Chwong 7
TiM KIEM

1. Nhu céu tim kiém va s3p x&p dir liéu trong mét hé théng thong tin

Trong hdu hét cdc hé luu trit, quan 1i di liéu, thao tac tim kiém thuong hay
duoc thuc hién dé khai thic thong tin:

Vi du: tra ctu tir dién, tim sdch trong thu vién,...

Do cic hé thong thong tin thuong phai luu trit mot khéi luong dir lieu dang ke,
nén viéc xay dung cdc giai thuat cho phép tim ki€m nhanh sé c6 y nghia rat 16n.
Néu dit liéu trong hé théng da duoc t6 chic theo mot trat tu nao do, thi viéc tim
ki€m s& ti€n hanh nhanh chéng va hiéu qua hon.

Vi du: Céc tr trong tir dién dugc sap xép theo timg vén, trong mdi vén lai duoc
sap x€p theo trinh tu alphabet; sich trong thu vién dugc xép theo chu dé....

Vi thé, khi xay dung mot hé quan 1i thong tin trén mdy tinh, bén canh cédc
thuat todn tim ki€m, cdc thuat todn sap x€p dir liéu cling 1a mot trong nhimg chu
dé dugc quan tam hang dau.

Hién nay da c6 nhiéu giai thuat tim ki€m va sap xép xay dung, mic do hiéu
qua cla timg gidi thuat con phu thudc vao tinh chdt clia cau tric dit liéu cu thé ma
né tic dong dén. Dir liéu duge luu trit chi yéu trong bd nhé chinh va trén bo nhé
phu, do dac diém khdc nhau cla thiét bi luu trit, cdc thuat todn tim ki€ém va sap
x€p dugce xay dung cho cac cdu tric luu trir trén bod nhé chinh hoac phu ciing cé
nhiing dac thu khdc nhau. Chuong 7 va 8 s& trinh bay cdc thuat todn sap x€p va tim
ki€m di lieu duge luu trit trén by nhd chinh - goi 1a cdc giai thuat tim kiém va sdap
Xép noi.

2. Cac giai thuat tim kiém ndi

C6 2 giai thuat thuong duoc 4p dung dé tim ki€m dit liéu 12 tim tuyén tinh va
tim nhi phan. Dé don gian trong viéc trinh bay giai thuat, bai todn dugc dac ta
nhu sau:

Tap dit liéu duge luu trir 1a day s6 a,, a,,..., ay.

Gia st chon cdu tric dit liéu mang dé luu trit ddy s6 nay trong bd nhg chinh va
c6 khai béo:

int a[N],
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Luu y: Cic ban cai dat trong gido trinh sir dung ngon ngtr C, do do chi so ctia
mang mac dinh bat dau tir 0, nén cdc gia tri cua cdc chi s6 ¢6 chénh léch so voi
thuat toan, nhung y nghia khong doi.

Khod can tim la x, dugc khai bdo nhu sau:

int x;
2.1. Tim kiém tuyén tinh

(;iai thuat:

Tim tuyén tinh la mot ki thuat tim kiém rat don gian va co dién. Thuat toan
tién hanh so sanh x lan lugt véi phan tr thit nhat, thi hai,... cia mang a cho dén
khi gap dugc phén tlr ¢6 khda cin tim, hoac da tim hét mang ma khong thay x. Cic
budc tién hanh nhu sau:

Budc 1:
i = 1; // bat dau tir phan tr ddu tién cua day
Budc 2:
So sanh ali] véi x, c6 2 kha nang:
ali] = x: Tim thay. Ding
a[i]!= x: Sang Budc 3.
Budc 3:
i =i+1; // xét ti€p phéan tr ké trong mang
Néu i >N: Hét mang, khong tim thay. Ding
Nguoc lai: Lap lai Budc 2.
Vi du: Cho day s6 a
12 28 5 1 6 4 15
Néu gia tri can tim 1a 8, giai thuat dugc tién hanh nhu sau:

E

12 2 8 5 1 6 o 15
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x=8
12 2 8 5 1 6 4 15
i=2
x=8
12 2 8 5 1 6 4 15
i=3
Dimng.

