phdi c6 cac cau trac dir liéu pht hop v6i cac giai thuat hiéu qua. Khi khao sét cac giai
thuat, nguoi ta thuong quan tdm dén chi phi thyc hién giai thuat. Chi phi niy bao gdm
chi phi vé tai nguyén va thoi gian can dé thyc hién giai thuat. Néu nhu nhimng doi hoi vé
tai nguyén c6 thé dé dang xac dinh thi viéc xac dinh thoi gian thuc hién n6 khong don
gian. Co mot sb cach khiac nhau dé udc luong khoang thoi gian nay. Tuy nhién, cach
tiép can hop 1y nhat 1a huéng xdp xi tiém can. Hudng tiép can nay khong phu thudc
ngdn ngit, moi trudng cai dat cling nhu trinh do cuia 13p trinh vién. N6 cho phép so sanh
cac gidi thuat dugc khao sat & nhitng noi c6 vi tridialy rat xa nhau. Tuy nhién, khi danh
gia ta can chu y thém dén hé sé vo hudng trong két qua danh gid. Co khi hé sb nay anh
huong dang ké dén chi phi thuc cta cua giai thudt.

Do vi¢c déanh gia chi phi thyc hi¢n trung binh cua gidi thuat thuong phtic tap nén
ngudi ta thudng danh gia chi phi thuc hién giai thudt trong truong hop xau nhat. Hon
nita, trong mot sb giai thudt, viéc xac dinh truong hop xau nhét 13 rat quan trong.

1.4. Cau héi va bai tap
1.4.1. Cau héi

1. Trinh by tdm quan trong cta Cau truc dit liéu va Giai thuat d6i voi ngudi 1ap
trinh?

2. Céc tiéu chuan dé danh gia céu tric dir liéu va giai thuat?

3. Khi xay dung giai thuat cé can thiét phai quan tam toi cau trac dir lidu hay
khong? Tai sao?

4. Tim thém mot s vi du minh hoa mdi quan hé giita cdu truc dir lidu va giai
thuat.

5. Cho biét mot sb kiéu dit liéu duoc dinh nghia san trong mQt ngébn ngr 14p trinh
ma ban thudng st dung. Cho biét mot sb kiéu dir liéu xdy dung trudce ndy cb
du dé dap tmg moi yéu cau vé t6 chic dir liéu khong?

6. Mot ngdn ngt 1ap trinh c6 nén cho phép ngudi st dung tu dinh nghia thém céac
kiéu dit 1iéu c6 cu trac? Giai thich va cho vi du.
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7. Céu trac dir liéu va céu trac luu trit khac nhau nhiing diém nao? Mot ciu tric
dir liéu c6 thé ¢6 nhiéu céu tric luu trir duge khong? Nguoc lai mot céu tric
luu trit co thé tuong Ung voi nhiéu céu tric dir liéu duoc khong? Cho vi du
minh hoa.

8. Céc tiéu chuan dé danh gia mot giai thuat? Va O() la gi?
9. Do phirc tap c6 phai 1a tiéu chuan dé danh gid mot giai thuat nhanh hay cham?
Cai gi 1a thude do danh gid do phiic tap cua bai toan.
1.4.2. Baitap

10.Cho mang mot chiéu céac sd nguyén, viét chuong trinh tim mot phan tir x trong
mang (néu co tra vé vi tri dau tién x xudt hién trong mang, néu khong tra vé -
1) bang hai cach: Khong str dung phan tr cAm canh va sir dung phan tir cam
canh.

11.Tim kiém mot gia tri x trén mang da sip xép.
12.Viét chuong trinh thong ké sd phép gan va sb phép so sanh trong bai 10 va 11.
13.Khai bao CTDL cho mét sinh vién (SV) gdm céc thong tin:

— MaSV  :Sé nguyén 4 bytes

— HoLot : Chuéi t6i da 20 ki tu

— Ten : Chudi t6i da 8 ki tur

NamSinh : S6 nguyén 2 bytes
- DTB : Piém trung binh sé thyc
Cai dat cac ham sau:

a. Nhap vao mang mot chiéu a gdm n phan tir, mdi phan tir 13 thong tin mot SV
(v6i 0 <n < 100).

b. Tim sinh vién c6 MaSV = x trong mang.

c. Tim sinh vién c6 MaSV = x (gia st da sip tang theo MaSV).

d. Tim SV c6tén 1a x (néu c6 nhiéu SV thi chi can tim SV dau tién).
e. In ra man hinh tt ca cdc SV c¢6 ndm sinh = 1993.

14.Str dung cac kiéu dit liéu co ban trong C, hidy xdy dung céu truc dir lidu dé luu
trir trong bo nhd trong (RAM) cua may tinh da thue c6 bac ty nhién n (0 <n <

100) trén trudong sb thue (ai, X € R):

fn (X) - iaixi
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Voi cdu trac dir lidu duge xay dung, hiy trinh bay giai thuat va cai dat chuong
trinh dé thuc hién cac cong vi¢c sau:
— Nhap, xuét céac da thirc.
— Tinh gia tricua da thure tai gia tri Xo nao do.
— Tinh téng, tich cua hai da thuc.

15.Tuong tu nhu bai tap 14 nhung da thic trong truong sb hiru ty Q (céc hé s6 ai
va x 1 cac phan s6 c6 tir s6 va mAu s6 1a cac s6 nguyén).
16.Cho bang gid tau di tir ga Sai Gon dén cac ga khac nhu sau (ga cudi la ga Ha
No6i):
Bang 1-4: Miang hai chiéu chira bang gio' tau

sS4 S6 | S8 \310 s12 | s14 s16 s18 ||_H2\ SN2

HANH TRINH | 32 git| 41 gio| 41 gio| 41 gio| 41 gio| 41 gio| 41 gio| 41 gio| 41 gid| 27giv | 10930

SAIGONDI | 21g00| 21g50| 11g10| 15g40| 10g00| 12930 | 17g00| 20g00 | 22920 | 13920 | 18940

MUONG MAN 2910 | 15921 | 19953 | 14907 | 16g41 | 21904 | 1g15 | 3g16 | 17935 | 22958

THAP CHAM 5g01 | 18906 | 22947 | 16943 | 19919 | 0908 | 4g05 | 6903 | 20919 | 2915

NHA TRANG | 4910 | 6g47 | 20g00| 0g47 | 18g50| 21g10| 1957 | 5g42 | 8906 | 22g46| 5915

TUY HOA 9943 | 23909 | 3939 | 21953 | 0g19 | 5g11 | 8936 | 10950 | 2910

DIEUTRI 8912 | 11949( 1920 | 5946 | 0g00 | 2930 | 7909 | 10g42( 13g00| 4915

QUANG NGAI 15941 | 4955 | 9924 | 3924 | 5955 | 11921 | 14935 | 17904 | 7934

TAM KY 6911 | 10g39 | 4938 | 7910 | 12940 | 16908 | 18g21 | 9903

DANANG | 13927| 19904| 8929 | 12920| 6919 | 9926 | 14g41| 179g43| 20g17| 10953

HUE 16921 | 22942 | 12929| 15g47| 11g12| 14g32| 18g13| 21g14| 23g50| 15910

PONG HA 0914 | 13952 | 17912 | 12942 | 16905 | 19938 | 22939 | 1g25

PONGHOT | 19915 | 2927 | 15952 | 19946 | 14g41 | 17959 | 21938 | 0g52 | 3928

VINH 23921 7g45 | 21g00| 1g08 | 20912 23g50| 2959 | 7907 | 9920
THANH HOA 10944 | 0g01 | 4933 | 23g09 | 3933 | 6939 | 9959 | 12920
NINH BINH 12904 | 1928 | 5g54 | Og31 | 4950 | 7g57 | 11g12 | 13g51
NAM DINH 12937 | 2901 | 6926 | 1924 | 5922 | 8g29 | 11g44 | 14925
PHU LY 13923 | 2g42 | 7908 | 2902 | 6900 | 9909 | 12923 | 15906

PENHA NOI | 5900 | 149g40| 4900 | 8930 | 3915 | 7910 | 10g25| 13g45| 16920

Str dung céc kiéu dir liéu co ban, hdy xay dung cdu tric dir liéu thich hop dé luu
trit bang gid tau trén vao bo nhd trong va b nhd ngoai (disk) cua may tinh.
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Véi cu trac dir liéu da duoc xdy dung O trén, hdy trinh bay giai thuat va cai dat
chuong trinh dé thuc hién céc cong vi¢c sau:
— Xuét ra gio dén ctia mot tau To ndo do tai mot ga Go ndo do.

Xuat ra gio dén cac ga cia mot tau To nao do.

Xuit ra gio cac tau dén mot ga Go ndo do.
— Xuét ra bang gid tau theo miu ¢ trén.
Luu y:
— Céc 6 trong ghi nhan tai cac ga do, tau nay khong di dén hodc chi di qua ma
khong ding lai.
— Dong “HANH TRINH” ghi nhén tong s6 gio tau chay tir ga Sai Gon dén ga
Ha No¢i.
17.Tuwong tu nhu bai tip 16, nhung chuong trinh can ghi nhan thém thong tin vé
doan tau khi dimg tai cac ga chi dé tranh tau hay dé cho khach 1én/xudng (cac
dong in nghiéng tuong ng voi cac ga co khach 1én/xudng, cac dong khac chi
dimg dé tranh tau).

18. St dung kiéu dit liéu cau truc trong C, hiy xay dung cau trac dit lidu dé luu trix
trong by nhd trong (RAM) ctia mdy tinh trang théi cua cac cOt dén giao thong
(cé ba dén: Xanh, P6, Vang). Véi céu tric dit liéu da dugc xdy dung, hiy trinh
bay giai thuat va cai dat chuong trinh dé moé phong (minh hoa) cho hoat dong
ctia hai cotdén trén hai tuyén duong giao nhau tai mot ngi tu.

19.Str dung cac kiéu dit liéu co ban trong C, hiy xay dung céu trac dit liéu dé luu
trtr trong bd nhé trong (RAM) cua mdy tinh trang thai ctia mot ban c6 CARO
co kich thuéc M X N (0 <M, N <20). Véi céu trac dir lidu duge xay dung, hay
trinh bay giai thuat va cai dat chuong trinh dé thyuc hién cac cong viéc sau:

— In ra man hinh ban c& CARO trong trang thai hién hanh.

— Kiém tra xem c6 ai thing hay khong? Néu c6 thi thong bao “Két thic”, néu
khong c6 thi thong béo “Tiép tuc”.

20.Gia st quy tic t6 chirc quan 1y nhan vién ciia mot cong ty nhu sau:
— Théng tin v& mdt nhan vién bao gém 1y lich va bang chim cong:
+ Ly lich nhan vién:
e MA4 nhan vién: Chudi 8 ky n.
e Ho va tén nhéan vién: Chudi 30 ky tw (cé thé tach ra lam 3 phan).

e Tinh trang gia dinh: / ky tu (M = Married, S = Single).
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e S con: S6 nguyén <20.
e Trinh d6 van hod: Chudi 2 ky tu.
(Ci1= cép 1;C2 = cép 2;C3 = cép 3; PH = dai hoc, CH = cao hoc)
e Luong cin ban: S6 nguyén <1.000.000
+ Cham co6ng nhan vién:
e S6 ngay nghi c6 phép trong thang: S6 nguyén <28
SO ngay nghi khong phép trong thang: S6 nguyén <28

S6 ngay 1am thém trong thang: S6 nguyén <28

o Két qua cong viéc: Chudi 2 ky tir (TO = Tot; BT = dat ; KE = Kém)
e Luong thyc linh trong thang: S6 nguyén <2.000.000
— Quy tic linh luong;
+ Luong thyc linh = Luong can ban + Phu tri
+ Trong d6 néu:
e S con>2: Phu troi = 5% Luong can ban
e Trinh do van hoa = CH: Phu trd¢i = 10% luong can ban
e Lam thém: Phu trdi = 4% luong cin ban/ngay
e Nghi khong phép: Phu trdi = -5% luong cén ban/ngay
— Chirc ning yéu cu:
+ Cap nhét 1y lich, bang chdm céng cho nhan vién (thém, x6a, sira).
+ Xem bang luong hang thang.
+ Tim thong tin ctia mdt nhan vién.

T6 chirc cau truc dir lidu thich hop débiéu dién cac thong tin trén, va cai dat chuong
trinh theo cac churc nang da mo ta.

Luu y:

— Nén phan biét thong tin mang tinh chét tinh (Iy lich) v dong (chdm cong
hang thang).

— S6 lugng nhan vién téi da la 50 nguoi.
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Chuong 2. TIM KIEM VA SAP XEP

2.1. Gidithiéu

Trong chuong ndy s& xem xét cac giai thuat tim kiém va sap xép thong dung. Ciu
trc dit liéu chinh dé minh hoa cac thao tac nay chil yéu 1a mang mot chiéu. Pay ciing
1a mot trong nhimg cu tric dir liéu thong dung nhét.

Khi khao sat giai thuat tim kiém, chung ta s& 1am quen véi hai giai thuat. Giai thuat
thir nhat 13 giai thuat tim kiém tuan ty, giai thudt nay c6 do phirc tap tuyén tinh O(n).
Gidi thuat thir hai 1a gidi thuat tim kiém nhi phan, gidi thuat nay co6 do phuc tap
O(logz(n)). Tuy giai thuat tim kiém nhi phan c6 vu diém tim kiém nhanh hon giai thuat
tim kiém tuyén tinh nhung giai thuat tim kiém nhi phan phai sap xép trudc khi tim kiém.
Vi thé can phai dua vao diéu kién thuc té dé quyét dinh chon giai thuat nao.

Phan tiép theo cua chuong s& trinh bay céc giai thuat sip xép thong dung tir don
gian dén phuc tap (tic 1a tir chi phi cao dén chi phi thép).

Céc giai thuat don gian d6 1a cac giai thuat déichd truc tiép, chen truc tiép, chon
triee tiép, néi bot; cac giai thuat nay déu cé chi phi vé thoi gian thuc hién khoang O(n?).
Céc giai thuat Shell Sort, Heap Sort déu 1a nhitng giai thuat cai tién tir nhitng giai thuat
don gian trén, ching c6 chi phi vé thoi gian thyc hién nhé hon O(n?). Con lai giai thuat
Merge Sort vd Quick Sort 1 nhimg giai thuat thuc hién theo chién luoc chia dé tri; tuy
viéc cai dit ching phuc tap nhung chi phi thuc hién cta ching lai thdp khoang
O(nlogz(n)).

2.2. Nhu ciu tim kiém va sip xép dir liéu trong mot h¢ thong thong tin

Trong hau hét cac hé luu trix, quan ly dit li¢u, thao tac tim kiém thuong dugc thuc
hién nhiéu dé khai thac thong tin.

Vi du: Tra ciu tur dién, tim sach trong thu vién, ...

Do cac hé théng thong tin thudng phai luu trir mot khdi luong dit liéu dang ké, nén
viéc xdy dung cac giai thudt cho phép tim kiém nhanh s& cé ¥ nghia rat 16n. Cho nén
néu dir liéu trong hé théng duoge to chirc theo mot trat tw nao do, thi viée tim kiém sé&
tién hanh nhanh chong va hiéu qua hon.

Vi du: Sach trong thu vién duoc sip xép theo ting chu dé.

Hién nay c6 nhiéu giai thuat tim kiém va sip xép duoc xay dung, muc d6 hiéu qua
cua tung giai thuat con phu thudc vao tinh chit cta cdu trac dir 1iéu cu thé ma nd tac
dong dén.
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2.3. Cac giai thuit tim kiém
2.3.1. Khai quat vé timkiém

Trong thyc té, khi thao téc, khai thac di lidu ching ta hau nhu liic nao ciing phai
thuc hién thao tac tim kiém. Viéc tim kiém nhanh hay cham tuy thuoc vao trang thai va
trat tu cua dir liéu trén d6. Két qua cua viée tim kiém c6 thé 1a khong c6 (khdng tim thay)
hodc c6 (tim thdy). Néu két qua tim kiém 1a c6 tim thay thi nhiéu khi ching ta con phai
xac dinh xem vi tri cta phan tir dir liéu tim thay 1a & dau? Trong pham vi ciia phan nay
ching ta tim cach giai quyét cac cau hoi nay.

Trudc khi di vao nghién ctru chi tiét, chung ta gia sir rang mdi phan tr dir liéu dugc
xem xét c6 mot thanh phﬁn khoa (Key) dé nhan dién, c6 kiéu dit liéu 13 T nao do; cac
thanh phan con lai 1a thong tin (Info) lién quan dén phan tir dit liéu d6. Nhu vy mdi
phﬁn tr dit liéu 6 céu trac dit liéu nhu sau:
typedef DataTypel KeyType; //Dinh nghia kiéu dit liéu cia Khéa
typedef DataType2 InfoType; //Binh nghia kiéu dit liéu ciia thong tin
struct Nameltem
{ //Tén kiéu dir liéu méi do nguoi ding dat tiry ¥ goi nhé

KeyType Key;
InfoType Info;

No ok~ wd kR

b

Trong gido trinh ndy, dé don gian thi khi néi t&i gia tri ctia mot phan tir dir lidu
ciing dong nghia véi viéc néi toi gia tri khoa (Key) cua phan tur dit liéu do.

Viéc tim kiém mot phﬁn tr c6 thé dién ra trén mot day/mang (tim kiém noi) hoac
dién ra trén mot tap tin/file (tim kiém ngoai). Phan tir can tim 1a phan tir can thoa mén
diéu kién tim kiém (thuwong c6 gid tri khéa Key bang gid tri tim kiém x cho truéce). Tuy
thudc vao tung bai toan cu thé ma diéu kién tim kiém c6 thé khac nhau.

Cong viéc tim kiém s& hoan thanh néu c6é mot trong hai tinh huéng sau xay ra:

— Tim duoc phan tir c6 khda Key bang voi gia tri can tim x, lac d6 phép tim kiém
thanh cong = Cho biét vj tri tim thay.
— Khéng tim dugc phan tircé khda Key ndo bang vai gia tri can tim x, lic d6 phép
tim kiém thét bai.
Tuy nhién, do han ché v& thoi gian va dé don gian hoa viée trinh bay céc giai thuat;
nén trong phan ndy ching toi xin dugc phép dung mang mot chiéu dé luu danh sach cé
n phén tor ag, a1, 82, «.., an-1 trong bo nhd chinh.

Luwu y: Khi trinh bay céc thudt giai trong gido trinh ndy, tac gia c¢b ging minh hoa
theo ngdn ngir 1ap trinh C.
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2.3.2. Dit van dé

Bai toan tim kiém duoc phat biéu nhu sau: Gia sir c6 mot mang a gdm n phan tir:
&, a1, &..., an-1. Van dé dat ra 1a co hay khong phan tir co gia tri bang X trong mang a?
Néu c6 thi phan tir ¢ gia tri bang x 1a phan tir thir may trong mang a?

2.3.3.  Giai thuat tim kiém tuyén tinh (Linear Search)

2.3.3.1. Giai thuat
Goi X 13 gia tri can tim va a 1a mang chua dit liéu c6 N phan tu.

w.Y twong gidi thudt: Tién hanh so sanh x voi timg phan tir cia mang a, lan luot so
sanh v6i phan tor thir 1, phan tir thir 2, .... Qué trinh so sanh duoc thuc hién tuin
tu cho dén khi gip phan tir co khoa can tim x, hodc di tim hét mang ma khong
thiy x.

W Céc buwdc tién hanh gidi thudgt:

- Bu6e 1: Khoi gan gia tri bién i: i = 0;

- Bu6e 2: So sanh afi] voi gia tri x can tim, c¢6 hai kha ning:
+ Néu (afi] == x) thi: Tim thdy x tai vj trf thi i. Dimg.
+ Nguoc lai (a[i] '= x) thi sang Budc 3.

- Bwéc 3: Tang bién ilén 1:i =i+ 1; /xét phan tir ké trong ming
+ Néu (i == n) thi: Hét mang, khong tim thiy. Dimg

+ Ngugc lai: Quay lai Bude 2.

Mang a[MAXSIZE], n,i=0

233.2. Luudd

Két thic

i=i+1

Hinh 2.1: Lwu d6 giai thuat tim kiém tuyén tinh
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2.3.3.3. Vi duminh hoa giai thuat

Cho diy sba gdm 8 phan tir nhu sau:

10] 2] 1] 14] 5] 9] 30] 7]

Lan 3:i=2.

(o] (2] (1] (4] [5] (9] [30 u

Lan 4: i=3.

(0] (2] (7] () 5] (9] (20 u

Lan 5: Dung.

Hinh 2.2: Vi du minh hoa giai thuat tim Kiém tuyén tinh
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2334, Caidit giai thuat

Ham LinearSearch dugc cai dit bén dudi s& nhan vao mot mang chia cac sé
nguyén a gom n phan tir vd mot gia tri can tim x. Sau khi thyc hién xong ham s& tra vé
Vi tri i dau tién néu tim thiy gia tri x trong mang a, V& tra vé& gia tri -1 néu khdng tim
thdy X trong mang.

1. intlinearSearch_While(ItemType a] ], int n, ItemType x)

2. {

3. inti=0;

4, while( (i <n) && (a[i] '=x))

5. i++;

6. if(i==n)

7. return -1; //Khéng tim thdy x
8. else

9. return i; //Tim thdy x tai vi tri i
10. }

Hoac viét bang vong lap for:

1. intlinearSearch_For(ItemType a[ |, int n, ItemType x)

2. {

3. for(inti=0;i < n;i++)
4. if(a[i] == x)

5. return i

6. return -1;

7. }

Trong phan cai dit trén, ching ta thiy rang cong viéc tim kiém chi don gian thuc
hién bang mot vong 1ap dé duyét qua tit ca cic phan tir trong mang. Vong lip chi két
thiic khi tim thdy gia tri x trong mang hodc d duyét hét cac phan tir c6 trong mang. Nhu
vay khi két thuc vong 1ap chi s i c6 hai kha niang xay ra:

— Néu i< n: phan tir thi i c6 gi tri bang v6i gia tri X can tim. Do d6, ham tra vé

gia trii.

— Néu i = n: da duyét qua khoi phan tir cudi cling ciia mang nhung van khdng tim

thiy phan tir ndo c6 gia tri bang voi x. Do d6, ham tra vé gié tri -1.

2.3.35. Dénh gi4 giai thuat

D& dang udc luong d6 phirc tap cua giai thuat tim kiém qua s6 luong cac phép so
sanh duoc tién hanh dé tim ra x. Bang sau s& cho biét d6 phiic tap trong timg truong hop
cu thé:
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Bing 2-1: Panh gia giai thuit tim kiém tuyén tinh

Trwong hop S6 14n so sanh Giai thich
Tot nhét 1+1 Phén tir dau tién c6 gia trila x
Xau nhat 2n +1 Phén tir cudi cung c6 gia tri 1a x
. 2n+3 Gia st xac xuit cac phan tir trong mang nhan
Trung binh e P & e
2 gi4 tri x 1a nhu nhau

Vay giai thuat c6 do phuc tap O(n).

2.3.3.6. Nhan xét.

— Giai thuat tim kiém tuyén tinh knéng phu thudc vao tht tu tang dan hay giam
dan cua céc phan tir trong mang.

— S phép so sanh cua giai thuat trong trueong hop xau nhat 1a2n + 1.

— Pé giam thiéu sé phép so sénh trong vong lap cho giai thuat chi conn + 1, c6
thé thém phan tir “linh canh” vao cudi diy nhu sau:

1
2. {
3
4,
5.
6
7
8
9

10.
11. )

inti=0;

int improveLinearSearch (ItemType a[ ], int n, [temType x)

a[n] =x; //a[n] la phan t& “linh canh”

while(a[i] !=x)
i++;

if(i < n)

return i; //Tim thay x tai vi tri i

else

return -1; //Khong tim thiy x

2.3.4. Giai thuat tim kiém nhi phan (Binary Search)

2.3.4.1. Giai thuat

Gia sir ta c6 ddy chita cac gia tri dd duoc sap xép ting (co thir tu ting theo mot

tiéu chuan nao d6), cac phan tir trong diy c6 quan hé a1 < a; < aj + 1, tir 46 két luan

duogc néu x > a; thi x chi c6 thé xuat hién trong doan [a; + 1, 8y] cua ddy, nguoc lai

néu X < @; thi x chi co thé xuét hién trong doan [ay, @ -1] cua day. Giai thuat tim nhi

phan 4p dung nhan xét trén ddy dé tim céc giéi han pham vi tim kiém sau mdi lan

so sanh x voi mot phan tir trong ddy.

w. Y twong gidi thudt. xét mot day khoa da sap xép tang dan tir a[left] < ... < a[mid]

< ... < a[right]. Tai mdi budc tién hanh so sanh khoda can tim x voi phan tir ndm

& giira a[mid] cua ddy hién hanh, dua vao két qua so sanh nay dé quyét dinh giGi
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han diy tim kiém & budc ké tiép 1a nira bén trai tir a[left] < ... <a[mid-1] hay nira
bén phai tir afmid + 1] < ... < a[right]. Qua trinh tim kiém s& két thuc khi left >
right: khong tim thdy phan tir ndo c6 khoa x, hodc tim dugc mot phan tir a[mid]
=X.
W .Cic budc tién hanh gidi thugt:
Goi x 1a khoa can tim, a 1a mang chira céc gia trj dir liéu gdbm n phan tir da sip
xép, Left va Right 1a chi s6 dau va cudi cta doan can tim, Mid 14 chi sb cta phan tir
nam gitra cua doan can tim. Cong viéc tim kiém dugce tién hanh nhu sau:

- Buée 1: Khoi gan gia tri ban dau cho cac bién (tim kiém trén toan bé day)
Left =0; Right =n - 1;
- Buée 2: Tinh gia tri bién Mid: Mid = (Left + Right)/2;
So sanh a[Mid] v6i gia tri can tim x, c6 ba kha ning c6 thé xay ra:
+ Néu (a[Mid] == x): Tim thiy. Dimng
+ Néu (a[Mid] > X): Chuan bi tim x trong ddy con acef..amid -1: Right = Mid — 1;
+ Néu (a[Mid] < X): Chudn bi tim x trong ddy con awmid + 1..arignt: Left = Mid + 1;
- Bugce 3:
+ Néu (Left < Right): Day hién hanh van con phan tir. Quay lai Budc 2.

+ Nguoc lai: Day hién hanh hét phan tir. Ding.
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2.342. Luudd

Mang a[MAXSIZE];
Left = 0; Right =n - 1;

v

Sai
Left <= Right q KEt thic

Mid = (Left + Right)/2

[

bung

Pung

A

Right = Mid - 1

A

Left = Mid +1

' N

Hinh 2.3: Lwru d6 giai thuat tim kiém nhi phan

2.3.4.3. Vi du minh hoa giai thuat

Cho diy s6a gom 8 phan tir c6 thi ty nhu sau:

1] (2] (5] (7] (9] (] (2] [s0]

Lan 1: Left=0, Right=7, Mid=3.

(2] 2] s) (7] o] (] [ &

Lan 2: Left=4, Right=7, Mid=5. @
[ 1 [ 2 [ 5 [ 7 [ 9 [10 [14 &
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(E3 I 0 I T 0 0 3 I 3 I €11

Lan 4: Dung.

Hinh 2.4: Vi du minh hoa giai thuit tim kiém nhi phin

2.3.4.4. Ca dat giai thuat
2.3.4.4.1. Cai dat ham khong d¢ quy

1. int binarySearch(ItemType a[ |, int n, [temType x)
2. {

3 int Left = 0;

4, int Right=n-1;

5. while(Left <= Right)

6 {

7 int Mid = (Left + Right) / 2;
8 if(x == a[Mid])

9. return Mid;

10. else if(x <a[Mid])

11. Right = Mid - 1;

12. else

13. Left= Mid + 1;

14, }

15. return -1;

16. }

Ham binarySearch ciing chi don gian sir dung mot vong lap dé duyét qua cac phan
ttr trong mang. Tuy nhién, vong 13p ndy s& khong duyét qua hét tat ca cac phan tir nhu
d6i voi tim kiém tuyén tinh. Tu tudng cai dat cia ham ndy ciing gidng nhu ddi voi
linearSearch, nghia 1a khi két thiuc vong 1dp ciling c6 hai kha ning xay ra:

- Chi sb Left vin con bé hon hodc bang chi s Right. Diéu ndy c6 nghia 1a da co
mot phén tir nao do béng voi gia tri x can tim, cu thé 1a gia tri cia phan ta Mid.
Do d6, ham sé& tra vé gid tri nam trong bién Mid.

- Chi s Left i vuot qua chi sé Right, nghia 1a da duyét qua hét cac phan tir trong
mang ma khong tim thay phan tir ndo c6 gia tri bang x. Do d6, ham tra vé gia tri
-1.

2.3.4.4.2. Cai dat ham dé quy
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int binarySearch (ItemType a[ ], int Left, int Right, ItemType x)

{
if(Left > Right)
return (-1);
int Mid = (Left + Right)/2;
if(x == a[Mid])
return Mid;
else if(x <a[Mid])
return binarySearch(a, Left, Mid - 1, x);

© oo N wWDdRE

10. else
11. return binarySearch(a, Mid + 1, Right, x);

2.3.45. Danh gi4 giai thuat

Nguoi ta da chung minh dugc do phic tap tinh toan cua gidi thuat tim nhi phan

nhu bang sau:
Bing 2-2: D4nh gi4 gidi thuit tim kiém nhj phan
Truwong hop | S6 14n so sanh Giai thich
Tot nhat 1 Phén tir gitta cia mang ban dau c6 gia tri x.
Xau nhit logz(n) Phan tir can tim ndm & cubi mang.
. n ia sir x4c xuit cdc phan tir trong mang nhan
Trung binh logz( =) q,SFXFXH cac phan i trong mang nhe
2 gia tri x 1a nhu nhau.

Vay giai thuat c6 do phuc tap O(logz(n)).

2.3.4.6. Nhan xét

Giai thuat tim nhj phan phy thudc vao thr ty cua cac phan tir trong mang dé dinh
hudng trong qua trinh tim kiém, do vay chi 4p dung duoc cho nhimng diy di co thi ty.

Giai thuat fim kiém nhi phan tiétkiém thoi gian hon réat nhiéu so voi giai thuat tim
kiém tuyén tinh do Onnj phan (1092N) < Oryyén tinn(n). Tuy nhién khi mudn ap dung giai
thuat tim kiém nhj phan can phai xét dén thoi gian sép xép diy so dé thoa diéu kién day
s6 co thir ty, thoi gian nay 1a khong nho, va khi diy s6 bién dong can phai tién hanh sap
Xép lai, ... tht ca cac nhu cau dod tao ra khuyét diém chinh cho giai thudt tim kiém nhi
phan.
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2.4. Cac giai thuit sip xép
2.4.1. Pinh nghia sip xép

Sap xép danh sach (diy) co n phan tir &g, @, ..., an-1 1a QU trinh xtr 1y cac phan tir
trong danh séach dé dat ching theo mot thr tu thoa man mot s6 tiéu chuan nao do dua
trén thong tin luu tai moi phan tir. Pé quyét dinh nhimg tinh hudng can thay d6i vi tri
cac phan tir trong ddy, can dua vao két qua cia mot loat phép so sanh. Nhu vay, hai thao
tac co ban cla giai thuat sap xép 1a so sanh va doi chd, khi xdy dung mot giai thuat sap
xép can cha y tim cach giam thiéu nhitng phép so sanh va doi chd khong can thiét dé
tang hi¢u qua cua giai thuat.

DPbi voi cac danh sach duoc luu triv trong bd nhd chinh, nhu cau tiét kiém bd nhé
duogc xem xét vu tién hang dau, do vdy nhitng giai thuat sap xép doihoi cép phat thém
ving nhd dé luu trir diy két qua, ngoai ving nhé luu trir danh sach ban dau, thuong it
duoc quan tdm. Thay vao do, céc giai thut sip xép truc tiép trén danh sach ban dau -
goi 13 cac giai thuat sap xép tai chd - lai dugce dau tu phat trién. Phan ndy gi6i thiéu mot
sb giai thut sap xép tir don gian dén phirc tap c6 thé ap dung thich hop cho viée sép xép
noi.

Pé sap xép mot danh séch chua co thi ty thanh danh sach cé thir ty (gia st c¢6 thir
tu tang), ta phai tién hanh triét ti€u tat ca cac cdp nghich thé trong danh sach, hay noi
cach khac 1a tim cach sap x€p lai danh sach dé sao cho tat ca cac cap déu la thuan the.

Khai niém nghich thé:

Xét mot danh sach (mang mot chiéu) co n phan tir ao, ai..., an-1.
Néu co i <jva a > a thi ta goi d61a 1 cip nghich thé.
Vi du: Cho mang a nhu sau: 14 5 7 8 3
—>Vay day trén ta c6 cac cap nghich thé sau: (14,5); (7,3); (8, 3); ....
2.4.2. Giai thuat sip xép doi chd truec tiép (Interchange Sort)

24.2.1. Giai thuat

WY twong gidi thudt: Xuat phat tir dau ddy, tim tit ca nghich thé chira phan tir nay,
lan lugt 1am triét tiéu chung bang cach d6i chd phan tir ndy v6i phan tir tuong
g trong cip nghich thé, cudi cing dua dugc phan tir nhd nhét (Idn nhdt) vé vi
tri ding 12 dau day hién hanh, sau d6 khong quan tam dén nd nita, Xem diy hién
hanh chi con (n - 1) phan tir ctia diy ban dau, va bat dau tir phan tir ¢ vi tri tha 2
trong lan sap xép tiép theo. Lap lai qua trinh xir Iy nhu trén vi céc phan tir con
lai trong ddy, cho dén khi ddy hién hanh khéng con phan tir nao thi dimng.

W .Cic budc tién hanh gidi thugt:
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Gia sir a 1a mang mot chiu c6 n phan tir chua duoc sap xép tha ty. Ta 4p dung
¥ tuong giai thuat dé tién hanh sip xép mang a ting dan nhu sau:

- Buéc 1: Khoi gan gia tri bién i: i = 0; /bdt dau tir dau day
- Bwée 2: Khoi gan gia tri bién j: j =i + 1; //bat dau tir phan tir ké sau phan tie
thiri.
- Buoc 3:
Lap lai trong khi (j < n) thi thyc hién:
+ Bwée 3.1: Néu (a[j] < a[i]) thi /xét cap afj] va afi]
Hoan vi afj] voi a[i]  // do a/j] tao nghich thé véi afi]
+ Bwée 3.2: Tang bién j: j = j + 1; /tangj 1én 1 dé tim nghich thé méi
- Buéc 4: Tang bién i: i =i+ 1; /tang i 1én 1 dé xét phan ti tiép theo

Néu (i < n - 1) thi: Quay lai Budc 2.

Nguoc lai: Hét ddy, Dimng. //Ddy dd cho dd sdp xép ding vi tri.

2.4.2.2. Vi duminh hoa giai thuat

Cho diy sba gdm 8 phan tir nhu sau:

10] 2] 1] 14] 5] 9] 30] 7]

) 1] (2] (5] (o] [30] [7
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Hinh 2.5: Vi du minh hoa gidi thudt sip xép dbi chd truc tiép

Vay diy da dugc sdp xép tang dan.

2423, Caidit giai thuat

Ham interchangeSort_Ascending nhan vao mot mang a chira diy s6 gom n phan
tlr can sap xép ndi dung va tién hanh sap xép ngay trén mang da nhap.

1. void interchangeSort_Ascending(ItemType a] ], int n)
2. {

3. for(inti=0;i<n-1;i++)

4, for(intj=i+1;j<n;j++)

5. if(a[i] > a[j])

6. swap (alil, a[j]);

7. }

Trong d6 ham swap 1a ham hoén vi hai phan tir (¢6 kiéu dit liéu la ItemType) cho
nhau, nhu sau:

void swap (ItemType &x, ItemType &y)

{
[temType tam;

1.

2.

3.

4, tam = x;
5. X=y;

6. y = tam;
7.

}
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24.2.4.

Danh gié giai thuat

Ching ta c6 thé 1ap bang danh gia giai thuat nhu sau:

Bing 2-3: Panh gia giai thuit sap xép ddi chd truee tiép

Truwong hop S6 14n so sanh S6 14n gan
, , n2 ) n(n-1
Tot nhat (h=-D)-(@+D)+D = ( ; ) 0
i=0
, , -2 ) n(n-1 2 ) n(n-1
Xau nhat (n-D)—-(i+)+1) = ( > ) 3 ((n-1)-(i+1)+1)=3 (n-1)
i=0 i=0

Vay d6 phuc tap cua giai thuat 1a O(n?).

24.3.

24.3.1. Giai thuat

Giai thuit sip xép ndi bot (Bubble Sort)

w.Y twéng gidi thudt: Xuat phat tir cudi diy (ddu déy) va tién hanh doi chd céc cip
phan tir ké can nhau dé dua phan tr nhod hon (Ién hon) vé vi tri dau (cudi) cua
diy hién hanh. Sau khi di duoc chuyén vé dtng vi tri thi phan tr nay s& khong
can xét dén & bude tiép theo, do vay ¢ 1an xir 1y thir i s& c6 phan tir dau day ¢ vi
tri 1a i. Lip lai qué trinh xir Iy nhu trén v6i cac phan tir con lai trong ddy, cho dén
khi ddy hién hanh khéng con phan tir nao thi dimg.

®.Cdc budc tién

hanh gidi thudt:

Lap lai trong khi (j > i) thi thuc hién:

+ Buée 2.2: Giam gia tri biénj:j = - 1;

- Bu6e 4: Néu (i < n) thi: Quay lai Budc 2.

- Buée 1: Khoi gan gia tri bién i: i = 0; /ldn xi Iy ddu tién

- Buée 2: Khoi gan gid tri bién j: j = n - 1; /Duyét tir cudi day dén phan tir thir i
+ Buée 2.1: Néu (a[j] <afj - 1]) thi hoan d6i 2 phéan tir a[j] va a[j - 1] v6i nhau.
- Bwée 3: Tang gia tri bién i: i =i+ 1; /lanxir Iy ké tiép, day chi con n-i phan tiv

Nguoc lai: Hét diy, Dung. //Ddy dd cho da sdp xép ding vi tri.

243.2. Vidyminh

hoa giai thuat

Cho diy sda gdm 8 phan tir nhu sau:

10

[2

[ 1

[14

Bién soan: Tran Vin Theo

30

44

[




Gido trinh: Cédu trive dit ligu va gidi thudt

Bién soan: Tran Vin Tho

45

i=1]

10 |




Gido trinh: Cdu trive dit ligu va gidi thudt

(30

14

v

v

[7

\ 4

v

2

A

46

Bién soan: Tran Vin Theo



Gido trinh: Cédu trive dit ligu va gidi thudt
)
Dung

Hinh 2.8: Vi du minh hoa giai thudt sip xép néi bot

Vay diy di dugc sap xép tang dan.

2.4.3.3. Cai dat giai thuat

Ham bubbleSort_Ascending nhén vio mot mang a chira ddy s6 gom n phan tir can
sap xép ndi dung va tién hanh sap xép ngay trén mang da nhap.

1. void bubbleSort_Ascending(ItemType a][ ], int n)

2. {

3 for(inti=0;i<n-1;i++)

4. for(intj=n-1;j > 1i;j--) //tim phdn t min tevi tri 1+10 =1 dqua vé vi tri i
5 if(afj] < a[j- 1])

6 swap(a[j],a[j- 1]);

[

24.3.4. Dénh gii gidi thuat
Chung ta c6 thé 1ap bang danh gia giai thuat nhu sau:
Biang 2-6: Panh gia giai thuat sap xép ndi bot

Truwong heop So6 14n so sanh So6 l4n gan

. . nin-1

Tét nhit z«n )i+ +p =" 0
n-2

X4u nhét (N-1)—(i+1)+ 1)_”(n ) 32((n “1) = (i+1)+1) = 3”(” 2
i=0

Vay do phuc tap cua giai thuat 1la O(n?).

