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™8 Binary releases - Code:Blocks X +

e

C @ codeblocks.org/downloads/binaries/

== Microsoft Windows

File Download from

The IDE with all the
features you need, having a
consistent look, feel and
operation across platforms.

codeblocks-20.03-setup.exe

23 codeblocks-20.03-setup-nonadmin.exe

codeblocks-z0.03-nosetup.zip

O i codeblocks-20.03mingw-setup.exe |

codeblocks-20.03mingw-nosetup zip

codeblocks-20.03-32bit-setup.exe

codeblocks-20.03-32bit-nosetup.zip

codeblocks-zo.03mingw-32bit-setup.exe

NOTE: The codeblocks-20.03-setup.exe file includes Code:Blocks with all plugins. The codeblocks-20.03-
setup-nonadmin.exe file is provided for convenience to users that do not have administrator rights on their
machine(s).

NOTE: The codeblocks-20.03mingw-setup.exe file includes additionally the GCC/G++/GFortran compiler and
GDB debugger from MinGW-W64 project (version 8.1.0, 32/64 bit, SEH).

NOTE: The codeblocks-20.03(mingw)-nosetup.zip files are provided for convenience to users that are
allergic against installers. However, it will not allow to select plugins / features to install (it includes
everything) and not create any menu shortcuts. For the “installation” you are on your own.

If unsure, please use codeblocks-z0.03mingw-setup.exe!




u Start here - Code:Blocks 20.03 - X
File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
FRBRALINRR|AR iG>0 B> EEE LG Y D[R
v e (MR REs[<|0Eido b
Y OMAEEEECos|/QQ[S C: AER S e > L ko x
tanagement X ||
Y Projects  Files FSymbc—IslIl ~
@ Workspace
-e
' Code::Blocks
The source, cross-platform IDE
A o ”
Belease 20,035 rev 11985 (2020-03-12 18:24:30) gcc &,1.0 Windows/unicode — 64 bit
- S O
I Create a new project % Cpen an existing project Tip of the Day
@] Visit the Code!'Blocks forums Report a bug or request a new feature
Recent projects
C¥tdvErojects ¥ AlgorthmWShorte stF ath Al ShortestPath Al Shorte stPathAllL chp
Di¥tdvErojects W Test¥ Test¥ Test chy
Recent files v
Logs & others x
* |7 Code:Blocks X (Y Search results X [#] Cccc X L¥suild log x # Build messages X [#| CppCheck/Vera++ X |#| CppCheck/Vera++ messages X |#| Cscope X LFDebugger X [# DoxyBlocks X [F] Fortran info 1]

Start here |:| default
3



. - |
New frd | Console application pd %
Project m Console Please select the compiler to use and which configurations
Build t you want enabled in your project.
Files _
Custor ;ompller: |
User te GNU GCC Compiler %
Create "Debug” configuration: | Debug
"Debug"” options
Output dir.: bin#Debugh
Objects output dir.: | obj#Debugi
ons
Create "Release” configuration: | Release
"Release” options
TIP: Ty Qutput dir.: binWReleaset
1. Selec Objects output dir.: | obj#Release
2. Seleg
3. Press
L] < Back Finish Cancel




u *main.cpp [HelloWorld] - Code:Blocks 20.03 - X
File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
FoB0 ¢ ¥RR/QARE > 8 & B Db BIPECH AG Y N B|REED
: <global> vl ViesmEB RSy ~<|B@Aidop
L OMA=E=EEOCOC|QQ|S C v R X D R A= Build & Run: F9
tManagement X *main.cpp X *
! Projects | Files | FSymbols *! 1 #include <iostream>
@Workspace 2
= Helloworld 3 using namespace std;
=8 Sources a
~[" main.cpp 5 int main()
6 {
7 cout << "Hello world!" << endl;
8 return @;
9 ¥
10
1  #include <stdio.h> 'ES|
2
i 9 ol=a1irt E
3 | int main() St=ZE / W
4 |2{
. O T
5 printf("Hello world! \n"); AE=ZE \
6 retrun 6;
7
< >
Logs & others x
* |7 Code:Blocks X (Y Search results X [ Cccc X L¥suild log x # Build messages X [#] CppCheck/Vera++ X |[#| CppCheck/Vera++ messages X |#] Cscope X LFDebugger X [# DoxyBlocks X [F] Fortran info 1]
D:tMyProjectsAl gorithmi¥HelloWorl d#main.cpp C/C++ Windows (CR+LF)  WINDOWS-949 Line 10, Col 1, Pos 117 Insert Modified Read/Write default =

5



H Start here - Code:Blocks 20.03
File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks

EBDEEIG%}I%’IQ@\E@b@@m

_I > Editor...

A R e || BI@E\

%|E|WB|EEEE|D{E

Configure editor

x

] General settings

ﬂ

Management X
¢ Projects Files FSymbols 2 “ | Editor settings  Other editor settings C/C++ Editer settings  Encoding settings ~
@ Workspace Font
on
This| == s Choose
e [ Res
General settings TAB o 2= ZE AEHY YY)
[ Det
Bfconsolas
il = an
MTAE | Constantia gHE
‘—\ TAB 3 |Cooper =7
COPPERPLATE GOTHIC FAE 7 EYE
Folding
Inden Corbel
W
Aut i w T
b Core GothicE 6 Sl2= = W
[5m =1 —
. Bra =4 =7
~; @2 == Ry =
Bac BEESIs o1 — \
= [dshg AaBbYyZz
Margins and caret Bra RS
[J5els
AH - A 3 2l E Ry
selec] = Z3EER:
v - Cend | EZE MEREL "
l:l Eng v
Logs & athe L | D All 8
[#) Codq | Syntax highlighting f Cscope X LFDebugger X [#] DoxyBlocks X [F] Fortran info "
LHE == 84
‘ sl
% | W
Cancel
Start here

default

6



Build & Run: F9 HelloWorld¥bin#Debu gWHelloWorld.exe
Hello world!

Process returned O (0xQ0)  execution time @ 0,408 s
Press any key to continue.
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" Compile & Linking

Source rl> Preprocessed —_ OhjECt ‘> Executable

File Source | File File
t File t t
I I |
I I |
Preprocessing Compile J \ Link ,J
Preprocessor Compiler Linkei/
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= T=8E 03
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OJ A8

— B rustol x  +
J_L|- OEI X-Il % & C {} & ojdatahub.pekr/problem.php?id=1008 e o @ e O
HUSTOJ @#s2szZe W2 sREE O[PS G $
— —
e CodeBlock & IDEO|A Z=ZgH &b
A _ ap o o S 1008: [01 7| & & & 3] Hello world!
* QI_I- o E'I_I iEJ‘ d E OJ 0" o | E— _CID_ AlZEH| S - 1.000 sec H22|H|3t - 128 MB
- A= =11 Am=1 SA DT | TESTDAIA |
KHE 23t ol
= 49
£210] Hello world! 2H 2R ES SHoke =202 HEEAlL.
=~
AE d TF
o (28)
.%%I | nggll-E _% == =%
— Hello world!
AU o | HBE: _x
4 17L Ol =5 0lA| Copy
¢ 7?: -”-|' = Oﬂ E'I

Language ~
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1 #include <stdio.h>
return 0; 2 .
N N - 3 | int main()
S Zitgt 022 T+ TR 4 |o{
5 printf("Hello world! \n");
6 retrun 8;
: 1 11} ?
printf("Hello world! \n"); )
sprintf() g5: BT = IU<I01I =585t= 7|ss= ot g«
« 9l==: "Hello world! \n" & printf Zf= &0 MH
#i de <stdio.h>

clu
-E—’-i— A s4+S0f Cf3t HEE XD Y
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<l

g OolHY

123
1234

* (fixed-point data format)

<« <F

-

/ 1t
< {df

I

-12
-ZIG
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Ce 2| X}= (data type)

A-I—
- JT%:J

e char ........

(2A1E) - <AE MY =2 FAtE NI

[jot

character

+ short EEEEREEE EERREEEE

short int

int EEEEEEEE EEEEEEEE EEEEEEEE EEEEEEEE

integer

- long EEEEEEEE EEEEEEEE EEEEEEEE EEEEEEEE

long integer

*longlong  HENENEEN ENEEEEEE EREREEEE RERREREE
64bit long [ HNNNNEE NENNEEEE ENENREEE EENEEEEE

15
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4
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T
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A*
- égﬂ'%;
e float
EHYE MuE
*4byte(32bit)
228 X5
e double
HIEE HEE
«8byte(64bit)

H&H A H
T2T X5

Ce 2| X}= (data type)

25 (274 O[5t eAte|HAl)

2 (258 0[or 15A2|7HA])
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A
'jg_l_o,
(o)

44

oololo0loolo
oolofoololot
ololooolT
ool ool

(Ol:A o A
I, &1

)2| H? - signed

O A
=T

1111 1000 (-?)
0000 0111 2°|E

19
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#tinclude <iostream>
using namespace std;

int main() {
signed char a = 0;
for(int i=@; i<256; i++) { // 256U
printf("%5d", a);
a++;
}
puts("\n");

unsigned char b = 0;

D . 193
for(int 1=0; i<256; i++) { // 256% 146 147 148 149 150 151 152 153
printf("%5d", b); 170 171 172 173 174 175 176 177
. 194 195 196 197 198 199 200 201
5 018 219 9220 9291 999 993 994 995

} 247 243 244 245 246 247 248 249
Process returned 0 (Ox0) execution time : 0.189 s
} Press any key to continue.




SHEY XF sl

#include <iostream>
using namespace std;

int main() {

char aj; Process returned O (0Ox0) execution time : 0.019 s
a = 0b0eoe1111; Press any key to continue.
printf("a: %d\n", a); -

a = 0b11111111;
printf("a: %d\n", a);

short b;
b = Ox00FF;
printf("b: %d\n", b);

b = OXFFFF;
printf("b: %d\n", b);




C0{2| XI=R A (data type)

MNAS

o T o
(X char
short
int

e
long

long long

float

A4y

double

2B

4B

4B

8B

4B

8B

8bit

16bit

32bit

32bit

64bit

32bit

64bit

27 ~ 27-1 (127) 0 ~ 28-1 (256)
215 ~ 215-1 (=3.22h 0 ~ 276-1 (56.52h
2231 ~ 2311 (=219 0 ~ 232-1 (=429)
-231 ~ 231-1 (5219 0 ~ 232-1 (=429

263 ~ 2631 (59227) 0 ~ 264-1 (5184474)
3.4x10-38 ~ 3.4x1038

1.7x107308 ~ 1.7x10308

24



«O|O|E EfRI & ARO|= « 21}

B 1 EE DewMyProjects#talgorithm#STL Testwtbin®Debug®STL Test exe

size of data types.

#include <iostream>
using namespace std;

char : 1
ghnrt 2
int main() { Int 2 4
" "y . long : 4
puts("size of data types."); Ilong : 8
printf("char : %d\n", sizeof(char));
printf("short : %d\n", sizeof(short)); Process returned O (050) execution time : 0.019 s
orintf("int  : %d\n", sizeof(int)); Press any key to continue.

printf("long : %d\n", sizeof(long));
printf("llong : %d\n", sizeof(long long));

25



H=~ (variable)

« H=0| O|0O| #include <stdio.h> F& 8 (&) oIS
1001 20 age
. HSH= 2 gt oln
- TS Z|oioF & I ALE /) B3 MA(X7I3 218) 1003
N : . 1004
- 2§ MEE BU0 olge gl A | intees e —
— // o
- ZRIAHI} 0| E(H+H)S B e 1006
age = 20;
1007
1008
Hp MA(E=7|2 QIS
» 0| AR /e (Z712t 6ls) 1009 A Blood
N int height; 1010 3.14159 i
. MOIZ 3 FIRH AZ Jts L
. = OIAIX}Z ZtS sigt /7 B Aol SA0f 2 012
char blood = 'A";
o MO E=A SiCH Jl= (X 7|6 ’ B 1013
AR S0 e s (E71=h /) B4 HoT SA0l 8Y | o
. X7|5} SIX| U D M7 Zt double pi = 3.14159; 1%
} 1016
1017

26



#include <stdio.h> " -lMTI?__ |'
MAZ X} =5 | AHE ERER
int main() { %C Chal 22X} char
int age; // B A %d 25 Qe 10T ¥ char,
age = 20; // B0 2€ %1 2z e 107 H, %det 23 short, int
int height, weight; %f, %1f 2z &= 107 A=+ float, double
char blood = 'A'; // o4t o %s =AtE char[]
double pi = 3.141592; %0 f2 gl= 8t =+
%u B3 ole 107 H char,
printf("age: %d \n", age); %X F2 gl= 167 A, AL ALE S?igf,
printf("height: %d \n", height); %X 52 gle 16 S5 WXt A8
printf("blood: %c \n", blood); %e e H7|HO| ofor A= float, double
printf("pi: %1f \n", pi); %11d, %1lu | £= U=, F=2 8= long long E= long long
printf("pi: %.21f \n", pi); %8 X Ol ek %f, %e = & ofLIE dH float, double
} %G 240l [H2tA %f, %G = & StLHE M EH
%% % 7|2 =%

27



RE

At

= NA ZAe| SR/ 1 2|0

MAZ A =8 el
%C Y =X}
%d 2z A= 107 He
%i 22 A= 107 H=, %dt 22

%, %Lf 23 A= 107 A=
%s =Xt<
%0 22 ¢l= 8% A=
%u 22 9= 107 =
%x 22 =168 B, 224 ALE
%X 23 Q= 167 E, HEAL AL
%e e H7|B0f ofot A==

%11d, %1lu| 53 U=, 53 Q& long long =

%8 20f W2t %f, %e & & StLHE MH
%G 20l kM %, %G = & StLIE M EH
%% % 7|2 =&

#tinclude <stdio.h>

int main() {

char blood = 'A';

int age = 20;

double pi=3.1415926535;

printf("blood:
: %s. \n", "Reinhard");
: %d. \n", age);

: %1f. \n\n", pi);

printf("name
printf("age
printf("pi

printf("blood:
: %10s. \n", "Reinhard");
: %led. \n", age);

: %10.41f. \n\n", pi);

printf("name
printf("age
printf("pi

printf("blood:
: %-10s. \n", "Reinhard");
: %-1ed. \n", age);

1 %-10.41F.

printf("name
printf("age
printf("pi

%c. \n", blood);

%10c. \n", blood);

%-10c. \n", blood);

\nm\n", pi);

[Z12 M A

blood: A.

name : Reinhard.
age : 20.

pl1  : 3.141593.

[22% ¥

blood: A.
name : Reinhard.
age 20
p1 : 3.1416.
(2% Y

blood: A

name : Reinhard
age : 208

p1 - 3.1416

28



KW QIR MTE 2XHO| AAY XA £

#include <stdio.h my age. 20
include <stdio.h> my birthday: 2010/10/31
Good
int main() { morning

int age = 20; BN

int year = 2010, month = 10, day =

¢ )

printf("my age: %d\n", age);

printf("my birthday: %d/%d/%d\n", year, month, day);
% : decimal(10%)

prlntf("Good::morn1né:>everydaj:>"),

\n : new line

%d 2| 2|0]:
decimial(10%)
1022
=&ol2t= 9|0




2+ (constant)

- 40| o) 1. 2lEE 4=
- D20 MAES g HEY 5 ZE WM XEE X
sl GlolH

1) 85 &=

int n = 10;
« Mo BR
o 2) A M=
DI E{2 Al
1. 2/HE o= double mili = 0.001;
AbA
2. O3 2 A= double mili = 1.0e-3;
3. E-’Fﬂ —T'—@ double ton = 1.0e+3;

3) =AF M=

char grade = 'A’;

30



2. jAZE Al

s #tdefine & AIE

Al (constant)

3.

#include <stdio.h>
#define PI 3.141592
int main() {

int r = 5;

double s;

s = PI*r*r;

printf("%1lf\n", s);

r++;

s = PI*r*r;
printf("%1lf\n", s);

r++;

#40] D

const 7|} E AR

#include <stdio.h>

int main() {
const double PI=3.141592;
int r = 5;
double s;
s = PI*r*r;
printf("%1f\n", s);

r++;

S = PI*r*r;
printf("%1f\n", s);

r++;

31




RE

At

= NA ZAe| SR/ 1 2|0

MAZ A =8 el
%C Y =X}
%d 2z A= 107 He
%i 22 A= 107 H=, %dt 22

%, %Lf 23 A= 107 A=
%s =Xt<
%0 22 ¢l= 8% A=
%u 22 9= 107 =
%x 22 =168 B, 224 ALE
%X 23 Q= 167 E, HEAL AL
%e e H7|B0f ofot A==

%11d, %1lu| 53 U=, 53 Q& long long =

%8 20f W2t %f, %e & & StLHE MH
%G 20l kM %, %G = & StLIE M EH
%% % 7|2 =&

#tinclude <stdio.h>

int main() {

char blood = 'A';

int age = 20;

double pi=3.1415926535;

printf("blood:
: %s. \n", "Reinhard");
: %d. \n", age);

: %1f. \n\n", pi);

printf("name
printf("age
printf("pi

printf("blood:
: %10s. \n", "Reinhard");
: %led. \n", age);

: %10.41f. \n\n", pi);

printf("name
printf("age
printf("pi

printf("blood:
: %-10s. \n", "Reinhard");
: %-1ed. \n", age);

1 %-10.41F.

printf("name
printf("age
printf("pi

%c. \n", blood);

%10c. \n", blood);

%-10c. \n", blood);

\nm\n", pi);

[Z12 M A

blood: A.

name : Reinhard.
age : 20.

pl1  : 3.141593.

[22% ¥

blood: A.
name : Reinhard.
age 20
p1 : 3.1416.
(2% Y

blood: A

name : Reinhard
age : 208

p1 - 3.1416
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A At Xt (operator)

H| 2

7|

_..A jol

]

= CAHO|
oo |

il
M1

1l

K

%

LI K|
ZCt

—t

<4
g4
%0

Ct=C}

Al

3ct

-l

K

—

<4
g4
100
o

And &&

2|

Or

J

|
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%

H L X operator)

ke
ALR LEZRO U U= LA} 2IF0] JU= H=0f Cf RoCt
0f)) num = 20;
T O|HLEREO| XS oLt
O) num = 4+3;
25 O ALMKO| X0 RLEZE I|AHLK; 4S5 W},
o) num = 4-3;
= O|AHLMXS| 2f= &t
O) num = 4*3;
2 EZo| mALK} & RLEE O[AMK L= Lix & o0
o) num = 7/3;
21 Zo| O[AHMK ¢S @EF LIAMKX ¢ =2 L LIHX|E FStHCt,

0l) num = 7%3;

[
o%
L

T

ot
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H L X operator)

« O QLbREeE ths QAR 25

#include <stdio.h>

int main() {

int nl =9, n2 = 2, res; B D:#MyProjectswalgorithmitbinwDeb
res = nl + n2;
printf("%d + %d = %d \n", nl, n2, res);
res = nl - n2;

printf("%d - %d

%d \n", nl, n2, res);

..
rd
=
-
..
ra
-

printf("%d * %d = %d \n", nl, n2, nl*n2);
printf("%d / %d = %d \n", nl, n2, nl/n2);
printf("%d %% %d = %d\n", nl, n2, nl%n2);
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X2 9| A2 (type casting)

Ll

-
(@)

>.

| H s}

—

" EE' -4 c:lgﬂ$§}(
g0z YojL
« K>
- CHYZO0A Z=HEH
CIE
« ALAO|AM m[HAXLZHO| A=Y 0| Ct
= [

. #g A

AtS

ot o

4

|_I_
— O -

Ral

i -S| A= YOl

L
ro
Mo
1o
0!

HO| Xt=FO|
s

10
Pal
il
gt
|0
HU 4O
rE o

ok re
>

1>

2

o

rir
il

#tinclude <stdio.h>

int main() {
char a = 127; // 1111 1111
short b;
b = a;
printf("%d\n", b);

char c;

short d = 256;
c = d;
printf("%d\n", c);

// 1 0000 0000

double e = 10/4.0 +0.5;
printf("%1f\n", e);
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Xtz 2| A2 (type casting)

- DO=IA|&|| 'cg:DI I:II_:|§I_|- #include <stdio.h>
L Z20P07F XIWsE Hee it i)
. (El—cél) %A—l% A|--g-'o|“_ |:|-. int 1 = 9 *1000*1000*1000;
. 0”}4 printf("%d\n", 1);
double c = 10/4; // 2 long long 1 = (long long)9 *1000*1000*1000;
double d = (double)le/4; // 2.5 printf("%1ld\n", 1);

double ¢ = 10/4;
printf("%1f\n", c);

410065408

9000000000
double d = (double)10/4; 2 000000
printf("%1f\n", d); 2 .500000
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H L X operator)

=<
= 54 LR
of ALK} HALO| O o|0O| ZotM #include <stdio.h>
. "o d" AI_-I =7 S %AI_I- . .
++a printf("%d", ++a) s/t, & < int main() {
a++ printf("%d", a++) | &1 AL =T FIt & int a=10;
4_ printf("%d\n", a++);
_ . ||o° n __ AI_-I 7I-_JI\_ S gtl.
b-- printf("%d", b--) | M M, =T LA <

B 1= DowMyProjectsitAlgorithm#STL TestwbinwDeb

10
12
b
12

Process returned O (0x0)
Press any key to continue.

int x=2, y=3;
printf("%d\n", (x++)*(y++));
printf("%d\n", (x*y));
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H L X operator)

«HE QIAR}

ol ALK} o|m| o 25t A #1r'1clude <iostream>
using namespace std;
& Bitwise AND 10 & 7 <
| Bitwise OR 10 | 7 <« int main() {
printf("10 & 7 = %02X\n", 10 & 7);
i Bitwise XOR 16 * 7 < printf("10 | 7 = %@2X\n", 10 | 7);
~ Bitwise NOT ~ 7 & printf("1@ ~ 7 = %@2X\n", 10 ~ 7);
< HEY 9% A|ZE 8 << 1 < printf("8 << 1 = %02X\n", 8 << 1);
printf("8 >> 2 = %02X\n", 8 >> 1);
>> HEZ QQEZ AZE 8 >> 2 & }
10: 0000 1010 10: 0000 1010 10: 0000 1010 1111 1111
& 7: 0000 0111 | 7: 0000 0111 A7 0000 0111 ~ 7: 0000 0111 N 1000 0000
: 0000 0010 : 0000 1111 : 0000 1101 : 1111 1000 0111 1111

Selected Decimal, Binary and Hexadecimal
equivalents 39



H L X operator)

re) O
» S CHE GG
o AKE o|O| AE O £2H #include <iostream>
+= |22 oistol o a+=3 a=a+3 Using namespace std;
-= | o= A CHE a-=3 a=a-3 int main() {
*= | WS =oty Y a*=3 a=a*3 int a=9;
printf("%d\n", a+=3);
- 7o LI CH Ol — —
/ ax = O O a/=3 a=a/3 printf("%d\n", a-=3);
%= o2 Lt LHXIE Y a%=3 a=a%3 printf("%d\n", a*=3);
printf("%d\n", a/=3);
Ct= & 2|07t CHE 4] 27 printf("%d\n", a%=3);

(@ c=c+1,;
® c++;
© ++¢
@ c+=1;

© ++C++;




H L X operator)

K
<4
8l
Joll —
=) |
o0 — |
S
N +
_/.._A|_O+* +
Frroeee o
|
01 ok ok | ok | o] ok | ok | ok | ok | oF | oF | ok | ok | 0| ol-| oF
muq_qqqq.—qqqqa_hq
FU| R | RT | RT | R | BT | BT | BT | RT | BT AT | BT | R R | R | R
9
o
& 3
T . L J
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&IDM.MGWE.H.....F.&&'&”..L_
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joll i
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(07| e
— * fol e | mol o | e -
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.ALML-I R | R
Al % | % Z1| 1| %
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A At Xt (operator)

< CIAKE @459 A% - CIAMR ZTHUE A%
#include <stdio.h> #include <stdio.h>
int main(void) { int main(void)
int a = 10+4*3-1; {
printf("%d \n", a); int r = 10-1-2-3+445;

printf("%d \n", r);
int b = 10+4*(3-1);

printf("%d \n", b); int a=3, b=4, c=5, d=6;
a=b=c-=d;
int r=4+5*6/(2+1)+15-5*2; printf("%d %d %d %d", a,b,c,d);
printf("%d \n", r); }
) 21
18 13
19 bbb b
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scanf() &
» I HEZERH Hf ?:IE—:'.% F|et
scanf 22| 2

B valoll xEstzt,

1

scanf( "%d" , &val);

l

10%l+ o= 22 HOtA

10%l E=& o[ | SlLt A

\ \ \
scanf(*%d %d %d",

= o3 2otM

&a, &b, &c):

| 11\

B4 a b, coll

XEeict,

8% Y

#include <stdio.h>

oJofl M=

int main() {
int nl, n2;

printf("input nl1: ");
scanf("%d", &nl);
printf("input n2: ");

scanf("%d", &n2);
printf("%d + %d = %d\n",nl, n2, nl+n2);

printf("input two nums:\n");
scanf("%d %d", &nl, &n2);
printf("%d * %d = %d\n", nl, n2, nl*n2);

return 0;
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=4

A

x1, y1)

o (X2, y2)

v

9| Ol
IEI

OJof| M=

#include <stdio.h>
int main() {

int x1, yi;
int x2, y2;

return 0;

44




e if .. else if ..

e switch®
® Ccase

 default

else

o=

. HHE

- |
[ =
¢ while &
e do..while

¢ for®

. 7|E}

e break &

e continue

-
(L

=
L
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A
[
>

Ik
ok -

= Off Al

» 100 0| congratulation

rx
12

>
==

k]

ML
0% «

z
ol
=
z
ol
=
M2

= O Al
- 607 O|40|P "pass”, OtL|H

"Fail"
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= if .. else if .. else &=

= Of Al

[l

- 90 O[&O|H A, 807 O|AO|H B

« 1 20|= ¢



r

4o Xt o Jm F

1

MO

mo Y

|0

input score:
Perfect!
You good!
Test passed.

input score:
You good!
Test passed.

100

60

#include <stdio.h>

int main() {
int score;
printf("input score: ");
scanf("%d", &score);

if(score == 100)
printf("Perfect!\n");

if(score >= 60) {
printf("You good!\n");
printf("Test passed.\n");
}

return 0;
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H L X operator)

£ moMKte] B (AL}, ECH BS PTHE TR QAR
e true(=2|™ &, 1), false(=Z|™ HZA, o) Hitzt
H ALK ALO| of o[0 Adgtd

- a==b 29t b7t 227t >
1= al=b alt b7F &X| 27t >
< a<b a’ bEC} &27} >
> a>b a’t bELC} 27t >
<= a<=b a/t bELCr 2t AL Z&27} >
>= a>= a/t bELCr AAL &27} >
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A At Xt (operator)

« Hj ALEKp(LEA HLERL)

#include <stdio.h>

int main() {
int a=6, b=2;

printf("%d==%d : %d\n", a, b, a==b);
printf("%d!=%d : %d\n", a, b, al=b);
printf("%d<%d : %d\n", a, b, a<b);
printf("%d>%d : %d\n", a, b, a>b);
printf("%d<=%d : %d\n", a, b, a<=b);
printf("%d>=%d : %d\n", a, b, a>=b);
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2
- |
else —
=8 XS UtFol= 8% AE St
OFE=SIX| = 42 BE fdlic [l A=

qu% ol = :| I:||-0|. 607(—| O|M'O|

 —

S T2 IS XAMBHA|Q.

= "You
passed!’ & OtL|™ 'Failed. 'Retry it’ =

#include <stdio.h>

int main()

{

int score;
printf("input score: ");
scanf("%d", &score);
if(score >= 60)
printf("You passed!\n");
else {
printf("Failed.\n");
printf("Retry it.\n");
}

return 0;
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u if ... elseif ... else &

o b % o

A oo o _|>

-—

d

T

|

0X

==
H - =

O

[ 90 O|&fO[&E A
708 O|&O|E 'C

Y5l T2

I/

OJofl M=

#include <stdio.h>

int main() {
int score;
char grade;
printf("input score: ");
scanf("%d", &score);

if(score >= 90)

grade = 'A’;
else if(score >= 80)
grade = 'B’;
else if(score >= 70)
grade = 'C’;

else
grade = 'F';

printf("grade: %c\n", grade);
return 0;
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Vb= go |

= BMI A|At
- MEZX|F+== AtAle I =FA4A (kg)E 7|9
Xﬂa—(m)gi L= 4f L[ Ct.
« S2H (kgttE) 2t 9|( cmTHRHYE L
Of BMIZ A AMSIH A~ =W Aft2|7HX]|
=*=E4 }

* BMI #Iloﬂ = d0E S,
» 18.5 O|2FO|H X K| S
« 18.5~230(ZHO[H &'
* 23.0~25 0|20 H "I X| S

e 250 Ol)\|-|:| E_I — ||:|||:||--

oJof| X|&

#include <stdio.h>

int main() {
double w; // &FA
double h; // 7|
double bmi;

scanf("%1f", &w);
scanf("%1f", &h);




- =3| AR}

eand, or, not=

'

*true(l), false(o) Htzt

X} (operator)

AL | cHAX} | AHLS| O o|0Oj a4
AND && a & b |true® true 2|H >
OR | | a || b |SILIE2tE true™ true 2|H >
NOT | I3 true™ falseZE, false™ true Z|H >
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EUE - if

« H7|/47] BF 60 0|&0[0{0F &

#include <stdio.h>

int main() {
int pilgi, silgi;
printf("E7|2t 7| +E YH: );
scanf("%d %d", &pilgi, &silgi);

if(pilgi>=60 && silgi>=60)
printf("You passed!\n");

else {
printf("Failed.\n");
printf("Retry it.\n");

}

return 0;

= WI|/A7] & & SHLIEE 60 O|AO|H

St
=1

24
A

#include <stdio.h>

int main() {
int pilgi, silgi;
printf("E7|et 7| B+E YH: ");
scanf("%d %d", &pilgi, &silgi);

if(pilgi>=60 || silgi>=60)
printf("You passed!\n");

else {
printf("Failed.\n");
printf("Retry it.\n");

}

return 0;
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EUE - if

= 37 603 O|2tO| OfL|™H 2hA » 2707t 60HO|2HO| OfL{Y, H7|E 0™
0|gto] OfL|® B}
#include <stdio.h> #include <stdio.h>
int main() { int main(){
int score; int pilgi, silgi;
printf("input score: "); printf("E7| &7 H+E YH: ");
scanf("%d", &score); scanf("%d %d", &pilgi, &silgi);
if( !(score<60) ) if( !'(pilgi<60) && !(silgi<6@))
printf("You passed!\n"); printf("You passed!\n");
else else
printf("Failed.\n"); printf("Failed.\n");
return 0; return 0;
} }
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#include <stdio.h>
int main() {
. - |
switch — int score;
char grade;
re) aF o o O
Hl-EI—AI_-IEﬁH %I- _7F_?_O| LS T 7c:>|—|— ‘IT% printf("input score: ");
scanf("%d", &score);
switch(T4])
cSAS HEY Ha, HaY A switch(score / 10) { score /10
L :
’ts case 9: g1 L7
rade = 'A'; A=
case X . [S¥l=
210 X AD L g: ZA0tE H
* BATT o‘l‘n_l' 7|'3 case :
grade = 'B';
default: 7|2 break;
£ o case 7:
break: switch == grade = 'C';
break;
default:
grade = 'F';
}
printf("grade: %c\n", grade);
return 0;
} 57




#include <stdio.h>

int main() {
int nl1, n2, res;
char op;
printf("0|: 10 + 5\n");
printf("ALE =4S LHSIMR\n");

scanf("%d %c %d", &nl, &op, &n2);

printf("%d %c %d = %d\n", nl, op, n2,

return 0;

res);
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52| g5 BEl

« 52| Bt S

int ¢ = 0;
while(c < 5) {
printf("%d \n", c);

C++;

int ¢ = 1;
while(c <= 5) {
printf("%d \n", c);

C++;

A wWw N - O

o b W DN =
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EES = 21

#include <stdio.h> Focket
int main() {
int num = 10; // 105E A[%}

puts("Rocket lunch countdown..");
while(num > @) { // eEC} AH
printf("%2d \n", num);
num--; // 1% ZABIHA
}
printf("last num:%2d \n", num);
return 0;

— O O e (1 =] 20 O

+ IR E 02 <At 0P| =8 E7

e SE AM™ num 422

A L—

v
o

lunch countdown . .
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HFE2 3 - while

= 125 107X &=H ot/

1+2+3+4+5+6+7+8+9+10

sum | O 1 3 6 10 | 15 | 21 | 28 | 36 | 45

-+ / -+ 2! -+ P -+ -+ Yl -+ / -+ P -+ -+ P -+ Pl
+1 H1 +1 +1 +1 +1 +1 +1 +1 +1
B while(c < 11) while(c <= 10)
sum = 0 SUM = Sum + ¢ SUM = sum + ¢
c=1 c=c+ 1 c=c+ 1




o

while(c

int main() {

?

##include <stdio.h>

int sum=0, c=1;

10) {

SuUm=sum+c;

C++;
}
printf("%d \n", sum);
}
>
. 53
55

| STEP | sum | c

©W 00 N O U1 A W N =

—_—
= O
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= A
5o} a B

110
55

ofL| @

##tinclude <stdio.h>

int main() {
int a, b;

return 0;
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M=l while

= 00:00 £ H ~ 05:59 7HX| AlZE =8

>
[=)

#include <stdio.h>
int main() {
puts("clock time");

int hour=0;
while(hour < 6) {
—int min = ©0;

while(min < 60) {

printf("%02d:%02d ", hour, min);

. min++;

}

printf("\n");
—hour++;
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52| g5 BEl

=& - for

52| g BHE2

for(int i=0; i<5; i++) {
printf("%d\n", 1i);

for (i i
r(int i=1; i<=5; i++) {

printf("%d\n", i);

A

A

> w o = oM

oo ow oo — |

70




= 125 15At0| 39| B~ =

#include <stdio.h>
int main() {
for(int i=3; i<=15; i=i+3)
printf("%d", i);

22 - for

« 109E 1HX| 712 ECtHS

i
1

#include <stdio.h>
int main() {
puts("Rocket launch countdown..");
for(int i=10; i>=1; i--)
printf("%d ", 1i);

—_ = O O W
(U2 BN\

>
"=

=
=5

Rocket launch countdown...
10987654321
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HIE 2 _ for 21} while £ H| 11

| . a
" for — = while &«
// 152 H sHHX|Q A E Fots 2 H // 158H sHHX|el A E Tt ZE20H
#include <stdio.h> #include <stdio.h>
int main() { int main() {
int sum = 0; int sum = ©;
int n; int n;
for( ; n<=5; n++) { ;
sum= sumT+ n; while(n<=5) {
printf("sum of 1 to %d: %2d \n", n, sum); sum = sum + n;
} printf("sum of 1 to %d: %2d \n", n, sum);
return 0; > N++;
} }
return 0;

—
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Sz 0| gt=2| &9l 180| 109| =
o &to| =L},
JE

RNEIW =0 d= nO| YHEICE,
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>0
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OEAO
—l'I'—I
=X
ot == n2 YUY BIOtA no| EZE ¢
£=90| of2 Jotes ZZ2UME EHMESHA|
Q.
O & =0 109 %4++= 1, 2, 5, 100|
82 0| /=9 g2l 180| 102| &
o| gto| =L}
ol 24

=

RNEIW =0 d= nO| YHEICE,
(Et, 1 <= n <= 100,000)

=
=9

« ©eF OfAl

#include <stdio.h>
int main() {
int n;

scanf("%d", &n);

int ans = 0;

printf("%d\n", ans);
return 9;
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of ot 1 2H 308X =
ST},

2) € M =0 CHotY == etrt,

—

int main() {

for(int n=1; n<=30; n++) {

printf("%4d ", n);

¥

int main() {
for(int c=1; c<=10; c++) {
printf("[%d2t1\n", c);

for(int n=1; n<=30; n++) {
printf("%4d "

> N);

}
printf("\n");

}

3) Al 7H SHAO| CHBHO] Z2Bhct,
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#include <stdio.h>

int main() {

for(int d=1; d<=5; d++) { // 1EHEE sCHIEX]
printf(" %d Th\n", d);
for(int x=1; x<=9; x++) { // x15E x97X|

printf("%d x %d = %2d \n", d, x, d*x);

}
printf("\n");

}

return 9;
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##tinclude <stdio.h>
// a-1H =ZEBH 1HENX] sz 44

int main() { for(j=a-1; j>=1; j--) {
int a; // SHMZ a-57
scanf("%d", &a); for(i=1; i<=a-j; i++)
printf(" ");
int i, j;
// 181E BH afl STHA| sz 37t // BE j*2-170 1
for(j=1; j<=a; j++) { for(i=1; i<=j*2-1; i++)
// SHZ a-574 38 printf("*");
for(i=1; i<=a-j; i++) printf("\n");
printf(" *); }
}

// 8= §*2-17f &

for(i=1; i<=j*2-1; i++)
printf("*");

printf("\n");




MO & - break

» break &

. switch, for, while, do ~ while29| g4

= WX LE27] 2[5 AHE

. TR JPhe 2EE HOjHt)

= AtE Of

e 1+243++n 9| 0| XS

A0l & [, 1 Ho| #3 nS Tt
2332 BB

o2 1000|

.LL

#include <stdio.h>

int main() {
int sum=0, n;

for(n=1; true; n++) {
sum = sum + n;
if(sum >= 100)
break;

}

printf("n: %d, sum: %d \n", n, sum);

return 0;
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A Tk
A EHHE
. 25 . D2
3 O|&9o| XfAH==(n)7I YHE|IUZS [, #include <stdio.h>
A4 0SS EUss Z2IHUS Iy
s EX}. int main() {
int n;
(3 £ n < 1,000,000) 7 scanf("%d", n);

2= faa O1|/\|

41 prime

for(d=2; d<n; d++) {
if(n%d==0) break;

}

111 composite if(d<n) printf("composite");

else printf("prime");

~ OO U b W N =
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X2 - continue

= AtE Of

« 12 H 207HX|Q Mz =AM =20t
2 ZYSAR. (for, continue &

= AF8E A.)

