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e Time Complexity

e Sorting
- Selection sort
- Bubble sort
- Insertion sort
- Merge sort
- STL - sort()
o T
- Quick sort
- gsort()
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Time complexity o

e How to evaluate the execution time?

A+B Problem
Time Limit: 1000MS Memory Limit: 10000K
Total Submissions: 342704 Accepted: 190305

12350938 106580 1840
12350931 hneul10610230 3903 Time Limit Exceeded
12350906 20112685 3233 Time Limit Exceeded
12350904 20112685 3233 Time Limit Exceeded
12350899 hneu793116483 1833 Time Limit Exceeded
12350889 xk2741 3016 Time Limit Exceeded
12350859 superstarzhu 3461 Time Limit Exceeded
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e Technical analysis

e O( ) (Big O notation)
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e Examples

o for(i=0; i<n; i++)
if(..) else ..

e O(n)
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Time complexity e

e Examples

o for(i=0; i<n ;i++)
for(j=0; j<n; j++)
if(..) else ..

e 0(n?
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e Technical analysis

e Examples
e int two(int n) {
if(n < 2) return 1 << n;

return two(n - 1) + two(n - 1);

o O(2™)
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Time complexity

e GivenInput Sizen =1,000:
- 0(n) = 1,000 1@ operations
- 0(n?) = 1,000,000 1@ operations
- O(nlgn) = 9,965 {& operations

e GivenInput Sizen = 1,000000:
- 0(n) = 1,000000 1@ operations
- 0(n%) = 1,000,000,000,000 1@ operations « bad
- O(nlgn) = 9,965,784 {& operations

e 1,000,000 {& oprations #T{LIHL 1 sec
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Time complexity ==

Big-O Complexity
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B/ 2KJE: https://medium.com/journey-of-one-thousand-apps/complexity-and-big-o-
notation-in-swift-478a67ba20e7
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EBEHRF v.s. AEEHEF ——

- [EEFMHEEIZER ( Xk A#ZEME )

- EHIFEMESUEHEBIFEEIR - HISTEHR (
Stable sort )

- AEHIREMEUEEBIFR " ofgeAMEE L BT
HwAIEERER (Unstable sort) -

e N : 235134
—EBEBERF 123345
- A EEHER : 123345
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e Sorting
- Selection sort
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- STL - sort()
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- Quick sort
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CEEBIRIA
» NMHBEEAPERHAINGE—1% - AR &/
5 - BHZE - 3|5 = &R

- [FEEXE 0(n?)
AAEERR
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Selection Sort S

e 1. 1t a[0] 8%l a[n-1] FHHEEFWEHR/INE - B
a[O] iR a[O] BHEE 7

e 2. E&LEL - 1 a[l]l iR a[n-1] HEET &
IME - B a[l] TR
. 3. ﬁ]ﬁbf‘t@?& N REMSTH [ BEF
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Selection Sort =

a[0] a[l] a[2] a[3] a[4] a[5] a[6] a[/]

8 6 2 7 3 1 4 5 |ER  cHERHFNER
1 6 2 3 8 4 5 ;ggjﬂt {IE 4 5k
L P21 06 713 18 1415 e gamgs
1 2 3 7 6 8 4 5 |-

1 2 3 4 5 8 7 6

1 2 3 4 S 8 7 6

1 2 3 4 S 6 7 8

1 2 3 4 ) 6 / 8

1 2 3 4 S 6 7 8
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(int 1 = 0; 1
int min_index = 1i;

(int J =1 + 1; J < nj J++) {
(array[j] array[min_index]) {
min_index = j;

¥

int temp = array[min_index];
array[min_index] = array[i];
array[i] temp;
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e Time Complexity

e Sorting
- Selection sort
- Bubble sort
- Insertion sort
- Merge sort
- STL - sort()
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- Quick sort
- gsort()
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"REBERE L (or BABEFRIE, BEREERA..

whatever)

S EIMMEFBEZNFNES - —REEEBRMETE=R
- WKV IR R s M IE A 22 B 2K -

. IEIEZHEE 0(n?)

. RIERTEHRF -

ImU

Y
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1st iteration
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F—MOs
1st iteration
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1st iteration
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1st iteration
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1st iteration
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1st iteration
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F—MOs
1st iteration
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1st iteration
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2nd jteration
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g£_[OE
2nd jteration
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g£_[OE
2nd jteration