2.4.3.5. Nhan xét

— Khi sép xép bang giai thuat Bubble Sort thi cac phan tir nhd duoc dua vé vi tri
ding rat nhanh, trong khi céac ph.'?m ttr 16n lai duoc dua vé vi tri dung rat cham.

— Bubble Sort c6 khuyét diém 1a khong nhan dién duogc tinh trang diy da cé thir
tu timg doan. Dé khic phuc duoc nhuge diém ndy ciia Bubble Sort nguoi ta c6
giai thuat cai tién Shaker Sort (xem muc 2.4.6).
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2.4.4. Giai thuat sip xép chon true tiép (Selection Sort)

24.4.1. Giai thuat

w.Y twong gidi thudt: Chon phan tir nhé nhat (I6n nhdt) trong n phan tir ban dau,
dua phan tr ndy vé vi tri dung 1a ddu diy hién hanh, sau d6 khong quan tam dén
no nita, Xem ddy hién hanh chi con (n - 1) phan tir ctia ddy ban dau, va bat dau tir
phan tir & vi tri thir 2 trong 1an sap xép tiép theo. Lap lai qua trinh xir 1y nhu trén
v6i céc phan tir con lai trong ddy, cho dén khi day hién hanh chi con ding mot
phan tir thi dimg.

W Céc budc tién hanh gidi thudt:

Diy ban dau a c6 n phan tir chua dugc sip xép, sé thuc hién (n - 1) luot viée
dua phan tir nho nhét trong ddy hién hanh vé& vi tri ding & dau diy. Céac budc tién
hanh nhu sau:

- Buée 1: Khoi gan gia tri bién iz i = 0;
- Buée 2: Tim phan tir amin] nho nhat trong diy hién hanh tir a[i] déna[n - 1],
+ Buée 2.1: Gan bién min = i; //gid sit phdn tir tai vi tri i ¢6 gid tri nhé nhat
+ Buée 2.2: Tim gia tri nho nhat trong doan [i + 1, n - 1].
e Khoi gan gia tribién j:j =i+ 1;
e Lap lai trong khi (j < n - 1) thi thyc hién:
Néu (a[j] < a[min]) thi Gan min = j; /i tri min mdi.
- Buée 3: Hoan vi hai phan tir: amin] va a[i]
- Buéc 4: Néu (i < n - 1) thi

Tang gia tri biéni:i =i+ 1; Quay lai Budc 2.

Nguoc lai: Hét diy, Diung. /Ddy dd cho dd sdp xép ding vi tri.

24.4.2. Vi du minh hoa giai thuat

Cho diy sba gdbm 8 phan tir nhu sau:

0] (2] (1] [ 5 9] (30 [Z

Bién soan: Tran Vin Tho 48



Gido trinh: Cédu trive dit ligu va gidi thudt

&
<«

14] 5] 9] 30] 7]

——
l—\
| ST
B
|

I_\
| S

m
(@)

—
o
S
—
N
S
(O)]
S
O
S
(08}
o
S
\‘
S

a
—
|

(e
\

'
e
——
b
Or
| S

[ 5060

i=2)
min
r" ’V
G @0 O
f
1=3

[—
N
-

itfé, (o7 (30 (4]

o
N

y [30]  [4)

49 Bién soan: Trdn Vin Tho



Gido trinh: Cdu trive dit ligu va gidi thudt

min

v v

f‘-‘l f‘-‘l

NG N N Rl
i=6)

B

Hinh 2.7: Vi du minh hoa giai thuit sip xép chon trwre tiép

Vay diy di dugc sap xép tang dan.

24.43. Caidat gidi thuat

Ham selectionSort_Ascending nhin vao mdt mang a chira ddy sé gom n phan tu
can sip xép ndi dung va tién hanh sip xép ngay trén mang da nhap.

1. void selectionSort_Ascending(ItemType a] ], int n)

2. {

3 for(inti=0;i<n-1;i++)

4 {

5. int min =1i;

6. for(intj=1i+1; j<n;j++)
7 if(a[j] < a[min])

8 min = j;

9. swap(a[i], a[min]);

10. }

11. )

Cai tién (¢0i uru):

1. void selectionSort_Ascending(ItemType a] ], int n)

2. {

3. for(inti=0;i<n-1;i++)

4. A

5. int min =1i;

6. for(intj=i+1;j<mn;j++)

7. if(a[j] < a[min])

8. min = j; // ¢6 phdn tik j nhé hon phdn ti tai vi tri min

Q. if(min !=1)  //néu cé phdn tir khdc nhé hon phdn ti tai vi tri'i
10. swap(a[min], a[i]);

11.  }
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2444, Dénh gia giai thuat
Chiing ta c6 thé 1ap bang danh gia giai thuat nhu sau:
Bing 2-5: Panh gia giai thuit sap xép chon trwe tiép

Trwong hop S6 14n so sanh S6 14n gan
r ’ n-2 _1 n—2
Tét nhit S (-9-G+9+0=""D | Sy —am-1)
i=0 i=0
n-2 _ n-2 _
Xéu nhét (M=) = (i +D)+1) = ”(”2 D [ Susni-g--00+8)
i=0 i=0

Vay d6 phuc tap cua giai thuat 1a O(n?).

2.4.45. Nhan xét

Dbi v6i giai thuat chon tryc tiép, c6 thé thiy rang & luot thit i, bao gio cling can (n
- 1) 1an so sanh dé xac dinh phan tir nhd nhat hién hanh. S6 luong phép so sanh nay
khong phu thudc vao tinh trang cua diy s6 ban dau, do vy trong moi truong hop c6 thé

n(n—1) _

két luan: SO 1an so sanh = >

2.45. Giai thuat sip xép chén true tiép (Insertion Sort)

245.1. Giai thuat

w.Y twong gidi thudt: 13 mot giai thuat sip xép bt chude cach sip xép quan bai
cua nhitng nguoi choi bai. Mudn sép mot bo bai theo trat tu nguoi choi bai rat
1an luot tir quan thr 2, so véi cac quan dimg trude nd dé chén vao vi tri thich hop.
Co s 1ap ludn cua giai thudt sdp xép chén co thé mé ta nhu sau: Gia st c6 mot

diy ban dau c6 n phan tir 13 @, ay, ..., a1 chua duoc sap xép. Xét ddy con gom i

phan tir dau ag, a, ..., a.1. V6i i=1, ddy gdm mot phan tir 3 dugc sip xép. Gia sir

trong ddy c6 i-1 phan tir dau ao, ay, ..., &2 dd dugc sip xép, tim cach chén phan
tlr c6 gia tri bang X vao ddy c6 i-1 phan tir dau thi phai tim vi tri thich hop cua nd
trong day ao, ay, ..., Qi.2, Vi tri thich hop d6 1a vi tri dtmg trudc phan tir 16n hon no

VA sau phan tr nho hon hodc bang nd, sau khi chén phan tir c6 gia tri x vao ddy c6

i-1 phﬁn tir dau ag, au, ..., ai-2 sé thu duoc day co i phﬁn tir ddu a, ay, ... , ai.1 dugc

sap xep.

Ciac phan tir <X Céc phin tir > X Cac phan tir chwa sip
a01 a11 LN ] ak-l) X 1 ak1 ak+11 ey a.|7]_ ’ all ai+11 LN ] an—l

o1 Bién soan: Trin Vin The
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Lip lai qué trinh x&r 1y nhu trén véi cac phan tir con lai trong ddy, cho dén khi
day hién hanh khdng con phan tir ndo thi dimg.

w.Cdc buwdc tién hanh gidi thudt:

- Buée 1: Khoi gan gia tri biéni: i = 1; //gid sir ddy ban dau c6 1 phan tir la a[0]
da duoc sap xép.
- Bude 2:
+ Buée 2.1: Gan bién x = a[i]; //gii lai gid tri cii ciia phan ti taivi tri i
+ Budc 2.2: Tim vi trij thich hop trong doan [0, i - 1] dé chén afi] vao.
o Khoi gan gia tribién j:j=i-1;
e Lap lai trong khi (j 20 va a[j] > x) thi thyc hién:
Gan afj + 1] = a[j]; //Dich chuyén gid tri sang phdi I vi tri.
- Buée 3: Gan afj + 1] = x; //c6 doan af0]...a[i] dd dwoc sdp xép.
- Buéc 4: Tang gia tri biéni:i=i+1;

- Bude 5: Néu (i < n) thi: Quay lai Budc 2.

Nguoc lai: Hét diy, Dung. /Ddy dd cho dd sdp xép diing vi tri.

2.452. Vi duminh hoa giai thuat

Cho diy sda gdm 8 phan tir nhu sau:

o) (2] (1) [ 5 9] (30 [Z
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[5 [9 [30 [7

Hinh 2.6: Vi du minh hoa giai thut sip xép chén truc tiép

Vay diy di dugc sap xép tang dan.

2453, Cai dit giai thuat

Ham insertionSort_Ascending nhan vao mot mang a chira ddy s6 gom n phan tr
can sap xép ndi dung va tién hanh sip xép ngay trén mang da nhap.

1. void insertionSort_Ascending(IltemType a[ ], int n)
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ok~ own

16.}

for(inti = 1;i < n;i++)

{

}

ItemType x = a[il; // Luu giit lai gid tri cii cia a[i] dé tranh bi ghi dé
khi doi ché cdc phan tit.

intj; // Vi tri (position) thich hop dé chén x vao.

for(j=i-1;j>=0;j--)

if(a[j] > x)
afj + 1] =a[jl;
else
break;
}
alj+1] =x;

Cach cai dit khac 1:

1. void insertionSort_Ascending(IltemType a[ ], int n)

2. {

arw

17.1

for(inti=1;i < n; i++)

{

}

ItemType x = a[i]; // Luu giit lai gid tri cii cia a[i] dé tranh bi ghi dé khi
doi ché cac phan tir.

intj=1-1; /l Vi tri (position) thich hop dé chén x vao.

while(j >= 0)

{
if(a[j] > x)
afj+ 1] =alj];
else
break;
j=5
}
alj+1] =x;

Cach cai dat khac 2:

1. void insertionSort_Ascending(IltemType a[ ], int n)

2. {

3
4.
5

©ooNe

for(inti = 1;i < n;i++)

{

ItemType x = al[i]; // Luwu giit lai gid tri cii cua a[i] dé tranh bi ghi dé khi
doi cho cac phan tu.
intj=i-1; /I Vitri (position) thich hop dé chén x vao.
while( (j >=0) && (a[j] >x) )
{
alj+ 1] =aljl;
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10. ==

11. }

12. afj+1] =x;
13.  }

14. }

Cach cai dat khéc 3:

1. void insertionSort_Ascending(ItemType a[ ], int n)

2. {

3. for(inti = 1;i < n;i++)

4. A

5. ItemType x = a[il; // Lwu giit lai gid tri cii cua a[i] dé tranh bi ghi dé khi
doi ché cdc phan ti,

6. intj; / Vi tri (position) thich hop d@é chén x vao.

7. for(j=i-1; (j >= 0 && alj] > x); j--)

8. afj+ 1] =a[jl;

9. afj+1] =x;

10. }

11.)

2.4.5.4. Danh gia giai thuat

Ta thiy céc phép so sanh xay ra trong vong lap nham tim vi tri thich hop j dé chén
gia tri x. Mdi 1an so sanh ma thay vi tri dang xét khong thich hop s& doi phan tir afj]
sang phai.

Ta ciing thiy s6 phép gan va sd phép so sanh cua giai thuat phy thudc vao tinh
trang cta ddy ban dau. Do d6 ta chi c6 thé wdc lugng nhu sau:

a. Truwong hop tdt nhat: Diy ban dau d3 c6 tha ty. Ta tim duoc ngay vi tri thich
hop dé chén ngay 1an so sanh dau tién ma khong can phai vao thuc hién vong
13p bén trong. Nhu vy, v6i i chay tir 1 dénn - 1 thi s6 phép so sanh tong cong
s&1a n - 1. Con v6i sd phép gan, do giai thuat khong chay vao vong lip bén
trong nén xét i bat ky, ta ludn chi phai tén 2 phép gan (x = a[i] va a[j + 1]= x).
Tir day, ta tinh duoc sb phép gan tong cong bang 2(n - 1).

b. Trwdong hop xiu nhéit: Dy ban dau c6 thir ty nguoc. Ta thiy ngay vi tri thich
hop j luon 1a vi tri dau tién cua diy da c6 tha ty, va do d6, dé timra vi tri nay ta
phai duyét hét diy da co thir tu. Xét i bat ky, ta c6 s6 phép so sanh 1ai - 1, s6
phép gan 1a (i - 1) + 2 =1+ 1. V&i i chay tir 1 dén n - 1, ta tinh duoc s6 phép so
sanh tong cong bang 1+2+ ...+ (n-1) =n(n - 1)/2 va sb phép gan bang 3 + 4
+.+(M+1)=(n+4)(n-1)/2

Tir nhitng phan tich nhu trén, ching ta c6 thé 1ap bang danh gia do phic tap cua
giai thuat nhu sau:
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Bing 2-4: Panh gia giai thuit sap xép chén truc tiép

Truong hop S6 14n so sanh S6 14n gan
C = .. n(n-1 =
T6t nhat >(i) = (n=-1) 2=2(n-1)
i=1 2 i=1
. . .. n(n-1 U= n(n-1
Xau nhat Z(I) = ( > ) Z(I +2) :%+2(n -1)
i= i=1

Vay d6 phuc tap cua giai thuat 1a O(n?).

2455,

Nhéan xét

— Un diém: S6 1an gan trong giai thuat chén truc tiép giam ba lan so v6i giai thuat

doi chd truc tiép.

— Nhwoe diém: Tim vi tri chén voi d6 phirc tap 1a O(n).

Khi tim v tri thich hop dé chén a[i] vao doan a[0] dén a[i - 1], ma doan nay da

duoc sdp xép, nén c6 thé s dung giai thuat tim kiém nhi phan dé thuc hién viéc tim

kiém vi tri can chén. Vi vy ta c6 giai thuat chén nhj phan nhu sau:

Giadi thuat chén nhi phan (Binary Insertion Sort):

1. void binaryInsertionSort_Ascending(IltemType a[ ], int n)

2. {

3
4
5.
6.
7
8
9

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.)

for(inti = 1;i < n;i++)

{

ItemType x = a[i]; //lwu gid tri afi] trdnh bi ghi dé khi d¢i ché cdc phdn ti.
int Left=0;

int Right=i-1;

while(Left <= Right) //timvi tri cin chén x

{
int Mid = (Left + Right) / 2; //tim vi tri thich hop Mid
if(x <a[Mid])
Right = Mid - 1;
else
Left= Mid + 1;
}

//Da&icdc phdn tir Ién hon phdn tiv cdn chén qua phdi 1 vi tri,
for(intj =i-1;j>= Left;j--)

alj+ 1] = al[j]; //doicdc phdn tik sé dieng sau x
a[Left] = x; //chén x vao ddy

Bién soan: Tran Vin Tho 56



Gido trinh: Cédu trive dit ligu va gidi thudt
2.4.6. Giai thuat sap xép Shaker Sort

24.6.1. Giai thuat

WY twéng gidi thudt: Day 13 giai thuat cai tién cia giai thuat Bubble Sort nhung
dugc cai tién tirsap xép 1 chiéu thanh 2 chiéu. Trong mdi lan sap xép, duyét mang
theo hai luot tir hai phia khac nhau:

— Luot di: Py phan tir nhé vé dau mang.
— Luot vé: Pay phan ttr 16n vé cudi mang.
Ghi nhan lai nhitng doan da sip xép nham tiétkiém cac phép so sanh thura.

W .Céc budc tién hanh gidi thudt:

- Bwéc 1: /Poan Left—Right la doan can dwoC Sdp Xép
+ Khai gan gia tri bién Left: Left = 0;
+ Khai gan gia tri bién Right: Right = n - 1;

+ Khai gan gid tri bién k: k = n - 1; // Vi tri k xay ra hoan vi sau ciing dé lam co
so thu hep doan Left—>Right
- Buge 2:
+ Bwéc 2.1:
Khai géan gié tri bién j: j = Right; /day phan tiz nhé vé dau mang
Lap lai trong khi (j > Left) thi thuc hién:
Néu (a[j] < a[j - 1]) thi thuc hién dong thoi 2 cng viéc sau:
Hoéan vi a[j] vai afj - 1];
k=1
Giam giatribiénj:j=j-1;
Géan lai gié tri bién Left: Left = k; //logi phan tir @a c6 thir tw ¢ dau day
+ Buéc 2.2:
I = Left;
Lap lai trong khi (i < Right) thi thuc hién:
Néu (a[i] > a[i + 1]) thi thuc hién dong thai 2 cong viéc sau:

Hoan vi a[i] woi afi + 1];
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k=1;
Tang gid tri biéni:i=i+1;
Gén lai gia tri bién Right: Right = k; //logi phdn tir da c6 thir tu ¢ cusi day
- Bwoc 3:

Néu (Left < Right) thi Quay lai Budc 2.

Nguoc lai: Hét ddy, Dung. //Day dé cho da sap xép diing vi tri.

24.6.2. Cai dat giai thuat

Ham shakerSort_Ascending nhan vio mot mang a chira diy sb gdm n phan tir can
sdp xép ndi dung va tién hanh sip xép ngay trén mang da nhan.

1. void shakerSort_Ascending(ItemType a[ ], int n)

2. {

3. int Left =0;

4. int Right=n-1;

5 intk=n-1;

6 while(Left < Right)

7 {

8 for(intj = Right; j > Left; j--) //Tim phan tir min trong doan ‘
Left +1..,Right dua vé vitri Left

9. {

10. if(a[j] < a[j- 1])

11. {

12. swap(a[j],a[j - 1]);

13. k=j;

14. }

15. }

16. Left=k;

17. for(inti = Left; i < Right; i++) /Tim phdn tir max trong doan .
Left +1,.., Rightdua vé vi tri Right

18. {

19. if(a[i] > a[i+ 1])

20. {

21. swap(a[i],a[i + 1]);

22. k=i

23. }

24, }

25. Right = k;

26. }

27. }
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2.4.7. Giai thuat sip xép vun dong (Heap Sort)

2.4.7.1. Dinh nghia ciu tric dit liéu Heap
Gia sir xét truong hop sap xép tang dan, khi d6 Heap duogc dinh nghia 1a mot diy

céc phan tir Aveft, ALeft+1, ..., Aright thoa cac quan hé voi moi ie[Left, Right/2]:
— Qi = Qi

— & > agi+ 1, {trong dé (ai, azi), (@i, zi+1) la cac cap phan ti lién déi}

VA c6 hai tinh chét sau:
— Tinh chét 1: Phan tir a0 (d4u Heap) ludn 14 phan tir Ion nhat trong Heap.

— Tinh chat 2: Cit bo mot s6 phan tir vé phia phai ctia Heap (cudi Heap) thi day

con con lai van la mdt Heap.

2.4.7.2. Giai thuat
w.Y tuéng gidi thuit:
> Heap Sort tan dung dugc cac phép so sanh & bude i- 1 ma giai thudt sip xép
chon truc tiép khong tan dung duoc.

> Pé 1am dugc didu nay Heap Sort thao tac dua trén cay.

Cho day sé: 122 8 5 1 6 4 15
Vi tri: 0 1 2 3 4 5 6 7

> O cdy trén, phan tir & mirc i chinh 1 phan tir 16n trong cdp phan tir & mic i +
1, do @6 phan tir & nat goc 1 phan tir 16n nhat.
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> Néu loai bo gbc ra khoi cdy, thi viéc cép nhét cdy chi xdy ra trén nhitng nhanh
lién quan dén phan tir méi loai bo, con cac nhanh khac thi bao toan.

> Budc ké tiép co thé sir dung lai két qua so sanh cua budc hién tai.

. Cic buéc tién hanh giai thuat:

Giai thuat Heap Sort trai qua hai giai doan:

- Giai doan 1: Hiéu chinh diy sb ban dau thanh Heap.
- Giai doan 2: Sip xép day sb dua trén Heap.
+ Buéc 1: Pua phan tir 16n nhat vé vi tri ding ¢ cudi day.
Gan gia tri bién Right =n - 1;
Hoén vi (2o, aright);
+ Buée 2: Loai bo phan tir [on nhét ra khoi Heap:

Gan gia tri bién Right = Right - 1;

Hiéu chinh phﬁn con lai cua day tur ao, au, ..., aright thanh mot Heap.
+ Budrc 3:

Néu (Right > 1) (Nghia la Heap con phan ti¢ ) thi Quay lai Budc 2.

Nguoc lai: Hét diy, Dung. //Ddy dd cho da sdp xép ding vi tri.

2.4.7.3. Vi du minh hoa giai thuat

Cho diy sb a gdbm 8 phan tir nhu sau:
) & U ) & ©) k)

Giai doan 1:

T ]
OO0 @0 6E 6

- -

(I=3
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Hinh 2.9: Vi du minh hoa gidi thudt sip xép Heap Sort

Vay diy di dugc sap xép tang dan.
24.7.4. Cai dat giai thuat

Dé cai dat giai thuat Heap Sort can xay dung cac thu tyc phu tro:

2.4.7.4.1. Thu tyc hi¢u chinh diy aLeft, ..., ARight thanh Heap

Lan luogt xét cac quan hé cua mot phan tu lién ddi cia nd trong day 1a ai nao dé voi
cac phan tirlién ddi cua nd trong day 1a azi va azi+1, néu vi pham dicu kién quan hé cua
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Heap, thi d6i chd ai v6i phan tir lién d6i thich hop cua né. Luu y viéc ddi chd ndy cé thé
gay phan tng day chuyén:

//Hiéu chinh a[Left], a[Left+1], .., a[Right] thanh Heap
1. void shift(ItemType a[ ], int Left, int Right)

2. {

3. if(Left >= Right) return;

4, inti= Left;

5. intj=2*i; //(a; a), (a; aj+1) la cdc phan tir lién déi
6 ItemType x = a[i];

7 while(j <= Right)

8. {//thwc hién hiéu chinh giita afi] véialj] va afj+1]
9. if( (j <Right) && (a[j] <a[j+1]))

10. j=j+1;

11. if(a[j] <=x)

12. return; //dirng khéng hiéu chinh niva
13. swap(al[i], a[j]);

14. i=j;

15. j=2%*i;

16. }

17. }

2.4.7.4.2. Hiéu chinh day Qo, ..., dn-1 thanh Heap

Cho mdt day bat ky aleft, ..., ARight, theo tinh chét ctia Heap thi an/2+1, an2+2, ...,
an-1 d4 1a mot Heap. Ghép thém phan tir n/2 vao bén trai Heap hién hanh va hiéu chinh
lai day an/2, ..., aright thanh Heap.

//hiéu chinh a[0],a[1], ..., a[n-1] thanh heap
1. void createHeap(inta[ ], int n)

2. {

3. int Left=n/2;

4, while(Left >=0)

5. {

6. Shift(a, Left,n - 1);
7. Left--;

8. }

9. }

Khi d6 ham heapSort_Ascending c¢6 dang nhu sau:

1. void heapSort_Ascending(ItemType a| |, int n)

N
~~

createHeap(a, n);
int Right=n-1;
while(Right > 0)
{
swap(a[0], a[Right]);
Right--;
shift(a, 0, Right);

ROONS O AW

0. }
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11. }

24.75. Dénh gia gidi thuat.

Viéc danh gia giai thuat Heap Sort rat phic tap, nhung da chimg minh dugc trong
truong hop xdu nhat do phic tap ~O(nloga(n)).
2.4.8. Giai thut sip xép Shell Sort

24.8.1. Giai thuat
w.Y tuong gidi thudt: Dy 13 giai thuat cai tién cua giai thudt Insertion Sort. Phan
hoach diy ban dau thanh cac day con. Tién hanh sip xép cac ddy con theo phuong
phép chén truc tiép. Dung phuong phap chén tryc tiép sap xép lai ca day.

Giai thuat Shell Sort dya trén y tudng sip xép céc phan tir theo giai thuat chén
truc tiép nhung voi do dai budc giam dan. Y tuong cua giai thuat sap xép nay la
phan hoach (phan chia) diy ban dau thanh nhiing diy con gom céc phan tir & cach
nhau h vi tri:

Day ban dau: ao a ... an-1 dugc xem nhu sy xen ké céc day con sau:

— Day con thir nhét: o an+o Azh+o

— Day con thtr hai: @1 @nh+1 Q2h+1

— Day conthad h:  an1 azn-1 8sn1 ...

Tién hanh sip xép cac phan tir trong cung diy con sé&1am cho céc phan tir dugc
dua vé vi tri ding twong ddi (chi dung trong ddy con, so voi toan bd cac phan tir
trong diy ban dau c6 thé chua ding) mot cach nhanh chéng, sau d6 giam khoang
cach h dé tao thanh cac diy con mdi (tao diéukién dé so sanh mot phan tir véi nhiéu
phan tir khic trude d6 khong & cung diy con voi nd) va lai tiép tuc sap xép... Giai
thuat dimg khi h = 1, luc ndy bao dam tt ca céc phan tir trong ddy ban dau s& duoc
so sanh véi nhau dé xac dinh tréat tu dung cudi cung.

Yéu t6 quyét dinh tinh hiéu qua ctia mot giai thut 1a cach chon khoang cach h
trong timg budc sip xép. Gia st quyét dinh sip xép k budc, cac khoang cach chon
phai thoa diéu kién: hi> hi+1 V& he = 1.

Tuy nhién, dénnay van chua c6 tiéu chuan rd rang trong viéc lya chon day gia
tri khoang cach tot nhat, mot sb day dugc Knuth dé nghi:

— hi=(hit—1)/3 va hk =1, k=logsn-1
Vi du: 127,40, 13,4,1
— hi=(hi1-1)/2 va hk =1, k=1log.-1

Bién soan: Tran Vin Tho 66



Gido trinh: Cédu trive dit ligu va gidi thudt

Vi du: 15,7,3,1
— hcoddang 3i+1:364,121,40,13,4,1
— Day fibonaci: 34,21, 13,8,5,3,2,1

— hla ddy cac sd nguyén t giam dan dén1:13,11,7, 5,3, 1.

w.Cic budc tién hanh gidi thudt:

- Bwére 1: Chon k khoang cach h[1], h[2], ..., h[k] va i = 0.
- Budc 2:

+ Buwéc 2.1: Phan hoach diy ban dau thanh céc diy con cach nhau h(i] khoang
cach.

+ Buée 2.2: Sip xép timg diy con bang phuong phép chén truc tiép.
- Bu6e 3: Tang gia tri biéni:i=i+1;
Néu (i < K) thi: Quay lai Budc 2.

Nguoc lai: Hét day, Dung. //Ddy da cho da sap xép diing vi tri.

2.4.8.2. Vi du minh hoa giai thuat

Cho ddy s a gdbm 8 phan tir sau:
[10 [2 [1 [14 [5 [9 [30 [7

Gia st chon cac khoang cach hla: 5, 3, 1.

h=5:
e e T 1
Lo |2 1 ARE |10 [30] |7
(i=5
R e e 1
[_9_E L2 ] 1] (=] (5] (o {30 [Jj
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Hinh 2.10: Vi du minh hoa giai thuit sip xép Shell Sort

Vay diy di dugc sdp xép tang dan.
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2.4.83. Cai dit giai thuat

Ham shellSort_Ascending nhan vao mot méang a chita ddy s6 gdm n phan tir can
sap xép noi dung va tién hanh sip xép ngay trén mang da nhap. Gia st chon dugc diy
do dai h[1], h[2], ..., h[k], giai thuat Shell Sort c6 thé duoc cai dat nhu sau:

1. void shellSort_Ascending(ItemType a| ], int n, int h)

2. {

3 while(h > 0)

4. A

5. for(inti = h;i < n;i++)
6 {

7 ItemType x = al[i];
8. intj=i-h;

9. while( (j >= 0) && (x<a[j]))
10. {

11. afj + h] =a[j];
12. j=j-h;

13. }

14. al[j+h]=x;

15. }

16. h=h-2;

17.  }

18.)

2.4.8.4. Dénh gi4 giai thuat

Viéc danh gia giai thuat Shell Sort rat phic tap. Pay 1a giai thuat nhanh nhat va
hiéu qua nhét trong céac giai thuat sip xép 16p O(n2). Tuy nhién hiéu qua cua giai thuat
con phy thudc vao day céc do dai dugc chon. Trong trudng hgp chon day c6 d¢ dai theo
cong thuc hi=hi-1 +2va hy = 1va ie[l, k], vdi k = logz(n) - 1 thi giai thuat c6 do phirc
tap ~nt? (<< n?).

24.8.5. Nhan xét

Yéu t6 quyét dinh tinh hiéu qua cta giai thuat 1a cach chon khoang cach h. Tuy
nhién, dén nay van chua cé tiéu chuan 16 rang trong viéc lya chon day gia tri khoang
céch tt nhat.

2.4.9. Giai thuat sip xép nhanh (Quick Sort)
2.4.9.1. Giai thuat
w.Y tuwéng gidi thugt:

Giai thuat Quick Sort sip xép ddy o, a1, ..., an-1 dua trén viéc phan hoach
diy ban dau thanh ba phan:
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— Phan 1: Gom céc phan tir do...aj-1 c6 gia tri khdng Ién hon x.
— Phan 2: Gom céc phan tir @;...a; c6 gia tri bang véi x.
— Phan 3: Gom cac phan tir @j+1...ap-1 gia tri khdng nho hon x.

V61 x 1a gié tri cua mot phﬁn tor goi 1a phﬁn tir chot trong day ban dau. Sau khi
thuc hién phan hoach, day ban dau dugc phan hoach lam ba day con (ba doan) nhu
sau:

— Déy con thir 1: Gé6m nhitng ax < X, V6i k = 0..j-1
— Day con thir 2: Gdm nhitng ax = X, V6i k = j..i

— Day con thir 3: Gom nhiing ax > X, v6i k = i+1..n-1.
a[kl< x a[k]l=x a[k]>x

Trong d6 ddy con thtr 2 dd co tht tw, néu cac ddy con 1 va 3 chi ¢6 mot phan tir
thi chiing cling da c6 thir tu, khi d6 day ban dau di duoc sép Xép. Nguoc lai, néu
cac ddy con 1 va 3 ¢6 nhiéu hon mot phan tir thi ddy ban dau chi duoc sap xép khi
cac day con 1 va 3 co thi tu. Dé sip xép diy con 1 va 3, ta lan luot tién hanh phan
hoach timg ddy con theo ciing phuong phép phan hoach gidng nhu diy ban dau vira
trinh bay.

W Céc budc tién hanh gidi thugt:

- Buoc 1:

Trong day tir ieft, «.., ARight Chon mot phan tir 1am gia tri chot 1a a[Mid], voi
Mid = (Left + Right) / 2;

x = a[Mid]; i = Left; j = Right;
- Budc 2:
Phét hién va hiéu chinh cdp phan tir afi], a[j] nam sai chd:
+ Bwéce 2.1: Lap lai trong khi (a[i] < X) thi thuc hién tang i: i++;
+ Buwée 2.2: Lap lai trong khi (a[j] > x) thi thuc hién giam j: j--;
+ Buée 2.3: Néu (i <) thi thuc hién dong thoi 3 nhiém wvu sau:
Hoén vi a[i] véi a[j]
Thyc hién tang i: i++;
Thyc hién giam j: j--;

- Buéc 3:
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+ Néu (i <) thi: Quay lai Budc 2.
+ Nguoc lai: Sang Budce 4.
- Budc 4:

+ Quay lai Bu6c 1 va thuc hién dé quy sip xép cho nira trai, tir Left dén j.

+ Quay lai Budc 1 va thuc hién dé quy sép xép cho nira phai, tiri dén Right.

Nhan xét:

— Phan tu chdt x dugc chon sé& tac dong dén hiéu qua thuc hién giai thuat vi n6
quyét dinh s6 1an phan hoach. Sb lan phan hoach s& it nhat néu ta chon duoc x
la phan tir c6 gid tri trung binh (median) cua diy. Tuy nhién, do chi phi x4ac dinh
phan tir median qua cao nén trén thuc té nguoi ta khéng chon phan tir ndy ma
chon phan tir nam chinh giira cua ddy lam phan tir chdt voi hy vong né c6 thé
gan Vi gia tri median.

— Trong pham Vi gi4o trinh ndy dé don gian va dé dién dat giai thuat nén tac gia
chon phan ttr c6 vi tri chinh gitra 1am phan ta chét.

w.Cic bwdc tién hanh gidi thudt theo dé quy:

C6 thé phat biéu giai thuat siap xép Quick Sort mot cach dé quy trén day

dyeft. . . ARight Nhu sau:

- Buée 1: Néu (Left > Right) thi Két thuc. /day c6 it hon 2 phan tit, xem nhw

da dwoc sdp xép roi.
- Bwdc 2: Phan hoach diy aeft...aright thanh cac day con:
+ Diy con 1 gdm nhimg phin tir: aLet...a) < X
+ Déy con 2 gdm nhitng phan tir: aj+1...ai-1= X
+ Ddy con 3 gom nhitng phan ti: ai...aRight > X
- Bugc 3:

Néu (Left < j) thi Phan hoach va tiép tuc sap xép trén day 1: aes...a;

Néu (i < Right) thi Phan hoach va tiép tuc sép Xép trén day 3: aj...aRight

249.2. Vi du minh hoa giai thuat

Cho diy sb a gdbm 8 phan tir sau:
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o & WG G &) U

Phan hoach doan Left =0, Right =7, Mid = 3, x = 14.

(i=3 j=7

'

OO0 E® D
1=0 (=7
OO0 0O ®®

Dung lap.

Phan hoach doan Left = 0, Right =] =6, Mid = 3, X = 7. (chua lam phan hoach
doan Left =1 = 6, Right = 7).

o o

I'e

||=0 r=6
if_iS
) & o ) G L
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) & U U 0 B B

A A

=0 r=6

Dung lap.

Phan hoach doan Left = 0, Right =] =2, Mid = 1, X = 2. (chua lam phan hoach
doan Left =1 =4, Right = 6).

i=0 =2

=0 r=2
=1 1=1
=
] 20 6 @ 6 &
=0 r=2
J=0 1=2
: 2 | ; 7] (0] (9] [30] E]
=0 r=2
Dung lap.

Goi lai phan hoach doan Left =1 =4, Right =6, Mid =5, x = 9.

i=4 i=5
f'li {0
oy (3 @

f
=4

r=6

Bién soan: Trin Vin Tho 74



Gido trinh: Cédu trive dit ligu va gidi thudt

j=4 i=5

\4 \ 4

& © & G

A

=4 =

D

Dung lap.

Phan hoach doan Left =i =5, Right =6, Mid =5, x =10.

i5lj5l
B 86 8 (] 10' e L4
=5] (r=6)
j=4 i=6
DO & @
5 @

Dung lap.

Goi lai phan hoach doan Left =i =4, Right =7, Mid =5, x = 10.

Ga[s
BEEBB0O:EO

= &)
=

O
)
—
o
—
)
w
(@)
—
)
—
1N

Dung lap.

Phan hoach doan Left =1 =6, Right =7, Mid =6, x = 30.
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f‘-‘| f1_|
DEeBB00 5

I
(o))
=
[l
\l

\ 4
G 88 88 @CcC

'l-b

= =
Dung lap.
o
Dung.

Hinh 2.11: Vi du minh hoa giai thut sip xép Quick Sort

Vay diy da dugc sdp xép tang dan.

24.93. Ca dat giai thuat

Ham quickSort_Ascending nhan vio mot mang a chira ddy s6 gdm n phan tir can
sap xép ndi dung va tién hanh sip xép ngay trén mang da nhap.

1. void quickSort_Ascending(ItemType a[ ], int Left, int Right)
2. {

3 if(Left >= Right) return; //Piéu kién dirng ctia dé quy
4 int Mid = (Left + Right) / 2;

5. inti= Left;

6. int j = Right;

7 ItemType x = a[Mid];

8

9

do

A
10. while(a[i] < x)
11. i++;
12. while(a[j] > x)
13. j==3
14. if(i <=j)
15. {
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16. swap (a[i], a[j]);
17. i++;

18. j==

19. }

20,  while(i <j);
21. quickSort_Ascending(a, Left,j);  //Dé quy sdp xép nira trdi
22.  quickSort_Ascending(a, i, Right); //Dé quy sdp xép nira phdi
23. )

2.4.9.4. Dénh gi4 giai thuat

Ta nhan thdy hiéu qua cua giai thudt phu thuéc vao viéc chon phan tir chét (hay

gid tri moc).

a. Trwong hop tét nhat: mdi 1an phan hoach ta déu chon dugc phan tr median
(phan tir 16n hon hay bang nira s6 phan tir va nho hon hay bang nira s6 phan tir
con lai) 1am phan tir chdt. Khi d¢6 ddy dwoc phan hoach thanh hai phin bing
nhau, va ta can logz(n) 1an phan hoach thi sip xép xong. Ta ciing d& nhan thay
trong mdi 1an phan hoach ta can duyét qua n phan tir. Vay do phtc tap trong
truong hop tétnhat thudec O(nlogz(n)).

b. Trwong hop x4u nhat: mdi 1an phén hoach ta chon phai phﬁn tur c6 gié tri cuc
dai hodc cyc tiéu lam phan tir chot. Khi d6 diy bi phan hoach thanh hai phan
khong déu: mot phén chi ¢c6 mot phﬁn tu, phﬁn conlaicon-1 phf?m tir. Do do,
ta can téi n lan phan hoach méi sap xép xong. Viy d6 phirc tap trong trudng
hop xau nhit thuoc O(n2).

Tir nhitng phan tich nhu trén, ching ta c6 thé 13p bang danh gia giai thudt nhu sau:

Bing 2-7: Panh gia giai thuat sap xép Quick Sort

Truwong hop D¢ phire tap
T6t nhat O(n*logz(n))
Trung binh O(n*logz(n))
X4u nhét 0o(n?)

2.4.95. Nhan xét

Hi¢u qua cua gidi thuat Quick Sort phu thudc vao viéc chon gia tri phén tr chét.
Trudng hop tot nhat xay ra néu mdi 1an phan hoach déu chon duoc phan tir median 1am
mdc, khi d6 ddy duoc phan chia thanh hai phan bang nhau va chi can loga(n) lan phan
hoach thi sdp xép xong. Nhung néu mdi lan phan hoach lai chon nham phan tir c6 gia tri
cuc dai hay cuc tiéu lam mdc, ddy s& bi phan chia thanh hai phan khong déu: Mot phan
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chi c6 mot phan tir, phan con lai ¢6 (n - 1) phan ttr, do vAy can phan hoach n 1an méi sdp

x€p xong.

2.4.10. Giai thuat sip xép tron true tiép (Merge Sort)

2.4.10.1. Giai thuat

w. Y twéng gidi thudt: Phan hoach diy ban dau ao, ai, ..., an-1 thanh cac day con.
Sau khi phdn hoach xong, ddy ban dau s& dugc tach thanh hai diy con (ddy phu)
theo nguyén tic phan phdi déu luan phién. Roi trén tirng cdp ddy con cia hai diy
phu thanh mot diy véi nguyén tic thtr ty ting dan. Lap lai quy trinh trén sau mot
s6 budc, ta s& nhian duoc mot diy chi gdm mot diy con khong giam.

. Cdc buéc tién hanh gidi thugt:

- Buére 1: //Chudn bi
k=1; //k la chiéu dai ciia ddy con trong buéc hién hanh
- Budc 2:
+ Budre 2.1: Phan ré (tach) day ao, a, ., a1 thanh 2 ddy b, ¢ theo nguyén tic
phan phoi luan phién ting nhom k phan tu:
b =ag, ..., Qoky eeey Aaks «ovy Aks o=
C = Ak, ., A3k eevy A5k eeey ATKy ove
+ Buée 2.2: Tron ting cip diy con gdm k phan tir cua 2 diy b, ¢ vao a.
- Bude 3:
Tang gié tri bién k: k = k * 2;
Néu (k < n) thi: Quay lai Budc 2.