#include <stdio.h>

int main() {
int i;
for(i=1; i<=20; i++)
if(i%2==0)
continue;
printf("%3d ", 1i);
}

return 9;

{
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« K|C) 2O

 Greatest Common Divisor,

. Bopa: ol $o ZEW %=

GCD

Lowest Common Multiple, LCM
SHil: O3 2 & Hi=

I_

30 = 2x3x5 5
42 =2:x 3 uxm

F[CZOb4: 2x 3 || |
Z|AZHYS: 2 x B 5ix 7

A =130, B=42

A B A o2 o TAS 3 -
Elcgel ==
2])30 42 EhS%HT:2x3
15 21 Ea2HlT:2x3x5x7
5 7
« G = gcd(30, 42) =6
- L = lcm(30, 42) = 210

e A X B =G x L
e 30 x 42 = 6 x 210

st St & Fael
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30 42
test at 30 29
12 11 10 9

found: 6

26 25 24 23 22 21
8 7 6

20

19

s AARALC

18

int main() {
int a, b;
scanf("%d %d", &a, &b);

printf("test at ");
for(int i=a; i»=1; i--) {
printf("%d ", i);
if(a%i==0 && b%i==0) {
printf("\nfound: %d\n", 1i);
break;

}

17 16 15 14 13
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42

% 2 30
St 15

w

21

(9

OlE =0, 301} 429 Z[CfIZU=
= 60|[LCf,

-

30 42
6

« X
. while 20| X5t}

=
 do .. while E0| Hgot7}?

#include <stdio.h>
int main() {
int a, b;
scanf("%d %d", &a, &b);

int d=2, G:l;

printf("%d\n", G);
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S %+ Hot7| <F2CE 2HE>

« Qff? » JElO 2 O|5|
« A=1112, B= 695 [, e X2 MOl Hi|EZ
- A, BE SCt A3 A%4(6)2l Hiz=0] 2 HHs HEHE
C. g HAZ e Hi
e 1112 mod 695 = 417 7r EJEf

e 695 mod 417 = 278
e 417 mod 278 = 139
e 278 mod 139 = 0

o AL Z2HANIQI 217, 278, 139 £
D& GOl bHf==O|LC}.
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S+ ot (w25l E 2HI'EO|8)

» ywhile == 19

##tinclude <stdio.h>

int main() {
int a, b, r;
scanf("%d %d", &a, &b);
while(1) {

»do .. while 2922 ¢

#include <stdio.h>

int main() {
int a, b, r;
scanf("%d %d", &a, &b);
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conio.h

math.h

string.h

ctype.h

LHQ ol

7l
HE Q=4 2+ 5= H9
A Ol=xp] A EO
EIE = HEE—=I| %I'T o =
X o]

=A AAF O3 = g9

AL
=1

T

o

ot

AL
T

printf( ), scanf( ), gets( ), getchar(),
puts( ), putchar( ), fgetc( ), fgets( ), fputc(),
fputs( ), fopen( ), fclose() &

getch(), getche(), putch(), cgets() &

sin( ), cos(), tan('), exp( ), log( ), sqrt(),
abs( ), fabs( ), pow( ), fmod()

=
[S)

strlen,(), strcat( ), strcpy( ), strcmp( ),
strncat( ) S

isalpha( ), islower(), isupper( ), tolower(),
toupper() &
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[2hrof 2lEd] BE ([, e2.]) EEETERCITES
int  main () {
{ 2o =H|
=a1; }
_'?_78-2.
L > . . .
int add(int a, int b) {
int sum = a + b;
0 return sum;
I:Iél'n) Ol ’ ‘ St }
[return] [2|E 2k N/ ChAd bY
Sk o| 2| char Upper‘(char' Ch) {
S return ch-32;
X5 )
4 B
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void func()
void func(void)

int func()
double func(void)

void func(int ar)
void func(char c)

int func(int ar)
int func(int a, int b)
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u
\\|
zQ glo
0jo
©
)
HQ [ ]
- )
—t
_h
~
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
~
- )
N’

o
>

return;

100



A XL 82| g4
__I_L

=Case2: 2 0, 2|H 0 = Ot A
« 7|5 x+y W= TOILE
ﬂim y me int add(int x, int y) {
e O .
2T o: add int sum = x + y;
« Ol=: x, y 274 return sum
x:int, y:int }

- 2|E4d: x+y

2|EHA: int
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#include <stdio.h>
int add(int x, int y) {
int sum = X + y;

return sum;

int main() {
int a=3, b=4;
int sum=0;

sum = add(a, b);
printf("%d \n", sum);

S
HEZ|HA YOoL= ¢
C K|SfEial S B Al MM g3,
g7t SEEH XNsS = o =ICE,
e =ha L
add sum 7
y 4 A
X 3 A
cop
e =ha w
main sum 7
b 4 S
a 3 °
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#include <stdio.h>

int add(int a, int b) {
int sum = a + b;
return sum;

}
int pow(int x, int y) {
int r=1;
for(int i=1; i<=y; i++)
r = r*x;
return r;

char upper(char ch) {
return ch-32;

void output() {

printf("--------------- \n");
printf(" function %cest\n", upper('t')); //&T2=
printf("--------------- \n");

printf("2+3 = %d\n", add(2,3)); //&T=2=
printf("273 = %d\n", pow(2,3)); //YT==
return;

int main() {
output(); //ET=2=
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Debugglng S’rep into [shift]+F7

File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help

FRRA@ I NE G QR|)® > 8 & 0 [bbiy VB> EEE LG Y DRI

§|<g|oba|> V||add(int a, int b) : int V” 4" @ h‘
K OMA=E=EE|OCC|Q QS C: VR A D v e > £ €5 »
tManagement X maincpp X maincpp X
{ Projects  Files FSyEI 2 | a
@ Workspace 3 |Hint add(int a, int b) {
Bﬂstart .| int sum = a + b;
=t @ Sources 5B || return sum;
: - D main.cpp 6 L
B ﬂ HelloWorld 7
& Sources 8 |Hint pow(int x, int y) {
9 int r=1;
10 for(int i=1; i<=y; i++)
11 r o= r¥*x;
12 return r;
13 |5}
14
15 |Elchar upper(char ch) {
16 return ch-32;
17 |1}
18
19 |Hvoid output() {
20 printf("--------------- \n");
= Functior 21 printf(" function ¥cest\n", upper('t'));
22 printf("--------------- \n");
a |2 23 printf("2+3 = %d\n", add(2,3));
b 3 24 printf("2~3 = %d\n", pow(2,3));
25 return;
=l Locals 26 !
sum | 5 —
28 I_TIin't main() {
ch Mot availat 29 output(): v
< >
a 2 int
Logs & others x
‘" [# Code:Blocks X Q& Search results X .Cccc % L¥Buildlog X ® Build messages X [#] CppCheck/Vera++ X |#| CppCheck/Vera++ messages X [#] Cscope X ﬁDebugger X |7 DoxyBlocks X [F|Fortran info X ﬁm
it D: WM;ProjectsWhlzomtthHeI |oWor [dimain., c;; 23 ~
At D:#MyProjects¥dlgorithniHel loWor [d¥main. cpp:d
At D:#MyProjects#ilgorithmiHel loWor [d¥main.cpp:B
b
Command: V||h”x|
D:#MyProjects#Algorithmi#HelloWorldWmain.cpp C/C++ | Windows (CR+LF) WINDOWS-949  Line 5, Col 1, Pos 68 Insert Read/Write  default =



AL XL 82 g

#include <stdio.h> int add(int a, int b) {
int sum = a + b;
int add(int a, int b); return sum;
int pow(int x, int y); }
char upper(char ch);
void output() { int pow(int x, int y) {
printf("--------------- \n"); int r=1;
printf(" function %cest\n", upper('t')); for(int i=1; i<=y; i++)
printf("--------------- \n"); r = r*x;
printf("2+3 = %d\n", add(2,3)); return r;
printf("273 = %d\n", pow(2,3)); }
return;
} char upper(char ch) {
return ch-32;
int main() { } Logs & others
output(); ‘' |# Code:Blocks % ( Search results X [# Cece X ﬁEuild log
} File Line Message
D:#fMyFrojects. .. erraor: ‘upper’ was not declared in this scope
D:#MyProjects. .. note: suggested alternative: ' _popen’

D-ttMyProjects. ..
D-#MvProjects. ..
D:MvProjects. .,

error: ‘add’ was not declared in this scope
error: ‘pow’ was not declared in this scope
note: suggested alternative: “putw’

]
5
7
g
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= kE @A E(*)S kN s 21Z 9| kstars(k)ES 0|25l *
=&8ot= & kstars(k) 2 Mzt 7|7

#include <stdio.h>

int main() {
int n;
scanf("%d", &n);

* Xk

%k % Xk

%k % %k k

%k %k %k %k 3k
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diff(___ a,

b) {

diff( a,
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#include <stdio.h>

#include <stdarg.h>

void printNumbers(int args, ...) { //

va_list ap;

va_start(ap, args);

for (int i =
int num =

printf("%d
}
va_end(ap);
printf("\n");

}

int main() {
printNumbers(1,
printNumbers(2,
printNumbers(3,
printNumbers (4,

return 0;

0; i < args; i++) {
va_arg(ap, int);

// va_list, va_start, va_arg, va_end?} ™O|& & umtg

Jh QIRto| Tj4E
// 7HE QIR 22 mOIE
// 7hE QIR 22 mOIE M4

// int 37|0tF 7tH

// aps int 27|24

" num); // 7HH COIXL 4 =9

// 7t QX FE EQAHE NULLE ZX7|3f
// EHE

10); // 2l I 1|
10, 20); // 2l I 270
10, 20, 30); /7 2l I 37
10, 20, 30, 40); // Q== == 4|

// 7t QARG I =2

HS
C Oy

W27 QR 27

2 g2
Xt FE ZQAHOAM 22 7IHZ
=YgoR 0|5
ap
Y
=l 10 20 30 40
int num = va_arg(ap, int);
4HIO|E 23
susoz oz P $
'\F
22 10 20 30 40
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mins()

i
ro
Ra
IJ2!

AL
T

|->+

| H AE EE:I maxs()

| 1—_HA =
h>

#include <stdio.
#include <stdarg.h>

int mins(int args, ...) {
va_list ap;
va_start(ap, args);
int M = va_arg(ap, int);

for (int i=1; i < args; i++) {

int num = va_arg(ap, int);

if(M > num) M = num;
}
va_end(ap);
return M;

int main() {
printf("%d\n", mins(2, 4
printf("%d\n", mins(3, 8,
printf("%d\n", mins(4, 9
printf("%d\n", mins(5, 2

3));

2, 6));

4, 6, 3));

4, 6, 1, 8));

#include <stdio.h>
#include <stdarg.h>

int mins(int args, ...) {

va_list ap;

va_start(ap, args);

int M = va_arg(ap, int);

for (int i=1; i < args; i++)
int num = va_arg(ap, int);
if(M > num) M = num;

}

va_end(ap);

return M;

int main() {
printf("%d\n", mins(2, 4, 3));
printf("%d\n", mins(3, 8, 2, 6));
printf("%d\n", mins(4, 9, 4, 6, 3));
printf("%d\n", mins(5, 2, 4, 6, 1, 8));
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= X[CHEL, Z|adr &= = 022 o] TH
. StA L CiA SlOlS A=
#include <stdio.h> HAZ e He XHES HFE2E,
Ol4=9| Etd=z MA MX| ULL|CE,
#define MAX(a, b) ((a)>(b))? (a):(b) - gt 2E0| oot ds Aot LOLf
1T OH A
#define MIN(a, b) ((a)<(b))? (a):(b) Al o8z, T2 ™o JdAHEKETt
SkabEIL|CH
int main() { « CIA
o Xj;Nf’” ) . Yt ATE = M Oj22 B
in m= X , -
. > Y0 40| PHL ofFM, waty ClHY
int M;M’Ifx(x;dy% . ot 012 of @& LICE.
printf("m: %d, M: %d\n", m, M); N EER S P =L =
} A2 AISEL TS w3 01O BOK
M 7t=/40| HOo{&L|Ct,
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#include <stdio.h>
// add®| sumX} mainl| sume S HO|QI

int add(int a, int b) {
int sum = a + b;

return sum;

int main(){
int sum=0;
add(1, 2);
printf("%d\n", sum);

S|

| -

o4

A A H

I__II_

T A

#include <stdio.h>

// add®| sumd} mainl| sum= &<

2 H
int sum;
void add(int a, int b) {

sum = a + b;

int main(){
add(1, 2);
printf("%d\n", sum);
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n

n~1
-2 HIS: HIEHE LHATIS SI0IM OHHZE £MIIE S8t E=

3, THIENS S2ATHS ORHIN 912 SNINE S8,
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HEC|H AL

S| HHE S . et

« ex) HEZY ALt #include <stdio.h>
int factorial(int n) {

nl =nx (n-1) x (n-2) x .. x 1

5l =5 x4 x 3 x2x1=120

3 =3 x2x1=6

return r;

¥

int main() {
printf("6! = %d\n", factorial(6));
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X H gk
. KRB -
AW EF AV RRME 2E (A =2F8)
st B4
- ex) WEZ[H ALt
5l =5 x4 x 3 x2x1
51 = 5 x 4!
41 =4x3!
31=3x21
21=2x11
11=1
nxf(n-1) .. n22
f(n)
1 . h=1

EX0 7t ElBE /O

glon Rl
int factorial(int n) {
if(n >= 2)

return n*factorial(n-1);

else
return 1;
}
// 3% 2 ALKGE 2E5H0
// Otefet &0 Bl 5%t =21t

int factorial(int n) {
return (n>=2)? n*factorial(n-1) : 1;
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factorial(5) @
Ny
h 8

Al AT Fet>,

L=DN;

Y
(5) * (28)< =

return n * factorial(n - ‘I}‘

« (6)s
L» return n * factorial(n - 1);
| 3) * (@
return n * factorial(n - ‘l}
L» return n * factumal(n —~ ‘1}
L» if (n ==

Ié"?/..é‘%- retur@

0
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#include <stdio.h>

} return 1; (3 ! —

int main() {

printf("%d", fact(5)); 1 20

} —

[5 x 41
int fizt(intzs){{ I-El }{ E} !
if(n >=
printf("[%d x %d!\n", n, n-1); ‘iE} W :E !
;:Enifz"f?;ZEZ%iii\n", n-1, f); [:EE }{ 1 !
return n*f; (.] ! :1 ) ]
ilse (2!:2) '|
b) |
A
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Ae=H 20| A2

o=t wy ag gy | T =1
@ @ 111 f(2) =2
D+@ W+@ | 1 f(3) =3
@ ® 1| 2 £(n) = F(n-2)+F(n-1)
D+ W@ | 1|
D+D+D, @+® @+@ | 2
D+D+@), @+@ @@ | 2 | |
D+@+@, D+D+D+D, @+D+®D G)+@ | 3
D+@+@, D+D+D+Q), @+D+® @ | 3|
D+D+@D+D, @+D+@, D+@+D+D, ... | @+D | 5
A @+@ | 5
e G+@ | 8 |
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#include <stdio.h> . %I-_/I\_E EO._:I
int count(int stairs) { o =

f(n) : nZiQ] ALY I @=EE HHO[ 4=

(1) = 1
f(2) = 2
f(3) = f(2) + (1)
! £(4) = £(3) + F(2)
int main() { £(5) = f$4) + £03)
int stairs;
scanf("%d", &stairs); f(n) = f(n-1) + f(n-2)

printf("%d\n", count(stairs));
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S0 71 0 2RO KEGIO] Af
g5t AtRO| A

. BE0| GZE EFYO| SYB HLS
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HOlHY HiEB[& 2] =]
et o

int kor[5];

kortH== 57§ Bt

kor[0] ~ kor[4]
Hig2l =

coHl QIARE Ao o)

orto] Jkort1 | koriz) | kori3) | oria]
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= [ 2 » X7|3}
kor[@] = 60; int a[5] = {3,2,7,6,9};
kor[1] = 60; int b[] = {3,6,5,4};
kor[2] = 60; int c[5] = {5,8,3};
kor[3] = 60; int d[5] = {4,};
kor[4] = 60; static int e[5];

« HHE S 0|23} [
for(i=0; i<5; i++)
kor[i] =
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« H{EO| +=2|1

#include <stdio.h>

int main() {
int a[10]={1,3,7,6,4,8,9,12,2,10};

// @HEE A[XSL0] n-10{M EH0 &

for(int i=0; i<10; i++) {
printf("%4d", a[i]);

}

return 9;

" t“lea—— fE@§|2

#include <stdio.h>

int main() {
int a[10]={1,3,7,6,4,8,9,12,2,10};
int i;
// @HEE A|ESIY n-100M EHO &
i=0;
while(i<10) {
printf("%4d", a[i]);
i++;
}

return 9;
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« H{EO| &t » O 2 LEX[=
#include <stdio.h> #include <stdio.h>
int main() { int main() {
int i, sum=0; int i, fibo[10]={1,1};

int a[10]={1,3,7,6,4,8,9,12,2,10};
for(i=2; i<10; i++) {

for(i=0; i<10; i++) { fibo[i]=fibo[i-1]+fibo[i-2];
sum = sum + a[i]; }
}
printf("sum = %d\n", sum); for(i=0; i<10; i++) {
} printf("%4d\n", fibo[i]);
}
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JEE

At

s AAJLC

2 74

#include <stdio.h>

int main() {
/7 R B YEEUR=EX] M

}

/] 1EE 67X QEsla Znpsa

for(int i=1; i<=6; i++)
printf("%d ", cnts[i]);

or7| flet HiE

int cnts[7] = {0, };

int n, s;

scanf("%d", &n);

for(int i=0; i<n; i++) { // n2| HI=
scanf("%d", &s); // YEHE =i s
cnts[s]++; // ®¥EHE =X} FI2E

=557 (Z0l)

cnts HiIE

val

4 cniﬁ

val

3 O|E=|

val

SHAl A

[ S —

e cnts[s]++; //sH idxQe| 4= 7t
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<A SFHM = &)

" = A - =
nfZ O|FOt g+ FFUAM Jot= =+ AR St A9 RIX|E ZHotht
of #IX[&E HeAl2. HeH 15 ZHTIL}
C} OIE:IEE MNA B = 7I-% AE H[C .
Ly H /i | o1 —|—|O1| = T A |- .O|=IE—':I|J_I—|- %E—':!Q—l O:”
e
. = of &3 0
A EO| o H4 nO| YEICL, n n
(2 <= n <= 100,000) 1235791115
=M 20| n7ie 71 SHezE FEE 11
o YHECE.
(R8s BE= e 229 2O 20
AW Z20l= HAA St =71 YHE L}
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Hr

A FFR0M = &7 (E0I)
#include <stdio.h>

(@]
int main() { = nums HHE

int n; // QASlE AHE b il 0|1 12034567 8

scanf("%d", &n);

val X
int nums[n+1]; // A= MEE=E ST HOlE| Q& =
for(int i=1; i<=n; i++) // n2| g5 - =T
scant("%d", anuns[11); mnnnnnnn-n

val X
int s; // &2 =+

scanf("%d", &s);

for( .. ) { // n2| =
if( .. ) { //numsHf SO sE HOH,
printf("%d\n", i); // 1 {IX[E =4
return 0;
}

}
printf("%d\n", -1);
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£|52

##include <stdio.h>

int main() {
int nums[10];
for(int i=1; i<=9; i++)
scanf("%d", &nums[i]);

/7 R R FAE ECg0[2t D TSt AR
int max = nums[1];
int idx = 1;

for( .. ) {
if( .) { // @ & =& E4d5H,
max = nums[i];

idx = 1;
}
}
printf("%d\n", max); // =gt =
printf("%d\n", idx); // REM QX ==

XI1(=Z0l)

= nums H{E

i | 0 |11 2]3]4]5]6 7]8]9

val X

» HO|lH 93 =

H= T

val X 57 74 40 85

- X|THZL St

-

29 38 57 74 74 85
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=2

2% =2 HEZ5}7|(E0])

Lk
ﬂﬂﬂﬂﬂﬂﬂﬂ-ﬂ
dlil] O
LH}III
L ------- 22 Lie LIHX| 713}

s AATLC

#tinclude <stdio.h>

int main() {
int d[32]; // HEANME ML 3
int n;
scanf("%d", &n);

int p=0; //0% QIEAFE~

do {
;0 /22 L LA HF
//p L2222 0O|F
- /122 Ltw = Al
}

while(n>@); //OF&l @O| E[X| UUCIH A%

> // dHj Ol p-1t QlEA
for(int i=p-1; i>=0; 1i- )
printf("%d", d[i]);

ID

Gigoz
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29| A P AATE

#include <stdio.h>
#tdefine MAX 101
int main() {

int cnt=0;
int isPrime[MAX] = {1, 1, 0, };
// 1: 250td, 0: A=
for(int i=2; i<MAX; i++) {
if(isPrime[i]==0) { // 2IAM=CF 2==0[11
printf("%5d", 1i);
cnt++;
for(int j=i; j<MAX; j+=i) // H =
isPrime[j]=1; // 2=0d2= AE

S -
w O =

LAEAER IR {O)
=] | (SRR IE| 2|3 2¢ 38 3¢

U
(o)

}

6 | .. h

iIsPrime[] | 1dx
printf("1~100 %d7f2| &5 HOH\n", cnt);

Lo BMEXRHAHKE () b
T R AR K

_ |
o b~

val

}




Before Swapping

After Swapping

HRE A

—

#include <stdio.h>

int main() {
int a=5, b=7;
printf("%d %d\n", a,

a=b;
b=a;

printf("%d %d\n", a,
return 9;

b);

b);

—-.] CT1
—_] —]




(C) w3resource.com

#include <stdio.h>

int main() {
int a=5, b=7;
printf("%d %d\n", a,

printf("%d %d\n", a,
return 0;

b);

b);

—-] T
T —




SWAP

12 P

#include <stdio.h>

// C++2| Genericlt ZZXIE ALE
template <class T>

inline void SWAP(T& a, T& b)

{

T temp = a; A H| =}
- HEmE
) =

HO{Lt=
==

int main() {
int a=5, b=7;
printf("%d %d\n", a, b);

SWAP(a, b);

printf("%d %d\n", a, b);
return 0;

—1 T
T —.
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¥ ¢

. 7

void selection_sort(int a[], int len) {
int i, j, min_idx, t;

for (1 =0; i < len - 1; i++) {
min_idx = 1i;

for (j =1+ 1; j < len; j++) {
if (a[j] < a[min_idx]) {
min_idx = j; /* O &2 42 &of QIEADt J[Asf =0 +/

}

/* EEUS 5 ob BB M2 |2 ST */
if (min_idx != i) {

t =alil;

a[i] = a[min_idx];

a[min_idx] = t;

/* RE7tR| Z2 H=4e| HEA (28 iE =RU02td 7HE) */ 13]H

Of 2|MOtCH & i+15 5 OFX| 277t
OlZAIZI i /IXIof st &S %‘J%

all 5 8 1 4
Imnllllll-
22' bo

all 5 8 7
Imnllnlln
32' ~

afl] 1 4 8 7 5

|
idx | 0 | 1] 2] 3 ] 4

43| H™ i,min
all 1 4 5 7 8
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ME rna|= . MEHX

o= =2

. B ¥ HAE

}

#include <stdio.h>

void selection_sort(int a[], int len) {

int i, j, min_idx, t;

for (1 =0; i< len - 1; i++) {
min_idx = i;
for (j =1+ 1; j < len; j++) {
if (a[j] < a[min_idx]) {
min_idx = j;

}
}
if (min_idx != 1) {
t = a[i];
al[i] = a[min_idx];
a[min_idx] = t;
}

Quiz) Tef WA= §B= HHFHE

-
Ol X= +=dotH Z?

o=

2 selection sort.cpp

// ZA0|7} 1len?l HIZ a2 BE&= ALE =9
void show_array(int a[], int len) {
for(int i=0; i<len; i++)
printf("%5d", a[i]);
printf("\n\n");

int main() {
int a[10] = {7, 5, 8, 1, 4, 9, 2, 10, 6, 3};
show_array(a, 10);

selection_sort(a, 10);
show_array(a, 10);
return 0;
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https://gifted.datahub.pe.kr/src/gifted/sorting/2_selection_sort.cpp
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>
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= LIHX] 2452 F2&¢ uo|LCt,
- 23 O™ AF SHLA THLA o|O] HEE
2 so| OrX|gt AARE HustHA fX[E H
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o= = " T HHOE
@) = - )\I-OIX—IE=|O OE-5|. ole
= O(n) Y12 H| o .:..:.cielvl_ va
« N 37X (adaptive) €12|F — ¥HO| o|O] FHHO
pnh2aE wWerd L ch, Ao d2(o|ol "HEE HY
7

. - Yol ZF 2IACH Hl 13O LA ** ** 7]t X
i s e LI Bz Ha T e om o= el &
FLCHHE 82 7] S XEH3E E28 o=
Ol & U= A= He M E[Z] SEXTH, & HE0E 20N 0(X| &
O(N2) O(N2) QHAMRLC 2L w3 =L
O] MY B - W3 HEO0| &S - S SILY 22Z% o=z oLy
=(shift) HAol2t, HE HENEY OiH & 4=
EMZ swapdt= AECH HA HO|H 0|5 HE0| H
2 mghe Hx|g o|o] &Lt
(aﬁ(FNq)xﬁ O(N) Jd2E HI SO0 = - FHAl XIBHH - A QYT BRE| PRt HERZ|Y
&S L) Ho= =X &S 2o JHA| MEE0| S&LCH
- A2 HIEO E5| g - O HNE std::sort,
Timsort Z2 AW HE 2i0|Eg2|lEs: MH7t &
Aol O(N2), ON?) GlOlE{ 7t ofo] of= 2 A7|(25 16~3270 OISHTHX| LH2{7}E &9
o | HMe B2 AFALAF ohif e HEeL Qo 22 Herglch. oA dFoM &¢ Yo "X
o= O(N) ( =0 S It) %FE&IIEE Hél'al'jé! Iﬂ:% O(Nz) @EEZ'"E -’|°-|§|Lt|':FE 7|'§3|- %!'AEI@ tc':!-%olz“—l
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82 EicE - HUBE

A8 (nZ02] OIOJE 7t =0 X|H n-12|H0| E2)

0 1 2 3 4 5 6 7 8 9
50 15 35 46 70 11 25 67 85 28
15 50 35 46 70 11 25 67 85 28
15 35 50 46 70 11 25 67 85 28
15 35 46 50 70 11 25 67 85 28
15 35 46 50 70 11 25 67 85 28 key
11 15 35 46 50 70 25 67 85 28 25
11 15 25 35 46 50 70 6/ 85 28
11 15 25 35 46 50 6/ 70 85 28
11 15 25 35 46 50 67 70 85 28
11 15 25 28 35 46 50 6/ 70 85
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O = re}
- MeHE 2

#include <stdio.h>

/* HIQ arr[0..n-1]18 LEX&=CE MY HH3!

void insertion_sort(int arr[], int n) {

[
L

. */

for (int 1 = 1; i < n; i++) {
int key = arr[i]; /* A7 Af2[E AOF MY 4f */
/* keyHLh 2 ¢SS o Y QLEZS=E TOHLE #/
int j =1 - 1;
while (j >= 0 && arr[j] > key) {
arr[j + 1] = arr[]j];
J--5

/* BOUZ[7t 2 Bl X2|0f keyE &® */
arr[j + 1] = key;

3 _insertion_sort.cpp
// 207t 1len?l HiE al| Z& ALFE =H
void show_array(int a[], int len) {
for(int i=0; i<len; i++)
printf("%5d", a[i]);
printf("\n\n");

int main(void) {
int arr[] = {9, 5, 1, 4, 3, 8, 6, 2, 7, 0};
int n = sizeof(arr) / sizeof(arr[0]);

show_array(arr, 10);
insertion_sort(arr, n);
show_array(arr, 10);
return 0;
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#tinclude <stdio.h> 4 merge sort.cpp

#define MAX_N 100000 /* H{E =7[o| Z[CHZL */

/¥ Egh oM YAZR gE "HotE 3. */
int temp[MAX_N];

void merge_sort(int arr[], int n);

int main(void) {
int arr[] = {7, 2, 5, 3, 9, 1, 8, 4, 6, 0};
int n = sizeof(arr) / sizeof(arr[@]);
merge_sort(arr, n);
for (int 1 = 0; 1 < n; i++)

printf("%d ", arr[i]);
printf("\n");

return 0;
}
/* Tttt
merge &
gt A: arr[left..mid] 2} arr[mid+1..right] =

"2bzb olo| FEE|O Urtrn J7PEsta,
O] 2 ™A arr[left..right] THE HHE HEHZ THECE,

OlAl) arr[left..mid] = [2, 7] (&1F 7, ojo] HHEE)

arr[mid+1..right] = [3, 5] (RLEZE F7t, ojo] EEH)
2l Zat =[2, 3, 5, 7] (MMt EEE HEH)

void merge(int arr[], int left, int mid, int right) {

int i = left; /* AF FUE NSRH otHy Ji2[7|s Ea #y
int j = mid + 1; /* RLEFR FUS MSFH StLY 7tE|7|= A"L
int k = left; /* temp BYEL| OICIZHX] MBEE=X] 7t2|7]= A=A */
/* --- 1A AZF/2EF = O OHY HotRls &9,

O A2 U2 Z2HM templ| =AMO2 =Lt --- */

while (i <= mid && j <= right) {
if (arr[i] <= arr[j]) {
/* /Z 20| o EHAL ZoH
(97| <= & 2= O|f: 2 =
HX Fojof =AMt ot F{HHRLCH — " FE O|2ta REL}) */
temp[k] = arr[i];
ire;  /* 9% EOIES O 7 ME */
} else {
/¥ LQEZ gf0| O HoH QEF 2 Lt ¥/

}

k44 /* tempOf StLt R 2L CtE X2[2 Ol */
}
/* --- 2B & T St HAY BLE 9| whileE2 HELCL.

oo s UE T0|B2, W US2 Y AR 0/0f BY --- %/

while (i <= mid) temp[k++] = arr[i++];
while (j <= right) temp[k++] = arr[j++];
/* --- 3EHAl: templ| 2SO0l 8 ZuE A HIE arrZ2 FAFSHCE.

(temp= "EHYLHO[1,
left; p <= right; p++) {
temp[p];

for (int p
arr[p]

arrZb "ZW AD7F MYE X"O[CE) --- %/


https://gifted.datahub.pe.kr/src/gifted/sorting/4_merge_sort.cpp
https://gifted.datahub.pe.kr/src/gifted/sorting/4_merge_sort.cpp

N e e e S e e e e e e e e e e e e e e Void mer‘ge_sor‘t(int ar‘r‘[], int n) {

merge_sort = (MHE AKX Y= "oealn ) /* width: X|& X|2= "ot F#7tel A7].
1->2->4->8->... 2 0f BL20Ct & i HZEICE,
Ofo|C|Of: XS A 1742 E »0|0] MHE 7O Z HI A|ESICEH, width?F n2LF AHX|H(F 28 5tL7F BE BHE E2H)
1+ 10 THA 22fRE FEE Pg wED, olol & SEE AoI== FEL. */
271 + 2702 BIHAM 47§WE| MTE P 0=, for (int width = 1; width < n; width *= 2) {
all + aE MM 8IiME. .. . B L N
0|2 Ao= POl A7|(width)E 284 5247t /* O (uidth o 2hof oet ot )0l M=,
HHO:' x1x_”7|_ '6|-L|-0| rSi=1| _—I_|_7|_O| = [[Hﬂl_xl H|'Efi5|'|:|' HH%% (JDII'O-"A~|_|?|_E«| 3-7| Wldthml'al :I'le_l- _II:_ 7H&l 75!'X|O‘|A‘| mer‘geo._|'|:|'.
= - Toess e = Coe left= OfR (2 * width)TtE AYFEAM CHS ol A|HEES Zh2|ZICE. */
OJAl) n = 10 O|2}od for (int left = @; left < n - width; left += 2 * width) {
. . =)
width=1: [0]+[1], [2]+[3], [4]+[5], [6]+[7], [8]+[9] -> 2;H§r§| 555 J¢ KW 77 apr[left .. mid] (37 width) */
width=2: [@..1]+[2..3], [4..5]+[6..7] -> AMRE| 2FS int mid = left + width - 1;
[8..9]= ®O| QIO{M O|H mAE= AHE (AHE C{7])
width=4: [0..3]+[4..7] -> 8/4Mel 1575 /¥ 5 W £Zt: arr[mid+1 .. right] (27| Z[CH width) */
[8..9]& O|HHO|= ®O| IOM E HHE int right = left + 2 * width - 1;
width=8: [@..7]+[8..9] -> 107iR2] 172
(21Z g7, REZ 7|2 A7|7} Ct2X|Bt merge= 22X Q10| SEISHC}) /* Fol HiE A7|7F 22| AEXM=0| OfLH,

OlE =0 n=10, width=8 2| d% right = 0+16-1 = 157} &|=0
HiZ2 OIElA o7t X|5t0 @leo=z oF ZEatF OF $iCt,
(O M= REZ F7to| A7[7t JFELH KoK=,
merge = T Fo| 7|7t et EX Q0| B SEBHCL) */
if (right > n - 1) {
right = n - 1;
¥
merge(arr, left, mid, right);
}
/* &0 forE ZZ0| left < n - width 07| &0,
ol gl= (W Fo 22 He= Yo2[)2 O T{A0AM
Asez AUF XD, LS| width?t O HMZ O
HZ4 &S Db SR RICEH */




S WP E, width7} 7 8|l A 2] = A

merge_sort(arr, 8) 2= Al &A= Z0/Lf= &

width=4 o~7

vVEE R

width: 1> 2 > 4 (0f {200} = Bl = 7/ X n=8 & H= 7! &)

i j

15 35 46 50 11 25 67 70
temp

k

for (width = 1; width < n; width *= 2) {

for (left = @; left < n - width;
left += 2 * width) {
mid = left + width - 1;
right = left + 2*width - 1;
merge(arr, left, mid, right);

}
}

width A= gXlg= ot #2tel 27

left BEO| A2t OIEI A (2xwidth®] 74 L E)

mid / right T 7t[left.mid] + [mid+1..right]

HFZ for = I 2 (width) &1 2
RtF for = 11 T A QHO| A & L7
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Run-time(&<60,0007H)

e sec
@ &fUEE 7.438
@ HEiHE 10.842
HEEE 22.894
2H2 0.056
=R nlog, n nlog. n 0.014
2 4 nlog. n nlog, n nlog. n 0.034
@ F4EE nlog, n nlog, n nlog, n 0.026




STL sort() &=

= sort() &2 AE

o C++2| STL AFE

« #include <algorithm> EE&
- sort(HiEA|E, HIEE, [Hluw

x|
7= Hlugees WHEAE

= B[k (a)

Mkl
[ A

T1)

A& ot7|

/] LEXEE
bool asc_order(int a, int b) {
return a < b; // ¥l ZO| © 3

/] HEX=E
bool desc _order(int a, int b) {
return a > b; // & FO| § 3

#include <stdio.h>
#include <algorithm>
using namespace std;

void show_array(int a[], int len) {
for(int i=0; i<len; i++)
printf("%5d", a[i]);
printf("\n\n");

int main() {

int a[1e] = {7, 5, 8, 1, 4, 9, 2, 10, 6, 3};

show_array(a, 10);

sort(a, a+l1o);
show_array(a, 10);

sort(a, a+10, desc_order);
show_array(a, 10);
return 0;

/] LEXE

/] UE X
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#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#include <algorithm>
using namespace std;

#tdefine LEN 100

void rand_array(int a[], int len, int max) {
srand(time(NULL));

for(int i=0; i<len; i++)
a[i] = rand() % max;

}

void show _array(int a[], int len) {
for(int i=0; i<len; i++)
printf("%5d", a[i]);
printf("\n\n");

STL sort.cpp

/] LEXNTE
bool asc_order(int a, int b) {
return a < b; // Tl ZO| § =HA

// WEXeE
bool desc_order(int a, int b) {
return a > b; // ¥ 0| § A

int main() {
int a[LEN];
rand_array(a, LEN, LEN*10);
show_array(a, LEN); // before sorting

sort(a, a+LEN, asc_order); // ASC sort
show_array(a, LEN); // after sorting

sort(a, a+LEN, desc_order); // DESC sort
show_array(a, LEN); // after sorting

return 0;
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https://gifted.datahub.pe.kr/src/gifted/sorting/STL_sort.cpp
https://gifted.datahub.pe.kr/src/gifted/sorting/STL_sort.cpp
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Chxbel B

» KR H{EO| MA
152 HiE S o 7 8 =2 A
it o] WH JPLXE J4El HiY
Mo
GO Ef S HY Q[ £[Y 2]
Mot o
int a[4][5];
a[0][0] a[0][1] a[0][2] a[0][3] a[0](4]
a[1][0] a[1]{1] a[1](2] a[1](3] a[1]{4]
a[2][0] a[2][1] a[2][2] a[2][3] a[2][4]
a[3][0] a[3][1] a[3][2] a[3][3] a[3][4]

« 2AtE HiEO| 7|3

int a[2][3] = {{3, 2, 7}, {6, 9, 8}};
3 2 7
6 9 8
int b[2][3] = {5,8,3,7};
5 8 3
7 0 0
int c[2][3] = {4, };
4 0 0
0 0 0
int d[2][3] = { {3, }, {7.6,9} };
3 0 0
7 6 9
int e[][3] = {{3,2,6}, {7,6,9} };
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« 25 R HIE2| =2[(d #4)