A

EFhMOE
L3 [4]>]8]3 5th iteration

NCKU CSIE Programming Contest Training Course made bypetermouse & DADA




Bubble Sort
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Code

(int i n 1; i
(int j 0; j
(array[j] > array[j + 1]) {
int temp = array[J];

array[j] = array[j + 1];

array[j + 1] = temp;
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e Time Complexity

e Sorting
- Selection sort
- Bubble sort
- Insertion sort
- Merge sort
- STL - sort()
o T
- Quick sort
- gsort()
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o 1. WFE—ETTERER ZITRULIWBR/EENEF

o 2. W M—EITE  HEAPIFRIITRFIIPIEREA]
R

o 3. WMRZITR (BHF ) KRMITR - ®ZImH=BEH
—I&

o 4. E
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e 6. E
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Insertion Sort

e Code

(int i = 1; 1 n; i++) {
int temp = array[il;
(int j =1 -1;7 9; j--) {
(array[j] > temp)
array[j + 1] = array[]j];

}
array[j + 1] = temp;
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UVal0327 — Flip Sort

Sorting in computer science is an important part. Almost every
problem can be solved efficiently if sorted data are found. There are
some excellent sorting algorithm which has already achieved the
lower bound nign. In this problem we will also discuss about a new
sorting approach. In this approach only one operation (Flip) is
available and that is you can exchange two adjacent terms. If you
think a while, you will see that it is always possible to sort a set of
numbersin this way.
The Problem
A set of integers will be given. Now using the above approach we
want to sort the numbers in ascending order. You have to find out
the minimum number of flips required. Such as to sort "1 2 3" we

need no flip operation whetherto sort "2 3 1" we need at least 2 flip
o
>

nnearatinng &
NCKU CSIE Programming Contest Training Course made bypetermouse & DADA %
& [ )
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https://uva.onlinejudge.org/index.php?option=onlinejudge&page=show_problem&problem=1268

I 1 acm g reie
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The Input
The input will start with a positive integer N (N<=1000 ). In next
few lines there will be N integers. Input will be terminated by EOF.
The Output

For each data set print "Minimum exchange operations : M" where
M is the minimum flip operations required to perform sorting. Use
a seperate line for each case.
Sample Input

3

123

3

231

Sample Output

Minimum exchange operations : 0
Minimum exchange operations : 2
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e Time Complexity

e Sorting
- Selection sort
- Bubble sort
- Insertion sort
- Merge sort
- STL - sort()

o HFT
- Quick sort
- gsort()
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. 8% ( Divide and Conquer ) =
. 1. divide
i [ 8 70 Bl Ak BB /) \BY - Rl e

. 2. conquer
REEIEF IR (.e. FRIEH divide R E /W RE)
BEZFERECL/NAITILIER - LIESEN A NEE

. 3. combine
A% E BRI FERE - S ERAREERE KV G R
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Merge Sort

. 787% ( Divide and Conquer ) & merge sort FEFE

. 1. divide
i BB Bl B B /B B 8
RARBERHHNERYI MY - SR —FNER=

. 2. conquer
EEERIEF R (.e. FEIBE divide AN E/NIFREIEER)
BEEZFEECSL/NE O DIER - IESNAD TV EREE
BRE—FHERE - B2 AHNEEREZHR - BYAMEF
BHUREN=Z=S/\FE 1 E - ELERE 7

. 3. combine
a2 RN FEE - SHFERRERE AR E

MEBEF B/ NE 1 o] & 15 (merge) A% BEF H HI B R G
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o 1. tif%a DEIRMm*al0]~a[n/2]Fa[n/2+1]~a[n-1] -
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o 2. WIRIFEWR|[ES|TTERA—(ERRE - BIZreturn -
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e Divide &

void Mergesort(int list[], int low, int high) {
(high > low) {
Mergesort(list, low, (low + high) 2);
Mergesort(list, (low + high) 2 + 1, high);

Merge(list, low, high);

made by petermouse & DADA




Merge Sort

e Combine &
void Merge(int 1list [], int low, int high) {
int combined[MAX SIZE];
int k = 0, mid (low + high) 2;
int i low, j mid 1;
(1 mid j high) {
(list[i] list[j])
combined[k++] list[i++];

combined[k++] = list[j++];

(i mid)
combined[ k++] list[i++];
(] high)
combined[ k++] list[j++];
@! low, j 9; 1 high; i
list[i] combined[j];
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Uva 10810 — Ultra-QuickSort

In this problem, you have to analyze a particular sorting algorithm.
The algorithm processes a sequence of ndistinct integers by
swapping two adjacent sequence elements until the sequence is
sorted in ascending order. For the input sequence9 105 4 ,Ultra-
QuickSort produces the outputO 14 59 .Your task is to determine
how many swap operations Ultra-QuickSort needs to perform in
order to sort a given input sequence.The input contains several test
cases. Every test case begins with a line that contains a single
integer n < 500,000 -- the length of the input sequence. Each of the
the following nlines contains a single integer 0< a/i/ < 999999 999,
the /~th input sequence element. Input is terminated by a sequence
of length n = 0. This sequence must not be processed.