Nguoc lai: Hét diy, Dung. //Day dé cho da sap xép diing vi tri.

2.4.10.2. Vi du minh hoa giai thuat

Cho diy sda gdm 8 phan tir nhu sau:
[10 [ 2 [ 1 [14 [ 5 [ 9 [30 E

Lian 1 (k=2°=1):

— Phdn rd ddy a ra hai ddy con b va ¢ lin luot kphcin twr
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...........................................................................................................

F-==—F--—--r----%---- 5 Bl Sl I

Y v v Y v v v v

=) &) ) ) ) ) & &)
Em‘ ) T g
=G J @

— Tron tung bo kphén tir tw hai ddy con b va c vao lai day a

=0 0600006

Lan 2 (k=k*2=1*2=21=2):

— Phén rd ddy a ra hai diy con b va c lin luot k phan ti

.......................................................................

b=| 2 10

1 14

""""" P s
0 673 I 60 B 0 I 0 I £
)G
) Gl

— Tron tung bo k phén tir tiv hai déy con b va c vao lai diy a

=0 & ) G4

) O ) GJ

Lan 3 (k=k*2=2*2=22=4);

— Phén rd ddy a ra hai diy con b va c lin luot k phan ti

v

) & &) G

a= | 1 2 10 14
=] 1 2 10 14
=1 5 7 9 30

— Tron tung bo kphén tur tw hai day con b va c vao lai ddy a
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Lin 4 (k = k*2 = 4*2 =23 = 8 = n): Dirng

D000 0000

Hinh 2.12: Vi du minh hoa giai thuét sip xép Merge Sort
Vay ddy d3 dugc sap xép ting dan.

2.4.10.3. Cai dat giai thuat

Ham mergeSort_Ascending nhan vao mdt mang a chtra ddy s6 gom n phan tir can
sap xép ndi dung tang dan va tién hanh sap xép ngay trén mang da nhap.

Dinh nghia thém ham min dugc st dung trong giai thuat trén nhu sau:

#define min(a, b) (a>b)?b:a

Ham tron lan lugt hai day con ting dan véi nhau, va gan lai vao mang a:

1. void merge(ItemType a[ ], intn, [temType b[ ], int nb, ItemType c[ ], int nc, int

2

3 int ia, ib, ic, jb, jc, kb, kc;

4, ia=ib=ic=0;

5. jb =jc=0;

6 while( (nb > 0) && (nc>0))
7

8

{

. kb = Min(k, nb);
9. kc = Min(K, nc);
10. if (b[ib +jb] <= c[ic +jc])
11. {
12. afia++] =b[ib + jb++];
13. if(jb == kb)
14. while(jc < kc)
15. alia++] =c[ic +jc++];
16. }
17. else
18. {
19. afia++] = c[ic + jc++];
20. if(jc == kc)
21. while(jb < kb)
22. a[ia++] =b[ib + jb++];
23. }
24, if( (jb ==kb) && (jc ==kc) )
25. {
26. ib +=kb;
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27. ic +=kc;

28. nb -=kb;

29. nc -=kg;

30. jb =jc=0;

31. }

32. }

33.}

1. void mergeSort_Ascending(ItemType a[ ], intn)

2. {

3. ItemType b[MAXSIZE], c[MAXSIZE];

4, inta, ib, ic, jc, jb; //cac chisd trén manga, b, c

5. intk=1; //do dai cia day con khi phan hoach

6. do

7. {

8. //Phan bé lan lwot k phin ti tir mang a vao 2 mang bvac
9. ia=ib=ic=0;

10. while(ia <n)

11. {

12. for(jb = 0; (ia <n) && (jb < k); jb++)

13. b[ib++] = a[ia++]; //phdn bd k phan tr vao mangb
14. for(jc=0; (ia <n) && (jc <k); jc++)

15. c[ic++] = a[ia++]; //phan bo k phan tir vao mang ¢
16. }

17. merge(a, n, b, ib, ¢, ic, k);

18. k *=2;

19.  }while(k <n);

20. }

2.4.10.4. Panh gia giai thuat
Do k = k*2 (hay k *= 2) nén s lan lp ciia vong 13p do..while 1a logz(n), va vong
13p tht hai 1ap n 1an. Nén do phuc tap cta giai thuat 1a O(n*logz(n)).

2.4.10.5. Nhan xét

Nhuoc diém 16n nhat cua giai thuat 1a khong tan dung nhimg thong tin dic tinh
ctia diy sap xép. Vi du diy di c6 thir ty sin timg doan. Vi vy ngudi ta can phai cai tién
giai thuat nhu phan sau.

2.4.11. Giai thuat sip xép tron tuw nhién (Natural Merge Sort)

24.11.1. Giai thuat

w. ¥ twong gidi thudt: Phan hoach ddy ban dau thanh cac day con. Sau khi phan
hoach xong, ddy ban dau s& duoc tach thanh hai ddy phu theo nguyén tic phan

phoi cac run co chiéu dai cuc dgi.Sau d6 tron tung cap run co chiéu dai cuc dai
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ctia hai ddy phu thanh mot diy voi nguyén tic ther tu ting dan. Lap lai quy trinh
trén sau mot sd bude, s& nhan dugc mot diy chi gdm mot diy con khong giam.
® Khai niém duong chay (run):
Mot duong chay cua diy sb a la mot diy con khong giam cia cyc dai cua a.,
Nghia 1a, duong chay r = (@i, @i+1,..., aj) phadi théa man hai diéu kién:

+ 0<i<j<n, v6inlasdphan tir cia mang a
+ ak <ak+1, VK 1<k <]

Vi du: ddy 12,2, 8, 15,1, 6, 10, 17, 4, 11 c¢6 thé xem nhu gdm 4 dudng chay
(12); (2, 8, 15); (1, 6, 10, 17); va (4, 11).

. Cic buéc tiénhanh giai thuat:

- Buére 1: //Chudn bi
run = 0;// run ding dé dém sé dwong chay (s6 run)
- Bugc 2:
+ Bwdée 2.1: Phan rd (tach) ddy ao, ai, ., an-1 thanh 2 ddy b, ¢ theo nguyén tac
phan phdi luan phién tung run:
Phéan phdi cho b mot duong chay; run = run + 1;
Néu (a con phan tir chwa phan phdi) thi
Phéan phdi cho ¢ mot dudng chay; run =run + 1;
+ Budc 2.2:
Néu (a con phan tir) thi: Quay lai Budc 2.1;
— Budre 3:
Tron ting cap duong chay cua 2 day b, ¢ vao a.
— Budrc 4:

Néu run > 2 thi: Quay trd lai Budc 1;

Nguoc lai: Hét day, Dung. //Ddy dd cho da sdp xép ding vi tri.

2.4.11.2. Vi du minh hoa giai thuat

Cho diy sda gdm 8 phan tir nhu sau:
[o] 2] (1] (4] [s] o] [z [Z

Lan 1:
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— Phdn ra day a ra hai ddy con b va c lin lwot tirng run mot

............................................................................................................................

i fh 1 :
v, v, v, v > Y
10 2 1 14 [ 5 [ 9 [30 [ 7
P ) > —
10 1 14 7
— ~— — —
2 5 9 30
— Trén lan lwot tirng run tiv hai diy con b va c vao lai diy a
(2] (o]:i(1] (5] (9] (1) (30]:(7
Lan 2:
— Phén rd day a ra hai diy con b va c lin lwot tirng run mét
v, ¢ ,
2 10 1 [ 5 [ 9 [14 [30 [ 7
—> —=
2 10 7
1 5 9 [14 [30

— Trén lan lwot tirng run tiv hai diy con b va c vao lgi ddy a

G

G

:

G

10

G

30
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Lan 3:

— Phdn rd ddy a ra hai ddy con b va ¢ lin lwot tirng run mot

v
a= | 1 2 5 9 10 14 30 |7
iy , , , , , —

B= | 1 2 5 9 10 14 30
—
=

— Trén lin lwot tirng run tir hai ddy con b va c vao lai day a

=11] 2] [s) [7) o] [w] [14] [30
Dung.
D

Hinh 2.13: Vi du minh hoa gidi thudt sip xép tron tw nhién

Vay diy di duge sdp xép tang dan.

2.4.11.3. Cai dit giai thuat

Ham naturalMergeSort_Ascending nhin vao mot mang a chira diy sé gdm n phan
tir can sip xép nodi dung va tién hanh sip xép ngay trén mang da nhap.

1. intlengthOfRun(ItemType a[ ], int pos)
2. {

3 intlen =1;

4. while(a[pos] <= a[pos + 1])

5. {
6

7

8

9

len++;
pos++;
return len;

10. }
1. void naturalMerge(ltemType a[ ], [temType b[ ], int nb, [temType ¢[ ], int nc)

2. {
3. intia, ib, ic, jb, jc, kb, kc;
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13.
14.
15.
16.
17.
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=ib=ic=0;

jb =jc=0;
while( (nb > 0) && (nc>0))

{

}

kb = Min(lengthOfRun(b, ib), nb);
kc = Min(lengthOfRun(c, ic), nc);
if(b[ib + jb] <= c[ic + jc])
{

a[ia++] =b[ib + jb++];

if(jb ==kb)

while(jc <kc)
afia++] = c[ic + jc++];

}
else
{

afia++] = c[ic + jc++];

if(jc == kc)

while(jb < kb)
afia++] = b[ib + jb++];

}
if( (jb ==kb) && (jc ==kc) )
{

ib +=kb;

ic +=Kkc;

nb -=Kkb;

nc -=kc;

jb=jc=0;

void naturalMergeSort_Ascending(ltemType a[ ],int n)

{

intk, nb, nc, run;
[temType b[MAXSIZE], c[MAXSIZE];

do

{

k=nb=nc=0;
run = 0;
do
{
run++;
do
{
b[nb++] = a[k++]; //d6 run tir mdng a vao mdng b
Ywhile( (a[k-1] <= a[k]) && (k< n));
if(k < n)
{
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18. run++;

19. do

20. {

21. c[nc++] = a[k++];//dd run tir mdng a vao mdng c
22. }while( (a[k-1] <= a[Kk]) && (k< n));

23. }

24. }while(k < n);

25. naturalMerge(a, b, nb, c, nc);

26.  }while(run >=2);

27. }

2.4.11.4. Panh gia giai thuat

Do s6 lan 1dp ctia vong 13p do..while nho hon hoic bang logz(n), va vong lap tha
hai 13p n 1an. Nén do phirc tap cua giai thuat 1a O(n*log,(n)).

2.4.11.5. Nhan xét

Giai thuat tron tu nhién khac giai thudt tron truc tiép o chd thay vi ludn ctng nhic
phan hoach theo day conc6 chiéu dai k, viéc phan hoach s& theo don vi 1a duong chay.
ta chi can biét s6 duong chay cua a sau 1an phan hoach cudi cing 1a c6 thé biét thoi diém
dung cua giai thuat vi day da cé thu tu la day chi c6 mot duong chay.

Mot nhuge diém 16n nira cua gidi thuat tron la khi cai dat giai thuat doi héi thém
khong gian bo nhd dé luu céc diy phu b v c. Han ché nay kho chdp nhan trong thuc té
Vi céc ddy can sip xép thudng c6 kich thudc 16n. Vi vay giai thut tron thuong duoc
ding dé sdp xép céac cau truc dit liéu khac phu hop hon nhu danh séach lién két hodc file.

2.4.12. Giai thuat sap xép tron cai tién khac (Improve Merge Sort)

24.12.1. Giai thuat

w Y tuong gidi thudt: Merge Sort 12 phuong phap sap xép bang cach tron hai danh
sach (day con) da co thir ty thanh mot danh sach c6 thur ty. Qua trinh nay dugc
thuc hi¢n qua nhiéu budc tron lién tuc dé cudi cung ta dugc mot danh sach tang
dan.

W .Cic budc tién hanh gidi thugt:

- Buwoc 1:

+ Xem danh séch céan sdp xép c6 n phan tir twong tmg nhu 1a n danh sach con
da co thir tu, moi danh sach chi co duy nhit mot phén tur.
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+ Lan luot tron timg cdp phan tir trén 2 danh sach con ké can nhau thanh timg
cap phan tur ting dan. Sau khi tron xong ching ta s& c6 n/2 danh sach con
c6 thtr tu tang dan, mdi danh séch c6 2 phan tr tang dan.

- Bugc 2:

+ Xem danh sach can sap xép c6 n phan tir tvong tng nhu 1a n/2 danh sach
con da c6 thtr tw, mdi danh sach co 2 phﬁn tr tang dan.

+ Lan luot tron ting cdp 2 danh sach con ké cén nhau thanh ting diy con co

4 phan t0 ting dan. Sau khi tron xong chung ta s& c6 n/4 danh sach con ¢
thr ty tang dan, mdi danh sach co6 4 phan tir ting dan.

- Qua trinh trén tiép tuc duoc thuc hién cho dén khi ching ta c6 duge 1 danh sach

c6 n phan tir tang dan.

2.4.12.2. Vi dy minh hoa gidi thuat

Cho ddy sba gdm 8 phén ti nhu sau:

Ban diu: [ ] [

[\/ \/ \/ \/
N / \ /
Bude 3: 1 \ / 30

Hinh 2.14: Vi du minh hoa gidi thudt sip xép Merge Sort cii tién

Vay diy di dugc sdp xép tang dan.

2.4.12.3. Cai dit giai thut

Ham improveMergeSort_Ascending nhan vao mot mang a chira diy s6 gom n phan
tlr can sap xép ndi dung ting dan theo khoa chi dugc dinh (néu co).

1. void improveMergeSort_Ascending([temType a[ ], int n)
2. {
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3. inti, j, k, size, low1, up1,low2, up2;
4. ItemType aTemp[MAXSIZE];

5. size = 1;

6. while(size <n)

[

8. lowl =0;

9. k=0;

10. while(low1 + size <n)

11. {

12. low2 =low1 + size;

13. upl=low2 - 1;

14, if(low2 +size - 1 <n)

15. up2 = low?2 + size - 1;
16. else

17. up2=n-1;

18. i=lowl;

19. j =low2;

20. while(i <=up1 && j <=up2)
21. if(a[i] < a[j])

22. aTemp[k++] = a[i++];
23. else

24, aTemp[k++] = a[j++];
25. while(i <=up1)

26. aTemp[k++] = a[i++];
27. while(j <=up2)

28. aTemp[k++] = a[j++];
29. lowl =up2 + 1;

30. }

31. for(i=lowl; k < n; i++)

32. aTemp[k++] = a[i];

33. for(i=0;i<n;i++)

34. a[i] =aTempli];

35. size *=2;

36. }

37. }

2.4.12.4. Dénh gi4 giai thuat

Néu danh sach c6 n phan tir thi ta phai tién hanh logz(n) budc tron.

2.4.13. Giai thuat sip xép phan 16 (Radix Sort)

2.4.13.1. Giai thuat

w.Y twong gidi thudt: Radix Sort 1a mot giai thuat tiép can theo mot hudng hoan
toan khac. Néu nhu trong céc giai thuat khac, co sé dé sip xép ludn 1a viéc so
sanh gi4 tri cia 2 phan tir thi Radix Sort lai dua trén nguyén tac phan loai thu ciia
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buu dién. Vi ly do d6 Radix Sort con co tén la Postman’s Sort. Radix Sort khong
hé quan tdm dén viéc so sanh gia tri ctia phan tir ma ban than viéc phan loai va
trinh ty phan loai s€ tao ra thu ty cho céc phén tu.

Pé chuyén mot khdi lugng thu 16n dén tay nguoi nhan & nhiéu dia phuong
khac nhau, buu di¢n thuong to chirc mot hé théng phan loai thu phan cép. Trudce
tién, cac thu dén cung mdt tinh, thanh phé s€ duoc sép chung vao mdt 16 dé gui
dén tinh thanh tuong Ung. Buu dién céc tinh thanh nay lai thyc hién cong viéc
tuong tu. Cac thu dén cung mot quan, huyén s€ dugc Xép vao chung mot 16 va
giri dén quan, huyén tuong umg. Cr nhu vdy, cac buc thu s& dugc trao dén tay
nguoi nhan mot cach c6 hé thong ma cong viée sip xép thu khong qua ning nhoc.

wMé ta gidi thugt:

- Xem mdi phan tir A[i] trong day A[0], ..., A[n-1] 1a mdt s6 nguyén c6 tdi da m
chit so.
- Léan luot phan loai céc chir sb theo hang don vi, hang chuyc, hang tram, ... tuong

tu nhu viéc phan loai thu theo tinh thanh, quan huyén, phuong xa, ...

- Tai mdi budc phan loai tién hanh ndi cac ddy con tir danh sach da phan loai
theo thr tu tir 0 ¢én 9.

- Sau khi phéan loai xong & hang thir m cao nhat, chiing ta s& thu dugc danh sach
cac phan tir dugc sap xép tht ty yéu cau.

w.Céc budc tién hanh gidi thudt:

- Buéce 1:

+ Khoi tao k = 0 // K thé hién chir s6 phén logi, k = 0: twong img véi hang
don vi, k = 1: twong ung voi hang tram, ...

- Buéc 2: //Tao cdc 10 chira cdc phin tir dwoc phén logi B[0], ..., B[9]
+ Khdi tao 10 16: B[0] = B[1] = ... = B[9] = 0 // khdi tao réng
+ B[j] s& chita cac phan tir c6 chit s6 thir k 13 j.
- Bude 3:
+ Khoi tao 1 =0
+ Trong khi i < n thi
Pit Ali] vao day B[j] véi j 1a chir sé thir k cua A[i]

+ N6i 10 16: B[0], B[1], ..., B[9] lai theo dting trinh tu thanh diy A.

89 Bién soan: Trdn Vin Tho



Gido trinh: Cdu trive dit ligu va gidi thudt

- Buoc 5:
+Gan k =k + 1 /Tang k 1én I don vi dé sang hang méi
+ Néu k < m thi quay lai Budc 2 //m la s6 luwong chit s6 t6i da ciia cdc s6

Nguoc lai: Hét diy, Dung.

2.4.13.2. Vi du minh hoa giai thuat

Ap dung giai thuat Radix Sort dé sap xép tang dan ddy sd a gom 10 phan tir nhu
sau: 375, 216, 875, 419, 915, 127, 833, 190, 563, 410. S6 lugng chir so tbi da cua cac
phan tr 14 3.

- Phan 16 day theo hang don vi (k = 0):

S6 hang don vi Céc day con
0 190, 410
1
2
3 833, 563
4
5 375,875,915
6 216
7 127
8
9 419

= Day c6 dugc sau khi phan 16 theo hang don vi la: 190, 410, 833, 563, 375, 875,
915, 216,127,419

- Phén 16 day theo hang chuc (k = 1):

S6 hang don vi Céc day con
0
1 410,915,216, 419
2 127
3 833
4
5
6 563
7 375,875
8
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9 190

=>» Day c6 dugc sau khi phan 16 theo hang don vi la: 410, 915, 216, 419, 127, 833,
563, 375,875,190
- Phén 16 ddy theo hang tram (k = 2):

S6 hang don vi Céc day con
0

127,190
216
375
410, 419
563

833,875
915

=>» Day c6 dugc sau khi phan 16 theo hang don vi la: 127, 190, 216, 375, 410, 419,
563, 833,875,915

Ol NP~ W|IN|PF

Vay diy di dugc sdp xép tang dan.

2.4.13.3. Cai dit giai thuat

1. void radixSort_Ascending(ItemType a[ ], int n, int MaxDigit)

2. {//Chidang vé&i mang dwong (gid tri cdc phdn tik >0)

3 inti, j, k, digit, num;

4. inth =10; //bién d€1dy cac con s, bat dau tir hang don vi

5. long B[10][MAXSIZE]; //mang 2 chiéu chira cadc phan tir phin 16
6 int Len[10]; //kinh thwéc cta tirng mang BJi]

7 for(k = 0; k < MaxDigit; k++)

8 { //xétlan lwot tirng hang, MaxDigit: 1a s6 chir so tdi da

9. for(j=0;j<=9; j++)

10. Len[j] = 0; //kh&i tao kich thwéc cac day B[j] 1a 0

11. for(i=0;i<n;i++)

12. { //duyét qua tit ca cac phan tir cia mang

13, digit = (a[i]%h)/(h/10); //ldy chit s6 theo hang h
14, B[digit][Len[digit]++] = a[i];

15. }

16. num = 0; //chisé bat du cho mang a

17. for(i=0;i<10; i++) //duyét qua cac day tir B[0]>B[9]
18. for(j=0;j < Len[i]; j++)

19. a[num++] = B[i][j];

20. h*=10; //qua hang ké tiép
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21. }
22. } //end of RadixSort

2.4.13.4. Dénh gi4 giai thuat

Vé&i mot ddy n sd, mdi so €6 toi da m chit so, giai thuat thuc hién m lan céac thao

tac phan 16 va ghép 16. Trong thao tac phan 16, mdi phan tir chi duoc xét dung mot lan,
khi ghép ciing vay. Nhu vy, chi phi cho viéc thyc hién giai thudt hién nhién 1a O(2mn)
= O(mn) =~ O(n) vi m << n (m nho hon n rat nhiéu).

2.4.13.5. Nhan xét giai thuat

Sau 1an phan phdi thir k cac phan tir ciia A vao cac 16 B[0], B[1], ..., B[9] va lay
nguoc trd ra, néu chi xét dén k + 1 chir s6 cua cac phén tir trong A, ta sé c6 mot
mang tang dan nho trinh tu ldy ra tir 0 > 9. Nhan xét ndy bao dam tinh dung din
cua giai thuat.

Giai thuat c6 do phurc tap tuyén tinh nén hiéu qua khi sip ddy c6 rat nhiéu phan ti,
nhét 1a khi khoa sap xép khong qua dai so véi so luong phan tir (diéu nay thuong
gip trong thuc té).

Giai thuat khong co truong hop xau nhat va tot nhat. Moi day sé déu dugc sip véi
chi phi nhu nhau néu ching c6 ciing s6 phan tir Va cac khoa c6 cing chiéu dai.
Giai thudt cai dat thuan tién voi cac mang v6i khoa sap xép 1a chudi (ky tu hay sd)
hon 1a khéa sé nhu trong Vi du do tranh dugce chi phi ldy céc chit s cua timg sd.
S6 lugng 16 16n (10 khi ding s6 thap phan, 26 khi dung chudi Ky tu tiéng Anh, ...)
nhung tong kich thudc cua tit ca cac 16 chi bang ddy ban dau nén ta khong thé
ding méang dé biéu dién B. Nhu vdy, phai ding cau trac dir liéu dong dé biéu dién
B. Nén Radix Sort rat thich hop cho sip xép trén danh sach lién két.

Nguoi ta ciing dung phuong phap phan 16 theo biéu dién nhi phan cua khoa séip
xép. Khi d6 ta cé thé ding hoan toan céu tric dir liéu mang dé biéu dién B va chi
can dung hai 16 B[0] v& B[1]. Tuy nhién, khi d6 chiéu dai khéa s& 1on. Khi sip cac
day khong nhiéu phan tir, giai thuat Radix Sort s& mat wu thé so v6i cac giai thuat
khac.
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TONG KET CHUONG

Chuong nay di xem xét cac giai thuat tim kiém va sap xép thong dung. Cau trac
dit liéu chinh dé minh hoa cac thao tac nay chu yéu 1a mang mot chiéu. Pay ciing 12 mot
trong nhitng cau tric dir liéu thong dung nhit.

Khi khao sat céc giai thuat tim kiém, ching ta d lam quen voi hai giai thuat. Giai
thuat thir nhat 13 giai thudt tim kiém tuan tu, giai thuat nay c6 do phuc tap tuyén tinh
O(n). Uu diém cua no 13 tong quat va c6 thé mé rong dé thuc hién cac bai toan tim kiém
da dang. Tuy nhién, chi phi gidi thuat kha cao nén it khi dugc sir dung. Giai thuat thuo
hai 13 giai thuat tim kiém nhi phan, giai thuat nay c6 uu diém la tim kiém rat nhanh va
c6 do phurc tap 1a logz(n), nhung chi c6 thé 4p dung d6i voi dit liéu da co thir tu theo
khéa tim kiém. Do doi hoi cua thyc té, thao tac tim kiém phai nhanh vi day 14 thao tac
c6 tan sudt stir dung rat cao nén giai thuat tim kiém nhi phan thuong duoc ding nhiéu
hon giai thudt tim kiém tuan ty. Chinh vi vdy xuat hién nhu cau phét trién cac giai thuat
sap xép hiéu qua.

Phan tiép theo cua chuong trinh bay céc giai thuat sip xép thong dung theo thir tur
tir don gian dén phirc tap (tir chi phi cao dén chi phi thap).

Phan 16n cac giai thuat sip xép co ban dua trén su so sanh gi tri giita cac phan tu.
Bit dau tir nhom cac giai thuat co ban, don gian nhét. Do 1a cac giai thuat d6i chd truc
tiép, chén truc tiép, chon truc tiép, ndi bot. Cac giai thuat nay déu co mot diém chung 1a
chi phi thuc hién ty 1€ voi n2,

Tiép theo, chung ta khao sat mot s cai tién ciia cac giai thudt trén. Néu nhu céc
giai thudt chén nhj phan (cai tién ctia chén truc tiép), Shaker Sort (cai tién cua ndi bot);
tuy chi phi c6 ithon céc giai thuat gc nhung chung van chi 1a cac giai thudt thudc nhom
¢6 do phirc tap O(n?), thi cac giai thuat Shell Sort (cai tién cta chén truc tiép), Heap Sort
(cai tién ctia chon truc tiép) lai c6 d§ phirc tap nho hon han céc giai thuat géc. Giai thuat
Shell Sort ¢c6 @6 phirc tap O(n*) voi 1 < X < 2 va giai thuat Heap Sort ¢c6 do phirc tap
O(nlogzn).

Céc giai thuat Quick Sort vd Merge Sort 1a nhitng giai thuat thuc hién theo chién
luge chia dé tri. Cai dat ching tuy phuc tap hon céc giai thuat khac nhung chi phi thuc
hién lai thp, ca hai giai thuat déu c6 d6 phic tap O(nlogen). Giai thuat Merge Sort c6
nhuoc diém 14 can dung thém bd nhé dém, giai thuat nay s& phat huy tét vu diém cua
minh hon khi cai dat trén cac ciu trac dir liéu khéc pht hop hon nhu danh sach lién két
hay file.

Giai thuat Quick Sort, nhu tén goi ctiia minh dugc danh gia 1a giai thuat sap xép
nhanh nhat trong sb cac giai thuat sip xép dua trén nén tang so sanh gia tri ctia cac phan
ttr. Tuy ¢ chi phi trong truong hop x4u nhat 1a O(n2) nhung trong kiém nghiém thuc té,
giai thuat Quick Sort chay nhanh hon hai giai thuat cung nhém O(nlogzn) la Merge Sort
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va Heap Sort. Tir giai thuat Quick Sort, ta ciing c6 thé xay dung duoc mot giai thuat
hiéu qua tim phan t&r trung vi (median) cta mot day sd.

Ngudi ta ciing ching minh duoc rang O(nlogzn) 13 ngudng chin dudi cua cac giai
thuat sép xép dua trénnén tang so sanh gid trj cua céc phan tir. D& vuot qua ngudng niy,
can phai phat trién giai thudt moi theo huéng khac céc giai thudt trén. Giai thuat Radix
Sort 1a mot giai thuat nhu vay. N6 duoc phat trién dua trén sy mo phong quy trinh phan
phdi thu ciia nhitng nguoi dua thu. Gidi thuat niy dai dién cho nhom cac giai thuat sap
xép c6 d6 phtic tap tuyén tinh. Tuy nhién, thuong thi cac giai thuat niy khong thich hop
cho viéc cai dat trén cu trac dit liéu mang mot chiéu.

Trén thyc té dir liéu can thao tac c6 thé rat 16n do vdy thong thudng thi cac dit liéu
duoc luu trén bo nhéd tha cép, tire trén cac dia tur. Viéc thuc hién cac thao tac se'ip Xép
trén cac dir liéu nay doi hoi phai co cac phuong phap khac thich hop. Tuy nhién trong
khuon kho gido trinh ndy, cac giai thuat trén 13 tuong ddi kho, t6i s& trinh bay trong mot
cubn gido trinh khac danh cho trinh d6 cao hon.

2.5. Cau héi va bai tap
2.5.1. Cau hoéi
1. Xét mang céac s nguyén co ndi dung nhu sau:
-7 -2 -2 0 5 6 10 16 24.
a. Tinh s6 1an so sanh dé tim ra phan tir x = -2. Ap dung cho giai thuat:
- Tim kiém tuyén tinh.
- Tim kiém nhi phan.
Nhan xét va so sanh hai giai thuat tim kiém néu trén trong trudng hop ndy va
trong trudong hop tong quat.
b. Trudng hop tim kiém nhij phan, phan tir ndo s& dugc tim thdy (thir 1 hay 2).
2. Xay dyng giai thuat tim kiém phan tr nho nhat (I6n nhat) trong mot mang cac
s6 nguyén.
3. Cho biét y tuong cua timg giai thudt sap xép trén. Vi ¥ tudng céc giai thuat
trén thuc hanh véi vi du sau:
9 4 2 -1 7 14 2 3.
4. Trong ba giai thuat sip xép co ban (chon tryc tiép, chén truc tiép, ndi bot) giai
thuat ndo thyc hién sip xép nhanh nhét v6i mot ddy c6 thir tu. Giai thich.
5. Cho mot vi du minh hoa wu diém ctia giai thuat Shaker Sort doi véi Bubble
Sort khi sap xép mot day sb.
6. Xét doan code cai dat thao tac phan hoach trong giai thuat Quick Sort sau day:
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inti=0;j=n-1;x=a[n/2];
do
{

while(a[i] < x) i++;
while(a[j] > x) j--;
swap(a[i], a[j]);
twhile(i <=j);
Cé day a[0], a[1], ..., a[n - 1] nao lam doan chuong trinh trén sai hay khong?
Cho vi du minh hoa.
7. Hay xdy dung giai thudt tim phan ti trung vi (median) ctia mot dy sb ao, ai,
.., an-1 dua trén giai thuat Quick Sort. Cho biét 6 phirc tap cua giai thudt nay?
2.5.2. Baitap
8. Cai dat muoi hai giai thuat sip xép tang (va giam) va hai giai thudt tim kiém
d4 trinh bay. Thé hién tryc quan céc thao tac giai thuat d6. Tinh thoi gian thuc
hién ctia mdi giai thut.
9. Cai dat giai thuat sap xép ting cac sd nguyén trong mdt mang bang gidi thuat
chon truc tiép.
10.Cai dat ham tim ddy con ting dai nhit cia mang mot chiéu a con phan tir.
11.Cai dat ham tron hai mang mot chiéu c6 tht ty ting b va ¢ c6 m va n phan tir
thanh mot mang mot chiéu a ¢6 m + n phan tir va ciing c6 thir ty ting.
12. Tiép theo bai tap 13 — chuong 1. Hay cai dat cac giai thuat nhu sau:
a. Sip xép mang tang/giam theo MaSV (bang cac giai thuat di hoc).
b. Sip xép mang ting/giam theo DTB (bing céc giai thuat d hoc).
C. Sap xép mang tang/giam theo Ten (bang céc giai thudt da hoc).
13.Bang viéc tao ngau nhién mot mang a c6 n phan tr nguyén. Thir viét chuong
trinh 14p bang so sanh thoi gian thyc hién cta cac giai thuat sap xép.
14.Hay viét ham tim tat ca cac s6 nguyén to ndm trong mang mot chiéu a cé n
phéan tir.
15.Hay viét ham tim ddy con ting dai nhat cia mang mot chiéu a co n phan tir (ddy
con la mot déy lién tiép cac phan tir cua a).
16.Hay viét ham dém sb dudng chay ctia mang mot chiéu a cé n phan tir (ddy con
12 mot day lién tiép cac phan tir ctia a).
17.Hay viét chuong trinh minh hoa truc quan céc giai thuat tim kiém va sép xép
dé hd tro cho nhimg ngudi hoc moén cau trac di lidu.
18.Cai dit giai thuat tim phan tr trung vi (median) ctia mot ddy s ban d3 xay dung
trong bai tap 7.
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Chuong 3. DANH SACH LIEN KET

3.1. Giéithigu

Vi céc cdu truc dit lidu duoc xay dung tur cac kiéu co sé nhu: Kiéu sd thue, Kiéu
ki tu, ... hodc tir cac cau truc don gian khac nhu: MAu tin, Tap hop, Mang, ... 1ap trinh
vién c6 thé giai quyét hau hét cac bai toan dit ra. Cac dbi twong dir liéu duoc xac dinh
thudc nhimg kiéu dir liéu nay c6 dic diém chung 1a khong thay d6i duge kich thudce, cdu
triic trong qua trinh séng, do d6 thudng ctmg nhac, go bé khién doi khi khé dién ta duoc
thuc té vdn sinh dong, phong phu. Céc kiéu dir lidu ké trén duoc goi la cac kiéu dir licu
tinh.

Nhiam dap ung nhu cau thé hién sat thuc té, ban chit cua dit liéu cling nhu xay
dung céc thao tac hiéu qua trén dir li¢u, can phai tim cach to chuie két hop dir liéu voi
nhitng kich thudc linh dong hon, c6 thé thay d6i kich thudc, ciu trac trong sudt thoi
gian séng. Cac hinh thic t6 chirc dir lidu nhu vay duoc goi 1a cdu triic dir lidu déng.

Dang don gian nhat cua cac cau trac dir liéu dong 1a danh séach lién két. Day 1a cac
chu trac dit lidu tuyén tinh. Piém dic trung cua céu trac dit lidu nay 1a kha niang truy
xut tuan ty. Tuy nhién diéu ndy lam cho viéc truy van thong tin luu trén céu trac dir
liéu nay thuong chdm; nhung ching cho phép str dung bd nhé hiéu qua hon, thé hién rd
qua céc thao téc trén danh sach liénkét don, danh sach lién két doi va danh sach lién két
vong s€ dugc trinh bay trong gido trinh nay.

3.2. Dinh nghia danh séch

Cho T 1a mot kiéu dugc dinh nghia trudc, kiéu danh sach Tx gom cac phan tir thudc
kiéu T dugc dinh nghia 1a: Ty = <V, O,>

Trong do:

— V, = {Tép hop c6 thir tu cac phan tir kiéu T dugc moc ndi voi nhau theo trinh
tu tuyén tinh}.

— Oy = {Céc phuong thuc thiét 13p trén danh sach Tx (nhu: tao danh sach; thém
phan tir, tim phan tir trong danh sach; hity phan tar; huy danh sach, ...)}

Luwu y: Mdi phan tir cua danh séch ta c6 thé goi ngén gon 1a nut.

3.3. Cac loai danh sach lién két

— Danh sach lién két don: Mdi phan tir lién két véi mot phan tir dimg lién ké sau
no trong danh sach.
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Head Tail

5 |e@ >l 2 |® » 3 |@ »| 8 |e+—> NULL

Hinh 3.1: Hinh vé minh hoa danh sich lién két don

— Danh sach liénkét doi: Mdi phan tirlién két voi mot phan tir dung 1ién ké trude
va mot phan tir dimg lién ké sau né trong danh séch.

Head Talil

NULL <—7°| 5 |o=T°| 2 || 4 |eF=T°| 7

&—> NULL

Hinh 3.2: Hinh vé minh hoa danh sach lién két doi

— Danh sach liénvong: Phan tir cui danh sach lién két véi phan tir dau danh
sach.

+ Danh séach lién két vong don.

Head Tail

Hinh 3.3: Hinh vé minh hoa danh sach lién két vong don

+ Danh sach lién két vong doi.

Head Tail

A
o

A
[
A
[

A

Hinh 3.4: Hinh vé minh hoa danh sich lién két vong doi

3.4. Danh sach lién két don

3.4.1. Tbé chic danh sach
M&i phan tir lién két v6i phan tir dtimg lién ké sau n6 trong danh séch.
M&i phan tir ca danh sach don 1a mot cdu triic chira hai thanh phan chinh:

— Thanh phén dir liéu (Info): Luu trir cac thong tin vé ban than phan tu.
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— Thanh phén lién két (Link): Luu trir dia chi cta phan tir ké sau trong danh
sach, hodc luu trit gia tri NULL néu 1a phan tir cudi danh sach.

EN

Pé don gian va tién theo ddi nén trong gido trinh nay tac gia quy wdc thanh phan
dit liéu (Info) c6 kiéu ItemType 14 s6 nguyén.

> Ta c¢b clu truc dir liéu cia mot nit trong danh sach lién két don nhu sau:

1. typedefint ItemType; //ItemType ciing cé thé la kiéu float, SINHVIEN, PHANSO,

2. struct SNode

3. {

4, ItemType Info; //Lwuthdngtin (dirliéu) ciia bdn thdn.
5 SNode* Next; //Contré tré dén SNode ké sau.

6. }

Mot phan tir trong danh sach don 1a mot bién dong s& duoc yéu cau cap phat khi
can. Va danh sach don chinh 1a sy lién két céc bién dong ndy v6i nhau, nhd vay dat duge
su linh dong khi thay d6i sé luong cac phan ti.

Néu biét duogc dia chi cua ph?m tir ddu tién trong danh sach don thi co thé dua vao
thong tin Next ctia n6 dé truy xuat dén phan tir thi hai cua danh sach, va lai dua vao
thong tin Next ctia phan tir thir hai dé truy xuat phan tir thir ba,... nghia 1a dé quan 1y mot
danh sach don chi can biét dia chi phan tir dau ctia danh sach. Thudng mot con tréo Head
s& dugc ding dé luu trir dia chi phan tir ddu danh sach, nhung thuc té c6 nhiéu trudong
hop can 1am viéc v6i phan tir cudi cung, khi d6 mdi 1an mudn xac dinh phan tir cubi
cung lai phai duyét tir ddu danh sach. Dé tién loi, c6 thé str dung thém mot con tro Tail
gilt dia chi phan tir cudi danh sach. Nén ta c6 ciu tric ctia mot danh sach lién két don
nhu sau:

1. struct SList

2. {//Kiéudanhsdch lién két don

3 SNode* Head; //Lwudia chi ciia SNode ddu tién trong SList
4, SNode* Tail;  //Lwudia chi ctia SNode cudi ciing trong SList
5.}

Lic nay ta c6 danh sach lién két don nhu sau:

Head Tf”

5 C > 2 C > 3 C > 8 &> NULL

Hinh 3.5: Hinh vé minh hoa céu tric danh sach lién két don
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3.4.2. Cac thao tac co ban trén danh sich liénkét don
— Tao mot nit c6 trudng Info bang x.
— Khéi tao mot danh sach lién két don réng.
— Kiém tradanh séach lién két don rong.
— Thém mot phan tir c6 khoa x vao danh sach.
— Tim mot phan tir ¢ Info bang x.
— Hiy mot phan tir trong danh séch.
— Duyét danh séach.
— Sép xép danh sach.

3.4.2.1. Tao node

X 1> NULL

H_/W_J
Twufo Next

Hinh 3.6: Hinh vé minh hoa tao mét nit méi cho danh sach lién két don

Ham tra vé dia chi phan tor moi tao nhu sau:

1. SNode* createSNode(IltemType x)

2. {

3. SNode* p =new SNode;
4. if(p == NULL)

5. {

6. printf(“Khéng dt bé nhé dé cdp phat nit méi!”);
7 getch();

8. return NULL;

9. }

10. p—Info =x;

11. p—Next=NULL;

12. return p;

13. }

3.4.2.2. Khoi tao danh sach rong

Do danh sach chua c6 phén tr ndo, nén con tro dau Head (luu dia chi cua nut dau
tién) va con trd cudi Tail (fuu dia chi cia nit cudi ciing) déu bang NULL.