Chxbel Bj

#include <stdio.h> 1 >l 3| 24
#define ROW 3 5| 6| 7
#define COL 4 9l 10! 111 12
int main() {
int a[ROW][COL] = {
{1J2)3J4}J{5)6)7)8}J{9)16J11J12} };
for(int r=0; r<ROW; r++) { /)l =3
for(int c=0; c<COL; c++) { //€ =2
printf("%4d", a[r][c]);
}
printf("\n");
}
return 0; 12 3 4
5 B 7 18
} 5 10 11 12

« 2AtE HIEO| =2[(8 Fd)

#include <stdio.h> 1 > 3| 4
#define ROW 3 5| 6| 7
#tdefine COL 4 gl 10 11| 12
int main() {
int a[ROW][COL] = {
{1,2,3,4},{5,6,7,8},{9,10,11,12} };
for(int c=0; c<COL; c++) { /18 =2
for(int r=0; r<ROW; r++) { //& =3
printf("%4d", a[r][c]);
}
printf("\n");
} T 5 3
return 9; 2 B 10
3 7 11
} 4 8 12
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Z{x}Eto| Azt

A, HA
=5 . gz
<& 1>3F ox9 AXHIHY| MO ZEl 81702 AtH = N =282 O™ =7HX| o =0 otz 7§
7t FOE I, Ol & Z|WMzt2 &0 O Z|cidf XNAETL FO{ZEICH, FOX|&= A= 1002 C
of H &l & &of X[t QX Fot= T2 S
SO SIS e
18 2@ 3@ 48 529 BE 7Y Y o 1
= = o|= Tl 7t MW So| ACHZrS =28t M 0| X[z
5 23]ss |zl 17| a]s]s2]es| OIS =01, &F20F Z0] A = fHlmE E50rL8, = = XA
87|42 18|78 |53] 451584 |53 8F0= 035 S I XY 2 =gotch, X[CHZE0] & 7 O|M¢el ZF
zc4gte 900/ 11, O e o 2RI PR A KB ST}
®|34]28|64(05)12/16|75 (3655 -y o & 7 QO of
#2177 (45 ] 35|28 B[] 1 | ox|BiC}, &= of =9 o
st 25|87 65|15 |28 | 11|37 | 28| 74 3 23 85 34 17 74 25 52 65 90
e e [ e ey P vy Py 10 7 39 42 88 52 14 72 63 5 7
87 42 18 78 53 45 18 84 53
4747|7045 |23 65| 3 |41 |44 34 28 64 85 12 16 75 36 G5
st 5713|8238 |31 | 12|20 2080 21 77 45 35 28 75 90 76 1
25 87 65 15 28 11 37 28 74
<J% 1> 65 27 75 41 7 89 78 64 39
SX: $H2 R 2 YOE (2007 X Ho|H FRES) 47 4770 45 23 65 3 41 44

87 13 82 38 31 12 29 29 80
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e — AL HA
-
" T'__X-”
#include <stdio.h> int main() {
input();
#define ROW 9
#define COL 9 int mr, mc, max=-1;

int a[ROW][COL];

void input() {
for(int r=0; r<ROW; r++)
for(int c=0; c<COL; c++) {
scanf("%d", &a[r][c]);

printf("%d\n", max);
printf("%d %d\n", mr+l, mc+1);
return 0;
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steps:

Binary search

16
high

-
13

12 13

sl [alslo]s]s
11 14

14

8 9

mid

bl

steps:

Sequential search

15 16

14

12 13

sl [alslo]s]s

14

8 9

bl

WWW.DENjee.com
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e

1) ARO[ Co|Ee 7 HE 0] UAO{OF <

2) S8 (mid) = (left+right)/2

3) S7t82| HO|Ht Xt 3= Zf(target)
(&)
= Hlu

@ B7tEel Ho|E7t #OXt Sh= it YX|GH=
4% BMZ T8

@ BtEQl Lot #Xt St= ZECH A2 4
. B HQo| 2F BHEZ HEZ|l1 EFZ B
22 MEZ2 BM Hez 473

® StEel Ho|H7t #1Xt St= ELC 2 82
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MEEZ EM HolZ2 M4

4) M2 M HRE 7|8t = 28p 3H O
WEEZ &aX}; St o] HAZ|HLE B
BR7t O Ol &=XSHA| & M7HX| Hi=
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« U2 GIo[HM0ME E4 A[ZIO] 2
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0 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 1111311820122 (27(29|30(34(38(41 (42|45 (47
Azt 5 / £
c =34 Tow middle high
arget= 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 1113118120122 127129|30(34|38|41 (424547
Tow middle high
2 3 4 5 6 7 8 9 10 11 12 13 14 15
111131820122 (27(29|30(34(38(41 (42|45 (47
Tow middle high
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 1113118120122 127129|30134|38|41 (424547

Tow middle high
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™
#include <stdio.h>
int main(void) {
/¥ BEE B{E arr[0..n-1]0|AM targetl| QIHAE F=C}, int arr[] = {1, 3, 5, 7, 9, 11, 13, 15, 17, 19};
Ao 7 QAR 2 RO 18 BHSISICH, */ int n = sizeof(arr) / sizeof(arr[0]);
int binary_search(int arr[], int n, int target) {
int 1o =0, hi =n - 1; int idx = binary_search(arr, n, 7);
while (lo <= hi) { if (idx != -1)
/* LHEEZ XS 2o (lo+hi)/2 Bl O[ZA ALt */ printf("&&: QYA %d\n", idx);
int mid = 1o + (hi - 1lo) / 2; else

if (arr[mid] == target) { /* &2 */
return mid;

}
else if (arr[mid] < target) {

/* targetO| O A22 QEZ AES ZCf */
lo = mid + 1;

}

else { /* targetO| O ooz X% HMutg EC} */
hi = mid - 1;

}

}

return -1; /* Z7A] £ AQULCE */

printf("Hi €0 BlS\n");

return 0;
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20| NIHel G2 MAFZF Ao UCE, ot 1) XM =0 HX7F 2o /AesE S = N
C} 4X=0| CHE =02 &0 UCt, & O] Y&HEICt, (1 < N < 1,000,000)
EFEIXFE ;;:%OI Mot g HollM HnE H 2) M =0 N7 Yo| AKXt &£0|7f Zuo
2loredal etrt. 2 T2 HErt,
HRte| =O0|7F HELCH 3™ H =O[7HX| T H (1 < Zt AKX £0| < 1,000,000,000)

710 2= ZebUEH, X8l =0[7F H O[5t
OfH HEZ|X| &1 AZ =L},

g1 Zeits F2l = HOUeE 2= €9
oAt =0| B0l M EX| H7|E #THL.
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(N <M < 2,000,000,000)

ZTHE WESE WM, A =019 Y - =9
Of moll =|tiet 7K =5 St= =0| A AHS QESE AOf =0| M3 HE =
oF HO| X|BHZtE Tote ZEO™ME AHdT} SHCE.
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S1E0| Mgt - AlZkx=4} E0]

1z

#include <stdio.h> int main(void) {
long long m;
#define MAX_N 1000001 scanf("%d", &n);
int a[MAX_N]; long long max_h = 0;
int n; for (int i = 0; i < n; i++) {

scanf("%d", &a[i]);

/¥ =0| HotZ hE FJYS WM, = 4A =0(2] = ALt */ if (a[i] > max_h) max_h = a[i];
long long remaining_sum(long long h) { }
long long sum = O; scanf("%11d", &m);
for (int i = 0; i < n; i++) {
sum += (a[i] < h) ? a[i] : h; long long answer = 0;
} for (long long h = 0; h <= max_h; h++) {
return sum; /* OHEH MSEE o(N)2ZE CHA| Ak x/
} long long sum = remaining_sum(h);
if (sum <=m) {
answer = h;
} else {

break; /* ©0| M& G228 [ = &R g0 HIZ JT= */
}

printf("%11ld\n", answer);
return 9;
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= difficulty * time complexity * space complexity
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(big-0) H7|H - O|E &0, F=dA|7IO] 17t N, 20|77t
N O[2tH, HMEI= N O|C}.
ka"n

o
o
e
Kl o
i)
O
rlo
oy
[
o2
o
HL
—I._'—
i
10)
i)

e
=

running time

_—kyn

AlZke| ook (X|Me| BR) _—

offE 12|52 big-Omega HLCI O i} -

2 2 ar}

= T HA .
SIM|EF (big-theta) H7|H : n

ool 3%, | K= +d Al « 7FEF OFQ| MOl H7|H

big-0 2f big-Omega £ SILZ SN H . SAIO|MLE SHAF X|Qto| HOZ AMZES| O}
oo Aar of7| M=o 8 #I7[Es HO| AHE
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T2 =0 Ol Al
#define N 100 /] = FKX| A=Ct.
#include <stdio.h> /] = FX| R=LCt
void main(int) /] BEE FX| E=C.
{
int sum = ©0; /] BH 2 13
int i; // 2 3l 13
for(i=0; i<N; i++) { // &2 =2l=: N+13]
sum = sum + i; /] A =2l N

printf("sum:%d\n",sum); // =2 3l 139
// S 2311 +1 +N+1 + N+ 1 =2N + 43

. 0(101) » 0(1)
« O(2N + 4) > O(N)

- A[H{HOIX| &

o
—

sto
O L

« O(N?+ N) » O(N?)
* O(N + logN) » O(N)

« 0(100 x 2V + 500N?) - 0(2M)

FA

« OA| Z=12HO| Big-0: O(N)
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HlQ HI|o| B&

= 0(1)

Ma=AlZt(constant time)

HOle Faf 280l 2 siZ0
2ot ot A[Zto] 28

ot alatol o

ZIE|E

=

gadE Of
- g0 g% e

« 7249 1~N FAH T}

o (MA+OK[E=) x n / 2

" O(logN)

« E0A|ZH(logarithmic)

[ ]
A
o

B 0] S7t &0 e &2 Al

t0| 21 gt ddiZ= LtEtH

E X|
o

=

log,10
log,100

E
otnz|=

O
EI7t BO] SOLIE 2 ZH2
S7tot

i
| -
—_'.:2
[ Y N

3.X
6.X

log,1000= 9.x
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HIQ 7|0 =2

= O(N) = O(N logN)
« MAA|[ZFH(1inear time) - M3 21 AlZb(linearithmic time)
- OiOle ol F7t0 W2t &2l A[ZF  OOle Yol F7r0 wef &2l AlZF
O] €X} g defj== LIEIH O UX} stz 4+ 2Bk SHEfOl 1
.« HO|E Z7t2Fnt MH|35I0] AlsH A ci T2 LERE
0| S7Iot= £48  OIO|H2l SI7tEFEL &dAZH0] O
c M7} EL AT7S o] 57t5t= &%
- 12T O
« BEIX| B2 HIGUAM St Z7 - 22T O
-3 8
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= O(N?) = O(N3)

« O|XtAl AlZF(quadratic time)

- OO|E &2 S7t0f el A Al - OOl ol Z7+0f et
O Okt &t (N2?) =2 L}EFL 0| Ak} B

- HIOIH S7IE0| M&=22 H| Y5t - H
H2d AlZHO| 75t §% O
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. e e
SUEEE

Q HIC BR

o &XFA AlZt(cubic time)
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= H[Y 5t
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HlQ HI|O| B&

= 0(2M) = O(N')

« X|&= AlZF(exponential time) « A5 AlZF(factorial time)

- OOl el S7tof mef 28 AlZt - OOl Yo S7t0f maf 2 AlZt
O] X|Z= &h=(2V) dej=2 LtEtL Ol HEZ|Y ot=(N!) 2= = LIE}

- HO|H S7r20f maf 2 A|ZHO =
A= dElz S7lot= 53
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LoNZ KA BEE AN LHREZA HMS EU omY 2X
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HIQ F7|o| =2

« 2iEE g5

«0(1) > 0(ogN) > 0(N) > O(NlogN) > O(N?) > .. >002N) > 0(N")
[Forrote e i coos][ERETIenE

Big-O: functions ranking

BETTER
4 * 0(1) constant time
fé * O(log n) log time
"% * O(n) linear time
S * O(nlogn) log linear time
* O(n) quadratic time
i * O(n?) cubic time
WORSE

* 0(27 exponential time

Elements
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N < 100

N < 500

N < 3,000

N < 5,000
N < 1,000,000
N < 10,000,000
N > 10,000,000

https://rh-tn.tistory.com/3
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E HEQIE{(Two Pointers)

ﬂ
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E ZQlE{(Two Pointers)

// ErEEtEEE 0l8et & 105
" _ﬁ_'c';él < %-I-?-l E|:|I-A—I'|I> #include <stdio.h> 1234253112
int main() { i3
. 10| R}AH=z=0| HESIO| 57 E|= int n, t; 5
10702 Kj&H= _!_ B2EE20| 57} £ ot " g, &); 5 9
7C:>|_C|D_9' _Jlk_% Ol-Alfa. int arr[n]; 3

for(int i=0; i<n; i++)
10 5 3
1234253112

int cnt=0;
for(int a=@; a<n; a++) { // a: AEHE
for(int b=a; b<n; b++) { // b: &8
int sum=0;

* —TI—XI_&Il %O| I:é—l for(int c=a; c<=b; c++) { // a ~ b7tX[2| T ALt
= Do 0|23 A| XA 7 sum += arr[c];
3T for == |ool'o:| |—||:|, E O, }
SO T - @) if(sum == t) {

F XEe g2 Fote YAZ2 cntre;
Al&!-%?él-E O(NB)EE |_1_|?_ iEE.! . printf("[%d, %d]\n",a,b);

}

}
}

printf("%d", cnt);
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E HEOIE{(Two Pointers)
= w1 B B

- s(start), e(end)2t= F 7H2 EQIHE AtE
« start= FHIE2 & F= 7iE7|= 2HEA

- " 1—)
endis SR HES Ja7le olEA

int s =0, e = 0, count = 0;

int sum = 0; // [s, e) B9 EEHE

Sto| X{Ehe

(@ I |

while (1) {

// eZb ORX[E SX|QlH| =ty J4&0o|H A5
if (e == n & sum < t) break;

if (sum >= t) {

// ERH (=)

sum -= arr[s];
S++;
} —
else { // EXtetH FIHEE)
sum += arr[e];
e++;
}
else if (sum == t) count++;
}

count++;
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E EOIE{(Two Pointers)

#include <stdio.h>
int main() {
int n, t;
scanf("%d %d", &n, &t);

int arr[n];
for(int i=@; i<n; i++)

scanf("%d", &arr[i]);

int s = 0, e = 0, count = 0;
int sum = 0;

while (1) {
if (e == n && sum < t) break;

if (sum >= t) {

sum -= arr[s];
S++;
} else {
sum += arr[e];
e++;
}
if (sum == t) count++;
}
printf("%d\n", count);
return 0;
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= O(n3) 0|

= O(n3) Z0|2| 7§M - ZHX|X| 7|

-m

#include <stdio.h>
int main() {
int N, count = 0;
if (scanf("%d", &) != 1) return 0;

/) A5E XAl ARE(1) g K
for (int i = 1; i <= N; i++) {
/1 AHKE XA "E-HG)' = AE
for (int j = i; j <= N; j++) {

int sum = 9;
/1 MHEE)FE 283G o O
for (int k = i; k <= j; k++) {

sum += k;
}
// CF G2t Zt0] NIt Z2X| =2l

if (sum == N)
count++;

}
printf("%d\n", count);

#include <stdio.h>
int main() {
int N, count = ©;
if (scanf("%d", &) != 1) return 9;

/1 A%E RSO AIRE (1) S K
for (int i = 1; i <= N; i++) {
/7 AEE Ao "EHG) ' XNE

for (int j = i; j <= N; j++) {
int sum = 0;

// MEE(E)RH 8

for (int k =

sum += k;

// Hot= =350 0|0] NS "O0{7t HE|H,

SISV = E k=l
i; k <= j; k++) {

if (sum > N) break;
}
// CF Ggk 2t0| naf Z€2X] =¢l

if (sum == N)
count++;

}
printf("%d\n", count);
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I QIE{(Two Pointers)

« O] HIE WOIM =X} F= 2| &0

target® 1 F =29 QIHAS FHO
AN2.

52 01

7 20 14

246916 20 22

« 0(n)EALE|F (2T Ht=E)= AMESt

A
Bl
=
N
nx

M time out E &

#include <stdio.h> { 20
246916 20 22
int main() { 2 5

int n, t;
if (scanf("%d %d", &n, &t) != 2) return 0;

int arr[n];
for(int i = @; i < n; i++)
scanf("%d", &arr[i]);

for(int a = 0; a < n; a++) { // A BHHY =
for(int b = 0; b < n; b++) { // & YN
if(al=b && a<b && arr[a]+arr[b]==
printf("%d %d\n", a+l, b+1);
return 0;

return 0;
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7 20
E mO|E] :
£ ZQIE{(Two Pointers) 2469 16 20 22
o = =l - #include <stdio.h> 7 21
= A2 <& 517> 2469 16 20 22
—_ o int main() { -1
° 5‘ jJ;OI_|E-| EEI-% int n, t;
idx 0 1 > 5 6 if (scanf("%d %d", &n, &t) != 2) return 0;
arr 2 4 6 16 | 20 | 22 int arr[n];
for (int i = 0; 1 < n; i++)
S € scanf("%d", &arr[i]);
27|k s=0, e=n-1
int s =0, e =n - 1;
idx | 0 | 1 4 | 5|6 int sum = 9;
arr | 2 4 16 | 20 | 22 while (s <= e) { // & ZQIHZt THE 74X
s e sum = arr[s] + arr[e];
if (sum < t) S++;
« arr[s]+arr[e] > t(20) O|™ e7} O|F else if (sum > t) e--;
else break;
id« | O 1 2 4 5 6 }
ar | 2 | 4 | 6 16 | 20 | 22 i (sum - 1)
S e printf("%d %d\n", s + 1, e + 1);
1
« arr[s]+arr[e] < t(20) O|™, s7} O|& © Seprintf("-l\n");
} 187
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LhACE. J2HA OFETIEE Sof 7|20l ¢

S URe WS ULt
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K
ro
m

KN =20l= MZ2| 7H N(1 < N < 100,000)
O] FO{TICE,

dgln & 3 20l 42 UeEs0H 2R
ot 2= M(1 < M < 10,000,000) FTO{ZILCE,

Azl Opx|ete =z AR =0l= Nl ==
Of 7t 1Rt Ho =0 SHE AO|f F2

Naot H= 200,0002CF HAHLE 22 XA
==0|LC},

. 23
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EO' [H 24
o—l oo

» 1A
- £ ZOIH &8
idx 0 2 3 4
arr 1 2 3 5
S
« X7|4t s=0, e=n-1
idx 0 1 2 3 4
arr 1 2 5
o—»S

« arr[s]+arr[e] > t(9) O|H, e7} O|&

idx 0 1 2 3 4
arr 1 2 3 5
S

« arr[s]+arr[e] = t(9) O|H, O CIS27?

#include <stdio.h>
#include <algorithm>
using namespace std;

// std::sort() FE M7 ¢

int main() {
int n, t;
if (scanf("%d %d", &n, &t) != 2) return 0;

int arr[n];
for(int i = @; i < n; i++)
scanf("%d", &arr[i]);

// C++2| sort() EFE AESI0] QEXL
sort(arr, arr + n);

A
o
Il

int s =0, e=n - 1;
int cnt=0;

while (s <= e) { // & =Z=CIEH7} Bt {7}
int sum = arr[s] + arr[e];

if (sum < t) { /*@©*/ }
else if (sum > t) { /*@*/ }
else { /¥®*/ }

}

printf("%d", cnt);

return 9;
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IZ2O A
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« 2K
T ne] =0 CtE F F9o| T
Sz HAEEE= 7t QUCHH O FE
‘2 bl ohC}
NSl = & £2 =7t & 9 7§ QX
ZEHSIA 2.,
« =0
ClE2 & 9 ooz HDSIO{of g
8=

—— HYZE 2319l RRI 19408 HY

« 9 Two Pointers

-
" 15}7|
= Q=
RER =0 =2 74 n(1< n <2000),
SRR =0 n7fel =2 Zf(A;)O0| FO
RCH (A 219, A= )
= 55
2 9| =& =TIt
= YEI =8| (f
23 of £3 of
10 7

©123456782°9
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2 4 78l

#include <stdio.h>
##define MAXN 2005

int main(void) {

int n;

scanf("%d", &n);

static int a[MAXN];

for (int i = 0; i < n; i++) scanf("%d", &a[i]);

int cnt = 9;
for (int t = 9; t < n; t++) { // t: target index
int target = a[t];

int found = 0;
for (int i = 0; 1 < n & !found; i++) {
if (i == t) continue; // TI=Ed{= == ALESIH CHE.
for (int j =1 + 1; j < n; j++) {
if (3 t) continue;
if (a[i] + a[j] == target) { found = 1; break; }

}
}
if (found) cnt++;
}
printf("%d\n", cnt);
return 9;
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« £33 Two Pointers
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« 93 Two Pointers

= (]
[=) =)
ir ir
Kl Kl
o o
LN (QV
S}
ol [= (<]
v :
n n
M@ ol ol
=
il o N
ol 49mm5 36M2
|
KF = _
o . Ko
uF I LT 7
— flo ! & <F
S oD A
O —
|._AIMO_ K0 Jol
- o Kl
LR
qo B K
5% N
S = = <k o o
SN 4 B S 8
RO = S S
HA<b g ME S S
= - |__L +1 Q O
RO o Kh == o 9 o
<k RN
T ol
I_|_Aon_.._H.D|. Vil vbvi o
< Wur.lrWLI.LI.NMD..u.._Aq
100 ki U 40 U ovioviovi 00
mr ORI p R — — — a@r
ol KoK ouodo . . .

>
"=

194

« S=0|7t O[HIEQ M A
P,

=X: 2023



ol

Z0|1: ME A

=
(13 H222 888 Z0)

= = L—

e timeoutd HiFXIC},

#include <iostream>
#include <algorithm>
using namespace std;

int main()
{
int n, m;
scanf("%d %d", &n, &m);
int p[n+2] = {0, };
for(int i=1; i<=n; i++)
scanf("%d", &p[i]);

/1 Y He B2 WEKE FToH,
/1 2 45 0|8stol BIX wAHE USE= Bt

sort(p, p+n, greater<int>());

=X:2023 582 =2 57 5

int res = 0;
for(int a=1; a<=n; a++) {
if(p[a]>m)
continue;
for(int b=@; b<=n; b++) {
if(p[al+p[b]>m)
continue;
for(int c=0; c<=n; c++) {
if(p[a]+p[b]+p[c]>m)
continue;
for(int d=0; d<=n; d++) {
int score = p[al+p[bl+p[c]+p[d];

if(score == m) {
cout << res;
return 0;

}

else if(score < m) {
res = max(res, score);

}
}
}
}
}
printf("%d", res);
return 0;
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=0[2: = A

» Two Pointers =&

#include <iostream>
#include <algorithm>
using namespace std;

int arp[501]; /185 =50
int ars[501*501]; //5 'Y GEX S [

int main() {
int n, m;
scanf("%d %d", &n, &m);

/1S5 BEA 4 EMOF 5t= A0 oL E

2y

n++; //S= ¢ BT E%(eF
for(int i=1; i<n; i++) // ot
scanf("%d", &arp[i]);

for(int a=@; a<n; a++) //FH E

for(int b=0; b<n; b++)

NEEl= HE

gE MEols HIE

ars[a*n+b] = arp[a]+arp[b];

sort(ars, ars+n*n); //QLEXt:= =
int res = 0;

int s=0, e=n*n-1;

while(s < e) { //5 EQIF HIAY

}
printf("%d", res);
return 0;
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=2t0|Y |IEF (Sliding Window)

o
- HE k7o YAE O|ROZAl Az2(F
{hE THECE

2. 92 0|5

. i=K2E H|Y LR HHE.

. OH QF A KA (arr[i-K])
« Mf R FIt (arr[i])

e sum = sum - arr[i-K] + arr[i]
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O(N*K) £0|: |11 9| u}

#include <stdio.h>

#define MAXN 100001

int cb[MAXN]; /* &5 */
int yd[MAXN]; /* @& */

/* O A2 SIX|OHE kHE MS8E CHA| HetE) */
static int max_window_sum (int *a, int n, int k) {
int best = 0;
for (int start = 0; start + k <= n; start++) {
int sum = ©;
for (int j = start; j < start + k; j++) {
sum += a[j];
}

if (sum > best) best = sum;

}

return best;

int main(void) {

int n, k;
scanf("%d %d", &n, &k);

for (int i

0; i < n; i++) scanf("%d", &cb[i]);

for (int i = 0; i < n; i++) scanf("%d", &yd[i]);

int best_cb
int best_yd

max_window_sum (cb, n, k);

max_window_sum (yd, n, k);

printf("%d %d\n", best cb, best yd);

if (best_cb > best _yd) {
printf("Chungbuk\n");

} else if (best _cb < best yd) {
printf("Yeongdong\n");

} else {
printf("Draw\n");

}

return 0;
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O(N*L) £0|:

A% 2t

7]

#include <stdio.h> A= Zat
#define MAX_N 5000001 HO|A o 1 QUFIERM GiALS 221 A7
int a[MAX_N]; 01~16# ~100,000 0|3} Ches =19 & =4 (BEHE 2X)
174 200,000 100,000 1009 92.6%
int main(void) {
. 18t 400,000 200,000 4009 37.8%
int n, 1;
scanf("%d %d", &n, &l1); 198 600,000 300,000 9009 60X HojZ (ZHZR)
. s o s . oy g .
for (int i = @; i < n; i++) scanf("%d", &a[i]); 208 900,000 450,000 20002 60X HO|ZH (ZHZR)

/* iER ADCEH ELR [i-1+1, i] FUS HSEH
x|

E7MX| CHAl 201N
ZUS MY H=Ch O ZME TS MALESHX| R=CH. */
for (int i =0; i < n; i++) {
int start = (i -1 +1<90) ?0:
int mn = a[start]; // Z=4f A&

for (int j = start; j <= i; j++) {

i-1+1;

if (a[j] < mn) mn = a[j];

}

printf("%d ", mn);
}
return 0;
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#include <stdio.h> =gt &7 22X QR Hor R EY

o
°2
0
o
o
z
0
o
L]
o

#define MAX_N 5000001

int arr[MAX_N]; /¥ Y2 TN XS */
int deque_index[MAX_N]; /* "Z|Z&4f E 59| QIEHIAZE XNEoS}

rir

W(YTZOZ WD W Y NBTE) ¥/

int front; /* Ho| o o X| (7t EHE FTE = AKX E[R4) */
int back; /* Ho| o F Ctg X (M =&} S0{& Xf2|) */
/¥ & B S0U=s R FEE2 deque_index[front] ~ deque index[back-1] O|Ct. */

int window size; /* EAOA FO{E L. S A FOIAM EE=4E2 AR o+

/% o] HIO{QUEX| Ol %/
int is_empty(void) {
return front == back;

/* Ho| B 5 AT} Jl2|7|e 3 e
int back_value(void) {
int last_index = deque_index[back - 1];

return arr[last_index];

/¥ GOl T QF RAATE Jte[7|E 42 BtE (= XM AZ=R9| F ) */
int front_value(void) {

int first_index = deque_index[front];

return arr[first_index];
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int main(void) {

int n;
scanf("%d %d", &n, &window size);
for (int i = @; i < n; i++) scanf("%d", &arr[i]);

front = @, back = 0;

for (int i = 0; i < n; i++) {

/* [1EHA] ME S0 2 arr[i]ECF AL £2 US2
otoz MO A|&ztol = 2 QI (arr[i]7t O o
2L Ho| FZF0|AM :LE* "SRR == 02| OF X/ 2Tt */

while (!is_empty() && back value() >= arr[i]) {

back--; /* U F[ R KA */

/* [2EHA] HE|7F EHC™, arr[i]ll QAHAE HOl ™ FHOf| MZ FIISHC, *
deque_index[back] = i;
back++;

/* [3THAIT ':119| O 20| 7te|7|= QEAZE AXf RS HRIE HO H=X|
[i - window_size + 1, i] T7{IO|E =,

It

oISt}

- -

ot
>
O —_—
Ho
Iﬂ
r|r

oH O._|—|—7|' (i - window_size) O|St2tH O[O0 IR gfo2 etk ZO[CE, */

int oldest index = deque_index[front];
if (oldest_index <= i - window_size) {
front++; /* E2[Z SO W 98 A KA */
}
/* [4EtA] EelE OFXl ol W @ = Wi A= Z[ZI0[Ct, */
printf("%d ", front_value());
}

return 0;

TN O LISTHA &0t 2Lt .

idx 0 1 2 3 4 5
arr 5 2 3 6 2
fb

deq
idx 0 1 2 3 4 5
arr 5 2 3 2
f b =4
deq| O 1
idx 0 _______ 1 2 3 4 5
arr 1 5 2 3 2
b =Y
deq| O 1 1
idx 0 _______ 1 ______ 2 3 4 5
arr 5 2 3 6 2
b &3
deq| O 2 1
idx 0 1 _______ 2 3 4 5
arr 5 2 3 2
f b £
deq| O 2 3 2
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arr[] S L8 2 (0 A])
U2 KN =A}=.

2= H[O|E= A2 =Lt

deque_index[ ]

AL = —
297t TS| QlEAT

¥

— =1 —

AL 2 N & ot= El. front > & back

20| EENM LEZCZ Z+8 FHHCHLE Az 24

front / back
oM S35 17t front= & "Six| Rl = 0| X|£=Z4 S 7t2|ZICH

deque_index[front] ~ [back-1].

- O BtE 0L} front_value()2 CHE

a L
2o ot el ASo| Zhe
&4 QEXIES RAIBICE



HHEE 3 ul, o] @A 2 o] 83}

i 7} SELIN S0/ S i OCF S OFOY A B0/ = &

FlolM S28= & X7

a5 C AL} 242 2h2 OfF| £|%:7t0| & % gict.
QEX= SXIE I8 o S0 M SE HABHC}

—

while (back value() »>= arr[i]) back--;

M 2k

o

off &7t

%

=
H
deque_index[back++]

del7t 2t ol M Fof dA YA i =0t

=
o

ol M &l Blof' &t X| 27

T Q= [i-L+1, i] T+ZHO|C}.
QF QIEI AT O] | S5HO|H K| HBHCt,

40

if (oldest_index <= i - window_size) front++;

CL =<
h;'EiEa

o

printf("%d ", front value());

O ro
R HO

e[S Ot Hof ™ e - oiX| 2l =22 2==4L.
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2 AZStE AE ZF 0, m=9, a=4, c=1 B
st I MMHEl= MY ots A €2 A=
o203 APES| EHAL.

X..=(X *a+c)mod m

00112314 /5/6/7/8/09]10/11]
X, O

#include <stdio.h>

int seed = 0;
int a=4, c=1, m=9;

int next(int x) {
int n=(x*a+c) % m;

return n;

}

int main() {

int x = seed;

for(int i=0; i<=16; i++) {
X = next(x);
printf("%d ", x);

» CHYSE AE ZE, m, a, cE MEHS BHEO{X|=
=80 s &g oF, 7 52 542 =
Mol EXt.
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output bits of seed in

So m multipli crement) ¢
i L e Ou R rand() or Random(l)
Numerical Recipes 23 1664525 1013904223
bits 30..16 in rand(),
Borland C/C++ 2% 22695477 1 . i
g 30.0 in /rand()
glibc (used by GCC) 231 1103515245 12345 bits 30.0
ANSI C: Watcom, Digital Mars, CodeWarrior, IBM VisualAge 31 .
2 1103515245 12345 bits 30..16
C/C++
€99, C11: Suggestion in the ISO/IEC 9899 23 1103515245 12345 bits 30..16
Borland Delphi, Virtual Pascal 2% 134775813 1 bits 63..32 of (seed * L)
Turbo Pascal e 33797 1
Microsoft Visual/Quick C/C++ 23 214013 (343FD4g) 2531011 (269EC31g) | bits 30..16
. . . . 1140671485
Microsoft Visual Basic (6 and earlier) 224 12820163 (C39EC344)
(43FD43FD;g)
RtiUniform from Native API 231 -1 2147489689 R1ATABI58T
(TFFFFFED; o) (TFFFFFC3,g)
Apple CarbonlLib, C++11's minstd_rand0 231 -1 | 16807 0 see MINSTD
C++11s ninstd_rand 231 -1 48271 0 see MINSTD
MMIX by Donald Knuth 284 6364136223846793005 | 1442695040888963407
Newlib, Musl 25 6364136223846793005 | 1 bits 63..32
VMS's MTH$RANDOM, old versions of glibc 23 69069 1
; 3 : 25214903917 .
Java's java.util.LRandom, POSIX [InJrand48, glibc [Injrand48[ r] 2% 11 bits 47..16
(S5DEECE66D )
randon0
) ) _ 134456 = Xa
If X, is even then X,.1 will be odd, and vice versa—the lowest 2375 8121 28411 134456
bit oscillates at each step.
’ ! . 25214903917 .
POSIX [jm]rand48, glibc [mjJrand48[ r] 248 11 bits 47..15
(SDEECE66D1p)
: 25214903917 8
POSIX [de]rand48, glibc [delrand48[_r] 2% (SDEECESED; ) 1 bits 47..0
cc65 23 65793 (101014¢) 4282663 bits 22..8
Formerly common: RANDU 23 65539 0

A CIYSH L CGME &8 M4Al X, =(@*X,+C) mod m)2| &a, c, m) Z&
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OfAr 2HE

int rand(void);

#include <stdio.h>

o @_lf'_E.| RAND_MAX(32767) I:él-l_c|>_|9_| O|A|— #include <stdlib.h>

AL = re)
o5 et

int main(void) {

e ¢<stdlib.h> 9|HIIY EHQ for(int i=0; i<10; i++) {
printf("%d\n", rand());

}

return 0;

L TlniotE g2l gy =22 Za

S o /|E
og|ls2E
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« O CHE Z24fE 22

#tinclude <stdio.h>
#tinclude <stdlib.h>
#tinclude <time.h>

int main(void) {
srand(time(NULL));

for(int i=0; i<10; i++) {
printf("%d\n", rand());

return 0;

OfAr 2HE

@) A
. E:‘T1 ti"1_

/1 a:AlZt=, b:OPX|2
int range _rand(int a, int b) {
return rand()%(b-a+1)+a;

// 1158 H 20 AO|e] & ¥4 oS [
range_rand(11, 20);

// 115 207tX[= 10702 =XI0|E=
// 182 % Lt LIHX|E IH 10/ <AHE
// ¥E & AL 118H 0|22 115 Hol{oF &,
// WetN =42 orajer €0[ ZH=0{0F 2.
rand() % (20-11 +1) + 11
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OfAr 2HE

» HQ| W= HAE P - rand()2| 22X
#include <stdio.h> 1: 1039 . 2 HME=E LIAE
pnelude cstdto-n v o RAI:)D_MAX(33767)E S20ME HrE
#include <time.h> ?1 }88%1 ElélH_E _JIE EI);I\E-
int range_rand(int a, int b) { g 1832 * I:Iél-l'?'l X'”Eﬂ' A| % Etl-% E'% é!-%%
return rand()%(b-a+1)+a; ?; 951 EfizgffS})(l %%%é;}.
} 8: 1032 R ool Liam
9: 1004 Z=0, o ~ 32767 AR HFZ
int main(void) { 10: 969 100 2 L-I":I_ LI_EHXlE @~70| = 312
srand(time(NULL)); 11: 0 o

int cnt[12]={0, }; O] 8~9 7 & ZEEHLC =3.

printf("RAND MAX: %d\n", RAND MAX);

for(int i=0; 1<10000; i++)
cnt[range_rand(1, 10)]++; // [1, 10]

for(int i=0; i<=11; i++) {
printf("%2d: %5d\n", i, cnt[i]);
}
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Of A}

» C++9| MEZ 210|E 82| O|&

#include <stdio.h>
#include <time.h>
#include <random>
using namespace std;

int main() {
// ot dd RS =75t

mt19937 gen(time(NULL));

for (int i = 0; i < 10; i++) {
printf("%d ", dis(gen));

=

| Mk

=i

-
=y

(@) L_+,A~
aT — T

#include <stdio.h>
#include <time.h>
#include <random>
using namespace std;

mt19937 gen(time(NULL));

int range_rand(int a, int b) {
uniform_int distribution<int> dis(a, b);
return dis(gen);

int main(void) {
int cnt[12]={0, };
for(int i=0; i<10000; i++)
cnt[range_rand(1, 10)]++; // [1, 10]

for(int i=0; i<=11; i++) {
printf("%2d: %5d\n", i, cnt[i]);




= O] AY2?
« AEEHT7I XHE " oo o
At SiLE rS B0
« AFRH2 O] =XIE o2 ZHF0{0f
E-
« AFEHO] %=X} pE YEHSIH HEHE
T Zzo| BIED Frt

«r>p O|H: up
« r<p O|™: DOWN
O] A2 O|2Z2HOZ log,d29

— " 1—
of %¥& =+ RUALt.

