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S &2 1.5 58 (I (e T een? 7532 1?7 {5 oRw? ISR O FE0R?
CATB'S T | BT AT N A, FATBI FANS el B 1 | IR0 FIf2eA! {527 FZAY
%o, IM o 8 b 76T int W O a/b I Ol ©IFFCER integer S | IR 24

>a%b &3 N = a & b T 17 T TS BT AHCI OO |

(SN I FRLICS A6 A 231 & 2 % 109, QN AW @G @ 722017 A7 e w40 vre
IR int b3 79T long long TR TS AR |

OSAF AW (T4TE long long I [Fg (72 1 4 (SR __int64 IR FACS A G2 97 AN %164d
TFRE IO AN

o


http://acm.timus.ru/problem.aspx?space=1&num=1000
http://acm.timus.ru/problem.aspx?space=1&num=1264
http://acm.timus.ru/problem.aspx?space=1&num=1293
http://acm.timus.ru/problem.aspx?space=1&num=1409

TS AN 1.5 (@0 #{17? gfl Ff wIfSeae 12T 9= FACO B8 SIRCA (SIS
double 37 float A2 FCS B(A 1° S TIBI 5127 A TR =T (12 int =1 long
long AR TS | Float @3 range ¥, double @3 range @f* | ST ST AN T
Qi @, float FI7E @V AIA F T | FIA9 G precision TS F7 |2 {58 €I 07
IR int IR N e 797 long long IR FA 1 F=el int @ g1 long long
@I slow. COISET &JCETS Afewe @ AP TR =0 (91T signed @ unsigned TioT 5137
TR (T AT | FI ST Afewe @ R AL 97 TR AR |

SIET 92T 8 F12 (RER FIe (MrdfR (stdio.h). SRe T (xTH FET @2
1, BT 2 math.h (X8R FiZeT | 1% T2 AT ACR 2T math T (65 T
A SR | SR FEAFED @ (TN O[S I SR (G sin, cos, tan, square
root, square, cube 3wjif%) 5 (ouf¥ €¥ math.h @TIF T3 @ Qs @ g

> ST | BRET AR 2.5 (8 math.h @7 g wrgsd Fieem @3l =itz |

AT R.5: math.h @3 g TR oifert

sqrt(x) @51 @3 square root T T | 2 (F T*T2 THATGF 20O T | MK
Run Time Error (RTE) 2
Fabs(x) @B 2 G AT T F#FT FE

sin(x), cos(x), tan(x)

x 93 sin, cos, tan [T T AT | G = (3 radian GFF MTe TA |

asin(x), acos(x), atan(x)

z@sin~ T, cos— 1, tan— ! g 7 21T | @A 2 (& S=¥73 [—1, 1]
range ¢ 09 S|

atan(x), atan2(y, x)

@A Ay = 1, Az = 0 SANMWA tan~ | @3 T4 atan T M@

R TR I, CICF@ atan2 [ FA ST

@f5 2 ey 3 AT |

af5 e* Mefaaw)

Q21T log =& natural logarithm = log 10 2= 10 based logarithm.
@ Floor €3 ceiling M|

pow(x, y)
exp(x)

log(x), log10(x)
floor(x), ceil(x)

@I 2.3 (S AT 9F6 07 CFaFs] W TR (Pl 71 =11 QU T 39

ST 5 TFE AR @ (@ 7 @ N (67 T | <01 & @, cos 7 = —1 @AM
acos(-1) =& 7.°

1 |#include<stdio .h>

2 |#include <math .h>

3

4 | int main()

5[4

6 double r, area, pi;
7

8 scanf ( , &r);
9

10 pi = acos(—1.);

11 area = pi *x r % r;
12

13 printf( , area);

>double 8 float @ 2[5 SIEH5\5 YR &y TG %lf @ %f II2E T4 =
oat I double, Float @3Ttd precision T™G&F SIK'8 TFCS 516 SIZEET hitp:/community.topcoder.
com/te?module=Static&d 1 =tutorials&d2=integersReals @ article 2ITT (AATS A |

OO G QI AR (A = 22, BT (T W@ (6 approximation gy @ i fex A wee
UL G TG A |

So



http://community.topcoder.com/tc?module=Static&d1=tutorials&d2=integersReals
http://community.topcoder.com/tc?module=Static&d1=tutorials&d2=integersReals

14
15 return 0;
16 |}

IO AT

v2fG 2D f97 co-ordinate 3775 Nt SItHa WTaR 71 s 5541
@35 fagrem foaft g sy (il <, O fodfs @ iet Ay &1
@5 fagrer foq qrea iy (Tl ST, ©F CFase T 41

o G 30 TIPS 3 =T, #HfEi A

@I @B AR I5CH FICA integer IG5 74
@5 faqgred vertex &T&1F co-ordinate (W3 ST, CFawe foS &4 |

L9 if-elseif-else

Q& ST T S ©f [5G GROT A FEFCa0d Meae T4 7 | 5 I @3-
Bf FIEPCAGA (58 FAGPIeT SIS FACo #A1fF 7N 1| @ St AW G601 e &1 @y 49
2008 SR FIEFCEGA [FG Ie1Ce - 1 & GI0T leap year 471 @FT A1 o
leap year 23 I (T5T 800 BRI [Aoey T A1 8 =4I ©FFf AW fF& Yoo AT T 1 -
A QETHIF ST 42 FABF N SICET F0F 531 I e | AT @2 71 f5g oy
FEFCEGR @ FACS AR 7 | 1 20! QN BT (MATS AR @ HATBT 800 AT Sl A
=1 == Yoo AT 8 BT O T 641 @3 71 ©f¥ e Praie ftq @ a=4(6 leap year
fooeiT | 58 f @51 colta = A1RCay Tred leap year P @ ¢l forats =i |
O3 &) AT LTI OIZCE if-else if-else. @2 f&fa5T @ for2ite 20 BT (@1 2.4 @
AT 22T | BT (I AT (T 7, AT $YG syntax BT (R 21 °

if( conditionl )

1

2 |4

3 //if conditionl 1is true

4

5 | else if( condition2 )

6 |4

7 // otherwise if condition2 is true
8 |}

9 | ...

10 | else

114

12 //if no conditions are true
13 |}

Q¥ 2% ZeT St condition feTd (@Ca? SR @4 +, -, *, / 5% SR (aacs
arithmetic operator 3= 23) o C\ﬁrﬁﬁﬁ comparison operator Itz | (I3 <
>, <=,>=, ==(equal), ! =(not equal). SITAT QF5I YJ A& (FC @ q TS
TR @ 3795 TR (SIS =1 RS (& 2.5

>syntax ST == for<i foaret | (i) 2y &lfsfb 118 ¥ (7 @IS ee =371 @B12 syntax.

20



Listing .5: odd even.cpp

1 |#include<stdio .h>

2

3 | int main ()

4 14

5 int a;

6 scanf("%d", &a);

7

8 if(a % 2 == 0)

9 {

10 printf("%d is even\n", a);
11 }

12 else

13 {

14 printf("%d is odd\n", a);
15 }

16

17 return 0;

18 |}

corat I 4G o1 F9 Y3 =0T leap year W TS (AT feTt (FCS ST |
ST S=ITT (A2 72271 BT 800 [T O T {5411, T (2T (A3 AT BT Soo =i &1t T1F
1, SR W23 8 R T fF1 | (ATTOR (FIC (SIS (FC 2.6 @ AT ZT |

Listing 2.6 : leap year.cpp

1 |#include<stdio .h>

2

3 | int main()

4 |4

5 int year;

6 scanf("%d", &year);

7

8 if(year % 400 == 0)

9 {

10 printf("%d is Leap Year\n", year);
11

12 else if(year % 100 == 0)

13 {

14 printf("%d is not Leap Year\n", year);
15

16 else if(year % 4 == 0)

17 {

18 printf("%d is Leap Year\n", year);
19 }

20 else

21 {

22 printf("%d is not Leap Year\n", year);
23 }

24

25 return 0;

26 |}

oI B2 8 @It curly brace () @& ARG @=0e 9| I @ if / else
if / else 3 93 foota @3 Tq WS =12 ATF O curly brace 9 teTs v
8 G35 &, Srare (oIN= wLta4S variable @A TN IR FAE AR SIS
COTITHEE (FTEBT TS (R A |

leap year @3 (FITH! T SHF TG | SN[ HIRE2 93 (FCHSF F (RIo IR
0 AN1fH | OTF AT AINTAE &0 04 logical operator 51t | logical operator

D



feafos || (or), && (and), ! (not). 7251 condition @ AR || fcet SItwa & @< 37ey
(AR SFB1 oy Z(F, && a1 VBT 7o R(F12 (<= (AI6I 7o) (A WF | (&l @Ffo
condition @3 I e @ condition T 20712 (1T 2[TAIB! 7S] TR | (FC 2.7 (S
94T logical operator I53RA FCA (A leap year 467 @3 (2T ey forar T of
I | (R TR (I ([ ST AP bracket I FafR | & =151 f5got
5— 2+ 1)TR5—2+ 1 GaTOAI5 + 2 % 1 47 TOS AW F4C© A7 | AN TOIT03
QI @ @ 97 TS @I @3 = 7(F, 58 S0 I sure 7 28 iz SitAd bracket
3 ¢ (TR JfaIC o Pl |

1 |#include<stdio .h>

2

3 | int main()

4 {

5 int year;

6 scanf ( , &year);

7

8 if(year % 400 == 0 || (year % 100 != 0 && year % 4 == 0))
9 printf( , year);

10 else

11 printf( , year);
12

13 return 0;

14 |}

Q¥ OIRCA (Ol forers 2vrie 5y wifersie 2/—eeTs e 35 | s g 251% 6o 2=-
T (AT 13

2TIHFIO 2JCET

o Palindrome =& (12 f&Tfeo1 1 A (ATF ABTo€ I, PR (ATF 2TTOS of | (@I
feg Palindrome number®s1s 1,2, 3,...9, 11,22, 33,...99,101, 111, 121, . . .
(S™ITF 7 ®¥ Palindrome Number fei% S0 26d 1 (n < 100)

o n @I TICE, CSITF Y - ik (n—i+1) =1sxn+2x(n—1)+...nx1
O3 T (I4 400 3 | (951 5 if-else @ &7iFHT 27teT!)

o 315 MR T TG 2D 91 1 @31 AR FoATD M2 & re (6B 03 AL |

o TSafs 3722t 375 fFTa SItva (=15 20S IT P oS 401

o O35 co-ordinate (A3 T, (SINICF 0O (I (B! (FIF quadrant @ 7|
e Timus 1068

2.8 Loop

Loop Tt X052 (FIF G5! FIS 19 19 1 | (TN 49 SN 51200 (F AN @9 <o
a + b QT AT (T 2.2) B 919 I 5T | AT 4 N 5IRCOR @ 1 (AT 100 1FS
@17 A0S 513, TR YATT W 1 @191 99, @ 99 2, 67 917 3 9OIF 100 7S | @3HT
TS loop G IR F41 TR AF | C ¢ loop o7 a5 | For loop, While loop, Do-
While loop. SIET Si#iTes 22 135 I F20 T11, *RFS! (@I aF LR @ S=-r

WX



http://acm.timus.ru/problem.aspx?space=1&num=1068

—_

SORGH AT PRI | SIPTCE A6y FAT F1C, SN 22 HE LTS FI-A P
qifF | if-else @ @ @B #12F T curly brace K WA T/ GTF@S [FE @R |
&% 2.8 @ =1 For loop 8 while loop @3 outline ¥ g SrTzad LI TRR |
SCET QI & GT SrIRe STaTl (AT JITS A I M® | * G (FTCE (5 main
fFaunction U3 fSOCR T T AL, ST (FEF AL A T GTFT FCAR |

Listing 2.8 : simple loop.cpp

1 | //prototype(not syntactically wvalid line)

2 | for(initialization ; condition ; increment/decrement) {}

3 | while(condition is true) {}

4

5 | // Examples

6 |for(i = 1; i <= 10; i++) printf("%d\n", i); //prints from 1 to 10

7 | for(i = 10; i >= 1; i——) printf("%d\n", i); //prints from 10 to 1

8 | for(i = 1; i <= 10; i += 2) printf("%d\n", i); //prints odd numbers
from 1 to 10

9

10 i = 5;

11 | while(i <= 7) {printf("%d\n", i % 2); i++;} //prints 10, 12, 14

@BT (& A4 It @ For loop W3 @I f&f o= »F @i & o™ e =31 -
7Y initialization &1 3 7 condition I Ay =7 ©IEe @7 fowtd THC S=IA
loop ¢t @RICH AR | AW ey &7 ©I2 ¢ loop @3 foota G | 371 & <10 &
increment/decrement S TtT | @9 19 WK condition (6 I WK loop UF
f$S1= T A1 A2 5 AR | while loop (7 Ga1E St (T | @Bt condition (6F
T, T o) T O OO BRI FIRC 3R @R AF | I 95T R AT SI=ee
FEIC! (FIC 2.8 U3 &fSb loop W ITT | 9T M F© LA? QI B FICET MAF, AN
for loop ¢T3 i @3 W1 11, fad For loop ¢<Ita 0, $17 For loop ¢*ItF 11 @3z while

loop (*ITT 8. loop AT IR 'S fFg TWIZIw (FIT 2.9 @\ 2|

Listing .9 : simple loop2.cpp

1 | //counts how many 2 divides 100

2 |x = 100;

3 |cnt = 0;

4 | while(x % 2 == 0)

5|4

6 X =x / 2;

7 cnt++;

!

