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e Chu tric dit lidu 13 tap hop cha cac gia tri clng mdi quan hé gitia
ching ducc mé ta théng qua cac ham sb va phép toan.

e Chu tric dit liéu cling dugc hiéu 1a cich t6 chdc va luu trir dif liéu
sao cho viéc truy xuht va thi hanh, cai tién duoc hiéu qua.

e V6i mdi bai toan, viéc lua chon céch thiic t6 chiic dif lidu can gé/n
ch3t véi cac phép toan sé dugc st dung trén dit liéu.
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Tai sao quan tam?

e T8 chic dif liéu 13 cich thdc con ngudi thuc hién khi can giai quyét
mét vin dé trong cudc séng.

e Khi lam viéc véi lugng dit liéu I6n, mot cach t6 chic dir lieu tbt s&
tiét kiém chi phi.
© Dung lugng (space).
o Thai gian.
¢ Codng stic 1ap trinh va bao tri.

e L3 tién dé, chia khoa dé 4p dung cac gidi thuat gidp giai quyét bai
todan.
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Cac kiéu cau trac dir liéu co ban

Mang (array)
e Danh sich lién két (links lists)

Ngin xép (stack)

Hang dgi (queues)

[ ]

Cay (trees)



Mang (array)

Element
First index (at index 4)

address 4@ 1 2 3 \4 5, 6 7 8 O — Indices

in use free

Array length is 10



Programmer

Memory
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int x;
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int x;
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int A[4];
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int x;

x=65;

int A[4];

A[0]=12; A[1]=5;
Programmer A[2]=10; A[3]=9;
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int x;

x=65;

int A[4];

A[0]=12; A[1]=5;
Programmer A[2]=10; A[3]=9;

125109 F
T T

102 106 124

Memory

As easy as a pie




Can | extend
the array A7
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Memory
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Nope!!l It's fixed size.




What all op-
tion do | have?
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Memory
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Memory
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Tell me a new size
| will creat new block
and copy A to it




Yes! Let do it.
Double it's size

Programmer

Memory
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Programmer

Memory

12 510

102

124

132




Programmer

Memory

F 125109
T T

102 124 132

Join optima hero’s seminar

to know about link list!




Yes, sirlll

Programmer

Memory

F 125109
T T

102 124 132




Danh sach lién két

previous current
Ry @l [da] —fda]
head ’—' ’—> l—bm b

Listing 1: Simple node

struct node{
int x;
node *next;

A NN -

1




So sanh céc kiéu dir liéu danh sach

Linked list Array Dynamic array
Indexing O(n) 0(1) 0(1)
Insert/delete O(1) N/A O(n)
at beginning

O(1) when last element is | N/A O(1) amortized

known;

Insert/delete _
O(n) when last element is

at end

unknown
Insert/delete search time + (1) N/A O(n)
in middle
Wasted space | O(n) 0 O(n)
(average)
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Ngan xép (stack)

top

e Con ngudi dung cAu tric dif liéu stack khi giai quyét mét van dé.

e Mét viing nhé ddc biét ctia mdy tinh, nai luu trit cac bién tam thoi
dugc tao ra trong ham (bao gém cd ham main).

e Diing nhiéu trong thuat to4n dé quy.

11
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Cac thuat toan sip xép




Selection sort

e Input: Mang gdm n phan tir A[1...n].
Output: Mang A[1...n] di dugc sip thir tu.

e Y tudng: Chon phan tir nhé nhit (hodc 16n nhét) trong diy xép vao
vi tri dAu tién (hodc cubi cling), tuong tu véi phan tir thir 2,3.. . 13p
lai qua trinh ndy véi cac phan tir con lai.
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Selection sort’s pseudo-code

Selection sort
1: for i+ 1to N do

2. min <

33 forj<+<i+1to N do
4 if A[j] < A[min] then
53 min <— j

6:  swap(A[i], A[min])

14



Selection sort

Do phtc tap tinh todn:

e Thuat toan ft phai d8i chd cic phan ti (n 13n déi chd), sb phép so
sanh ludn 13 O(n?).

e Thuat toan tén thai gian gdn nhu b3ng nhau dbi véi mang di dugc
sip xép ciing nhu mang chua duoc s3p xép.
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Insection sort

e Input: Mang gbm n phan t& A[L...n].
Output: Mang A[1...n] d3 dugc sdp thit tu.
e Y tudng: Chén mét phin tir dang xét clia d3y vao mét dy con d3

duoc sip xép.