T AN

o

o

L

C
- %§ tI

DOWN

DOWN
[ 9]
DOWN
Good

x7| Al

rO| 1039l

Guess num: 500

Guess
Guess
Guess
Guess
Guess
Guess
Guess
Guess

job!!

num-.

num-

num-

num-.

num-

num-

num-.

num-

250
120
60

90

100
110
105
103

87 oA
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Up & Down =X} SEFE7| A Y

« OA] =R

#tinclude <stdio.h>
##include <time.h>
#include <random>

using namespace std;
mt19937 gen(time(NULL));

int range_rand(int a, int b) {

return dis(gen);

uniform_int_distribution<int> dis(a, b);

int main() {

int r = range_rand(100, 999); // 100 ~ 999
int limit = 10;

int p; //H0|H7F L= =
// cntZb 152 E 1imitO|3}¢!
// [ ] Guess num: O|2} B0

/] XA pHO| Y EE

// HEO|H HEZR E
// "EHEL 245 XJPoM yp O|2td =,
/) QEEC 2 5 RUSMH powno|2ty =

if(r==p)
printf("\nGood job!\n");
else
printf("\nYou failed!\nAnser is %d\n", r);
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e https://qifted.datahub.pe.kr/src/qifted/random/guess num game update.cpp

Up & Down =X} SEFE7| A Y

« Ol 27d "HOlE

[100, 999] limit:

input Game difficulty(2~9): 3

10

#include
#include
#include
#include
#define

<stdio.h>
<time.h>
<random>
<math.h>
logB(base, x)

using namespace std;

int main() {
int d;
printf("input Game difficulty(2~9): ");
scanf("%d", &d);

log.b

==kx%b(c:>0107f1)
log.a
log(x)/log(base)

mt19937 gen(time(NULL));

int range_rand(int a, int b) {
uniform_int distribution<int> dis(a, b);
return dis(gen);

int min pow(10, d-1);
pow(10, d)-1;

int limit = logB(2, max-min)+1;

int max

printf("[%d, %d] limit: %d\n\n", min, max, limit);

int r = range_rand(min, max);

int p;

for(int cnt=1; cnt<=limit; cnt++) {
printf("[%2d] Guess num: ", cnt);
scanf("%d", &p);

if(r == p) break;
else if(r>p) printf("UP\n");

else printf("DOWN\Nn");
}
if(r==p)

printf("\nGood job!\n");
else

printf("\nYou failed!\nAnser is %d\n"

> M)
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(Guess
Guess
Guess
Guess
Guess
(Guess
Guess
(Guess
job!
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num-
num-
num-
num-
num-
num-
num:
num-

.J\.J(I

NN NP — o —
— -l ORI N = O
TeldalywE Niaplaglapldb]
CAOLOCLACLACLACLALA
melusivsiusluwlwelwe]

#deflne LIMIT 9

int main(void) {
int rand[3]; // BFH7t
int pick[3]; // YETE =Xt
int strike=0, ball=0;
unig_rand_3num(rand); /] BEEZF =Xt M 7 = 7|

int cnt=1;
while(cnt <= LIMIT) {
printf("[%2d] Guess num: ", cnt);
get_3num(pick);  // APEXAOA =X M 7 2= ZY

strike = count_strike(rand, pick); // 2EZ2t0|=3 M7|
ball = count_ball(rand, pick); // = 7t2E M7|

if(strike==3)
break;
else if(strike==0 && ball==0)
printf("\tOut\n");
else
printf("\tS: %d, B: %d\n", strike, ball);
cnt++;




https://qifted.datahub.pe.kr/src/qifted/random/baseball gamel.cpp

#include <stdio.h>
#include <time.h>
#include <random>
#include <conio.h>
#include <ctype.h>
#define LIMIT 9
using namespace std;

mt19937 gen(time(NULL));

int range_rand(int a, int b) {
uniform_int _distribution<int> dis(a, b);
return dis(gen);
}
// rand BIO| == 370 MLR7|(AXX| B= Hre 4)

void uniqg_rand_3num(int rand[]) {

//printf("%d %d %d\n", rand[@], rand[1], rand[2]);

/7 A 30 YUE Y], A Ol EXH7F YEHEEH FA
[=;

// 0|0 ¢
void get 3num(int pick[]) {

int count_strike(int rand[], int pick[]) {
int strike=0;
for(int i=0; i<3; i++) {
if(rand[i]==pick[i]) {
strike++;
// strikeZ HHt =XIE
// ball 7IRE & [ &= CIA| M= HE O
pick[i]=-1;

}

return strike;

1o
Jnrn

o N
N W
— N

=13
o
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https://gifted.datahub.pe.kr/src/gifted/random/baseball_game1.cpp
https://gifted.datahub.pe.kr/src/gifted/random/baseball_game1.cpp

https://qifted.datahub.pe.kr/src/qifted/random/baseball gamel.cpp

int count_ball(int rand[], int pick[]) {
int ball=0;

return ball;

int main(void) {

int rand[3]; // BFHZI B2=K}
int pick[3]; // Y=ot =Xt

int strike=0, ball=0;
unig_rand_3num(rand); /] BEEHZE =Xt M 7§ = 7|

int cnt=1;
while(cnt <= LIMIT) {
printf("[%2d] Guess num: ", cnt);
get 3num(pick); /] MEXROA =X M 7H Y

I-7|

strike
ball

count_strike(rand, pick);

count_ball(rand, pick);

if(strike==3)
break;

else if(strike==0 && ball==0)
printf("\tOut\n");

else
printf("\tS: %d, B: %d\n", strike, ball);

cnt++;

if(strike >= 3) {
if(cnt <= 2) puts("\nIt's miracle!!!");
else if(cnt <= 5) puts("\nPerfect!!!");
else if(cnt <= 9) puts("\nGood job!");

}
else {
printf("\nRetry again\nRight anser is ");
printf("%d %d %d\n", rand[@], rand[1], rand[2]);
}
return 9;
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=H7IEE dF& AMEd0]4

M2 \

+ BEX| 20| rQl YT g S2IM HALY
H2 4SEEHH HX 20| rQl AL
71 Otofl Y0 45 £l £ XE0| BtS
of FCt

9| EHO0l= nxr x r OJBEEZ O] EX|j
=9°| SH0|& nr2/4

O|lf O] == 2ol CtEE TZICtD 4
HolEH EX{E LHEO CHEIZF &2 =2t
E2 nr2 / 4r2 = m/4

%= 100712 CtEE SR Z2 [ O] & 80
0| CHEZ} BEXiE LHF0f SUQULCHH,

n/4 = 89/100 O|EE n = 3.2 O|C},
O|X| CtE n7HE HRCID 7HE3ta, O
= m/ie THETE BXNlE RO RR/UCHD
derslE St

/4 = m/n > T =m/n*4
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ZHZIER AF

#include <stdio.h>
#include <time.h>
#include <random>
#define MAX 100000000
using namespace std;

mt19937 gen(time(NULL));
uniform_real distribution<double> dis(@, 1);

int main() {
int in_cnt=0, tot cnt=0;

for(int i=0; i<MAX; i++) {
double x = dis(gen);
double y = dis(gen);
tot _cnt++;

if(x*x + y*y <= 1)
in_cnt++;

if(tot_cnt % 10000000 == 0) {
double pi = (double)in cnt/tot _cnt*4;
printf("[%9d tested] pi: %1f\n", tot_cnt, pi);

= AMEd 0] (CHT)

10000000 tested] pi:
20000000 tested] pi:
30000000 tested] pi:
A0000000 tested] pi:
50000000 tested] pi:
BO000000D tested] pi:
70000000 tested] pi:
80000000 tested] pi:
90000000 tested] pi:
100000000 tested] pi:

/i
L B o o o

Process returned O (0x0)

v

42229
42082
42001
41867
41778
41540
141
141683

1

|

94

141538
141531

execution time
Fress any key To continue,

11

2hl =
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Sketch Files
B index.html
15 sketch. js

B style.css

Edit w

Sketch w

[ Auto-refresh

=H7IEE dF& MEd0]4

Help w

Golden almandine #

sketch. js*

+ <

1v function setup() {
v 2 createCanvas(340, 360);

3 1
4
5 let m=10; // (H:H
6 let r=300; // ZIR|E
7 let v=r*r/100; // draw() & &= H==
8 let t=0; // 2= & M=%
9 let c=0; // SAHZ St & ==
10 |// &EH & =t AZF ofE
11 let d=Array.from(Array(r), () => new Array(r).fill(o))
12
13 let xt, yt, PI_t;
14
157 function draw() {
16 background(255);
17 fill(e);
18
19 for(var i=1; i<=v; i++) {
20 xt = Math.floor(Math.random()*r);
21 yt = Math.floor(Math.random()*r);
2 e/ F N B0
23
24 if(xtxxt + ytxyt < r*r) { // Salx 2HEELIDR
25 dixtI[ytI=1;
26 c++; // S2AE 2HE A =0t

S i

“

: 1t g@f.-a

i
P S R

Total=39600 Count=31178
Monte Carlo PI: 3.1492929292929293
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=H7IE=

O

=

T2 AMEdo]H

// p5.3s
function setup() {
createCanvas (340, 360);

}

let m=10; // OftH

let r=300; // BtX|E

let v=r*r/100; // draw() & && 2=

let t=0; // 2= & i

let c=0; // &XE & & =+

/7 HE E ' NT eg

let d=Array.from(Array(r), () => new Array(r).fill(0))
let xt, yt, PI_t;

function draw() {
background(255);
fill(oe);

for(var i=1; i<=v; i++) {
xt = Math.floor(Math.random()*r);
yt = Math.floor(Math.random()*r);
t++; // B M= S

if(xt*xt + yt¥yt < r¥r) { // FXE AZQA}?

dxt][yt]=1;

c++; /) FHE AF B St
}
else

dxt][yt]=2;

/7 8 287
for(var i=0; i<r; i++) {
for(var j=0; j<r; j++) {
if(d[i][j]==1) stroke('#ffo000"');
else if(d[i][j]==2) stroke('#008000");
else stroke('#ffffff')
point(m+i, m+j)

text("Total="+t, m, m+r+15);
text("Count="+c, m+100, m+r+15);

PI t = 4*c/t;

text("Monte Carlo PI: " + PI_t, m, m+r+35);

233







o HiX|

|.

]

FA

HR K]

F A
~

jol’

<

Klo

joll

o
(OLN

<

joll

= HiE| (7HRI K] 7))

o0
0

.

7C:>I

ME siZct’| &=

=
(L

AlZE LH O

<
S .o
.mm_ =] o3
10
~O o i
<l

0ol m 3
o H "
Kr K{ %O <r
LII_ . N —
935 jo R
o — 3 ol
S oun

1|
KO K&
ol & o T
ojn {od oll
Moo &
Ho © o
+ KID ]
S{nT] o)
wd _
. on 2
1ol AN
o X "
e 1l
g m
Il O] o
__ ol

< &0 o o
S _ N R
TR .
=R o
wd Jo LAmw ._
= I
k] wo ol H

oA X<l

EFAH
| |

235



ml
ol

=X

1|
U
mal
ol
ol

<
0

jo0d

(Eh 1 <= n <= 10,000,000,000(1009}))

ml

Kl

=0{ nO| 100|2tH,

Ol =

109] &%= 1, 2,5 100|BE2 JS}10X}

=5 0

18

213 0
10

} 180]

—
(®)
—

g

2 14+2+5+ 102

Zt
HA

1T
o

S 7H0] Of 2

= 7| =20

=
-

®)

X~
-

| HitHo =

o -d—
Holl 22|
Zl L.

Ale!

il
|2t

ol

=
A

236



cte =0

#include <stdio.h>

long long n;

long long solve() {
long long ans=0;

for(long long i=1; i<=n; i++) {

//nO] iZ LIF0f EOX|H is no| f0|Ct

if(n%i==0)
ans+=1i;

}

return ans;

}

int main() {
scanf("%11d", &n);
printf("%11d\n", solve());
return 0;

9| &
« 7}

- O] 2A2FALE= 18H ntX|2 2& ¥
~52 S, BAM OjdQl = 7t n
O| Qb4 H X|&l= HiAlO = XIBHE|C}

o [I2LA] A AtZES O(n)O| L}

« Ol A= no| Z[SHZ(0] 10040|E =
Of o == HE B2 A[ZHO] A&
Ct.

o IEtM BHME G S HiASHOF & ER7t
UL,
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OE
=
- LIL%E{
1) Hi M| E ?Ieh +=2t™ OfO|C|0f 1

2= XNtA=E n0| CHSH 1 0 n 2 2hat

n 2| 2k=0|LC}.

ex) 109] == ex) 162| ==

12,5 10 1.2, 4, 8 16

if(n % i==0)
ans+=1i;

for(int i=2; i<n; i++) {

=
NS,
2) BN E {ot +==tA OI0|C| 2
E XY= nof CH3HO,
20| 4 nOBHe| XtHZ= T 71
no| A= n2E X =Lt
ex) 109| == ex) 162| ==
1,2, 5, 10 1,2,4,8 16

ans+=1i;

for(int i=2; i<=n/2; i++) {
if(n % i=-0)
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#include <stdio.h>
) HiAIE 918k 435 oto|cjof 3 7 Long long int n;
long long int solve() {
ex) 1@@9| OI:J\ o= —_|-|-o|-7| long long int i, ans = 0;

@1 ~v100=10 zmx| =A}
1, 2, 3, 4, 5,6, 7, 8 9, 10

@ o H'a {1, 2, 5 10}22%H
return ans;

ok AStb {100, 50, 20, 10} T }
int main() {
® %4 orEB {1,2,5,10,20,50,100} scanf("%11d", &n);
printf("%11ld\n", solve());
return 0;
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#include <stdio.h>
int main() {
bool is prime(int k) { int nth; // 2 B
int cnt = 0; scanf("%d", &nth);
for(int i=1; i<=k; i++)
if(k%i==0) // ko| 29| Z== cntS oLt int prime_cnt=0;
cnt++; int n=2;
while(true) {
9:!0|9| X2 7} AXIH ko] QFA = if(is_prime(n)) //2==0|H cntS7t
7< - HH rime cnt++;
|- HO|_H:|- O—I |_27H T'__OI:I) // ’;‘53—'”%?% HJMH Olcﬂ
if(cnt==2) if(prime_cnt == nth)
return true; break;
else n++;
return false; }
} printf("%d", n);
}
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bool is prime(int k) {
int cnt = 9;
for(int i=1; i<=k; i++) {
if(k%i==0) cnt++;
if(cnt > 2)
break;

}

return (cnt==2);

HiX| £ et =<tA™ OfO|LC|0] 2
Aolo| RtAH k7t &=l FZF [2, k-1]
A == EMSHA] =Lt

bool is prime(int k) {
for(int i=2; i<k; i++) {
//2~ k-1AIO| ==Xt2 Lt5+0f ZO|X[H,
/] =, A7t EXSHH
if(k%i==0)
return false;

}

return true;
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-] *F #include <stdio.h>
' bool is_prime(int k) { |
3) HHX-”% _CI)_l'olj- _JIE'Q!-I_‘! O|—O| |:|O-| 3 for(int i=2; i*i<=k; i++) {
i if(k%i==0)
kol ofg 77| YSiME _ mpR|gH |, e
7'|A|'O|-E E|_|L__|- return true;
Y
bool is prime(int k) { i”twarﬂih{
——————————— ] int nth;
fOP(lnt i=2; 1 P 1++) { scanf("%d", &nth);
if(k%i==0 )
int prime_cnt=0;
return false; int n=2;
} while(true) {

if(is_prime(n))
prime_cnt++;

} if(prime_cnt == nth)
break;

N++;

return true;

}
printf("%d\n\n", n);
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- L
AL 1L C —_—
. I‘_r_f—.': EO| (QJ) '%7|'
#include <stdio.h> . 3y O 7 J :
o(n) 2l At g 126 11 3 5]
A 153 162 [171
int main(void) { =T [ 2 5] %2 31% [2 43
: . L= . 26 1] [315 [324
?"E o = d48 iy 35 1] 141 4]
int cnt=0; — = 432 [441] [513
L] [4 3 7]
scanf("%d", &n); Of Z&E [E51] 612 [621]
for(int a=1; a<=n; a++) o AMZIS] Or=7| found 28
for(int b=1; b<=n; b++) B L
’ ’ 7t =7tsot 4
for(int c=1; c<=n; c++) { E_':? = =
if(a+b+c==n) { Ol =g

printf("[%d %d %d]\t", a, b, c);
cnt++;
// 570 =8 Mot & LWE
if(cnt%5 == @) puts("");

}

}
printf("\nfound %d\n", cnt);
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» Z0|
e SUSH ZO| W XA
a < b<c¢
. A24sio| £
catb>c¢
atbtc=mn

M-7I-§|.I:|- n}%yl

= 1 e L.

~
« HEF 22| F

#include <stdio.h>
int n;
int solve() {
int cnt = 0;
scanf("%d", &n);

for(int a=1; a<=n; a++)
for(int b=a; b<=n; b++)
for(int c=b; c<=n; c++ )
if(a+b+c==n && a+b>cC)
cnt++;
return cnt;

int main() {
printf("%d\n", solve());

247




olC} O
R
» 1A
1) HiXS 22 ==t5 OtO| | 0] 1
=d 207t n2l HH¥S a b Z0|7t
HOHRIB B2 n-(a+b) AAOE T 2 ULt

for(int a=1; a<=n; a++)
for(int b=a; b<=n; b++) {

int c=n-(a+b); // a+b+c=n
if(b<=c && a+b>c) // a<b= 0|0
cnt++;

2 Oq

HERETEOM3) HA O(n?) 2 &

=Lt

2) HiNE et +=32tA OFO|C| 0] 2
=d 7t n@ MZHO Zt Ho ZO|E
QEKX+o=Z MEHSH ZUE a, b, c 2t &
0, Cte =4S Qt=3HCt
n n n
| <ce<|,1<a<|-]
3 2 3

for(int c=n/3; c<=n/2; c++)
for(int a=1; a<=n/3; a++) {
int b=n-(a+c);
if(a+b>c && (a<=b && b<=c))
cnt++;
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ok &

time_space_table:

/1030/sample.
/1030/testol.
/1030/test02.
/1030/testO3.
/1030/testo4.
/1030/testO5.
/1030/test06.
/1030/testo7.
/1030/test08.
/1030/test09.
/1030/testl0.

mem=0k
mem=0Kk
mem=0k
mem=0Kk
mem=0k
mem=0k
mem=0k
mem=0k
mem=0k
mem=0Kk
mem=0Kk

time=3ms
time=2ms
time=2ms
time=3ms
time=3ms
time=11ms
time=38ms
time=149ms
time=355ms
time=586ms
time=925ms

) HiAES

=7|

F

rOI-

A
T

'6FI
o

OtO[C| O] 2

time_space_table:

/1030/sample.
/1030/testOl.1
/1030/test02.1
/1030/test03.1
/1030/test0o4.1
/1030/test05.1
/1030/test06.1
/1030/test07.1
/1030/test08.1
/1030/test09.1
/1030/test10.1

in
in
in
in
in
in
in
in
in
in
in

:AC
:AC
:AC
:AC
:AC
:AC
:AC
:AC
:AC
:AC
:AC

mem=0k
mem=0k
mem=0k
mem=0k
mem=0k
mem=0k
mem=0k
mem=0k
mem=0k
mem=0k
mem=0k

time=2ms
time=2ms
time=2ms
time=3ms
time=3ms
time=4ms
time=7ms
time=19ms
time=40ms
time=68ms
time=107ms
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C++

ios_base

istream ostream

lostream

JEE

= jostream
- cout AiN|: CIYSt HO|EHE E&HS= 4
MEEZE c++0AM O2] o=l =8 AE
=2 LIEILf= 2K

« cin ZH: TS HO|ES YEwre o
A EIS co+0Af Dl2| FolE Y AE
US LtERHS 243

L COI0] EE UZ 340t KHO|H

. AHQ) GIAKL < O FF QUMK 5> 7t H
O|Ejo| S22 LtEHHDR EBH

. cor BE UEY AHE Y3 [ojEQ
FHlg AHSOR WEAIAFDZ [ H
2|5t Qi
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C++ YEH

= cout 2AIE =4 = namespace A|H
#include <iostream> #include <iostream>
#include <string> #include <string>
using namespace std;
int main() {
std::cout << "hello, world!" << std::endl; int main() {
std::string s = "what's up?"; cout << "hello, world!" << endl;
std::cout << s; string s = "what's up?";
return 0; cout << s;
} return 0;
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= cout O] EtR Ats =9 oy S XE 29

##tinclude <iostream> #include <iostream>

#include <string> using namespace std;

using namespace std; . .
int main(){

double x = 3.1234567;
int main() { double y = 123456789.123456789;
char c = 'A"; cout << x << endl;
int n = 100; cout << y << endl << endl;
double p = 3.1415926535; o
string s = "Hello"; cout.precision(6);

cout << X << endl;
cout << y << endl << endl;

cout << c <« << n << endl;

cout << "pi = " << p << endl; cout << fixed;
cout << s << "\n"; cout.precision(3);
} cout << X << endl;

cout << y << endl << endl;

cout.precision(6);
cout << X << endl;
cout << y << endl;
} 252




C++ YEH

e cinZ 0|83 Q22

“cing O|8¢%h =1

##include <iostream> :':.-EJ ﬂ_IH "':'3 ? A
#include <string>

_ | 7|7 180
using namespace std; 22372 79.12
=

int main() { EJIE%TE“‘
char C; i .
int n; ?EI ] 50
double p. =5 A :79.12
string s; GI % - Tom

Cou-t << n -Cl)-d OH _64 ? LIS
cin >> c;

cout << "7Z[? ";
cin >> n;

cout << "BFEA? ";
cin >> p;

cout << "O|E? ";
cin >> s;

cout << "EWH " << c << endl;

cout << "7| :" << n << endl;
cout << "EHFEA:" << p << endl;
cout << "O|& :" << s << endl;

R |

—

#include <iostream>
#include <string>
using namespace std;

int main() {
string s;
while (true) {
cin >> s;
cout << "word

i'm super man
word : i'm
word : super
word : man

<< s << endl;
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" cin.getline()

#include <iostream>
using namespace std;

int main() {
char a[100], b[100], c[100];

SEA L

// getline €= HIHO| AE] ZLoix
cin.getline(b, 100);
cin.getline(c, 100);
cout << "a: "
llb: n

cout << "c:

<< a << endl;
<< b << endl;
<< € << endl;

cout <«

return 0;

Tom
Nancy
a: Tom

c: Nancy

cin >> a; // cina HIHO| QUE7} O

* cin.ignore()

#include <iostream>
using namespace std;

int main() {
char a[100], b[100], c[100];

cin.ignore(); // = HIj HS7|
// getline €= HIHO| AE] ZLolx
cin.getline(b, 100);
cin.getline(c, 100);
cout << "a: "
llb: n

cout << "c:

<< a << endl;
<< b << endl;
<< € << endl;

cout <«

return 0;

Tom
Nancy
Bread

a: Tom
b: Nancy
c: Bread

cin >> a; // cin2 HIHO| QAME{T} HOrUS.
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C++

o]

-

=

H =
=cin ¥4 = cin
/] F=olgt A ;ﬁiﬁg gg #include <iostream> gﬁﬁﬁji gg
#include <iostream> B - using namespace std; R
. A Lol . A TLOI 2 .
using namespace std; E’QE—.ICHHQ- ::g int main() { @gié ::g
int t;
int main() { :'Dt_lﬁﬂi s while (true) { _i_.ﬁﬂ?j >
int t; ':'_'LHD—'E} cout << "TAYH. v, aEHE: 0
while (true) { cin >> t; MOz EHfFMHe
cout << "ZXpQIE. v, ?out <« "%I?—.“—H%: " <<t << "\n\n"; =AgE: 0
cin >> t; lf(!.iln:filé))b{ ke E’gaﬂ.ljé- 2]
cout << "YUHUE: " << t << "\n\n"; ) 1f (t = @) break;
if (t == 0) break; else {
} cout << "MOZE YHNFTME" << endl << endl;
} cin.clear(); // Eeld=5S =7(= ot
cin.ignore(100, '\n'); // HWAZAZF L= Off 7FA] FA[SHC
}
}
}
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« NS Felet A Of

##include <stdio.h>

struct circle {
int x, y; // ®2
double r; // &2

>

Rl

T oM
0
o oX

s

int main() {
circle c1 = {1, 2, 5.2};
printf("(%d, %d) %g", cl.x, cl.y, cl.r);
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« TEK| EAL

TN

#tinclude <stdio.h>

struct circle {
int x, y; // &2
double r; // ¥

s

rT oM
0=
o ox

Rl

int main() {
circle c1 {1, 2, 5.2};
circle c2 cl;
printf("(%d, %d) %g\n", cl.x, cl.y,
printf("(%d, %d) %g\n", c2.x, c2.y,

cl.r);
c2.r);

 PENO| B4

CHI
[

H

#include <iostream>
#include <string>
using namespace std;

struct student {
int hak, ban, bun;
string name;
void output() {

}s

int main() {

student s1;

cout << "StE: ",
cin »>> sl.hak;
cout << "Bt ",
cin >> sl.ban;
cout << "HiZ: ",
cin >> sl.bun;
cout << "O|&: ";
cin >> sl.name;
sl.output();

cout << endl << hak << ban << bun <«

stE: 1

gk, 2

Hs: 30
Ol&5: 243
1238 EZ =
" " << name;




STL
(Standard Template Library)



For_each algorithm
Element count
Extremum
Searching element | Non-modifying algorithm

Range comparison
InWoﬁ range 1
Copying element
Moving element
Swapping element | Modifying algorithm

Assigning value ‘
Replacing element

Removing some elements , )
Removing algorithm

Removing repeated elements |

Reversing
Rotating

Permuting |
Sl i) Mutating algorithm

Shuffiing |

Moving to the Front
Partition into subranges

Sorting all elements

Partial sorting |
—~ o { Sorting algorithm

Sorting from n |
Heap increment
Searching element

Sorted-range algorithm

Merging element

Numeric algorithm

{ Algorithm J

2lo|o| Etelo]
AN g B

\ Container l

[ STL components

’ Iterator l

ZiE) 0| Lo
HEE g0
Mot YRE

Ordered set array
vector
Sequential container ' dequ;
| list
Sorted set . Forward_list
= -

| multiset
| map

- multimap
unsorted_set

unsorted_multiset
Unordered container |
- 1 unsorted_map

Associative container

Unordered set

unsorted_multimap

stack
Special container -| queue

f priority queue

operator !=
operator =
operator *
operator ==
Basic operations begin()
end()
operator ++
cbegin()
cend()
Forward iterator
Bidirectional iterator
Category ' Random access iterator

QIE{T| 0| £ H| S

Input iterator
_ Output iterator 259
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1) ZAH|0| 4 (container)

» AHO| 2 dsHu

o
Persistent
Container Insertion Access Erase Find Iterator
: Back: O(1) or O(n) Back: O(1) Sorted: O(log n)
vector / elring Other: O(n) ©(1) Other: O(n) Other: O(n) No
Back/Front: O(1) Back/Front: O(1) Sorted: O(log n) ;
deils Other: O(n) o) Other: O(n) Other: O(n) Pointers only
Back/Front: O(1)  |Back/Front: O(1) g0y /Front: o(1)
‘ : iy i With iterator: iy ]
list / forward_list |With iterator: O(1) O(1 ' With iterator: O(1) O(n) Yes
Index: O(n) InEiF,?:-:: O(n) Index: O(n)
set / map O(log n) - O(log n) O(log n) Yes

unordered set/
unordered map

O(1) or O(n)

O(1) or O(n)

O(1) or O(n)

O(1) or O(n)

Pointers only

priority_queue

Oflog n)

O(1)

Oflog n)
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2) Bt= X} (interator)

ot 245 7t2[7|= 44

i

« ZdE|O|L{o| LELL 249| EfQa}

i

o TrT

Ato| B2

Hr

7

]

50
zll

==

o TrT

N IS PN RS

—t
&

W RNl

oA

g
(@)

At

1

10
3

Hr

o4

100

-LL

o0

AtO[Ct,

tset

S
(=]

262



OF =
E-TI—E =
= = o " L OO & o BLA D -
AHOIHE E12[&s ol s&AZ|=0 28t B2 & M
N = = —~
STL €12[&dr eV A& Br=5XtE S 7AHo|Ho HEA|ZICT
~N ~
gi2|F FF
23 HE B4
017 ot na|= ZAHO|H & HESHA| o, AH[O[H2| X|'"S&l  #include <algorihth>
L= <l = .
== HL0AM 578 HIO|HE §7[CF St= E2[S find(), for_each()
S ot a|s ZAHIO|HE HEB5HA| o, ZAH 0|2 X|HE  #include <algorihth>
il e =1 S L =
e = = HROAM 20| 4TS HEY = A= €12[E  copy(), swap(), transform()
= #include <algorihth>
sz otngx  CEIOIHS XITE Welol a0l BHees [T S e
o= 21 (=] 5"|E-||O||.jE |:|:|7 _(I)_l-i OI'_TI_E.lz sor ()J stable_sor ()J
= e = = binary search()
Ax| 2Ta|= STLOI A KotK| &1 C++2t0|EF 2|2 =&/  #include <numeric>
T = = ks gigEe= Axl&ll &= RIS ArE accumulate()
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STL Container

Standard Template Library '] Array

2. Vector

3. Deque (Double Ended Queue)
4. Queue

5. Heap (Priority Queue)
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Standard Sequence Containers Overview

array<T,size>

vector<T:

deque<T>

list<T>

forward list<T>

1123|456

fixed-size contiguous array

vi—|1l[2(3[4|5]|6

dynamic contiguous array; amortized O(1) growth strategy;
C++'s "default” container

d—|1|2 834|546

double-ended queue; fast insert/erase at both ends

doubly-linked list; O(1) insert, erase & splicing;

in practice often slower than vector

(A= Lz Ha5He} o

singly-linked list; O(1) insert, erase & splicing; needs less memory than
list; in practice often slower than vector
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array 71E|0]| L

std::array = 28E 379 HIEZ S0 Q= AH|0|L 0O|C,

0] #HH|0|H{= OfX|] C HHM| S| BHE Q! Tin] 2f H|==5tA &H=5t=0], 6lE A CHIZ HE {1}
Eof| £7|5} & £ USLICH (M std::array<int, 3> a = {1,2,3} ). Ct2t $t 7tx] xjo|H
C BHE = Ci2A| BHEL| 0|§0| T+ = Ats gz 5| X] ZSLICt

Lo

Mo

std::array 2 SoiM 71Z9| C HIET 22 HEIS QAIBIHA (US| =7t QIELICH, C++ Ol %71
S BH2RIZIEIR], T HARE 52 AFBE 4 UBLICL (5 <algorithm> Of HOIH #4258

=
std::array OHlX AF2E 4= QICH= o|o] @JL|C

EN=2 3717109 std::arra

y 2| & N 0|
O|H, front() L} back() 8 &Y A| 1 b= HO|g|X| Z&LICt (Undefined behavior).

g A2l std:iarray &= N 7He] 22 EIRS] HAEE S UE tuple Ol2f EAIEH HUlCH,

gh=x 239
std::array 2| BISXh= BHE A7t 20iU= S2 B Z 283t 5|X| gLICh O2F swap =0,
7|1 &S| H=X7 22 RIXIE AL 7i2]7| 2 I8 2 T E s 7122 + & AsLICL
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array ?j E‘" OI L:I m at, operator{]

#include <array>

#include <iostream>

m EH cél %Al_l'xr (Opr'at()r':) using namespace std;

BHE2| ZfZte| A A-=0f| cHel thel HLAtS S SeLITH 2 A 2ol

int main() {
array<int, 6> data = {1, 2, 4, 5, 5, 6};
// Set element 1
data[1] = 88; // BA 4AAF ot

std::array<int, 3 11, 2, 31 // Read element 2
std: ;array<int, 3> b; o
YIS ' cout << "QIEIA 2 Of X|BE RA ¢ " << data.at(2) << '\n';
i n H Ao _ " . 1 ',
try {
7 ElL|C}, HHHOYY| C B g HS data.at(7) = 678; // ©-base 7'" elements
} catch (out of range const& ex) {
cout << "Of|Q M . " << ex.what() << '\n';

}

int arr[3] {1, 2, 3}; // Print final values

int b[3]; cout << "data:";
for(int elem : data)

b = arr; cout << " " << elem;
cout << '\n';
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vector container

= vectorl| £% = vector2| M
- A7|= HrE = Us =X AH 0[S vector<At2 3> H$O,
. 7FHZO| HiZo|2tn AMZHSIH 4| vector<At2d> HEH = { 7|5t 1
L S QX0 A0 HEA YA IS
. BIE{Of QYA T} AFOIE| T ALK =l Off [o}a} vector<int> vi; // int§ < 9HH
A=oz 37| AHE vector<double> v2; //double= E+ HlH

e #include <vector> EQ
« TR AHE A

- T2 @O E0| g, 0N <
A0 ANV =2 Tt 470
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vector container

= vectorl| AFE OA|

#include <stdio.h>
#include <vector>
using namespace std;

int main() {

vector<int> v = {2, 4, 5}; HIE v A4 8 27|35t

v.push_back(6); O OFX|2H0 6 & R

v.pop_back(); O Opx|eh A KA

v[1] = 3; 1H 2IA 302 I

printf("%d\n", v[2]); prints 5 2 QlElA Rl =3

for(int x: v) printf("%d ", x); prints 2 3 5 HEQ| RE RAAE &25IHM =
v.reserve(8); HIEO SHEE M2l g7tezE X
v.resize(5, 0); HIEo| 37| s2 XHESI O E K&
printf("\n%d\n", v.capacity()); HE 7t XKt S B

printf("%d\n", v.size()); HEOl A7 =4
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vector container

= vectorl| HAE

v.back() : ve| OX[T} AAE FZRGHC},
v.front() : ve| A HR| ALEFE FRSHC}
v.begin() of AZZE 7tE|7|= Bt=EAE g
StotCt,

v.end() : ve| 2 7Ig|7|& HI=XIE gratol
Ct.

ve| 0]
v.pop_back() : OFX[2F AF M AL},

v.size() : vHIEQ[ RO I E2|H, Zf2
unsigned int”7} L& (E= ZHO[H7} ZHE

-t

%I'—r)

v.push_back(x) :

v.resize(n) : ve| A7[E n2=E HZSI

gEe stts 7I=UlzE =7

ok

v.resize(n, x) : ve| A7|E neE HZSIL

Y= U9 US x2 =7[=t

v.capacity() : &XA ZEE HZ2 Z7tel A

ot Ch =
7|(vector':.'_PO| JIX|D Qe st

.insert(p, x) : pZt Zt2[Z|= SIX[O] x
[e]

HI% e RTHCE. g MR ®AE JrE)7|s g

N

v.insert(p, n, x) : pZt Zt2l7|= {XI0| n7|

O xtf= I RTICE.

v.insert(p, b, e) : pZI Zt2|7|=
A F7Hb, e) BAE A RITSC.
ve| B0 xE F7IetCt
v.pop_back() : OpX|Er RAAE K AHSHCE.
HE=AHE 77l 4

IX|of et
v.push back(x) :
v.earase(iterator)

K&

v.clear() : vo| 2& RAXE HNAHSTICE.
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vector container

v[0]:/3 1
@) A= o P v[1]:/12 15
1A HEBHO| =3 V6297  2AHA HHE Q| =3 V2l 6
#include <stdio.h> b 29 7 #include <stdio.h> 3 1
#include <vector> 6297 #include <vector> 2195
using namespace std; using namespace std; b
int main() { int main() {
vector <int> v = {6, 2, 9, 7}; // HIE Q0| HIHE HESt= HE|
/ /281 vector<vector<int>> v =
for(int i=0; i<v.size(); i++) { { {3, 1}, {2, 1, 5}, {6} };
printf("%d ", v[i]); // | v[o] v[1] v[2]
} for(int i=0; i<v.size(); i++) {
putchar('\n"); for(int j : v[i])
//EE2 printf("%d ", Jj);
for(int 1 : v) { putchar('\n");
printf("%d ", i); }
} }
}
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#include <vector> op hackingcpp.com

Construct A New Vector Object Typical Memory Layout . Obtain Iterators 0(1) Random v.begin()  v.end()

tor<int> v1{2,9,1,8,5,4} > 8 5 4| ity() » 5 — ] Incrementing |
FREESEEIHE EEEEEE | copacityO - I 2 2
e /_)Ly l.begin() > @first | B

vector<int> v2 (begin(v1l)+3,end(vl)) =» -size()~3 dl\llnant"i(j\ny b end() > @Olne_bEhi"d_laSt SR . rbeERG
r \ allocate g :

vector <int> v3 (5,3) -»> BBBBB _E contiguous buffer 'basel 0 'bas|e()

vector <int> deep_copy_of_v1 (v1) = |2 +=2 T ++ Obtain Reverse Iterators

| el i

‘ value type deducable from argument type rbegin() > rev@last

i.rend() > rev@one_before_first Tf
| rev@pos |.base()

-:| .empty () -> false
Assign New Content To An Existing Vector | [BIBJB] | .size() 5 5 F .data() > pointer_to_first 7 Avoidexpensive
| memory allocations:
vector<int> vi {8,5,3}; (deep copy from source) -:' .resize(2) -—» .

.reserve capacity before

vector<int> v2 {6,8,1,9}; ; appending / inserting if you
vl = v2; -:I .resize(4,1) — Append Elements 0(1) Amortized Complexity PP v s

new state of v1 know the (approximate)

vector:  w {7,4,2}; // vector<int> Query/Change Size (= Number of Elements)

resize B, 1) =+
- = _ —p _ -:\ resize(6,1) -.push_back(7) i numbe.rofelementstobe
storedin advance!
[B]5]3]. assign({4,1,3,5}) — [4]1]3]5] [BI5[5] |- clear ) — [EEET

[8]5]3] . assign (2, 1) — EE Query/Grow Capactiy (= Memory BufferSize) | |nsert Elements at Arbitrary Positions O(n) Worst Case
[8]5]3] . assign (@IsBeg;@I"Egd) — [2]1]1]2] [B]5]3] |.capacity() > 4 vector<int> v {8,5,3};
BISIS] |- reserve(6) — [BISIE] | 1| | QEBIRD-tnsereegip )

4

Get Element Values (1) fandom Access | Erase Elements 0(n) Worst Case RARSAFEIECER A )
RENs[3] [1] > 8 vector<int> v {4,8,5,6}; -nd [EIEE]. insert (begin(v)+1, 3,7)
BEEE . frot () > 2 EEEE |.porbsck)  — EEE 7|t '
ZEEHE back() > 3 ¥ I .:i.nsert(begin(v)|+1, {6,9,7})
[A]8EFE] - erase(begin(v)+2) —» - - )
Change Element Values .insert (beg1n(v)|+1, @InBegin, @In*End) —_—

* |
EEEE[11=7 — GMEN6] . erase (begin(v)+1, —

begin(v)+3)
BE[E[E]. front () =7 —

i 0(n) Worst C
EEEHR . vack() =7 — Shrink The Capacity S — Insert & Construct Elements in Place (n) Worst Case
vector<pair<string,int>> v {{"a",1},{"w",7}};

Out of Bounds Access Erasing, resizing or clearing will not shrink the capacity!

constructor parameters

= vector<int> v (1024,0); // capacityis at least 1024 _ ﬁjg‘ _
[2]8]5]3] [6] 3 Undefined Behavior Sietaatio): 1 ity bt . emplace_back ("b",4) — {b,4}

Invalid Index!