9

0 | // finds out the highest number which is power of 2 and less than
1000

11 | x = 1;
12 | while(x % 2 < 1000) x %= 2;

14 | //same thing using for loop. Note a semicolon is after the for loop.
15 [ for(x = 1; x % 2 < 1000; x *= 2);

loopy7 &y 432 eI 125 keyword &3 break @R continue. ST 518
ECHICAT T AR loop (ST (@79 (A @S AN | AR ST HI2CH QTR A9
loop 93 fewtz forat A1 T wfet 71 0 loop @ 27! iteration @ 5T&T @TS |
break 8 continue 12 X8 g THIZaH (ST (FIT 2.10 & @A 2|

S+ AT i =i+ 1 9Ri+= 2 AT i =1 + 2. (FC 9 AT double slash @& comment IR AT |
RISITS (FTT ST o8 JI T G©ITF comment FCH A& |

20



Listing .10 : simple loop3.cpp

1 | //prints odd numbers from 1 to 10
2 [ for(i = 1; i <= 10; i++)

3 |4

4 if(i % 2 == 0) continue;
5 printf("%d\n", i);

6 |}

7

8 | //prints only 1, 2 and 3

9 | for(i = 1; i <= 10; i++)

10 | {

11 if(i > 3) break;

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

13 |}

14

15 | //takes input until the input is 0
16 | //sometimes it is needed for OlJs.
17 | //EOF = End Of File.

18 | while (scanf("%d", &a) != EOF)

19 | {

20 if(a == 0) break;

21 printf("%d\n", a);

22 |}

23

24 | //in short

25 | while (scanf("%d", &a) != EOF && a)
26 | {

27 printf("%d\n", a);

28 |}

IS AN AR AFT loop A3 [0 EFH loop foTiF At =2 | @<, €1
I SR N A SR AT @A I -E3 L+ (1+2) + (14+2+3)+...+ (1 +
24 ...+ n). QIF AR G, AMAI AWM Y (1 + 2 + ... + n) (@@ IICO @A 20O
ST 58 FIGH! (@ 72T | G361 For loop 1 (ATF n 7@ I (1o ([ FAC12 27 |
g UTFT 1 (AT T 27T @I FA00 TR 13 [Fg A RS g0z 1 22w 1 715,
«OF 273 2 2T GTFN FCI AT 1 7K | AR ST T F49 ©I=eT @Fo1 For loop e
I upper bound BT qITIK Wta<6! For loop e Sis= @iet 211 ° @B (FITo!
@T 2.11 @ (R =8

Listing 2.11: simple loop4.cpp

1 |sum = 0; //very important. many of you forgets to initialize
variable

2 | for(i = 1; i <= n; i++)

3 for(j = 15 j <= n; j++)

4 sum += j;

2T &_qETT
o {053 PifAeeta e o ANg T3

S 14243+...4+n
124224324 ... 0

> o B13TE g fwt=a loop B9 &Rl Formula 3R fes 2119, 31 2jet fafem 1512 58 Formula
IS A 2)

N



1 4+224334+...+n"
1+(2+3)+(4+5+6)+...+nthterm
1-243—4+5...nthterm
1+(2+3%4)+(5+6%7+8%9%10)+...+ nthterm

L € A~ ® 06

lxn+2%x(n—1)+...+nxl

o 1 270 QI &=y fo@ ©.> W PRITE wfer fors 17 caftars fore

* *k ok i 12321
* Kk Kk 121,
* %k ..* % kok ok __l._

P o

KR 121,

Kok ok ok k 12321

A 121,

KL I

T R.: feg PerIfie n = 3 @ &y

e Palindrome =& (13 &3 21 AN (ATF IGroe T, PR (AF 2Ieres ©f | @
&g Palindrome number=#31,2,3,...9,11,22,33,...99,101, 111,121, .. ..
(SIITE n o Palindrome Number f2% 3908 2@@1 (n < 10°) (93 T151
T ET*I (2o OC3 T T &)

o (I O AL n Prime TR I GG 1 (AF IT W €32 1 ba n BT (FI 4e7-
g3 WA 7RI ey 91 €2 1 (OIICE n (AT SR 10 20 @fb Prime & Prime
gl

o n!fafa s

o 181 (AAANE, (OIT (1) = L o Fa00 R

rl(n—r)!

o 8 n @A AR, (SN COS = aagm maclaurine series 3 AT (€< FACO
Z(q 1 cosz @ series BRR 1 — % + 2%4! + ... + nthterm

o 5% 0J @3 2=_CETws -~ Timus 1083 — Timus 1086 — Timus 1209

—LightOJ 1001 - LightOJ 1008* - LightOJ 10103 - Light0J 1015 - LightOJ
1022 - LightOJ 1053 — LightOJ 1069 — LightOJ 1072 — LightOJ 1107
~LightOJ 1116 - LightOJ 1136 - LightOJ 1182 - Light0J 1202 - LightOJ

>Formula (33 94 | (SINTF quadratic equation (33 SO 2O AT |

Xpattern (A FF

YA e B A9 answer (39 7 03 0 S B @9 answer (A6 0 (AF A — 1 @7 answer {eae s
&ttt e =31

R


http://acm.timus.ru/problem.aspx?space=1&num=1083
http://acm.timus.ru/problem.aspx?space=1&num=1086
http://acm.timus.ru/problem.aspx?space=1&num=1209
http://lightoj.com/volume_showproblem.php?problem=1001
http://lightoj.com/volume_showproblem.php?problem=1008
http://lightoj.com/volume_showproblem.php?problem=1010
http://lightoj.com/volume_showproblem.php?problem=1015
http://lightoj.com/volume_showproblem.php?problem=1022
http://lightoj.com/volume_showproblem.php?problem=1022
http://lightoj.com/volume_showproblem.php?problem=1053
http://lightoj.com/volume_showproblem.php?problem=1069
http://lightoj.com/volume_showproblem.php?problem=1072
http://lightoj.com/volume_showproblem.php?problem=1107
http://lightoj.com/volume_showproblem.php?problem=1116
http://lightoj.com/volume_showproblem.php?problem=1136
http://lightoj.com/volume_showproblem.php?problem=1182
http://lightoj.com/volume_showproblem.php?problem=1202
http://lightoj.com/volume_showproblem.php?problem=1211
http://lightoj.com/volume_showproblem.php?problem=1211
http://lightoj.com/volume_showproblem.php?problem=1211
http://lightoj.com/volume_showproblem.php?problem=1211
http://lightoj.com/volume_showproblem.php?problem=1211
http://lightoj.com/volume_showproblem.php?problem=1211

1211° — LightOJ 1216* — LightOJ 1294 — LightOJ 1305 — LightOJ 1311
—LightOJ 1331 —LightOJ 1433

— Last but not the least UVa 100

.¢ Array 8 String

47 @36 Game Show (S 10 & 2SR St | Host 43f5 33 2k 33, 2fStriins
e 55t answer F9C9 20 | answer 3% AT 1 A5 S #1631 Game (<ItF TR
ATTD I Q@M T T8 | GFIfEF Trere REd 20 #I1td | 92« (SINITE 9T & 930
cRNTeT fe7iTe FeT 29| il 5 Sa0a? IR SIS @3 7R F1E Sy Sew et
1075 variable Fr4(3, ¥J variable &t &3 a, b, . . . j | GF 27 COINICF AW o7 =7 AT
2SN IS Tea MR IR O ¢ 93 T O AT, 9IF7 I (@2 2AfSrman 5
T T O SIS i A0l | 58 W2 & 58 St AT | SR, (o 1057
if-else SN (5% 90O I @ (@I variable 3 T Qi TR | SKF game I
(SIITF S T if-else A (@@ F909 T @ (& I I &R (IW 0= o001
T T T, SN 2057 if-else FNTS 20A) | @2 I (SR ARSTRIN 722! e AT
OIRCE?

% SPIRCTE VA I G52 SR IR Array F1S &6 Stz | Array S
%2 i, SCPSTET variable @3 9% | ST I JfeT int a[10] @3 T int 513 @3
10 variable tof¥ &0 A 1 QT T 7R3 a[0], a[l], . .. a[9]. N I (OITCF JeTe
@ 2 AT id = 1 9T Ade Tex Means ©rzwet 68 afid — 1] + + FAEIR Q2w
2f St @3 variable U3 TN U (@TT T 1° QAN T CAITT AT maximum & FA
31, o1 w0 (AT @3 For loop « ATRITY 47 T20&2 maximum AfSF TG51 (oI
I | @3 10 T 2SN @32 10015 &es@ cemr et fHefeam cetawta @ 2.12

1 | //initialization

2 | for(i = 0; i < 10; i++) a[i] = 0;

3

4 | for(i = 0; 1 < 100; i++)

5 [¢

6 scanf ( , &id); //the player giving correct answer

7 a[id — 1]++; //increment players point

8 |}

9

10 | maximum_score = 0; //initializing max score

11 for(i = 0; 1 < 10; i++)

12 if(maximum_score < a[i]) //if ith players score is more than
the max

13 maximum_score = a[i]; //set max score to this value

14

15 | printf( )

16 | for(i = 0; i < 10; i++)

17 if (maximum_score == a[i]) //if ith players score is maximum

> Q% FPTR @F WA solution ST | N (SINTF 2d QF G5 FATLI T | (AT FACT WA, 26
SFSCHCER intersection ¢ 7@ WS SRred@ | ST AW OB AFOCTER 12t IR @@ Fre AR
SRR TR A | (A T (AR, A7 7063 I (FAIR 2 TR o1 HAOCHA Y67 (W064 I (FR 2 93 @
I G5 | 433 I SyefeTs (@9 F01 (et | i SIreera 7t intersect 71 309 SizteTs 58 9 @3 43 Ffq
co-ordinate (T2 FRTS AR | f7I0S FC3 (72 & A3 |

formula Bt (39 9K &7 58 (SINIF internet &3 A (T WA (3!

©0-indexing =14 1-indexing € RG] AT AR

Y



http://lightoj.com/volume_showproblem.php?problem=1211
http://lightoj.com/volume_showproblem.php?problem=1216
http://lightoj.com/volume_showproblem.php?problem=1294
http://lightoj.com/volume_showproblem.php?problem=1305
http://lightoj.com/volume_showproblem.php?problem=1311
http://lightoj.com/volume_showproblem.php?problem=1331
http://lightoj.com/volume_showproblem.php?problem=1433
http://uva.onlinejudge.org/external/1/100.html

18 ’ printf( , i+ 1); //print his id ‘

ST o vy int 8 double 51271 variable T2 1w FtafR | fog I FIcar 91w,
3l *EF N @9 N FIS FAC 512 OIF S [Fg STl variable type SIt® S
©I%e char. @36 char @99 W@ @ character TS A | @Ff6 W fF8 SwF
@TeT character @3 JYFCY o< 27 | (AN, Rajshahi @21t 86 character Stz | (T
ACE (FI I T string ATFCNS &) AN char @ array IR FH00 I | (T,
ST M @B char city[10] Tt @3 array declare 34, €32 ©ItS Rajshahi Fif¥
SR city[0] = R, city[l] = a, . ..city[7] = i. 743 5% Wg o7 @7 A2 Sfee
@S & AtF oize null. city[8] @ @2 null At 1 null (AT ST 3T A @
[T SPTCA city[0] (ATF U IR (@I 214S ST | T4F ST city array Of forb 329
I (F city[0] (ATF oG w41 e 03 Tow 7 city[8] @ @t null o | = 7%
city array ¢ I ANGT 2l FACS B2 SI2ce SNIA f6T4Te 7d3 printF("%s", city)
SR AW ST (@I 220 AN 3945 e 12 orze SN forits 23s scanf("%s",
city). (AT I G4 SF ST T© 2995 9T T & I FACS 0R 1 | (ST B30T
G null f9C3 ¢4 400 2119, @9 For loop BIFTCA string @3 length &3 T4 1 1 @G
*[Z034 N 2995 70 ©F &2 3 574 (& 215 T4 (city[3] = 0; printf("%s", city);).