Head Tail

NULL NULL
1. void initSList(SList &sl)
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sl.Head = NULL;
sl.Tail = NULL;

ok~ own

3.4.2.3. Kiém tradanh séach lién két don rong

Kiém tra danh sach lién két don di c6 phan tr nao hay chwa? Nghia 1 kiém tra
con tré dau Head (hodc con tré cuéi Tail) ¢6 bang NULL hay khong? Ham tra s& vé 1
néu danh sach lién két don chua c6 phan tir ndo (rong), nguoc lai (khéng réng) thi ham
s& tra vé 0.

1. intisEmpty(SList sl)

2. {

3 if(sl.Head == NULL)

4, return 1; //Néu danh sdch réng

S. else

6 return 0; //Néu danh sdch khéng réng
7.}

3.4.2.4. Thém mot phan tir vao danh sach

— Nguyén tic thém: Khi thém mot phan tir vio SList thi c6 lam cho Head, Tail
thay d6i?

— Céc vi tri can thém mot phan tir vao SList:
+ Thém vao dau SList.
+ Thém vao cubi SList.
+ Thém vao sau mot phan tir q trong SList.

3.4.2.4.1. Thém mot phan tir vao dau danh sach

Head Talil
—e

G

X | L, 5 |e

v
N
®
v
w
®
v
oo

&—> NULL

P “4NULL

Hinh 3.7: Hinh vé minh hoa thém mét nit vao diu danh sach lién két don

Giai thuat:

- Bu6e 1: Néu phan tir mudn thém p khong ton tai thi khong thyc hién.
- Bu6e 2: Néu SList rong thi

+ Head = p;
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+ Tail = Head;
- Buérc 3: Nguoc lai

+ p—>Next = Head,

+ Head = p;
Cai dat:
1. intinsertHead(SList &sl, SNode* p)
2. {
3. if(p == NULL)
4. return 0; //Thuwc hién khong thanh céng
5. if(isEmpty(sl) ==1)
6. {
7. sl.Head =p;
8. sl.Tail = p;
9. }
10. else
11. {
12. p—>Next = sl.Head;
13. sl.LHead = p;
14, }
15. return 1; //Thwc hién thanh céng
16. }

3.4.2.4.2. Thém mot phan tir vao cudi danh sach

Head

\ 4

g | ¢=—Q

v

Tail
®
(2)
\ 4
8 *"> NULL
(1}‘ X |eF—> NULL
p

Hinh 3.8: Hinh v& minh hoa thém mét mit vao cudi danh sich lién két don

Giai thuat:

- Buéc 2: Néu SList rong thi:
+ Head = p;
+ Tail =p;

- Budce 3: Nguoc lai
+ Tail>Next =p;

+ Tail =p;

- Buée 1: Néu phan tir mudn thém p khong ton tai thi khong thyuc hién.
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Cai dat:

1. intinsertTail(SList &sl, SNode* p)
2. {

3 if(p == NULL)

4. return 0; //Thuwc hién khong thanh cong
5. if(isEmpty(sl) ==1)

6 {

7 sl.Head = p;

8. sL.Tail = p;

9. }

10. else

11. {

12. sl.Tail>Next = p;

13. sL.Tail = p;

14, }

15. return 1; //Thwc hién thanh céng
16. }

3.4.2.43. Thém mot phan tir vao sau phan tir q

Head

(o¢] 4....9__,'

&—> NULL

Hinh 3.9: Hinh vé minh hoa thém vao sau mit q céia danh sach lién két don

Giai thuat:

- Bude 1: Néu phan tir q hodc phan tir muén thém p khong ton tai thi khong thuc
hién.
- Bugc 2:

+ p—>Next = g—>Next;

+ g—Next =p;

+ Néu q 1 phan tir cudi thi: Tail = p;

Cai dit:

1. intinsertAfter(SList &sl, SNode* q, SNode* p)

{
if(q == NULL || p==NULL)
return 0; //Thuc hién khéng thanh céng

Hwn
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5. p—Next=qg—Next;

6. q—Next=p;

7. if(sl.Tail ==q)

8. sl.Tail = p;

9. return 1; //Thwc hién thanh cong
10. }

3.4.25. Tim kiém phan tir trong danh sach

Danh sach lién két don doihoi truy xuat tuan tw, do d6 4p dung giai thuat tim tuyén
tinh dé xac dinh phan tir trong danh sach c6 khoa bang v6i x. Str dung mot con tro phu
tro p dé lan luot tro dén cac phan tir trong danh sach. Néu tim thdy c6 1 nit c¢6 khoa
béng voi x thi tra vé con tré chira nat do, nguoc lai néu duyét hét danh sach ma van
khong tim thiy nut nao c6 khoa bang véi x thi tra vé NULL.

Ciac buéc cia giai thuat tim nit c6 Info bing x trong list don:

- Bu6e 1: Néu danh sach rong thi: tra vé NULL;
- Buée 2: Gan p = Head; //dia chi ciia phan tir dau tién trong DSLK don
- Buée 3:
Lap lai trong khi ( p '= NULL va p—Info != x ) thi thuc hién:
p = p—Next; //xét phan tir ké sau

- Bubc 4: Tra vé p; //néu (p '= NULL) thi p luu dia chi ciia phéan tir ¢é khéa
bangx, hodc NULL la khéng cé phan ti can tim.

Cai dat:

1. SNode* findSNode(SListsl, [temType x)

2. {

3. if(isEmpty(sl) ==1)

4, return NULL;

5. SNode* p =sl.Head;

6. while( (p '=NULL) && (p—Info !=x))

7. p = p—>Next;

8. return p; //c6 thé NULL: khéng tim théy, hodc khac NULL: tim thay
9. }

Co thé viét bang lénh for nhw sau:

1. SNode* findSNode(SList sl, [temType x)

2. {
3. for(SNode* p =sl.Head; p != NULL; p = p—>Next)
4. if(p—Info ==x)
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return p; //Trd vé p khdc NULL: tim thdy
return NULL; //Trd vé NULL: khéng tim thdy

No o

3.4.2.6. X0a phan tir ctia danh sach

— Nguyén tic: Phai c6 1ap phan tir can x6a trude khi x6a (hily va thu hdi ving nhé
da duogc cap phat cho né trude do).

— Céc vi tri can x0a:
+ Xoa phan tir dtng dau SList.
+ Xo6a phan tir ding cubi SList.
+ Xo6a phan tir dng sau q trong danh sach SList.

+ Xo6a phan tir c6 khoa bang x cua SList.

O phéan trén, cac phan tir trong danh sach lién két don duoc cdp phat ving nhd
dong bang ham new, thi s& duoc giai phong ving nhd bang ham delete.

3.4.2.6.1. Xoaphan tir dau danh sich

Head i
X Talil
(2)

\v v

)§<. > 5 [
1)’1
D p

v
N
®
v
w
®
v

8 |®T™> NULL

N\3)

Hinh 3.10: Hinh vé minh hoa x6a mét mit diu ciia danh sach lién két don

Giai thuat:

- Bude 1: Néu danh sach rong thi: Khong thyuc hién gi ca.
- Bwdc 2: Khi (Head = NULL) thi: thyc hién cac cong viéc sau:
+ Bwéc 2.1: p = Head,;
+ Buéce 2.2: Head = Head—Next;
+ Buée 2.3: Néu (Head == NULL) thi: Tail = NULL;
+ Bwéce 2.4: Luu lai thong tin nat bi x0a;

+ Buée 2.5: delete(p); //Hiiy niit do p tré dén (con tré p)
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Cai dat:
1. int deleteHead(SList &sl, [temType &x)

3 if(isEmpty(sl) ==1)

4. return 0; //Thuwc hién khdong thanh cong
5. SNode* p = sl.Head;

6 sl.Head = sl.LHead—>Next;

7 if(sl.LHead == NULL)

8. sl.Tail = NULL;

9. x = p—Info;  //Ldy Théng tin ctia nit bi hily
10. delete p; //Huy ntit do p tré dén

11. return 1; //Thwc hién thanh cong

3.4.2.6.2. Xoaphan tir cudi danh sach

Head Talil
)

v \v_/

g |[o4—>| 5 |ot—>| 2 |o}—>| 3 |&f-- o XX|e+— nuLL
Ot @
] )
4 nuLL ®P

Hinh 3.11: Hinh vé minh hoa x6a mdt niit cudi ciia danh sach lién két don

Giai thuat:

- Buée 1: Néu (Tail == NULL) thi: khong thwc hién gi ca.
- Bwée 2: Khi (Tail '= NULL) thi: thyc hién cac cong viéc sau:
+ Budc 2.1: Gan g = Head; va p = Talil;
+ Buée 2.2: Néu (p == q) thi: Head = Tail = NULL;
+ Buée 2.3: Nguoc lai: Tim dén nat ké trude nat Tail.
+ Bwoce 2.4: Tail =q;
+ Buée 2.5: Tail >Next = NULL;

+ Buwdc 2.6: Luu lai thong tin nit bi x6a;

+ Budée 2.7: delete(p); /Hiiy niit do p tré dén

Cai dat:
1. int deleteTail(SList &sl, [temType &x)

2. {

3 if(isEmpty(sl) ==1)

4. return 0; //Thwc hién khong thanh céng
5) SNode* p = sl.Tail;
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6. SNode* q = sl.Head;

7. if(p ==q)

8. sl.Head = sl.Tail = NULL;

9. else

10. {

11. while(q—Next!=p) //Tim niit ké trwéc niit Tail
12. q = q—Next;

13. sl.Tail = q;

14, sl.Tail>Next = NULL;

15. }

16. x = p—Info;  //Ldy théng tin ctia niit bi hily
17. delete p; //Huy niit do p tré dén

18. return 1; //Thwc hién thanh céng

19. }

3.4.2.6.3. Xo6a phan tir sau phan ttr q cta danh sach

Head Tail
] @ !
s |o}—] 5 [&]-» >$>< o 3 |et+—>| 7 |e+—> NULL
K 3
I q (1)1 ) \3)

Hinh 3.12: Hinh vé minh hoa xéa sau nit q ciia danh sach lién két don

Giai thuat:

- Buée 1: Néu (q == NULL hodc qg—>Next == NULL) thi: khong thyc hién.

- Buoc 2: Khi (q '= NULL v@ g—Next !'= NULL) thi: thyc hién cac cong viéc
Sau:

+ Budc 2.1: p = g—>Next;
+ Bwoce 2.2: g—>Next = p—>Next;
+ Buée 2.3: Néu (p == Tail) thi: Tail =q;

+ Buwdc 2.4: Luu lai thong tin nat bi xda;

+ Buée 2.5: delete(p); /Hiiy niit do p tré dén

Cai dat:
1. int deleteAfter(SList &sl, SNode* q, ltemType &x)

2. {

3 if(q == NULL || g—>Next==NULL)

4. return 0; //Thwc hién khéng thanh cong
5 SNode* p = q—Next;
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6. g—Next=p—Next;

7. if(sL.Tail ==p)

8. sl.Tail = q;

9. x = p—Info;  //Ldy théng tin ctia niit bi hiy

10. delete p; //Huy niit do p tré dén
11. return 1; //Thwc hién thanh céng

3.4.2.6.4. Xba mot phan tir co khoa x

Giai thuat:

- Bu6e 1: Néu danh sach rdng thi: Khong thuc hién gi ca.
- Bu6e 2: Tim phéan tir p c6 khoa bang x, va q 1a phan tir dimg ké trude p.
- Buée 3: Néu (p ==NULL) thi: Khéng cé nit chira x nén khong thyc hién.
- Buérc 4: //Nguoc lai (p '= NULL) = nghia la ton tai nit p chita khéa x
+ Néu (p == Head) thi: //p |& miit dau danh sach = xda dau
deleteHead(sl, x);
+ Nguoc lai:
deleteAfter(sl, g, X); //X6a nit p chita x ké sau nit q

Cai dat:

1. int deleteSNodeX(SList &sl, ItemType x)

2. {

3. if(isEmpty(sl) ==1)

4. return 0; //Thwc hién khong thanh céng

5. SNode* p = sl.Head;

6. SNode* q=NULL; //sétrd dénnat ké truécp

7. while( (p '=NULL) && (p—Info !=x))

8. {//vong ldp tim niit p chira x, q la niit ké trwdc p

9. q=p;

10. p = p—>Next;

11. }

12. if(p == NULL) //khéng tim thdy phdn tir cé khéa bang x
13. return 0; //Thwc hién khong thanh céng

14, if(p == sl.Head) //p c6 khda bdng x la niit ddu danh sdch
15. deleteHead(sl, x);

16. else //x6a niit p c6 khéa x nam ké sau niit q

17. deleteAfter(sl, q, x);

18. return 1; //Thwc hién thanh céng

19. }
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3.4.2.7. Duyét danh sach

Duyét danh sach 1a thao tac thuong duogc thyc hién khi ¢6 nhu cu xir Iy cac phan
ttr ctia danh sach theo cting mot cach thirc hodc khi can 13y thong tin tong hop tir céc
phan tir ctia danh sach. Nhu la:

— Pém céc phan tir ctia danh sach.

— Tim tt ca cac phan tir thoa min diéu kién nao do.

— Huy toan by danh sach (va giai phong bd nhd).

Giai thuat:

- Buée 1: Néu danh sach rdng thi: Thong béo danh sach rong va khong thuc hién.
- Bwéc 2: Géan p = Head; //p lwu dia chi ciia phan tir dau trong SList
- Buée 3
Lap lai trong khi (danh sach chua hét) thi thuc hién:
+ Xir 1y phan tu p.

+p = po>Next; /Xét phan tir ké

Cai dit (tong qudt):

1. void processSList(SList sl)

2. {

3 if(isEmpty(sl) ==1)

4. {

5. printf("\nDanh sach rong!");
6 return;

7 }

8. SNode* p = sl.Head;

9. while(p != NULL)

10. {

11. <Xt ly nit p tuy treong hop cu thé>
12. p = p—>Next;

13. }

14. }

Vi du: Ham in noi dung danh sach raman hinh s& duoc viét cu thé nhu sau:

1. void showSList(SList sl)

2. {

3 if(isEmpty(sl) ==1)

4. {

5. printf("\nDanh sach rong!");
6 return;

7 }
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8. printf("\nNoi dung danh sach la: ");

9. SNode* p = sl.Head;

10. while(p = NULL)

11. {

12. printf(“%4d”, p—Info); //xudt ndi dung cua niit p
13. p = p—Next;

14, }

15. }

3.4.2.8. Huy toan by danh sach

Huy tat ca cic phan tir ctia danh sach dong nghia v6i viéc thu hoi lai nhimg ving
nhé dd cap phat cho cac nut cia danh sach. Duyét danh sach mot cach tuan tu tir dau
dén cudi dé huy l1an luot timg nit mot.

Giai thuat:

- Buéc 1: Néu danh sach rdng thi: Khong thyuc hién gi ca.

- Bu6e 2: Lip lai trong khi (danh sach con phan tir) thi thyc hién 1an luot nhitng
viéc sau.

+ Budc 2.1: Gan p = Head;
+ Buée 2.2: Gan Head = Head—Next; //Cdp nhdt con tro Head

+ Buwdc 2.3: Huy con tré p;

- Buée 3: Gan Tail = NULL; //bdo toan tinh nhdt qudn khi danh sdch réng

Cai dat:

1. int deleteSList(SList &sl)

2. {

3. if(isEmpty(sl) ==1)

4, return 0; //Thwchién khéng thanh céng
5. while(sl.Head != NULL)

6. {

7. SNode* p = sl.Head;

8. sl.Head = sl.Head—Next;

Q. delete p; //Hodcgoi ham da viét deleteSNode(p);
10. }

11. sl.Tail = NULL;

12. return 1; //Thwchién thanh céng

13. }
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3.4.2.9. Sip xép danh sach

Mot danh sach c6 thir tu (danh sach duoc sip xép) 1a mot danh sach ma cac phan
tlr ctia n6 duoc sip xép theo mot thir tu ndo d6 dua trén mot truong khoa. Dé sip xép
mot danh sach, ta ¢ thé thuc hién mot trong hai phuong an sau:

3.4.2.9.1. Phwong an 1: Hoan vi ndi dung céc phan tir trong danh sach (ving Info)

Voi phuong 4n nay, c6 thé chon mot trong nhiing giai thuat sap xép da biét dé cai
dat lai trén danh sich nhu thyc hién trén mang, diém khac biét duy nhit 13 cach thic
truy xudt dén cac phan tir trén danh séch thong qua lién két thay vi chi s nhu trén mang.
Do dua trén viéc hoan vi noi dung ctia céc phan tir, phwong &n nay doihoi sir dung thém
ving nhg trung gian nén chi thich hop véi céc danh sach ma thanh phan Info cua céc
phén tir ¢6 kich thude nho. Hon nita, sd 1an hoan vi ¢6 thé 1én dén bac n? v6i danh sach
coOn phén ttr, khong tan dung duoc cac vu diém cua danh sach.

Vi du: Cai dat giai thuat sip xép Chon lwa true tiép trén danh séch:

1. void selectionSort_SList_Ascending (SList &sl)

2. {

3. if(isEmpty(sl) ==1 || sL.Head == sl.Tail) return;
4, SNode* min;

5. for(SNode* p = sl.LHead; p !=sl.Tail; p = p—>Next)
6. {

7. min = p;

8. for(SNode* q = p—>Next; q = NULL; q = q—>Next)
9. if(min—Info > q—Info)

10. min = q;

11. if(min !=p)

12. swap(min—Info, p—Info); //Hodn vi
13. }

14. }

3.4.2.9.2. Phwong an 2: Thay doi cac mdi lién két (thao tac trén ving Next)

Tao mot danh sach méi 1a danh sach c6 thir tu tir danh séch cii (d6ng thoi hity danh
sach cii). Gia sir danh sach moi s& dugc quan 1y bang danh sach Result, ta c6 giai thuat
nhu sau:

- Buéc 1: Khoi tao danh sach méi Result1a rong

- Buée 2: Tim trong danh sach cii SListOld thi phan t&r min 13 phan tir nho nhat
- Bwéc 3: Tach min khoi danh sach SListOld

- Buéc 4: Chén min vao cudi danh sach Result

- Bu6ce 5: Quay lai Budc 2 khi chua hét danh sach SListOld

Cai dat: (Sinh vién tu thuc hién xem nhuw 1 bai tdp)
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= U'u, nhuwoc diém ciia hai phuwong 4n trén l1a:
— Thay ddi thanh phan Info (dix liéu):
+ Uu diém: Cai dit don gian, tuong ty nhu sip xép mang.
+ Nhuwoc diém:
e Doi hoi thém ving nhd khi hoan vi ndi dung cua hai phan tir > chi phu
hgp vdi nhitng danh sach c6 kich thude Info nho.
e Khi kich thudc Info (dir liéu) 16n chi phi cho viéc hoan vi thanh phan Info
16n.
e Lam cho thao tac sip xép cham.
— Thay d6i thanh phin Next:
+ Uu diém:

e Kich thudc cia truong nay khong thay doi, do do khong phy thudc vao
kich thudc ban chat dit liéu luu tai mdi nut.

e Thao tac sap xép nhanh.
+ Nhuwoe diém: Cai dit phuc tap.

3.5. Danh sich liénkét doi
3.5.1. Té chirc danh sach

M&i phan tir lién két voi mot phan tir dimg ké sau va mot phan tr dimg ké trudc
trong danh sach.

M&i phéan tir cia danh sach doi 1a mot céu triic chira hai thanh phan chinh:

— Thanh phén dir liéu (Info): Luu trir cac thong tin v& ban than phan tu.

— Thanh phin liénkét (Link): Luu trir dia chi cta phan tir ké trude va dia chi
ctia phan tir ké sau trong danh sach, hodc luu trit gia tri NULL néu 1a phan tir
dau hay phan tir cudi.

| link | Info | link

Dé don gian va tién theo ddi nén trong gido trinh nay tac gia quy udc thanh phan
dit liéu (Info) cé kiéu ItemType 14 s6 nguyén.

> Ta c6 céu trac dir liéu ctia mot nit trong danh sach lién két d6i nhu sau:
1. typedefint ItemType; //ItemType ciing cé théla kiéu float, SINHVIEN, PHANSO
2. struct DNode

3. {
4, ItemType Info; //Lwu théng tin (di¥ liéu) ctiia bdn thdn.
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5 DNode* Prev; //Con tré tré dén DNode ké trudc.
6. DNode* Next; //Con tré tré dén DNode ké sau.
.

b

Mot phan tir trong danh sach d6i 1a mot bién dong s& duoc yéu cau cip phat khi
can. Va danh sach d6i chinh 1a sy lién két cac bién dong nay voi nhau, nho vay dat dugc
su linh dong khi thay d6i sé luong cac phan ti.

Néu biét dugc dia chi ciia phan tir dau tién hay dia chi ctia phan tir cudi cing trong
danh sach d6i thi c6 thé dwa vao thong tin Next hay Prev ctia né dé truy xuat dén cac
phan tir con lai. Nghia 1a dé quan 1y mot danh sach d6ichi can biét dia chi phan tir dau
hay dia chi phén tir cudi danh sach. Mot con tré Head s& duoc dung dé luu trit dia chi
phin tr ddu danh sach, mot con tro Tail s& dugc dung dé luu trit dia chi phan tir cudi
danh sach. Vi vay cAu trac cia mot danh sach lién két d6i duoc khai bao nhu sau:

1. struct DList

2. {//Kiéu danh sdch lién két déi
3 DNode* Head; //Lwu dia chi Node ddu tién trong DList
4. DNode* Tail;  //Lwu dia chi ctia Node cudi cung trong DList
5.}
Ldc nay ta co danh sach lién két d6i nhu sau:
Head Tail
NULL <=—* 5 0: :. 2 0: :. 4 o: :. 7 |e+—> NULL

Hinh 3.29: Hinh vé minh hoa cAu tric danh sach lién két doi

3.5.2. Cic thao tic co'ban trén danh sach lién két doi
— Tao mot nat c6 trudng Info bing x.
— Khoi tao mot danh sach lién két doi réng.
— Kiém tra danh séach lién két doi rong.
— Thém mdt phan tir ¢ khoa x vao danh séch.
— Tim mot phan tir ¢ Info bang x.
— Huy mot phan tir trong danh séch.
— Duyét danh sach.
— Sép xép danh sach.

3.5.2.1. Tao mdt node méi
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NULL <—t+e X e—+—> NULL

W_J%_JW_}
Prev  Iwfo Next

Hinh 3.30: Hinh vé minh hoa tao mdt niit méi cho danh sach lién két doi

Ham tra vé dia chi phan tor moi tao nhu sau:

1. DNode* createDNode(ItemType x)

2. {

13.
14. )

3.5.2.2.

DNode* p =new DNode;
if(p == NULL)
{
printf(“Khong du bo nhé dé cap phat nut maéi!”);
getch();
return NULL;
}
p—Info =x;
p—Prev=NULL;
p—Next=NULL;
return p;

Khoi tao danh sach rong

Dia chi cia nit dau tién, dia chi cua nit cudi cung déu khong co.

{

3.5.23.

Head Tail

NULL  NULL

void initDList(DList &d1)

dl.Head = NULL;
dl.Tail = NULL;

Kiém tra danh sach lién két d6i réng

Kiém tra danh sach lién két d6i d c6 phan tir ndo hay chua? Nghia 1a kiém tra con

tro dau Head (hodc con tré cudi Tail) c6 bang NULL hay khong? Ham tra s& vé 1 néu

danh sach lién két d6i chua c6 phan tir nao (réng), nguoc lai (khdng réng) thi ham sé tra

vé 0.

int isEmpty(DList dl)

if(dl.Head == NULL)
return 1; //Néu danh sdch réng
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5 else
6. return 0; //Néu danh sdch khéng réng
7

3.5.2.4. Thém mot phan tir vao danh sach

— Nguyén tic thém: Khi thém mdt phan tir vao DList thi c6 1am cho Head, Tail
thay d6i?

— Céc vi tri can thém mot phan tir vao DList:
+ Thém vao du DList.
+ Thém vao cudi DList.
+ Thém vao sau mot phan tir q trong DList.

+ Thém vao trudc mot phan tir q trong DList.

3.5.2.4.1. Thém mot phan tir p chira gia tri x vao dau danh sach
Head Tail

A
[ J

° E 4 o 7/ | @&4+=——> NULL

Hinh 3.31: Hinh vé minh hoa thém mét nit vao diu danh sach lién két doi

Giai thuat:

- Buéc 1: Néu phan tir mubn thém p khong ton tai thi: khong thuc hién.
- Bwéc 2: Néu DList rong thi:

+ Head =p;

+ Tail =p;
- Buéce 3: Nguoc lai:

+ p—>Next = Head,;

+ Head—Prev =p;

+ Head = p;

Cai dit:

1. intinsertHead(DList &dl, DNode* p)
2. {
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3 if(p ==NULL)

4, return 0; //Thuwc hién khdng thanh céng
5. if(isEmpty(dl) ==1)

6 {

7 dl.Head = p;

8 dl.Tail = p;

9. }

10. else

11. {

12. p—>Next=dl.Head;

13. dlL.Head—Prev = p;

14, dl.Head = p;

15. }

16. return 1; //Thwc hién thanh céng

17. }

Head

3.5.2.4.2. Thém mdt phan tir p chira gia tri x vao cudi danh sach

Tail

NULL ¢—Te®

A
o

a

NULL 4 % X |&—> NULL

Hinh 3.32: Hinh vé minh hoa thém mét nit vao cudi danh sach lién két doi

Giai thuat:

- Bu6c 2: Néu DList rong thi:
+ Head = p;
+ Tail =p;
- Budc 3: Nguoc lai:
+ p—Prev = Talil;
+ Tail>Next =p;

+ Tail =p;

- Bu6e 1: Néu phan tir mudn thém p khong ton tai thi: khong thyuc hién.
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Cai dat:
1. intinsertTail(DList &dl, DNode* p)

2. {

3 if(p == NULL)

4 return 0; //Thuwc hién khong thanh céng
S. if(isEmpty(dl) ==1)

6. {

7 dl.Head = p;

8 dl.Tail = p;

9. }

10. else

11. {

12. dl.Tail>Next = p;

13. p—Prev =dl.Tail;

14. dl.Tail = p;

15. }

16. return 1; //Thwc hién thanh céng
17. }

3.5.2.4.3. Thém mot phan tir p co gia tri X vao sau phan tir q c6 gia triy

Head Tail
NULL +«—feo 5 4 ............. ( ) ........................... (4 ............ , 6 e < > o 7 | @d—p NULL
1
(2)
NULL 4 ................. X ‘....4
. " NULL

Hinh 3.33: Hinh vé minh hoa thém vao sau niit q ciia danh sach lién két doi

Giai thuat:

- Buéc 1: Néu phén tir q hodc phan tir mudn thém p khong ton tai thi: khong thuc

hién.
- Bwéce 2:
+ 1 = g—Next;

+ p—Prev =gq;
+ g—>Next = p;
+ p—>Next =r;
- Budc 3:
+ Néu (r = NULL) thi: r—>Prev = p;
+ Nguoc lai (qla phan tir cudi) thi: Tail = p;
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Cai dit:

1. intinsertAfter(DList &dl, DNode* q, DNode* p)
2. {//Chénniitp vaosau niit q

3. if(q == NULL || p == NULL)

4 return 0; //Thwchién khéng thanh céng
5. DNode* r = q—Next;

6. p—Next=r;

7 p—Prev=gq;

8. g—Next=p;

9. if(r '=NULL)

10. r—Prev =p;

11. else //if(q == dl.Tail)

12. dl.Tail = p;

13. return 1; //Thuwchién thanhcéng
14. }

3.5.2.4.4. Thém mdt phan tir p co gia tri x vao trude phan tir q c6 gia triy

Head Tail
NULL =T®| 5 | &0 ( 3) ''''''''''''''''''''''''''' (2 ........... 2| 6 || 7 |e4—> NULL
r 4
NULL‘ ................. X ¢...4 q
0 > NULL

Hinh 3.34: Hinh vé minh hoa thém vao trwdc nit q ciia danh sach lién két doi

Giai thuat:

- Bu6e 1: Néu phan tir q hodc phan tir mudn thém p khong ton tai thi: khong thuc
hién.
- Budc 2:
+ 1 =0g—>Prey,
+ p—>Next =q;
+ g—Prev = p;
+ p—>Prev =r;
- Budc 3:
+ Néu r = NULL thi: r—>Next = p;

+ Nguoc lai (q1a phan tir dau) thi: Head = p;
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Cai dit:

1. intinsertBefore(DList &dl, DNode* q, DNode* p)
2. {//Chen nut pvao trwdc niit q

3. if(g ==NULL || p==NULL)

4 return 0; //Thwc hién khong thanh cong
5. DNode* r = q—Prev;

6. p—Next=q;

7 p—Prev=r;

8. q—>Prev=rp;

9. if(r '=NULL)

10. r—>Next=p;

11. else //if(q == dl.Head)

12. dl.Head =p;

13. return 1; //Thwc hién thanh cong
14. }

3.5.2.5. Tim kiém phan tir trong danh sach

Danh séach lién két doi doi hoi truy xuét tuan tu, do d6 4p dung giai thuat tim tuyén
tinh dé x4c dinh phan tir trong danh sach c6 khoa bang v6i x. Str dung mot con tro phu
tro p dé 1an luot tro dén cac phan tir trong danh sach. Néu tim thiy c6 mot nat c6 khoa
béng voi x thi tra vé con tré chira nat do, nguoc lai néu duyét hét danh sich ma van
khong tim thdy nat nao c6 khoa bang voi x thi tra vé NULL.

Cic bwée ciia gidi thuit tim mit ¢é Info bing x trong danh sich lién két doi
(duyét xuoi):

- Buéc 1: Néu danh séch rdng thi: tra vé NULL;
- Buéc 2: Géan p = Head; //dia chi ciia phdn tir dau trong DSLK dbi
- Busc 3:
Lap lai trong khi ( p '= NULL va p—Info != x ) thi thyc hién:
p = p—>Next; //xét phan tir ké sau

- Budc 4: Tra V& p; //néu (p '= NULL) thi p luu dia chi ciia phan tir ¢6 khéa
bangx, hodc NULL la khéng cé phdn tir can tim.

Cai dat:

1. DNode* findDNode(DListdl, ItemType x)
gl { if(isEmpty(dl) ==1)

4. return NULL; //Khéng tim thdy

;

DNode* p =dl.Head;
while( (p '=NULL) && (p—Info !=x))
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p = p—>Next;
return p; //Khdéng tim thdy: NULL, ngwoc lai: khdc NULL

© o~

3.5.2.6. Xoba phan tir cua danh sach
— Nguyén tic: Phai ¢ lap phan tir can x6a trude khi hiy.
— Céc vi tri can x0a:
+ Xoa phan tir dimg dau DList.
+ Xo6a phan tir dimg cudi DList.
+ Xo6a phan tir dimg sau q trong danh sach DList.
+ Xo6a phan tir dimg trude q trong danh sach DList.
+ Xo6a phan tir ¢ khoa bang x.

O phan trén, cac phan tir trong danh séach lién két doi duoc cip phat ving nhé dong
bang ham new, thi s& dugc giai phong ving nhd bang ham delete.

3.5.2.6.1. Xoba phan tir dau danh sach
He,ad 2) Tail

N 4);/NUI{Q
NULL <196 o1 2 [T 4 [ =T°| 7 [e+—> nuLL
ZWp\

Hinh 3.35: Hinh vé minh hoa x6a mft mit & diu danh sach lién két doi

A
[
A
[

Giai thuat:

- Bwée 1: Néu danh sach rong thi: Khong thyc hién gi ca.
- Budre 2: Thuc hién viéc x6a nut dau danh sach nhu sau:
+ Buéc 2.1: Gan p = Head;
+ Budc 2.2: Head = Head—Next;
+ Buéc 2.3: Kiém tranéu (Head == NULL) thi: Tail = NULL;
Nguoc lai: Head—>Prev = NULL,;
+ Bwdc 2.4: Luu gilr lai gia tri nat bi xoa

+ Buérc 2.5: delete(p); //Huy niit do p tré dén
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Cai dat:

1. intdeleteHead(DList &dl, ItemType &x)

2. {

3. if(isEmpty(dl) ==1)

4, return 0; //Thwchién khéng thanh céng
5. DNode* p = dl.Head;

6. dl.Head = dl.LHead—Next;

7. if(dl.Head == NULL)

8. dl.Tail = NULL;

9. else

10. dl.Head—Prev =NULL;

11. x = p—Info;  //Ldythdng tin cia nit bi hiy
12. delete p; //Huyniitdo p tré dén

13. return 1; //Thwchién thanh céng

3.5.2.6.2. Xoa phan tir cudi danh sach

Head ) Tall
—
v 4~
NULL +=T°| 5 |o*T°| 2 [ 1°| 4 i P ] o— nuLL
N
GNuLL PW

Hinh 3.36: Hinh vé minh hoa x6a & cudi danh sach lién két doi

Giai thuat:

- Buée 1: Néu danh sach rong thi: Khong thue hién gi ca.
- Bwdc 2: Thuc hién viéc x6a nut cudi danh sach nhu sau:
+ Buée 2.1: Gan p = Talil;
+ Budre 2.2: Gan Tail = Tail>Prey;,
+ Buéc 2.3: Kiém tranéu (Tail == NULL) thi: Head = NULL;
Nguoc lai: Tail—>Next = NULL,
+ Budc 2.4: Luu gitr lai gia tr1 nat bi xoa

+ Budéc 2.5: delete(p); /Hiiy niit do con tré p tré dén

Cai dit:

1. int deleteTail(DList &dl, ItemType &x)

2. {

3 if(isEmpty(dl) ==1)

4. return O; //Thwchién khéng thanh céng
5 DNode* p = dl.Tail;
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6. dl.Tail = dl.Tail—>Prev;
7. if(d1.Tail == NULL)
8. dl.Head = NULL;
9. else
10. dl.Tail>Next = NULL;
11. x = p—Info;  //Ldythdng tin cia niit bi hiy
12. delete p; //Huyniitdo p tré dén
13. return 1; //Thwchién thanh céng
14. }
3.5.2.6.3. Xoa phan tir sau phan tir q ctia danh sach

NULL ¢—t®

Head

a
[

&1—> NULL

Hinh 3.37: Hinh vé minh hoa xéa sau nit q ctia danh sach lién két doi

Giai thuat:

- Buéc 1: Néu (q == NULL hodc q == Tail) thi: Khong thuc hién gi ca.
- Bwée 2: Thyuc hién viéc x6a nut p ké sau nat q nhu sau:

+ Buée 2.1: Gan p = g—>Next;

+ Buwdc 2.2: Gan r = p—>Next; g—>Next =r;

+ Buéc 2.3: Néu (r == NULL) thi: Tail = q;

+ Budc 2.4: Nguoc lai: r—>Prev =q;

+ Bude 2.5: Luu gitr lai gia tri nt bi x6a

+ Buéc 2.6: delete(p); /Hiiy niit do con tré p tré dén

Cai dit:

1.

2

ROoo~No M

int deleteAfter(DList &dl, DNode* q, [temType &x)

. {//Huy bé niit ké sau niit q do con tré p tré dén
3.

if(q == NULL || g == d1.Tail)
return 0; //Thuwchién khong thanh cong
DNode* p = g—>Next;
DNode* r = p—>Next;
g—Next=r;
if(r == NULL)
dl.Tail = g;

0. else

11. r—>Prev=q;
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12. x = p—Info;  //Ldythdng tin ctia nit bi hiy
13. delete p; //Huynutdo p tré dén

14. return 1; //Thwchién thanh céng

15. }

3.5.2.6.4. Xoba phan tir truéc phan tir q ctia danh sach
Head Tail

a

NULL «——fe] 5

7 | @4=——> NULL

Hinh 3.38: Hinh v& minh hoa xéa trwée nit q ciia danh sach lién két doi

Giai thuat:

- Buée 1: Néu (q == NULL hodc q == Head) thi: Khong thuc hién gi ca.
- Bwéc 2: Thuc hién viéc x6a nat ké trudce nat q nhu sau:

+ Bwoc 2.1: Gan p = g—Prey;

+ Buéc 2.2: Gan r = p—>Prev; g—Prev =r;

+ Buée 2.3: Néu (r == NULL) thi: Head = q;

+ Bude 2.4: Nguoc lai: r—Next = q;

+ Bwdc 2.5: Luu gitr lai gia tri nat bi x6a

+ Budéc 2.6: delete(p); /Hiy niit do p tré dén

Cai dit:

1. int deleteBefore(DList &dl, DNode* q, [temType &x)
2. {//Huy bé niit ké truéc niit q do con tré p tré dén
3. if(g ==NULL || q == dl.Head)

4, return 0; //Thwchién khéng thanh céng
5. DNode* p = q—Prev;

6. DNode* r = p—>Prev;

7. q—Prev=r;

8. if(r == NULL)

9. dl.Head = q;

10. else

11. r—>Next=q;

12. x = p—Info;  //Ldythdng tin cta niit bi hily
13. delete p; //Huyniitdo p tré dén

14. return 1; //Thwchién thanhcéng

15. }
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+ Budc 3.3: Nguoc lai:

- Buée 1: Gan p = findDNode(dl, X); /» la phan tir cé khéa x cdn hiiy.
- Buédc 2: Néu (p == NULL) thi: Khéng thuc hién gi ca.
- Bwéc 3: Khi (p = NULL) thi thyc hién cac cong viéc sau:
+ Budc 3.1: Néu (p == Head) thi: Xda niit dau deleteHead(dl, X);
+ Buée 3.2: Nguoc lai, Néu (p == Tail) thi: X6a cudi deleteTail(dl, X);

g = p—Prey;
r = p—>Next;
g—Next =r;

r—>Prev = q;

+ Buéc 3.4: delete(p); /Hiiy niitdo p tré dén

Cai dat:

1. int deleteDNodeX(DList &dl, ItemType x)
2. {

3. DNode* p = findDNode(d]l, x);

4. if(p == NULL)

5. return 0; //Thuwchién khéng thanh céng
6. if(p ==dl.Head)

7. deleteHead(dl, x);

8. else if(p == dl.Tail)

9. deleteTail(dl, x);

10. else

11. {

12. DNode* q = p—>Prev;

13. DNode* r = p—>Next;

14. g—Next=r;

15. r—>Prev=gq;

16. delete p; //Huynitdo p tré dén
17. return 1; //Thwchién thanh cong
18. }

19. }

Hoic c6 thé sir dung lai ham deleteAfter nhu sau:

1. int deleteDNodeX(DList &dl, [temType x)

2. {

3. DNode* p = findDNode(dl, x);

4. if(p == NULL)

5. return 0; //Thuwchién khéng thanh céng
6. if(p == dl.Head)

7. deleteHead(dl, x);
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8. else if(p == dl.Tail)

9. deleteTail(dl, x);

10. else

11. {

12. DNode* q =p—Prev; //qla nitkét trwccp

13. deleleAfter(dl, q, x); //Xdaniitké sau q >xéap
14, return 1; //Thuwchién thanhcéng

15. }

16. }

3.5.2.7. Duyét danh sach

Duyét danh sach 1a thao tac thuong dugc thuc hién khi c6 nhu cau xir 1y cac phan
tr cta danh sach theo cing mot cach thirc hoic khi can lay thong tin tong hop tir céc
phéan tir ctia danh sach. Nhu la:

— Pém cac phan ti cua danh sach.
— Tim tt ca cac phan tir thoa diéu kién.

— Huy toan bd danh sach (va giai phong bd nhd).