_ at(6) Throws Exception v.shrink_to_fit(); // mayshrink (not guaranteed) . emplace (begin(v)+1, "z",5) =
. - |

std: :out_of_range v.swap (vector<int>(v)); // shrinksbuthas copy overhead
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deque container

» deque (double ended queue)

« #include <deque> ZER
« UEZ B0 MH L YE 2F A IS

- M2 2|o| ST MHIHOf| Al vectorl|
CHA S 70 M

- O=

L3 BI AR RO B8Nz A

fot

£ T71StAL AA| 7hs
=g
. HIFQl= B RE AT HE22|
40| ASF oz EMSHA AZ F
NS

. AAgjo|L Hm

TOP

Bottom

r'd
N

stack

queue

r'd
N\

N\
r'd

deque
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deque container

Of

 EEE O

o

|l

(02 HEQt= CtEA capacity 2F

reserve 9I&)
32| size E 2|H

of 7H=)

F

[OF

e size :

XN &
* max_size :
esize : O|37} size 7HQ| &
Aot s HE

37 BIR=X M2

[
-5

* empty :

1

J

H3 z[tf 27|15 =8

lam

|_
A=
1=

—
o

A

=8 Xt (Modifier) HAE

assign : O30 FAE EOE=CL.
push_back : H3 20 FxF O
LA =},

push_front : H3Z W™ 0 HAZF &
o E=Cf.

pop_back : OpX[E} ALF XAHTHC}
pop_front : REW ALE HAHTC}
insert : O3 70| |AE F7¢
erase : ®AF A|AHTHCE

swap : L& Wﬂgf% QF W=IoHC}

clear : AAE 25 KNHTHCE.
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deque container

= dequel| ALE Of Al

##tinclude <iostream>
##tinclude <vector>
#include <deque>

using namespace std;

// dg2 R= U&= ==Y

template <typename T>

void print_deque(deque<T>& dq) {
typename deque<T>::iterator itr;
cout << "[ ";

cout << *itr <« ;

}

cout << "]" << endl;

for (itr = dq.begin(); itr != dqg.end(); itr++) {

int main() {

deque<int> d {0, 0, 0};

d.push_back(1);

d.push_front(2);

vector<int> v {3, 4, 5, 6};
d.insert(d.begin(), v.begin(), v.end());
d.pop_front();

d.erase(d.begin()+2, d.begin()+5);
print_deque(d);

for(int x: d) cout << x << 5

34 5 0 AOOAH
E[Ez[elelol1]
BH¢ 2 0 GEH

1
[4[5]e]o]1]
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Construct A New Deque Object
deque <int> d1 {2,9,1,8,5,4}

deque <int> d3 (5,3)
deque <int> deep_copy_of_d1 (d1)

- TR
e — S

deque <int> d2 (begin(di)+3, end(d1)) =» -

- [3]3]3]3]3]
= [2]9]1]8]5]4]

Typical Memory Layout

Note that the ISO standard only specifies the
properties of deque (e.g., constant-time
insert at both ends) but not how that should
be implementd.

dynamically allocated
contiguouschunks

value type deducable from argument type

deque dd {7,4,2}; // deque<int>

deque object

Assign New Content To An Existing Deque

(deep copy from source)

deque<int> d1 {8,5,3};
deque<int> d2 {6,8,1,9};
di = dz2;

= [6]8]1]9]
.assign({4,1,3,5})
.assign (2, 1)

new state of d1
— [e[8]1]9]
— [4]1]3]5]
— [z
.assign (@I*nBeg,@InEsd) e _
container

Get Element Values

REIEE] [1] > 8
.fr'ont() 2> 2
[2][e[5H) .back() > 3

Change Element Values
EEIsE][1] = 7

EXETET5]. front() = 7
[2T8[SHEN - back () =7

Out of Bounds Access

[2]e1515] [e]

Invalid Index!

Throws Exception
_ -at(6) = std: :out_of_range

0(1) Random Access

2% Undefined Behavior

Query Size (= Number of Elements) o)
-.empty() - false
- .size() > 3
Change Size

-. resize(2)

-. resize(4,1)
-. resize(6,1)
-.clear()

O(|n — newSize|)

[8]5]

111

Erase Elements At The Ends

RIS - pop_back ()
EETSTEL - pop_front )

Erase Elements At Arbitrary Positions

deque <int> d {4,8,5,6}; 0(n) Worst Case

Complexity

hd
.erase( begin(d)|+2) — [4]8]s]

d |
.erase ( begin(d)+1l, =—»
| S

begin(d)+3)

#include <deque>

/pp’ hackingcpp.com

Obtain Iterators (1) Random

Incrementing

d.begin() d.end()

++5+=2

e T I
EIET2[3] -begin() > @first
_ .end() - (@one_behind_last

- © I

d.rend()
.base()

d.rbegin()
.base()

... Obtain Reverse Iterators

| @pos = rev@pos .base() -1
.rbegin() > rev@last

|.rend () 2> rev@one before first
|

4+
revi@pos | .base()

Append Elements o(1)
[BISIS] . push_back(7)  —
Prepend Elements o)

[BIS]3]. push_front(7) —»
Insert Elements at Arbitrary Positions O(n) Worst Case
deque <int> d {8,5,3};

.insert(begin(d)|+1, 7)
1

-.insert(begin(d)|+1, 3,7)

source container

Insert & Construct Elements in Place 0(n) Worst Case

deque <pair<string,int>> d {{"a",1},{"w",7}};

constructor parameters
G - emplace back (0",4) | —
FEEITY) - ewplace_front ("c",6)  —

.emplace(begin(d)i—l,"z“,5) —
1

277



STL iterator

Standard Template Library 1. vector01| 7&‘! _g_ O:” A‘

2178



vector pop_back)|
/endO
H I- -

STI_ J%x (Ite rato r) 1 2 3 4 5 6 ] push_back()
A0 MM MA (BF=EXe &) e "

#include <iostream> cout << "N& HE HE|" << endl; = BIE| A) |

#include <vectors print_elements(v.begin(), v.end()); [ TJQ-Eéad 538 ]

using namespace std; . . . insert() 0|=

N L v.insert(v.begin()+6, 1); [ 12345632 1 ]
// AHO|HS| S/ WE=S ErR0 230 &3 v.insert(v.begin()+6, 2); 210 2 ol A= ALHl
template <typename Iter> v.insert(v.begin()+6, 3); [ 1345631 ]

void print_elements(Iter begin, Iter end) {
cout << "[ ";
while (begin != end) {
cout << *begin << " ";
begin++;
}

cout << "]" << endl;

}

int main() {
// index
vector <int> v =

,1,2,3,4,5,6,7,8,9
{ 1)2)3J4)5)6 };

cout << "insert() O|F " << endl;
print_elements(v.begin(), v.end());

cout << "#f0| 2 QI AAE A" << endl;

for(int i=0; i<v.size(); i++) {
if(v[i] 2) A
v.erase(v.begin() + 1i);
/718 oA QAT AR 5L
i--; //38iM 1§ H2A[FHOF .
}
}

print_elements(v.begin(), v.end());

f

820 ¥2=

o

o
N
na}
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STL algorithm

Standard Template Library 1. sort
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STL € 112|F sort (primitive type)

= 7|2 OOl EIY sort OA|

#include <iostream>
#include <array>
#include <vector>
#include <deque>
#include <algorithm>
using namespace std;

template <typename Iter>

void print_elements(Iter begin, Iter end) {
cout << "[ ";
while (begin != end) {

cout << *begin << " ";
begin++;
cout << " ]" << endl;

bool asc_order (int a, int b) { return a<b; }
bool desc _order(int a, int b) { return a>b; }

int main() {
int ary[] = { 5,3,1,2,4,3,7 };
cout << "initial array sequence\n";
print_elements(begin(ary), end(ary));

vector<int> vec(begin(ary), end(ary));
cout << "initial vector sequence\n";
print_elements(vec.begin(), vec.end());

cout << "vector sort\n"; //////////////'
sort(vec.begin(), vec.end());
print_elements(vec.begin(), vec.end());

cout << "vector sort by asc_order()\n";
sort(vec.begin(), vec.end(), asc_order);
print_elements(vec.begin(), vec.end());

cout << "deque sort by desc_order()\n";
sort(vec.begin(), vec.end(), desc_order);
print_elements(vec.begin(), vec.end());

initial array sequence

[5312u437 ]

initial vector sequence

[5312u437 ]

vector sort

[1233uUu57 1]

vector sort by asc_order()

[1233457 1]

deque sort by desc_order()
7543321 ]
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s J| &2

STL

—

HOlE ErE

sort O Al

2 112|F sort (primitive type)

#include <iostream>
#include <array>
#include <vector>
#include <deque>
#include <algorithm>
using namespace std;

template <typename Iter>

void print_elements(Iter begin, Iter end) {

cout << "[ ";

while (begin != end) {
cout << *begin <«
begin++;

}

cout <«

1" << endl;

int main() {

J

int ary[] = { 5,3,1,2,4,3,7 };
cout << "initial array sequence\n";
print_elements(begin(ary), end(ary));

vector<int> vec(begin(ary), end(ary));
cout << "initial vector sequence\n";
print_elements(vec.begin(), vec.end());

cout << "vector sort by iterator\n”;
sort(vec.begin(), vec.end());

initial array sequence
print_elements(vec.begin(), vec. [5312437

initial vector sequence

[5312437]
cout << "vector sort by reverse iterator\n“;_ |vector sort by iterator
sort(vec.rbegin(), vec.rend()); Eelt%rgsgri EyTreverse itera
print_elements(vec.begin(), vec.end()); [ 7543321]

initial deque sequence

. . [ 5312437

deque<int> deq(begin(ary), end(ary)); deque sort by less<int>()
cout << "initial deque sequence\n"; ﬁ 123 3t4b5 7 ter<int>0
print_elements(deq.begin(), deq.end()); [egug 305 9 g ?rea eretn

cout << "deque sort by less<int>()\n";
sort(deq.begin(), deq.end(), less<int>());
print_elements(deq.begin(), deq.end());

cout << "deque sort by greater<int>()\n";
sort(deq.begin(), deq.end(), greater<int>())j;
print_elements(deq.begin(), deq.end());
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STL €11 2|& sort (custom type)

« AFEAL Z2| EFR sort OfAl

#include <iostream>
#include <vector>
#include <algorithm>
using namespace std;

struct noco {
int node;
int cost;

s

template <typename Iter>
void print_elements(Iter begin,
while (begin != end) {
cout << *begin << "\n";
begin++;

}

Iter end) {

ostream& operator<<(ostream& os, const noco& nc) {

0s << '"(' << nc.node << ", << nc.cost << ")"';
return os;

}

int main() {
vector<noco> nc; (1
nc.push_back({1, 90}); (2:
nc.push_back({2, 80}); (3’
nc.push_back({3, 70}); (4,
nc.push_back({4, 60}); (3,
nc.push_back({3, 75}); (3,
nc.push_back({3, 85}); (4=
nc.push_back({4, 85}); (4’

nc.push_back({4, 65});

// sort() &S ALESHE{SIH,

/] < HLXTE ZOlE|X| HR/UACH=E O 27F He
//sort(nc.begin(), nc.end());
print_elements(nc.begin(), nc.end());

0=
Ok

FC},

90)
80)
70)
60)
75)
85)
85)
65)




STL €11 2|F sort (custom type) cont.

« AFEAL Z2| EFR sort OfAl

#include <iostream>
#include <vector>
#include <algorithm>
using namespace std;

struct noco {
int node;
int cost;

//noco(int node, int cost) : node(node), cost(cost) {}
//sort() &7t AMES < AMXLE ™olTiCt,
bool operator<(const noco& nc) {
if(cost != nc.cost) // cost’/} CI=EEH,
return cost > nc.cost; // cost LHEXtE
else // cost/7t Z£2 M,

return node > nc.node; // node LHiZE X}

}s

int main() {
vector<noco> nc;
nc.push_back({1,
nc.push_back({2,
nc.push_back({3,
nc.push_back({4,
nc.push_back({3,
nc.push_back({3,
nc.push_back({4,
nc.push_back({4,

sort(nc.begin(),

print_elements(nc.begin(), nc.end());

90});
80});
70});
60});
75});
85});
85});
65});

nc.end());

. 90)
. 80)
. 10)

60)

. 19)
. 89)

85)

. B5)

285




queue container

= Queue

« HEXQl FIFO(First In First Out)
T

g o

Back Front

Dequeue
Enqueue
o = I

 push, pop, empty, front, back

= A AR O

#include <stdio.h>
#include <queue>
using namespace std;

int main(void) {
queue<int> q;

q.push(1); q.push(2);
g.push(10); g.push(20);

while(!qg.empty()) {
printf("/d\n", g.front());
g.pop(); // &= HA

10
20
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queue container

- Queue®| LIBES #HoIslEH;

#include <stdio.h>
#include <queue>
using namespace std;
// Orefiet €0 |AIES Q2 R0rA ZelotCt,
// pop()= 2=o= wt 7ol WE=0| v 7| =
void output_Q(queue<int> Q) {
printf("Q:[");
while(!Q.empty()) {
printf("%2d ", Q.front());
Q.pop();
}
printf("], ");

int main(void) {
queue<int> qg;

// QO 12H 10AI0] E2+& XHZL.

=
for(int i=1; i<10; i+=2) {
q.push(i);

output_Q(q);
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Ol - '5|O| ==

= H—l STT

YT Bl(heap)2 ' FAQ7IE Kt=x . X|CiEl(Max Heap) : £2 ==9| /0|
At &orZ2 &l 4ol ' 2f= =% SxRA XA L EO] ZHECH 2 &
g2 2 Ol EEl'E T+ El Xtz « Z|AT(Min Heap) :£2 L E9| 4f0
S FEA XA EO| 4rE L 75?% 2l

*2tH 0| I EE|(complete binary tree)ZH?
OFX| 2} 2= Mol 2= 2f| 20| &t 5|
MeAX U= EE|0|Ef.
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€l (heap)

« RootQ| Z¥0| 7%t ALt

« Lot B = MEEZ| O CisiM = £ L.

= Xp= o 7t
1) M2 =55 Ed|o] © Fo| =

2)

3)

Jtotct. (& O|Fl Eg|o| HEHE
T CHED)
F/tel =EoF B2H L EES H[WGL
Of X4 LE=7F ALHH MZ9| 9
X2 HpECH,
2H ’S.*%% F2 LV 0 2 0
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1)

\

/@\.
/® @
® @. .

MaxHeapOi| 502| 22 7t%l L EE 715t = &
E 2|9 M £ 91 139 rightChildZ2 S0{7tA & f

’ @/ ™~
N /
()

\.
/@\

@/ @\
/N /N
O OO ©

500 22 - =90l 131} H| w I},
500 3222 9| X}t2|E HtHFECL.

StOo|Ct, O3H Ol L E=

’ @/ ™~
/

/\ ®\
@

@@.@

At2|S Bt E R Ap2| o] R R = EQl 4494 H| W SHCH £ 5001 A2 2

\
/ /@\
ONENO

t557t A8 2 Xt2|& D™t XFE2 9| F7H7t

ro
(@) ]
(@) ]
ia¢)
o
|=_|
E
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& (heap)
- XF2o| AbR| " AH RS

1) M Fof s =EZ RootAtZ|Z2

/ \ 20 |_|:|_
@ 2) XA £ F ol O & LEQ
Hlwsto XA =E=E74 ko] o 3

/ \ / \ CHH 2X|E HREL.

@ () 3) 2 =

/ o| 2 U§7IK| BtESICE,

@ @.

- A7) AAEE %= © o U=
ROOt-LEI:7|' HH" |E o—CID—I':ll'll-o'” CI:?JI\E"-
« A KM CA| 2| HEE ZF0{0F
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1) 3) @
\

AN /\/ \/@\
/ (") (=)

/A
O O@ ofio

Root'= =7+ b2l &y 20|, O A &| B M0 AH =01 102 RootZ Xt2|2 HFR D CRA| 22
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priority_queue container

N EALSRRS S

* bool empty(); * void push(value type& val);
- HO{QJUS ™ true it « OIS SIREELLE. HWREEHCZ=
« HO|QICH= HS size’} @ O|7|ESH. push_back £ 0|83 & &0l
& L L.

« size type size();
O|AO| J|AE HiSISHL|LC}. * void pop();

d _||;_I__
« WRO A= AAXE AHSLCE.

« HEXOZE pop heap L11EZ|F 1
pop_back &7} O|2L|0] M=%
7 JEIE |fAlgL| ).

* value type& top();

- W RAfUA= HaE FH= S

LIEF(AAMIBsk=A ofgol =2l)
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ot
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priority_queue container

ket Il BN

s min heap(2l2Zh SM)C 2 &f{H;

#include <iostream>

90 49 45 30 22 14 10
#include <queue> max heap C & A58}

using namespace std;

int main() {
priority queue <int> pq;
pq.push(45);
pq.push(99);
pq.push(30);
pq.push(10);
pq.push(49);
pq.push(22);
pq.push(14);

while(!pqg.empty()) {
int t = pqg.top(); pq.pop();

cout << t <« 5

10 14 22 30 45 49 90

min heap 2 £ %5

#tinclude <iostream>
#include <queue>
using namespace std;

int main() {

//priority queue<At= ™, AHX|, H|L ALK}
priority_queue<int, vector<int>, greater<int>> pq;
pg.push(45);

pg.push(90);

pg.push(30);

pg.push(10);

pg.push(49);

pq.push(22);

pg.push(14);

while(!pg.empty()) {
int t = pqg.top(); pqg.pop();

cout << t << 5

} 297




priority_queue container

= operator< QHZE 8iH

OFOF 'nodel B At&=, costL EXIE' O 2 A G2 H?

#include <iostream> [4]
#include <queue> {%%
using namespace std; {g%
[3]
struct noco { [4]
int node; []]

int cost;

// 'costlEXtT, nodelEAXtT' 2 A
bool operator<(noco nc) const {

(09)
(60)
(70)
(79)
(80)
(89)
(89)
(90)

J/cOf M MEQ RE 72 A (2EXE)0Z T

//E0Ae B2 Hih] =2|4E 2[EooF .
if(cost != nc.cost)
return cost > nc.cost; // LEXtE
else
return node > nc.node;

}s

int main() {

priority queue <noco> pq;

Pq.
.push({2,

Pq

Pq.
Pq.
.push({3,

Pq

Pq.
Pq.
Pq.

while(!pqg.empty()) {
pq.top();

}

push({1,

push({3,
push ({4,

push({3,

push({4,
push({4,

noco t

90});
80});
70});
60});
75});
85});
85});
55});

printf("[%d] (%d)\n", t.node, t.cost);
pa.pop();

return 0;
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#include <iostream>
#include <queue>

#include <algorithm>
#include <limits.h>

#define 1llong long long
using namespace std;

struct box {
int w, h;
// box TZNCl EE &Y Fo
bool operator<(const box& b) {
if(h !'= b.h) return h < b.h; //h LEX=
else return w < b.w; //w QLEX=

}
} box[1000000];

int n, k;
llong res=LLONG_MAX, width;

/7 dEE SRSl HE|E 22t o

—_ = o

priority_queue <int> pq;

int main() {

int i;
scanf("%d %d", &n, &k);

for(i=0; i<n; i++)
scanf("%d %d", &box[i].w, &box[i].h);
sort(box, box + n);

for(i=0; i<k-1; i++) { // =07t H2HFH k-1702] HA} HEISHO
width += box[i].w; // UfH| &
pq.push(box[i].w); // LHH| FA|

¥

/K (AHAE k-19) SAREH ORX[SY GAPIEX| oF 0 w2kl 7ie B[ A Lt
for(i=k-1; i<n; i++) {
width += box[i].w; // il &AF HH[ =
pg.push(box[i].w); // il &Ap LHH[ FA|
/1SRl #0| 7|E EAE HE= o 22 HEIOIRRE,
/71 SHFO| HIX|E 2= Xl =0|= box[i].h ELF 2E =510 gICt.
res = min(res, width * box[i].h);
/7 AEE AXF HE|17F b 2 dAF AA
width -= pg.top();
pq.pop();
}
printf("%11d", res);
return 0;
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// Ot2fiet 20| main() &+E oY AHES FH 2AL.

int main() {

int i;
scanf("%d %d", &n, &k);

for(i=0; i<n; i++)
scanf("%d %d", &box[i].w, &box[i].h);
sort(box, box + n);

puts("\ndE 0|=:");
for(i=0; i<n; i++)

printf("(%d,%d)\n", box[i].w, box[i].h);
putchar('\n');

for(i=0; i<k-1; i++) { // &O[7F H2AHEH k-17H2| &X} MEISHO]
width += box[i].w; // UH| &
pq.push(box[i].w); // LHH[ FA|
printf("(%d,%d) ME¥\n", box[i].w, box[i].h);

}

/K (EAE k-19) SALREH ORX[SF SA7HA] of 7H4 Wetsfzinf | AL
for(i=k-1; i<n; i++) {
width += box[i].w; // i &A} HH| F7¢
pq.push(box[i].w); // il A} HH| FA|
/1ERe] =0| 7|E EXE YEE ol 52 HEOIEE,
//7i HEO| HiX|E 2= A2l =0|= box[i].h ELCt 2S5 &0 GiCt.
printf("(%d,%d) =7t MEIA| HH|: %d, S0|: %d\n\n",
box[i].w, box[i].h, width, width*box[i].h);
res = min(res, width * box[i].h);
/] EE R F U7 7t 2 A HA
width -= pqg.top();
printf("7t& 2 oAt HH| %d ®MAH, 21X HH| %d\n", pq.top(), width);
pq.pop();
}
printf("%11d", res);
return 0;
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« Atz E 85k HOHE =X82

= LHEAZ HEIE 2[0|

Array & Limked List

Access A[k] in 0O(1l) time!

>

didddddddano

Access L[k] in O(n) time!

-

-

—

|

X

E
. A
. EXHEA
LR
Sedarcin steps: @
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L O high
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Hif S

- 1178 HiE, A& Hi¥(vector)

2| AE

- HE2[2E, O|3HE, HAEAHE
AE

A EH

—

« ZUMZE(Last In First Out)

« MUAME (First In First Out)

* Double Ended Queue

x
ot
A

=

=

TOP

Bottom

&
Y
—
&
o

H

IIIIIII H

stack

—
ﬂ

NN\

&

queue deque
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H| M1 Z 0| HAN| EHA (DFS vs BFS)
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DFS &8 =% X 1

//EEYD =MUE =Y xE BET| (DFSTEH)
#include <stdio.h>

#include <vector>

using namespace std;

int n, r;
int d[] = {@,1,2,3,4,5,6,7,8,9};

void output(int depth, vector<int>& vec) {
printf("[%d] ", depth);
for(int a : vec)
printf("%d-", a);
printf("\b \n");

void dfs(int depth, vector<int>& v) {

/] &2 e o2HEl0] At o 7|0 A

output(depth, v);

if(depth==r) { // r/ff 25 EUSH,
//output(depth, v);
return; // O ZetX|X| 231 =047}

}

/701 EEE0ANM £Z0| nf2 ZetdE e

for(int i=0; i<n; i++) {
v.push_back(d[i]); // d[i] HE} =,
dfs(depth+1, v); // dfs EfAH XAl
v.pop_back(); // dfs7l B Z=r 5

}

int main() {
// nZHe| TIOIH FOAM r7if &7
scanf("%d %d", &n, &r);
vector<int> v;
dfs(@, v); // depth o0|A r7tX| 7}H EF
return 9;

d[i]XA

Jo%
e
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= = =--H-d
33
- MY 24 » £ARE e
void dfs(int depth, vector<int>& v) { Eg%
Aepth=0 // depthe 22 7|42 oln| (3]
if(depth==r) { // r/lf 25 EASH, Eg%
output(depth, v); [3]
depth=1 return; /) O ZE2X|X| 230 ZO07} E%
} [3]
/701 ZEENN £Z0| 2 ZetdE + Eg%

for(int i=0; i<n; i++) { [3]

// depth BEOAM d[i] U =2,
depth=2 9 Q 9 °p [1] E%

v.push_back(d[i]); (3]
// depth+1 2fI'# dfs A|Zt [3]
dfs(depth+1, v); [3]
/7 dfs() BRED - HEH =

v.pop_back(); [3]
) [3]
[3]
} [3]
[3]
[3]

L

depth=3 (© @@0@ 06 Q0.
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&0l k7t El= =& U=7|

#include <stdio.h>
#include <vector>
#define MAX N 10
using namespace std;

int
int
int

int

n, r, k;
d[MAX_NTJ;
ans = 0;

main() {

scanf("%d", &n);

for(int i=0; i<n; i++) {
scanf("%d", &d[i]);

}
scanf("%d\n%d", &r, 8&k);

vector<int> v;
dfs(0, 0, v);
printf("%d\n", ans);
return 0;

void output(vector<int>& vec) {
for(int a : vec)
printf("%d-", a);
printf("\b \n");

void dfs(int depth, int sum, vector<int>& v) {
if(depth == r) {
if(sum == k) {

//output(v);
ans++;

}

return;

for(int i=0; i<n; i++) {
v.push _back(d[i]);
dfs(depth+1, sum + d[i], Vv);
v.pop_back();

b
L
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L
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DFS =2 = X3k 2 4 3
// B0 =MUE =€ =T UHE7| (DFSTH) void dfs(int depth, vector<int>& v) { g
#include <stdio.h> if(depth==r) { 3
#include <vector> output(depth, v); =3=
using namespace std; return; =3=
¥ El
int n, r; /7 O =ENIN n7lel ER ZEHg T &
int d[] = {¢,1,2,3,4,5,6,7,8,9}; for(int i=0; i<n; i++) { '3'
int used[] = {0,0,0,0,0,0,0,0,0,0}; // Af2 O2= X% if(lused[i]) { El
v.push_back(d[i]); // At&%t =& El
void output(int depth, vector<int>& vec) { used[i] = 1; // AFEIISE HA El
printf("[%d] ", depth); dfs(depth+1, v); 3
for(int a : vec) used[i] = @; // AF2WSHEA| Fa (3]
printf("%d-", a); v.pop_back(); El
print£("\b \n"); } El
} } |3
} |3
3,
int main() { // nZlQ| OIO|H ZOA r7f &E7| |3
scanf("%d %d", &n, &r); =3=
vector<int> v; =3=
dfs(0, v); 3
return 0; -3-
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HS7| I
e
n: FOIT X 7HEC| A4 n
n (1 < n <9)
dq1 d2 Ads . dp di1, d2, +.., dp- 9|'—O'” I—-||_<‘)|__|
. A FE(1 < a; £ 9)
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X} FjE2 & O}

=7| I

#include <stdio.h>
#define MAX N 10
using namespace std;

int n, r;

int d[MAX_N];

int used[MAX_N]; // A& OFE
int cnt2=0, cnt3=0; // B+ 72
void dfs(int depth, int num);

XYoo= HIE
=z

int main() {
scanf("%d", &n);
for(int i=0; i<n; i++) {
scanf("%d", &d[i]);

}

scanf("%d", &r);

dfs(0, 0);
printf("%d\n%d\n", cnt2, cnt3);
return 0;

void dfs(int depth, int num) {
if(depth==r) {
printf("%d %d%d\n", num, num%2==0, num%3==0);
if(num%2==0) cnt2++;
if(num%3==0) cnt3++;
return;

}

// O =EOM nZfe EZ2 ZEtdE #
for(int i=0; i<n; i++) {
if(lused[i]) {
used[i] = 1; // MEIUS= HA|
num = num*10+d[i]; //d[i]E F7
dfs(depth+1, num);
num = (num-d[i])/10; //d[i] F7/ITH2E =&
used[i] = 0; // AFERUS HA| £

rot

Foro] ot
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T

rin

J

1245
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14
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21
24
25
01
42
U5
51
52

o v Ln
=

11
16
01
01
11
e
e
11
01
01
16
11
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#include <iostream>
#include <vector>
#define MAX N 10
using namespace std;

int n, k, cnt=0;

int d[MAX_N];

int used[MAX_N];

int ans=0;

bool dfs(int depth, int num) ;

int main() { // n702| OIO|H SO|AM r7if &7|
cin >> n;
for(int i=0; i<n; i++)
cin >> d[i];
cin >> k;

if(dfs(@, ©)) cout << ans;
return 0;

A Od
_I_

=7| IO

bool dfs(int depth, int num) {

if(depth==n) {
cnt++;
if(cnt == k) {
ans = num;

return true;

for(int i=0; i<n; i++) {
if(lused[i]) {
used[i] = 1;
if(dfs(depth+1, num*10+d[i]))
return true;
used[i] = ©;

}

return false;
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4 3
(1)
sl A0 x3ah [ 5) 0
L o -
DFS = O |_E—|—=l3 (4) 0-1-2
( 5) 0-1-2-3
= [ -+ — ( 6) 0_1_3
//5=RD =M8le =8 g S| void dfs(int start) { ( 7) 0-2
#include <stdio.h> nth++; // 2= 3l 7t ( 8) 0-2-3
#include <vector> output(); 518% (1)3
using namespace std; // 0710 B2 = =22 8 ZF ALt (11) 1-2
(12) 1-2-3
int n; //start®E 1 0|3 AAE2TH WO|LIZS 7 i3y 1
int d[] = {e,1,2,3,4,5,6,7,8,9}; for (int i = start; i < n; i++) { (15) 2-3
int nth=0; // & B ==X 7|= //if GEd = B0 R =00 #o L (16) 3
vector<int> v; v.push_back(d[i]); Starto
dfs(i + 1); 10] N b\
void output() { v.pop_back(); ? o ‘ o ? . o |
printf("(%2d) ", nth); o ‘"S*t*a[’t* 77777 1 Sartz Stats Lstart=4.
for(int a : v) } .a -o 99 We E’e e
printf("%d-", a);
. start=2\ | start=3 | start=4 | start=3 || start=4 ,,S,tart,,,4,,
printf("\b \n"); int main() { N
} // n7H2l CIO|E{oA 7] 9
scanf("%d", &n); ‘,,S,’Fs'i(t,,,3,,:‘,,5f!§(t,,4,:1,5’@(’!,,4,3 :,,5,’!53[’!34,3
dfs(9);
} @
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. dfs(0) &=

e start = 0

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

- LE d[0] (0) & FA

. dfs(1) &=

o start = 1
for(i=1; i<n; i++)
e LEJ[1] (1) F

. dfs2) 2=

DFS &€& +94 =& 3
int n;
int d[] = {e,1,2,3,4,5,6,7,8,9};

int nth=0; // % YR =2=0IX| 7|

void dfs(int start, vector<int> &v) {

e s ]

— b —h b ok b b

nth++; // 2= 3l S7¢
output(v); ‘
//start2E 1 0|3 YASZ0F WOjLIZS 1 _dfs(e)
for (int i = start; i < n; i++) { ig"""”’ iﬂ ******* ﬁﬂ ffffffffff
v.push_back(d[i]); ‘
rdfs dfs(2)\ df4(3)

dfs(i + 1, v);
v.pop_back();

pop_back(); IIEWE’W
} 099999

) ,,,,s,(z,), . Ldfs(3) ! dfs(4) | dfs(3) | dfs(4) i dfs(4)
int main() { _ 9

scanf("%d", &n); d4fs(3) | dfs(a) | dFs(a) ds(4)

vector<int> v;

dfs(09);
} dfs(d)

e e e e e A e A e e
CDNI\J—L—L—L—LOC%)OOOOOO
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DI 5 HY| &
S4ol H| &

#include <iostream>
#include <vector>
#include <cmath>
#define MAX_ N 20
using namespace std;

int n;

int d[MAX_N];

int tot=0, ans=1e9;
vector<int> v;

void dfs(int start, int sum);

int main() {
cin >> n;
for(int i=0; i<n; i++) {
cin >> d[i];
tot += d[i];

dfs(0, 0);
cout << ans;

void dfs(int start, int sum) {

g 11 8

e() vs 29

5(5,) vs 2u
6(5,1,) vs 23
18(5,1,4,) vs 19

21(5,1,4,11,) vs 8
29(5,1,4,11,8,) vs 0
18(5,1,4,8,) vs 11
17(5,1,11,) vs 12
25(5,1,11,8,) vs U
14(5,1,8,) vs 15
9(5,4,) vs 20
20(5,4,11,) vs 9
28(5,4,11,8,) vs 1
17(5,4,8,) vs 12
16(5,11,) vs 13

2u(5,11,8,) vs 5
13(5,8,) vs 16
1(1,) vs 28
5(1,4,) vs 24
16(1,4,11,) vs 13
2u(1,4,11,8,) vs 5
13(1,4,8,) vs 16
12(1,11,) vs 17
20(1,11,8,) vs 9
9(1,8,) vs 20
ucu,) vs 25
15(4,11,) vs 14
23(4,11,8,) vs 6
12(4,8,) vs 17
11(11,) vs 18
19(11,8,) vs 10
8(8,) vs 21
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5

51411 8
29 © vs 29
_Tl_E:I'é'I. HH = 19 EE?j,JUS 2u
O O L- . 17 6 (5, 1, ) vs 23
9 10 (5, 1, 4, ) vs 19
- XJX-” =1 = 13 21 (5, 1, 4, 11, ) vs 8
29 29 (5, 1, 4, 11, 8, J vs ©
#include <iostream> 7 18 (5, 1, 4, 8, ) vs 11
#include <vector> void dfs(int d, int sum, vector<int> &v) { 5 17 (5, 1, 11, ) vs 12
#include <cmath> int diff = abs(sum - (tot-sum)); 21 ii Eg‘ i‘ él‘JE' 31;5 4
using namespace std; //printf("%3d ", diff); 11 9 (5“u“3 ;5 2;5
//cout << sum << " ("5 11 20 (5, 4, 11, ) vs 9
int N; //for(int i: v) 27 28 (5, 4, 11, 8, J vs 1
int D[20]; // cout << i << ", "; 5 17 (5, 4, 8, ) vs 12
int tot=0; //cout << ") vs " << (tot-sum) << endl; 3 16 (5, 11, ) vs 13

19 2u (5, 11, 8, J vs 5
3 13 (5, 8, ) vs 16
27 1 (1, ) vs 28

int ans=1e9;
if(diff < ans) {

void dfs(int d, int sum, vector<int> &v); ans = diff; 19 5 (1, 4, ) vs 24
} 3 16 (1, 4, 11, ) vs 13
int main() { 19 24 (1, 4, 11, 8, J vs 5
cin >> N; for(int i=d; i<N; i++) { 3 13(1, 4,8, J)vs 16
v.push_back(D[i]); 5 12 (1, 11, ) vs 17

11 20 (1, 11, 8, ) vs 9

for(int 1=0; i<N; i++ dfs(i+l, sum+D[1 V);

(Cin >> E)[l]°) ) { \Vj pép b;ck()- [ ]) )’ 11 9 (1; E; J vs 20

-1 *PPP— : 21 4 (4, ) vs 25

tot += D[1]; } 1 15 (4, 11, ) vs 14

¥ } 17 23 (u, 11, 8, J vs 6
5 12 (4, 8, ) vs 17

vector<int> v; 7 11 (11, ) vs 18
dfs(e, 0, v); 9 19 (11, 8, ) vs 10

13 8 (8, ) vs 21

cout << ans << endl;

return 0; -
} 335




. 3| ol HE FE2| A IF+E oA 2.
ATZEHAMOM $=UZ=0 ME MAILS Lty 0 OES0 7=0|M 342 HASH= G2
eEE RMSIHD ot Wyt Ha| Ao 17 5 27 5 39 5 33 5 34
2RO R RASIH T Stel 2|RHC 2 XX
HES Creqt Ztch O|EA & 5 ==2H EICH
1) REE 11X 2Z|=HE » QI
2) 2EE 1k U2l= HE ST a2t EERE b7t YHECH
3) 2EE 5k 22|l HE 0 < a, b < 40)

4) 2525k L2t HE o
==
5) 2EZ 0% 2EIi HE -
AT HE ABCZ2 ZH 257t &&= HE F
O|2t 40| T 6712 HELE ZH 2L0| =50t
SICH X MA 2EQf HMASIIX} 8t 2H 2 U of =4 0f
Tt FO{X|W O] HESS 0|83}0] 2 2% - 34 c
2 HZASIOX} BiCt,

337



- =7 2A

T

« Eb

0 O 0 Ol
s er 2 L
oA O™  OA Oj| A
CEAl CRAL CHA N
dfs() dfs()  dfs() dfs()

- == Sl E “7ts

. AARE: 0(67%)

0
e
01| A
CFA]
dfs()

o| 221 (=7 2A)

O
N
Of| A
CFA]
dfs()

#tdefine TEMP_LOW (%]
#define TEMP_HIGH 40

int adj[] = { 18, 5, 1, -10, -5, -1 }; //2|271 HEOS=Z Hi2
void dfs(int cnt, int temp) { // @XM 2= F7I2 ©E
// 2 H¥E "H0AMes 8% B St

if(temp < TEMP_LOW || temp > TEMP_HIGH) return;

if(temp == target) {
if(cnt < ans) { // AS7tA| ZOtH =l=EC} A2 2HAIO|H
=

ans = cnt; // Z1t0| SAXf =I+=E T|=
}
// SE AHE0| ZEHD FHOl= Hold BMZ Tl e 9s
// HLISHH BEXxA HE A7t 50{d A0|2 2

return;

}

//0 ZEZOANM Z20| iz ZefdE 7o
for(int i=0; i<6; i++) {
seq.push_back(d[i]);
dfs(cnt+1, temp+adj[i]);
seq.pop_back();
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o| 221 (=7 2A)