ST A8 IR (@ city[0] @ R SR 5@ SIRTCET of (721 city[0] @ it 82. &fes
character @3 IWce @6 FC3 value ATF, GTF I ASCll value. www.lookuptables.com
@ ascii value @3 @5 GfTeT (T SR 1> (AT FACET AT A TS Z 7K ascii value
QTET 2 AR QIR G =S 65 209 90, a 0O z a3 TIF & ’R 97 (AT 122 K
0[® 9 U7 NI 052 48 RCS 57. & 11 o= AW IR ascii value ST 48
PR MAIIR (2 | SR M (TR T MES17 2 OIS Sl (I character & %d
At T FAETR FATS 217 @19 character €3 ascii value. S8 T&F IR 0=
TS ascii value ST (N TR I, IRA RO Z, a O 2 M 0 S 9 @ 27 17
TR GG TCETR AT SIS (5 FC (G0 A | @9 St 7% Fee 512 (@ @
g3fB character 431 T ch IT QTS 71 (26 TS, OIRCA WA (& &7273 if (‘'a' <=
ch && ch <="'Z"). (single quotation @3 WA N character FYC ©F ascii value
e TR 1) I condition 5 375 27 Sizee SI=1 TR TR @ @ff (=15 2T | AT <&l
T, S I & @, ch (=I5 FTeF @32 AT 512 (T ATF IS QTS IS A Sl
wy fere@s ch = ch - 'a' + 'A". KR SINET ch @ A= digit & @361 int variable @ T
foTe St 1%, oIzt st 7199e d = ch - '0'. w<fie Siw= ascii value @3 relative
order (T2 ST T FIoe FIS FC (0O 2N |

String ¥ 3775 03 SRR S I AT | SN AW @ O scanf ea 2996
fafE SIte Y36 TS ST 91K S 2613 space I& string 3955 (T AN @S |
I, St A @ sentence 2975 MTo 512 "Facebook is a popular web media"
@32 (OTE I scanf %s R B O (MR @ array (S (e Facebook %512
AFE | 9T FIA =5, N L9 scanf Wex 21Tt w2F F4 ©249 (7 424 non whitespace
character ¢ITe, @32 S (ATF (7 79! white character 2@ 71t | 2 ¢fN I @S
space & sentence TCS BI'8 OIR(H AS[(I “TTCS (¢ gets(s). T s T AN
char array @3 9| gets 2T (ATF SF F(F ToF 1 GF6 new line 7R oo
TS ACF | 949 93 T, il AW @HfB @ITE scanf @3 gets ¥ibE W2 A IR
FACS B1'8, ST (SINTF TRALI TS F(R | K2 (SN (AT AT 39945 07 @61 2=
NI 2T @3 2T BT sentence 275 TS 2 | G 17 79 n 2995 et scanf
AT =7 #Itz9 sentence @fer 395 a1 gets W, Sizwe (o1 295 sentence Bt
15 T 395 T M 1 FIA, scanf T O T2 n 2T U (37 AT (<1F FCICR T
@G new line AT white character ¢7TACR €32 (T GTBT AT 712 | Q2 f¥l T gets

>copyright @3 &=y (G0 @t S Tt =T =
Rspace, new line, tab ¥&e 2T white character

R4



70 3995 e 12T AATNE (T @ new line BT €32 399G 21GT (17 I Wi | 7wan
QTG AN T G @3B dummy gets 732 3411 O, G @iy @ scanf
O3 213 @F(B gets IR T4

%R} Q30T CSINITAE I 25T, nBl sentence “Urs TS | (Ol fF (73 (AR © &TaT!
sentence (I AIE? (I I, (SN ATSIF sentence @3 &« fF8 @G array
7S | O n B sentence €3 &« iF F403? sentence1[100], sentence2[100]
@eita 100 array declare F91? (WT6'8 =, T T4 ©I array €9 array! widie,
sentence[20][100] €SIt | @ sentence[0] @ AT AUV sentence AIFT [
1B 2015 sentence QT AT ACH | ST F JATOR 2IFR, G5! ©Y string «F &7
1, int, double 7= (F(@2 WIFN T dimension JTIET TF, Gt multidimension
array 9 | (T, (SN matrix &y 2 dimension array J53g< A0S A |

¢ 9 RS G0 (RO T3S G U WA 1 string.h- string FIFS Feme-
foT QI =itz | W7 g wPgsd Fiemef & strlen - & @3 string @3 length
@3, stremp - 25 string e 7 I W @AM dictionary (S SCe S, At
lexicographical order I, strcat - string concatenation €3 &=y, strcpy - string
copy “3 S5, memset - memory (& (&= e g e fill Fa@ &=y 3o | a=ere
COTSIET strtok, strstr @3 T giod IR TS A |

IBICNTs @2 7 FieFefETs intuitive. ©t3 memset @ g critical I77iF SICR |
T B9 ANAR FICZ 3 TN G067 integer € array SITE, JNAT @3 7995 element
& 07T initialize TS 512 | ©IZCA 74T (43 memset(a, 0, sizeof(a)). (SITET a €
ST (SN array @3 I AT @Y, S 0 er BT (ST (@2 T+ e Fill F0S b1'8
O | 58 ST, 319 W @ & GBT Af5F ST TS T 1 | S ALNS (FIe AFT6
array & 0 37 —1 9T initialize ¥ 2ifS, @3 2 ¢%0@ SMa memset 5% e F1e
403, g oI AW 1 7= initialize F9Ce 517, SIRGA @ 11

270 &_qce™
o TG WA 2T IBFATS convert T4 |
o @B array (S BTN AL (A WL, T WHNF T ([{F F4 |

o G array (© S GfeT AT (AT SR SIACP (BT ZS G AR TENE |
@O FRATICF (R 20O IC AT IS 0O (BB P SIS sorting ICeT 12

e O array (S 1932 0 TR | (SINITF IECO (J A @ FOTE 1 k1
TR |

o O3 array SCE TIF N number. (SINITF SRR 2% F41 203 | &S o =7
QN3 array U3 7ON FF 0O | OF FIHA @I F0? ({02 & SHASE T (SIH
T 8 T e 1 1°

o &30 string @3 length @3 ¥4 1 (library function IR I 932 7 FH)

>corEr I @3 0 I8 TCS 518 SIRea Topcoder €3 http:/community.topcoder.com/te?module=
Static&d 1 =tutorials&d2=integersReals SGTFGT AT MO A |

o2 For loop TR IR Y ITRCE2 sOrt FACS #I17 | AATT array A3 2 FITH A (/6 TRITIB
e e, @ At St e WS (=G TG ST AT 1 @2 A 9, TLF G5! ST AT T
SR 4 @ ALAIBT (@ QR = T, GTET) 5120 Qi @ (A A S @raieet fica @3 71
CAC ST | TS swap FI I |

O CSINET AW T T @ S @ 5! S &S 4 209 j 7R For loop BIETI! /1, @3 (TS SITET I g,
@A (XA FACS AR il

W


http://community.topcoder.com/tc?module=Static&d1=tutorials&d2=integersReals
http://community.topcoder.com/tc?module=Static&d1=tutorials&d2=integersReals

o (5 *(H (B RTSA A (a, b, . .. 2) QRIS TSI NFA (A, B, ... Z) QA
=21

o w35 string (&l woNe | Sidie @SB string I =W water WAL T SESH
string I 2 melon SIZCET SITAI (&Gl I g string- watermelon I8 |

o 121 string A €3 B (eI TR, I91C9 A B T4 ©Ita A «7 fowts wiz |
@93 A = bangladesh €32 B = desh A I IW @ B, A @3 fSS@ ==z B
A0 fooTa TR R O 67 79 | @2 aa *M(G aaa 97 TR TRAF =

o 935 sentence @ word 93 72 A< 4 | word &feT A FIfF space 7T SeTwT
41 YFCO A |

e V320 string (! TR Je1C® (3 (A0 lexicographically smaller. (library
function I FF G T FF)

o I @6 ©IfFx 21/9/2013 W% format & (A9 | (OIS @3 string Zr® W,
T @ SIfY SEAmT TS Z0F @32 {9 int variable @ TS 23 |

e 130 string A 93z B (S TR, I#10 20 B A @ subsequence 7411 B A
@q subsequence &(F AM A (AT g letter Y& FeICaT B AN AR | (A3
A = bangladesh 932 B = bash T 41 919 (T B, A subsequence 8 B =
dash 58 subsequence ZF |

o % 0J @ 2_CE3 - Timus 1001 — Timus 1014 — Timus 1020 — Timus 1025
—Timus 1044 — Timus 1079 — Timus 1197 — Timus 1313 — Timus 1319

~ LightOJ 1006 - LightOJ 1045 — Light0J 1109 — LightOJ 1113 - LightOJ
1133 - LightOJ 1214 — LightOJ 1225 - LightOJ 1227 — LightOJ 1241
— LightOJ 1249 - LightOJ 1261 - LightOJ 1338 - LightOJ 1354 — LightOJ
1387 - LightOJ 1414

LYy Time @32 Memory Complexity

ceftalifi afStaifera Time @ak Memory Complexity 332 wga<f f&fet | sz -
A FECS CIET GF 0 (A o Time (7 3 T Memory (7% ©itF2 Time
Complexity ar Memory Complexity I¢T | o3 «2 Time I Memory &g second at
Byte & AT 1 | (7

CRTT TR (AT NEIRA ST AT TS STl computer AN @TSI A ©fF
(AT (53 SICET FoF computer 23 TR | AT (@2 (NN 5ace ACS! 10s AN 7o
QT (P12 T3 (AT TACST 55 T (7 | (ST ST IS 211, (@1 @Fo el
et (@3 AR Memory f© Ges O (311 5! 58 @ el 9 n = 100
@3 &=y @ AT Memory i Time W @ n = 1000 93 & KACS! S ATl
Memory I Time 353 I | 4G« @ solution F #IfF=iet Time 7 Memory 78 o
ST (72 problem @3 AR parameter ¥3 % fofe T3 o< Fe3 41fF | @I T4rTw
ST exactly i =if@siel Time I Memory (731 ST (33 4 91, I92 952 T GFIEF
solution = T Q&= 1K &=y AN R &1 =1 e A1 | {67 Sraes s
SR &t we @R ARkER =1 |

ST loop A3 GTRAITH QFT5 2T e T2 FeAreetiog 1+ (1 +2) + (1 +2 +
3) 4.+ (1+2+...+n). @AW 2B For loop BifeTea 7R 79, wree g
ALEAB 1+ 2+ ... n = 252 BT 1o S0 | ST SICA I el e @ o @

W


http://acm.timus.ru/problem.aspx?space=1&num=1001
http://acm.timus.ru/problem.aspx?space=1&num=1014
http://acm.timus.ru/problem.aspx?space=1&num=1020
http://acm.timus.ru/problem.aspx?space=1&num=1025
http://acm.timus.ru/problem.aspx?space=1&num=1044
http://acm.timus.ru/problem.aspx?space=1&num=1079
http://acm.timus.ru/problem.aspx?space=1&num=1197
http://acm.timus.ru/problem.aspx?space=1&num=1313
http://acm.timus.ru/problem.aspx?space=1&num=1319
http://lightoj.com/volume_showproblem.php?problem=1006
http://lightoj.com/volume_showproblem.php?problem=1045
http://lightoj.com/volume_showproblem.php?problem=1109
http://lightoj.com/volume_showproblem.php?problem=1113
http://lightoj.com/volume_showproblem.php?problem=1133
http://lightoj.com/volume_showproblem.php?problem=1133
http://lightoj.com/volume_showproblem.php?problem=1214
http://lightoj.com/volume_showproblem.php?problem=1225
http://lightoj.com/volume_showproblem.php?problem=1227
http://lightoj.com/volume_showproblem.php?problem=1241
http://lightoj.com/volume_showproblem.php?problem=1249
http://lightoj.com/volume_showproblem.php?problem=1261
http://lightoj.com/volume_showproblem.php?problem=1338
http://lightoj.com/volume_showproblem.php?problem=1354
http://lightoj.com/volume_showproblem.php?problem=1387
http://lightoj.com/volume_showproblem.php?problem=1387
http://lightoj.com/volume_showproblem.php?problem=1414

FACHC I term BT RTIoa S | Q2T n @3 7216 term SR, 9F(6 1 @3 STIHH 72
@3 term. ST ¥4 n? G term fRATIONT F99, O 1 G term I MCsT ST A3
n? /2. SSET constant term @ W (A2 | =R SIS AT ¢TI ©I=eT3 n?. GBIR SIChs
Time Complexity. STl 1 1fs, Si=1cd @2 algorithm 6 O (n?) *. I n = 1000
T AMCF O, O(n?) = 105 97 AW 1s @ Bo1ed, fFg IM n = 105 =77 ©r=ret 9%
(FC GF BICOS 1T R(F fFoT ATAR SR | OIRC 1 431 W (I ”esT O (n?) algorithm
« Time Limit Exceed (TLE) i< | S fF GBIt optimize FaCe #(1fd? (3@ ¢
MA@ @, AT i @9 For loop 1 (ATF n S IW BN @R &SI 1 + 2+ ... + 4
@3 T W8 @36 For loop fTa 71 (37 7 3t Formula @3 ARG (@@ S (5)
SIRE SN A1 O (n) @ CVC SAPHCA | 5@ I S0 7o G2 T 918 @7 49,
n = 10'2? SI2e fF8 (12 W9 TS SIS AN A9 O3 (FC 50 | (TG AN
(58 FACS T(A algorithm 97 order SIS FCAT A fF1 | G2 SAACHAZ FICAT A3

I+(14+2)+1Q+24+3)+...+(1+24+...4+n)

refie SISt @5 @3 Formula (73 TR A1 2011k 40 SIS (@1 loop #CeT |
sy g Qe T @ FCaR 0 (Fece #M1fY), |t 79 =7 O (1) algorithm.