For every input sequence, your program prints a single line
containing an integer number op, the minimum number of swap j

®

operations necessary to sort the given input sequence. :
B


http://uva.onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=20&page=show_problem&problem=1751
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« Sample Input

OQOWNEFRPRWAUIORERL OWU

Output for Sample Input

6
0
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e Sorting
- Selection sort
- Bubble sort
- Insertion sort
- Merge sort
- STL - sort()
o HFT
- Quick sort
- gsort()
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- STL = Standard Template Library 12212 4x E
- BIE S : , algorithm

<algorithm>

« <algorithm>
- sort()
- stable_sort()

- http://www.cplusplus.com/reference/algorithm/

made by petermouse & DADA
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e sort()
- NEREELL Quick sort BREY
- FEEBEF

-IEMZERER N - BPEATECRE MR STL AYsort -

« sort (ary, ary + n)
- ascending order
-BEF ary[0) ZEary [n-1] - £ nEER

e sort(ary, ary + n, cmp)
- cmp : comparision function

NCKU CSIE Programming Contest Training Course made by petermouse & DADA




STL — sort() :

eeeeee
Programming Coniest

. comparision function A9 A FRF%
- NzBRFERKHY ascending order 3R

int b) {
a b;

bool cmp(int a,

}

- 7% custom data type HHEF
struct Point {

int X, Y;
} pl[1leeee];

bool cmp(struct Point pl, struct Point p2)
{

pl.X p2.X;

made by petermouse & DADA o
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International Collegiate
acm Programming Contest

- {#H C++ operator overloading
/% custom data type EFF

struct Point {
int x;
int y;
bool

struct Point &p)
}
} p[10000];

& : reference parameter

made by petermouse & DADA



http://www.learncpp.com/cpp-tutorial/73-passing-arguments-by-reference/
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« Example (built-in type)

<algorithm>
namespace std;

bool cmp(int a, int b) {

}

int main() {
int a[8] = {8, 6, 2, 7, 3, 1, 4, 5};

a b;

sort(a, a + 4);

sort(a + 4, a + 8);

sort(a, a + 8);

sort(a, a + 8, cmp);
9;
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STL - sort()

« Example (custom data type)

struct Point {
int X, y;
bool ( struct Point &p2)
X p2.X;
}
} p[le0e0];

int main() {
int n, X, Vy;
scanf("%d", &n);
(int 1 = 9; 1 < n; i++) {
scanf("%d%d", &x, &y);
p[i].x = x5 p[i].y = y;

}
sort(p, p n);
(int i 0; i n; i++)
printf("x= %d y= %d\n", p[i].x, p[i].y);
0;




STL - sort() —

(el
i

« stable_sort()

- H sort() MBIEI A
- BTHER
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7 : Quick Sort ===

- —1xMAmA% (Divide and Conquer )
« RERD MBS RIBMEEE -

s ‘EFHRBEEMEO(nIgn)

« RARERF
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- 1. EERP—ETTRMES " EE(pivot)
(INEURIIRInTRIE/EZE )

e 2. AERLEE/NWNEREREES D - LbE RIWIKE
EE )

- 3. % " BE ) BIE B AR E —ET R
- Rl T EAE E*EUEJE’J'XZEEMEET

e 4. AEHAEMERS 7 RIBEIEEHQuick Sort

e
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# 7t : Quick Sort

NCKU CSIE Pro

a[0] a[1] a[2] a[3] al4] al5] al6] al7]
8 6 2 7 3 1 4 5
8 6 2 7 3 1 4 5
2 6 | 8 | 7 3 1 4 5
2 | 3 | 8 7 | 6 | 1 4 5
2 3 | 1 |7 6 | 8 | 4 5
2 3 1 | 4 | 6 8 | 7T | 5
2 | 3|1 |4 8| 7|6
ATERE - B

RIE - HIEER 73 F5
EAR - EEIRRBHER
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fiFt : Quick Sort ==

ATERRE. B
(e BETIE e B

LLEUF‘ EH;
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- STL - sort()
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- Quick sort
- gsort()
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ACM g Conat”

* qsort
- C library
- PR EHEFR

<stdlib.h>
<cstdlib>

void gsort (void* base, size t num, size t size,
int (*compar)(

void*,

void*));
« gsort()

- base: I5IZHEIRMIE - num: EETE

-size: TTREREE - compar: LLER K EY
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CEE R TS BB RE 2 (const void *)
a kb b Al ->return B2

a b ->return 0

alttb & ->return [E2

int cmp ( void * a,

{

( *(int*)a (int*)b )
( *(int*)a (int*)b )
( *(int*)a (int*)b )

}

int ary[1000];
gsort(ary, n, (int), cmp);
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acm gz

Tt event
S%Z. | sponsor

Thank you for your listening!
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» Uva (5)
10327,10810, 10107/, 10026, 10420

- POJ (10)
3067,1002, 1007, 2231, 2371, 2388, 1318,
1971, 3663, 3664
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