#include <stdio.h>
#include <math.h>
#include <vector>
#define TEMP_LOW 0
#define TEMP_HIGH 40
using namespace std;

int start, target, ans;

int call_cnt=0;

int adj[] = { 10, 5, 1, -10, -5, -1 };
vector<int> v;

void dfs(int cnt, int temp);

void output() {
for(int x : v) // HE F& &M 25 =5
printf("%3d,", x);
printf("\b (%d)\n", ans); // FE 3+ =H

}

int main(void) {
scanf("%d %d", &start, &target);
//EE B 41 EE -1 HERICZ TETG
ans = abs(target-start);
dfs(0, start);
printf("dfs() call count: %d\n", call cnt);
printf("%d\n", ans);
return 0;

H
o

-

EH
=

rir

void dfs(int cnt, int temp) {
call cnt++;
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o| 221 (=7 2A)

/ 34
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, -1 (28B)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, -1 (25)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, -1 (24)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, -1 (23)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, -1 (22)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, -1 (21)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, -1 (20)
10, 10, 10, 1, 1 i,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, -1 (19)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, -1 (18)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, -1 (17)
10, 10, 10, 1, 1, 1,-10, 10,-10, 10,-10, 10,-10, 10, -5, -1 (16)
10, 10, 10, 1, 1, 1,-10, 10,-10, 10,-10, 10,-10, 5, -1 (15)
10, 10, 10, 1, 1, 1,-10, 10,-10, 10,-10, 10, -5, -1 (14)
10, 10, 10, 1, 1 1,-10, 10,-10, 10,-10, 5, -1 (13)
10, 10, 10, 1, 1 1,-10, 10,-10, 10, -5, -1 (12)
10, 10, 10, 1, 1 1,-10, 10,-10, 5, -1 (11)
10, 10, 10, 1, 1 1,-10, 10, -5, -1 (10)
10, 10, 10, 1, 1, 1,-10, 5, -1 (9)
10, 10, 10, 1, 1, 1, -5, -1 (8)
10, 10, 10, 1, 1,-10, 5 (7)
10, 10, 10, 1, 1, -5 (8B)
10, 10, 5, 1, 1 (5)
f() call count :| 35311
5
Process returned 0 (Ox0) execution time : 3.484 s
Press any key to continue.
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- M Al void dfs(int cnt, int temp) {
7H '—_| E7:” count++;
o // XS7X| Lot 22 ZCt =% 2=F 2|0 M 0|2 473
° :IxH —Q—EEEr E:H'_ —Q—Ej|' 4—?— if(cnt > res) return;
e 20 ZP|= HE 3374 AIE /] 2E H9IE HOME B =2M FC
if(temp < TEMP_LOW || temp > TEMP_HIGH) return;
« X LEHLCI 2F L7 &S Ho
if(temp == target) {
- Lz E 37| Al if(ent < res) { // ANSVA| 2Ot 2l=ECF A2 SA0[H
= H | H-l = 3 H |'o res = cnt; // 240 X SF=E 7|=E
SEA — output();
o EfM ot dfs()= 3422 MO L \ weput Q)
return;
}
/10
for(int i=0; i<6; i++) {
/] =8 2E7t X5 220 O 20, =8 227 00[50[H,
if(temp < target && adj[i] <= 9)
+10/ +5/ +1/ continue; // HdU4HE
20 15 1 /] =8 2E7t X5 220 O 220, &8 2X7) 60[H0[H
0| o] o] if(temp > target && adj[i] >= 0)
= 0f| A = 0| A == 0| A continue; // UUE
CEAl dfs()  CHAl dfs()  CHAl dfs() v.push_back(adj[i]);
dfs(cnt+1, temp +ajd[i]);
° 7:”A|_|-%>I: O(STBS)E |7:||-—JIE v.pop_back();
}
1

c| 221 (A 2A)




f
5
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10
()

7 34
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,

10

call count

10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,
10,

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

5

,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
,—10,
, 79,

Process returned
Press any key to

1:

c| 221 (d2A)

10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, 1, 1 (286)
10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, 1, 1 (25)
10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, 1, 1 (24)
10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, 1, 1 (23)

10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, 1, 1 (22)

10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, 1, 1 (21)

10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, 1, 1 (20)

10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, 1, 1 (19)

10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 10, -5, 1, 1 (18)

10,-10, 10,-10, 10,-10, 10,-10, 10,-10, 5, 1, 1 (17)

10,-10, 10,-10, 10,-10, 10,-10, 10, -5, 1, 1 (16)

10,-10, 10,-10, 10,-10, 10,-10, 5, 1, 1 (15)

10,-10, 10,-10, 10,-10, 10, -5, 1, 1 (14)

10,-10, 10,-10, 10,-10, 5, 1, 1 (13)

10,-10, 10,-10, 10, -5, 1, 1 (12)

10,-10, 10,-10, 5, 1, 1 (11)

10,-10, 10, -5, 1, 1 (10)
10,-10, 5, 1, 1 (9)
10, -5, 1, 1 (8)
5, 1, 1(7)
1, 1 (86)
1 (5)
. 2863

0 (Ox0) execution time : 7.851 s
continue.
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Ea|1E9| L{H| 4T (BFS)

11

* bfs(2),bfs(7),bfs(8)
e dfs(3),dfs(6),dfs(9),dfs(12)
e dfs(4),dfs(5),dfs(10),dfs(11)

6 12
7 3 9 9 411 4
2 8 8 12| |12 5 5 5
3 3 911 4 4 | (10| (10] |10} |10
1 8 6 6 12( 1 5 5 110111 |11 |11
* bfs(1)
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2| 221 BFS £ 0|

remoconl bfs try.cpp

#include <stdio.h>
#include <queue>
using namespace std;

struct node {
int cnt;
int pre_temp;
int change;
int cur_temp;
} node;

queue <node> Q;
int adj[] = { 10, 5, 1, -10, -5, -1 };
int ans;

int main(void) {
int start, target;
scanf("%d %d", &start, &target);
printf("(cnt) pre,chg,cur\n");

Q.push({e, @0, 0, start});
while(! Q.empty()) {

. LH[S M 2TE|E

1) AlIE 88 kg 7ol &Y
2) 77t 2 WX Chs= 2=
@ FOIM R #HRA =EE A0 A

@ UM AHH =EE AN

@ O0AM HH LEQ O|Xots EE & ;

2 70| 4

printf("%d\n", ans);;
return 0;
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https://gifted.datahub.pe.kr/src/GRAPH/bfs/remocon1_bfs_try.cpp

int main(void)

{

int start, target;

scanf("%d %d",

&start, &target);

printf("(cnt) pre,chg,cur\n");

Q.push({e, @0, @, start});
while(! Q.empty()) {

node n

Q.pop();

= Q.front();

// FAOAM HER &5 25
/] AH

printf("(%3d) %3d,%3d,%3d\n",

if(n.cur_temp ==
ans

n.cnt, n.pre_temp, n.change, n.cur_temp);

target) {
= n.cnt;

break;

}

for(int i=0; i<6; i++) {

/] =8 227t H =20,

=g 257} 00|5t0|H

—>

if(n.cur_temp < target && adj[i] <= 0)

/) =8 227t § Z24H,

// AHE

continue;
28 2Z7t e0|d0|H,

if(n.cur_temp > target && adj[i] >= 0)

continue; // ZAHE

Q.push({n.cnt+1l, n.cur_temp,

}
}

adj[i], n.cur_temp+adj[i]});

printf("%d\n", ans);;

return 9;

18

(cnt)
0)
1)
1)
1)
2)
2)
2)
2)
2)
2)
2)
2)
2)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)

N

N\

3)
3)

—t— —r— —— —— - —— —— —— ——

w/\/\/\/\/\/\/\/’\/’\/’\/’\/’\/’\/’\/’\/’\/’\/’\/\/\/\/\/\/\/\/\/\AAAA

r

pre chg cur
1@ 11

1J 5/ 6
2

11 1
11 6
11 10
6 16
6 11
6, 1, 7
2| 10 12
2 7
2 3
1) 10, 11
1 6
1 2
6, 10, 16
6 11
6 7
10 0
10 5
10 9
16 6
16 11
16 15
11 1
11 6
11 10
7 17
12

7J 1, 8

Ny e\ )
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DFSS O| 23t it

// MAXZ} 1022 HA-™EY Qoo Z

/7 =T 2|2E EXZI4 102|7HX| EHASHCE,
#include <stdio.h>

#include <vector>

#define CH_LOW 1
#define CH_HIGH 40
#define MAX 10 // ZITH EA 2o
using namespace std;

int a, b;

int res = MAX;

int methods = @; // = ZHAl ZEO| A=7F2
int adj[] ={ 9, 5, 3, -6, -4, -1 };

int main(void) {
scanf("%d %d", &a, &b);
dfs(0, a);
printf("%d\n%d\n", res, methods);
return 0;

void dfs(int cnt, int ch) {
//BIRZA ZCt =% S5 0 M #0lz 27
if(cnt > MAX) return;
/] FE HQIE Hoiote AQ MELC B 4

if(ch < CH_LOW || ch > CH_HIGH) return;

if(ch == b) {
if(cnt < res) { // KIS7HK| Aopd S50 Ao grao|H
res = cnt; // 210 X 2l+==
methods = 1; // MEF ZAZEEHS Qoo =
}
else if(cnt == res
methods ++; /
L

// HLSHH ZxA H
return;

for(int i=@; i<6; i++) {
dfs(cnt+l, ch+adj[i]);
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// B2 FE HEZ FHSI= H
#include <stdio.h>
#include <vector>

1)%

#define CH_LOW 1
#define CH_HIGH 40
#define MAX 10
using namespace std;

// ZIT B 0|

int a, b;

int res = MAX;

int methods = 0;

int adj[] ={ 9, 5, 3, -6, -4, -1 };
vector<int> v;

void dfs(int cnt, int ch);

void output() {

for(int x : v) // HE F& &AM EF &
printf("%3d,", x);
printf("\b (%d)\n", res); // TE 3+ =4

int main(void) {
scanf("%d %d", &a, &b);
dfs(0, a);
printf("%d\n%d\n", res, methods);
return 0;

void dfs(int cnt, int ch) {

/722 HCE =% SIS A0 B Z#0[2 273

AN

if(cnt > MAX) return;

/7 ME "elE 8o7le 89 MExRE Y S

if(ch < CH_LOW || ch > CH_HIGH) return;
if(ch == b) {
if(ent < res) { // AlS7tA ZOHH 245 212 ZFAO[H
res = cnt; // 240 ¥X| BF=E J|E
methods = 1; // MEZ ZAZAEHS AQUYCDZ
output();
}
else if(cnt == res) {
methods++; // A4 XD 52 Z4E ooz
output();
}

/) =8 B =ET

|-
— T
// SlLIHE 257 HE AN

return;

for(int i=0; i<6; i++) {
v.push_back(adj[i]);
dfs(cnt+l, ch+adj[i]);
v.pop_back();




BFSS O|2goh ditH

#include <stdio.h>

#include <vector> while(! Q.empty()) {
#include <queue> node n = Q.front();
using namespace std; Q.pop();
#define CH_LOW 1 /7 M2 HRE HOLIH SiE MELE M FE
#define CH_HIGH 40 if(n.ch < CH_LOW || n.ch > CH_HIGH)
continue;
typedef struct node {
int ch; // channel if(n.ch == target) { // 5% 20 ==o}H
int cnt; // count min_cnt = n.cnt;
}; break;
}
int main(void) { // BFSE 0|&% Z0|
int adj[] ={ 9, 5, 3, -6, -4, -1 }; for(int i=0; i<6; i++) {
int min_cnt = -1; Q.push({n.ch+adj[i], n.cnt+1});

int start, target; }
scanf("%d %d", &start, &target);
printf("%d\n", min_cnt);
queue<node> Q; return 0;

Q.push({start, 0}); }
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/] FE HES FHsE #Y
#include <stdio.h>
#include <vector>
#include <queue>

#define CH_LOW 1
#define CH_HIGH 40
#define INT_MAX Ox7fffffff

using namespace std;

typedef struct {

int ch; // channel

int cnt; // count

vector<int> btns; // button history
} node;

// BFSE 0[&%t E0|
9) 5: 3) '6J '41 -1 }.v
INT_MAX;
0;

int main(void)
int adj[] =
int min_cnt
int methods

I AN~

int start, target;
scanf("%d %d", &start, &target);

queue<node> Q;
Q.push({start, 0, vector<int>()});

while(! Q.empty()) {
node n = Q.front();

Q.pop();

// NE HRE HOLH Y MELE §AM S
if(n.ch < CH_LOW || n.ch > CH_HIGH)
continue;

/1 X AL S =& 2 ZXBFE GY|H AF
if(n.cnt > min_cnt)
break;

if(n.ch == target) { // S& 20| =ZHo}H
min_cnt = n.cnt;
methods++;

/* printf("[%d]: ", min_cnt);

for(int x: n.btns)
printf("%3d, ", x);
printf("\b \n"); */
}

for(int i=0; i<6; i++) {
vector<int> btns(begin(n.btns), end(n.btns));
btns.push_back(adj[i]);
Q.push({n.ch+adj[i], n.cnt+1l, btns});

}

printf("%d\n", min_cnt);
printf("%d\n", methods);
return 0;
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=II (DFS + BFS)

#include <stdio.h>
#include <vector>
using namespace std;

int N, M, ans=1e9;

int d[100];

vector<int> v;

void dfs(int cnt, int sum);

void output() {

for(int x : v) // HE +& =X EF &
printf("%3d,", x);
printf("\b (%d)\n", ans); // +& 3+ &H

}

int main(void) {
scanf("%d %d", &N, &M);
for(int i=0; i<N; i++)
scanf("%d", &d[i]);

dfs(e, 0);

if(ans!=1e9) printf("%d\n", ans);
else printf("%d\n", -1);
return 0;

void dfs(int cnt, int sum) {

}

struct node {
int cnt, coin, sum;

s

void bfs() {
printf("(cnt), coin, sum\n");
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H 0| =2| Z[2 g DFS (7IZ24A))

table

minsum quiz.cpp

#include <stdio.h>
#include <vector>
#include <limits.h>
#define MAX_N 10
using namespace std;

int n;

int col_used[MAX_N];
int m[MAX_N][MAX_NJ;
int min_sol=INT_MAX;
vector<int> v;

void input(void) {
scanf("%d", &n);
for(int i=0; i<n; i++)
for(int j=0; j<n; j++)
scanf("%d", &m[i][j]);
}

void output() {
printf("seq: ");
for(int a : seq)
printf("%d-", a);
printf("\b [%d]\n", min_sol);

// rowd7FX| st A1t sum@l A

void dfs(int row, int sum) {

}

int main() {

input();

dfs(e, 0);
printf("%d\n", min_sol);
return 0;

Ef

: 1-U-5 [1e]
: 1-7-3 [10]
: 5-2-5 [10]
: 5-7-5 [10]
: 3-2-3 [8]
: 3-u-5 [8]
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https://gifted.datahub.pe.kr/src/GRAPH/dfs/table_minsum_quiz.cpp

« EAMBIAT A2

=1,
i & =7

SAMIER L & > X7 2

St

=

L

(26 7 5)
1356
42109

\352@) (35 2

2+3+1+4=10

n HE B AM S

6+5 (stop)

void solve(int row, int sum) {
//ATNR| ] g > X|g7hK| e =4 g
if(sum>min_sol)
return;

if(row==n) {
if(score<min_sol)
min_sol = score;
output_seq();
printf("[%d]\n", min_sol);
return;
}
for(int c=0; c<n; c++) {
if(col check[c]==0) {
col check[c]=1;
seq.push_back(c);
solve(row+l, score+m[row][c]);
seqg.pop_back();
col check[c]=0;

return;
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0] =2

ALt
@ Cts Ao OrA7HX| AEE|X| &

I A of
=

ST

int greedy_chk[MAX_N];

void greedy ans() {
min_sol=0;

printf("\nGreedy seq: ");
for(int r=0; r<n; r++) { // 2 20| CHSHO
int min=MAX_INT, k;
for(int c=0; c<n; c++) { // 2= Z0| LY
// AMESHE Gl EO[HA Z[AgZfO|H
if(!greedy_chk[c] && min>m[r][c]) {
min=m[r][c];

k=c;
}
} 4
min_sol+=min; 8762
greedy_chk[k]=1; 5798
printf("%d-", k); 2895
}
printf("\b [%d]\n", min_sol); 4861
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HOl=9| =& g -

EFAMBIA|1+2 ™A AATE

#include <stdio.h>
#include <deque>
#include <limits.h>
#define MAX_ N 10
using namespace std;

deque<int> seq;

int m[MAX_N][MAX_N];
int col_chk[MAX_N];

int n, min_sol=INT_MAX;
int counter=0;

void input(void) {
scanf("%d", &n);
for(int i=@; i<n; i++)
for(int j=0; j<n; j++)
scanf("%d", &m[i][j]);

void output_seq() {
printf("seq: ");
for(int a : seq)
printf("%d-", a);
printf("\b ");

void solve(int row, int score) {
//ATNXL 2 > XFK|e x| g
// OFf FAMEIA HA EMo=z ZHF
if(score>min_sol) return;

counter++;
if(row==n) { // OrX[E} 4o =E5HH.
if(score<min_sol)
min_sol = score;

output_seq(); // MEE & =M =
printf("[%d]\n", min_sol);
return;

}

// rowl| ¥o| B= HHHO| CH5IO]
for(int c=0; c<n; c++) {
if(!'col_chk[c]) {
col_chk[c] = 1; // cE€ AEE HA
seq.push_back(c);
/) T
solve(row+l, score+m[row][c]);
seq.pop_back();
col_chk[c] = @; // cZ ALEE SHA|

/) SR AHAZH

int greedy_chk[MAX_N]J;

void greedy_ans() {
min_sol=0;

printf("\nGreedy seq: ");
for(int r=0; r<n; r++) { // 25 0| CHSHO
int min=MAX_INT, k;
for(int c=0; c<n; c++) { // ZE 20| CHd
// AETHE gle FO|BAM E[AZI0|H
if(!greedy chk[c] & & min>m[r][c]) {
min=m[r][c];
k=c;

}
min_sol+=min;
greedy chk[k]=1;
printf("%d-", k);
}
printf("\b [%d]\n", min_sol);

int main() {
input();
// OF2f ZAMMa|A| EHAMHIH 12 MG

d

greedy ans();

solve(0, 0);

printf("min sum: %d\n", min_sol);
printf("counter: %d\n", counter);
return 0;




EO' tlA of EFAH H | Al = |
H|O|=2] x|A T - ErMH|XN| HdsH|u
E S| A
« ME H|W E|AE 0O|H « 5N 2 Hluw A4
3 5 7 T K| EF A4 16 326 13700
12 76 2 93 61 92 56 94 88 51 24 88 94 50 60
52 77 37 18 32 17 10 64 14 55 1 23 12 84 91 EFAHHE X 1 10 97 486
13 67 16 20 98 85 32 82 26 44 81 97 33 82 30 b AN
1 45 66 77 78 3 71 12 99 16 92 48 e A 2 10 79 330
52 11 94 26 57 87 5 14 93 28 92 56
4 14 92 96 48 41 77 — o
94 32 43 16 1 52 51 . HHX'”E._l ‘57|_|' HlE
EFATHY | 1 37.5% 70.25% 99.06%
ErATHI x| 2 37.5% 75.77% 99.08%
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A0l= THALE

(1) W W S0|= XF2| FA0[=2] 7= N Q3 I 0|L29| 20| T AHEEZ|Z 0|0f £
o] YAt of OHE #0229 Z0| LTtO| XO|Q| %|£=Zk
(2 <N <22) = = o0t
Ct 0]0] 20 DHE ZA0| 20| ZO0|7} LBl
(2) & #W S0l X5 ZAH 0|22 Ao L Z7|0].22| Z0| 0| 4+0|OOF A7} 7H5B}L,
O HH =] OIE=|E
Peles SESOERET « Y FE0| of
(1 <Li<1000)
£3 of
(3) Ml WY ZALOl Zedt A 0|2 20| T 4 0
7t g, 037

(1 < T <20000)
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A 0l= MAHE

cable reuse quiz.cpp

#include <stdio.h>
#include <limits.h>
#include <vector>
using namespace std;

int N, T;

int L[22];

int min_diff = INT_MAX;

void dfs(int, int, vector<int> &);

int main() {
scanf("%d", &N);

for (int i = 0; i < N; i++) {
scanf("%d", &L[i]);

}
scanf("%d", &T);

// DFS &AM A|Z}
vector<int> v;

dfs(e, 0, v);
printf("%d\n", min_diff);

return 0;

void output_combi(vector<int>& v, int len) {
for(int a : v)
printf("%d-", a);
printf("\b [%d]\n", len);
}

void dfs(int start, int cur_len, vector<int> &v) {
output_combi(v, cur_len);
// X ZAO|Z7F T O|HO[H Z[a XO| A4

if ( ) {

if (cur_len - T < min_diff) {
min_diff =

}
printf("stop! length over\n");
return;

}

/1 BEE ARE| FA0l=5 MY

for (int i = ;1< ; i++) {
v.push_back(L[i]);
dfs(i + 1, , V)

v.pop_back();

ol— &~
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ength over
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length over

length over

length over

length over

2
0
[
2
2
0
2
0
3
3
to
9
0
[
3
0
9
0
[
9
? length over
0

O OWw WWwwu PP’ I"'IJI'\DUJ — N =+ W a2



https://gifted.datahub.pe.kr/src/GRAPH/dfs/cable_reuse_quiz.cpp

- Jgjmo| RtE 23

. OIXB|AE

(adjacency 1list)

Adjacency
Matrix

Adjacency
List

SH 2
. QI

(adjacency matrix)

1 —t>» 2 / 1 0 1 0 0 0
H} EH 2 » 4 / 2 0 0 0 1 0
« 7|EfEFRHE
3 —>» 1 —1»| 2 —»| 5 / 3 1 1 0 0 1
4 —t» B / 4 0 0 0 0 0
5 —t>» 2 —1 > 4 —>»| 6 / 5 0 1 0 1 0
6 — > / 6 0 0 0 0 0
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70|24
» 20| 3
Ez|et E2| A== AO|Z0| EXj=d
Y=dE2E wAI60 MHWE=E= ZOLOf
(=1

image source: https://www.cs.emory.edu/~cheung/Courses/253/Syllabus/Graph/bfs.html

e A4 (DFS)

$ 20|12

MEA 2t me|E

: go deep(before going wide)

def dfs(k):
1) 848 k& XNelotd EHEot A
2 HA|

2) 98 k2 AZ& 2= HHO
s o o
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0| 1= (DFS)

@ dfs(0): n dfstH——dfs{0} (because node 0 is "visited"); dfs(1) —= dfs(7) = dfs(2) — dfs(3)

@ dfs(0) — dfs(1) n cfs(T——dfe(t); dfs(7) = dfs(2) n (3 —dfe(0); s —dfe(2); dfs(3) — dfs(4)

Ofilfo e 0 oG O (S

image source: https://www.cs.emory.edu/~cheung/Courses/253/Syllabus/Graph/bfs.html 377



(@)
Zo|eu
‘ EEA
o dfst——dfs(3); dfs(d) — dfs(8)

= return to dfs(3)

ElFAH

ﬂ

(DFS)

n dfs(2y——dfs{3); dfs(2) — dfs(5)

n dfef8)y—df={0} dfe{8)—dfefd} return to dfs(d) m return to dfs(2)

image source: https://www.cs.emory.edu/~cheung/Courses/253/Syllabus/Graph/bfs.html

n dfs{5r——dfs{2); dfs(5) — dfs(6)
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0| 1= (DFS)

n EFAH = A

O 1l
» cfs(6)——dfs(5}; return to dfs(5) m return to dfs(7)

m return to dfs(1)

m return to dfs(0)

DONE

m return to dfs(2)

image source: https://www.cs.emory.edu/~cheung/Courses/253/Syllabus/Graph/bfs.html 379



O] & &M (DFS)

vl
o
»vectorE QIEIZAEER ZE
= o 0|
8 10
O—am 2!
03
08
o 17
2 2 3
2 5
3 4
o 2 7
48
5 6

int n, m;
vector<vector<int>> G;
vector<bool> visited;

void input G() {
scanf("%d %d", &n, &m);
/7 BEO0| 0FH A|ASIEZ n+1
G.resize(n+l); // &7t=2
visited.assign(n+l, 9);

for(int i=0; i<m; i++) {
int a, b;
scanf("%d %d", &a, &b);
// FH HZEOIER asb, a<b
G[a].push_back(b);
G[b].push_back(a);

}

}

int main() {
input _G();
}

—
O

el

—

OO
CIJ‘-JO)Oﬁ-I‘—‘nCOI'\J—LC)%
O 01IMNNWOWO —
£~ N OO ~Ww —

visited[0]:
visited[1]:
visited[2]:
visited[3]:
visited[4]:
visited[5]:
visited[6]:
visited[7]:
visited[8]:

[ S—
—

&~ =~ QoM

OO OCOOOODOCOO
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0| B M (DFS)
= DFS CIEC[AE)

def dfs(k):

d8 k& Mot HET A2=2 HA

Of CHoHO
Y=ot Ho| Sle® 1 §d0uAM dfs,

dfs 2= EI%OFEW(H—”'EE—”J

948 k& HEE 2= 88

dfset+7t S2 ™
2= ?IX = LOtM
E|Eo|.2|:|§ CCtS |

HHEEHO
1T— =

J.Ll_g_

int n, m; Gig*_ [
vector<vector<int>> G; G:f;
vector<bool> visited; G[2]:
G[3]:
// BH KOIA dfs ot
void dfs(int k) { G[6]:
// BE kE YESIZZS =4 GL7]:
printf("dfs(%d) started.\n", k); Gl8l:

// LSO CHA[RX] Ri7] &5 H=S HAISIL, visited|

"""""""" > visited]

"""""""""""""""" visited]

- . visited|

for (int i=0; i<G[k].size(); i++) { visited|

// Kk HZE iU FHO| Y2 N glow,  Vvisited

__________________________ ’ visited|

if (-"-"-"-"3 .......... DA visited

// dfs QFEOPI SOMCID HAIX] =5
printf("return to dfs(%d).\n", k);

}
else
printf("(%d) already visited.\n", G[k][i]);
}
return; //9ZE 2E 82 LEESHY EE0H7H

O—=0IMNNWOoOWOoO 0O
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ZI0| L MEIM (DFS) MM AARC

dfs basic src quiz.cpp

#include <stdio.h>
#include <vector>
using namespace std;
int n, m;
vector<vector<int>> G;
vector<bool> visited;

void input_G() {
scanf("%d %d", &n, &m);
G.resize(n+l); // S80| oFH A[ASIEZ n+1
visited.assign(n+l, 0);
for(int i=0; i<m; i++) {
int a, b;
scanf("%d %d", &a, &b);
G[a].push_back(b);
G[b].push_back(a);
}

}
void output _G() {

printf("\n idx [@][1][2]\n");

for(int a=0; a<G.size(); a++) {
printf("G[%d]:", a);
for(int i : G[a])

printf("%3d", i);

printf("\n");

}

printf("\n");

}

/7 B KON dfs
void dfs(int k) {
/] 88 k& YEoI
printf("dfs(%d) started.\n", ;
// LSO AKX 7] 25 EE25 HEAISHLD

J

/7 8™ ket AZE 2E FEO CH5HY
for (int i=0; i< ; i++) |
/7 BEke ign O Y=o Ho| e,
if ( ) {
/7 1 BEOXM CrA| dfs A[Z
/7 dfs BES T SOIRCIT BIAIK| B
printf("return to dfs(%d).\n", k);
}

else
printf("(%d) already visited.\n", G[k][i]);

}

return;

}

int main() {
input_G();
output G();
dfs(0);

}

[
—

M~ oM OT~W—

| oMo

=

O~ WMN =00
O—=0IMNWOoOWoO —-0O

Iready visited.
started.
Iready visited.
) started.
) started.
I

I

)

S—

ready visited.
ready visited.
dfs(4) started.

(3) already visited.
dfs(8) started.

(0) already visited.
(4) already visited.
return to dfs(4).
return to dfs(3).
return to dfs(2).
dfs(5) started.

(2) already visited.
dfs(6) started.

(5) already visited.
return to dfs(5).
return to dfs(2).
(7) already visited.
return to dfs(7).
return to dfs(1).
return to dfs(0).
(3) already visited.
(8) already visited.
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HO|RMEM(DFS) TN &23E

dfs basic src full.cpp

#include <stdio.h>
#include <vector>
using namespace std;
int n, m;
vector<vector<int>> G;
vector<bool> visited;

void input_G() {
scanf("%d %d", &n, &m);
G.resize(n+l); // S80| oFH A[ASIEZ n+1
visited.assign(n+l, 0);
for(int i=0; i<m; i++) {
int a, b;
scanf("%d %d", &a, &b);
G[a].push_back(b);
G[b].push_back(a);
}

}
void output _G() {

printf("\n idx [@][1][2]\n");

for(int a=0; a<G.size(); a++) {
printf("G[%d]:", a);
for(int i : G[a])

printf("%3d", i);

printf("\n");

}

printf("\n");

// B KON dfs
void dfs(int k) {

/] B kB WEYEE 5

printf("dfs(%d) started.\n", k);
/] L& BALX &7 26 EE=S #AISHD
visited[k] = true;

/7 B ket HAE 2 ™ Cfstdo,
for (int i=0; i<G[k].size(); i++) {
/7 BEke| i8R ZH HEoh Ho| gleH,
if (!visited[G[k][i]]) {
/7 3 EEOM CHAl dfs AR}
dfs(G[k][i]);
// dfs RtESD FSORRCt HAIX| =3
printf("return to dfs(%d).\n", k);
}
else
printf("(%d) already visited.\n", G[k][i]);
}

return;

}

int main() {
input_G();
output_G();
dfs(0);

}

[
—

M~ oM OT~W—

| oMo

=

O~ WMN =00
O—=0IMNWOoOWoO —-0O

0) started.

1) started.
already visited.
7) started.
already visited.
2

3

a

S—

started.
started.
ready visited.
(2) already visited.
dfs(4) started.

(3) already visited.
dfs(8) started.

(0) already visited.
(4) already visited.
return to dfs(4).
return to dfs(3).
return to dfs(2).
dfs(5) started.

(2) already visited.
dfs(6) started.

(5) already visited.
return to dfs(5).
return to dfs(2).
(7) already visited.
return to dfs(7).
return to dfs(1).
return to dfs(0).
(3) already visited.
(8) already visited.

G
G
G
G
G
G
G
G
G
d
d
(
d
(
d
d
(

—_——
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C HQME 2 DE)|E

Breadth First Search

1. 8" k2 70 4Ystn kB o
HOZ HA|
2. A7t @ G O B
1) AN A S Amet Ml
2) MHE HED 0|2 RE
cHsto] weehnl ee HEolat
@ 1 8¥s 70 &€
@ 1 8480 gE= '7Al

image source: https://www.cs.emory.edu/~cheung/Courses/253/Syllabus/Graph/bfs.html

. 48] £Mo| ofn]

» Visit alf the neighbors first:
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1.88 k8 NMelst 7o &Y, kE
HIESE Z{O 2 HA|

2. 77 & WX Ct
1) FOIM X HAY = AlK

2) AMH|El st2 0t 0| R3tE RE HH L H (@) *'I EFAH BF
cifstof e ke Mol T o™
@ 1 88= Mot 7o & e _
@ Graph: @ 1 HEO| ©HHE2S HA = State after processing 0

» State after processing 3

qz@ 138

8724

= State after processing 1

= State after processing 8

«(1)[387 a(8) 724 |
2 .
O (s)
Xzl 0

X2[:01387
image source: https://www.cs.emory.edu/~cheung/Courses/253/Syllabus/Graph/bfs.html
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L H| 21 &AM (BFS)

@ State after processing 7 = State after processing 4 = State after processing 6

(7)| 24 a(4)| 5

= State after processing 2 = State after processing 5 = DONE

#(2)[ 45 | «(5)| 6

(The queue has become empty)

HE.01 387245 Hel:013874256

image source: https://www.cs.emory.edu/~cheung/Courses/253/Syllabus/Graph/bfs.html 286
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e |

- L{H|QMEA 2Da|E
Breadth First Search
1. BE kS H2lstn 7ol MY, kE
HESH AOZ HA
2. 77t & M7HX| otEs Bt=:
1) #OIM A R = A
2) AMAE =1 Olxot= E= EEY
CHot =25t @iz EEO[2tH
@ 1 d8s Melstn 7o o
@ 1 880 HES H#HA

int n, m;
vector<vector<int>> G;
vector<bool> visited;

/7 88 KO bfs AlZE
void bfs(int k) {
queue<int> Q;

printf("bfs:

Q.push(k);
visited[k]=1;

(%d)\n", k);
// Al EEE QO

while(! > ) A // 70 WE= U
int cur=Q.front(); // 7 HER 2
Q.pop(); // B (APA

printf("%d deleted.\nbfs: ", cur);

HF
o0 -

// o AAet §8a 0fx
for(int i=0; i<G[cur].size(); i++) {
// EEeh HO| gleH

___________________________

————————————————————————————————

printf("\n");

/] B5 = 0|9 FH

z
o)

OOOOOODODD
ONOOTTRWN —=OQ

=
/1 AME SE ERCHD HA

ol 2= EHE0 Horg

[—
—
[—
—

A~ o OO O ~NW —

4 <

O—=01IMNNDWOCWO—-0O
£~ =l Co N
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L H| M EHA (BFS) T A

A

bfs

basic src quiz.cpp

#include <iostream>
#include <vector>
#include <queue>
using namespace std;

int n, m;

vector<vector<int>> G;
vector<bool> visited;

/) SN Ao mag =

void output_Q(queue<int> Q) {

printf("Q:[");
while(!Q.empty()) {
int cur=Q.front();

printf("%3d", cur);

J

Q.pop();
}
printf("], ");
}
1. Z‘;’é.* kE N2|sta 7o MY, kE
HIESE {0 2 HA|
Z-ﬁﬂt“MUMIHO%-J%
1) FOA A HEY 25 AlX|
2)“W5|dE7rw%&EmE%
™0 CHSH REESHK| %2
HHEO|2tH,
@ 3 d¥™2 Nelsta F

// 3™ kKON bfs
void bfs(int k) {
queue<int> Q;

/7 ANE 8
/7 ANE 8

Q.push(k);

= Qo &
visited[k]=1; g

(o]
=]
dEZUCED HA

while(!Q.empty()) {
output_Q(Q);

int cur= 0); /7 el HER A
0); // W (A
printf("bfs:(%d) and deleted\n", cur);

// MBS HED 0| BE B Chatof

for(int i=@; i< 5 i++) |
// HEet HOo| gl
if(lvisited| 1) {
Q. push( )
visited| 1=1;

}
}
}
}

void output G() {
printf("\n");
for(int a=0; a<=n; a++) {
printf("%2d:", a);
for(int i : G[a])
printf("%3d", i);
printf("\n");
}
printf("\n");
}

void input_G() {

scanf("%d %d", &n, &nm);

// 80| oFH A|ASIEZ n+l

G.resize(n+l);
visited.assign(n+l, 0);

for(int i=0; i<m; i++) {
int a, b;
scanf("%d %d", &a, &b);
G[a].push_back(b);
G[b].push_back(a);
}
}

int main() {
input_G();
output_G();
bfs(0);

}

=100 E Wk =@
D HEH WKW WD
v 0] W

=

=M

Q:[0]
bfs:(®) and
Q:[1,3,8]

bfs: (1) and
Q:[3,8,7]

bfs:(3) and
Q:[E,T,I,H]
bfs:(8) and
Q:[T,Z,H]

bfs:(7) and
Q:[2,u]
bfs:(2)
Q:[u,5]
bfs:(u)
Q:[5]

bfs:(5)
Q:[6]

bfs:(6)

deleted
deleted
deleted
deleted
deleted
and deleted
deleted

and

and deleted

and deleted
388
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I H| SME (BFS) ®N ~2AFE

— 1

bfs

basic src full.cpp

#include <iostream>
#include <vector>
#include <queue>
using namespace std;

int n, m;

vector<vector<int>> G;
vector<bool> visited;

/7 M Ao Res =9

void output Q(queue<int> Q) {

printf("Q:[");

while(!Q.empty()) {
int cur=Q.front();
printf("%3d", cur);
Q.pop();

}

printf ("], ");

}

1. 88 k& Melst 7o &, k

2S5 4O 2 HA|
2. A7t & W7LX| oh=2 gt
1) FOA X HEY o5 A
2) MM = I Ol
HEO| Cist &2
HHO|2tH,
@© 1 ™3HEZ2

=

rir

=
o

ot
SHAl &

>

Xelstn 7

Ul

rlo rin

of

// 88 kO|AM bfs
void bfs(int k) {
queue<int> Q;

}

Q.push(k);
visited[k]=1;

VARNE ==

52 ol MY
/7 N& P e

=]
JEUCD BEA

while(!Q.empty()) {

}

output_Q(Q);

int cur=Q.front();

Q.pop();

O TIPS
// W (A

printf("bfs:(%d) and deleted\n", cur);

// AMHEet @81t 0|%5t= 2= FHO Ot
for(int i=0; i<G[cur].size(); i++) {
// Eaet Ho| gleH™
if(!visited[G[cur][i]]) {
Q.push(G[cur][i]);
visited[G[cur][i]]=1;

}
}

void output G() { @B: 1 3 8
printf("\n"); 1: & 7
for(int a=0; a<=n; a++) { 2: 3 5 7
printf("%2d:", a); 3: 0 2 4
for(int i : G[a]) 4: 3 8
printf("%3d", i); 5: 2 6
printf("\n"); 6: 5
} 7: 1 2
printf("\n"); 8: 0 d
}
- Q: [0]
void 12?“3562{ e, am) bfs:(0) and deleted
scanf("%d % n, &m); i
d", &n, &m); 0:[1,3,8]
é/rii?(nelﬁ MACIEE nil | hfs: (1) and deleted
: ’ 13,8, 7
visited.assign(n+l, 0); Q [_f (7]
bfs:(3) and deleted
. Q:[8,7,2,u]
fo;ﬁin: 1;?’]Km’ 1++) { bfs:(8) and deleted
,llo, o4n . Q:[szlu]
ZE:?f;ufﬁ ﬁ:cﬁ(ﬁ?f 8b); bfs:(7) and deleted
G[b].push:back(a); Q:[I,ﬂ]
} bfs:(2) and deleted
y Q: [4,5]
bfs:(U4) and deleted
int main() { Q:[E]
input_G(); bfs:(5) and deleted
output_G(); Q:[EJ
bfs(0); bfs:(6) and deleted
¥ 389
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0|2 = (BFS vs DFS)

https://seanperfecto.github.io/BFS-DFS-Pathfinder/

BFS/DFS Pathfinder (by Sean Perfecto) MAZE 1| MAZE 2| MAZE 3

Breadth-First Search

Depth-First Search

390
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https://seanperfecto.github.io/BFS-DFS-Pathfinder/

FO{ TICt,
8: AIZRX], 9: EELX])

Cf.
1: 4,

]

EIDI§
L

I OFX

)

F

._A_.=_ R 6_

Ct.