G T 1% Memory Complexity ¢S | (ST <7 S fFa=1fo 7= (Fibonacci
Number) €3 T/ &R | T & 12 SITAF & AfeT, noN Fa=1{o TFIF & F), @I 2!
EHIECIRCERIRH

0 n=0
Fn—1+F7L—2 ’I’LZZ

ST @S0 array G TRICAT Y FAG2 9T (@FO0! F90s i1 F[0] = 0, F[1] = 1
@32 «f5 For loop BIfeTTa F[i] = Fi - 1] + F[i - 2]. {58 QU= SNt n ART @7 @6
array declare S92 | ST@aR WA Memory Complexity 2 O (n). g S fog
Y3 TRCE2 (I array QeI F, 7R 301 @@ A1 @@ 2,13 (e [ Sl
W@ 316 variable IR Fafy, ol WA Memory Complexity O(1).> @<t
Ifme Time Complexity SITo= ¥© O (n) T 7CH (51t= {58 Memory Complexity O(1)
@ BN QAR 10

397 w9 order n2
X = 0 @ AT Tea a1

OOl (5B T (ATS 21K Time Complexity (3¢ FITS {19 fFel 1 <! (SN WG ST Time
Complexity (& F9CT |

9o



Listing .13 : fibonacci.cpp

1 |a = 0;

2 |b = 1;

3 [ for(i = 2; i <= n; i++)

414

5 ¢c=a-+b

6 a = b;

7 b = c;

8 1)

9

10 | printf("nth Fibonacci = %d\n", b);

2.9 Function €32 Recursion

HICF (ST 0T FBR AN Fooiet ate 21K 1 @t ffoq S e feew
oot @7 g 1 FACI Q32 BTG (<ITT QIS I FeIFe 2{10 | (@ G361 G T3S
B e i, ol e, =11 e stz e g Soreram fomea a1 corme e waeia
2 TE W7 foom @ 2= | G561 3R @ I Ok I | (T el FiEE &
O O IR @, QF5! (I SR (@ T O (AP RS, SNEF G T 200 7
@A, 9T @ oIS ANif e ol Afd sifames R g i, siws @< o
T SIS AR T© FCI 2FIFI6 Q@ BACF, 97 27 SNES R L0l 27116 93 A1
=5 IICE e | 1T CoTTIR T Cofsi! QfST @i (372 31 7 SI7IhIG T WIS &P TR |
(SR 58 SR w1 (72 T3 @3 fowta @i ¢ 205z | O Ot e 0% @3
@51 f&faT T o fFg M ¢ fome fet 36 colmiess 3t e @ cowiz site™
Tea fF! @, ST sqrt T ALK FEMR | QT SN Q67 7271 o f[faweg @
ST & AR I e s 1 Sl (6 wifey 1, foota foet o fheita @@ 3+fae
ffa watz)

C (S TR Yo7 4TS S TR | 2T, FIHITTF parameter, SR FIBINET | S-
TP Fg W W7 G Fo11 9B N AR 1 e | "SI, return type stdie
ST G FIH (TS [ 07 &1 (71 3971 PR, @me parameter @3 fefere
processing F41 32 59<® processing €@ e return FT | (TN N B ST
M7 o1 =1 g =it Grade el 90 =03 | SINITW ©IT7a 919 (771 709, 98 99
@3 B9 fofE 0 A grade fefw Fa0S 207 | ST ©1ZCET @61 Function ferkd
T parameter {213 marks a1 @32 if-else G 6F St (7 Feres [ grade
Alfdca e (e 2.14) |

Listing 2.14 : grade.cpp

int grade(int marks)

{

if(marks >= 80) return 5;
else if(marks >= 60) return
else if(marks >= 50) return
else if(marks >= 40) return
else if(marks >= 33) return
else return O0;

O 0 0NN R W=
—_ N W

}

9§14 4B @lFpBT eRTeTs TG LightOJ 1136 O e-uemift (qa ZeafReet «<e 7@t
2R " A 2CS B 97 answer (7 71 $C3 0 T B @3 answer (A0F 0 (AF A — 1 @3
answer TR T f&fAoibr Gire 21" 1| ST @92 €F0a 72f6 & T SietwT st

0y


http://lightoj.com/volume_showproblem.php?problem=1136

T3 7R 1 303 392 OF 0 T f o140 =417 T4 parameter (3 n @32 @2 FIHEH
00S 1 *A@ 97 &7 answer ([ FCF | TOAR S TS 2038 f(B) — f(A—1). =
HRLEZ SNICAF AJCETNOT AN B A!

G ST AIF Recursion @ | (F OF IS FRCE recursion (& SCHH2 ©F 2!
Mr Edsger Dijkstra JCs10%3

| learned a second lesson in the 60s, when | taught a course on
programming to sophomores and discovered to my surprise that
10% of my audience had the greatest difficulty in coping with the
concept of recursive procedures. | was surprised because | knew
that the concept of recursion was not difficult. Walking with my
five-year old son through Eindhover, he suddenly said "Dad, not
every boat has a life-boat, has it?" "How come?" | said. "Well, the
life-boat could have a smaller life-boat, but then that would be
without one." It turned out.

Recursion SIoTCeT 532 41, @fb 267 @sw «afs 513 A1 ©F processing @3 &5
St f& T2 9= 61 | @ (I K 7 CFeE, AN &, F, = F_ 14+ Fy_o.
QI ST I @ Q6 T R @B AR now e TEw 7, @32 (7 (T
T Foota fZAaa & n— 1% 6 1 — 2% FFaeifo TIFR (& T FCH O3 FIRHNCE
call T3 S OIS recursion I T | ©F recursion T call 78 @ /g o7
TS T(E, N 8 @2 call 5092 AR | =1 I, 0 = 3o o @9 Fa09 512
™, BRI EEIFART TV n — 1 = 207 Q3 n — 2 = 1% 1> ¥ 5I3F, Ot
oo Fita SRR O (=B b1 WSITR 68 Be10o P | IR0 U =g (AF & 67
& fFaifo %19 @9 definition €3 SR |

0 n=>0
Fo14+F, 2 n>2

S TSR A, 1 > 1 AT (FCA2 (T QT 1 — 19F 8 — 20% ea=ifo Fa
IR R, A {6 I 2(F O TSR | recursion FIKE I ANHS R TR
Rt @3 @ILNGT @FTT 27 (5 W T | NEH FAR ¥, WG G2 recursive function
@3 LT TG 1 G G I AT A ([FF FACO AR T (SS9 A1) g
loop @31 AR A = 21 Y3 TRIGE (I a1 A | 93 FH 5?7 (oI ToNLTE
58 Time Complexity 2 3t=I®, o=t w2(G algorithm @3 Time Complexity &3
AR (BB IR (AATS 21K | SR AT AT () 297 | AW 1 ({9 400 A1, Foeia 5%
(12, ST 2! AF FLIC BT 07 e 79|

O3 EIRITR 2T &0 &7 @G challenging. (SI&T 3roTLT array f*itig
(12 array €3 recursion AL I 7e© A T© B 20T T 7053

270 &_qee™

o Timus 1005 e Timus 1082 e Timus 1149
e LightOJ 1042 e LightOJ 1189

2. File @ Structure

R T (FC I 0 (A1 AR (FICC G 2, Q& AL IR SR ST (5 I
@R 5 oiear el @&y Sis= problem @ (3T sample test data T % $@

O


http://acm.timus.ru/problem.aspx?space=1&num=1005
http://acm.timus.ru/problem.aspx?space=1&num=1082
http://acm.timus.ru/problem.aspx?space=1&num=1149
http://lightoj.com/volume_showproblem.php?problem=1042
http://lightoj.com/volume_showproblem.php?problem=1189

< I SR [FreTma &I case MR (55 363 A1 | 158 I IR @12 case forl 4&2
3 e | AW case BT T T T OIRCE (9T (SN FAR (73 | T T (FI (1 O
¢S file 2T® 2955 SMEH[E A0 & | TSR AW file 97 FENS A SIS =CA |
File @ SI1CeT Stei<s g el A1, oo SIwiems (3f#1 6 “fi we<pi (21 @) W ol
I AICAF input.txt T3 0o 3795 70 2 @32 output.txt FIZET @ WeHG e
A | S N K O] =, 2T (FTCH] AR SR o149 O (FC G Y2PCo GG 1=
1493 Freopen("input.txt", "r", stdin); €32 freopen("output.txt", "w", stdout);.
(SR COINITE WP TS F13e 1 IR 7 oree 2@ | oike @35 o =g
Fopen T O3 TKTTN g ©ITS COITT T35 SCHD U7 Ty HIZE 1 I T
AT TS A |

APV GP3 CFCF [T save FHF S SN array I 31 A5 1 58
SCAF TN AN CF &e [foq &G save F919 LTS 200 A= | (@, 90
Rt information. SRS O w1, foreid =N, ST, Sapie, i =12 Tepifn ey
information TS X(J | AT T FAC© A1 ©IzeT g information @3 &w5 SETwW!
ST array. g TS 03 @B maintain FAT UFG FIFF 0 | OF (TF R
Tl =4 structure. «ft @I @S &7 @A SIw=r @2 A [feg & asta
RITS #1711 (FC 2.15 @ SR 93 SAZACAT QT 471 & |

1 | struct Student

2 |4

3 char name[30], father[30], address[50];
4 int birth_date , birth_month, birth_year;
5 int phone;

6 |}

7

8 | Student s, student[50];

9

10 | scanf( , s.name);

11 | printf( , student[5]. birth_date);

QT LTI AT Student T @FfB structure declare FER TR TR SNHA
3 STAEAIT 7FA variable declare F7 TR 1 €49 @3 Student FNG! QFAFI
data type AR 92T 41 TR | (FIEHLCS (AT F9 NG @0 variable s @3
@3> Student 512 @3 array student Cofd ST FCACR | Q¥ variable @3 7t dot
e st @3 SR variable ¢feT access FC® AR | (@TEHTS T 2990 @1 A
TSI SEB 5B (AT (RRIC TR |

2.5 bitwise operation

ST (@O o1k S 7 AT w1 1 @i wifs 37223t At Decimal Number
System I | SIHE AL 106 =1eF =3 0, 1,2, ... 9. 58 SINwa FEHR @
W@ 7315 o1F Wt=s 0 o 1. S @2 Number System (& Binary 311 23| Binary ¢®
&fSs S bit I T | AT T4 Q6T variable @ 6 Ff ©2AF SR @I 0, 1
ez tofd afs 72T A |

bitwise operation ZT% @< {Fg operation I A bit 903 /& ¢ | ST
(@734 bitwise operator IR FF 2IfF O 2&13 & (bitwise and), | (bitwise or),
A (bitwise xor), ~ (1's complement), << (shift left), >> (shift right).