16



Insertion sort’s pseudo-code

Insertion sort
1: for j < 2 to N do

2. key + A[j]

3 i j—1

4:  while / > 0 and A[i] > key do
5: Ali + 1] « A[f]
6

7

i+ i—1
Ali + 1] + key

17



Insection sort

D6 phtc tap tinh toan:
e Trudng hop tét nhit: n — 1 phép so sanh, 0 13n d8i chd.
e TH trung binh: n?/2 phép so sanh, n?/4 lan déi cha.

o TH x4u nhit: n?/2 phép so sanh, n?/2 I1an déi chd.

18



Y tudng:

Chia: Chia ddy n-phan tir cn sip xép thanh hai diy con, mdi day n/2
phan ta.

Tri: S3p xép hai diy con bing dé quy st dung merge sort.

Hop: Dinh hay day con lai véi nhau dé thu dugc day s3p x&p hoan chinh.

19



Merge sort’s pseudo-code

Merge sort
1.m+<qg—p+1

2 Mm<—r—gq

3: for i < 1 to n; do

4 L[] < Alp+i—1]
5. for j + 1 to ny do
6
7
8
9

RU] « Alg +]
: L[m +1] + o0
: Rlnp+1] + o0
i+ 1
10: j« 1
11: for k < p to r do
12 if L[i] < R[j] then

13: Alk] «+ L[i]
14: i+—i+1
15:  else

16: Alk] < R[j]
17: j—Jj+1

20



Mergesort’s java-code

private static void merge(Comparable[] a, Comparable[] aux, int lo, int mid, int hi)
for (int k = 1o; k <= hi; k++)
aux[k] = a[k]: copy

int i = To, j = mid+1l;
for (int k = 1o; k <= hi; k++)

if G > mid) alk] = aux[j++]; merge
else if (j > hi) alk] = aux[i++];
else if (less(aux[j], aux[i])) alk]l = aux[j++];
else a[k] = aux[i++];
}
}
To i mid j hi
axt] /A G L o R|[H I M s T
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Merge sort’s main pseudo-code

Merge sort(A, p, r)
1: if p<r then
2 q=L(p+r)/2]
3:  MERGE-SORT(A, p, q)
4 MERGE-SORT (A,q+1,r)
5 MERGE-SORT (A, p, g, r)

22



Mergesort trace

a[]
To hi 90 1 2 3 4 5 6 7 8 9101112 13 14 15
\ M E R G E S O R E X AMP L E
merge(a, aux, 0, 0, 1) E M
merge(a, aux, 2, 2, 3) G R
merge(a, aux, 0, 1, 3) E G M R
merge(a, aux, 4, 4, 5) E S
merge(a, aux, 6, 6, 7) 0 R
merge(a, aux, 4, 5, 7) E O R S
merge(a, aux, 0, 3, 7) E EGCGMORR S
merge(a, aux, 8, 8, 9) E T
merge(a, aux, 10, 10, 11) A X
merge(a, aux, 8, 9, 11) A E T X
merge(a, aux, 12, 12, 13) M P
merge(a, aux, 14, 14, 15) E L
merge(a, aux, 12, 13, 15) E L M P
merge(a, aux, 8, 11, 15) A E ELMPTX
merge(a, aux, 0, 7, 15) A EEEEGLMMOZPR RIR RSTX

\

result after recursive call

23



Mergesort’s pseudo-code

sorted sequence

[ 2 2 3 4 5 6 1]

o

2+ s 77 2 3 6]

NN

2 5] 4 7] [2 6]

merge / merge Aerge

2 [ [

initial sequence

B~
w

/
[e]

[~]
[»]

Cach tinh thai gian véi gidi thuit s dung dé quy:

T(n) = {@(n) néu n < c,

aT(n/b)+ D(n) 4+ C(n) con lai. y



T(n) n

T(ni2) T(n/2)

(a) (b)

N

T(n/4) T(n/4)

(©)

Total: cnlgn +cn

T(ni4)
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Mergesort: real running time

Thai gian chay uéc lugng:
Laptop thuc hién 108 so sanh/giay.