Cai dat:

Tir mo ta trén day cua thuadt todn tim tuyén tinh, c6 thé cai dat ham
LinearSearch dé x4c dinh vi tri cha phan tir c6 khoa x trong mang a:

int LinearSearch(int af], int N, int x)

{ int i=0;

while ((i<N) && (afi]!=x)) i++;

ifi==N) return -1; // tim hét mang nhung khong ¢é x
else  returni; I/ a[i] la phan tit ¢6 khod x

/

Trong cai dat trén day, nhan thdy méi lan lap cta vong lap while phai tién
hanh kiém tra 2 diéu kién (i<N) - diéu kién bién clia mang - va (a[i]'=x) - diéu
kién kiém tra chinh. Nhung that su chi cin kiém tra diéu kién chinh
(a[i]!=x), dé cai tién cai dat, c6 thé dung phuong phép "linh canh" - dat thém mot
phén tir c6 gid tri x vao cudi mang, nhu vay bao ddm luon tim thay x trong mang,
sau d6 dua vao vi tri tim thdy dé két luan. Cai dat cai tién sau day cta ham
LinearSearch gitip giam bt mot phép so sanh trong vong lap:

int LinearSearch(int af],int N int x)
{ int i=0; /I mang gém N phan tit tic af0]..a[ N-1]
a[N] =x; /] thém phan tit thit N+1
while (afi]!=x) i++;
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if (i==N)

return -1, // tim hét mang nhung khéng ¢é x
else

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

!
J

banh gia giai thuat:
C6 thé ude luogng do phic tap cta giai thuat tim kiém qua s6 luong cac phép
s0 sdnh dugc tién hanh dé tim ra x. Trudng hop giai thudt tim tuyén tinh, c6:

Truomg hop | S6 1an so sanh Giai thich

Tét nhat 1 Phan tu dau tién c6 gid tri x

Xau nhat N+1 Phén tir cudi cling c6 gid tri x

Trung binh (N+1)/2 Gia su xdc sudt cac phdn tu trong
mang nhan gid tri x 1a nhu nhau.

Vay giai thuét tim tuyén tinh c6 do phic tap tinh toan cap n: T(n) = O(n)
Nhdan xét:

- Giai thuat tim tuyén tinh khéng phu thudc vao thit tu cha cic phan tir
mang, do vay day la phuong phdp téng quét nhat dé tim kiém trén mot day
sO bat ki.

- Mot thuat todn c6 thé dugc cai dat theo nhiéu cach khdc nhau, ki thuat cai
dat anh huong dén t6c do thuc hién cta thudt toan.

2.2. Tim kiém nhi phén

Giai thuat:

D6i v6i nhitng day s6 da c6 tha tu (gia su thi tu tang), cdc phan tir trong day
c6 quan hé a_, < a, < a,,,, tir d6 két luan duoc néu x > a; thi x chi c6 thé xuat hién
trong doan [a,,,,a,] clia ddy, nguoc lai néu x < a, thi x chi cé thé xuat hién trong
doan |a,.a, ] clia ddy. Giai thuat tim nhi phan dp dung nhan xét trén day dé tim
cach gidi han pham vi tim ki€m sau méi lan so sanh x v4i mot phan tir trong day.
Y tuong cha giai thuat 12 tai méi budc tién hanh so sanh x véi phan tir nam & vi tri
giita clia day tim kiém hién hanh, dua vao két qua so sanh nay dé quyét dinh gidi
han diy tim ki€m & budc k€ ti€p la nura trén hay nlra dudi clia day tim ki€ém hién
hanh. Gia sir day tim ki€m hién hanh bao gém cdc phan tir a,..., @, cdc budc
ti€n hanh nhu sau:
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Budc 1: left = 1; right = N; // tim kiém trén tat ca cac phén tu

Budc 2:
mid = (left+right)/2; // 1dy méc so sdanh
So sanh a[mid] véi x, c6 3 kha nang:
a[mid] = x: Tim thay. Dung
a[mid] > x: //tim ti€p x trong day con a,..., a
right =midle - 1;
a[mid] < x: //tim ti€p x trong day con a
left = mid+ 1;
Budc 3:
Néu left < right //con phén tir chua xét, tim tiép.
Lap lai Budce 2. .
Nguoc lai: Dimg; //da xét hét tat ca cac phan tr.
Vi du: Cho day s6 a gém 8 phan tu:
1 24 5 6 8 1215

mid +12°° >

Néu gid tri cin tim 1a 8, giai thuat dugc tién hanh nhu sau:

left = 1, right = 8, midle = 4

mld'I:

a

w1l

1 2 4 6 8 12 15
left = 5, right = 8, midle = 6
X =18
1 2 4 5 6 8 12 1S
Dimng.
Cai dat:




Thuat todn tim nhi phan c6 thé dugc cai dat thanh ham BinarySearch:
int BinarySearch(int af],int Nint x)
{ int left =0; right = N-1;
int midle;
do {
mid = (left + right)/2;
if (x = a[midle]) return midle;//Thay x tai mid
else
if (x < afmidle]) right =midle -1;
else left = midle +1;
Jwhile (left <=right);
return -1; /I Tim hét day ma khong 6 x
}
banh gia giai thuat:
Trudmg hop giai thuat tim nhi phan, ¢é bang phan tich sau:

Truong hop | S0 lan so sanh Giai thich
T6t nhat 1 Phén tr gitra clia mang c6 gia tri x
Xau nhat log,n Khong c6 x trong mang
Trung binh log, n/2 Gia st xdc suat cac phan tir trong mang nhén
gid tri x la nhu nhau

Vay giai thuat tim nhi phan ¢6 d6 phic tap tinh toan cdp n: T(n) = O(log , n)

Nhan xét:

- Giai thuat tim nhi phan dua vao quan hé gid tri cia cdc phan tr mang dé
dinh hudng trong qua trinh tim ki€m, do vay chi dp dung duoc cho nhing
day da co thu tu.

- Giai thuat tim nhi phén tiét kiém thoi gian hon rat nhiéu so véi giai thuat tim
tuyén tinh do T, .., (n) = O(log , n) < T4, i (N) = O(n). Tuy nhién khi
muon dp dung gidi thuat tim nhi phan can phai xét dén thoi gian sap xép day
s6 dé thoa diéu kién ddy s6 c6 thit tu. Thoi gian nay khong nho, va khi day
s0 bién dong cin phai tién hanh sap xép lai. Tat ca cdc nhu cdu d6 tao ra
khuyét diém chinh cho giai thuat tim nhi phan. Ta cén can nhac nhu cdu
thue & dé chon mot trong hai giai thuat tim ki€m trén sao cho ¢6 lgi nhat.
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BAI TAP
1. Cho day khoa
10, 20, 30, 40, 50, 60, 70, 80, 90
Hay minh hoa cédc budc tim kiém vi tri cta khéa c6 gid tri 90 bang
a) Thuat toan tim ki€m tuyén tinh.
b) Thuat toan tim ki€ém nhi phan.

2. Hay dung cay nhi phan tim ki€m tng véi day khéa cho nhu sau: 13, 35,
67,12, 69, 80, 47, 50.

a) Danh dau duong di trén cay nay khi thuc hién tim kiém khéa 47.
b) Minh hoa cdc budc tim kiém khéa 45 va bé sung vao cay nhi phan tim
kiém.
3. Hay dung cay nhi phan tim ki€m tng v6i day khoa cho nhu sau: 54, 16, 58,
90, 100, 30, 58, 10, 50, 90, 98.
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Chuong 8

SAP XEP

1. Dinh nghia bai toan sap xép

Sap xép la qua trinh xir I mot danh sdch cdc phan tir (hoac cdc méu tin) dé dat
chiing theo mot thit tu théa man mot tiéu chuan nao d6 dua trén noi dung thong tin
luu giir tai moi phan .

Tai sao can phai sap xép cdc phan ti thay vi dé né & dang tu nhién (chua c6
thit tu) von ¢6? Vi du cta bai todan tim kiém véi phuong phap tim kiém nhi phan va
tuén tu di dé tra 11 cau hoi nay.

Khi khao sdt bai todn sap xép, ta sé phai lam viéc nhiéu véi mot khdi niém goi
la nghich thé:

Dinh nghia: Xét mot mang cic so a,, a,,...,a,. Néu co i < j va a, > a, thi ta goi
do6 1a mot nghich thé.

Ming chua sap xép sé c6 nghich thé.

Ming da c6 thi tu sé khong chita nghich thé. Khi dé a, sé la phan tir nho nhat
roi dén a, a,,...