OO
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Mathematics

9. Number Theory

9.5.5 Prime Number

Prime Number (& 1T GIfErS 225 A0 1 GFT6 AT . (& Gfers o1 7 T @

76 1 G971 (AT T W @32 1 Al n BCT OF (@I A0 =i ey o1 =71 @i« 1
@5 37T n e 751 = «@fb Prime 541 (3t F9@17 (BTN Aegel (T2 J30 T
(@ 1 80 | SRIT2 1 QT (ATH (B TC F2LJ T 1 (& ©F7 F1 T 11 Joqi M
2ZCS n — 1 OF I (FIF GF AL 7= n Fer<tw erey =@ ©zed » Prime w11
AR AT 92 Idea @3 TF fofe 03 I Primality 6% F911 &y @36 il fefy
O AITIE (T 9.1 @I TS|

return 0;

return 1;

1 //returns 1 if prime, otherwise 0
2 | int isPrime(int n)

3|4

4 if(n <= 1) return O0;

5 for(int 1 = 2; i < n; i++)
6 if(n % i == 0)

7

8

9

0

—_

}

923« 97 Time Complexity ¥©? Worst case Si€fie (@efb F_esw @ 7w e
T Gt Prime =1 GTC%@ for loop 5 n — 2314 5e1G3, @412 «fba Time Complexity
O(n). CONRISRTS #{, Sv=] ST (O] e, 2 AW (I (&G AT Prime =1 1 o<1
For loop BT (o ®Y fRTST TR T T2 BIeTiteTe 27! ©ite Jfa | SIee SItid run
time $© ZI? O (n/2) S SN ICAMR ST HFeT constant term (& W (A% | SIRE
OIS TS AN run time O (n) T AT | 1, S A g 4B SI1tAe order
notation & (FIF IFARE T | AE (FF, ST ST (FHCH FACI? GFG 0B FACE (WA
@, I AT I d LTS A1 Tl 1 (F Sl FR SIS @ 724y 6@ 0 (@@ e
CFCETR @B 1 (F ©17 FCA3 1/ d. LR (@ @6 7247 divisor (@ew<r) wfer Fersm
(SIS (ST AT | @ 1 = 24 F(eT @3 divisor &feT 203 1,2, 3,4, 6,8, 12, 24 43R
o 45 cereR RS (1,24), (2,12), (3, 8), (4, 6). @G bR Fata1 (7t &lfsfs wes

Vltq



(=B5 TN < /n A | @7 Gfb direct &I 91 W R GG 19 (4, 5€ Proof
by Contradiction 58 332 @it | W= 99 (@B /i @7 AT TT, T @ (@O
JTBITS] T (3! WA (ST GNTSIC I ZCACR (A ©IThe wazeel n 7 | g v3fe
/1 @3 CATF TG HLATIF GG (FAC 1 TF? TS (TG (RIGHTE =72 /nn @7 A
T (=5 O A | GO T AW (FIC S ((FIC ©.2) SIZE N run time &
O(y/n). QT (I FC© A1 (@ T W1ewe For loop @ condition BT« i < n
el i < sqrt(n) 911 @3 S8 TR SR | AT, K A4 sqrt =379 w41 @SB costly
I | faerre, double 9% 431 58 precision loss =1 @3 T sqrt(9) = 3R
2.9999999 1 3.0000001 2T SRIF 2JR f6g (712 1° 156G T4 A1 4+ 4 IS (I Srif!
(OIS T FACS A O loop ¥F Z4IK SerR limit = sqrt(n + 1) 62 fNte #i 1 @9
7 @ %43 loop BIAIR | SIS A 14 sqrt 8 T 9K 1 @ 8 FAT A9 1 |

1 //returns 1 if prime, otherwise 0

2 | int isPrime(int n)

3 [¢

4 if(n <= 1) return 0;

5 for(int i = 2; i%xi <= n; i++)
6 if(n % i == 0)

7 return 0;

8

9 return 1;

10 |}

e & ©8fe T4 AT run time? 7T A3, SIP1CsT A6 O (log n) FNCAR el !
FICA IM TS e AF O internet & B IR \ATS AR |

Sieve of Eratosthenes

«ft Prime Number (& generate I3 U %o TR | (SINE! &5 FACT (AUE@ @
547 O(y/n) algorithm « S 3 AR ©F &1 @ @B number N ©ItE €
TI7 R 51 ©F (5 AR | [FF 97 0 I W O T, 90 77 prime 491 ©F 55
TR G S TR 7 Ol IR 4T 2 | 5g 9B Fes! A S gl 37 o
&I G AT (F (F 7 FCF AT T (AT TAR 92 7L FICF FICE O FC GT61 AW
(AR OIRFR SN FIE A A | FE, QL ST 0 NG G979 719 pair
252 AT GTF ST O A | Sieve @7 algorithm 5% W3 FISBIE T4 < | 9 WL
(ST 1 T0 7 @3 TR A prime ({3 IR (FECS AR | 8 ©I2 1, 3 TR AR
@I 37T WTa @151 prime 541 (618 S e Aca1 Tt #(1@at 1 Algorithm 5 &g
Y33 CIET! Q¥ 2 20S 1 7@ 7 AN foTel, Q21 AT (ATF ST, QF o 0 727! ¥t
IF O (ATF ¢ ©F To&fel multiple @iw8 B AR ©f (&6 (F6! ASIF ATF GTF
I AT 0T I FHCE (ST FIR @PF A OB AP @TefeTs 297 prime @3
@3 J130F Fg WK @ prime (2! Q¥ 7§ 93 FI6T /1 7S FACO F! S+ T
OO FATS AR (@l n = 10 9 &+ AN (GFReT 0.5 @ @R algorithm b simulate
I AT |

(SINIME ARLE &5 ¥ implementation (T ©.3 @ (e 21 @2 algorithm
@3 run time O(n loglogn). ¥ FI (*It3 COINT GG prime number &3 o5
21T @32 mark array (TS JEICS AR (&FIF0 prime K (0 |

S 51K 2 double (F GNTSITE represent T T @ sqrt FIHG integer $@ € CF( AN
15 Tea A

oY



RN 0.3: n = 10 9 & sieve algorithm @3 simulation

[SRER T S|

initial =r<gt 2,3,4,5,6,7,8,9, 10
&< uncut number = 2. ST 2 @9 e multiple &G M3 2,3,4,5,6,7,8,9,16
7ot uncut number = 3. ST 3 99 31 multiple (306 A 2,3,4,5,6,7,8,9,16
R SR 78, 5 > V10 2,3,4,5,6,7,8,9,10

Listing 9.3 : sieve.cpp

[celE B R >

PR M RN M) — — —m e e e
ARV —~S0V®AnhWN—O O

int Prime[300000], nPrime;
int mark[1000002];

void sieve(int n)

{
int i, j, limit = sqrt(n % 1.) + 2;
mark[1] = 1;
for(i = 4; i <=n; i += 2) mark[i] = 1;
Prime [nPrime ++]=2;
for(i = 3; i <= n; i += 2)
if (!mark[i])
Prime[nPrime++] = i;
if(i <= limit)
{
for(j =1 % i;j] <=n;j += i % 2)
{
mark[j] = 1;
}
}
}
}

sieve @3 72fb variation o w1 =1 T |

Memory Efficient Sieve QI (I FACT (AT A n TS Y, ©© 9C array O« 7<-

TR mark O3 =7 | SN 8 S 2 QST AR (&S A2 @9 mark ¢ 1 A/
Tednk @2 &t ISt SI=r memory requirement SIES R (@FeICS AN |
I mark array @9 2fsfb siRei SiE f6g 0 =7 1 2ol =ik &g g i
T SR BigE, 2fefG int @ A= 32 bit (F FICS AT @67 variable @ 32

BT information IrTS #/ifd €32 memory requirement (& K8 32 ©i7 FAC©
M7

Segmented Sieve S T AW 1 S 1 GF FIFIF A 1, o TS b AWK prime

@feTa meIe W @A a, b 0T 10'2 ~ 10 range @7 g IS @B =6
AT @, b — a < 10°. 999 CF@ ST [a, b] range @ sieve SR | @ &)
2I2TIZ SR /b 1% T prime (I3 FCI AT TS A1 (prime e Face
efficient 23 T3 BI3TET 2 20® /b 21%@ 79 AL T8 409 #1141)

0q




TFOT &N

o UG HATF prime Factorize 91 e @fS @9 &= prime &=t fF@iey €32
(12 7] prime @3 power &f ([ 9|

©.3.8 G0 HATA Divisor 7Y

W I @ g6 T2 A divisor FYZ (@9 FACS B8 B (FC 0.2 G TS
O(y/n) 9 I3 =& 7 divisor (I TR (FeIC 14 | g S 5 sieve algorithm
@& modify I 1 S n %143 AfS A727ia e divisor (73 F1 i 7217 T=72 7=,
©tq Gf6d runtime O(nlogn). (P ©.4 G GF (FTCB AT 2T 1 G (O 52
1, ey elfSfb Tera &=y S @ multiple @3 list $THAICS SIF insert I (72 | @3-
& SR @& mark JrE TS 27 1| (O AW N F9 @ memory (S e
@ @Tear FIea!l =, n 6 32 divisor S FKCHIG 1 log n @ G =IN=T 9 (-
(© ST AR &5 STL G99 vector 9= AR | vector 7l 9= 364 Dynamic
Linked List 521 55211 317, 58 fefo151 Sieass et 203 I

1 | int mark[1000002];

2 | vector<int> divisors[1000002];

3

4 | void Divisors(int n)

5[4

6 int i, j;

7 for (i I; i <= n; i++)

8 for(j = 1i; j <=n; j += 1)

9 divisors[j].push_back(i);
10 |}

SCF 2] A2 divisor @3 oS gZee! =it =11, g alfsfs s1ers divisor e
sum 31 AT G TR R | ST B (A B0 ©f FRATS ARCoR!

9 G A2 divisor fNT7 7249 problem AtF ©2« SIS T method @ FTS
A | QAR 0 = plipl? ... pf* QL p; T prime AT | ATF (& GF0 ARRTE
prime factorization 3¢ | @37 {61 FCI MY, d & W n @7 divisor ZS T OIXCHA OF
1< o5 018y AT 20 | &S, d 3 fowd p; =G ™K (@19 prime divisor A A
71 faStrs, p; @3 power 58 ¢; @3 (ATF @AM RCS ARE AT Sfijee d = plipy .. pl
@ATF0 < b; < a;. 93 equation (ATF SIET 0 ee 1K n @3 divisor T3 =it
(NOD = Number of Divisor) 9ei< divisor (g @71%s1 % (SOD = Sum of Divisor)!

NOD(n) = (a1 +1)(az+1)...(ap +1)

SOD(n)=(1+pr+p3+... ) A +pa+p3+...+0%) ... (1 +pp +pi +
:p¢111+1 -1 .pngrl_l . .kaJrl_l
p—1 p2—1 pr— 1

0.5.9 GCDs8LCM

GCD 3 71 % =13 Greatest Common Divisor JIERI 1D 4R @el{iws (2197e)
W[ LCM @3 7131 2613 Least Common Multiple J1<&r Af® et wfersss (97e) |

b

ctpeh)



I @ @32 b GG AL 9P g @2+ | T SR 08 Mg 0 x b = g x 1. TSR
ST A 725 W7 T (9 FA0S A SR TN 4 =06 (79 20 AN | 2% 27
IR 9N (FACH (I F? G0 AR =T @ '8 b @ A @ (B (T2 IFRAT (AT &F
T 1 788 (M1, (I R T &2 oI AT (T6R 2T | 768 @ run time O (n). @
(TP ST T g (O W1, (=B (T FeT @ A ez Gif =91 euclid @3
ARG | T I AW a SR b A 11 26T QT 271 (@7 FAC© 20, SN T F29, a
@ b ez ot R | AW (500 o) TR, O b 2 90710 FRE b 93 (ATF TG (e 7T
G b T O @ TN (TWS o & O FACO 2I1TF) | 94T AW O T IR, CITFCE ST
SN c QAT a = k-b+c. 93 TG 93 AT @GR! (0 < bTA T 3ol ot
FE AATS #A!) @3 G FLT AW 08 b (F Ol IR GI6T G2 AN SPAH ¢ (S
HACH | SR SN QL b8 ¢ 7 7N (& T4 | SN0 72T @ '@ b G4 GTas G(6 A=
(=B T ¢ TR (71T | F[OAIR O FIEHT I ST A1 I FA0S AN G T ST 97
CCA TR | CSINITAR S0 Z0® AT (& S 17 93 T S0 21! 68 weiee g i a1
@BTF exact run time (SRS FETCE SO AT 7 ©CF GGF NPT FACS 1K @
long long «@ TS I AT K& AR O AW 1@ ([T FACO &1 2 OIZEET 100 ~ 150
QT @M AP TR 1 > e fefea @B recursive @ @® ©.5 @ AT |

Listing ©.5: gcd.cpp

1 | int ged(int a, int b)

2 |4

3 if(b == 0) return a;
4 return ged(b, a % b);
501

©.5.8 Euler @3 Totient Function (¢)
VP2 VAT (S (72 Totient Function 3 f&fam

#(n) = n QT (ATF (RIS I AN QT FOfET A7 TR A n @2 AT coprime

coprime SI4 Z& SITHA (FIF 4K Factor (12 | X, ¢p(12) = 442, 3, 4,6,8,9, 10,12
G R 12 GF &I 7 (@I TG Factor Stz 1 1, 5,7, 11 @2 B A7 At (&1
common factor (21 AW n = p{'p3? ... pi* T I3

¢(n):n<1—pi1> (“i)"(“i)

oA IM (@I GG ARITIF ¢ (31 FA0 2 SIRC (ST 4 7Z&2 prime factorize
P ([ FCE (F0S AR | FA 2T prime T divisor @3 T© {F @At@8 1 2 n @3 ¢
O3 T fF T© ({7 T4 7ARA? 72 7=, &fSfb prime p @3 &= ST @ multiple
« P oIt p M o1 8 p — 1 At oF T2 TR | 9SIE 1 TS n 2148 74 prime @3
) 2 B FACES SN I TR ¢ Q3 T (AT - | (T 9.6)

Listing .6 : sieve phi.cpp

1 | int phi[1000006], mark[1000006];
2
3 |void sievephi(int n)