3.5.2.7.1. Giai thuat duyét xuoi

- Buéc 1: Néu danh sach rong thi: Thong bao va khong thyc hién
- Bwéc 2: Géan p = Head; //p luu dia chi ciia phdn tir dau trong DList
- Bude 3:
Lap lai trong khi (danh sach chua hét) thi thuc hién:
+ Xir 1y phan tt p

+ p = po>Next; /Xét phan tir ké sau

Cai dit (tong quadr):

1. void processDList(DList dl)

2. {

3. if(isEmpty(dl) == 1)

4.

5. printf(“\nDanh sach réng!");
6. return;

7. }

8. DNode* p = dl.Head;

9. while(p != NULL)

10. {

11. processDNode(p); //Xwly niit p tuy trweong hop cu thé
12. p = p—Next;
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13. )
14. )

Vi du: Ham in ndi dung danh sach ra man hinh theo chiéu xudi s& dugc viét cu thé
nhu sau:

1. void showDList(DList dl)

2. {

3. if(isEmpty(dl) ==1)

4. {

5. printf(“\nDanh s4ch rong!”);
6 return;

7 }

8. printf(“\nNoi dung danh sach:");
9. DNode* p = dl.Head;

10. while(p !=NULL)

11. {

12. printf(“%4d”, p—Info);
13. p = p—Next;

14, }

15. }

3.5.2.7.2. Giai thuat duyét nguoc

- Buée 1: Néu (Tail == NULL) thi: Thong béo danh sach rdng, khong thyuc hién
- Bwéce 2: Géan p = Tail; //p luu dia chi ciia phan tir ddu trong DList
- Bude 3

Lap lai trong khi (danh sach chwa hét) thi thuc hién:

+ Xir 1y phan ta p

+ p = po>Prev, //Xét phcfn tir ké trude

Cai dit (tong qudt):
1. void processDList(DList dl)

2. {

3 if(isEmpty(dl) ==1)

4 {

5. printf(“\nDanh sich rong!”);
6. return;

7 }

8 DNode* p =dl.Tail;

9. while(p '=NULL)

10. {

11. processDNode(p); //Xwly ptuy trwong hop cu thé
12. p = p—Prev;

13. }

14. }
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Vi du: Ham in nd1 dung danh sach ra man hinh theo chiéu nguoc s€ dugc viét cu
thé nhu sau:

1. void showDList(DList dl)

2. {

3 if(isEmpty(dl) ==1)

4. {

5. printf(“\nDanh s4ch rong!”);
6 return;

7 }

8. printf(“\nNoi dung danh sach:”);
9. DNode* p = dl.Tail;

10. while(p != NULL)

11. {

12. printf(“%4d”, p—Info);
13. p = p—Prev;

14. }

15. }

3.5.2.8. Huy toan b danh sach

Huy tét ca cac phan tir cua danh sach dong nghia véi viéc thu hoi lai nhimg ving
nhé da cap phat cho céc nut ciia danh sach. Duyét danh sach mot cach tuan tu tir dau
dén cudi (hodc tir cudi vé dau) dé hily 1an lugt timg nit mot.

Giai thuat duyét xuéi:

- Buée 1: Lap lai trong khi (danh sach con phan tir) thi thuc hién:
+ Buée 1.1: Gan p = Head;
+ Budc 1.2: Gan Head = Head—Next; //Cdp nhdt lai Head

+ Budc 1.3: Huy con tro p;

- Bu6e 2: Gan Tail = NULL; //bdo toan tinh nhdt qudn khi danh sach réng

Cai dit:

1. int deleteDList(DList &dl)

2. {

3 if(isEmpty(dl) ==1)

4 return 0; //Thwchién khéng thanh céng
5 while(dl.Head !'= NULL)

6. {

7 DNode* p = dl.Head;

8. dl.Head = dl.LHead—>Next;

16. delete p; //Huynutdo p tré dén

9. }

10. dl.Tail = NULL;
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11. return 1; //Thwchién thanh céng
12. }

3.5.2.9. Sip xép danh sach

Mot danh sach co thar tu (danh sach duoc se'ip xép) la mdt danh sach ma cac phém
tir cua nd duoc Sép Xép theo mdt thr ty ndo d6 dua trén mdt truong khoa. bé se'ip xép
mot danh séach, ta co thé thuc hién mot trong hai phuong an sau:

3.5.2.9.1. Phwong an 1: Hoan vi ndi dung cac phan tir trong danh sach (ving Info)

V6i phuong 4n ndy, c6 thé chon mot trong nhiing giai thuat sap xép da biét dé cai
dat lai trén danh sach nhu thuc hién trén mang, diém khéac biét duy nhét 1a cach thirc
truy xuat dén cac phan tir trén danh sach thong qua lién két thay vi chi s6 nhur trén méang.
Do dua trén viéc hoan vi ndi dung ctia céc phﬁn tu, phuong an nay doi hoi str dung thém
ving nhd trung gian nén chi thich hop voi céc danh sach ma thanh phan Info cia cac
ph?m tir ¢6 kich thude nho. Hon nita, sd 14n hoan vi ¢6 thé 1én dén bac n? v4i danh sach
coéOn phﬁn tr, khong tan dung duoc cac uu diém cta danh sach.

Vi du: Cai dat giai thuat sap xép ndi bot trén danh sach nhu sau:

1. void bubbleSort_DList_Ascending (DList &dl)

2. {

3 if(isEmpty(dl) ==1 || dl.Head == d1.Tail) return;
4 for(DNode* p =dl.Head; p != dL.Tail; p = p—>Next)
5. {

6 for(DNode* q =dl.Tail; q != p; q = q—>Prev)
7 if(q—Info < q—>Prev—Info)

8 swap(q—Info, g—>Prev—Info);

9. }

10. }

3.5.2.9.2. Phwong an 2: Thay doi cac mbi kién két (hai con tré Next va Prev)

Tao mot danh sach ma1 1a danh sach c6 thir tu tir danh sach cii (déng thot huy danh
sach cii). Gia str danh sach méi s& duoc quan 1y bang danh sach Result, va giai thudt nhu
Sau.

- Bude 1: Khoi tao danh sach méi Result 1a rong.
- Buée 2: Tim trong danh sach DListOld thi phan tir min 1a phan tr nho nhat.
- Bwoc 3: Tach min khéi danh sach DListOld.

- Buée 4: Chén min vao cudi danh sach Result.
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- Buéc 5: Quay lai Bude 2 khi chua hét danh sach DListOld.

Cai dat: (Sinh vién tu thuc hién xem nhuw 1 bai tdp)

3.6. Danh sach lién két vong

Danh sach lién két vong v& co ban duoc phat trién mo rong tir danh sach lién két
don va danh sach lién két d6i. Vi vdy danh sach lién két vong ciing c¢6 hai loai 1 danh
sach lién két vong don va danh sach lién két vong doi.

Danh sach lién két vong don c6 phan tir cudi lién két voi phan tir dau cua danh
séch.

Head Talil

Hinh 3.39: Hinh vé minh hoa danh sach lién két vong don

Danh séch lién két vong doi c6 phan tir cudi lién két voi phan tir dau va phan tu
dau lién két v&i phan tir cudi danh séch.

Head Tail
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Hinh 3.40: Hinh vé minh hoa danh sach lién két vong doi

Tuy nhién, gido trinh nay chi trinh bay danh sach lién két vong don. Vi vdy tac gia
quy udc dung thuat ngit danh sach lién két vong thay cho danh sach lién két vong don.
3.6.1. Té chirc danh sach

Céu trac ciia mot danh sach lién két vong nhu sau:

=>Ta c6 cau trac dir li€u ctia mot nit trong danh sach lién két don nhu sau:

1. typedefint ItemType; //ItemType ciing cé thé la kiéu float, SINHVIEN, PHANSO, ...
2. struct CNode

3. {

4 ItemType Info; //Lwuthdng tin (divliéu) ciia bdn thdn.
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5. CNode* Next; //Contré tré dén CNode ké sau.
6. }

7. struct CList

8. {//Kiéudanh sdchlién kétvong

9. CNode* Head; //Lwudia chi Node ddu tién trong CList
10. CNode* Tail;  //Lwudia chi ctia Node cudi cting trong CList
11.

Lic ndy ta c6 danh sach lién két vong nhu sau:

Head Talil

Hinh 3.41: Hinh vé minh hoa céu triic danh sach lién két vong don

3.6.2. Céc thao tac co ban trén danh sach lién két vong
— Tao mét nut co6 truong Info béng X.
— Khdi tao mot danh sach lién két vong rdng.
— Kiém tra danh séch lién két vong rong.
— Thém mot phan tir c6 khoa x vao danh sach.
— Tim mot phan tir c6 Info bang x.
— Huy mot phan ta trong danh sach.
— Duy¢t danh sach.
— Sép xép danh sach.

3.6.2.1. Tao mot node méi

X |es—>NuLL

%_JW_J
Twufo Next

Hinh 3.42: Hinh vé minh hga tao mgt nlit méi cho danh sach vong don

Ham tra vé dia chi phan tor moi tao nhu sau:

1. CNode* createCNode(ItemType x)

2. {

3. CNode* p = new CNode;

4, if(p == NULL)

5. {

6. printf(“Khong du bo nhé dé cap phat nut maéi!”);
7. getch();

8. return NULL;
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9.

10.
11.
12.

13

3.6.2.2.

}

p—Info =x;
p—Next=NULL;
return p;

-}

Khéi tao danh sach rong

Dia chi cua nit dau tién, dia chi cua nat cudi cung déu khong co.

3.6.2.3.

Head Tail
NULL NULL
void initCList(CList &cl)
{
cl.Head = NULL;
cl.Tail = NULL;
}

Kiém tra danh sach lién két vOng rong

Kiém tra danh sach lién két vong di c6 phan tir ndo hay chua? Nghia 1a kiém tra
con tro dau Head (hodc con tré cudi Tail) ¢6 bang NULL hay khong? Ham tra s& vé& 1
néu danh sach lién két vong chwa co phan tir ndo (réng), nguoc lai (khdng réng) thi ham

s& tra vé 0.
1. intisEmpty(CList cl)
2. {
3. if(cl.Head == NULL)
4. return 1; //Néudanh sdchréng
5. else
6. return 0; //Néudanh sdchkhéng réng
7. }
3.6.2.4. Thém mot phan tir vao danh sach

Nguyén tic thém: Khi thém mot phan tir vao CList thi s& lam cho Head va Tail
thay d6i, nén can phai cap nhat lai ching.

Céc vi tri can thém:

+ Thém phan tir vao dau CList.

+ Thém phan tir vao cudi CList.

+ Thém phan tir vdo sau phan tir q.

+ Thém phan tir vao trudc phan tir q.
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Gi4o trinh nay chi trinh bay trudng hop thém vao dau danh sach. Cac truong hop
con lai danh cho cac ban sinh vién (xem nhw bai tdp).

@
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Hinh 3.43: Hinh vé minh hoa thém mét niit vio dau danh sich vong don

Giai thuat:

- Buée 1: Néu phan tir mudn thém p khong ton tai thi: khong thyuc hién.
- Buée 2: Néu CList rong thi:

+ Head = Tail =p;
- Budc 3: Nguoc lai:

+ p—Next = Head;

+ Head = p;

- Budc 4: Cho phan tir cudi tré vé€ phan tir dau mdi cua danh sach

+ Tail>Next = Head;

Cai dat:
1. intinsertHead(CList &cl, CNode* p)

2. {

3. if(p ==NULL)

4, return 0; //Thwchién khéng thanh céng
5. if(isEmpty(cl) ==1)

6. {

7. cl.Head =p;

8. cl.Tail = p;

9 }

10. else

11. {

12. p—>Next = cl.Head;

13. cl.Head = p;

14. }

15. cl.Tail>Next = cl.Head;

16. return 1; //Thuwchién thanhcéng
17. }
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3.6.2.5. Tim kiém phan tir trong danh sach

Danh sach lién két vong doi hoi truy xuat tuan tw, do d6 4p dung giai thuat tim

tuyén tinh dé xac dinh phan tr trong danh sach c6 khoa bang véi x. Str dung mot con tro

phu tro p dé lan luot tré dén cac phan tir trong danh sach. Néu tim thdy co mot nit c6

khoa bang voi x thi tra vé con trd chira nat do, nguoc lai néu duyét hét danh sach ma

van khong tim thdy nit nio c6 khoa bang voi x thi tra vé NULL.

Ciéc bude ciia giai thuit tim mit c6 Info bing x trong list vong:

- Buée 1: Néu danh sach rdng thi: Tra vé NULL

- Buée 2: Néu (Head—Info == x) thi: Tra vé Head //C6 phan tir can tim.

Budc 3:
p = Head—>Next; // phdn tir ké sau phan tir dau danh sdch
Lap lai trong khi ( p—Info != x va p != Head ) thi thyc hién:
p = p—>Next; /xét phan tir ké
- Buoe 4:

Néu (p—Info == x) thi: Tra vé p /C6 phdn tir can tim.

Nguoc lai: Tra v& NULL /Khéng c¢6 phan tir can tim.

Cai dat:
1. CNode* findCNode(CListcl, ItemType x)
2. {

3 if(isEmpty(cl) ==1)

4. return NULL; //Danhsdchréng

5. if(cl.Head—Info ==x)

6 return cl.Head; //Tim thdy

7 CNode *p = cl.Head—Next;

8. while( (p '=cl.Head) && (p—Info !=x))
9. p = p—>Next;

10. if(p—Info ==x)

11. return p; //Timthdy

12. return NULL;  //Khéng tim thdy
13. }

3.6.2.6. X0a phan tir ctia danh sach
— Nguyén tic: Phai c6 14p phan tir can x6a trude khi huy.
— Céc Vi trf can xoa:
+ Xoa phan tir ding dau CList.

+ Xo6a phan tir ding cudi CList.
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+ Xo6a phan tir dimg sau q trong danh sach lién két vong.
+ Xoa phan tir c¢6 khoa bang x.

Gi4o trinh ndy chi trinh bay trudng hop x6a phan tir c6 khoa bang x trong danh
sach. Cac truong hgp con lai danh cho céc ban sinh vién (xem nhu bai tdp).

O phan trén, cac phan tir trong danh sach lién két vong duoc cép phat ving nhd
dong bang ham new, thi s& duoc gidi phong ving nhé bang ham delete.

Head

Hinh 3.44: Hinh vé minh hga x6a nut c6 khoa x trong danh sach vong don

Giai thuat:

- Bwére 1: p = findCNode(cl, X); /p la phan tir ¢6 khéa x can hiy.

- Buée 2: Néu (p == NULL) thi: Khong ¢6 nat nao co gia tri bang x nén khong
thuc hién.

- Buge 3: Khi (p '= NULL) thi:
+ Buéc 3.1: Néu (p == Head) thi:
Néu (Head == Tail) thi: /Danh sdch chi ¢é 1 niit
Gan lai gia tri cho Head va Tail: Head = Tail = NULL,;
Nguoc lai:
Head = Head—Next;
Tail>Next = Head;
+ Budc 3.2: Nguoc lai:
q = findCNodePrevious(cl, p); //q la niit ké trude p
g—Next = p—Next;
Néu (Tail == p) thi:

Gan lai con tr¢ Tail 1a: Tail = q;

+ Buéc 3.3: delete(p); /Hiiy niit do con tré p tré dén
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Cai dit:

1. CNode* findCNodePrevious(CList cl, CNode* p)
2. {//Timnut q la nut ké truécp

3. CNode* q = cl.Head;

4 if(q ==p)

5. return p; //danhsdch chi cé 1 niit

6. else

7 {

8. while(g—Next !=p)

9. q = q—Next;

10. return q; //q laniit ditng ké truéc niit p
11. }

int deleteCNodeX(CList &cl, [temType x)

1

2

3. CNode *q, *p = findCNode(cl, x);

4. if(p == NULL)

5 return 0; //Thwchién khéng thanh céng
6 if(p == cl.Head)

7

8

{

: if(cl.Head == cl.Tail) //Danhsdch chi cé 1 niit
9. cl.Head = cl.Tail = NULL;
10. else
11. {

12. cl.Head = cl. Head—Next;
13. cl.Tail>Next = cl.Head;
14, }

15. }

16. else

17. {

18. q = findCNodePrevious(cl, p);
19. g—Next=p—Next;

20. if(cl.Tail ==p)

21. cl.Tail = q;

22. }

23. delete p; //Huynutdo p tré dén

24. return 1; //Thwchién thanh cong

25. }

3.6.2.7. Duyét danh sach

Duyét danh sach 1a thao tac thuong dugc thuc hién khi c6 nhu cau xtr 1y cac phan
tr cua danh sach theo cung mot cach thirc hodc khi can ldy thong tin tong hop tir cac
phan tir ctia danh sach. Nhu la:

— DPém cac phan tu cua danh séach.

— Tim tét ca cac phan tir thoa diéu kién.
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— Huy toan bd danh séach (va gidi phong b nho).

Giai thuat:

- Buée 1: Néu danh sach rong thi: Khong thuc hién gi ca.
- Bwéc 2: Gan p = Head;  //p luu dia chi ciia phdn tir ddu trong Clist
- Bue 3:
Lan luot thuc hién céc cong viéc sau:
- Xtr 1y phan tt p;
- p = poNext; //Xét phan tir ké

Lap lai trong khi (p != cl.Head):

Cai dit (tong qudt):

1. void processCList(CList &cl)

2. {

3. if(isEmpty(cl) ==1)

4, {

5. printf("\nDanh sach rong!");
6. return;

7. }

8. CNode *p = cl.Head;

9. do

10. {

11. ProcesCNode(p); //xw Iy node p theo yéu cdu cu thé
12. p = p—>Next;

13. }while(p !'=cl.Head);

14. }

Vi du: Ham in ndi dung danh sach ra man hinh s€ dugc viét cu thé nhu sau:

1. void showCList(CList cl)

2. {

3. if(isEmpty(cl) ==1)

4 {

5. printf("\nDanh sach rong!");
6. return;

7 }

8 printf("\nNoi dung cua danh sach la: ");
9. CNode *p = cl.Head;

10. do

11. {

12. printf("%4d", p—Info);

13. p = p—Next;

14, }while(p !'=cl.Head);

15. }
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3.6.2.8. Huy toan bo danh sach

Huy tét ca cac phan tir cua danh sach ddng nghia véi viéc thu hoi lai nhimg wving
nhé d3 cip phat cho cac nit ciia danh sach. Duyét danh sach mot cach tudn ty tir dau
dén cubi dé huy lan luot tirng nat mot.

Giai thuat:

- Buéc 1: Néu danh sach rong thi: Khong thyc hién gi ca.
- Budc 2:
+ Bude 2.1:
p = Head—Next;
Lap lai trong khi (p !'= Head) thi thyc hién:

-g=p,
- p = p—~>Next;
- Huy q;

+ Bwéc 2.2: Huy p; /Vi liic nay con tré p dang tré dén Head
Gan Head = Tail = NULL; //Gan lai 2 con tro Head va Tail tré NULL

Cai dat:

1. int deleteCList(CList &cl)

2. {

3 if(isEmpty(cl) ==1)

4 return 0; //Thwchién khéng thanh céng
5. CNode *p, *q;

6. p = cLHead—Next;

7 while(p != cl.Head)

8 {

9. q=p;

10. p = p—Next;

11. delete q;

12. }

13. cl.Head = cl.Tail = NULL;

14. delete p; //Licnayp dang tré dén vi tri cl. Head ci;
15. return 1; //Thuchién thanh céng

16. }

3.7. Uu nhuoge diém ciia danh sach lién két

Do céc phan tir (niit) duge luu trir khong lién tiép nhau trong bo nhé, do vay danh
sach lién két c6 cac uu nhuoc diém sau day:

— Mat d6 st dung bd nhé ctia danh sach lién két khong tbi uu tuyét ddi (<100%).
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— Viéc truy xuit va tim kiém cac phan tir ctia danh sach lién két mat nhiéu thoi
gian boi ludn ludn phai duyét tudn tu qua cac phan tir trong danh sach.

— Tan dung duoc nhitng khong gian bo nhd nhé dé luu trit timg ndt, tuy nhién bd
nhd luu trit thong tin mdi nat lai ton nhiéu hon do con phai luu thém thong tin
vé ving lién két. Nhu vdy néu ving dit liéu ctia mdi ndt 12 16n hon thi ty 18 murc
tiéu tén bo nhé nay 1a khong dang ké, nguoc lai thi nd lai gay lang phi bo nho.

— Viéc thém, b6t cac phan tir trong danh sach, tach/ghép cac danh sach kha dé
dang do ching ta chi can thay d6i mdi lién két gitta cac phan tir voi nhau.

3.8. Cau hoi va bai tap
3.8.1. Cau heéi

1. Phan tich wu diém va khuyét diém cua danh sach lién két véi mang. Tong quét
hoa cac truong hop nén ding danh sach lién két.

2. Hiéu duoc céc thao tac thém, xda, stra, tim kiém ndt. Nam duoc cac diém manh
cua cau trc dir liéu dang danh sach lién két.

3. Xay dung mét cau tric dix liéu sinh vién thich hop. Voi céc thao tac sau:

— Thém mot sinh vién.

X0a mot sinh vién.

Stra mot sinh vién.

Sap xép tang dan danh sach sinh vién d6 theo MaSV hoic tén.

Tim kiém sinh vién theo MaSV hoic tén.

4. Nam dugc co ché hoat dong cua Stack, Queue. Va céc thao tac thém mot phan
tr vao Stack, Queue va ldy mot phan tir ra khoi Stack, Queue.

Ung dung vao viéc luu cac ki tu cia mot chudi bang Queue/Stack. Hay cho
biét ndi dung cua Queue VA& Stack sau mdi thao tic trong ddy:
“hell*o***w*orld**”,

Biét rang: Véi mot chit cai tuong trung cho thao tac thém chir cai tuong tng
Vao Queue/Stack, ddu * tuong trung cho thao tac iy ndi dung mot phan tir trong
Stack/Queue in Ién man hinh.

5. Mot ma tran chi chira rat it phan tir v6i gia tri c6 nghia (vi du: phan tir = 0) dugc
goi la ma tran thua.

Vi du:
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Dung céu trac xau lién két dé to chirc biéu dién mdt ma tran thua sao cho tiét
kiém nhét (chi luu trit cac phén tir c6 nghia).
— Viét chuong trinh cho phép nhap, xuat ma tran.
— Viét chuong trinh con cho phép cong hai ma tran.

6. Gia su xay dung mot chuong trinh soan thao vin ban, hdy chon cau tric di liéu
thich hop dé luu trit van ban trong qua trinh soan thao. Biét rang:

— S6 dong van ban khéng han ché.
— Mbi dong van ban c6 chiéu dai toi da 80 ty tu.
— Céc thao tac gom:

+ Di chuyén trong van ban.

+ Thém, x0a sua ky tu trong méot dong.

+ Thém x0a sua mot dong trong van ban.

3.82. Baitap
1. Cai dat tat ca cac thao tac coban trén danh sach lién két don, danh sach kién két
d6i, danh sach kién két vong.
2. Cai dat giai thuat sap xép cheén tryc tiép trén danh sach doi. Nhan xét xem nd ¢
phat huy wu thé cua giai thuat hon trén mang hay khong?
. Cai dat giai thuat Quick Sort theo kiéu khong dé quy.
. Cai dat lai chuong trinh quan 1y sinh vién theo nhu bai tap 3.

. Cai dat lai chuong trinh soan thao van ban theo mé ta trong bai tap 4.

oS 01 B~ W

. Cai dat chuong trinh tao mot bang tinh cho phép thuc hién cac phép tinh +, -,
* [, % trén céc s toi da 30 chir SO.

7. Cai dat chuong trinh cho phép nhap vao mat biéu thirc gom cac sd, cac toén ta
+,-,*, 1, %, cac ham toan hoc sin, cos, tan, In, ex, dau mo dong ngoac (7, )"
VA tinh toén gia tri cua biéu thic.

8. Cai dit chuwong trinh cho phép nhap vao hai da thic gdm cac todn hang 1a cac

sb, cac toan tir + , -, *, VA bién x, V& thuc hién viéc +, -, *,/hai da thic.
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Chudong 4. NGAN XEP VA HANG PO1

Trong céc thao tac trén danh sach khong phai luc ndo ciing c6 thé thuc hién duoc
tAt ca ma nhiéu khi cac thao tac nay bi han ché trong mot sb loai danh sach, d6 la
danh sach han ché.

Nhu vay, danh sach han ché 1a danh sach ma céc thao tac trén d6 bi han ché trong
mot chimg muc nao do tuy thudc vao danh sach. Trong phan nay ching ta xem xét
hai loai danh sach han ché cha yéu d6 1a: Ngan xép (Stack), Hang doi (Queue).

4.1. Ngin xép - Stack

4.1.1. Dinh nghia

Ngin xép 12 mot danh sach ma trong d6 thao tac thém mot phan tir vao trong danh
sach va thao tac léy ra mot ph?ln tu tir trong danh sach dugc thuc hién ¢ cung mot dau
(hay con goila dinh).

Nhu vy, cac phan tir duoc dua vao trong ngin xép sau cung s& duoc ldy ra trudc
tién, phan tir dua vao trong ngin xép trude tién s& duoc 1dy ra sau cing. Do d6 ma ngin
xép con duoc goi 13 danh sach vao sau ra trude (LIFO List) va ciu trac dit liéu ndy con
duoc goi 1a céu tric LIFO (Last In — First Out).

C6 nhiéu cach dé biéu dién va t6 chic cac ngin xép:

— St dung danh s&ch dic (mang 1 chiéu);
— Sir dung danh séch lién két.

Do ¢ day ca hai thao tac thém vao va léy ra déu duoc thuc hién & mot dau nén
ching ta chi can quan 1y vi tri ddu cta danh sach ding 1am mit (dinh) cho ngin xép
thdng qua bién chi s6 dinh Top. Chi sd ndy c6 thé 1a cung chiéu (d¢au) hodc nguoc chiéu
(cubi) v6i th ty céc phan tir trong mang va trong danh sach lién két. Diéu ndy co6 nghia
la dinh ngin xép c6 thé 1a du mang, dau danh sach lién két ma ciing c6 thé 13 cubi mang,
cudi danh sach lién két. Pé thuan tién, & day ching ta gia st dinh cta ngin xép la dau
mang, dau danh sach lién két. Truong hop nguoc lai, sinh vién tu 4p dung twong tu.

O day chung ta ciing s& biéu dién va t6 chirc ngan xép bang danh sach dic va bang
danh sach lién két don duoc quan 1y bdi con tré dau danh sach. Do vy cau trac dit liéu
ctia ngan xép va cac thao tac trén d6 s& duoc trinh bay thanh hai trudong hop khéc nhau.

4.1.2. Ung dung cua Stack
Stack c6 nhiéu ung dung, chang han nhu:
— Trinh bién dich.
— Khu d¢ quy duoi.

— Luu vét cac qua trinh quay lui, vét can.
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Vi du: Chuong trinh A goi chuong trinh B, chuong trinh B goi chuong trinh C.
Khi chuong trinh C dugc thuc hién xong thi su diéu khién chuong trinh s& tro vé thuc
hién chuong trinh B, 161 khi chuong trinh B duoc thuc hién xong thi su diéu khién
chuong trinh s€ tro vé thuc hién chuong trinh A. Nhu vdy chuong trinh B dugc goi sau
s& dugc tro vé thyuc hién trude chuong trinh A. D6 1a nhd diémnhdp (entry point) tré vé
cua cac chuong trinh dugc chira trong Stack.

A B C

Hinh 4.1: Hinh vé minh hoa co ché Stack

Stack c6 thé dugc to chic theo dang mang hodc theo danh sach lién két. Vi phép
thém vao va phép loai bd chi dugc thuc hién ¢ cting mot dau nén ta chi can mot chi diém
goi la con tro cua Stack (Stack pointer).

n Head—p

i‘ ® 4 48

T6 chitc bang mang T6 chiec bang DSLK

Hinh 4.2: Hinh vé minh hoa ciu tric té chire Stack

4.1.3. Céac thao tac trén Stack
Stack chu yéu ding céc thao tac sau:

initStack(&s): Khoi tao Stack mai s.

iSEmpty(s): Kiém tra Stack s c6 rdng hay khong.

push(s, 0): Thém dbi tugng o vao dinh cua Stack s.

pop(s, X): Lay d6i tuong tir dinh ctia Stack s va gan gia tri ctia nd cho x.

getTop(s, x): Lay gia tri ctia ddi tuong o dinh ciia Stack s va gan gid tri d6 cho
x ma khong huy d6i tuong nay ra khoi Stack s.
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4.1.4. Biéudién Stack bing ming

4.1.4.1. T6 chirc di liéu
Ta dinh nghia Stack s 1a mot mang chira cac phan ti.
01 2 Top N-1
Hinh 4.3: Hinh vé minh hoa t6 chirc Stack bang miang mdt chiéu

#define MAXSIZE 100
typedef int ItemType;
struct Stack

{
ItemType Info[ MAXSIZE];

int Top;

NookownE

b

4.1.4.2. Cacthaotac trén Stack
4.1.4.2.1. Khoi tao Stack

Sau khi khoi tao thi Stack phai rong, nén gia tri cua Top sé& bang -1.

N-1

2
1

0
Top—p
Hinh 4.4: Hinh vé minh hoa khéi tao Stack rong

1. void initStack(Stack &s)
2. {

3. s.Top =-1;

4. }

4.1.4.2.2. Kiém tra Stack rong

1. intisEmpty(Stack s)

2. {//Hamkiém tra Stack cé rong hay khéng
3. if(s.Top ==-1)

4. return 1; //NéuStack réng
5. else
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6. return 0; //NéuStack khéng réng
7. }

4.1.4.2.3. Kiém tra Stack day

1. intisFull(Stacks)
2. {//Kiémtra Stack cé ddy hay khdong

3. if(s.Top >= MAXSIZE)
4, return 1;

5. else

6. return 0;

7. }

4.1.4.2.4. Thém mdt phan tir méi vao Stack

Gia str ta can thém gia tri x vao Stack.

N-1

Top___p 2

Hinh 4.5: Hinh vé minh hoa thé¢m phan tir vao Stack

Ham push tra vé gia tri 0 néu Stack bi day, hodc tra v& 1 néu thém phan tir moi
vao Stack thanh cong.

int push(Stack &s, ItemType x)

1.

2. {

3 if(isFull(s) == 1)

4. return 0; //Thuwc hién khong thanh cong
5. s.Top++;

6 s.Info[s.Top] =x;

7 return 1; //Thwc hién thanh cong

8.

}
4.1.425. Lay mot phan tir ra khoi Stack

Gia str can ldy gia tri x & dinh ra khoi Stack.
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Hinh 4.6: Hinh v& minh hoa liy phin tir & dinh Stack

Ham pop tra vé gia tri 0 néu Stack rdng, hodc tra vé gia tri 1 néu lay thanh cong
phéan tir & dinh Stack.

1. int pop(Stack &s, ItemType &x)

2. {

3 if(isEmpty(s) == 1)

4, return 0; //Thuwc hién khdng thanh céng

5 x = s.Info[s.Top]; //Ldy théng tin ctia phdn tik & dinh Stack
6 s.Top--;

7. return 1; //Thwc hién thanh cong

8. }

4.1.4.2.6. Lay gia tri cua phan tr & dinh Stack

Gia st can lay gia tri x & dinh ctia Stack ma khong hiy no.

N-1

Top—#3
2
1
0

Hinh 4.7: Hinh vé minh hoa liy gia tri phin tir & dinh Stack

Ham getTop tra vé gia tri 0 néu Stack rdng, hodc tra vé gia tri 1 néu 13y thanh cong
gia tri phan tir & dinh Stack.

1. int getTop(Stack s, temType &x)

2. {

3 if(isEmpty(s) == 1)

4, return 0; //Thuwc hién khdng thanh céng

5 x = s.Info[s.Top]; //Ldy thong tin ciia phdn tiv & dinh Stack
6 return 1; //Thwc hién thanh cng

7.

}
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4.1.5. Biéudién Stack bing danh sach lién két

415.1. T6 chirc dit lidu

Top >

i‘.ilil

Hinh 4.8: Hinh vé minh hoa t6 chirc Stack bing DSLK don

Stack 12 mot danh sach lién két duoc khai bao nhu sau:

1. typedefint ItemType;
2. struct StackNode

3. {

4. ItemType Info;

5. StackNode* Next;
6. };

7. struct Stack

8. {

9. StackNode* Top;
10. };

4.15.2. Cacthaotac trén Stack
4.15.2.1. Khéi tao Stack

Sau khi khoi tao thi Stack phai rong, nén con tro Top s& tro NULL.

Top

!

NULL
Hinh 4.9: Hinh vé minh hoa khéi tao Stack rong

1. void initStack(Stack &s)
2. {

3. s.Top =NULL;

4.}

4.15.2.2. Kiém tratinh réng ctia Stack
1. intisEmpty(Stack s)
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2. {//Hamkiém tra Stack cé réng hay khéng

3 if(s.Top == NULL)

4, return 1; //NéuStack réng

5 else

6 return 0; //NéuStack khong rong
7.}

4.1.5.2.3. Thém mdt phan tir moi vao Stack

Gia str ta can thém gia tri x vao Stack.

I —

Top ~

P Y

A

Hinh 4.10: Hinh vé minh hoa thém phin tir vao Stack

Ham push tién hanh thém phan tor mé&i p vao dau Stack, néu thanh cong ham tra
ve 1 nguoc lai ham tra vé 0.

1. int push(Stack &s, StackNode* p)

2. {

3 if(p == NULL)

4, return 0; //Thwchién khéng thanh céng
5. if(isEmpty(s) == 1)

6. s.Top =p;

7 else

8. {

9. p—Next=s.Top;

10. s.Top =p;

11. }

12. return 1; //Thwchién thanh cong
13. }

4.15.2.4. Lay mot phan tir ra khoi Stack

Gia str can ldy phan tir p c6 gia tri x & dinh ra khoi Stack.

145 Bién soan: Trdn Vin Tho



Gido trinh: Cdu trive dit ligu va gidi thudt

TGP I >

Y I

A

Hinh 4.11: Hinh vé minh hoa liy phin tir & d4au Stack

Ham pop tra vé gia tri 0 néu Stack rdng, hodc tra vé gia tri 1 néu lay thanh cong
phan tir p c6 gia tri x & dinh ra khoi Stack.

1. int pop(Stack &s, ItemType &x)
2. {

3 if(isEmpty(s) == 1) //Stackréng

4 return 0; //Thwchién khéng thanh céng

5. StackNode* p = s.Top;

6. s.Top =s.Top—Next;

7 x = p—Info;  //Ldythéng tin cia nit & dinh Stack
8 delete p; //Huyniitdo p tré dén

9. return 1; //Thwchién thanh céng

10. }

4.1.5.2.5. Lay gia tri cta phan tir ¢ dinh cia Stack
Gia sir can lay gia tri x cua phan tir p ¢ dinh cua Stack.

r
Top > X

4 9o

o

Hinh 4.12: Hinh vé minh hoa lay gi4 tri phan tir & diu Stack

Ham getTop tra vé gia tri 0 néu Stack rdng, hodc tra vé gia tri 1 néu 1ay thanh cong
gi4 tri phan tir p & dinh Stack.

1. intgetTop(Stack s, [temType &x)

2. {
3. if(isEmpty(s) == 1) //Stackréng
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return 0; //Thuchién khong thanh cong
x = s.Top—Info; //Ldy thdng tin cta niit & dinh Stack
return 1; //Thwchién thanhcéng

No ok

4.2. Hang doi - Queue
4.2.1. Pinh nghia

Hang doi 1a mot danh sach ma trong d6 thao tac thém mot phan tir vao trong danh
sach dugc thyc hién & mot dau nay va thao tac léy ra mot phﬁn tir tir trong danh sach lai
dugc thyc hién & dau kia.

Nhu vay, cac phan tir duge dwa vao trong hang doi trudce s& dugce lay ra trude, phan
ttr dua vao trong hang doi sau s& duoc ldy ra sau. Do d6 ma hang doi con duogc goi 1a
danh sach vao trudc ra trude (FIFO List) va cdu tric dir liéu nay con duoc goi 1a céu
truc FIFO (First In — First Out).

Tuong tu nhu ngin xép, c6 nhidu cach dé biéu dién va té chirc cac hang doi:
— Str dung danh sach dac,
— Sir dung danh séch lién két.

Tuy nhién, diéu quan trong va can thiét 1a ching ta phai quan 1y vi tri hai dau cua
hang doi thong qua hai bién: Bién truéc (Head) va Bién sau (Tail). Hai bién nay c6 thé
ciing chiéu hodc ngugc chiéu voi thi ty cac phan tir trong mang va trong danh sach lién
két. Piéu ndy c6 nghia 1a dau hang doi co6 thé 1a dau mang, dau danh sach lién két ma
cling c6 thé 1a cudi mang, cudi danh sach lién két. Dé thuan tién, & day ching ta gia su
dau hang doi ciing 1a ddu mang, dau danh sach lién két. Trudng hop nguoc lai, sinh vién
tu ap dung tuong tu.

O day chung ta sé& biéu dién va t6 chic hang doi bang danh sach dic va bang danh
sach lién két don duoc quan 1y boi hai con tro dau va cudi danh sach. Do vAy cau tric
dir liéu cta hang doi cling nhu céac thao tac trén hang doi sé dugc trinh bay thanh hai
truong hop khac nhau.

4.2.2. Ung dung ciia Queue

Hang doi c¢6 nhiéu tng dung:

Kht dé quy.
— T6 chic luu vét cac qua trinh tim kiém theo chiéu rong.
— T6 chitc quan 1y va phan phdi tién trinh trong céc hé diéu hanh.

— T6 chirc bo dém ban phim.
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4.2.3.

Céc thao tac trén Queue

Queue chu yéu dung cac thao tac sau:

424,

4241

initQueue(&q): Khai tao Queue mdi q.
iSEmpty(q): Kiém tra Queue q c6 rdng hay khong.
insertQueue(q, o): Thém ddi tuong o vao dudi ctia Queue q.

deleteQueue(q, x): Liy ddi tuong tir ddu cia Queue q va gan gi tri ctia nd cho
X.

getHead(q, x): Lay gid tri ctia d6i twong & dau cua Queue q va gan gia tri d6 cho
x ma khong huy déi tugng nay ra khoi Queue q.

getTail(q, x): Liy gia tri ctia d6i tuong & cudi ciia Queue q va gan gia tri d6 cho
x ma khong huy déi tugng nay ra khoi Queue q.

Biéudién Queue ding mang

. 10 churc diwrliéu

Ta dinh nghia Queue q l1a mot mang chira céc phan ti.

4242,

4.2.4.2.

CoNo RN E

0 Y - R

0 1 2 Head Tail N-1

Hinh 4.13: Hinh vé& minh hoa t6 chirc Queue bing ming mdt chiéu

#define MAXSIZE 100
typedefint ItemType;
struct Queue

{
ItemType Info[MAXSIZE];

int n; //S0 phdn ti hién hanh cé trong Queue
int Head; //Chisd ciia phdn tiv ddu trong Queue
int Tail;  //Chisé ciia phdn tiv cudi trong Queue

b

Cac thao tac trén Queue

1. Khoi tao Queue

Khi khoi tao, Queue 1a rong, ta cho Head va Tail béng -1.
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Head
vOo 1 2 N-1

3
I
Tail

Hinh 4.14: Hinh v& minh hoa khéi tao Queue rong

1. void initQueue(Queue &q)
2. {

3. g.n=0;

4. g.Head =-1;

5. q.Tail =-1;

6. }

4.2.4.2.2. Kiém tra Queue rong

1. intisEmpty(Queue q) //Kiém tra Queue cé rong hay khéng?
2. {//Hamtrd vé 1:néu Queuerdng, va 0: néu Queue khdc réng

3 if(q.n ==0)

4, return 1; //NéuQueue rong

5 else

6 return 0; //NéuQueue khéng réng

[

4.2.4.2.3. Kiém tra Queue day

1. intisFull(Queue q) //Kiém tra Queue cé ddy thdt hay khéng?
2. {//Hamtrd vé 1: néu Queue ddy, va 0: néu Queue chwa ddy

3. if(q.n == MAXSIZE)
4, return 1;

5. else

6. return 0;
7.}

4.2.4.2.4. Thém mot phan tir mdi vao cudi Queue
Gi4 su ta can thém gia tri x vao Queue.

Ham insertQueue tra Ve gia tri 0 néu Queue bi dﬁy, hodc tra v& 1 néu thém phén
tr méi vao Queue thanh cong.