Nhu vay, dé sip xép mot mang, ta ¢6 thé tim cdch giam s6 cdc nghich thé
trong mang nay bang cach hodn vi cic cap phan tir a;, a, néu c6 i < j va a, > a; theo
mot quy luat nao do. '

Cho trude mot day s6 a,, a, a,,..., ay dugc luu trit trong cau tric dir liéu mang

Int a[N];

Sap xép day s6 a,, a,, a,,...,ay 12 thuc hién viéc bé tri lai cic phan tir sao cho
hinh thanh duogc day méi a, a,,,...,a, O thit tu (gia sur xét thit tu tang) nghia la a,; >
a,,.,. Dé quyét dinh dugc nhitng tinh huéng cén thay déi vi tri cdc phan tr trong
day, can dua vao két qua cia mot loat phép so sanh. Chinh vi vay, hai thao tac so
sdnh va gan 1a cdc thao tc co ban clia hdu hét cdc thuat toan sap xép.

Khi xay dung mot thuat todn sap xép can chi y tim cdch giam thiéu nhimng
phép so sanh va doi chd khong can thiét dé tang hiéu qua cta thuat todn. Doi voi
cic day s6 duge luu trit trong bo nhd chinh, nhu cdu tiét kiém bo nhd duogc dat
nang, do vay nhitng thuat toan sap x&p doi hoi cdp phat thém ving nhé dé luu triv
day két qua ngoai ving nhd luu trit day s6 ban ddu thuong it duge quan tam. Thay
vao dé, cic thuat todn sap xép truc tiép trén day s6 ban ddu — goi la cdc thuat todn
sap Xx€p tai ché (sap xép noi) - lai duge dau tu phat trién. Phan nay gidi thiéu mot
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s6 giai thuat sap xép tir don gian dén phic tap c6 thé dp dung thich hop cho viéc
sap X€p noi.
Sau day la mot s6 phuong phap sap xép thong dung sé duoc dé cap dén trong
gido trinh nay:
- Chon truc ti€p - Selection Sort
- Chen truc ti€p - Insertion Sort
- Noi bot - Bubble Sort
- Heapsort
- Quicksort
- Merge Sort
Trong do, chiing ta sé 1an luot khao sét cdc thuat todn trén. Cac thuat todan nhu
Insertion sort, Selection sort, Bubble sort la nhitng thuat todn don gian dé cai dat
nhung chi phi cao. Cic thuat toin Heapsort, Quicksort, Merge sort phiic tap hon
nhung hiéu suit cao hon nhom cac thuat toan ddu. Ca hai nhém thuat toan trén cé
mot diém chung 1a déu dugc xay dung dua trén co s& viéc so sdnh gid tri cia cdc
phan tr trong mang (hay so sanh cic khéa tim kiém).

2. Cac phuong phap sdp xép O(n?)
2.1. Phuong phdp chon truc tiép (Selection Sort)
Giai thuat:
Ta thdy rang, néu mang c6 thi tu tang dan, phén tr a, luén 1a min(a,, a,, .., ay).
Y tudng cla thudt toan chon truc ti€p mo phong mot trong nhiing cach sap xép tu
nhién nhat trong thuc té: Chon phan tir nho nhét trong N phan tr ban diu, dua
phan tir nay vé vi tri 1a dau day hién hanh; sau dé khéng quan tam dén né nira,
xem day hién hanh chi con N-1 phén tir ca day ban dau, bat dau tir vi tri thit 2; lap
lai qué trinh trén cho day hién hanh... dén khi day hién hanh chi con | phan t.
Day ban dau c6 N phén tir, vy tom tat y tudng thuat todn la thuc hién N-1 luot
viéc dua phan tir nho nhat trong day hién hanh vé vi tri & dau day. Cic buéc tién
hanh nhu sau:
e Buéc l:i=1;
e Budc 2: Tim phan to a[min] nho nhat trong day hién hanh tir a[i]
dén a[N]
e Budc 3: Hodn vi a[min] va a[i]
e Buéc 4: Néui <N -1 thii=i+ l; Lap lai Budc 2
Nguoc lai: Dimg. //N-1 phan tir da nim ding vi tri.
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Vidu:

Cho day so a: 12

28 5 1 6 4 15
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