3 (ST SR AT 93 T wiki (8 2I%Ts 219 | IS4 721K 271 @3 runtime @3 A1 fra=ifo seema
GFB] TR TR

O



4

5 int i,j;

6

7 for(i = 1; i <= n; i++) phi[i] = i;
8

9 phi[l] = 1;

10 mark[1] = 1;

11

12 for(i = 2;1 <= n;i += 2)

13 {

14 if(i !'= 2) mark[i] = 1;

15 phi[i] = phi[i] / 2;

16 }

17

18 for(i = 3; i <=n; i += 2)

19 if (!mark[i])

20

21 phi[i] = phi[i] — 1;
22

23 for(j =2 % i; j <= n;j += 1)
24 {

25 mark[j] = 1;
26 phi[j] = phi[j] / i % (i — 1);
27 }

28 }

29 |}

©.3.¢ BigMod

BigMod «f> STog wwgsd @G Method. ¥F T bowler U3 FITZ 71 I SR
IR 7T 7 8 R | QN 1 B 7w e, aAfofb 2wt &2 31wl <91 ez S50 711 = = 17et qe
R | g 0 ©Ita 91 FA00 #{1R7? QI AfSfb 3o FCe 2IF= 2 ©ITd, Fod1R AT 2"
ST T FA0O AR | [5G 1 9 TC T &7 OB ST I8 AT 20 MIGTH | RS &
QMR S T AT exact T 71 (507 mod 107 I GIFT GF 6 JLAN W @
T T A mod I result 518 T | @ 47 (SIS feree™1 9T, 219 mod 7
Fo? [FFCA? 2190 (I I 9T 217 7 T O I Ted Mea? e 99, 2190 f5g long
long @8 4TI 1 | SIZCE TAR? QN 5120 &SR &« ¢ M A2 mod FACo A,
T I TGA0! B int AT I3 (AT FF! fFG (OIITE M 100 93 (AT A€ TG,
AT TG 4K AT 1018 (AW 7 O F A ARA? YT FAN AR A3 idea B8 SHF
RS | 0 B4 (OIE 2190 mod 7 ([F FAC© T4 AR | G F FA¢T, 2°° mod 7 &S
A, 43 @fS a, 1T 2190 mod 7 TR (a x a) mod 7. TR G (ST TS (F AEF
TR (FEC | (O @29 =4 For loop BT 1005t 2 &1 TS T 1, 5057 2 &F ¢
A3 T (F Ol AL & AT 9 result ¢otx T1ta | 58 @2 Ot (o 58 50 I
T T ATDIE (712, 25 T 9F (A SAQE (12 G (F ©IF AL &F FCI ST QN
0T T3 | 8 @IR? FUSS FLR (@& R? OI[ (Ol S SESF FACS AT | ©IeS
& T ST 9 224 ({9 F0F OF ML 2 (F &7 FA0O A | ARG power [RTST I
93 IS IR AR @ T 47 power SR¥J2 (FC F(F G AR T 2 ez s
FACS AR | GO B0 BT AF AN power T () I TF O i< &I (58 @
20 = 1 SR G ST SAIICAR S @ ST FCE AN T&s (I3 0 (T |
SIRE @3 fEfTT ST (FC T (FNC? SN 40 (72 AN IR @61 Black
Box ST TG a, b, M Tt o> mod M &3 I AT | (T T FACI ©f T M b (S8 ]
SIE SR (12 Black Box (& a, b/2, M w3 @3z (12 Fererat foen e wetreet (@9
TR | K I 0TS 27 O %A @7 Black Box & a, b— 1, M TR 432 S17 T (ATF
St weree QI e 1 @32 ©3 Ot Fo5 BAC? IO 1, b = 0 = | @t Black

80



Box T @36 function @32 U2 St €3 Function @3 fo©7 (AtF @S2 function
TR F41 (&3 recursive Function I | SINAT (@FC 0.7 @ @2 (NG Wet | o
CRASATBTS b TS 9 CF@ GIR, SIS T 28, ST B AT SR 263 11 92
algorithm @3 run time 27 O(logn).

1 | int bigmod(int a, int b, int M)

2 |¢

3 if(b == 0) return 1 % M;

4 int x = bigmod(a, b / 2, M);

5 X = (x % x) % M;

6 if(b% 2 == 1) x = (x x a) % M;
7 return Xx;

8 1)

% 4307 solving method & divide and conquer &1 T ACF | RN 6
T AT (F (RIG (R ©o! Sl F1 T G2 SITAE FNLI combine 0 I 2T A
SN (@ T W | N 7249 BigMod (F21Z @3 AN e Ao A7 (AR | ©ILw,
l+a+a®+...4+a! mod M & 3401 T*12 O3 SACF TP TO QTS b
TS T | oA G (@ A 19 &SB! term @7 T (79 T O A | @S [
@ SR T© e BTN 7RI | ST b = 6 G &3 (A (FAH GTF 73 ©Ieo] Ol el
!

l+a+ad’+a®+a*+ad®>=(1+a+d®) +a3(1 +a+d?)
QIR I ST Y2 S FR SIRCE SR bigmod (a, b/2, M) Q3 TG T |
AT log n 4171 3R &S T2 SR bigmod @3 &=y S1F8 log n 7T wEF 1 &7,

o WNId run time O(logn?). &BT Y9 €67 I@ cost =11 g ©J¢ =il @
O(log n) T 4= | === equation fBTF SATeIE 12l TR (681 FH |

l+a+a®+a®+a*+a®=(1+a*>+a*) +a(l +a*+a*)
= (1+(a®) + (a*)?) +a(1 + (a®) + (a*)?)
iR ST SR TgH FI¥F @ 1% Jw bigsum M2 SI=ET bigsum(a, b, M)
(@A FACS SN bigsum(a?,b/2, M) @EFIA | a (@ AT overFlow T FCF Ty
SR SO o mod M {11 b Reie 2 s S IS+ @ f§ F99? ©ie
GaIEH

l+a+ad®*+a®+a*=1+a(l+a+a®+d®)

S IR (FICH! NISEIR FACS AR | (SN Q2 SIC AL F1 A G
R TP (A2 O O & |

2T &JCETT

o 1+2a+3a%+4a®+5a*+ ...+ ba® ! mod M @EF4|

83



9.5.%  Modular Inverse

QARG S RIANER TS NP TG S oA &l FNIS | exact & 7 G
@I 96 7227 M mod 03 82 51X | Q¥ (12 =310 IW (i) [Ty @F < oizee
I TS =R 1, g AW S 1T SIRCeT (1 370771 708 A, Tl mod M @3 ¢med
@ | QfS AW b @I ST FHCS B8 ©IRCH b = M (@K F0o A GR @ff ey
@« FACET2 b B O IS T AT | M IM prime WO, b~ = b2 mod M.
SRIM SN, O b = b*M ! mod M T8 GTTF@ M @3 b (& coprime X(©
A | €32 93 N ST bigmod IR 0 Y& AE2 ([ IR (TS A |

9.5.9 Extended GCD

AW 0,8 b T AN g T OIE O 2 Q3R yy 0K AN HYA @ ax + by = g 1 G
O QWA o = 10 932 b = 6 G T 2 8 yy (IF FCI (TN | T2 93 G (e
SRR AR | A O AR g (731 93 GRET 97 22w o113 2o A1l euclid @3
PTG ([ AT AFS 20O ANGTT | G4 A FAI AT T2 (/B AIE (I 456
AT AR & 03 ITH 0O IM MR ST (@K 1 21 @3 @ 8 et @3 FIent
TR AT 2 FENCHS FACO R | AFHN FACS ST T L FeAICH 51971 {17 0w
fReI% '@ GO FACH @ y @3 N ¢ A | GTHCD AN ¢ = —1 GRy = 2.

AT 9.2: @ = 108 b = 6 93 &5 Extended GCD @3 simulation

ARG | x y | 10x + 6y
10 1 0 10

6 0 1 6

4 1 -1 4

2 -1 2 2

ST Extended GCD (3 310t eged e Afr 1 @2 cenlamifbe (1@ ©.8 @ (wat
2| QI (T eged TG call F9 37w 36 variable @ reference 8 #191TS
(A @A 2 IR y O3 T AP | G2 TG 9970 return Fd |

1 | int eged (int a, int b, int &x, int &y)
2 14

3 if (a == 0)

4 {

5 x =0; y=1;

6 return b;

7 }

8

9 int x1, yl;

—_
(=1

int d = eged (b%a, a, x1, yl);

—_ =
[

X yl — (b / a) % x1;

x1;

[ —
[
[

return d;

J—
(=)}

}

egcd IRA FES A=A Modular Inverse (@A F4Cs 11fF (9 b 8 M & coprime
O @) | @ @I b 97 S AT QN QI 1 (I FACO 512 @, be = 1 mod M.

8



e, bz = 1+ yM @ y T GF0 integer. €2, bz —yM = 1. A& b€ M
coprime AR SIS A3 G0 8 y Ak @, br — yM = 1=, be = 1 mod M
=7 | 9@ eged T 2 GF I RO Ao 7271 TS #i1t7, @[S 107 e arece
A | CIORCE 1 (& AGF ©I63° M A mod I G THNGS N6 (99 F460 A |

9.2 Combinatorics

©.2.> Factorial @320

100! &3 ot Foefr 7y =itR? - «fb 432 common @G e | cST=T =TSl 2SR
G ALY ST | AT SIC Y, S S el SN 67 67 100! @3 T @S ey

R (I9 T M (12 | S S N0 R ([ P Gfeq 10 @ el 20% | 58 9
CATE FEET AR @, 5! = 120 I8 94 &1 @ 10 97 IR, @3 *[[e @F0 0
BT IR | (@? TR N5 O 2 & A2 A Send 10 ez | sidie sime
MATS A O3 GTFE AT A F© &fe] 2 7 Foof 5 efites IFE =t | SeTET 2
' I (2 ©f IR TFPR R I, Fel 2 7 5 G (ATF @I I AFCIR, TR
ST 5 SR BT | G2 S ol S, 5 F© 9 0RO (FAC (FF F99 | 1 ©
100 @3 TR KNG [100/5] = 20 6 5 @7 efires =itz | @efet (At 936 6 5 #1171
8 @efer 25 @R O AR ©Ie (AT 58 W8 GF(6 6 5 A, SR @STET 125
R4 ooy Oithd (ATF SRS G0 I AT | g 125 58 SN 100 (AT IS ©I
SR SR 5 O3 TG power GTEIE (LR TS (73 | ORIR SIS 5 A3 GG A7
[100/5] 4 [100/25] = 20 + 4 = 24. SR 100! «F et (16 24 B =« AR | ST
I n! 43 feer@ @S prime number p TS TR (6T (@ FACS IR O AN
q 203

In/p| + [n/p?] + |n/p*] + .. O | ey R

©.2.2 Factorial @3 Digit 577!

n! @ FIRCT 0 9 7T 2 I R @A F1 07T, 7@ ! @ el fofEs s e @@=
(@9 TA? (O M (&I @ calculator @ 50! T (72 OIRCET ZA0ST 3.04140932
1004 @FF AL (AT #I1F | Q2 (AF JATS /R @ 3 97 28 NAS 64 BT 7
R | G2 AR ST AT 5 (@I T SR @67 @ 10 @3 T AT power B
S 0T MCA? SR, log. COET (SINIWA calculator @ 3w @3 7R log 7S
OIRCET (AT 64.4830 . . . GTFT QB AT AR | oA %<1 AW &1 Floor e @
@1 3 SI2Ce2 SN number of digits ¢t TR | 2 SR @RI 7R digit F2L5T
(9 FACO BIRET G &fS FICS AN | (SIS O (FS (F6 SR, log (I &y (o
SITAR ST 50! (I FCo Q@3 2RF 1 log! 1, log 97 @16 W= (M85 wieg =i
© 3 log (a x b) = loga + log b= log 50! = log 1 + log 2 + . .. log 50.