1. intinsertQueue (Queue &q, ItemType x)

2. {

3 if(isFull(q) == 1)

4, return 0; //Thuwc hién khdng thanh céng
5. q.Tail = (q.Tail + 1) % MAXSIZE;

6 g.Info[q.Tail] = x;

7 g.n++;
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8. return 1; //Thwc hién thanh céng

9. }

Cach khéc:

1. intinsertQueue (Queue &q, ItemType x)

2. {

3 inti, h,t;

4. if(q.Tail-q.Head+1==MAXSIZE) //Queue ddy nén khéng thé thém
5 return 0; //Thwchién khéng thanh céng
6 if(q.-Head == -1)

7 {

8. g.Head = 0;

9. q.Tail =-1;

10. }

11. if(q.Tail == MAXSIZE - 1)  //Queueddy do
12. {

13. h = q.Head;

14. t = q.Tail;

15. for(i=h;i<=t i++)

16. g.a[i- h] = q.a]i];

17. q-Head =0;

18. g.Tail =t - h;

19. }

20. q.Tail++;

21. g.a[q.Tail] =x;

22. return 1; //Thwchién thanh céng

23. }

4.2.4.25. Liy mot phan tr & dau ra khoi Queue

Gia st can lay gia tri x ¢ dinh ra khoi Stack.

Ham deleteQueue tra vé gia tri 0 néu Queue rong, hodc tra vé gia tri 1 néu lay thanh
cong phan tir & dau Queue.

1. intdeleteQueue(Queue &q, [temType &x)

2. {

3 if(isEmpty(q) == 1)

4 return 0; //Thuchién khong thanh cong
5. q.Head = (q.Head + 1) % MAXSIZE;

6. x = q.Info[q.Head];

7 q.n--;

8 return 1; //Thwchién thanh céng

9. }

Céach khac:

1. intdeleteQueue(Queue &q, [temType &x)

{
if(q.Head == -1) //Queuerdng

{

o
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5. printf("Hang doirdng!");

6. return 0; //Thwchién khéng thanh céng

7 }

8. x = q.Info[q.Head]; //Ldythéng tin ctia phdn tit & ddu Queue
9. g-Head++;

10. if(q.Head > q.Tail)  //Trwonghop cé 1 phan tir
11. {

12. q-Head =-1;

13. g.tail =-1;

14, }

15 return 1; //Thwchién thanh céng

16. }

4.2.4.2.6. Lay gia tri phan tir & dau Queue

Gid st can lay gia tr1 x & dau cuia Queue ma khong huy no.

Ham getHead tra vé gia tri 0 néu Queue rdng, hodc tra vé gia tri 1 néu lay thanh
cong gia tri phén tr & dau Queue.

1. int getHead(Queue q, ItemType &x)

2. {

3. if(isEmpty(q) ==1) //Queuerdng

4. {

5. printf("Queue rong!");

6. return 0; //Thwchién khéng thanh céng

7. }

8. x = gq.Info[q.Head]; //Ldythdéng tin ctia phdn tit & ddu Queue
9. return 1; //Thuwchién thanhcéng

10. }

4.2.42.7. Ly gia tri phan tr & cudi Queue

Gia str can ldy gia tri x & cudi ciia Queue ma khong huy nod.
Ham getTail tra vé gia tri 0 néu Queue rdng, hodc tra vé gia tri 1 néu ldy thanh
cong gia tri phan tir & cudi Queue.

11. int getTail(Queue q, ItemType &x)

12. {

13. if(isEmpty(q) ==1) //Queuerdng

14. {

15. printf("Queue rong!");

16. return 0; //Thwchién khéng thanh céng

17. }

18. x = q.Info[q.Tail];  //Ldythdng tin ctia phdn tit & cudi Queue
19. return 1; //Thwchién thanh céng

20. }
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4.2.4.2.8. Xem ndi dung cua Queue

Xuét ra man hinh ndi dung ciia hang doi dé xem chir khong x6a bat ky phan tir nio
cua hang doi.

1. void showQueue(Queue q)

2. {

3 if(isEmpty(q) ==1)

4, {

5. printf("\nhang doi rong!");

6 return;

7 }

8 printf("\nNoi dung cua hang doi: ");
9. for(inti=q.Head + 1; i != (q.Tail); i = (i+1) % MAXSIZE)
10. {

11. ItemType x = q.Info[i];

12. printf("%4d", x);

13. }

14. printf("%4d", q.Info[q.Tail]);

15. }

4.25. Biéudién Queue bing danh sach lién két
425.1. T6 chirc dit liéu

Head Tail

\ y

o— - -— o—> NULL

Hinh 4.15: Hinh v& minh hoa t6 chitc Queue biang DSLK don

Queue 1a mot danh sach lién két dugc khai bao nhu sau:

1. typedefint ItemType;
2. struct QueueNode

3. {

4. ItemType Info;

5. QueueNode* Next;
6. }

7. struct Queue

8. {

9. QueueNode* Head;
10. QueueNode* Tail;
11. };

4.25.2. Céacthaotac trén Queue
4.25.2.1. Khoi tao Queue
Khi khoi tao, Queue 1a rong, ta cho Head va Tail béng NULL.
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Head Tail
? ?
v v
NULL NULL

Hinh 4.16: Hinh vé minh hoa khéi tao Queue rong

1. void initQueue(Queue &q)
2. {

3. g.Head = NULL;

4, q.Tail = NULL;

5.}

4.25.2.2. Kiém tratinh rong ctia Queue

1. intisEmpty(Queue q) //Queuecé réng hay khéng
2. {//Hamtrd vé 1: néu Queuerédng, va 0: néu Queue khdc réng

3. if(q.Head == NULL)

4, return 1; //NéuQueue réng

S. else

6. return 0; //NéuQueue khéng rong
[

4.25.2.3. Thém mdt phan tir méi vao Queue
Gia sir can thém gia tri x vao Queue.

Ham insertQueue tién hanh thém phan tir mdi p vao cudi Queue, néu thanh cong
ham tra vé 1 nguoc lai ham tra vé 0.

1. intinsertQueue(Queue &q, QueueNode* p)
2. {

3 if(p == NULL)

4. return 0; //Thwchién khéng thanh céng
5 if(isEmpty(q) ==1)

6 {

7 q-Head =p;

8. q.Tail =p;

9.

10. else

11. {

12. q.Tail>Next = p;

13. q.Tail =p;

14. }

15. return 1; //Thwchién thanh céng

16. }

4.25.2.4. Lay mot phan t & dau ra khoi Queue

Gia st can lay phan trp c6 gia trix & dau ra khoi Queue.
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Ham deleteQueue tra vé gia tri 0 néu Queue rong, hodc tra vé gia tri 1 néu lay
thanh cong phan tir p c6 gia tri x & dinh Queue.

int deleteQueue(Queue &q, ItemType &x)

1.
2. {

3 if(isEmpty(q) ==1)

4. return 0; //Thwchién khéng thanh céng
5 QueueNode* p = q.Head;

6 qg-Head = q.Head—Next;

7 if(q.Head == NULL)

8

) g.Tail = NULL;
9. x = p—Info;  //Ldythdéng tin ctia nit bi hiy
10. delete p; //Huyniitdo p tré dén
11. return 1; //Thwchién thanhcéng

4.25.25. Lay gia tri cua phan tu & dau cua Queue
Gia st can lay gia tri x cta phan tr p & dau cua Queue.

Ham getHead tra vé gia tri 0 néu Queue rdng, hodc tra vé gia tri 1 néu lay thanh
cong gia tri phan tir p & dau Queue.

1. int getHead(Queue g, ItemType &x)

2. {

3. if(isEmpty(q) == 1)

4, return 0; //Thwchién khong thanh cong

5. x = q.Head—Info;  //Ldythdng tin ctia niit & ddu Queue
6. return 1; //Thuchién thanh céng

7. }

4.25.2.6. Lay gia tri cua phan tir ¢ cudi cua Queue
Gia sur can lay gia tri x ctia phan to p & cuoi cua Queue.

Ham getTail tra vé gia tri 0 néu Queue rong, hodc tra vé gia tri 1 néu iy thanh
cong gia tri phan tir p & cudi cua Queue.

1. int getTail(Queue q, [temType &x)

2. {

3. if(isEmpty(q) ==1)

4. return 0; //Thwchién khéng thanh céng

5. x = g.Tail—Info; //Ldy thdng tin ctia niit & cudi Queue
6. return 1; //Thuchién thanh céng

7. }

4.25.2.7. Xem ndi dung cua Queue

Xuat raman hinh ndi dung cta hang doi dé xem chir khong x6a bét ky phan tir ndo
cua hang doi.
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void showQueue(Queue q)

{
if(isEmpty(q) ==1)
{
printf(“\nHang d¢i rong!”);
return; //Thuchién khong thanh cong
}
printf(“\nNo6i dung hang doila: ”);
for(QueueNode* p = q.Head; p != NULL; p = p—>Next)
0 printf(“%4d”, p—Info);

1)

RROoo~NOr~WNE

4.3. Cau hdi va bai tap
43.1. Cau héi

1. Ndm duoc co ché hoat dong cua Stack. Va céc thao tac thém mot phan tir vao
Stack va lay mét phan ti ra khoi Stack.

Ung dung vao viéc luu céc ki tu ciia mot chubi béng Stack. Hay cho biét noi

dung cua Stack sau mdi thao tac trong diy: “hell*o***w*orld**”,

Biét rang: V&i mot chit cai tugng trung cho thao tac thém chir céi twong ung
vao Stack, ddu * tugng trung cho thao tac 1dy ndi dung mot phan tir trong Stack in
[én man hinh.

2. Nam duoc co ché hoat dong cuia Queue. VA céc thao tac thém mot phan tir vao
Queue Va lay mot phan tir ra khoi Queue.

Ung dung vao viéc luu cac ki tu cia mot chudi bang Queue. Hay cho biét ndi

dung ctia Queue sau mdi thao tac trong diy: “hell*o** *w*orld**”.

Biét rang: V&i mot chit cai tugng trung cho thao tac thém chir céi twong ung
vao Queue, diu * tuong trung cho thao tac 1dy ndi dung mot phan tir trong Queue
in [én man hinh.

43.2. Baitap
3. Ung dung stack dé viét cac chuong trinh co ban sau:
a. DPoi co sd (tir hé 10 sang hé a, v6i a > 2).
b. Pao ngugc 1 chudi ky tu bét ky.
c. Khtr @€ qui cho bai toan tinh giai thua.
d. Khtr @€ qui cho bai toan Thap Ha Nai.
e. Khir d¢ qui giai thuat Quick Sort.
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4. Cai dat chuong trinh cho phép nhap vao mét biéu thic gdm céc s6, cac toan tir
+,-,*, / VA tinh toan gia tri cua biéu thuc.

5. M& rong chuong trinh trén khi cho phép nhap vao mot biéu thic gom céac sb,
Ccac toén tir + , -, *, /, %, cac ham toan hoc sin, cos, tan, In, ex, ddu mo dong
ngodc “(”, ) va tinh toan gia tri cua biéu thic.

6. Kiém tra cip ngoac:
Mbi déu (7, “{, or “{” déu phai c6 mot ddu dong twong tmg “)”, “}”, or *|”
a. Bang: ()(O)([(O)D}
b. Sai: )(())

c. Sai: ({[ D}

Viét giai thuat nhan mdt xau (danh sach) dau vao gé)m cac ky tu mo, dong
ngodc. Kiém tra xau c6 hop 1¢ khong?

7. Dya trénbai toan ngudi san xuat (NSX)- ngudi tiéu dung (NTD). NSX san xuat
ra hang hoa va chit vao kho thir ty, NTD ldy hang hoa ra theo thir ty cua queue,
cai gi chat vao trugc thi tiéu thy truéc (néu khdng né hong). Hay md phong bai
toén vaoi céc thao tac sau:

a. Nhap mot danh sach n (n>0) mat hang vao kho.

b. Xem thdng tin tat ca hang hoa trong kho.

c. Xem thdng tin mat hang chuan bi dugc xuat kho.

d. Xuét khoi kho mot mat hang va cho xem théng tin cua mat hang d6.
e. Xem thong tin mat hang mai vira nhap vao kho.

f. Tim va xem théng tin cua mot mat hang bat ky trong kho.

g. Xuét toan bo hang hoa trong kho.

8. M6 phong viéc xép hang mua vé tau (xe lira).
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Chuong 5. CAY

5.1. Giéithigu

Do nhugce diém vé toc do tim kiém ctia danh sach liénkét nén nguoi tada tim kiém
céc cdu trac dir liéu khac hiéu qua hon. Cay la mot trong nhitng phuong an cho bai toan
ndy. Do d6 trong chuong nay ching ta s& xem xét cau trac dit liéu cdy.

Phan dau ctia chuong trinh bay cac khai niém lién quan dén cay nhi phan, cac thao
tac trén cau tric dir liéu nay. Phan tiép theo, cay nhi phan tim kiém 1a mot dang dic biét
ctia cdy nhi phan. Pay 13 mot cdu trac dit 1iéu cho phép tim kiém hiéu qua hon han danh
sach lién két ma cac thao tac khong phirc tap nhiéu nén ciy nhi phan tim kiém 1a mot
cau trac dir liéu thong dung.

Trong mot sb trudng hop cdy nhi phan tim kiém bi suy bién thanh danh séch lién
két. Piéu nay lam cho cdy nhi phan cén bang (AVL) ra doi. Cau trac cdy nhi phan can
bang dam bao thao tac tim kiém chi tén chi phi logz(n) v&i n 13 sb nat trén cdy. Nhung
nhuge diém 1a thao tac can bang lai mdi khi cdy mét can bang. Viéc thém hay hiy phan
tr déu c6 thé 1am cdy mit can bang, viéc can bang lai ¢ thé lan truyén 1én tan gbc.

5.2. Giéi thiéuvé cay

Cay 1a mot cu tric rat quan trong va duoc ding réat nhiéu trong cac giai thudt.
Trong chuong ndy ta s& tim hiéu cac khai niém co ban vé cdy, cac phép toan quan trong
trén cdy, biéu dién cay trén may tinh. Ciy c6 nhiéu ing dung trong doi sdng hang ngay,
chéng han nhu t6 chirc céc quan hé ho hang trong gia pha, muc luc ctia mot sach, ...

Chung ta d3 tim hiéu vé giai thuat tim kiém tuyén tinh va tim kiém nhi phan. Ddi
v6i giai thuat tim kiém tuyén tinh ta c6 thé dua vao danh sach lién két, nhung giai thuat
tim kiém nhi phan thi khong thé. Trong phan ndy, ching ta xét dén cdy nhi phan tim
kiém, ma viéc tim kiém nhi phan c6 thé thuc hién trén d6, 1a mot dang ciia danh sach
lién két.

5.3. Céu tric ciy
5.3.1. Dinh nghia cay

Cay 1a mot tap hop T cac phan tir (goi 12 nut cia cdy) trong d6 c6 mot nut dic biét
duoc goi 1a nut gdc, cac nut con lai duoc chia thanh nhing tap roi nhau Ti, To, ..., T
theo quan hé phan cip trong do Ti ciing 12 mot cdy. Mdi nut & cip i s& quan 1y mot sd
nat & cdp i + 1. Quan hé nay dugc goi 14 quan hé cha - con va ¢ duy nhat mot duong di
tir goc dén nat con.

Vi du: Gid st c6 mot cay nhu sau:
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R O
& ©

Hinh 5.1: Vi du minh hoa ciy

5.3.2. Mot so khai niém co ban
— Bdc cua mot nut: La s0 cay con ctia nit do (mit 14 ¢6 bac bang 0).

— Bdc ciia mét cdy: La bac 16n nhat cta cac nut trong cdy (sb cdy con tbi da ciia
mot nut trong cay). Cay co6 bac n thi goi la cay n - phan.

— Nt gée: Khdng cé nit cha.
— Nt 1a: Khéng ¢6 nat con hay nat c6 bac bang 0.
— Nt trong (nGt nhanh): Khong phai nit 14 va nat gde hay nit c6 bac khac 0.

— Nit trude va nit sau ciia mét niit: NGt T duoc goi 1a nit trude cua nit S néu
cay con c6 goc la T chita cdy con c6 gbc 1a S. Khi d6, nit S duoc goi la nit
sau cua nat T.

— Nt cha va niit con ciia mét nut: Nt B duoc goi 1a nit cha cua nit C néu nit
B la nut trude cta nit C va mire cua nit C 16n hon mic cua nit B la 1 miec.
Khi do, nat C duoc goi la ndt con cua nat B.

— Nt anh em (nit dong cdp): Céc nut c6 cung mot nut cha.

— Chiéu dai dwong di cia mét nit: LA s dinh (s6 nat) tinh tir nit gbe dé di dén
nit d6. Nhu vay, chiéu dai duong di cua nit gdc lubn ludn bang 1, chiéu
dai duong di téi mot nut bang chiéu dai dudng di toi ndt cha n6 cong thém 1.

— D6 dai duong di ciia mét cdy: Puoc dinh nghia 13 tong cac d6 dai duong di ciia
tat ca cac nit cua cay.

— Mikc ciia mgt niit: La d6 dai duong di tir goe dén nat do.

— Chiéu cao ciia mét niit: La mic ctia nat d6 cong thém 1.

— Chiéu cao ciia mdt cdy: La chiéu cao 16n nhit cta céc nit trong cay.

— Rimg: La tap hop céc cay. Nhu vay, néu mdt cdy bi loai bo nut gbe c6 thé cho
ta mot rung.
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— goc

- Nut con

o/

Hinh 5.2: Hinh v&é minh hoa cdc khai ni¢m lién quan dén ciy

5.3.3. Nhin xét
— Trong cau truc cay khong ton tai chu trinh.

— T6 chitc mdt ciu tric cay cho phép truy cap nhanh dén cac phan tir cua nd.

5.4. Cay nhi phan
5.4.1. Dinh nghia
Cay nhij phan 1a cly c6 bac bang hai (bac cua mdi nit toi da bang 2).

Vi du: Cay nhi phan biéu dién biéu thic (2 x a) + [b: (¢ — 1) + d] nhu sau:
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ExprTree

Hinh 5.3: Vi du cAy nhi phin biéu dién biéu thic

5.4.2. Biéudién ciy nhi phin

Pé biéu dién cay nhi phan trong bd nhé may tinh ching ta co thé st dung danh
sach ¢ hai mdi lién két dé quan 1y dia chi cua hai nit gdc cdy con (cdy con trai va cay
con phai). Nhu vdy cdu triic dir liéu cua cdy nhi phan twong tw nhu céu trac dir liéu cta
danh séch lién két doi nhung vé cach thirc lién két thi khac nhau.

M&i nat (phan tir) ctia cdy nhi phan Gmg voi mot bién dong gdm ba thanh phan:
— Thong tin (dir liéu) luu tri tai nut: Info.
— Piachi nit gbc cua cdy con trai trong bd nhd: Left.

— Diachi nit gdc ctia cdy con phai trong bo nhé: Right.

Left | Info | Right

1. typedef <Kiéudirliéu co'bdn hodcco cdu triic> ItemType;
2. struct TNode

3. {

4. ItemType Info; //Théng tin (dir lidu) ctia nit
5. TNode* Left;  //Contré dén niit con bén trdi
6. TNode* Right; //Contré dénniit con bén phdi
7. }

8. struct BTree

9. {//Dinhnghia kiéu dir liéu ctia cdy nhi phdn

10. TNode* Root;

11. };
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Do tinh chit mém déo cua cach biéu dién bang cip phat lién két dong, phuong
phép nay duoc ding chil yéu trong cdy nhj phan. Tir phan nay tré di, khi noi dén cy nhj
phan, chung ta s€ dung phuong phép nay.

5.4.3. Cac thao tac trén cay nhi phan

5.4.3.1. Khéi tao cdy nhi phin réng

Vi¢c khdi tao cdy nhi phan chi don gian 1a khéi gan cho con tro quan 1y dia chi nat
gdc mot gia tri NULL. Ham khoi tao cdy nhi phan nhu sau:

void initBTree(BTree &bt)

1.
2 Root
3. bt.Root= NULL;
4. } NULL
5.4.3.2. Tao nut chira gid tri x
p
new

\ 3 v_

Hinh 5.4: Hinh vé minh hoa tao mt nat méi cho ciy

Ham tao méi mot ndt cé thanh phan dit lidu 1 X, ham tra vé con tro trod téi dia chi
cla nit méi tao. Néu khong du bd nhé dé tao thi ham s& tra v& con tro NULL.

1. TNode* createTNode(ltemType x)
2. {

3. TNode* p = new TNode;

4, if(p == NULL)

5.

6. printf(“Khéng di boé nhé dé cap phat nut maéi!”);
7. getch();

8. return NULL;

Q. }

10. p—Info =x;

11. p—Left=NULL;

12. p—Right = NULL;

13. return p;

14. }

161 Bién soan: Trin Vin The



Gido trinh: Cdu trive dit ligu va gidi thudt

5.4.3.3.  Kiém tra cdy nhi phdn réng

Kiém tra cy nhi phan da c6 phan tir nio hay chua? Nghia 1a kiém tra con tré Root
c6 bang NULL hay khong? Ham tras& vé 1 néu cdy nhi phan chua c6 phan tir nao (réng),
ngugc lai (khdng réng) thi ham s& tra vé 0.

1. intisEmpty(BTree bt)

2. {

3 if(btRoot == NULL)

4. return1; //Néucdy réng

5 else

6 return 0; //Néucdy khéng réng
[

54.3.4. Duyét qua cac nut trén cdy nhi phan

Trong thao tic ndy nhdm tim cach duyét qua (ghé thdm) tat ca cac nut trong ciy
nhi phan dé thuc hién mot thao tac xur 1y ndo d6 ddi véi mdi nlt (nhw xem néi dung
thanh phan dir liéu chdang han). Can ¢ vao thtr ty duyét nut gbe so v6i hai nut gdc cua
hai cay con, thao tac duyét co thé thuc hién theo mot trong ba tht tu sau:

— Duyét theo thir tu nit gbc trude (Preorder): Theo céch duyét ndy thi nat gbc s&
duoc duyét trude sau d6 moi duyét dénhai cdy con. Can cr vao thir ty duyét hai
cay con ma chlng ta c6 hai cach duyét theo th ty nat gdc trudc:

+ Duyét nut gbc, duyét cdy con trai, duyét cdy con phai (Root - Left - Right).

+ Duyét nut gdc, duyét cdy con phai, duyét cay con trai (Root - Right - Left).

— Duyét theo thir ty nat gbc giita (Inorder): Theo cach duyét nay thi ching ta
duyét mot trong hai cdy con trudc rdi dén duyét nat gdc va sau d6 mdi duyét
cdy con con lai. Can ctr vao thtr ty duyét hai cdy con ching ta cling s€ c6 hai
cach duyét theo thir ty niit gc giita:

+ Duyét cy con trai, duyét nut gbc, duyét cay con phai (Left - Root - Right).

+ Duyét cay con phai, duyét nat gbc, duyét cay con trai (Right - Root - Left).

— Duyét theo tht ty nut gbc sau (Postorder): Tuong tu nhu duyét theo nut gbc
trudc, trong cach duyét nay thi nat gdc s& duge duyét sau cing so véi duyét hai
nat goc cua hai cdy con. Do vay, cin ctr vao thir tu duyét hai cdy con ma ching
ta cling c6 hai cach duyét theo thir tu nit gdc sau:

+ Duyét cdy con trai, duyét cdy con phai, duyét nat gc (Left - Right - Root).

+ Duyét cay con phai, duyét cdy con trai, duyét nat gbc (Right - Left - Root).
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Giao trinh chi trinh bay ba cach duyét sau: Node - Left - Right, Left - Node - Right,
Left - Right - Node va sir dung giai thuat dé quy. Céac cach duyét khac (bang gidi thudt
dé quy hay khdng dé quy) sinh vién ty van dung tuong tu.

5.4.3.4.1. Duyét theo thi ty nit gbc trude (Node - Left - Right)

Kiéu duyét nay trude tién tham nit goc, sau d6 thdm céc nat cua cay con trai, roi
cudi cung tham céc nit cla cdy con phai. Ham duyét c6 thé trinh bay don gian nhu sau:

1. void traverseNLR(TNode* root)

2. {

3. if(root == NULL) return;

4. printf(“%4d”, root—Info); //Xi¥ly théng tin ctia niit géc
5. traverseNLR(root—Left);

6. traverseNLR(root—Right);

7.}

5.4.3.4.2. Duyét theo thi ty nit gdc gitra (Left - Node - Right)

Kiéu duyét nay trudc tién tham cac nat cua cay con trai, sau do6 tham nat goc, roi
cuoi cung tham cac nat cua cay con phai. Ham duyét c6 thé trinh bay don gian nhu sau:

1. void traverseLNR(TNode* root)

2. {

3. if(root == NULL) return;

4, traverseLNR(root—Left);

5. printf(“%4d”, root—Info); //Xi¥ly théng tin ctia niit géc
6. traverseLNR(root—Right);

[

5.4.3.4.3. Duyét theo thir ty nut goc sau (Left - Right - Node)

Kiéu duyét nay trudce ti€én thdm céc nut cta cdy con trai, sau d6 tham cac nit cua
cay con phdi, r6i cudi cung tham nut goc. Ham duyét cé thé trinh bay don gian nhu sau:

void traverseLRN(TNode* root)

1.
2. {

3. if(root== NULL) return;

4, traverseLRN (root—Left);

5 traverseLRN(root—Right);

6 printf(“%4d”, root—Info); //Xi¥ly théng tin ctia niit géc
7.

}
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Vi du: Hay cho biét két qua ctia cac phép duyét cua cy nhi phan sau:

root

Hinh 5.5: Vi du vé cac phép duyét ciy

Két qua cac phép duyét cay la:

traverseNLR: 9, 2,6, 1, 10,8,5, 12,4,7, 3.
traverseLNR: 6,2,10,1,9,12,5,4, 8,7, 3.
— traverseLRN: 6,10,1,2,12,4,5,3,7,8,9.

traverseNRL, traverseRNL, traverseRLN? (Sinh vién tw lam xem nhu bai tdp)

5.5. Cay nhi phan timkiém
5.5.1. Dinh nghia

Cay nhi phan tim kiém 13 cdy nhi phan c6 thanh phan khdéa cua mdi nit 16n hon
thanh phan khéa cua tat ca c4c ndt trong cay con trdi v nho hon thanh phan khoa
clia tat ca c&c nlt trong cdy con phai cta no.

Vi du: Hinh anh sau minh hoa mot cdy nhj phan tim kiém.

Hinh 5.6: Vi du vé cAy nhi phan tim kiém
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Khéa nhan dién (Info) cuia c4c ndt trong cdy nhi phan tim kiém d6i mot khac
nhau (khdng cd hién tuwong trung khoa).

NGt & bén trai nhat 1a nGt c6 gia tri khda nhan dién nhé nhat va ndt ¢ bén phai
nhéat 12 nGt c6 gia tri khda nhan dién 16n nhét trong cay nhi phan tim kiém.

Trong mot cdy nhi phan tim kiém tha tu duyét cdy Left- Node - Right 1 thu ty
duyét theo su ting dan céc gia tri ciia Info trong céc ndt va thu ty duyét cay Right -
Node - Left I thir tu duyét theo su giam dan céc gia tri ciia Key trong céc nlit.

Nho rang budc vé khoa trén Cay nhi phan tim kiém, viéc tim kiém tro nén c6 dinh
hudng. Hon nita, do cdu tric cdy, viéc tim kiém tré nén nhanh dang ké. Néu s6 nt trén
cay 1a n thi chi phi tim kiém trung binh chi khoang logn.

Trong thuc té, khi xét dén cay nhi phan chu yéu ta xét Cdy nhj phan tim kiém.
5.5.2. Cac thao tac trén ciy nhi phan tim kiém

Do cay nhi phan tim kiém 13 cAy nhi phan nén nhiing thao tac wira trinh bay & trén
dugc hién nhién 4p dung ma khong can phai trinh bay lai. Trong phan nay tac gia chi
trinh bay thém mat s thao tac nhu sau:

5.5.2.1. Tim kiém mét phan tir x trong cdy

Gia sur can tim trén cdy nhi phan tim kiém xem c0 ton tai nt c6 khoa Info bang
voi X hay khong?

Pé thuc hién thao tac ndy ching ta sé& van dung giai thuat tim kiém nhi phan:
Do dic diém cua cdy nhi phan tim kiém thi tai mot ndt, néu Info cua nit ndy khac voi
X thi X chi c6 thé tim thiy nhu sau:

— Hodc trén cy con tréi cta nit nay néu x nhé hon Info cua né.

— Hodic trén cay con phai ctia nit ndy néu x 16n hon Info cua nod.

Céch 1: Viét ham dang dé quy

1. TNode* findTNode(TNode* root, [temType x)

2. {

3. if(root==NULL)

4, return NULL;

5. if(root—Info ==x)

6. returnroot;  //tim dwoc khéa thi dirng
7. else if(root—Info > x)

8. return findTNode(root— Left, x);

9. else

10. return findTNode(root—Right, x);

11. }
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Céch 2: Viét ham dang khong dé quy
1. TNode* findTNode(TNode* root, ltemType x)

2. {

3. TNode* p = root;

4. while(p '=NULL)

5.

6. if(p—Info ==x)

7. return p;

8. else if(p—Info > x)
9. p = p—Left;
10. else

11. p = p—>Right;
12. }

13. return NULL;

14. }

5.5.2.2. Thém mdt phdn tir x vao cdy

Gia str can thém maot nat ¢é thanh phan dir lidu (Info) 1ax vao trong cdy nhi phan
tim kiém sao cho sau khi thém cay van 1a mot cly nhi phan tim kiém. Trong thao tac
ndy trudc hét phai tim kiém vi tri cho phép thém, sau d6 mdi tién hanh thém nit
méi Vao cy (do vay giai thuat con dugc goi 1a giai thuat tim kiém va thém Vao cay).
Qu4 trinh tim kiém tuan thu céc budc trong giai thuat tim kiém da trinh bay & trén.

Giai thuat nay chi trinh bay thao tc thém vao ciy nhi phan tim kiém trong truong
hop khong c6 hién twong tring lip khoéa. Vi vay, néu X bj tring v6i Info ciia mot
trong cac ndt di co trong cdy nhi phan tim kiém thi s& khong thuc hién thao tac thém
nua.

Vi du sau minh hoa khi thém nut c¢6 gid tri X = 50 vao cay nhi phan tim kiém:

Hinh 5.7: Vi du thém mdt mit vao cAy nhi phin tim kiém
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Céch 1: Viét ham dé quy

1. intinsertTNode(TNode* &root, temType x)

2. {

3 if(root == NULL) //Cdyréng

4. {

5. root = createTNode(x);

6 return 0; //Thuchién khéng thanh céng

7 }

8. if(root—Info ==x)

9. return 0; //Bi trung gid tri niit

10. if(x <root—Info)

11. insertTNode(root—Left,x); //Thémbéntrdi
12. else

13. insertTNode(root—Right, x); //Thémbénphdi
14. return 1; //Thwchién thanh céng

15. }

Hodac néu truyén vao ham 1a con tré mit, thi ham dugc dinh nghia lai nhu sau:

1. intinsertTNode(TNode* &root, TNode* p)

2. {

3 if(p == NULL)

4, return 0; //Thuwchién khong thanh cong

5. if(root==NULL) //Cdy réng, nén thém vao géc

6 {

7 root=p;

8. return 1; //Thwchién thanh cong

9. }

10. if(root—Info == p—Info)

11. return 0; //Bi trung gid tri ntt

12. if(p—Info < root—Info)

13. insertTNode(root—Left, p); //Thémbéntrdi
14, else

15. insertTNode(root—Right, p); //Thém bénphdi
16. return 1; //Thwchién thanh cong

17. }

Céch 2: Viét ham khong dé quy

1. intinsertTNodeNoRecursion(TNode* &root, ItemType x)
2. {

3 TNode *p, *q, *r;

4 p = createTNode(x);

5. if(root == NULL) //Cdy réng, nén thém vao gbc
6. {

7 root=p;

8 return 1; //Thuwchién thanh cng

9. }

10. g =root;

11. r = NULL;
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12. while(q '=NULL)

13. {

14. if(q—Info == x) //niit cdn thém dd cé trong cdy
15. return 0; //Thuwchién khéng thanh céng
16. r=gq;

17. if(q—Info > x)

18. q = q—Left;

19. else

20. q = q—Right;

21. }

22. if(r—Info > x)

23. r—Left=p;

24. else

25. r—Right = p;

26. return 1; //Thwchién thanh céng

27. }

5.5.2.3. Tao cdy tir mdng a cé san di liéu
Gia st ta dd c6 mot mang a chira n phan ti, ta ¢6 thé tao mot cdy nhi phan tim

ki€m tir mang nay.

1. void createBTreeFromArray(BTree &bt, ItemType a] ], intn)
2. {//Hamtao cay NPTKtu mang a

initBTree(bt);
for(inti = 0;i < n; i++)
{

TNode* p = createTNode(a[i]);
insertTNode(bt.Root, p);

©ooNOo Ok W

5.5.2.4.  Tao cdy tw déng chita n s6 nguyén

Tao mot cdy nhi phan tim kiém bang cach phat sinh ngdu nhién n s nguyén va lan
lugc thém chiing vao cay.

1. void createAutomaticBTree(BTree &bt)

2. {

3. int n;

4. ItemType x;

5 printf(“Cho biet so nut cua cay: ”);

6 scanf(“%d”, &n);

7 initBTree(bt);

8 srand((unsigned)time(NULL)); //Tao s6 méi sau méi lan thwc hién
9. for(inti=1;i <= n; i++)

10. {

11. x = (rand() % 199) - 99; //Tao mgt sé ngdu nhiéu tir -99 299
12. TNode* p = createTNode(x);

13. insertTNode(bt.Root, p);

Bién soan: Tran Vin Tho 168



Gido trinh: Cédu trive dit ligu va gidi thudt

14. }
15. printf("\nDa tao cay thanh cong!");
16. }

5.5.2.5. X06a mdt phdn tir x trong cay

Ciing nhu thao téc thém mot nit vdo trong cdy nhi phan tim kiém, thao téc hay
mot NGt trén cay nhi phan tim kiém ciing phai bao dam cho cdy sau khi huy nat do
thi cay vin 1a mot cdy nhi phan tim kiém. P4y 1a mot thao téac khdng don gian boi néu
khong can than thi sau khi hay nit, cly c6 thé s& bién cdy thanh mot rimg.

Gia st can hiy nGt c¢6 thanh phan dir liéu (Info) 1a x ra khoi cdy nhi phan tim
kiém. Diéu dau tién trong thao tac ndy la phai tim kiém dia chi ctia nit can hay Ia
DelTNode, sau d6 méi tién hanh hity nit ¢ dia chi 12 DelTNode nay néu tim thay (do
vay gidi thudt ndy con duoc goi |a gidi thudt tim kiém va loai bé trén cay). Qué trinh
tim kiém da trinh bay o trén, phan nay chi trinh bay thao tac hay khi tim thay nit c6
dia chi DelTNode (DelTNode—Info == x) va trong qua trinh tim kiém s& phai giir dia
chi ndt cha cua ndt can hiy 1a FatherDel TNode.

Viéc hiy nit c6 dia chi DelTNode c¢6 thé xay ra mot trong ba truong hop sau:

— DelTNode & ndt la: Trong truong hop ndy don gian chi can cit bo mbi quan
hé cha - con gilta FatherDelTNode va DelTNode bang céch cho con tré
FatherDelTNode—Left (néu DelTNode 1a nit con bén tradi cua
FatherDelTNode) hoic cho con tré FatherDelTNode—Right (néu DelTNode 1
nit con bén phai cua FatherDelTNode) v& con tr6 NULL VA tién hanh hay
(delete) nut co dia chi DelTNode nay.

— DelTNode chi cé mdt nut con: Trong truong hop nay ciing khd don gian chi
can chuyén mdi quan hé cha - con giira FatherDelTNode va DelTNode thanh
mdi quan hé cha - con giira FatherDelTNode va nit gbc cdy con ciia DelTNode
roi tién hanh cat bo mbi quan hé cha - con giita DelTNode va mot nit gdc cay
con ctia NG Va tién hanh huy ndt c6 dia chi DelTNode nay.

— DelTNode c¢é di hai nit con: Trong truong hop nay sé khéng huy nut co dia
chi DelTNode ma huy nit c6 dia chi ctia phan tir thé mang 1a nit phai nhét
trong cdy con trai ctia DelTNode, hoic 1a ndt tréi nhat trong cdy con phai cta
DelTNode. Sau khi chuyén toan bd ndi dung dit lidu cua nit thé mang cho
DelTNode thi méi tién hanh huy nit thé mang.

Vi du 1: Minh hoa cho trudng hop phan tir bi x6a c6 mdt cdy con
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Sau khi x6a nut c6 gia tri x thi cay s€ la:

Hinh 5.8: Vi du x6a nit chi c6 mdt ciy con tir cdy nhi phan tim kiém

Vi_du 2: Minh hoa cho trudng hop phan tir bi x6a ¢ hai cay con

E
R

(15 ][ 23 | [ 40| (55 |

N\

H
= 3

Xo6a nit co gia tri x = 18, lac d6 nit c6 gia tri (kh6a) bang 23 sé& 1a nit thé mang

(12 niit nhé nhdt cia cdy con phai).
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(5]
Sau khi x6a nut c6 gia tri x thi cay s€ la:

R
R R
(15 |[30 | [ 40| (s5] (71

Hinh 5.9: Vi du x6a nit c6 hai ciy con tir cdy nhi phan tim kiém

Giai thuat:

- Buée 1: Tim phéan tir p c6 khoa x.
- Budce 2: Co 3 truong hop:
+ p la nat la: Huy p.
+pco 1 con: Tao lién két tir phan tir cha ctia p dén con cia p, roi hiy p.

+p c6 2 con: Tim phan tir thé mang cho p 1a 1 trong 2 phan tir sau:
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- "Phan tir thé mang 1 phan tir phai nhéat cta ciy con trai cta p (phan tir
I6m nhdt trong cdc phan tir nhé hon p)".

- "Phan tir thé mang 1 phan tir trai nhat cta cay con phai cta p (phan tir
nhé nhdt trong cdc phan tir I6n hon p)."

+ Sau d6 chép thong tin ctia phan tir thé mang vao p va hay phan tir thé mang

(do phan tir thé mang cé t6i da mét con).

Cai dat:

1. intdeleteTNodeX(TNode* &root, [temType x)

2. {

3 if(root == NULL) //khi cdy réng

4. return O; //Thuwchién khéng thanh céng

5 if(root—Info > x)

6 return deleteTNodeX(root—Left, x);

7 else if(root—Info < x)

8. return deleteTNodeX(root—Right, x);

9. else

10. { //root—Info =x, tim niit thé mang cho root

11. TNode* p = root;

12. if(root—>Left==NULL) //khi cdy con khéng c6 nhdnh trdi
13. {

14. root=root—Right;

15. delete p;

16. }

17. else if(root—Right == NULL)  //khicdy con khéng c6 nhdnh phdi
18. {

19. root=root—Left;

20. delete p;

21. }

22. else //khi cdy con cé c¢d 2 nhdnh, chon min ctia nhdnh phdi dé thé mang
23. {

24. TNode* q = findTNodeReplace(p);

25. delete q;

26. }

217. }

28. return1;  //Thwchién thanh cong

29. }

Ham tim nat con thé mang (phdi viét trudc ham deleteTNodeX):

1. TNode* findTNodeReplace(TNode* &p)
2. {//Hamtim nit q thé mang cho ntit p, fla nit cha ctia niit q.

3.