S20[7F O =0 EESH7| ?oi 0] 55H0] Of
7

Zh, 7t2 mZt) 37|19 Dj20 Z5f RULCE.

-
L
ot

= O|s 2|0 Z&AlZl

—

(=)
ml
—
—
g
.__..__._._l ~ — — — — O) «—
=1 O+— OO+« OO
o O v— — O v™ v +—
OO v+— OO O —
OO ™™ v™ v™ v +—
— — 00 O O OO
00O O ~—rv—v— OO
PN~ r—  — O +v— v O

=

391



r
10

AP YA

2 O
D006
@+a+a+@+0+a§a
@+@+c+@+@+@#a
 OOOE
E 5O
? 000G

=

|EH|0|EHE dgjlm=2E 1

K

1111111
0000000
1111111
0000000
1111111
0000000

00000000

11111111



maze initial.cpp

02 B85 (=7[24)

<stdio.h>
<limits.h>
#include <algorithm>
#include <queue>
using namespace std;

#tinclude
#tinclude

typedef struct {

int a, b; // ad bg
} vertex;
int n, m; // nd mE
int M[201][201]; // A= EE
int Sa, sb; //=ZXA a® b€
int Ga, Gb; //S=&X a¥ b<Z
// Olae Wl ZFX| 2 Fof, ofefjet #0| Mo
// Otell, @EZE, ?IF, &1F =ME EMSHH H.
int da[] = {1, 0,-1, @}; // Y (M=) &t
int db[] = {0, 1, 0,-1}; // ZE(7t=) et

bool safe(int a, int b) { // a¥l b<
return (0<=a && a<n) && (@<=b && b<m);

void input() {
/1 (nd mE)
scanf("%d %d", &n, &m);
// 2X@ E[AEQl B FHHE
for(int a=0; a<n; a++) {
for(int b=0; b<m; b++) {
int c;
scanf("%d", &c);

Uzt @)

if(c==8) // =ZX| 2%

Sa=a, Sb=b;
else if(c==9) // SHX A7d
Ga=a, Gb=b;
// BE ZE -1E HE
// ad b0 &
if(c>=1)
M[a][b]=-1;
else
M[a][b]=0;

/7 SN oM EHAM MEIE =

void output(const char* title, int dist) {
/] M=Z=H
printf("\n[%s] (%d)\n", title, dist);

for(int a = 0; a < n; a++) {
for(int b = 0; b < m; b++) {
printf("%3d", M[a][b]);

}
printf("\n");
}
}
void dfs(int a, int b, int d) {
}
int main(void) {
input();
output("initial state",-1);
// dfs E= bfs StLEC| g0t =g A

dfs(Sa, Sb, 1); // sa?l sbZO0|A DFsA|E
//bfs(Sa, Sb, 1); //Sad SbBO[A BFSA|E}
output("last state", -1);

return 9;
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= DFS &1 2|E

def dfs(k):

= DFS T

NO= H

()]
QU
-

()
oy

n 1

—~
Ul
-

~N
~

// a¥, bEO|N dfs, AXYIK] Abtet AHZ|= d
void dfs(int a, int b, int d) {
o L //@ ad b AHE| 7[F
2 HA| O|A Qi &?

(@)
//@ SHX|O| =ASHH YHEjel REAZ| =5

______________________________________________

______________________________________________
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O 2 &% - DFSE 19

—e - . —

- SFSE A 2R3t O|F B « hS S B RO|8 QH0|E
// ad, bBOIM dfs, XWX ALoE A2[= d // Ols& Hl 7tX| wier Fel, of2fjel €0 HoH
void dfs(int a, int b, int d) { // Otell, RER, F, F =M=z BHAMSHA FH.

M[a][b] = d; //@® a¥ bE0 Al 7|5 int da[] = {1, 0,-1, @}; // W (M=) LT
//@ HESH HOoZ HA| 0|A Q= =l? int db[] = {e, 1, e,-1}; // E(/I=) L&
//@ SHXO| =ASHH YHEIR ZEAHE =8
if(a==Ga && b==Gb) { // ad, bBOIA dfs, MK AHLtet H2|= d
output ("DFS success", d); void dfs(int a, int b, int d) {
return; M[a][b] = d;
} if(a==Ga && b==Gb) {
output("DFS success", d);
//B 4HTO R dfs return;
// da, dbHl@S O|&3l0] forEl 2 7IEfsl 7hs }
if(safe(a+l, b) & & M[a+l][b]==-1) // |
dfs(a+1l, b, d+1); //Q 4RIAOZ dfs
if(safe(a, b+1l) && M[a][b+1l]==-1) // =~ — for(int i=0; i<4; i++) {
dfs(a, b+1l, d+1); int na = a+da[i], nb = b+db[i];
if(safe(a-1, b) && M[a-1][b]==-1) // *© >“““~———____‘___< if(safe(na, nb) & M[na][nb]==-1) {
dfs(a-1, b, d+1); dfs(na, nb, d+1);
if(safe(a, b-1) && M[a][b-1]==-1) // <« }
dfs(a, b-1, d+1); ] -}
} }

395



Oz &

F 2=

E

Zat D%
7 8 [DFS success] (13)
10100001 -1 0-1 0 0 0O O -1
10100111 -1 0-1 0 0-1-1-1
11811101 -1-1 1 2-1-1 0 -1
0101000 1 0O-1 0 3 0 0 0 -1
11010111 -1-1 0 4 0 10 11 12
100101089 -1 0 0 5 0 9 0 13
O0011101 O 0 0 6 7 8 0-1
[initial state] (-1) [last state] (-1)
-1 0-1 0 0 0 0 -1 5 0 3 0 0 0 016
-1 0-1 0 O0-1-1-1 4 0 2 0 017 16 15
-1-1-1-1-1-1 0 -1 3 2 1 21918 0 14
0-1 0-1 0 0 O -1 O 3 0 3 0 0 013
-1-1 0-1 0 -1-1 -1 5 4 0 4 010 11 12
-1 0 0-1 0-1 0 -1 6 0 0 5 0 9 0 13
O 0 0-1-1-1 0 -1 O 0 0 6 7 8 0-1

- A E[HS| 7L OFHG...

- off XHSHE 2 AX|?

« A2l MXA[EFAHO| TIME|O|OF St=0...

DFSE 49

= DF

S ¢

// a
void

S, bQOIM dfs, HTYIHX| A4S A2l d
dfs(int a, int b, int d) {
M[al[b] = d; //@® a¥ bZ0| AHZ| 7[=
//@ YRS Hoz HA| 0|H oz =»?
//@ SEX0| =xSIH WHEfQ ZEAH2 =
if(a==Ga && b==Gb) {

output("DFS success", d);

return;

}

/13 AHL2=E dfs
for(int i=0; i<4; i++) {
int na = a+da[i], nb = b+db[i];
if(safe(na, nb) && M[na][nb]==-1) {
dfs(na, nb, d+1);
}
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DIE Eal'g - BFSE ?'-6;_:' /] bfs(AE&lsa, A[XSsb, 7E|ldist)

void bfs(int sa, int sb, int dist) {

O} = queue<vertex> q;
" BFS E__Il_El = R B 7= 1 =z P BN RS S )

H -d
1. HE k2 ROl 4R, kB %E

________________________________

" — while(lq.empty()) { /7 A7 Y x| e

St Z{O 2 HA [T ) Sol A A S e )
5. 37} 8 M7IX| CISS HiE=. - P Ao R o B2 AR

1) FOIA K HRY 2 AK QL K e T Aa) BA

2) AMH|E MED 0|t BE HHo| 3} j) BR[O EESH M msin 2=

if(v.a==Ga && v.b==Gb) {

-
HEESIX| S XX 0|2tH
N Al &= EE0lEE, output( BFS search success", v.d);
ol e
H

® 1 HEL Fol e o HE
@ 1 YHO| YRS EA o |

il
-

C E7| W M

________________________________________________________________________

-1 -1 06 06 0 0 -1
Sa, Sb = (2, 2) :
Ga, Gb = (5, 7) _1 0 _1 @ @ _1 _1 _1 i i
-1-1-1-1-1-1 0 -1 | ? |
-1 0-1 0 0 0 -1 § |
-1 -1 0 -1 o0 -1 -1 -1 } S oo
-1 6 0 -1 0 -1 0 -1 }
© 9 © -1 -1 -1 © -1 output("BFS search fail", -1); // O{7[7tX] @& EA HIie




2. maze bfs func.cpp

02 &

o)
T
(Vg
Hu
-1
rot

/] bfs(AEdsa, AlZSsb, ZEldist)
void bfs(int sa, int sb, int dist) { -
queue<vertex> q; u 7E:|J_I_|' %‘I'Ol_l
q.push({sa, sb, dist}); // 70 &X A[E &¢
78 [BFS search success] (11)
while(!q.empty()) {  // F7b & WIHA| g 1010000 1 5 03000 0 8
vertex v = q.front(); // 72l A HW Z= LYY 10100111 4 0 2 0 0 5 6 7
q-pop(); /7 ROIM K HIR o2 AR 11811101 32123 40 8
01010001 0 3 0 3 0 0 0 9
v d- = 11010111 5 4 0 4 010 11 10
M[v.a][v.b]=v.d; el HA
I Aol Sirel e Eatn B8 LB e 600 50 9 011
if(v.a==Ga && v.b==Gb) { 00011101 0006 78 0-1
output("BFS search success", v.d); [initial state] (_1) [| B
e Ly o Ay ast state] (-1)
r:::a(:;St v.d; // 1 -1 0-1 0 0 0 O -1 5 0 3 0 0 0 0 8
’ -1 0-1 0 0-1-1-1 4 0 2 0 0 5 6 7
} -1-1-1-1-1-1 0-1 3 2 1 2 3 4 0 8
0-1 0-1 0 0O0-1 03030009
For(int 1=0; 1<a; 1r+) { -1-1 0-1 0-1-1-1 5 4 0 4 010 11 10
%nt na=v.a+da[%], -1 0 0-1 0-1 0O -1 6 00 50 9 011
int nb=v.b+db[i]; 0O 0 0-1-1-1 0 -1 0 00 6 7 8 0-1
if(safe(na, nb) && M[na][nb]==-1) {
q.push({na, nb, v.d+1}); // b= E&E 70 &
M[nal[nb]=-1; // HEIZ HEA|(H2= 7IF)
¥
}
¥
output("BFS search fail", -1); // Gi7|7tX| @H EHM AT{eQl
} 400



https://gifted.datahub.pe.kr/src/gifted/maze/bfs/2.%20maze_bfs_func.cpp

[BFS searched new distance] [BFS searched new distance]
-1 0-1 0 0 0 0 -1 O 0 0 0 -1
-1 0-1 0 0-1-1-1 0 5-1-1

5 0 3
4 0 2 0

| -1-1 1-1-1-1 0 -1 3 2 12 3 4 0-1

I:IIE E BFS= :I'I'°:I 0-1 0-1 0 0 O -1 0 30300 0-1

SR G B R 5 4 0 4 0-1-1-1

-1 0 0-1 0-1 0 -1 -1 0 0 5 0-1 0 -1

o o i 0O 0 0-1-1-1 0 -1 0 0 0-1-1-1 0-1

 HM rdE EQF= BHOIE

bfs(AlRt8isa, A|RQsh, H2|dist [BFS searched new distance] [BFS searched new distance]

\//c/)id b1(°s|(1nt sa 1|nt sb in-’lc ljist)){ -1 0-10 0 0 0-1 5 0 3 00 0 0-1

auevecvertexs a; G2 o940 82712384 0-

q.push({sa, sb, dist}); // 70l =X Al% &€ 0-1 0-1 0 0 0O -1 030 300 0-1

SR G B R 5 4 0 4 0-1-1-1

while(!qg.empty()) { // A7 8 WEK| s -1 0 0-1 0-1 0 -1 6 0 0 5 0-1 0 -1

vertex v = q.front(); // 7l & B == ALY 0O 0 0-1-1-1 0-1 0O 00 6-1-1 0-1

q.pop(); // TOIAM A BRf 2= AK| ,

[BFS searched new distance] [BES Seaéohgd Bewodlgtaqoe]

. . = -1 0 83 0 0 0 0-1 -

1F(v.d>dlst')' // AE|Zt EO'|'—fD|_4. L 102 0 0-1-1-1 1020005 6 7

output("BFS searched new distance"); 3 0 1 2 3-1 0 -1 3 2 1 2 3 4 0-1

_ 0 30 3 0 0 0-1 0 303 0 0 0-1

M[v.a][v.b]=dist=v.d; // HE|l EA| SR B 5 4 0 4 0-1-1-1

/] SHEXO =M 45 EHoln ©HE -1 0 0-1 0-1 0 -1 6 0 0 5 0-1 0-1

if(v.a==Ga && v.b==Gb) { O 0 0-1-1-1 0 -1 0O 006 7-1 0-1

output("BFS search success", v.d); .

min dist = v.d; // EF M [BFS searched new distance] [BFS searched new distance]

return: -1 083 0 0 0 0-1 5 03 000 0 8

} ’ 4 0 2 0 0-1-1-1 4 0200 5 6 7

3 2 1 2 3 4 0-1 3 2 12 3 40 8

0 30 3 0 0 0-1 0 303 00 0-1

-1 4 0 4 0-1-1-1 54 0 4 0-1-1-1

-1 0 0-1 0-1 0 -1 6 00 5 0-1 0-1

3. maze bfs show process.cpp 00 0-1-1-1 0 -1 0O 00 6 7 8 0 -1
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O/2 EF= DFS + BFS AN AA3RC

//written by akapo@naver.com // AT HOIM EHAM MEE =
#include <stdio.h> void output(const char* title, int dist) { // a¥, bEO|M dfs, AKX ALtSt AHE2|= d
#tinclude <limits.h> if(dist > @) void dfs(int a, int b, int d) {
#include <algorithm> printf("\n[%s] (%d)\n", title, dist); M[a][b] = d;
#include <queue> else
using namespace std; printf("\n[%s]\n", title); // SEX O ZHHH,
if(a==Ga && b==Gb) {
struct vertex { for(int a=0; a<n; a++) { if(min_dist > d)
int a, b, d; // adl, b¥, AH2ld for(int b = 8; b < m; b++) { min_dist=d;
}; printf("%3d", M[a][b]); output("DFS search success", d);
} return;
int n, m; printf("\n"); }
int M[201][201]; // XE HE }
int sa, sb; //EYX a¥ bd } int noway=0; // @Xf 2X|0|A OlF E7ts & =
int Ga, Gb; //SHX| a3 b for(int i=0; i<4; i++) {
// bfs(AEHsa, A|ZDsb, ME|dist) int na = a+da[i];
// Ol&¥ Wl 74X gtg o, otzfet Z0o| HoH void bfs(int sa, int sb, int dist) { int nb = b+db[i];
// O, REZE, #IF, dF =M=z FMSHA . queue<vertex> q;
int da[] = {1, o,-1, @}; // & & q.push({sa, sb, dist}); // FOl A AIF ¢ if(safe(na, nb) & M[na][nb]==-1) {
int db[] = {0, 1, 0,-1}; // & W&t dfs(na, nb, d+1);
int min_dist=INT_MAX; while(!q.empty()) { // &7t & W7X| gr= M[nal[nb]=-1; // HE=S AL LU=
vertex v = q.front(); // Tel A WM &= HUY7| }
bool safe(int a, int b) { // a¥ b¥ q.pop(); // FOIA A HEy g5 A else
return (@<=a && a<n) && (@<=b && b<m); noway++; // Ol&=27t 7t2H &7t
} M[v.a][v.b]l=v.d; // HE| EA|
// SEX|O| g5t 43 285t ©§E if(noway==4) // 4 25 ZO0| USHUYCH,
void input() { if(v.a==Ga && v.b==Gb) { output("DFS search fail", -1);
// N, M2 SHE J|ELZ TR0 YUY HI|(ndE nE) output("BFS search success", v.d); }
scanf("%d %d", &n, &m); min_dist = v.d; /] B N }
/7 2K 2|AEQl B HE Y gy return;
for(int a=0; a<n; a++) { } int main(void) {
for(int b=0; b<m; b++) { input();
int c; for(int i=0; i<4; i++) { output("initial state",-1);
scanf("%d", &c); int na=v.a+da[i]; // dfs £ bfs OfLto| o0t S =S A
int nb=v.b+db[i]; // sad sbBO| A DFSA|E
if(c==8) Sa=a, Sb=b; /] ELX EH if(safe(na, nb) & M[na][nb]==-1) { dfs(Sa, Sb, 1);
else if(c==9) Ga=a, Gb=b; // SHX| &4 g.push({na, nb, v.d+1}); // Ct& |IXE 7ol & // Sa® sbZO|A BFSA|E
M[na][nb]=-1; // YEUZ EA(H2= 7tF) //bfs(sa, Sb, 1);
// ELX| FHX| xY ZE g -1E #HEY ) output("last state",-1);
if(c>=1) M[a][b]l=-1; } printf("%d\n", min_dist);
else M[a][b]=0; // a&l b0 A€ } return 0;
} output("BFS search fail", -1); // O{7|7tX] @™ EfM Al }
} }
}
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https://qifted.datahub.pe.kr/3cup water pouring quiz.html

A 7| (water pouring puzzle)

1) R WA Zo| M 7l 8% a b, <7t SWOZ
RElSi0] KeI4E pAE T
(1 <a, b, c<200)
2) £ W o Yot Bo| Y d7t XU o
HEICE (1 <d < 200)
=
1) dElE{S 22 Y=o TR Aa0 B B
g st
2) 2ot otRe| W E d2|EQ 22 Aojd =
QICHE 12 BT}
« (I SHO| 0
2= of 52 0]
3711 3
5
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Hole 22| & EII(7I=24)

3cup water pouring gquiz.cpp

#include <iostream> int BFS() {
#include <vector> queue<state> q;
#include <algorithm> // N5 Ef: A=0, B=0, C=7}5, =+=0
#include <queue> q.push({e, @, cups[2], @});
using namespace std; visited[@][@] = true;
struct state { while (!q.empty()) {
int A, B, C, cnt;
¥
int send[] = {0, O, 1, 1, 2, 2};

int recv[] {1, 2, o0, 2, 0, 1};

//A B RAT Ao col BAZF nEEER 2028 MHA Jts
bool visited[201][201];

// ABC &2 ¥s MYSI= HIE

int cups[3];

int d; // ®ots =229 ¥

int BFS();

int main() {
cin >> cups[@] >> cups[1l] >> cups[2];
cin >> d;
cout << BFS() << endl; }

408
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int BFS() {
queue<state> q;
/] M& MEi: A=e, B=0, C=7I5, Zls=0
q.push({e, @, cups[2], 0});
visited[@][0@] = true;

while (!qg.empty()) {
state cur = q.front();

q.pop();

jo
ne

Q
|0
2

if (cur.A==d || cur.B==d || cur.C==d) { // HEot= =29 &
return cur.cnt;

}

for (int k = 0; k < 6; k++) { // A->B, A->C, B->A, B->C, C->A, C->B 6712 #O0|A2 O|=
int next[] = { cur.A, cur.B, cur.C };
next[recv[k]] += next[send[k]];
next[send[k]] = O;
if (next[recv[k]] > cups[recv[k]]) { // CH& 252 E2ELCH 20| Bop HE [
// Z3f5t= BHF CHAl O] =80 20 &
next[send[k]] = next[recv[k]] - cups[recv[k]];
next[recv[k]] = cups[recv[k]]; // & 252 U= MMUAF

}

o

if (!visited[next[@]][next[1]]) { // A% B2 =2 ¥= Sot0] HE HIE XM=

visited[next[@]][next[1]] = true;

state neo = {next[@], next[1], next[2], cur.cnt+l};
g.push(neo);




#include
#include <vector>
#include <algorithm>
#include <queue>

using namespace std;

struct task {

char from, to;

int c¢nt, A, B, C;
}s

struct state {
int A, B, C, cnt;
vector<task> his;

s
int send[] = {0, 0, 1, 1, 2, 2};
int recv[] = {1, 2, 0, 2, 0, 1};

//A B2 FAT AW col FA 7t
bool visited[201][201];

// ABC =2 &= MEst= HIE
int cups[3];

char cups_name[3] = {'A','B','C'};
int d; // #dt= 2| &

state BFS();

IMEBZ 27420 M3 7=

int main() {
cin >> cups[@] >> cups[1l] >> cups[2];
cin >> d;
state s = BFS();
cout << s.cnt << endl;

vector<task> tv = s.his;
for(task t : tv)
printf("(%2d) %c->%c [%d, %d, %d]\n",
t.cnt, t.from, t.to, t.A, t.B, t.C);

i <iostream>

e

state BFS() { 3cup water pouring sol.cpp

queue<state> q;

// M& SEf: A0, B=0, C=7}5, =0
g.push({@, @, cups[2], @, vector<task>()});

visited[@][@] = true;

while (!q.empty()) {

state cur = q.front();
q.pop();
if (cur.A==d || cur.B==d || cur.C==d) { // ¥Sl= =2 ¥= YJA2H

return cur;

}

// A->B, A->C, B->A, B->C, C->A, C->B 67(2] #O|A% O|F
for (int k = 9; k < 6; k++) {
int next[] = { cur.A, cur.B, cur.C };
next[recv[k]] += next[send[k]];
next[send[k]] =
if (next[recv[k]] >
// Z=1otE THE
next[send[k]]
next[recv[k]]

cups[recv[k]]) { // CH&
CHAl O] =280 o0&

= next[recv[k]] - cups[recv[k]];

= cups[recv[k]]; // CHe =82 ZHZE HMUAE

}

if (!visited[next[@]][next[1]]) { // A% BS| =2| &= Sot0 LF
vector<task> tv(cur.his.begin(), cur.his.end());
tv.push_back({cups_name[send[k]], cups_name[recv[k]],
cur.cnt+l, next[0], next[1l], next[2]});
state neo = {next[@], next[1], next[2], cur.cnt+l, tv};
g.push(neo);

visited[next[@]][next[1]] = true;

=2 8YEC0r =0| Eor g&
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research path tryl.cpp

#include <stdio.h>

#include <limits>

#include <iostream>

#include <vector>

#tdefine MAX vV 15 // Z|Cf EF M=
using namespace std;

int n, m;

int G[MAX_V+1][MAX V+1]; // GZE=
int visited[MAX V+1]; // &
int sol=INT_MAX;
vector<int> path; // %&E A& +=AE 7|Eot= HH

void input() {
scanf("%d %d", &n, &m);
for(int i=0; i<m; i++) {
int s, e, w;
scanf("%d %d %d", &s, &e, &w);
G[s][e] = G[e][s] = w;
}
}

void output(int W) {
for(int v : path)
printf("%d-", v);
printf("\b [%d]\n", W);
}

/7 88 VoM SHX|HX| 7= HE|E ALbolEL,
// MK O] H[E2 WOILt.

void dfs(int V, int W) {
// METS Ee

}

int main() {
input();
dfs(1, @); // &8 1, HE[ o0 A A[%
printf("\nmin: %d\n", sol==INT_MAX ? -1 : sol);
return 0;



https://gifted.datahub.pe.kr/src/GRAPH/dfs/research_path_try1.cpp

[
= solve() & 2 — DFS
def dfs(k):
1) MA kE N2|stn 2238 7oz HA
2) kot HAE BE FHH™EO| CHsH
H=orMol o™ O EHEOAM dfs,
dfs?7l 2t=E[H &S0} 27|

1 47 | 69

2 47 57 124

3 69 37 | 59 86

4 57 | 37 27 | 94
5 124 | 59 21
6 86 | 27 40
7 94 21 | 40

/7 88 VoA SHX|TIER| 7t AZIE Aol

// AKX Ol AHE|= WO|Lt.

void dfs(int V, int W) {
path.push_back(V);

e 2/ EEEE B

// OEX[Ef n S{X|0] EEAH. .

if(V == n)
// B B2 AZE HULTH YHOIE .
-"-"-"-"-"-"} ...................
output(uy; T
return;

}

for(int i=1; i<=n; i++) {
// 1§ Y= HO| g1, *HHVEEF i7F AAE[0f UCHH,

// (00| OfL|H AHZAL|Y RUCi= F)..
L ) {
| // 8™ i0lM dfs
i > /) HMEA S2EE X
y
return;




gegs 7t £ THEM(DFs)

AAFE

#include <stdio.h>
#tinclude <limits>
#tinclude <iostream>
#include <vector>
#define MAX_V 15
using namespace std;

// =Y 88 M=

int n, m;

int G[MAX_V+1][MAX_V+1];
int visited[MAX_V+1];
int sol=INT_MAX;
vector<int> path;

void input() {
scanf("%d %d", &n, &m);
for(int i=0; i<m; i++) {
int s, e, w;
scanf("%d %d %d", &s, &e, &w);
G[s][e] = G[e][s] = w;
¥
¥

void output(int W) {
for(int v : path)
printf("%d-", v);
printf("\b [%d]\n", W);

void dfs(int V, int W) {
if(v == n) { // OHX[9} n X0 EZHCHEH. ..
/1 8 B2 AHEE AUSH YHO|E &
if(W < sol) sol = W;
output(W);
return;

}

for(int i=1; i<=n; i++) {

/7 ig &g Ho| g, dxvet i7h HAE O UCHH,

// (00| OfL|EH AZLOf RUACt= X)...

if(!'chk[i] && G[V][i]) {
path.push_back(i);
visited[i]=1;

[:dfs(i, W+G[V][i]);
visited[i]=0;
path.pop_back();

}

}
}

int main() {
input();

path.push back(1);

visited[1]=1;

dfs(1, @); // && 1, HE| 00| A%
printf("\nmin: %d\n", sol==INT_MAX ? -1 :
return 0;

sol);

1
1
1
1
1
1
1
1
1
1-
1
1
1
1
1
1
1
1
1

[171]

[198]

u-6-7 [33u]
u-7 [361]
6-U-7 [U37]
6-7 [356]
[192]

5-7 [308]




ggs 7= £ HHNEM(DFS) -

AAFE

research path try2.cpp

#include <stdio.h>
#tinclude <limits>
#tinclude <iostream>
#include <vector>
#define MAX_V 15
using namespace std;

// =Y 88 M=

int n, m;

int G[MAX_V+1][MAX_V+1];
int visited[MAX_V+1];
int sol=INT_MAX;
vector<int> path;

void input() {
scanf("%d %d", &n, &m);
for(int i=0; i<m; i++) {
int s, e, w;
scanf("%d %d %d", &s, &e, &w);
G[s][e] = G[e][s] = w;
¥
¥

void output(int W) {
for(int v : path)
printf("%d-", v);
printf("\b [%d]\n", W);

/7 88 VoM SEXNX 7= AHEIE ALkl
// SMIK| OlSHE|= wOlLt.
void dfs(int V, int W) {
path.push _back(V);
visited[V] = 1;
/7 BEXI% n X0 EHSUSH. ..
if(v == n) {
// O B2 HEE HULTH YHO[E .
if(W < sol) sol = W;
output(W);
return;

}

for(int i=1; i<=n; i++) {
// 1§ Y=ot HO| g,
// (0] OtL|EH AAEO RUCI= K£)...
if(!visited[i] && G[V][i]) {
dfs(i, G[V][i]+W);
visited[i] = ©;
path.pop_back();
}
}

}

int main() {
input();
dfs(1, @); // && 1, HE| o0A A|Z
printf("\nmin: %d\n", sol==INT_MAX ? -1
return 0;

}

AMvel i7F HEE[H RUACHH,

: sol);

1
1
1
1
1
1
1
1
1
1-
1
1
1
1
1
1
1
1
1

[171]

[198]

u-6-7 [33u]
u-7 [361]
6-U-7 [U37]
6-7 [356]
[192]

5-7 [308]
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H|g = 221

158 F2, H O
A EMBIR YERIE S 7
ste O M3 2X7t 98

Fxfje| & = 104
CHSH|E = 94
SHo| 1712 C}
o=z el

Negez 2 = 4=, 0] 329
210|= 2210|C}.

AR 7k =2 Ol§AH2] = 221

Cteo2 1% Z2& 1710] ECk 0
sie XIS7HKe] shECt 22120 O
Z2 Zd=z0|oz A

HIWIHK| #3824 0l5AH2| = 171

Chs d2& o= 50 S|
APl 171800 AHXA T2z AG!!
T2rN HHEF0] HiFZ D 252 =
OFFICE. O|2{gt WFdoZ OfX|EHIHX|

x| 5H
| I O
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void solve(int V, int W) {
path.push_back(V);
chk[V] = 1;

/] X ZOorH = A2l > XS] ok A
if(W > sol) return;

/7 BEXIE n RAX|O| =ERCHE. ..

if(V == n) {
// O &2 HE|E HUSH YOO|E .
if(W < sol) sol = W;

_

output(W);
return;

}

for(int i=1; i<=n; i++) {
if(!chk[i] && G[V][i])
solve(i, W+G[V][i]);
path.pop_back();
chk[i] = ©;
}
}
}
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TS Jte A - £ S HT
research path try3.cpp
/] 71& RE // BAHIKL AHE
int counter=0; int counter=0;
void solve(int V, int W) { void solve(int V, int W) {
counter++; counter++;
path.push _back(V); path.push _back(V);
chk[V] = 1; chk[V] = 1;
if(V == n) { if(W > sol) return;
if(W < sol) sol = W;
if(V == n) {
for(int i=0; i<path.size(); i++) if(W < sol) sol = W;

printf("%d-", path[i]);
printf("\b : [%d]\n", W);
return;

for(int i=1; i<=n; i++) {
if(!chk[i] && G[V][i]) {
solve(i, W+G[V][i]);
path.pop_back();
chk[i] = ©;
}

for(int i=0; i<path.size(); i++)

printf("%d-", path[i]);
printf("\b : [%d]\n", W);
return;

for(int i=1; i<=n; i++) {
if(!chk[i] && G[V][i]) {
solve(i, W+G[V][i]);
path.pop_back();
chk[i] = ©;
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 JHE W2 dEY Vtsd0]l =2 &4
S HeYOoR L ®2 F,
o« EFMHIX|1 HEHZS S ALE
i

V 1 2 3 4 5 6 7
1 47 | 69
2 47 57 124
3 69 37 59 | 86
4 57 | 37 27 | 94
5 124 | 59 21
6 86 | 27 40
7 94 21 | 40

// EPMHIR2: ©2Y AR
int greedy_chk[MAX_V+1];
void greedy_ans(int V) {

int W=0, t;

s0l1=0;

greedy_chk[V]=1;

printf("\nGreedy path: %d", V);
/7 BMOEE v SEXO 2= O7HX
while(V != n) {
int min=MAX_INT;
// 2= G[VI[i]Of CHORO] =[a-gr B
for(int i=1; i<=n; i++) {
/7 EEeHH g, AZAEN A1, O X2 Zi0|H,
if(!'greedy_chk[i] && G[V][i] && G[V][i]<min) {
greedy chk[i]=1; // ZEZ2 HA|

m1n=G[V][1]; // AHE—I?_— _{lia}l\-gg %E‘HOlE
t=i; // M2 =220 d85 MK =
}
}

if(v 1= t) { // B2 EEC2=2 0|0 &|H
sol+=G[V][t]; // H2l& &5
v=t; // & B2 Azle] EE2E O|s
printf("-%d", V);
¥
else { // Ols=2710| N H(EHEfHoz 4 37| AL
sol=MAX_INT;
break; // B=
¥
}
printf(" [%d]\n", sol); // BEE o=z &2 ZALZF=E Z0

}




gags 7t £ THEM(DFS)

EFMBIA|1+2 ™A AATE

#include <stdio.h>
#tinclude <limits.h>
#tinclude <vector>
#define MAX_V 15
using namespace std;

/7 =t 8

int
int
int

n, m;
G[MAX_V+1][MAX_V+1];
chk[MAX_V+1];

int sol=INT_MAX;

int counter=0;
vector<int> path;

void solve(int V, int W);
void greedy ans(int V);

void input() {
scanf("%d %d", &n, &m);
for(int i=0; i<m; i++) {
int s, e, w;
scanf("%d %d %d",
G[s][e]
}
}

&s, &e, &w);
= G[e][s] =

int main() {
input();

greedy_ans(1); // O17] FMX2|A| EHAEjR1DH M

O

solve(1, 0); // 8& 1, 72| o0 AlZ
printf("\nPath min: %d\n", sol==MAX_INT ? -1 :
printf("Vertex counter: %d\n", counter);
return 0;

sol);

void output(int W) {
for(int v : path)
printf("%d-", v);
printf("\b [%d]\n", W);

/7 8- VoM AHE[E AlLbslzt,
// MR O|5AHEl= WO|Lt.
void solve(int V, int W) {
counter++;
path.push_back(V);
chk[V] =

// SR ZOpH Ea A2
/1 > XNSIA| Feb

YO 0| E

Azo| Az
if(W>sol) return; // OI7|= FMKZIA| A EM

/7 OEX|9 n RIX|Of =S, ..
if(V == n) {
/1 8 B2 HE|E HUSH
if(W < sol) sol = W;
output(W);
return;

}

for(int i=1; i<=n; i++) {
// iE HFDéI‘ I—|o| HA—'—

UACHH

// (00| OfLEH AZE|O] RUACt=

if(!chk[i] && G[V][i]) {
solve(i, G[V][i]+W);
path.pop_back();
chk[i] = o;
}
}
}

(=13
| = )

Gixivet 17t AZ o

CC
A)---

// BMBIK2 A

int greedy_chk[MAX_V+1];

void greedy_ans(int V) {
int W=, t;
so0l=0;
greedy_chk[V]=1;

printf("\nGreedy path: %d", V);

/7 B ZE vt SEX =2 WAL

while(V != n) {
int min=MAX_INT;

// 2E G[VI[i]Oll CHSIO] XAt EFAM
for(int i=1; i<=n; i++) {
/7 HEord gla, HARO A1, O 2 0[H,
if(lgreedy chk[i] && G[V][i] && G[V][i]<min) {
greedy chk[i]=1; // WEZ HA|
min=G[V][i]; // M2 %|2Zt22 YHOo|E
t=i; // M22 =240 E2 NEH =
}
}
if(vi=t) { // L& SELR O|55tE

sol+=G[V][t]; // 72§ +H
v=t; // 7t B2
printf("-%d", V);
}
else { // Ol&
sol=MAX_INT;
break; // €&
¥
}
/] HEHSE 2
printf(" [%d]\n", sol);

=710 WE(ZH

x|)\7:|§ 7|o| *E#

}

Hele] §Eez Ol

A1)




UTulTuUlTwWoul BN WDN o
N W =DPNDWwW-=0DN

W BhAMNDODND = Ul
AN

8 14 X | EfF AH 12 47 153 176
padr =F AR 1 10 16 49 39
1369 =l

17 50 EFAH H 7| 2 7 13 49 28
2 4 57

25124 - o

34107 » Hi K| =l 57 H|&

3559

2325
46 27

4714 EFAHHE X1 12.0% 66.0% 69.9% 77.8%
57 81 EFMHIA2  41.7% 72.3% 69.9%  84.1%
6 7 40

58 30

7890

424



Ctel A E 2h(dijkstra) E2|=

kel " EBS diid 8¢
« Jd2j=o| ot HH (Vertex)OM 2E * https://youtu.be/tZu4x5825L1
SRS PPNl |_71E|§ 242 Aot &
e (2
3 ] EII
P §§§} e .
@ 5 @ . O|X3|2 CrAIAERLTF kS L3
) S22, O Mg JAotet €42[F2
1
L 3 A|ZHE R E ﬁq

/A :
o ) ons thes ase e us
\®/ 2| E0| Lt 0((V+E)logV) ° *I”

SHES 7HXA = RACE.
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Clol A E 2l(dijkstra) &




Ct2l A E 2l(dijkstra) &2

11k

ro
o

ot
El

g | T | 0I8Y [wHOB GO SR AEY
5

Z[CiA 2| Hol& x=7|=2}
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1(0)°]
2(5)
3(10
u4(9)
2(5)°]
3(8)
6(16
3(8)9]
u(9)
5(11
6(16
4(9)ol
7(21
6(16
3(10)°
5(11)°
6(15
6(15)°
7(17
6(16)°
. 7(17)°
) | 7(21)°

Ct2l A E 2l(dijkstra) &2

11k

ALY

salAsy salAsy

428



Clol A E 2}(dijkstra) €125

HAEZ

11
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Ct2l A E 2l(dijkstra) &2

11k

HAEZ

11
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Cr A Egl(dijkstra) ¥1E|S
= XE|F
1) SYEL=2RHO| ZtAZE MEY IS d[v]E Tt X7[3t oth}
2) X LEE LIEtL= B A0 Y L9 HTSE K HEDICE,
3) AOf| Q™S RE L& BO| CHSH, d[A]+cost(A~B)2} d[B]2| #/= H|uw
4) TFef d[A] + P[A][B]S| #{O| O ALCIH, = O &2 d=2ctH, d[B]1S 4= O
Uo = ALlotrt,
5) A2| E= 0|2 E BO| CHsli O X YUS +=AtCt.
6) A| MEfE "HFE et= = HHECEH, O2{3H O|X| § O|4 A= ARESHA| R=Ct.
7) "OYE" HEQ 25 LE5 &, SYHC=2RHO AZ|7I Mg B2 E SLtE
=2tM O LEE A0 XNEeHCt
g8) A LEJ} "HFE 2t HEf7F E[AL, Z2 O Ol OjHE HEjel =EE
Biot &= Q2 W7HX], 3~79] ™2 HHESICE
= 7H EEAOM, A7t 7S B2 EEE MEN S EH 2= L EE +=3|50F St E = A7
SHE0 2850 &
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Clol A E 2}(dijkstra) €125

« OO &2

O Ul B W W WMNDNPRPRPRPEPNJ

12 1
5
10
9
3
11
7
3
10

N OO vl O W A WN

N O O
N RN R
N

¥4 w4 AITEH

vector<noco> graph[100001];

v [0] [1] [2]
1 (2,5) | (3,10) | (4,9)
2 (3,3) |(6,11)

3 (4,7) | (5,3) |(6,10)
4 (7,12) | (6,7)

5 (6,4)

6 (7,2)

7
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dijkstra log.cpp

NME CHA]AER 2 E[E o((V + E)log(V))

#include <vector>
#include <queue>
#include <iostream>

rr
N
|0
HU
=
(o]
19
jo
nx
ox

#define INF 1e9 // 2t 2|0[5}
using namespace std;

struct noco {
int node;
int cost;
//noco(int n, int c) : node(n), cost(c) {}
bool operator<(noco b) const {
return cost > b.cost; // cost’/|& LEAE

}s
// 9 AZEHQ costBH = graph BHF0ME =E7F HEZQ| Q0|2
/] SM8=R F pqOlM= AlLtE E[THAZ[ oD|2 ALEE

/1 B9 JHa=(N), MOl FHa(M), AR E BT (start)
// TEO| 4= A|Cf 100,0007f2t0 7tH
int n, m, start;

// 4 B0 HZE0 A =0 Cist HEE B i€
vector<noco> graph[100001];
// Z|E AHZ| H|O|& dist[a]: aEZtX|Q| ZX[EHHZ|IE NME

int dist[100001]; HE x 0|4l [Amopgoists

SARAER

pre
(=]
L

1o
El

ro

/) ™ = XE

He -
int from[100001]; 12| 0 > 8 2

16 =

void output_dist_ary() { // ZEtAHZ| HiE ==
putchar('\n");
for(int i=1; i<=n; i++)
printf("[%d]%d, ", i, dist[i]);
printf("\b\b \n");

227 e
ojatg it
}
/] =R 7 W8 &4
void output_pq(priority_queue<noco> pq) {
while(!pqg.empty()) {
noco nc = pq.top();
/] {5, (HE)}
printf("{%d, (%d)} ", nc.node, nc.cost);
pq.pop();
}
putchar('\n');

pge OF&l Z|TtAq2| A A0
A2 E|X] Y2
(Bofat¥, 9), (2¥, 16) E
Ztn QU1 pop() SHH 7+

AAE BOIFE

(IO, 8),
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NME CHA]AER 2 E[E o((V + E)log(V))

int main(void) { putchar('\n");

cin >> n >> m >> start; output_shortest_path(n);

/) BE U BEE g putchar('\n');

for (int i = 0; i < m; i++) { // BEE EEE 77| {ot X|E AZE =3
int a, b, c; for (int i = 1; i <= n; i++) {
cin >> a >> b > ¢; printf("%d 7tX| E[THAHZ|: ", i);
// att =EO|M pH LEZ Jt= H[E0| c2t= 20| /1 EEY = 8l 8%, FCHINFINITY)O[Z2tD =
graph[a].push_back({b, c}); if (dist[i] == INF) {
// FHe g4 42 ofgf RE =Yt cout << "INFINITY" << '\n';
//graph[b].push_back({a, c}); }

} /1 EEE = UAe BF AHElE &

else {
// EE AE| HOlE& BF Fotez2 x7|9} cout << dist[i] << '\n';
fill(dist, dist + 100001, INF); }
}
// CHlAER} ATRIFS S }
dijkstra(start);




dijkstra loqg.cpp

NME CHA]AER 2 E[E o((V + E)log(V))

void dijkstra(int start) {
//output_dist_ary(); // ZEtAEZ| HOE WHE =F
//output_pq(pq); /] M=% F HE =9
// startO|M pqg.node”tX| Z|Et AHE|7} pq.costO|LCt.
priority_queue<noco> pq;

/1 AME EENXS AHEls 022 A5, Fo| &
pg.push({start, 0});

dist[start] = 0;

while (!pq.empty()) { // #7F HIO{QUX| 2LCHH

//

7t ZE AZ7F B2 =0 gt HE ALY

int now_node = pq.top().node; // ®X &

//

startOA S ==K HE Tl X B

int now_dist = pq.top().cost;

Pq.