©.2.9 Combination: ()

n 5 ferfeet zve 6 ferfer v it fdos s am @ w5 213 () = 257 e
AR 08 7 G W (A A e () @3 I ez e w221 96 T
=& Factorial STCRA T AW ST FC3 6 03 @7 o 741 | 158 are a61 73

I 2 A Of =7 overflow. @Xq n = 50,7 = 1 ZF 50! (@ FACS S AR

>x=(x mod M + M) mod M
2ceiling et T ssiere 1S 10° 51 @7 17T T SIRE ST TS5 A3 WoTCa =l |
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W51 overflow F3t3 fag i@t @ify (%) = 50. cora AW (93 A1 @& double ©-
1 5127l A2 F9, SIZCE (T61 72 =111 F1 double TG 512 (SN N QF0!
approximation I T3, F4F2 exact ¥ AT 711 > SCACE A FE@ ST 2H, (n — r)! A
7! @ TR (FBT @ O T 7! @ I AL FIBIFIT T (T, AT 21 TR STET] @7
3R A5 STl & R @2 1315 LT Ol FCR I #AT G T | T ST SHIA
THTE By 50 ATF =K (06 ACF 1 Ferrzeat 50. 58 @2 method @8 ©#taa5T overflow
TR QAT AT @A ST Bl (A1 21 T&A6! AF overflow FC | IS @6
Tl TR S OTReT, Sl G @ () T @6 7 7T 1 @31 e s @13 -
<1 ST ST 12 FIGIFIHA W FIBT 27K | (SN TR W2 @feF @F(6 array (&
e | OF 9 GTF AT 06K AT e AT @ array € LT (ATF <17 217@ Are, ged
A T3 17«2 M35 AAE FioAT T A 7 (AT @Tq AT 1 23 AW 1 @I
e FACT (O TG FLR overflow FCI 7 | GO 1 =1 9% ©Itd colva (7) @«
T e Face A, afol “afeas At spyfat =iitg, overflow, time complexity,
memory complexity, implementation complexity o5 | 2_TETN W3 T fofe
T (SN ST S Sers S99 7aIa 209 21 |

I[P TN AW exact M 7 (G (&9 GF 7T 7 mod FHF 271 T
BT ACF | ATH@S AW Tl TN A@s SR | T mod FACS Fe7 7T prime
oI n! mod p, Modulolnverse(r! mod p, p) €3 Modulolnverse((n-r)! mod
P, p) €3 oD T &7 FACETS ST SR FIMRS AT (AT IR | QTG (TS
p > n TR AT | AT Facotiral €3 mod T STt (ATF2 precalculate I @0 TG
O(logn) @ 42 W fefa TS #(1fd | mod 7 prime =7 58 (2B =1 Szt &y @36
Tolle IitR 992 (G176 2 Lucas' Theorem. €2 theorem &8

() =TT (%) onoe

@A, m = mpp® + ...+ mip' + mep® @320 = nep® + ... + nipt + nep’.

e (T &Y () eRTere 2@ @R a, b < p G5! 58 cor= precalculate
T ARCO AR |

I AT prime 1 R I NS e &0 (O (1)) () G T (I8 FI0O T ©OIRCT
SIS0 7 () 9 W precalculate $C n x n array (9 (R0 (MR | BT 0O T
TR O (n?) A w1l | 9B offed Wo weti =13 (1) = (") + (7)) Ple 0.9 @

r

G (PIEG (71 7T | (O limncr & W Af$ e wa = o () @3 Wi generate
A0 A |

1 | ncr[O][0] = 1;

2 | int limncr = 10;

3 | for(i = 1; i <= limncr; i++)

4 for(j = 0; j <= limncr; j++)

5 {

6 if(j > i) ner[i][j] = 0;

7 else if(j == i || j == 0) ner[ill[j] = 1;

8 else ncer[i][j] = ner[i — 1][j — 1] + ncr[i — 1][j];
9 }

>3 (SIS FET =™ /2 AT 7 @ T for2t i <5 of ot #1410 ~A1ea =7, iy «iE. for<d 7 oy 1T =ioreet
S TG {6 approximation X |
foel F07 (94 base case & ze7 Bfvw
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v.2.8 g special number

ey feg special number SITTR JT 2IRTES ST TR TN 2L SN ST TR 22 |
TS TN G T (KRR S SR S TR TS (@1 FICST Ao | Sl
QTN g T O3 ETFHE AR | QLT SR RCST G TFIF O T (@A @
AR O (A 71| (OIS IR0 internet AT (1w 93 (AT (T 08 #1141

Derangement Number

B ICH 1 T IR B IR | G50 AT G5 TR B & I (AT G o761 | T
THAIR OIRT G T G Qe 03 (& (F88 Oitme! feenend Bl o AR @AW= A n = 3
2 ©I2e Ted 2 BCA 93k CAB @3 13 TICE 0O AIC (S B JHCS 21112 (T &N
R B A, ST &t B B '@ 91 & B C) | &/T b I S7=& 0 RCA1'8 SIT-
@1 92 FPATIOR AL GBS I8 | (o571 513 inclusion exclusion principle
e aft AN FA0o 217 8 Q4T (ST recurrance «3 TKFC AT ©F A3
M|

S ¥4 D,, T n ©% Derangement Number S », & TR &5 T&H | @2
QTR LT (TP AT G A1 | (7 S A1 S5 1 — 1 S Bl 7= {107 | 411 S
@T X @7 Bf*l AR | 949 @3 X (T2 & S B S0 #I103 S 918 AT | i &2
AR B (T T3 OIRCA JfF 1 — 2 & WISend TR D, o S G2 S Wi T
AT oA GfG 70O 2R3 (n — 1) D,,—» OIEA | OF AW X AT SR G 1 (78 SI=Ce
R 4 TS AR @ @ B e 2w X @32 o @ B o) e 11 ordie @2
SRR 102 1 — 1 BT T @ n — 151 Bf 2 TRT (FO2 freons 31 7Ree SR 11 93
o1 GBTS AN (n — 1) D,y AT 1 TR,

Dn = (n — ].)DH,Q -+ (TL — 1)Dn,1

Catalan Number

o 2n AZTEF F9&fT Dyck Word =t=? 2n A13ted Dyck Word @ nf6 X e n Y
ITF Q9 UF (19 prefix @ Y @ 727 X @ (ATF @M T @ = 3 9A T
Dyck Word NEEGH XXXYYY, XYXXYY, XYXYXY, XXYYXY @2 XXYXYY.

o nf5opening bracket € n 5 closing bracket /9% Fta F0& T 75 paranthese
expression I IR? @IF3 1 = 3 @A &3 ((())), 0(0), 000, (D)0 @3=(00).

o n leaf s 3 complete binary tree ST®?
o 1 32 A «=f polygon & F© ©ItF trianqulate T TF?

G NS ATHF &\d =& Catalan Number. * » ®% Catalon Number & St
C,, o i | @3 w e == s

= ()= -G

> (SN BITA http://en.wikipedia.org/wiki/Catalan_number 208 A8 interpretation &feT 2[t (FITe #I1 |

8¢


http://en.wikipedia.org/wiki/Catalan_number

Stirling Number of Second Kind

NGl ST fSeRTC & SItel T© ©itst O F41 T ©i2 2= Stirling Number of Second
Kind. @& {7} aMi @@ FA R I AP n = 36 k = 2 U@ T g 3,
(AB,C), (AC, B), (BC, A). a4« @3 recurrence (I3 F14 &« S| 55561 Derangement
Number @3 TR T T2 581 799 | AT . B &1 (24t A f&fawior @31 «2w
@3 fHT 4F12 9F(6 Sitet AT 21T 1 GTewea JifF n — 151 f&fot kb — 1 Sitet o
FICS A | (CET ), TN 8 TG (<B1R ST e eaif) @B 7= {717} i
]I QBT IR @, A 1 — 1 B &1 ke ©ite! St o7 17 [&w 9151 9Tra8 (@19 «F613
TR | G @1 G & B N @1 @6 | o afb 7re #fiea k{", '} o1 e,

n| _[n-— 1 Tk n—1
Ef k-1 k
G CFIC recurrance €4 base case AT | k = 1 T 71 [&GF 9F ol Fo©Id

Ol 1 T? W I ©ICA3 ©I3 W12 I8 W & = n 27?2 L1e 1, G f&fom1es n et 5o
ST Ol T TR? @ ©itd2 | LR base case T8

{”} B {”} =1
1 n
Stirling Number of First Kind

nol SEw & eE & cycle @ @ ©itst ief F41 T 82 =& Stirling Number of
First Kind. Gt [}] &I @M SR AT n = 48 k = 2 U9 Teq 7 11,
(AB,CD), (AD, BC), (AC, BD), (A, BCD), (A, BDC), (B, ACD), (B, ADC),
(C,ABD), (C,ADB), (D, ABC), (D, ACB)). @3 recurrence € Sl 433 S(J
@A TS 2N 1 A n, 6 & (At Ao fAfoir (73 | @2 @3 fefsior a sz « o
cycle § AFCS AR | GTTH@ AF n — 1 B &TT £ — 1 cycle @ O FIC0 A | (CATE
9, ST @Y W@ (<FABIR ST B fWeaf®) @B IR [ ©Itd | Sk GBTs W @,
e n — 1 51 &1 & cycle @ STR IR (17 f&AGT @3 n — 15K W (FIF @F0F 7
CE | ToAR @6 20 A1 (n — 1) [ '] O 1 =i,

n n—1 n—1
W=l e
G @THICA recurrance U base case AF | k = 1 (e 71 [&GAE @6 cycle @

F© OIt7 o7 1 TR? G5 @FfB common T €A 8@ (n — 1) S IM b = n 22
gdie n B f&7F 1 cycle @ F© It St F1 T? @F 2 | IR base case Z&3

(- f]-

©.2.¢ Fibonacci Number

fFaeifo MIFT @ AN oIt FremerR S 2w ity @R WS n < 100 9 &=y
I THRS (39 T (TETR | 8 IM IS T[T @@ IS I, @ n < 10'8 @7
G52 (S g mod W (37 F99) | 97 & @F16 JWE method TR | (OIET Tl
matrix ST =1 Si&T G matrix #TS 0 1K | matrix 2rere «ft a1 % fog «ft us-
> general method &3k (oT=T €% method IR IR SRS &) S+ problem
S FACS A | Matrix I3E I =1 forits (i

8Y



Rl 1 1A

Fi| |1 0] |Fo

F3 1 1] [F

| (1 0] |FA
o1 1) A
T 101 0] |F
11 [R
1 0] |Fo

OF2 O,

AR ST ferits #i1f¥,
Fo ] _ [t 11" [Fa
E ]

COIET T (ST A & matrix GF power TS (AT (S ¥ 20 N, S o
O3 | fFgEwe STei2 g St BigMod f4te atify, @it feet @ fb sty @it =it
matrix. T &7 S A0S QN vg matrix ¢ F0T IR A | W (MRS
st o corat fRteaE W2 &t (e 39 | gew e Ifrs (@Te w90 @G Tt
(3 g 7 417 A0S (A0F (I FI0oT (TR SCAS A2& 20 A | Stirling Number
8 1 ENSTS (I7 T T, ST (TCFC@ k Xk SIFICER matrix A | oM IS AR
%@mﬁwmﬁ@nwwwvfml (b1 @ (AT #AR AN FACO A7

|

©.2.% Inclusion Exclusion Principle

Counting U3 ¢ we5@ &Fg~19 43 method =& Inclusion Exclusion Principle.
N 9 COITE 971 28, 1 70O 100 7S Fofe] H5T ST TET 2 A1 3 711 S A2 (AT
9, qUFE g RS €03 3721 ST, vy 2 71T O A O3, g SI0R Y 3 i ol
2, ey wite 2 o9 3 7315 eaE ), S 5y Sice 37 GiasT Mg o A = | wy 2
B F© @feT St T AW ©F (@1 FA1 g Y7 7T, [100/2] = 50 G2 ©IF ®Y 3 A
T GIFT ACE |100/3 ] = 33. QT QA (@I FACEL (5 (SN TG (o A |
FRG, AT T 6,12, 18 ... 7N g 7L R RN @S 2praie Stz | ToR1R =t
[ AR @19 T 12 93 f&foT &= double count 20X ATH | G5 RS ST ToT U3
double count (33 T O R FE @A | (AT FACET WATE, 92 double count &5
« SR ST TR 2 '8 3 REG [AIR Of I LR 6 == S AR | 6 7= O I 977N
GG [100/6 ] = 1655 372051 ST | TSR ST FAT T3 50+ 33 — 16 = 67. QI
count I method 2 = inclusion exclusion principle. 3 25ae &I ferfes <t
S 3 FACS R 4G OB I \ATS /17 | NAFA (OIS 2, 3, 5, 74T B A

819



A1 25 | SIRCAT G0 @I O] A GFF IR A B, 926 ea ool A1 @i ww 72251
SR e w94, f6g fomf 722yl 7l O AW GIF 72T SR @19 F41 932 BB
ST AR Sl TR AT @feT T Faan | Sidie, [USie TRy T @of @ (ST @7
O R 00 T | I (R0 IR MY time complexity 263 AT O(27).
(ST 0T A @3] (@ bitmask IR I (FC FACH ACTF RS2, (FIC
1 | AW CSIATAR FICR 7 B AT ACF Q3R (FF61 (FIF61 Wed i F241 b1 Forais fce
518 ST ¥ 1 bit @7 ffSw g fa, @i @3B bit « 1 AR M @ 7271 ¥ 7y,
0 ST 91 711 @37 03 47 7720 @301 loop TR BN U2 @3- (TTR FI&5! F6
CFETCo A |

0.\ AZErol

(I I S (@IS (@@ (AT @2 & e afs avaew Sifs Mo @ 1 wiet @3
ferferst JRITS SR 8 2 1 SR ZACS! ST T© AT 28 1 1 QRIT e 41
details @ (SR G &I AT 7R 1 [5G Y o1 ST 5 o= (581 I |