4.
S.
6

TNode* f = p;

TNode* q = p—Right;
while(q—Left = NULL)
{
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7. f=q; //Luuchacuaq
8. q = q—Left; //q qua ben trai
9 }

10. p—Info = q—Info; //tim duuc phan tu the mang cho p la q
11. if(f==p) //neuchacuaqlap

12. f—>Right = g—Right;

13. else

14, f—>Left=q—Right;

15. returnq; //trave con troq the mang cho p
16. }

5.5.2.6. Xoa toan bé cay

Thao tac chi don gian 1& viéc thyc hién nhiéu 1an thao tac hay mot ndt trén cy
nhi phan tim kiém cho dén khi cdy tro thanh cy rong.

int deleteBTree(TNode* &root)

1.
2. {

3 if(root==NULL)

4. return 0; //Thwchién khéng thanh cong

5. deleteTree(root—Left); //Xoa niit con bén nhdnh trdi
6 deleteTree(root—Right); //X6a niit con bén nhdnh phdi
7 deleteTNode(root); //Xéanutgdc
8 return1;  //Thuwchién thanhcéng
9.

}

55.3. Nhan xét

Tét ca cac thao tac tim kiém, x0a, thém trén cdy nhi phan tim kiém déu c6 do phic
tap trung binh O(logz(n)).

Cay nhi phan tim kiém 12 mot c4u tréc dir liéu cho phép tim kiém hiéu qua hon han
danh sach lién két, ma cac thao tac khong qua phurc tap. Cay nhi phan tim kiém 1a mot
trong nhitng cau trac dir liéu dong thong dung nhat. Tuy nhién trong mot sd trudng hop
no6 suy bién thanh danh sach lién két.

5.6. Cay nhi phan timkiém cén bing
5.6.1. Dinh nghia
— Cay can bang twong doi:

Theo Adelson - Velskii va Landis dua ra dinh nghia vé cdy can bang tuong
dbi nhu sau: Cay can bang twong d6i 1a mot cdy nhi phan thoa man diéu kién 1a
d6i voi mdi nut cia cdy thi chiéu cao cua cdy con trai va chiéu cao ciia cdy con
phai cua nit d6 hon kém nhau khong qua mét.

Cay can bang tuong d6icon duge goi la cdy AVL (AVL Tree).
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— Cay can bang hoan toan:

Cay can bang hoan toan la mot cay nhi phan thdéa man di€u kién la doi voi
moi niit ctia cy thi s6 nit & cdy con trai va s6 niat & ciy con phdi cua nit d6 hon
kém nhau khong qua mot.

Nhu vdy, mQt cdy can bang hoan toan chac chan la mdt cay can bang tuong
doi.

Can can bang hoan toan c6 n nat c6 chicu cao h = logz(n). Pay la ly do cho
phép bao dam kha ning tim ki€m nhanh trén cau truc dir li¢u nay.

Nhuoc diém cdy can bang hoan toan 1a mdt céu trac kém 6n dinh nén trong
thuc té khong thé st dung.

56.2. Cay AVL (AVL Tree)

5.6.2.1. BDinh nghia

Cay nhj phan tim kiém cén bang (AVL) 1a cay nhj phan tim kiém ma tai mdi nut
ctia n6 chiéu cao ciia cdy con bén trai va chiéu cao ctia ciy conbén phai chénh léch nhau
khong qué mot.

Vi du: Hinh V& sau la mot cdy AVL.

% (so) (o8]

(15 )30 | [40] 55 |

Hinh 5.10: Vi du minh hoa ciy AVL

5.6.2.2. Cdc truong hop cdy bj mdt cin bang
5.6.2.2.1. Truwong hop 1: Cay T léch vé& bén trai (c6 3 kha ning).
a. Cay T léchvé bén trai ciia cdy con trai (LL: Left - Left):
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— Chiéu cao cdy conphai R cta cay T la (h- 1).

— Chiéu cao céy con trai T1 cua cdy T 1a (h + 1), trong d6 chiéu cao cta cdy con
trdi L1 ctia cdy Ti 1a h va chiéu cao clia cdy con phai Ri cua cay Ti 1a (h - 1).

Hinh 5.11: Hinh vé minh hoa cAy AVL Iéch trai LL
b. Cay T 1éch vé bén phai ciia cy con trai (LR: Left - Right):
— Chiéu cao cdy con phai R cua cay T 1a (h- 1).

— Chiéu cao cy con trai T1 cta cdy T 1a (h + 1), trong d6 chiéu cao cua cdy con
tréi L1 ctia cay T1 1a (h - 1) va chiéu cao ciia cdy con phai R ctia cay Ti la h.

Hinh 5.12: Hinh vé minh hga ciy AVL léch trai LR

c. Cay con trai ciia T can bang (LB: Left - Balance):

— Chiéu cao cdy con phai R cta cay T 1a (h- 1).
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— Chiéu cao cay con trai T1 cta cdy T 1a (h + 1), trong d6 chiéu cao cia cdy con
trdi L1 va cdy con phai Ri ciia cay T1 déula h.

Hinh 5.13: Hinh vé minh hga ciAy AVL l¢ch trai LB

5.6.2.2.2. Trwong hop 2: Cay T léch vé bén phai (c6 3 kha ning).
a. Cay T léch vé bén trai ciia ciy con phai (RL: Right - Left):

— Chiéu cao cdy contrai L cua cay T 1a (h - 1).

— Chiéu cao cdy con phai Ti ctia cay T 1a (h+ 1), trong d6 chiéu cao ctia cdy con
trdi L1 ctia cdy Ti 1a h va chiéu cao ciia cdy con phai R cua cay Ti 1a (h - 1).

Hinh 5.14: Hinh vé minh hga ciy AVL léch phai RL

b. Cay T 1éch vé bén phai ciia ciy con phai (RR: Right - Right):

— Chiéu cao cdy contrai L cua cay T 1a (h - 1).
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— Chiéu cao cdy conphai Ti ctia cdy T 1a (h + 1), trong d6 chiéu cao cta cdy con
trdi L1 ciia cdy Ti 12 (h - 1) va chiéu cao cua cdy con phai R1 ciia cay Ti la h.

Hinh 5.15: Hinh vé minh hga cay AVL léch phai RR

c. Cay con phai ciia T cén bang (RB: Right - Balance):

— Chiéu cao cay contrai L cua cay T 1a (h - 1).

— Chiéu cao cay con phai Ti cua cdy T 1a (h+ 1), trong d6 chiéu cao cua ciy con
trdi L1 va cdy con phai Ri cta cdy T1 déula h.

Hinh 5.16: Hinh vé minh hoa ciy AVL léch phai RB

5.6.2.3. Chi s6 cdn bang ciia mot niit
5.6.2.3.1. Dinh nghia:

Chi so can bang cua mdt nut l1a hi¢u cua chiéu cao cay con bén phai va cay con bén

trai cua no.
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D061 vb1 cdy can bang thi chi so can bang (CSCB) cua moi nit chi c6 thé mang mdt

trong ba gia tri sau:

— CSCB(p) =0 <« D) cao cay con trai (p) = Do cao cay con phai (p).

— CSCB(p) =-1 < D3 cao cay con trai (p) > DJ cao cay con phai (p).

— CSCB(p) =1 < D) cao cay con trai (p) <DJ cao cay con phai (p).

Chung ta ky hiéu nhu sau:

— p—balFactor = CSCB(p).

— hp: B6 cao cay con trai.

— hgr: Dd cao cay con phai.

Dé khao sat cay can bang thi can Iuu thém thong tin vé chi s6 can bang tai moi nut.

Lac do, cay can bang c6 theé dugc khai bado nhu sau:

el NS

BB O ~No O

0.
1}
12.
13.

14.
15.

#define LH -1 //Cay con trdi cao hon (léch trdi)

#define EH 0 //Cdy con trdi bang cdy con phdi (cdn bdng)
#define RH 1 //Cady con phdi cao hon (1éch phdi)

typedef <Kiéu dir liéu ciia mét niit> IltemType; /cé thé la int

struct AVLNode
{

int balFactor;
ItemType Info;

AVLNode* Left;

AVLNode* Right;
struct AVLTree
{

AVLNode* Root;
5

Ta nhan thiy trudng hop thém hay hiy mot phan tir trén cay co thé lam cdy ting

hay giam chiéu cao, khi d6 phai can bang lai cay. Viéc can bang lai mot cay s& phai thuc
hién sao cho anh huong toi thiéu dén cay nham giam thiéu chi phi can bang. Nhu d3 nbi

O trén, cdy can bang cho phép viéc can bang lai chi xdy ra trong giéi han cuc by nén

ching ta co6 thé thuc hién dugc muc tiéu vira néu.
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5.6.2.3.2. Vi du: Cho céy sau:

&) Go

Hinh 5.17: Vi du minh hoa cAy AVL c6 niit mét cin bang 1éch trai

Xét niat p co gia tri bang 88, thi hé sé can bang cua nit p: CSCB(p) = -1.

5.6.2.4. Cacthaotac tréncay AVL
Khi thém hay x6a mdt nit trén cdy, c6 thé lam cho ciy mat tinh can bang, khi 4y
s€ phai tién hanh can bang lai cay.
C6 kha niang cdy bi mat can bang khi thay d6ichiéu cao:
— Thém bén trdi > Léch sang nhanh tréi.

— Thém bén phai = Léch sang nhanh phai.

Huy bén phai - Léch sang nhénh trai.

Hity bén trdi > Léch sang nhanh phai.

Vi vay vi€c can bang lai cdy la tim céach bo tri lai cdy sao cho chi€u cao cua hai
cay con dugc can doi voi nhau:

— Kéo nhanh cao bu cho nhanh thap.

— Phai bao dam cdy van 1a nhi phan tim kiém.

5.6.2.4.1. Can bang lai cay

Tai nat T khong can bang. Ta phai giai quyét hai truong hop sau:

Bién soan: Tran Vin Tho 180



Gido trinh: Cédu trive dit ligu va gidi thudt

a. Truwong hop 1:
— Céan bang lai LL (Left - Left):

Xoay phai tai T

> A &

\
)
h h-1 TS Left= T;>Right; (1) h-1 h-1
T1—>Right=T; 2

Hinh 5.18: Hinh vé& minh hoa cin bang lai LL cho ciy AVL

A\

Cai dit:

1. void rotateLL(AVLNode* &T)

2. {

3 AVLNode* T1 = T—Left;

4, T—Left= T1—>Right;

5. T1—-Right=T;

6 switch(T1—balFactor)

7 {

8. case LH: //cay T1léch trdi
9. T—balFactor = EH;
10. T1l—balFactor = EH;
11. break;

12. case EH: //cdy T1 cdn bang
13. T—balFactor = LH;
14. T1—balFactor = RH;
15. break;

16. }

17. T=T1;

18. }

— Can bang lai LR (Left - Right):
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h-1 h-1

Xoay trai tai Ty

| )

Ti—> nght =T, Left; (1)
T, Left = Ti; (2) @
h-1

h-1

Xoay phai tai T

| )
T—Left = T,—»>Right; (3)
T,—»Right=T; (4)

Hinh 5.19: Hinh v& minh hoa cén bing lai LR cho ciy AVL
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Cai dat:
1. void rotateLR(AVLNode* &T)

2. {

25,
26. }

— Can bang lai LB (Left - Balance):

A

AVLNode* T1 = T—Left;
AVLNode* T2 = T1—>Right;
T1—Right = T2— Left;
T2—Left=T1;

T—Left= T2—Right;
T2—Right=T;
switch(T2—balFactor)

{
case LH:
T—balFactor = RH;
T1—balFactor = EH;
break;
case EH:
T—balFactor = EH;
T1l—balFactor = EH;
break;
case RH:
T—balFactor = EH;
T1l—balFactor = LH;
break;
}
T2—balFactor = EH;
T=T2;

Giao trinh

D h-1

\
R |
A“

Xoay phai tai T

T—Left = T;>Right; (1)
T:—»>Right=T;

(2)

. Céu triic dir liéu va gidi thudt

Hinh 5.20: Hinh vé minh hoa cin bang lai LB cho ciy AVL
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Cai dit: Viéc can bang lai cdy trong truong hop LB hodn toan giong nhuw LL.

b. Truwong hop 2:
— Can bang lai RL (Right - Left):

h h-1
Xoay phai tai Ty
|
Ti—> Left = Tz—)Right; (1)
T,—»Right = Ty; (2)
h-1
h-1 h-1
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Xoay traitai T

| y
T—>Right = T,>Left; (3)
T,—>Left =T, (4) o

h-1 h-1 h-1 h-1

Hinh 5.21: Hinh vé minh hoa cin bang lai RL cho ciy AVL

Cai dat:

1. void rotateRL(AVLNode* &T)
2. {

3 AVLNode* T1 = T->Right;
4, AVLNode* T2 = T1—Left;
5. T1—Left= T2—Right;

6 T2—Right = T1;

7 T—Right = T2—Left;

8

. T2—Left="T;
9. switch(T2—balFactor)
10. {
11. case RH:
12. T—balFactor = LH;
13. T1—balFactor = EH;
14. break;
15. case EH:
16. T—balFactor = EH;
17. T1—balFactor = EH;
18. break;
19. case LH:
20. T—balFactor = EH;
21. T1—balFactor = RH;
22. break;
23. }
24, T2—balFactor = EH;
25. T=T2;
26. }
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— Cin bing lai RR (Right - Right):

Ti—oLeft =T;

(2) T->Right=T,—>Left; (1)

(2) @

h-1 h

Xoay trai tai

T>
()

h-1

Hinh 5.22: Hinh v& minh hoa cin bing lai RR cho ciy AVL

Cai dit:

1. void rotateRR(AVLNode* &T)

2. {

O N O A

11.
12.
13.
14,
15.
16.
17.
18.)

AVLNode* T1 = T—>Right;
T—Right = T1>Left;
Tl—Left=T;
switch(T1—balFactor)
{
case RH: //cdy T1léch phdi
T—balFactor = EH;
T1—balFactor = EH;
break;
case EH: //cdy T1cdn bang
T—balFactor = RH;
T1—balFactor = LH;
break;
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— Can bang lai RB (Right - Balance):

T->Right = Ty;—>Left; (1)
Ti>Left =T, (2)
|

Xoay traitai T

A A A

Hinh 5.23: Hinh vé minh hoa cin bing lai RB cho ciy AVL

Cai dit: Viéc cdan bang lai cdy trong trwong hop RB hoan toan giéng nhu RR.

. Can bang lai cAy AVL khi bi mit c4n bang
1. int balanceLeft(AVLNode* &T)
2. {//Khi cdy Tléch bén trdi cn cdn bdng lai

3. AVLNode* T1 = T—Left;

4 switch(T1—balFactor)

5. {

6. case LH:

7 rotateLL(T);

8. return 2;

9. case EH:

10. rotateLL(T);

11. return 1;

12. case RH:

13. rotateLR(T);

14. return 2;

15. }

16. return 0;  //Thuwchién khong thanh céng
17. }

1. int balanceRight(AVLNode* &T)
2. {//Khi cdy Tléch bén phdicdn cdn bdng lai
3. AVLNode* T1 = T>Right;

4, switch(T1—balFactor)

5. {

6. case LH:

7. rotateRL(T);

8. return 2;

9. case EH:
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10. rotateRR(T);

11. return 1;

12. case RH:

13. rotateRR(T);

14. return 2;

15. }

16. return0;  //Thuwchién khong thanh céng
17. }

5.6.2.4.2. Thém mot phan tir x vao cdy
— Thém binh thudng nhu truong hop cdy nhi phan tim kiém.
— Néu cay ting truong chiéu cao:

+ Lan nguoc vé gbc dé phat hién nit bi mat can bang,
+ Tién hanh can bang lai nat d6 bang thao tac can bang thich hop.

— Viéc can bang lai chi can thyc hi€én mdt lan tai noi mat can bang.

Trudc tién, ta xét cac tinh hudng c6 thé xay ra khi ta thém x vao céy con trdi ctia
nut P. Ta thay c6 ba tinh hudng c6 thé xay ra:

— p—hbalFactor =0 (h. =hr): Thém x vao thi p—balFactor = -1
— p—balFactor =1 (h. <hr): Thém x vao thi p—balFactor = 0
— p—balFactor = -1 (h. > hr): Thém x vao thi phai can bang lai cay.

= Trong 3 truong hop trén thi chi ¢6 truong hop 3 1a can can bang lai cay
sau khi thém, do luc dau he = hg + 1, néu thém mot phan tir c6 kha ning lam ting
he > ho=hr + 2.

Tuong tw, néu thém mdt phan tir x vio nhanh phai cua p ta ciing ¢6 ba tinh hudng:
— p—balFactor =0 (h. =hr): Thém x vao thi p—balFactor =1
— p—balFactor =-1 (h. >hr): Thém x vao thi p—balFactor =0

— p—balFactor =1 (h. <hr): Tém x vao thi phai can bang lai cay.

= Trong ba trudng hop trén thi chi c6 trudng hop 3 13 can can bang lai cy
sau khi thém, do lac dau hr = h + 1, néu thém mot phan tir co kha ning lam ting
hr 2 hr = h. + 2.
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3
Py

4

Vi du: Cho cay sau:

H

Thém nut p c6 gia tri 10 vao cay. Thuc hién nhu sau:

/@\”4-
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Két qua thuc hién RR 11 23
l w (2

0

Két qiia thue hién; n
[

Hinh 5.24: Vi du minh hoa thé m mft nat vao ciy AVL

Vay cay da dugc can bang sau khi sap xép.

Bién soan: Tran Vin Tho 190



Gido trinh: Cédu trive dit ligu va gidi thudt

Giai thuat:

- Bué6e 1: Ditheo dudng tim kiém dé xac dinh phan tir can thém vao cay.
- Buéc 2: Néu phan tir can thém chua ton tai trén cay thi:

+ Thém phén tir 6 vao cay.

+ Xéac dinh lai hé s6 can bﬁng cua phﬁn tr mo1 thém.

- Buwée 3: Lan nguoc theo dudng tim kiém va kiém tra hé sb can bang tai mdi
nat, néu thdy mét can bang thi phai can bang lai.

Cai dat:

1. intinsertAVLNode(AVLNode* &T, TNode* p)
2. {

3. if(p == NULL)

4. return-1; //Nut méip mudnthém khéng ton tai
5. if(T == NULL)

6. {//Cdy réng nén thém niit méivao géc

7. T=p;

8. return 2;  //Thwchién thanh cong niit maéico gid tri x
9. }

10. //Cdy khéng réng

11. int Result;

12. if(T—>Info == p—Info)

13. return 0; //Khéng thém dwocvi ton tai niit ¢ gid tri bdng x
14. if(T—Info > p—Info)

15. {//Thém niit m&ivao nhdnh trdi

16. Result = insertAVLNode(T—Left, p);
17. if(Result < 2)

18. return Result;

19. switch(T—balFactor)

20. {

21. case RH:

22. T—balFactor = EH;

23. return 1;

24. case EH:

25. T—balFactor = LH;

26. return 2;

217. case LH:

28. balanceLeft(T);

29. return 1;

30. }

31. }

32. else

33. {//Thém niit méivao nhdnh phdi

34. Result = insertAVLNode(T—Right, p);
35. if(Result < 2)

36. return Result;
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37. switch(T—balFactor)

38. {

39. case LH:

40. T—balFactor = EH;
41. return 1;

42. case EH:

43. T—balFactor = RH;
44, return 2;

45, case RH:

46. balanceRight(T);
47. return 1;

48. }

49, }

50. }

5.6.2.4.3. Xb6a mdt phan tir x trong cdy

— Céac truong hop loai bo mot phan tir trén cdy can bang van duoc giai quyét nhu
khi loai bo trén cay nhi phan tim kiém.

Néu cay giam chiéu cao:

+ Lan nguoc vé gbc dé phat hién nut bi mat can bang.

+ Tién hanh can bang lai nit d6 bang thao tac cén bang thich hop.
+ Tiép tuc lan nguoc 1én nit cha.

Viéc can bang lai c6 thé lan truyén 1én tan gc.

Céc trudong hop can bang lai giai quyét gidng nhu thém vao cay.

Vi du: Cho cay cén bang sau:

a
Q a
[

Huy phan tir ¢ gia tri 23. Ta thuc hién nhu sau:
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Két qua thwe hign LL

e (23

Hinh 5.25: Vi du minh hoa x6a mét nut tir cAy AVL

Vay cdy da can bang lai sau khi x6a nut c6 gia tri 23.

Giai thuat:

- Néu (p == NULL) thi
+ "Khong c6 phan tir dé huy"
- Nguoc lai:

+ Néu (x < p—Info) thi
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- Thyc hién huy trén céy con trai.
- Can bang lai cho p néu cdy con trai giam do cao (Balance - Left)
+ Nguoc lai:
- Néu (x > p—Info) thi
Thuc hién hay trén cay con phai.
Can bang lai cho p néu cdy con phai giam d6 cao (Balance - Right)

- Nguoc lai: //x = p—Info

Huy p giéng giai thuat trén cdy nhi phan tim kiém.

Cai dat:

1. int searchStandFor(AVLNode* &p, AVLNode* &q)
2. {

3. int Result;

4. if(q—>Left!=NULL)

5. {

6. Result = searchStandFor(p, q—Left);
7. if(Result < 2)

8. return Result;

9. switch(q—balFactor)

10. {

11. case LH:

12. g—balFactor = EH;

13. return 2;

14. case EH:

15. q—balFactor = RH;

16. return 1;

17. case RH:

18. return balanceRight(q);

19. }

20. }

21. else

22. {

23. p—Info = q—Info;

24. p=q;

25. q = gq—Right;

26. }

27. return 2;

28. }

1. intdeleteAVLNode(AVLNode* &T, ItemType x)
2. {//Xéanit cé Info bdng véi x

3. int Result;

4 if(T == NULL)

5 return 0; //Thuwchién khéng thanh céng
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if(T—Info > x)
{
Result = deleteAVLNode(T—Left, x);
if(Result < 2)
return Result;
switch(T—balFactor)
{
case LH:
T—balFactor = EH;
return 2;
case EH:
T—balFactor = RH;
return 1;
case RH:
return balanceRight(T);

}
}
else if(T—Info <x)
{
Result = deleteAVLNode(T—Right, x);
if(Result < 2)
return Result;
switch(T—balFactor)
{
case RH:
T—balFactor = EH;
return 2;
case EH:
T—balFactor = LH;
return 1;
case LH:
return balanceLeft(T);

else

AVLNode*p=T;
if(T—Left == NULL)

{
T = T—>Right;
Result = 2;
}
else
{
if(T—>Right == NULL)
{
T = T—Left;
Result = 2;
}
else
{
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57. Result = searchStandFor(p, T—>Right);
58. if(Result < 2)

59. return Result;

60. switch(T—balFactor)

61. {

62. case RH:

63. T—balFactor = EH;
64. return 2;

65. case EH:

66. T—balFactor = LH;
67. return 1;

68. case LH:

69. return balanceLeft(T);
70. }

71. }

72. }

73. delete p;

74. return Result;

75. }

76. return Result;

77. }

5.6.2.4.4. Tao cay nhj phan can bang AVL

Viéc tao cdy nhi phan cén bang AVL 14 qua trinh thém lan luot cac phan tir (nut)
VA0 CAy, qué trinh nay s& dan dén viéc mét can bang va phai can bang lai cay.

a. Vi du: Tao cay AVL tu danh séch sau:

) ) W &) G

NULL
LT

Tao cay rong:

Thém nut co gia tri 5 vao cay:

Thém nut c6 gia tri 8 vao ciy:
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M
S

Thém nut c6 gia tri 7 vao cay:

a
LN
Két qua thye hién LL
= -7

Thém nuat c6 gia tri 2 vao cay:

197 Bién soan: Trdn Vin Tho



Gido trinh: Cdu trive dit ligu va gidi thudt

Hinh 5.26: Vi du minh hoa vé cich tao cAdy AVL

Vay cédy nhj phan can bang AVL d3 hoan tét.
b. Cai dat:
1. void createAVLTree(AVLNode* &T, int n)

2. {

3. ItemType x;

4, int Result, i = 1;

S. do

6 {

7 printf(“Tao nuat thir %d cé gia tri: ", i);
8. scanf(“%d”, &x);

9. Result = insertAVLNode(T, x);
10. if(Result '=0)

11. i++;

12. }while(i <=n);

13. }

5.7. Cau héi va bai tap
57.1. Cau héi

1. Hiéu duoc cac thao tac duyé€t trén cay. Ung dung x6a cay dugc thuc hién theo
thir tu nao.
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2. Pic diém cua cay nhi phan tim kiém. Thao tic nao thuc hién tot trong cay nhi
phan tim kiém. Han ché ctia ciy nhi phan tim kiém 1a gi?

3. Xét giai thuat tao cay nhi phan tim kiém. Néu thir tu cac khoa nhdp vao la nhu
Sau:

7 1 13 11 14 3 -4 8 5 9.
thi hinh anh céy tao dugc nhu thé nao?

Sau d6 hay 1an lugt céc nit theo thr tu: 3, 7 thi cdy s& thay d6i nhu thé nao
trong tung budc huy.

4. Ap dung giai thuat tao cdy nhi phan tim kiém can bang dé tao cdy voi khoa
nhap vao la nhu sau:
7 1 13 10 14 17 11 8 12 16.
thi hinh anh cay tao dugc nhu thé nao? Luu y v¢ hinh minh hoa khi thém
tung khoa vao cay.
Sau do, néu huy 1an luot cac nut theo thir ty nhu sau: 1, 8, 12 thi cay thay doi
nhu thé nio trong timg budc huy, v& so d6 va giai thich.

5. Xay dung cau truc dit liéu biéu dién cdy n - phan (2 < n < 10). Viét chuong
trinh con duyét cay n - phan.

5.7.2. Baitap

6. Cho cay nhi phan tim kiém ma mdi nat 13 mot sé nguyén. Hay viét chuong
trinh dé thuc hién nhitng chic ning sau:

a. Tao cdy nhi phan tim kiém bang ba cach (Cach 1: Cho trudc mot mang a co
n phan tt, hdy tao mot cdy nhj phan tim kiém c6 n node, mdi ndt lwu mot
phan tir ctia mang. Cach 2: Nhap liéu tir ban phim. Céch 3: Tao ngiu nhién
tu dong).

b. Duyét cdy nhi phan tim kiém bang sau cach: traverseNLR, traverseLNR,
traverseLRN, traverseNRL, traverseRNL, traverseRLN.

C. Thém mdt nit c6 gia tri x lam con trai cta nat T.

d. Thém mdt nut c6 gia tri x lam con phai cua nuat T.

e. Thém mdt nat co gia tri x vao cay.

f. Dém s ndt trén cay.

g. Cho biét cac phan tu trén cdy c6 16n hon x hay khdng?

7. Cho cay nhi phan tim kiém ma mdi niit 1a mot phan sb. Hiy viét chuong trinh
dé thyc hién nhitng chirc ning sau:
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10.

11.

a. Tao cdy nhi phan tim kiém bang hai cach (nhép liéu tir ban phim, tao ngiu
nhién ty dong).

b. Duyét ciy nhi phan tim kiém bang sau cach: traverseNLR, traverseLNR,
traverseLRN, traverseNRL, traverseRNL, traverseRLN.

Thém mot nut 1a phan s6 x lam con trai cua nat T.

o o

Thém mot niit 13 phan sé x 1am con phai cta nut T.

e. Thém mdt nat 12 phan s x vao ciy.

f. Pém sb phan sé 16n hon 1.

g. Toi gian tat ca cac nit cia cdy.

Ung dung cdy nhi phan (cdy biéu thirc) dé viét chuong trinh thyc hién viéc
biéu dién va tinh gia trj cia biéu thuc.

Cho cay nhi phan tim kiém nhu ¢ bai tap 6. Hiy bd sung nhiing chirc ning sau:

Tim kiém mot nat cé gia tri x trén cdy hay khong?

T o

Xoba nit con trai cua mot nit T.

Xoba nat con phai cia mot nat T.

o o

Xoa nat c6 gia tri x trén cay.

Xuét céc phan tir theo chiéu giam dan.

=h @

Tinh tong cé&c nat trong cay (khdng dé quyldé quy).

g. Tinh téng cac gia tri dwong trén cay.

h. Bém s6 gia tri 16n hon x, nho hon X, c6 gia tri trong doan [X, y].

i. Xo6a toan bd cay.

Cho cay nhi phan tim kiém nhu ¢ bai tap 7. Hay bd sung nhitng chirc ning sau:
a. Tim kiém mot phan sd x trén cay hay khong?

b. X6a mot phan sb x trén cay.

C. X6a nhitng phan s6 16n hon 2.

d. Xéa nhitng phan sé ¢6 mau sb 1a s nguyén td.

e. Xo6a toan by danh sach.

Tiép theo bai tap 6. Hiy viét cac ham thuc hién cac chiic ning sau:

a. Viét ham xuét céc s6 hoan thién trong cay.

b. Viét ham xuat tat ca cac nit trén tang thir k cta cay. (*)

c. Viét ham xuat tat ca cac nat trén cay theo thu tu tir ting 0 déntang h - 1 cta
cay (voi h 1a chiéu cao cua cay). (*)

d. Pém s6 lugng nit 14 ma thong tin tai nit d6 1a gia tri chin.
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e. Bém s luong nat c6 dung mot con ma thong tin tai nit d6 1a sb nguyén té.

f. Pém sb lugng nut c¢6 ding hai con ma thong tin tai nit d6 1a s6 chinh
phuong.

g. Pém sb lugng nut trén tang tht k cia cdy.

h. Dém s6 luong nut nam & tang thap hon tang thir k cua cay.

i. Pém sd luong nut nAm & tang cao hon tang thir k cia cay.

j. Tinh téng cic nit trong cdy.

k. Tinh tong cac nit 14 trong ciy.

I. Tinh téng cac nit co6 dtng mot con.

m. Tinh tong cac nit c6 dung hai con.

n. Tinh tong cac nit 1.

0. Tinh tong cac nit 14 ma thong tin tai nat do 1a gia tri chin.

p. Tinh tong cac nit c6 ding mdt con ma thong tin tai nit d6 1a sé nguyén to.

. Tinh tong cac nit co6 dung hai con ma thong tin tai nit d6 1a s chinh
phuong.

Cho cay nhi phan tim kiém nhu ¢ bai tap 6. Hay bd sung nhiing chirc ning sau:
a. Bém s nit cua cay.
b. Bém sb nut 14 cia cay.

. Pém s0 nit c6 dung hai nit con cta cay.

o

d. Pém s6 niit chi c6 mdt nat con cuia cay.

e. Bém s6 nit c6 con 1a nit 14 cua cay.

f. Tinh chiéu cao cua céy.

g. Tim nat co gia tri 16n nhét cua cay.

h. Tinh tong gia tri cac nut cta cay.

i. Tinh téng gia tri cac nut 1a s6 nguyén td cua cay.

j. Tinh téng gia tri cac nut 1a sé chinh phuong cia ciy.
k. Tinh tong gia tri cac nat 13 s6 hoan thién cua cay.

l. Tinh tng gia tri cac nut 1a s thinh vuong cua cay.
m. Tinh tong gia tri cac nat 1a s6 yéu cia céy.

Tiép theo bai tap 6. Hay:

a. Kiém tra cay nhi phan T c6 phai 13 "cay nhi phan tim kiém" hay khong?
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b. Kiém tra cay nhj phan T c6 phai 13 "cdy nhi phin can bang" hay khong?

¢. Kiém tra cdy nhi phan T c6 phai 1a "cdy nhi phan cén bing hoan toan" hay
khong?

14. Gia sur a la mdt mang cac s6 thuc di co thu tu tang. Hay viét ham tao mot cay
nhi phan tim kiém c6 chiéu cao thap nhét tir cac phan tir cia a.

15. Viét chuong trinh con dao nhanh (nut trai va nit phai cia mot nit cha bat ky
trén cay dugc ddo cho nhau) mdt cay nhi phan.

16. Cai dat chuong trinh mo6 phong truc quan céc thao tac trén cay nhi phan tim
kiém.
17. Cai dat chuong trinh mé phdng truc quan cac thao tac trén cay AVL.

18. Viét chuong trinh cho phép tao, tra ctru va sira chira tir dién Anh - Viét.
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Chudng 6. BANG BAM

6.1. Mo ta bang bam

Trong khoa hoc may tinh, bang bam 1a mot ciu tric dit liéu str dung ham bam dé
anh xa tur gia tri xac dinh, dugc goi 1a khéa (vi du nhu tén ctia mdt nguoi), dén gia tri
tuong tng (vi du nhu sd dién thoai cua ho). Tu tudng cia bang bam 1a dwa vao gia tri
cac khoa K[1..N], chia cac khoa d6 ra thanh cac nhom. Nhitng khoa thudc cung mdt
nhom cé mot diac diém chung va dac diém nay khong c6 trong cac nhom khac. Khi co
mot khoa tim kiém X, trude hét ta xac dinh xem néu X thudc vao day khoa da cho thi
n6 phai thuoc nhom nao va tién hanh tim kiém trén nhom do.

Mot vi du la trong cudn tir dién Anh — Viét, cac ban sinh vién thuong dan 26 manh
gidy nho, ghi thong tin 1a cac ky tu tir A(a) dén Z(2) vao céc trang dé danh déu trang nao
12 trang khoi dau ctia mot doan chira cac tir co cung chit cai dau. DE khi tra tir thi chi can
tim trong cac trang chita nhiing tir c6 ctng chit cai dau voi tir can tim.

Mot vi du khac, 1a trén day céc khoa so tu nhién, ta c6 thé chia n6 ra 1am m nhom,
mo1 nhdm goém céc khoa dong du theo modun m.

Do d6, bang bam 1a mot mang két hop. Ham bam duoc sir dung dé chuyén doi tur
khéa thanh chi sd (gia tri bam) trong mang luu trir céc gia tri tim kiém.

Trong trudng hop 1y tudng, ham bam ludn chuyén d6i cac khoa khac nhau dén cac
chi s6 khac nhau. Tuy nhién trong thuc té, diéu nay hiém khi xay ra (trir khi céc khoa 1a
¢ dinh: khdéng c6 thém khéa méi nao duge bd sung vao bang sau khi tao bang). Thay
vao d6, hau hét cac thiét ké bang bam déu gia sir cac khoa khac nhau co thé duge bam
vao clng mot gia tri (goi 1a va cham hay xung dét bam), va cung cip cach giai quyét
xung dot.

Trong mot bang bam c6 kich thude di 16n, thoi gian trung binh cho mdi lan tra
ctru 1a doc 1ap voi sé lugng phan tir trong bang. Nhiéu thiét ké bang bam ciing cho phép
chén thém va x6a bd tuy y cua cdp khoéa - gia tri trong thoi gian trung binh (hodc tru
dan) khong d6i cho mdi thao tac.
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Trong nhiéu trudng hop, bang bam cé hiéu qua hon so v6i cdy tim kiém hodc bt
ky céu trac dit liéu tim kiém nao. Vi 1y do nay, ching dugc sir dung rong rai trong nhiéu
loai phén mém may tinh, dac biét 1a cho mang két hop, 1ap chi muc co so dir liéu, to
chic bd nhé dém, va cau triic dit ligu tap hop.

C6 nhiéu cach cai dat bang bam:

— Céch thi nhit: Chia diy khoa thanh cac doan, mdi doan chira nhilng khoa
thudc cung mot nhom va ghi nhan lai vi tri cac doan do. Pé khi c6 khoa tim
kiém, co thé xac dinh dugc ngay can phai tim khoa d6 trong doan ndo.

— Cach thir hai: Chia ddy khoa lam m nhém, mdi nhom 14 mot danh sach ndi don
chura céc gia tri khoa va ghi nhan lai chdt ctia mdi danh sach ndi don. V&i mot
khoa tim kiém, ta xac dinh duoc phai tim khoéa dé trong danh sach nbi don nao
va tién hanh tim kiém tuén ty trén danh sach ndi don d6. Véi cach luu trix nay,
viéc bo sung ciling nhu loai bo mot gia tri khoi tap hop khoa dé dang hon rét
nhiéu so voi phuong phap trén.

— Céch thir ba: Néu chia day khoa lam m nhém, mdi nhém duoc luu trir dudi
dang cdy nhi phan tim kiém va ghi nhan lai gbc ctia cac cdy nhi phan tim kiém
d6. Phuong phap nay c6 thé noi 1a tét hon hai phuong phap trén, tuy nhién diy
khoa phai ¢6 mdi quan hé thtr tu toan phan thi méi 1am duoc.

6.1.1. M@ ta dir liéu
Bang bam duoc md ta bang cac thanh phan sau:
— Co tap khoa (key) cua cac nit trén bang bam goi la tap K.
— Co tap cac diachi (address) ctua bang bam dugc goi la tap A

— C6 ham bam (hash function) dé anh xa mot khoa trong tap K thanh 1 dia chi
trong tap A.

Béang bim duoc md ta bang hinh v& nhu sau:

Hambamf

Tap khéa K Tap dia chi A

6.1.2. Cac tac vu trén bang bam
Béng bam co thé c6 céc tac vu sau:

— Tac vu khéi dong (Initalize): Cap phat bo nhé va khoi dong céc gia tri ban dau

cho bang bam.

— Tac vu kiém tra réng (Empty): Kiém tra bang bam c6 rong hay khong.
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— Tac vu ldy kich thwée ciia bang biam (Size): Cho biét sé phan tir hién co cua
bang bam.

— Tac vu tim kiém (Search): Pay 1a mot trong nhiing tac vu thuong dugc sir

dung nhat cua bang bam. Tic vy ndy sé& tim kiém cac phan tir trong bang bam
dua vao khda Key cua timg phan ti.

— Tac vu thém mot phan tir (Insert): Tac vu ndy thém mot phan tir méi vao bang

bam. Sau khi thém s6 phan tir hién c6 ctia bang bam ting thém mot don vi.

— Tac vu xo4 mét phin tir (Remove): Tac vu ndy duoc ding dé xoa mot phan tir
ra khoi bang bam. Sau khi x6a sb phan tir hién c6 ctia bang bam giam bét di mot
don vi.

— Tac vu sao chép (Copy): Tac wvu ndy dugc ding dé tao mot bang bam mdi tir
bang bam cii da co.

— Tac vu duyét bang bam (Traverse): Tac vu nay dung dé duyét qua tit ca cac
phan tir trén bang bam theo thir ty dia chi tir nho dén 1on.

6.1.3. Cac bing bam thong dung

V6i mdi loai bang bam, chung ta phai xac dinh tap khoa K, xac dinh tap diachi A
va xdy dung ham bam hashFunction.

Khi xdy dung ham bam ching ta mudn céc khoa khac nhau s& anh xa vao céc dia
chi khac nhau, nhung thyc té thi thudng xay ra trudng hop céc khoa khac nhau lai anh
xa vao cung mdt dia chi, ching ta goi 1a xung dot. Do d6 khi xay dung bang bam ching
ta phai xdy dung phuong 4n giai quyét sy xung dot trén bang bam.

Cac phwong phap xir lydung do:
— Bang bim d6ng, gom:

= Phuong phap ndi két truc tiép (Direct chaining Method).

= Phuong phép ndi két hop nhat (Coalesced chaining Method).
— Bang bam dia chi mo (Open - addressing), gom:

= Phuong phép do tuyén tinh (Linear probing Method).

» Phuong phap do bac hai (Quadratic probing Method).

» Phuong phap bam kép (Double hashing Method).