Siéu mdy tinh thuc hién 10'2 so sanh/gidy.

insertion sort (N2) mergesort (N log N
T T T
home instant 2.8 hours 317 years instant 1 second 18 min
super instant 1 second 1 week instant instant instant
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Quicksort: Y tuéng

Y tudng:

Chia: Phan b8 (d8i chd cac phan tir) mang Alp...r] thanh hai mang
Alp...q—1] va A[g+1...r], sao cho cac phan tir clia mang
Alp...q — 1] déu nhé hon hosc bing A[g] va cac phan t&r clia mang
Alg+1...r] déu I6n hon hosc bing A[q].

Tri: SSp xép hai diy con bing dé quy st dung quick sort.

Hop: Vi cdc mang con da dudc sip xép va A[g] n3m ding vi tri clia né
trong mang nén mang Alp. .. r] ducc sip xép.

27



Quicksort’s pseudo-code

PARTITION(A, p, r)
1. x = A[r]
i=p—1

:for j=ptor—1do
if A[j] < x then
i=i+1
exchange A[i] with A[j]
exchange A[i + 1] with A[r]
return /41

D & BN

o

28



Quicksort’s main pseudo-code

Quick sort(A, p, r)
1. if p<r then
2: g =PARTITION(A, p, r)
3:  QUICKSORT(A, p, g — 1)
4. QUICKSORT (A,q+1,r)

29



(a)

(b)
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Quicksort: real running time

Thai gian chay uéc lugng:
Laptop thuc hién 108 so sénh/giay.

Siéu mdy tinh thuc hién 10'2 so sanh/giay.

insertion sort (n2) mergesort (n log n) quicksort (n log n;

home instant 2.8 hours years instant 1 second 18 min instant 0.6 sec 12 min

super instant 1 second 1 week instant instant instant instant instant instant

31



Quicksort’s running time complexity

log,yn / \ / \

100 I 100 @ 100 I 100 @ g en
/\ / \ / N\
log,g/9 1 /0 co C / \
81 729 ; .
1 oo 1000,1 [ETTETRPTTOITT TR cn
/N /N
L - < cn
\
| T - < cn
O(nlgn)

Céch tinh thai gian véi gidi thuit st dung chia dé tri:

T(n) = T(9n/10) + T(n/10) + cn. .



Quicksort: average-case analysis

Proposition. The average number of compares C, to quicksort an array of
n distinct keys is ~2n Inn (and the number of exchanges is ~%nlinn).

Pf. C, satisfies the recurrence C,=C,=0 and forn > 2:

N left  right
partitioning
' Co+C e, Cn-1+C
_ 0o+ CNn_1 1+C0nN—2 ~N—1+ Co
Cn = (N+1)+<7N >+<7N >+...+<7N )
« Multiply both sides by » and collect terms: partitioning probability

NCy = N(N+1) + 2(Co + C1 + ... +Cn_1)

» Subtract from this equation the same equation for n - 1:

NCyN — (N—l)CN,l =2N + 2Cn_1

» Rearrange terms and divide by n (n + 1):

CN _ CN—l + 2
N+1 N N+1




Quicksort: average-case analysis

o Repeatedly apply previous equation:

Cn Cn-1 2
N+l N T Ny1
= @ =+ 3 —+ <«—— substitute previous equation
N-1 N N +1
Cn_3 2 2 2
TR S
2 2 2 2
S 3titst oty

« Approximate sum by an integral:

1 1 1 1

N+1

2(N+1)/ édz

3

2

« Finally, the desired result:

Oy ~2(N+1)InN ~ 1.39NIgN
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