//
//
//
if

pop();

AM=EE ERote AP”ESTX|Q ZEALZE ALtstE =0
O|0| A M3 =2 dist[now_node]?} now dist=Ct 2O ™
I ES9| 2[EHAE|E ALt 20(7F Sl=3.
(dist[now_node] < now dist) {
printf("%d(%d)2| AZF== AL HALHE\n"

, how_node, now_dist);
continue;

printf("%d(%d)2| A™ELE HLh\n", now_node, now dist);
//T) =20 HAZ iHIW| == (graph[now node][i])Ol CHS}O]
for (int i = 9; i < (int)graph[now_node].size(); i++) {

// iBM = (graph[now_node][i])E SXNXZ MY

noco tar = graph[now_node][i];

/] FEXINK AHE| = X =ENX| AHE[ + SHX|7HX| H|&

int tar_dist = now_dist + tar.cost;

/] BN EEE ANZt= AHE[7t CHE WYEL HeH,

if (tar_dist < dist[tar.node]) {
// targetZ}X|2| Z[EHAHE| H|O|Z RUO|O|E
dist[tar.node] = tar_dist;
// O SEE pqOll & USHCH. HLISHH, tarWtX| Z[THAZ]
// YHOIE ez IFPEE O A 2 = U
pq.push({tar.node, tar_dist});
// SAXQ A™ LE7} now nodeR=a M

from[tar.node] = now_node;

\J

}

0jo

printf(" %d(%d)xE ®HO|E\n", tar.node, tar_dist);
}

else
printf(" %d(%d)=E YOIO|E Qt&h\n",
tar.node, dist[tar.node]);
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e CrAEet Eac]

void output_shortest_path(int dest) {
if(dist[dest] INF) {
printf("there is no path to %d\n", dest);
return;

deque<noco> pathstep;
int now = dest;

while(dist[now] > 9) {
pathstep.push_front({now, dist[now]});
now = from[now];

}
pathstep.push_front({now, dist[now]});

printf("%d 7tX| ZEFEZ:\n", dest);
for(noco a: pathstep)

printf("%d(%d) > ", a.node, a.cost);
printf("\b\b \n");
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ChoJAE

» FAOIM MR ZEEAEZ S StHots

2h(dijkstra) Y 2| F2

LHH|A|O|H S THEA|L,

i3

| M

-1 0

CH A2

ot B2 0|50 28E&=
H2?

« A=t 0| &

https://gifted.datahub.pe.kr/dij
kstra shortest path search.html
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3 (Floyd-Warshall)
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E Z0|=-2 4 (Floyd-Warshall) €12 2| &

. 7| :I.EH-'-'- .le O|7(-Io|-|E=|

N T -nﬂnﬂ

G/ AN

B
7

~~ 2 5 0 2 INF INF
2 9 .5 )

PN 3 INF 2 0 7 INF
|/ \\: :/1 \\p-f""fﬂf L 4 9 INF 7 (%] 2
o s U :

1 INF INF 2 %)
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E=0|E-¥ 4 (Floyd-Warshall) &1 2| &

= Roundl: = Roundl
=ps f\t [ 1 | 2 | 3 | 4 | 5
, 0 5 INF 9 1
3 5 0 INF  INF
INF 0 INF
2
2
5
1-1-1(2—-1—-1|3—-1-1|4—-1—-1 | 5—-1->1
1—=1=212-1-2 132122 4->1—-2 5—-1->2
1—=1-3 122123 |3-+1-3 |4->1-3 5—-1-3
114|214 | 35124 | 414 | 514
1—-1-512-1-5|3—-1-5 4—-1-5  5-+1-5
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" Round2:
24

EZ0|E- 4 (Floyd-Warshall) & 12

1—2—1
122
1—2—3
1—-2—4
1—2—5

2—2—1
2—2—2
2—2—3
2—2—4
2—2—5

3—2—1
3—2—2
3—2—3
3—2—4
3—2—5

421
422
423
4—2—4
425

5—2—1
5—2—2
5—2—3
5—2—4
5—2—5

‘ N
]

= Round2

-nnnn

14 6
7 INF
%) 2
2 %)
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1—3—1
1—-3-2
1—3—3
1—-3—-4
1—-3—-5

2—3—1
2—3—2
2—3—3
2—3—4
2—3—5

3—3—1
3—3—2
3—3—3
3—3—4
3—3—5

4—3—1
432
4-3—3
4—3—4
4—3—5

5—3—1
5—3—2
5—3—3
5—3—4
5—3—5

= Round3
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E = 0|E-Y 4 (Floyd-Warshall) &1
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]

= Round4:
=27
] 0 5 7 9 1
3 5 0 2 9 6
7 2 0 7 8
° 9 9 7 0 2
147 | 25451 | 3451 | 441 | 541 \@
124—-2 | 242 | 3542 | 4542 | 5542 :
1543 | 2543 |3 2423 | 443 | 5543
1o4—4 | 2=4—4 | 3454 | 4—4—4 | 544
124—5 | 245 | 345 |4 -4—-5 | 545 ke 9 S 7
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= Round5:
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1—-5—4
1—5—5
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2—5—3
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2—5—5

3—5—1
3—5—2
3—5—3
3—5—4
3—5—5

4—5-1
4—5-2
4—5-3
4—5-4
4—5-5

5—5—1
5—5—2
5—5—3
5—5—4
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= Round5
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E 20| E-4(Floyd-Warshall) €12 2|F 73

= 218 O[O[H = A FE
- - 5 #include <iostream>
<3>= ! =< /\/I"x_ 5 6 #define INF 1e9 // Fot= 20oh= 422 109= 278
~Z o 12 5 #define MAX 101
5 9 |7/5\| 149 using namespace std;
PN
N Ve \\f,,f”; 151 /] =E9| THa=(N), ZtMo| THa=(Mm)
\2/ 5 =\\1/} 2 32 // =E9| == E|Cf 1017l2t2 7HE
a B 347 int n, m;
45 2 // 2K HIE (A= 5H)E TE7|
=< o4 int graph[MAX][MAX];
==
0 9 { 3 1 int main(void) {
5 0 2 8 B cin >> n >> m;
i 2 0 7 8
3 8 {f 0 2 // ZIEH AE| HIOlgE2 EF Fotez 7|3t
1 B 8 2 0 for (int i = @0; i < MAX; i++) {
fill(graph[i], graph[i] + MAX, INF);
}
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Z20/E-9

A (Floyd-Warshall) €112|&

N

73

// A7 RpAlolM Xp2| X2 7t H[E2 022 7|3t
for (int a = 1; a <= n; a++) {
for (int b = 1; b <= n; b++) {

if (a == b) graph[a][b] =

AL

// 2 2o Ciet HEE Yy &0, 1 gfe= =7|3t

for (int i = 0; i < m; i++) {
// aOlA bE 7t= H|E2 c2td 47
int a, b, c;

cin >> a >> b >> c;

graph[a][b] = c;

graph[b][a] = c; // e Zidel 2 A

} --n“nﬂ

0
5 0 2 INF  INF
INF 2 0 - INF
9 INF 7 0 5
1 INF  INF 2 0

// BROIE 94 ¥12|5S 4

for (int r =
for (int a =

//Et2E
1; a <= n; a++) //=ZX|

1; r <= n; r++)

for (int b =
graph[a][b] = min(graph[a][b],
graph[a][r] + graph[r][b]);

/) AHE BIHE BE
1

for (int a =
for (int

}

cout <<

; a <= n; a++) {
tb=1; b <= n; b++) {
= e 8% SH(INF)O|2f2

// EI:E% T HATT OT), _I_

if (graph[a][b] == INF)

cout << "INF" << ' ';
/) P & UE F2 H2E
else

printf("%3d ", graph[a][b]);

‘\n';

1; b <= n; b++) { //=HA

==
=

= |
=

o7
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A& HiO|2£Q E BO|2{AE HERIS
Sofl HutzlCh o AFEZE & Biol2 A0 2
2| O AREHe HEXHNT S0M AEE 0
A= 2= BrHs & HO[HA0 Z2[A =
Ct.

1 2 3 4
3 6 /
< B 1 >

O =0 70l AFEHZI <18 1>1t Z0
HESI S0lM HEE[H AT StAE 1H
BRE7E & Ho[HA0 22 F HiOl2 A
= 281 5 ARES AN 38 6W AR
E{77tX| FIE|Of 2, 3,5 6 Wl tHel AFH=
= HFOIEV*OH zelA =Lk ShX| T 4= 1p 73
1 H BREL HEAILHM HE
E|01 | =7 &0l = BA| H=Ch
Ol o 18 HEETL Y urolajao] ZHC,
BREHO w2t HESI g0M M2 HEE|O
R 27t F01E M, 18 BREHE Sl 3
Ho|2{ 201 Z2|A £l= BrEH2 =5 S=0ot
= o2 =S XEMSEA| 2.
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# Hio|Z{ £ =0

#include <iostream>
#define INF 1le9 // Fot= 2|05t (o= 1092 2%
using namespace std;

// =EO9| I (N), ZHMQ| (M)
/] EQO J3= AT 1017fEtD 7HH
int n, m;

// 2Xr@ B (A2E HOH)E TS|
int graph[101][101];

int main(void) {
cin >> n >> m;

// ZT AE| HOl25 BEF ROz 7|3}
for (int i = 0; 1 < 101; i++) {
fill(graph[i], graph[i] + 101, INF);

/1 K71 RRUOIM X 2] X2 2 Tt HIE2 022 =7|3t
for (int a = 1; a <= n; a++) {
for (int b = 1; b <= n; b++) {
if (a == b) graph[a][b] = ©;

// 7k 2ol Cf3t MRS Qe wo, 1 ez x7|3
for (int 1 = 0; i < m; i++) {

// AOIM BE Tt A2l 12 A7

int a, b;

cin >> a >> b;

graph[a][b] = 1; // a0lA b=

graph[b][a] = 1; // bO|A a2 (L 7H4)

// ER0|E {2 g5 =Y
for (int k = 1; k <= n; k++)
for (int a = 1; a <= n; a++)
for (int b = 1; b <= n; b++)
graph[a][b] =
min(graph[a][b], graph[a][k] + graph[k][b]);

int count=0;
for(int i = 1; i <= n; i++) {
if(graph[1][i] !'= INF) //INF OL|H, HZAL|| UCts =
count++;

}
// 18 A2 ALl

cout << count-1 << endl;
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DP (S3EA=E)

(Dynamic Programming)
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Cto|Lte] =2 32U (DP)

: IE L] S

142 3+5 21+34

-

- MAgrE S LELHK =€ 73

#tinclude <stdio.h>

int fibo(int x) {
if(x==1 || x==2)
return 1;

else
return fibo(x-1) + fibo(x-2);

int main() {
printf("%d", fibo(6));
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Cto[Lte] =212 Y(DP)

« nO] AXEH HZEFZF A
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Clo|Ltel =2 a2 (DP)

» DPE O[ELX| =& ALHSH7|

=0f pp
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1
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T517| 2ol 2Lt f(10) 440,
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=
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Cio|Ltal =2 322 (DP)
» DPE LO|ELIX| =€ 75 (XfHEH)

#include <stdio.h> =2 A0}
/7 oHH AlLRoh ZarE B2 O|X0]d StH7| flet HHE
unsigned long long D[100];

£(6) £(5) f(4) £(3) f(2) f(1) £(2) £(3) f(4)

unsigned long long fibo(int x) { " §§E|E _f'_ikl
printf("f(%d) ", x);
if(x == 1 || x == 2) return 1;
// OlO] Aldtet X e EHEH A2 dhet
if(D[x] != @) return D[x];
// OFEl ALHSHA| =2 ZH2tEH At

D[x] = fibo(x-1) + fibo(x-2);
return D[Xx];

int main() {
printf("\n%11lu", fibo(6));
return 0; Piha® e
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Clo|Ltal = 2 J2)2(DP)

= DP OIS X PSS =DP OF MA=Z=
#include <stdio.h> #include <stdio.h>

unsigned long long D[100];
unsigned long long fibo(int x) {

if(x==1 || x==2) unsigned long long fibo(int x) {
return 1; if(x <= 2) return 1;
else
return fibo(x-1) + fibo(x-2); if(D[x] != @) return D[x];
}
D[x] = fibo(x-1) + fibo(x-2);
int main() { return D[x];
printf("%11lu", fibo(50)); }
}
int main() {
printf("%11lu", fibo(50));
}
12586269025 12586265025
Process returned O (0x0)  execution time © 20.853 s Process returned 0 (0x0)  execution time @ 0.033 s
Fress any key to continue, Press any key fo continue.
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Clo|Ltal = 2 J2)2(DP)

» O ELHX] =& pp ELCH2 79

#include <stdio.h>
unsigned long long D[100];

unsigned long long fibo(int x) {
if(x==1 || x==2) return 1;

// 0|0 Attt A QoM JCHZ izt
if(D[x] '= @) return D[x];

// Ot A4LHohX| Gi2 ZHM2tEH A
D[x] = fibo(x-1) + fibo(x-2);
return D[x];

int main() {
printf("%11lu", fibo(50));

84 weo| o 27

// ot

» LXK =% pp HIEY T3

#include <stdio.h>
#define MAX 100
unsigned long long D[MAX+1];

void dp() {
D[1] = D[2] = 1;
for(int i=3; i<=MAX; i++)
D[i] = D[i-1] + D[i-2];

unsigned long long fibo(int x) {
return D[x];

int main() {

dp();
printf("%1lu", fibo(50));

}
/

0ot

Al HEEHO| O

o

OHM
rlo

/ & 72
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Cto|Lte] =221 (DP)
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cho|Ltel =2 1243 (DP)

s O} AZIO| AbZEG

s BREHA WOl O 2Tt oA 428
U SIS Y, 1
Cnm)=Cn—1, m)+C(n—1,m—1) 1 0Co 1
ex) C(5,4) = C(4,4) + C(4,3) .Co .G
1 2 1
o C C C
+ MM O|ME DIn+1][m+1] HIES MO  Z0 gt g P
ofl, 3Co 3C1 3C2 3C3
. OPAZY| MZHYS FMY CbS Wl 4 6 . 1
@Ql mHI_-lmH g)lk-% H|_|-§|_|' (zero-base 4Co 4CA 4Co 4C3 4Cy
index) 1 5 10 10 5

5C0 5C1 5Co 5C3 5Cq
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Cto[Lte] =212 Y(DP)

. MEFAL B0

« SHEEAl 20

—

for(int a=0; a<=n; a++) {
for(int b=0; b<=m; b++) {
if(a==0 || b==0 || a==b)

D[a][b] = D[a-1][b] + D[a-1][b-1];

D[a][b] = 1;
else
}
} 1
1 1

1 2 1
1 3 3 1

1 4 6 4
1 5/ |10 |10 5

(.

int combi(int n, int m) {
if(n==0 || m==0 || n==m)

return 1;
else

return combi(n-1, m)+combi(n-1, m-1);

}
1
1 1
1 2 1
1 3 3 1

1 4 6 4 1
1 C 15 15 5 1
4 o L7 LW 4
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Cto[Lte] =212 Y(DP)

f IFAZE APZES (B1SFAL)

#include <iostream>
int combi(int n, int m) {
int n, m; if(n==0 || m==0 || n==m)
int D[50][50]; return D[n][m] = 1;
else
void output pascal trangle() { return D[n][m] = combi(n-1, m)+combi(n-1, m-1);
putchar('\n'); }
for(int a=0; a<=n; a++) {
for(int b=0; b<=m; b++) { int main() {
if(b<=a) { scanf("%d %d", &n, &m);
printf("%d ", D[a][b]); printf("%d\n", combi(n, m)); g 4
}
} output_pascal trangle(); 0
putchar('\n'); return 9; 1 1
} } 02 1
} 0031
00041
00005
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Cto[Lte] =212 Y(DP)

f IFAZE APZES (AFSFAL

#tinclude <iostream>
int n, m;
int D[50][50];

void make_pascal_triangle() {
putchar('\n");
for(int a=0; a<=n; a++) {
for(int b=0; b<=m; b++) {

if(b<=a) {
if(a==0 || b==0 || a==b)
D[a][b] = 1;
else

D[a][b] = D[a-1][b] + D[a-1][b-1];
printf("%d ", D[a][b]);
}
}
putchar('\n');

}
putchar('\n');

int main() {

scanf("%d %d", &n, &m);
make_pascal_triangle();

printf("%d\n", D[n][m]);

return ©
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£0|: ATt 27]

. M EF

2= W g™ M= f(1) =1
@ 1] 1 f(2) = 2
O+ 1 _
@ 1 2 f(3) = 4
D+@ 1 f(n) = f(n-3)+
D+D+@, +Q@ 2 4 f(n-2)+ f(n-1)
©) 1
D+ 1
D+D+@, @+@ 2 7
D+2+0, O+O+D+D, @+O+®, ®+O® | 4
D+D+3, @+ 2
NEL: 4 13
e !
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£0|: ATt 27]

// EO| 1: M == #include <stdio.h>
// ATl =7} 330 EO{7rEH HM[ohA|Zh 1 WO SHE =7ts #define N 40
#include <stdio.h> int memo[N];
int methods(int f) { int methods(int f) {
if(f == 1) if(memo[f] != 0)
return 1; return memo[f];
else if(f == 2)
return 2; if(f == 1) memo[1]=1;
else if(f == 3) else if(f == 2) memo[2]=2;
return 4; else if(f == 3) memo[3]=4;
else else memo[f] = methods(f-3) + methods(f-2) + methods(f-1);
return methods(f-3)+methods(f-2)+methods(f-1);
} return memo[f];
}
int main(void) {
int n; int main(void) {
scanf("%d", &n); int n;
printf("%d", methods(n)); scanf("%d", &n);
return 0; printf("%d", methods(n));
} return 0;
}
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cnt=0

cnt=1

cnt=2

= dfs

AATLC

//ent: AFE%H 2t =) won: VX =
void dfs(int cnt, int won) {

//H B2 2HHE MOF otCt
if(cnt > sol) return;
//BHS0{H S0l EEELC 3H AE ERZ
if(won > m) return;

g
X
|o
L
it
om

z
oM
il

m
>
= =

if(won == m) {
if(ent < sol) {
sol = cnt;
}

return;

}

for(int i=0; i<n; i++) {
dfs(cnt+1, won+c[i]);

}
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HAEED - DFSE 0|83t £0| 7|& dfs make chang.cpp

#include <stdio.h> 3 7

#include <limits> //cnt: AFESE 34, won: YA =AU 2 3 5

using namespace std; void dfs(int cnt, int won) { 2
//BHE0i W0l SEEC 3 ME Eg| BN F

int c[10]; // SHHEHR| ME B E if(won > m) return;

int n, m; //RXISH K| Lot YRECH O B2 StHE MOp ottt St

int sol = INT_MAX; if(cnt > sol) return;

int methods = @; // 5 ZtA| HEO| EXot=7}?
if(won == m) {

void dfs(int cnt, int won); if(ent < sol) {
sol = cnt;

int main() { }
scanf("%d %d", &n, &m); return;
for(int i=0; i<n; i++) }

scanf("%d", &c[i]);
for(int i=0; i<n; i++) {

dfs(e, 0); // &7le/l, eRlO|N =2 dfs(cnt+l, won+c[i]);
if(sol != INT_MAX) }
printf("%d\n", sol); }
else
printf("-1\n");
} // MES BHE7| flet 4 St g0 R ZHK| A=K Hop LHEH?
// NG otH xS FHSIEH?
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HAEEZTI - DFSE 0|82 o} =0| 9dago|l= dfs make chang methods.cpp

| -
#include <stdio.h> //cnt: AMESH 3HH S, won: ®X| =
#include <limits> void dfs(int cnt, int won) {
#include <vector> //BSO0H W0 S HEC AW ME E2[ M S
using namespace std; if(won > m) return;
//XISH K| 2ot YRECH O B2 StHE MOf ottt St
int c[10]; // SHEH TR ME Hi if(ent > sol) return; 37
int n, m;
int sol = INT_MAX; if(won == m) { 235
int methods = @; // % 7A| &HEHO| =X{SH=7}> if(cnt < sol) { 2; 2; 3 (3)
vector<int> v; sol = cnt; 2? 3? 2 (3)
void dfs(int cnt, int won); methods = 1; 2 5 (2)
output(); ’
void output() { } 5: 2 (2)
for(int x : v) else if(cnt == sol) { 2
printf("%3d,", x); methods++;
printf("\b (%d)\n", sol); output();
} }
return;
int main() { }
scanf("%d %d", &n, &m);
for(int i=0; i<n; i++) for(int i=0; i<n; i++) {
scanf("%d", &c[i]); v.push _back(c[i]);
dfs(cnt+1, won+c[i]);
dfs(e, 0); // =7Te/lf, eRl0M = v.pop_back();
if(sol != INT_MAX) }
printf("%d\n%d\n", sol, methods); }
else
printf("-1\n");
; 471
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cnt=0

cnt=1

cnt=2

cnt=3

HAEZ=T - BFS £0]

typedef struct {
int cnt;
int won;

} node;

void bfs() {
queue <node> Q;
Q.push({e, @}); // o/ff, oA A[ZE}

while(! Q.empty()) {
node v = Q.front(); //72 & &4
Q.pop(); / /& Ot 7|

if(v.won == m) { // =& 590 =Zo5}H
sol = v.cnt;
break;

}

for(int i=0; i<n; i++) {
// 2E 2 n O[5} YWD M- E EtA
if(v.won+c[i] <= m)
Q.push({v.cnt+l, v.won+c[i]});
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II - BFSE O|&%t 0| 7|2

bfs make chang.cpp

#include <stdio.h>
#include <limits.h>
#include <queue>
#include <vector>
using namespace std;

typedef struct {
int cnt;
int won;
}tnode;

int c[10]; // 2HHERR] AT B
int n, m;

int sol = INT_MAX; // T (&2 2t 7=
void bfs();

int main() {
scanf("%d %d", &n, &m);
for(int i=0; i<n; i++)
scanf("%d", &c[i]);

bfs();

if(sol != INT_MAX)
printf("%d\n", sol);
else
printf("-1\n");

void bfs() {
queue <node> Q;

Q.push({e, 0}); // o/, o2 0A A%

while(! Q.empty()) {
node v = Q.front();

Q.pop();

if(v.won == m) { // SE 40| =T
sol = v.cnt;
break;

}

for(int i=0; i<n; i++) {
/) BE 2% 0|3} MTH MELC EfA
if(v.won+c[i] <= m) {
Q.push({v.cnt+1, v.won+c[i]});

}
}
}
}
/7 WS TS7] flet x| otm =0l & ZhX| QJAeX[ LOop L H?
/7 oS =tH s FXHoHHE?

P Mo Qo
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HAEED - BFSE O|&8%t £0| ¢dygo|E bfs make chang methods.cpp

[ I

#include <stdio.h>
#include <limits.h>
#include <queue>
#include <vector>
using namespace std;

typedef struct {

int cnt;
int won;
vector<int> cv;
}node;
int c[10]; // SHHEHR] X% B E
int n, m;
int H JH=)

int

sol = INT_MAX; // B (&2 =t
methods = @; // & 7tX| We#0| EXfsH=7}>

void bfs();

int

main() {

scanf("%d %d", &n, &m);

for(int i=0; i<n; i++)
scanf("%d", &c[i]);

bfs();

if(sol != INT_MAX)

printf("%d\n%d\n", sol, methods);
else

printf("-1\n");

void bfs() { £ i

queue <node> Q;
Q.push({@, 0, vector<int>()}); // @7l, o&HO0fA AJZ#S

while(! Q.empty()) { 5
node v = Q.front(); [2] . 2,
Q.pop(); [2]: 5,
/7 sold Eert 39 o oy Mg Ta gig 2 < SO
if(v.cnt > sol) break; 2 < methods

if(v.won == m) { // 2HE A0 E5T
sol = v.cnt;
methods++;
//break; //® ot 7 RQUCHL HiZ Lp7tH OtE.
printf("[%d]: ", sol);
for(int c: v.cv)
printf("%3d, ", c);
printf("\b \n");
}

for(int i=0; i<n; i++) {
// =8 =4 mO|otY OHEF MELE EM
if(v.won+c[i] <=m) {
vector<int> cv(begin(v.cv), end(v.cv));
cv.push _back(c[i]);
Q.push({v.cnt+l, v.won+c[i], cv});

174
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3

E - =
HAS=10 - HIE Y DP ¢
« SIHTHRI 7L 29, 39, 59 O HR 2X e =TS e
. x7|3} 02 042 B+ 4 9Utt
idx 0 1 2 3 4 5 6 /
of 0 99999 | 99999 | 99999 | 99999 | 99999 | 99999 | 99999
(1) 2& Re2lz & | 3o 8= = A=71?
idx 0 1 2 3 4 5 /
of 0 99999 | 1 99999 | 2 99999 99999
=min(a,, ag+1) = min(99999, 0+1) =1
= min(as, a;+1) = min(99999, 99999+1) = 99999
=min(a,, a,+1) = min(99999, 1+1) =2
= min(as, a;+1) = min(99999, 99999+1) = 99999
( (

=min(ag, a;+1) = Min(99999, 2+1) =

479



HAEE=1 - HIEY DP 71

[ S

—_
)

S TR ME

(2) 3 ®t

99999 | 4

99999 | 3

99999 | 2

1

2
1

99999

99999

0

0
0

- N N ™M
oo [

—~~ o~ —

A A A A e

+ + + N + ™
o % — I &N I
N O — O —
DA O + O +
DO — O N
Q220 I
c £ £ c £ ¢
I T TR TR TR |
e e e e e
s s s L L L
+ + + + + +
o — N (98] < ¥p]
M (MM @M @ (@©@ (@©
m & 1 © ~ o
@ @ @ M @O O

N N N N N N

480



1

99999 | 1

99999 | 1

0

0
0

min(as, ag+1) = min(2, 0+1) = 1

dg =

min(ag, a;+1) = min(2, 99999+1) = 2

min(a;, a,+1) =min(3, 1+1)

dg =

2
2

d; =

min(ag, as+1) =min(3, 1+1)

dg =
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dp make chang.cpp

#include <iostream> // DP HIEY +&
#include <algorithm>

#tdefine MAX 10000

#tdefine INF 999

using namespace std;

// DP H|O|&
// 2HHETHR NE B E

int d[MAX+1];
int c[10];
int N, M;

void output(int idx) {

printf("\n(%2d)\n", c[idx]);

for(int x=0; x<=M; x++)
printf(" [%3d]", Xx);

puts("");

for(int x=0; x<=M; x++)
printf(" %3d,", d[x]);

puts("");

int

void dp() {

d[e] = o;
for(int i=1; i<=M; i++)
d[i]=INF;

for(int i=0; i<N; i++) { // ZF S}HEH| a[i]0| CHsHo]
for(int t=c[i]; t<=M; t++) {

d[t] = min(d[t], d[t-c[i]]+1);
}
output(i);
}
main() {

scanf("%d %d", &N, &M);
for(int i=0; i<N; i++)
scanf("%d", &c[i]);

dp();

int min_count = d[M];
if(min_count != INF)
printf("%d\n", min_count);
else
printf("-1\n");
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37
235
2

0, 999, (1) 999,

( 5) SEME| AESIRAS M,

[ ol [ 1] [ 2] [ 3]
20,999, 1, 1,

Process returned 0 (0x0)

2AUME| AFEOIRS M, x|

[ ol [ 11 [ 2] [ .3]1I

Press any key to continue.

([3) ] [JWE]I ?%5%[; [H] ZE[|¢7¥¢[ HI% [ 8] [ 7]
0 1 2 4 7
0, 999, 1, (2 é} (% (3}
e ES B P,

a1 [ 5] [ 8] [
2, (O 2

execution time :

7]

4.703 s
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HAE
—— =
A -
» 202 A|EP 0|M
e c® ™ ARSI vRIE DHEE HIE -
71 9 4 (v-c¥ THE= HEY ¥
£xe *7h
* dp[v] = dp[v] + dp[v-c]
o) =™ {1, 2, 5}, 28 m=s
*7:dp=1[1,0, 0, 8, 0, 0] // 2HA =g

1. ST 1A=

e v=1.25

L]

v=T: dp[1]+=dp[0]=1 — [1,1,0,0,0,0]
v=2: dp[2]+=dp[1]=1 — [1,1,1,0,0,0]
v=3: dp[3]+=dp[2]=1 — [1,1,1,1,0,0]
[ [ ]

[4 1]

v=4: dp[4]+=dp[3]=1 - [1,1,1,1,1,0

]=1
I=1
|_

v=5: dp[5]+=dp[4]=1 — [1,1,1,1,1,
o|0: 1HBe = Bt = %= 2= a4

"o 17hK] e
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=2 e O H
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o OO|:2RE ATE £ 4 Y= AIE &
3. ST 5 ARE:
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#include <iostream>

#include <vector> // 4) ST HZ B (=YD FIRESH| {8 =M 17)
#include <algorithm> for (int c : coin) {
using namespace std; if (c > M) continue; // &7T0| MELCF A H AbLh A7
int main() { // 5) LEXE U +=3[(Fo AR FE)
int N, M; for (int v = ¢c; v <= M; ++v) {
if (!(cin >> N >> M)) // vE BtE [ OIX|2Ho 2 & SiLt O 20|l 429 %
return 0; // A == "v - ¢cE UtEEs 25O H2 "2 ¢
dp[v] += dp[v - c];
vector<int> coin(N); }
for (int i = 9; i < N; ++i) }

cin >> coin[i];
// 6) Y

// 1) €2 %l IS5 YAHESETH €2 == o H MA &) cout << dp[M] << "\n";
sort(coin.begin(), coin.end());
coin.erase(unique(coin.begin(), coin.end()), coin.end()); return 0;
}
// 2) dp[v] = 2% vE TE= "mA-FAI" HHY £

vector<int> dp(M + 1, 0);

/7 3) 7IXgLl: edE WEE YH "OIF STLE ARSI HE" 174K
dp[e] =
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dp make chang methods.cpp

#include <iostream>
#include <vector>

#include <algorithm>
using namespace std;

int main() {

int N, M;
if (!(cin >> N >> M))
return 0;

vector<int> coin(N);
for (int i = @; i < N;
cin >> coin[i];

++1)

// BtE= YRS XMYot= HH
vector<vector<vector<int>>> methods(M+1);

methods[@].push_back({}); // 0¥ = Bl =g 17|

// 1) &2 A8 ST HA(SIEE €2 =2S ol B MA =)
sort(coin.begin(), coin.end());
coin.erase(unique(coin.begin(), coin.end()), coin.end());

// 2) dp[v] = 8% vE TIEE "&M-FA" HY =
vector<int> dp(M + 1, 9);

// 3) 0¥ BIEE WY "0f EXE ALSA| S 17HK
dp[e] = 1;

/] 4) S HEZE RZ(ZYET FI2EDH| 2[5

for (int c : coin) {
if (c > M) continue; // =70 MELCH & AEH A

// 5) LEXE Y =3[(Fot AIE 3 &)

for (int v = ¢c; v <= M; v++) { // cAHEH M7
// vE Tt= [ OIX[Efe 2 & StLt O 20|+
// A T "v - & UEEs BFO FR 2t
dp[v] += dp[v - c];

for(vector<int> b : methods[v-c]) {
b.push_back(c);

methods[v].push_back(b);

}

/1 6) B
cout << dp[M] << "\n";

for(vector<int> v: methods[M]) {
for(int a: v)
printf("%d,", a);
printf("\b \n");
}

return 0;
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  O ( 100 ×  2 N + 500  N 2 ) →   O ( 2 N )
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  O (  N 2 )
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  O (  N 3 )
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  O (  2 N )


   2 N
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  O ( N ! )


  N !


  알


  O  ( 1 ) > O (   log ⁡  N ) > O  ( N ) >   O ( N   log ⁡  N ) >   O  (   N 2 ) >   …   > O  (   2 N ) > O ( N ! )


  O (  n 2 )


  O (  2 n )
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  S  ( P ) = c +  S p  ( N )
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    O ( N 2 )


  O  (  N 3 ) ,     O  (  N 2 )  


  O  ( N )  


  시 작 복 잡 도   O  (  N 3 )


  O (  6  r e s )


  O  (   3  r e s ) 로


  O (  6 d )


  O (  6  r e s )


  O ( V 2 )


  O (  (  V + E ) l o g V )  


  𝑶 (  (  𝑽 + 𝑬 ) 𝒍 𝒐 𝒈  ( 𝑽 ) )


  𝑶 (  (  𝑽 + 𝑬 ) 𝒍 𝒐 𝒈  ( 𝑽 ) )


  𝑶 (  (  𝑽 + 𝑬 ) 𝒍 𝒐 𝒈  ( 𝑽 ) )


  𝑶 (  (  𝑽 + 𝑬 ) 𝒍 𝒐 𝒈  ( 𝑽 ) )


  O ( N 2 )


  O  (  N 3 )


  D a b = min ⁡ (  D  a b ,    D  a k +  D  k b )


  O (  n 2 )


  C  (  n ,   m ) = C  (  n − 1 ,     m ) + C  (  n − 1 ,   m − 1 )


  C  (  5 ,   4 ) = C  (  4 ,   4 ) + C ( 4 ,   3 )