Trong chuong ndy ta s& nghién ciru cac bang bam thong dung, voi mdi bang bam
c6 chién luge giai quyét su xung dot riéng nhu sau:

205 Bién soan: Trdn Vin Tho



Gido trinh: Cdu trive dit ligu va gidi thudt

— Bang bim véi phwong phap ndi két true tiép: Mdi dia chi ctia bang bam (goi
12 mot bucket) twong mg véi mot danh sach lién két. Cac phan tir (c4c nut) bi
xung d6t dugc ndi két vi nhau trén cling mot danh sach lién két.

— Bang bim véi phuong phap ndi két hop nhat: Bang biam loai ndy duoc cai
dit bang danh sach ké, mdi phan tir (n(t) c6 hai trudng: truong Key chira khoa
cua nat va truong Next chi nut ké bi xung dot. Cac nit bi xung dot dugc ndi két
v6i nhau qua truong lién két Next.

— Bang bim véi phwong phap do tuyén tinh: Vi du nhu khi thém phan tir vao
bang bam loai ndy, néu bam 1an dau bi xung dot thi 1an lugt do dja chi ké... cho
dénkhi gap dia chi trong dau tién thi thém phan tir vao dia chi nay.

— Bang bam véi phuong phap do bac hai: Vi dy nhu khi thém nlit vao bang
bam loai ndy, néu bdm lan dau bi xung d6t thi 1an luot do dén dia chi méi, lan
do i ¢ phan tir cach khoang i2 cho dén khi gip dia chi tréng dau tién thi thém
phan tir vao dia chi nay.

— Bang bam véi phwong phap kép: Bang bam loai ndy dung hai ham bam khac
nhau, bam lan dau voi ham bim thi nhit néu bi xung dot thi xét dia chi khac
bang ham bidm tht hai.

6.1.4. Ham bam

Ham bam 1a ham bién d6i khoa cua phan tir (nGt) thanh dia chi trén bang bam, la
giai thudt nham sinh ra cac gia tri bam tuong Gng voi mdi khoi dir liéu (c6 thé 1a mot
chudi ki tu, mot dbi tuong trong lap trinh hudng doi tuong, v.v...). Gia tri bam dong
vai gan nhu mot khéa dé phan biét cac khoi dir liéu, tuy nhién, ngudi ta chip hién
twong trung khoa hay con goi 1a dung do va cd gang cai thién giai thuat dé giam thiéu
su dung do do.

Ham bam thuong duoc ding trong bang bam nham giam chi phi tinh toan khi tim
mot khdi dir liéu trong mot tap hop (nhd viée so sanh cac gia tri bim nhanh hon viéc
so sanh nhitng khéi dit liéu c6 kich thudc 16m).

Vi tinh thong dung ciia bang bdm ma ngdy nay nhiéu ngdn ngir 1ap trinh déu cung
cip thu vién Gng dung bang bam, thuong goi 1a thu vién collection trong d6 c6 cac van
dé nhu: tap hop (collection), danh sach (list), bang (table), anh xa (mapping), tir
dién (dictionary). Thong thuong, cac 1ap trinh vién chi can viét ham bam cho cac doi
tugng nham tich hop véi thu vién bang bam di duoc xdy dung sén.

— Khoéa cua ham bam c6 thé 1a khéa ¢ dang sé hay dang chudi.

— Pia chi dugc tinh ra 1a cac s6 nguyén trong khoang 0 dén MAXSIZE — 1, voi
MAXSIZE 1a s6 dia chi trén bang bam.
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— Ham bam thuong dugc dung ¢ dang cong thirc: Vi du nhu cong thire HF(Key)
= Key % MAXSIZE, véi MAXSIZE 1a @6 16n cua bang bam.

Mt ham bam tét phdi thod cdc yéu ciu sau:
— Tinh toan nhanh.
— Giam thiéu sy xung dot.

— Céc khoa duoc phan bd déu trong bang (Phdn bé déu cic niit trén MAXSIZE

dia chi khac nhau cua bang bam).

— Xu ly dugc cac loai khoa c6 kiéu dit liéu khac nhau.

6.1.5. U diém ciia bang bim

Bang bim 1a mot cau tric dit lidu dung hoa tdt gitra thoi gian truy xuat va dung
lugng bd nhd:

— Néu khong c6 sy gigi han vé bo nhé thi ching ta c6 thé xdy dung bang bam véi
mdi khoa tmg véi mot dia chi voi mong mudn thoi gian truy xuat tirc thoi.

— Néu dung luong ctia bd nhé ¢ gi6i han thi t6 chirc mot s khoa co cung dia chi,
lic nay thoi gian truy xudt c6 bi giam di.

6.1.6. Ung dung ciia bang bim

Céc ham bam duogc tng dung trong nhiéu linh vue, ching thuong duoc thiét ké
phu hop v6i timg tGng dung. Vi du, cac ham bim mat ma hoc gia thiét su ton tai cia mot
dbi phuong - nguoi céd thé c6 tinh tim cac dit liéu vao véi cung mat gia tri bam. Mgt
ham bam t6t 12 mot phép bién d6i "'mot chiéu" nghia 1a khong c6 mdt phuong phap thuc
tién dé tinh toan duoc dit liéu vao ndo d6 tuwong Gmg voi gid tri bam mong mudn, khi d6
vi¢c gid mao s€ rat kho khan. Mot ham mot chidu mat ma hoc dién hinh khong c¢6 tinh
chit ham don 4nh va tao nén mdt ham bam hiéu qua; mot ham trapdoor mat ma hoc dién
hinh 12 ham don 4anh va tao nén mdt ham ngau nhién hiéu qua.

Béng bim duoc ing dung nhiéu trong thyc té, rat thich hop khi t6 chuc dit liéu c6
Kich thudc 16n va dugc luu trit ¢ bd nhd ngoai.

Bang bam, mét ung dung quan trong cta cac ham bam, cho phép tra ctiru nhanh
mot ban ghi dir lidu néu cho trude khoa ciia ban ghi d6 (Luu y: cac khoa ndy thuong
khong bi mat nhu trong mat ma hoc, nhung ca hai déu duge dung dé "m¢ khoa" hodc dé
truy nhap thong tin.) Vi du, cac khoa trong mot tu dién dién tir Anh - Anh c6 thé 1a cac
tir tiéng Anh, céac ban ghi twong tmg voi ching chira cac dinh nghia. Trong truong hop
nay, ham bam phai anh xa céc xau chit cai to1 cac chi myc cua mang ndi bo cua bang
bam.
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Céc ham bdm danh cho viéc phat hién va stra 16i tap trung phan biét cac truong
hop ma dir liéu di bi 1am nhiu béi cac qua trinh ngau nhién. Khi cac ham bam duoc
ding cho cac gia tri tong kiém, gia tri bam twong ddi nho 6 thé duoc ding dé kiém
ching ring mot file dit liéu c6 kich thudc tuy ¥ chua bi stra d6i. Him bam dugc ding
dé phat hién 16i truyén dtr li€u. Tai noi gui, ham bam dugc tinh cho dir liéu duoc gui,
gi4 tri bam nay dugc giri cing dit li¢u. Tai dAu nhan, ham bam lai duoc tinh lan nita, néu
céc gia tri bam khong tring nhau thi 18i d4 xay ra & dau d6 trong qua trinh truyén. Viéc
ndy duoc goi la kiém tra du (redundancy check).

Cac ham bam con dugc tng dung trong vi¢c nhan dang am thanh, chéng han nhu
xac dinh xem mot file MP3 c6 khép véi mot file trong danh sach mdt loai céc file khac
hay khong.

Vi du: Gidi thudt tim kiém chudi ky tw Rabin - Karp 1a mot giai thuat tim kiém
chudi ki tu twong d6i nhanh, v6i thoi gian chay trung binh O(n).

Giai thuat mang tén hai nha khoa hoc phat minh ra n6 Michael O. Rabin (sinh nam
1931, ngudi Puc) and Richard M. Karp (sinh nim 1931, ngudi My), déu duoc giai
Turing Award, giai thuong uy tin nhdt trong nganh khoa hoc méy tinh va cong nghé
thdng tin mang tén nha khoa hoc may tinh ltmg danh ngudi Anh Alan Turing. Tu tudng
chinh cta phuong phap niy la st dung phuong phép bam (hashing). Tc 12 mdi mot
chudi s& dugce gan voi mot gid tri cua ham bam (hash function), vi du chudi “hello” dugc
gan voi gia tri 5 chiang han, va hai chudi dugc goi 1 bang nhau néu gia tri bam cua nod
bang nhau. Nhu vay thay vi viéc phai d6i sanh cac chudi con cta T v&i mau P, ta chi
can so sanh gia tri ham bam cua ching va dua ra két luan.

Pic ta giai thuiat Rabin - Karp nhw sau:

1. function algorithm_Rabin_Karp(string T[1..n], string P[1..m])
2. hsub = hashFunction(P[1.m]) //gid tri bdm ctia chubi con P
hs = hashFunction(T[1..m]) //gid tribdm ctia chuéi me T
forifrom1 to n-m+1
if hs = hsub
if T[i.i+m-1] = P
returni

hs = hashFunction(T[i+1.i+m]) //gid tri bdm ctia T[i+1..i+m]

0 0 N o ok W

return not found

10. end function

Véan dé dat ra & day 1a khi c6 qua nhiéu chudi s& ton tai cac trudng hop céc chudi
khéc nhau c6 gia tri bam giéng nhau, do d6 khi tim thdy hai chudi cé gia tri bam giéng
nhau van phai kiém tra lai xem chiing c6 thuc sy bang nhau hay khong (dong sé 6), may
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man 13 trudng hop nay rét it xay ra véi mot ham bam thiét ké du tét.

Phan tich giai thuat ta thiy: dong s 2, 3, 6, 8 ¢6 d6 phuc tap 1a O(m), nhung dong
sb 2, 3 chi thuc hién duy nhat mot lan, dong sb 6 chi thuc hién khi gia tri bam bﬁng nhau
(rat it), chii yéu 1a dong sb 8 s& quyét dinh d6 phirc tap cua giai thuat. Boi khi tinh gia
tri bam cho T[i+1..i+m] ta mét thoi gian 12 O(m), cong viéc ndy dugc thuc hién trong n-
m+1 lan.

Nhu vay ta phai tinh lai gia tri hs trong thoi gian hang s (constant time), cach giai
quyét & day 1a tinh gia tri bam cua T[i+1..i+m] dwa vao gia tri bam cta T[i..i+m-1] bang
cach str dung cach bam tron (rolling hash, 1a cach bam ma gia tri dau vao dugc bam véi
mot kich thudc cira sd cd dinh truot trén do dai cua gia tri can bam). Cu thé trong bai
toan ndy, ta str dung cong thirc sau dé tinh gia tri bam tiép theo trong mot khoang thoi
gian hing s&: hashFunction(T[i+1...i+m]) = hashFunction(T[i+1...i+m-1]) -
ASCII(T[i]) + ASCII (T[i+m]), trong d6 ASCII(i) la ma ASCII cua ky ty i. Nhu vay
trong truong hop nay do phuc tap chi con la O(n).

D6 1a mot cach bam don gian, dudi day sé trinh bay mot ham bam phuc tap va tot
hon cho cac truong hop dit liéu 1on. D6 14 st dung céc s6 nguyén t6 16n. Vi du nhu chudi
“hi” bam bang sé nguyén t6 101 s& c6 gia tri bam 1a 104 x 1011+ 105 x 1010= 10609
(ASCII cua ky tu 'h' 1a 104 va cua ky tu 'i' la 105).

Thém nita, ta c6 thé tinh gia tri bam ctia mot chudi condua vio cac chudi con trude
no, vi du nhu ta c6 chudi "abracadabra”, ta can tim mot mau tim kiém c6 d6 dai 1a 3. Ta
c6 thé tinh gia tri bam cua chudi “bra” dwa vao gia tri bam ciia chudi “abr” (chudi con
trudc nd) bang cach lay gia tri bam ciia “abr” trir di gia tri bim cta ky tu 'a’ dau tién (vi
du nhu 97 x 1012 (97 1a gi4 tri ASCII ctia ky tu'a' va 101 14 s6 nguyén t6 dang st dung)
va cOng thém gia tri bim cau ky tu 'a' cudi cung trong chudi “bra” (vi du nhu 97 x 1010
=97).

Giai thuat Rabin-Karp sir dung ham bam tinh toan nhanh, khong phu thudc vao
chiéu dai chudi can tim kiém Tiét kiém bd nhd vi khong luu trir lai nhiéu két qua tim
kiém truéc d6. Khong sir dung cac phuong phap nhan biét, loai trir cac két qua xu cho
cac bude tim kiém sau.

6.2. Bang bim véi phwong phap két noi truc tiép
6.2.1. Mo ta

Bang bam duoc cai dat béng danh séch lién két, cac nit trén bang bam dugc bam
thanh MAXSIZE danh sach lién két (tir danh sach 0 ¢én danh sach MAXSIZE - 1). Cac
ndt bi xung dot tai dia chi i duwoc ndi két truc tiép voi nhau qua danh sach lién két thi i.
Chéng han, vd1 MAXSIZE =10, cac phﬁn tir c6 hang don vi 1a 5 s€ dugc bam vao danh
sach lién két thiri= 5.
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Khi thém mét phan tir (ndt) c6 khda Key vao bang biam, ham bam f(Key) s& xac
dinh dia chi i trong khoang 0 dén MAXSIZE - 1 tmg v6i danh sach lién két thir i ma nut
nay s€ dugc thém vao.

Khi tim kiém mot phan tir (n(t) c6 khoa Key trén bang bam, ham bim f(Key) sé&
xac dinh dia chi i trong khoang tir 0 dén MAXSIZE - 1 ng v6i danh séach lién két thi i
c6 thé chira nut, viéc tim kiém nit trén bang bam quy vé bai toan tim kiém trén danh
sach lién két.
Sau day dé minh hoa cho van dé vira néu, xét bang bam cé céu triic nhu sau:
— Tap khoa K: 1a tap s tu nhién
— Tap dia chi MAXSIZE: ¢610 diachi tr 0 > 9
— Chon ham bam la HF(Key) = Key % 10.

bucket

0 > 20 > 50

1 > 11 > 31 > 41
2 Y »| 42

3 > 13 » 33 > 43 > 83
4 > 24 > 54 > 94
S > 15 > 35

6 > 36 > 76

7 »_ 17 > 97

8 i 8 > 28 > 88
9 > 19 > 29 > 69

Bing bim diung phwong phap nbi két truc tiép

Hinh trén minh hoa bang bam vira miéu ta. Theo hinh v&, bang bam di “bdm” phan tir
trong tap khoa K theo 10 danh sach lién két khac nhau, mdi danh sach lién két goi i mot bucket.

— bucket 0: gom nhiing phan tir c6 khoa tan cing bang O.

— bucket i (i=1..9): gdbm nhimg phan tir c6 khoéa tan cung bang i. Dé gitp viéc
truy xudt bang bam d& dang, cac phan tir trén cac bucket can thiét duoc td chirc
theo mot thir tu, chéng han nhu tir nhé dén 16n theo khoa.

— Khi khoi dong bang bam, con tré dau cta céc bucket 1a NULL.

Theo céu truc nay, voi tac vu insert, ham bam s& dugc dung dé tinh dia chi cua
khoa Key cua phﬁn ttr can thém, tire 1a xac dinh duge bucket chia phﬁn tr va dat phén
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tir can thém vao bucket nay. Voi tac vu search, ham bam sé dugc dung dé tinh dia chi
ctia khoa Key ctia phan tir can tim va tim trén bucket tuong tng.

6.2.2. Cai dit

6.2.2.1. Khai bdo cdu triic bang bam
#define MAXSIZE 10

struct HashNode
{
int Key;
HashNode* Next;
b

HashNode* bucket[MAXSIZE];

6.2.2.2. Ham bam

int hashFunction(int Key)

{
}

6.2.2.3.  Tim kiém mdt phdn ti trén bang bam

return (Key % MAXSIZE);

int search(int k)

{
int b = hashFunction(k);
HashNode* p = bucket|[b];
while(k > p—>Key && p !=NULL)
p = p—>Next;
if(p == NULL || k!=p—Key)
return -1;
else
return b;
}

6.2.2.4.  Thém vao mét phan tir
void insertAfter(HashNode* p, int k)

{
if(p == NULL)
printf("Khong them vao Node moi duoc");
else
{
HashNode* g = new HashNode;
q—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)

{
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HashNode *p, *q;
q = NULL;
for(p = bucket[b]; p != NULL && k > p—>Key; p = p—>Next)
q=p;
if(q == NULL)
push(b, kK);
else
insertAfter(q, k);
}
//them mot Node co khoa la k vao trong bang bam
void insert(int K)
{
int b = hashFunction(k);
place(b, Kk);

6.2.2.5. Xod mét phan tir

int deleteAfter(HashNode* p)
{
HashNode* g;
intk;
if(p == NULL || p—>Next == NULL)
{
printf("\n Khong xoa Node duoc");
return 0;
}
q = p—>Next;
k = q—Key;
p—Next=qg—Next;
freeNode(q);
returnk;
}
//Xoa mot phan tu co khoa k ra khoi bang bam
void remove(int k)
{
int b;
HashNode* p, *q;
b = hashFunction(k);
p = bucket[b];
q=p;
while(p != NULL && p—Key != k)
{
q=p;
p = p—>Next;
}
if(p == NULL)
printf("\n Khong co Node co khoa la: %d", b);
else if(p == bucket[b])
pop(b);
else
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deleteAfter(q);
}
6.3. Bang bim véi phwong phap két ndi hop nhit
6.3.1. Moé ta

Béng bim trong truong hop ndy dugc cai dit bang danh sach lién két dung mang,
c6 MAXSIZE nut. Céc nt bi xung dot dia chi duoc ndi két véi nhau qua mot danh sach
lién két.

Mbi nit ctia bang bam 1a mot mau tin c6 hai truong:

— Truong Key: chara khoa cua nut.

— Truong Next: con tro chi nit ké tiép néu c6 xung dot.

Khi khoi dong bang bam thi tat ca truong Key duoc gan gia tri |a NULLKEY, tat
ca cac truong Next dugc gan la -1.

Hinh v sau mo6 ta bang bam ngay sau khi khoi dong:

0| NULLKEY |[-1
1| NULLKEY |-1
2| NULLKEY |-1
3| NULLKEY |-1

MAXSIZE -1 | NULLKEY | -1

Khi thém mot nat c¢6 khda Key vao bang bam, ham bam f(Key) sé& xac dinh dia chi
i trong khoang tir 0 dén MAXSIZE - 1.
— Néu chua bi xung dot thi thém nat mai tai dia chi 1 nay.

— Néu bi xung dot thi nat méi dugc cép phat 1a nat tréng phia cubi mang. Cap
nhat lién két Next sao cho cac nut bi xung dot hinh thanh mot danh sach lién
két.

Khi tim mdt ntit ¢c6 khoa Key trong bang bam, ham bam f(Key) sé& xac dinh dia chi
i trong khoang tir 0 dén MAXSIZE - 1, tim n(it khda Key trong danh sach lién két xuét
phat tir dia chi i.

Minh hoa:

Sau day la minh hoa cho bang bam c¢6 tap khoa la sb tu nhién, tap dia chi c6 10 dia
chi (MAXSIZE = 10), chon ham bam f(Key) = Key % 10. Hinh v& sau ddy minh hoa
cho tién trinh thém cac nat 10, 15, 26, 30, 25, 35 vao bang bam.
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— Hinh (a): Sau khi thém 3 nat 10, 15, 26 vao bang bam — Iuc nay chua bi xung

dot.

— Hinh (b): Thém nat 30 vao bang bam - bi xung dot tai dia chi O - nit 30 dugc

cap phét tai dia chi 9, truong Next cuia nut tai dja chi 0 duoc gan 13 9.

— Hinh (c): Thém nit 25 vao bang bam - bi xung dot tai dia chi 5 - nat 25 dugc

cép phat tai dia chi 8, truong Next cua nut tai dia chi 5 dugc gan 1a 8.

— Hinh (d): Thém nut 35 vao bang bam - bi xung dot tai dia chi 5 va dia chi 8 -
nut 35 duoc cép phat tai dia chi 7, truong Next ctia nut tai dia chi 8 dugc gan la

7.
(@) (b) (c)
0 10 -1 0 10 9 0 10 9
1| NULLKEY | -1 1| NULLKEY | -1 1| NULLKEY | -1
2| NULLKEY | -1 2 | NULLKEY | -1 2 | NULLKEY | -1
3| NULLKEY | -1 3| NULLKEY | -1 3 | NULLKEY | -1
4 | NULLKEY | -1 4 | NULLKEY | -1 4 | NULLKEY | -1
5 15 -1 5 15 -1 5 15 8
6 26 -1 6 26 -1 6 26 -1
7| NULLKEY | -1 7 | NULLKEY | -1 7 | NULLKEY | -1
8 | NULLKEY | -1 8 | NULLKEY | -1 8 25 -1
9| NULLKEY | -1 9 30 -1 9 30 -1

Hinh minh hga viéc thém cac khoa vao bang bam

6.3.2. Cai dat

6.3.2.1. Khai bdo ciu triic bang bam

#define TRUE 1
#define FALSE O
#define NULLKEY -1
#define MAXSIZE 100

struct HashNode
{

int Key;

int Next;
5

HashNode HashTable[MAXSIZE];

int avail;

6.3.2.2. Tdc vu khoi dong cho bang bam

void initialize()

{
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Giao trinh

for(inti = 0;i < MAXSIZE; i++)

{
HashTable[i].Key = NULLKEY;
HashTable[i].Next =-1;

}
avail = MAXSIZE-1;

}

6.3.2.3.  Kiém tra bang bam rong

// Kiemtra bang bam co rong hay khong?

int isEmpty()
{ for(inti = 0;i < MAXSIZE; i++)
{ if (HashTable[i].Key != NULLKEY)
return FALSE;
3‘eturn TRUE;

}

6.3.2.4. Tdc vu tim kiém

// Timmot khoa co trong bang bam hay khong,
// neu tim thay tra ve dia chi, khong thay tra ve MAXSIZE
int search(int k)

{ int i = hashFunction(Kk);
while(k !=HashTable[i].Key && i !=-1)
i = HashTable[i].Next;
if(k == HashTable[i].Key)
return i
else
return MAXSIZE;

}

6.3.2.5. Chon nut con décdp nhdt khi xay ra xung dot

: Cdu truc dit li¢u va gidi thudt

// 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,;

}

6.3.2.6.  Tdc vu thém mét phan tir vao biang bam

// Them mot Node co khoa kvao bang bam
int insert(int k)
{

int}i, j;

i = search(Kk);

if(i '= MAXSIZE)
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printf("\n khoa %d bi trung, khong them vao duoc", K);
return i;
}
i = hashFunction(k);
while(HashTable[i].Next >=0)
i = HashTable[i].Next;
if(HashTable[i].Key == NULLKEY)
j=1; //ldnddutién, khong co su dung do

else
{ .
j = 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;

}
6.3.2.7. Tac vu duyét bang bam

// Xem chi tiet thong tin bang bam

void viewTable()
{
for(inti = 0;1 < MAXSIZE; i++)
{
printf("\nTable[%2d]: %4d %4d", i, HashTable[i].Key, HashTable[i].Next);
}

}
6.4. Bang bim véi phwong phap do tuyén tinh
6.4.1. Mo ta

Béng bam trong truong hop nay duogc cai dit bang mot danh sach ké cd6 MAXSIZE
nat, mdi nit ciia bang bam 13 mot mau tin c6 mot truong Key dé chira khda cua nut.

Khi thém nat c6 khda Key vao bang bam, ham bam f(Key) sé xac dinh dia chi i
trong khoang tir 0 dén MAXSIZE - 1:

— Néu chua bi xung dot thi thém nat mai tai dia chi 1 nay.

— Néu bi xung dot thi ham bam lan 1 f1 s& xét dja chi ké tiép, néu lai bi xung dot
thi ham bam lai 1an 2 f2 s& xét dia chi ké tiép nifa... qua trinh cr thé cho dén
khi ndo tim dugc dia chi tréng va thém nut vao dia chi nay.
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Khi tim mot nut c6 khoa Key trong bang bam, ham bam f(Key) sé& xac dinh dia chi
i trong khoang tir 0 dén MAXSIZE - 1, tim nit khoa Key trong khdi dic chira cac nit
xuat phat tir dia chi i.

Ham bam lai cua phuong phap do tim tuyén tinh 1a truy xudt dia chi ké tiép. Ham
bam lai dugc biéu dién bang cong thic sau: f(Key) = (f(Key) + i) % MAXSIZE
Minh hga:

Sau day la minh hoa cho bang bam c6 tap khoa la tap sb tu nhién, tap dia chi co 10
dia chi, chon ham bam f(Key) = Key %10.

— Hinh v& sau miéu té tién trinh thém cac nut 32,53,22,92,17, 34 vao bang bam.
— Hinh (a): Sau khi thém 2 nat 32 va 53 vao bang bam - luc nay chua bi xung dot.

— Hinh (b): Thém nit 22 va 92 vao bang bam - bi xung dot tai dia chi 2, nit 22
duoc cép phat tai dia chi 4, nit 92 dugc cép phat tai diachi 5.

— Hinh (c): thém nat 17 va 34 vao bang bam - nut 17 khong bi xung dot cap phat
tai diachi 7, nat 34 bi xung dot tai dia chi 4, dugc cép tai dia chi 6.

(a) (b) (c)
0| NULLKEY 0 NULLKEY 0| NULLKEY
1| NULLKEY 1 NULLKEY 1|  NULLKEY
2 32 2 32 2 32
3 53 3 53 3 53
4| NULLKEY 4 22 4 22
5| NULLKEY 5 92 5 92
6| NULLKEY 6 NULLKEY 6 34
7| NULLKEY 7 NULLKEY 7 17
8| NULLKEY 8 NULLKEY 8|  NULLKEY
9| NULLKEY 9 NULLKEY 9|  NULLKEY

6.4.2. Cai dit

6.4.2.1. Khai bao cdu triic bang bam va dinh nghia cc hang sé

#define TRUE 1
#define FALSE 0
#define NULLKEY -1
#define MAXSIZE 100

struct HashNode
{

int Key;
%
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HashNode HashTable[MAXSIZE];
int N;

6.4.2.2. Ham bam

int hashFunction(int Key)

{

}
6.4.2.3. Tdcvu khoi dong

return (Key % MAXSIZE);

void initialize()

{
for(inti = 0; i < MAXSIZE; i++)
{
HashTable[i].Key = NULLKEY;
}
N=0;
}
6.4.2.4. Kiém tra bang bam cé rong hay khéng
int isEmpty()
{
if(N ==0)
return TRUE;  //Néubdng bdm réng
else
return FALSE; //Néubdng bdm khéng réng
}
6.4.2.5. Kiém tra bang bam cé day hay khéng
int isFull()
{

if(N == MAXSIZE - 1)
return TRUE;  //Néubdng bam day
else
return FALSE; //Néubdng bdm chwa ddy
}

6.4.2.6. Tdac vu tim kiém

//Tac vu tim 1 Key, tim thay tra ve index, khong thay tra ve MAXSIZE
int search(int k)

{

inti = hashFunction(k);
while(HashTable[i].Key != k && HashTable[i].Key != NULLKEY)

{
i=i+1;
if(i >= MAXSIZE)
i=1- MAXSIZE;
}

if(HashTable[i].Key == k)
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return i
else
return MAXSIZE;

}
6.4.2.7.

// Them khoa k vao bang bam
int insert(int k)
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Téac vy thém mét phan tir vao bang bam

{
if(isFull())
{
printf("\n Bang bam bi day, khong them vao duoc");
return MAXSIZE;
}
int i = hashFunction(k);
while(HashTable[i].Key != NULLKEY)
{
i++;
if(i >= MAXSIZE)
i=1- MAXSIZE;
}
HashTable[i] Key = k;
N++;
return i;
}
6.4.2.8. Tdc vu duyétbang bam
// Xem chi tiet thong tin bang bam
void viewTable()
{

for(inti = 0; i < MAXSIZE; i++)

printf("\n Table[%?2d]: %4d", i, HashTable[i].Key);

6.5. Baitip

1. Viét mot chuong trinh hi¢n thyc tur dién Anh - Viét, chuong trinh co6 cai dat
bang bam voi phuong phap ndi két truc tiép. Mdi nut cta bang bam c6 khai

bao cac truong sau:

— Trudng word 1a khoa chira mot tir tiéng anh.

— Truong mean la nghia tiéng Viét.

— Truong Next la con tro chi nit ké bi xung dot cung dia chi.

Tap khoa 1a mot chudi tiéng anh, tap dia chi ¢6 26 chir cai. Chon ham bam sau
cho khéa bat dau béng ky tu a dugc bam vao dia chi 0, b bam vao diachi 1, ..., z
bam vao diachi 25. Chuong trinh c6 nhitng chirc nang nhu sau:
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— Nhap vao mot tur.

— Xem tir dién theo ky tu dau.

— Xem toan bd tir dién.

— Tra tir dién.

— Xoa mot tur.

— Xoa toan bd tir dién.

— Thoat khoi chuong trinh.

2. Viét chuong trinh xem thong tin v& mot sinh vién qua mai s sinh vién.

Thong tin vé tat ca sinh vién chtra trong tip tin vin ban, mdi sinh vién chiém
mdt dong van ban gom MSSV, ho, tén va di€ém cac mon hoc. Chuong trinh sé doc
tap tin van ban nay dé tao ra bang bam. MoOi nut cia bang bam bao gom trudng
MSSV dung lam khoa, trudong line cho biét vi tri dong vin ban cua sinh vién. Khi
truy xuat thong tin vé mot sinh vién ching ta nhdp MSSV, qua bang bam ching ta
xac dinh duoc vi tri dong van ban va doc thong tin sinh vién qua dong van ban nay.

Chuong trinh ¢6 cac chirc nang nhu sau:

— Xem tat ca MSSV

— Xem MSSV trong khoang tir ... dén ...

— Xem thong tin vé sinh vién qua MSSV.
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PHU LUC

1. Sinh dir liéuvao/ra

1.1.

dung

1.2.

1.

Cac phuong phap sinh dir li¢uvao/ra
Hau hét cac bai toan trong tin hoc déu doi hoi dir liéu vao va ra. Nguoi ta thuong
ba phuong phdp sinh va nap sau day:

— Nap dit liéu truc tiép tir ban phim. Phuong phap nay dugc ding khi c6 dir liéu
nhap it.

— Sinh dir liéu thong qua ham random. Phuong thirc ndy nhanh chong va tién loi,
néu khéo t6 chiic ¢6 thé sinh ngdu nhién dugc cac dir liéu dép ung mot sb diéu
kién dinh trudc.

— Doc dir li¢u tor mot tap tin. Phuong thure nay kha tién loi khi phai chuén bj trudc
nhitng dit liéu phtic tap. Két qua thuc hién chuwong trinh ciing thuong dugc thong
bao tryc tiép trén man hinh hodc ghi vao tap tin vin ban.

Bai tap
Sinh ngdu nhién mot mang a gdm n sé nguyén nam trong khoang —K,...,K , v6i
k>0.
Sinh ngdu nhién mot mang a gdm n s6 nguyén duogc sip khong giam.
Sinh ngau nhién mot mang a gdm n sd nguyén sao cho phan tir sau ludn 1a bdi s6
ctia phan tir trudc.
Sinh ngiu nhién mot mang hai chiéu a[m][n] gém cac sd nguyén sao cho cac
phan tir d6i xtmg qua dudng chéo chinh, tic 1 a[i][j] = a[j][i].
Do cao cua mot sb tw nhién 1a téng céc chit s6 cua s6 do. Phat sinh céc sd tu nhién
c6 toi da ndm chir s6 va c¢6 do cao h cho trude va ghi két qua vao mot tap tin vin
ban ¢ tén cho trudc.
Mot tap tin vin ban fn c6 ghi so d6 ctia mot ving bién hinh chir nhat chiéu ngang
250 ki t, chiéu dai khong han ché. Trén bién c6 cac con tau hinh chit nhat chia
cac ki tu 1, ving nudc dugc biéu thi qua cac diu céach. Biét ré‘mg cac con tau
khong dinh nhau, hiy dém sb lugng tau.

2. Cac buéc dé giai bai toan tin hoc

— Buwéc dau tién: La budc quan trong nhat 13 hiéu rd ndi dung cta bai toan. Dé
hiéu rd bai toan theo cach tiép can tin hoc ta phai ging xay dung mot sb thi du
phan 4nh ding céc yéu cau dé ra cua dau bai rdi thir giai cac thi du d6 dé hinh
thanh dan nhiing hudng di cta giai thuat.
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— Budc thir hai: La ding mot ngon ngit quen thudc, tét nhat 1 ngdn ngit toan hoc
dic ta cac d6i tuong can xur Iy & mic do triru tuong, 14p cac tuong quan, xay
dung céc hé thuc thé hién céc qua h¢ gitra cac dai luong can xur ly.

— Budc thir ba: La x4c dinh céu tric dit liéu dé biéu dién cac déi tuong can xir 1y
cho phu hop v6i cac thao tac cuia giai thuat. Trong nhiing budc tiép theo ta tiép
tuc 1am min dan céc dic ta theo trinh tu tir trén xuéng, tur triru tuong hda déncu
the, tir dai thé dén chi tiét.

— Buéc cudi cung: La sir dung ngdn ngir 1ap trinh di chon dé viét chuong trinh
cho hoan chinh. O budc nay ta ding k¥ thuat di tir dudi 1én, tir nhimg thao tac
nho dén nhiing thao tac to hop.

Sau khi nhan duoc chuong trinh ta cho chuong trinh chay thir voi cac dit liéu lay
tir cac thi du di xay dung ¢ budc dau tién. Cudi cing 1a viéc xdy dung thi tuc mot cach
khoa hoc va ¢6 chi dich nhdm kiém tra tinh tin cdy cua chuong trinh thu dugc va thuc
hién mot sb cai tién.

Vi du: Tim tét ca cac cdp s co hai chir s6 sao cho ching 13 hai sé nguyén t6 cing
nhau.

Hiéu dau bai: Ta ki hiéu (a, b) 1a uéc chung 16n nhit (UCLN) cta hai s ty nhién
ava b. Khi d6 ta c6 mot sd vi du nhu sau:

(23,21) =1, vay (23, 21) la cap sb c6 2 chix s6 can tim.
(21,14) =7, vay (21, 14) kndng 1a cap sb c6 2 chit s6 can tim.

Pic ta: Goi s6 co hai chir s6 1an lugt 13 a, b. Ta di c6 giai thuat Euclid dé tim cap
sb nguyén t6 cing nhau.

— Bwéce 1: Ta cOa, b, va r=amod b.
— Buwée 2: Sau do:a=Db; b=r.
— Budc 3:
+ Néur = 0 thi: Quay lai Buéc 1.
+ Nguoc lai: Sang Budc 4.
— Budc 4:
+ Néu b = 1 thi: Cap sé trén la nguyén té cing nhau.

+ Nguoc lai: Cap sé trén khéng la nguyén t6 ciing nhau.

Bién soan: Tran Vin The 222



Gido trinh: Cédu trive dit ligu va gidi thudt

Biéudien dir li€éu ta dung hai s6 nguyén dé bi€u so cdp so trén, va mot s6 nguyén

dé luu trit phan du khi chia a cho b.

inta, b, r;

Viét chwong trinh

1. int kiemTraNguyenToCungNhau(int a, int b)

2. {
3 intr=1;
4 a = abs(a);
5. b = abs(b);
6. while(r)
7 {
8 r=a%b;//r=amodb
9. a=b;
10. b=r;
11. }
12. return b;
13. }

Bai tap

1. Tim céc so ty nhién 1é ¢ ba chit s6. Ba chit s6 ndy theo trat tu viét tir tréi qua
phéi tao thanh mot cap s6 cong.

2. Tim céc sd tu nhién c6 ba chir sd. Ba chit sb nay theo trat tu viét tir trai qua
phai tao thanh mot cap s nhan.

3. Phat sinh ngiu nhién n s6 nguyén khong 4m cho méang nguyén a.

4. Tim céach chia mang a gdm n s nguyén duong cho trudc thanh hai doan c6
tong céc phan tir trong mdi doan bang nhau.

5. Tim céach chia mang a gom n sb nguyén duong cho trudc thanh hai doan c6
tong cac phan tir trong doan nay gap k 1an tong cic phan tir trong doan kia, k
nguyén duong.

3. Dé quy
3.1. Khai niém dé quy

Mot khai niém X c6 tinh dé quy néu trong dinh nghia cua X ¢6 sir dung ngay chinh
khai niém X.
Vi du:

Phép cong don co tinh dé quy
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I =0;
i=i+1;

Phép tinh giai thira ¢6 tinh dé quy
ol=11=1;
nt=n*(n-1)

Ham (Function) cé thé c6 10i goi ctia chinh n6. Tinh chét nay dugc goi la tinh
dé quy.

Vi du:

1. longint tinhGiaiThua(intn)
2. {
if(n ==0)
return 1;
else
return (n * tinhGiaiThua(n - 1));

Noogs~®

3.2. Nhan xét
— Uu diém: DUng dé quy s& lam cho chuong trinh ngan ngon, phuong phap giai

quyé€t bai toan tré nén don gian.

— Nhuoe diém: Co thé ton bd nhd va thoi gian nhiéu hon so v6i cach khong ding
dé quy.

3.3. Baitap
1. Lap chuong trinh tinh 100!

2. Lap chuong trinh tinh 759,
3. DPém sb con tau trén bién.

Vi du: Cho ma tran sau:

oo

01 o o
o {1)o
nhitng sé 1 dung ké nhau gop lai 12 mot con tau. Vay ma tran trén c6 toi 5 con
tau (nhw hinh trén).

4. Bai toan thap Ha noi.
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Cho 3 coc va n dia (lé‘ng vao coc) dat & coc sb 1 va theo thu tu dia 16n nam
dudi dianhé nam trén. Hay chuyén n dia d6 sang coc s6 3 sao cho thir ty van dugc
bao toan. Pugc st dung cocsb 2 délam trung gian va thoa man yéu cau khi chuyén
dia nho duoc dat trén dia 16n. Mdi 1an chi duoc chuyén mot dia. Hay lap chuong
trinh mo t4 bai toan do.

4. Khir dé quy

Khir ¢ quy 1a viéc thay vi viét ham dé quy ta s& viét ham d6 thanh ham khong dé

quy.
4.1. Vi du
Tinh giai thira ctia mot s6 n nguyén bat ky.
1. int tinhGiaiThua(intn)
2. {
3. longints=1;
4, for(inti = 1;i <= n; i++)
S. s=s*i; //s*=i;
6. returns;
[
4.2. Baitap

1. Xem lai phan tim mot nit trén cdy nhi phan tim kiém c6 ham viét khtr dé quy.
2. Khir dé quy cua ham in ciac niat trén cay theo thu tu: traverseNLR,
traverseLNR, traverseLRN, traverseNRL, traverseRNL, traverseRLN. (goi y
sir dung Stack va Queue).
5. Khir dé quy dudi

Khir dé quy dudi 1a qua trinh khi 167 goi ham dé quy cudi ciia ham dé quy.

5.1. Vi du

Xuét ra man hinh ndi dung céc nut trén cdy theo thir tu traverseNLR.
Ham dé quy:

1. void traverseNLR(TNode* root)

2. {

3. if(root == NULL) return;

4. printf(“%4d”, root—Info);
5. traverseNLR(root—Left);
6. traverseNLR(root—Right);
7.}
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Ham khir d¢ quy duéi:

1. void traverseNLR(TNode* root)

2. {
3. while(root!=NULL)
4. {
5. printf(“%4d”, root—Info);
6. traverseNLR(root— Left);
7. root = root—Right;
8. }
9. }
5.2. Baitap

1. Viét ham khir dé quy dudi ctia viéc in ra cic nut trén cy theo traverseLNR,
traverseLRN.

2. Khur dé quy dudi cta bai toan thap Ha Noi.
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