©.9.> Probability

A 39 fePTRB (XeT] 8383 S0 YR FICHRA 537 F0® (3197 | 537 3 777 Head 7R3 <1 Tail
FA? TP GFBT 2[ACS AT ST I 1 chance 50-50. Q27 3 9 G (LR
GF] &F] OICE, fFE U TFW (T 52 OIF ~IR{TS WMS UFH 6 SR | G2 (ST
i fereelTr S 2 QLI F© 2?7 QY 8 FeT00 AKE T @ Q2 @RI 9F61
S A B QLI 58 5 (72 1 W17 gfsl @G I mathematical Tex s ©izce
T QLT 5 TR 2@ 1, 6 2K AR 1, 2, 3, 4 [ (AF @R 1, 2, 3,4 277
SRR G2 | ST g (@1 279 0 @ T4 0o 71, 8 common sense (ATF2
G LT IETIN | BIZ FI? G2 AW (ST F27 27 5% 3T A7 301 (79 9 (@01 20
TR F©? O T A !
ERRINEREERURIISEGE

F© ST O IO 50 I
T O AF GO Go0S

AN, SN PTG (4119 557 @, Head 2 Tail #1<1 probability 273 § el i
3 W@ 7SI coin #RCS 71t Head '@ Tail ©IF Qtvd WA 93612 Head 3 Tail.
@ T (0@ AM ST TR 909 1R 5 7= probability 9, wrzee 58 ¢ = 0.
w18 5 ARE il WK 1,2, 3 37 4 #1717 probability 2 1 =¥ 6 #1717 probability =&
2 i 6 A== TR 5 Oy (I G A== TSI A0 @

(O TS 7 e T T TS W& method TR @¥Fe @F G method
Q47 I | COITRT GFT5 I 35 OIS | 97 N 6 TS OIS A B IALPL =14 | @947
O (=B (=215 g &P s (e 52 1. B 421 pfees T f&fee | @2y @esfer qsfrrtes st
CTafeT =i wie | G2 BfV &TF (79 J0ed T F© oot ST | &= AP, b BT | SiReeT 2L
R R 7 G I | SG® ? G () Z51? RS @ | e radius I r L oRweT 3087
CFATA -2 R AR CFATA 42, AR G AW (&I @6 §fF randomly et @
WWWWWW% = 7. SI_E SESs experiment @ n B
o7 randomly (FCITRETIN G2 J0SF ACA ACACR b Bl, TR ST experiment (XS
{1 J0S T G GIF #71R TR & odiR &~ T Q2 (T8 Sl AR, 7~ 22,
S 1 T© I [FF 7 93 T & ST 23 |

(I IO GO AZRTS! =

8b



©.9.3 Expectation

(A T4 (OIS I 26 Q36 coin 5 T4 24 AW head #It3 ©I=wet i 0 5= #1103 g
tail =TT 100 51! 21103 | QN % AR S F=1? gfsl 7 o1 @ =3 100 Bt A1 =it
4, IR 2o 11, QfSl @ ST 20 (910 | FIRel (SR 50% FRRAT SR Y 0 Biel
ferera | SR g 27 303 AW I @ AR 51 G108 #A1T I, SN F47e O
| SRS T4 711 N I @ mathematician O3 0 FAT I OIRCT IE0C1 SN
50 BT #1111 22/ A FIL [0 FA© A BT (TN FU? = S 0 AT
= 100 AN, 50 F3 (ACF SAPTET? iR 281, 9N W @3 57 €7 10 9 FACET Ol
@BT 112 W (@ 5 I 93 T© head *RI N7 I 5 I tail. =die gfil 10 Ica @16
500 BT #I103, SR 1% Qi 505 211 | 92 Tj2 TFE (STNF expectation Z& 50
BT | SR8 30 SrIRI (AT B, 9 QN A1 o[ (HETeR CSIITE T el =7 (O
CETT (X1 FRACS T© BT STI9T® ANE? Q¥ 5@ o7 fert wcar (meiies #iisiea @@ colwa
expected number of move TS| (741 T G T I 9 TG (A S TG @
I move A | (T [FgF expectation (73 I TN 20z T© I o+ o0
AIta ST probability &= @ I T6ET (ST (12 (FIW [$7 F© TF | @, coin 57
O (F(Q (OTIF 33 9o+ I60® #I1t | head 3 tail. head #=1¥ probability 0.5 @3z
@fb #IFTET 9 0BI=eT #1131 S 3w 0.5 probability ¢S tail #td Sr=wE 9 #I1t7 10051 |
ST (S BIFT AR expectation I 0.5 x 0+ 0.5 x 100 = 50.
SR8 G SR fRIA (=RIB 210 Al g <51 1 T |

1 7 3 1 =

THHAN0.Y: G5 (=G TG (LT

T A QN 1 @ R | R TM 5 @ ANS SIRre1a CXET I 203 AMCK | MCAS 9115 T8 et
3 Q QY (TS AR 9 492 | (OIS A =@ T 28 (@B T 1 20O 6 O I
I @5 FLAT A @32 N € T2 92 AN (TS AR | 758 @72 79 afW 32041 5
AR T OIRCE SR CSINICE beTce 203 | Expected number of move %7

@ TF, T; T 0 @ AP BN AN AT (¥ FK &5 expected number of
move. SR T (F FCO (A | (I CITF ST AT | Ty = 0 FRe 9w IW 5 @ A
SR (O ¢4 C1F 1 (FI move T TR O ¢l ¢1F R0 M 1 (7 &= AfG X7 |
G 4 @ AT FYIF | QI (ATF T 1T FHCO TR ST Ty AGF move. (AT
39, IM 1 FFo© @ AL #I03 OI=Ce [5G i 4 W AFCI, SR (SR RS T FRATF
move R | IJF5T A8 QFG ~fTHF F1 T, G €32 % @ 4 AT Lot (19
FCS Ty move FCT | ¥ (SINF I QTTHE AFCS T SIRCA (©F T move 9
©I2 1?7 WF AW 1 A O A9 75 move. SR 1/6 probability ¢S #91ta 15
move SI1F 5/6 probability (S #IT 7, move. SIK & (@€ W O3 W@ G GF5! 5eT
fweet w@l IS, qoaR Ty = 1+ 175 + 2Ty @RI (A0S S #1g, 7y = 6. fHR
o1 frg B5fS itz | =e = i, SIan St e AN @ 6 e et eifefB et
OFFE I AFFIE APTCHR | o1 AN expectation 6. Ts NGRS FI9CS 1, I
SIS QT FLHL ST 1 | Q2 ST A1, 2 @ 1 AW 1/6 probability ¢S 2 #Ita Sizwa
%[t Ty move, I 1/6 probability ¢S 3 It OIRET T5 move =9(E, W< A1 4/6
probability ¢S T 9173 ©IF &7 AT 2 @3 AFTS A T 1E T move =% | od1R,
Ty =1+ 3Ty + 1T5 + 275 TR Ty = 6. ST 71 97 & LT G JICO AR
R, T =1+ 11+ 1Ty + 115 + 3Ty = Ty = 6. 9 expected number of
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move X(J 6.

0.8 fafy

9.8.5 Base Conversion

SN (@R AL AFS IR FA AfF SItF WIS 03T FRet @9 base Z&T 10. F-
TOIA (@2 A 2[@fs AIRF I ©OiF base T 2 TF I J1eAlE | GIFT RS 55
g5 2bfeTe AT 2I&S HT2- TFT (base =& 8), (FIATSHNE (base =& 16) | I&T
T AE AW YT W TR Gy SR AL 7o 2o1 Decimal 31 wifsi |
FFEOR G &y 10 b Sierml Siietmr 7225l ea f2ofia 41 (@ 3899 qeey By @
voltage up down 3 FRIT AR OTF o AT &S (IR F1 T FI0610F | @fog
27 AR | 93 “1Efors =% oITE 92 08 1. SR @0 7K I @G (I 4
0,1,...9,10,11,12,...19. .. =& SNTr <17 digit BT 1T 43 I AT 9T 2 7
TR (10 93 NS BT @ TS $58 (*1F TR (91T SR8 T Bl ASCd | A28 o7
F3930,1,10,11,100,101,110,111,1000. .. | S=5=F number system @8 €3 TN
A ACF |

Q2 T QG AT 9 7INF number system @ 481 (F SINRI (S0 fo14® A
410248 x 10 +1 x 10° @2 O IR 1010 (S SN QOIS (STF (67T {17
1x 2340 x 2241 x 21 + 0 x 20 R M w3 & (9 = 10. ToR SNCAs A
45 (W number system @ GG AT (AT = ©ICE ST Y RIS S weifSs
number system « #f{S FICS A | SN T (ATF 7O JIF @ T G2 ETH A
S base! TR &7 I A9 @I FACe12 SN THIF Aaiore 727G (o T

58 I I (@ 90 THINE FAATCE &7 SAEF G number system @ w7 aes
FACS 5122 47T TF SN b base @ ARKET FACS 512 | SIE SRT2 ST T
TE QTFT a4y, X B + ...+ a1 X bt + ap x b0 N I G A & b A S F
IR ST 2 a G3R O FIF TCT 79 power &feT [5G 1 I T (o1TR, oA @7
AT SRR b AT ST FACT SINCHT R @y TG OTF GTF SN ©I (TS A0 I
HAEJ (AT TS|

o
o
°
o

©.8.% Biglnteger

S TN (AT I SNCAF A]CN @ mod FA0o 671 T 1, SKE NS 6018 (@1
T T | CICH@ SN Biglnteger IjARIT F400 27 | 4T Java TG SITAd &5 AT
O3B advantage 99 Java (S BigInteger wIts @< (G library =itz | f5g Micar ey @t
@I Slow 29 @ AR TLE (40 7 | i<t g 4@ 7zeers C ¢ farema Biglnteger
3 &1 M= &7 Function o0 (FeTes =11f7 1| Qe T 8 @ @1 97eet | St @35
BN | (AT FACT (AT G, ST QT o) A1 @ 79 A7 Ol 0 (A0S 4, 992 93
T @2 726 Ay N 0T el ©tna (& O Tt W33 a1k T 2, Sl 6
W e @2 IART AR 1, AL G A | [5G T 924 FTOR array @ ot
TR ST G Fe{] S AN T (ATF | OB S A AT T | (@ N0 F1 A
ST 100 digit @9 @S5 27 M 50 digit @3 G{B T @ F9 1 G2 @B 736
ST T string SFICR input 97 92w @51 1w e align 203 AT | 9% S @
TN 2T (1 o | @ Ty A1 1 Bf5 wize, R0 TABTR (7R, TS I TR 936
O3 SLF HIPTI SIS A1CT ATCF, SN (@CRG SN FISHICF FATCE 1 align I
o1 TR ETIRg S (I ST F(R 1 1 SIS Q= I 0 (It B e 317 =i fom
T | I RS G5 wzrgs e [&for cazrrer AeeT Sitenl =1 @, it @eeg S a1 @
SIIVE TeR0] T ¢feT digit 203 GTIRg WIS result A array (F 0 @4 initialize

¢o



A 700 201 1 9T IR Qo RN M @7 FACS (I T3] 0 A 1 QL A (G
G TRTAo! &7 397 Y2 @I, Qi (@SIE 9 ETOICd | Qi et 935 (903 (T (@
ot s F92 QN @19 FAG 2= @I 10 T 97 IS (A 20O [Fg QF07 AF, GI61
1T [T 90 M0 Q@1 9 GSICR BeiCe A | SR R @31 71972 of¥ f6g 1= e
BT A3 P S <iia Fea v | 3 W fefemiefer® comima aifenaa Sy fordts
(A | QTR (A (ORGP, HITNE] ¢ =S AT | COIRT GG, 751 B (AL =1 @
& I AR 27 77 o7 931 o[ @ 31 o 91 307, TM @7 F90e Fre @I B2
BT ST TS TS FACS (F* F8 J(, {68 FIHTHI G (AN o711 (341 72 = |

©.8.9 Cycle Finding Algorithm

UVa 11036 &-CETR5! (TS (@ Fiow Zro1e «F idea B g Y@ 728 | 4F51 x 93 -
I (AT AP @N G, f(x) = 2 * (x + 1)modll, 94 G n & T o)
f(n), F(f(n), F(f(f(n)))... a% 94 period [T F4C® 2 | T4 F© length I
IR repeat TE@ | @I IM n = 1 WO U2 YRR T @F20382,6,9,2,6,9,2,6,9. ..
QT TR 2T 19 A1 #1918 T, TR A period (I 3. IFG b8! T (7-
7A@ QT SAACH I T ST Q{6 T ST, OIRCE O 7R 7 &feT Seer
O SPICS AR | N SHTRR LI 5L~ 2 HTeT TR [l 22 [T T, ToA1R 93
AL 27 2K TSI AT TN AR TSI 217 77 Q52 AL SIS AP | S -
(7T (I FACO T 2N repeatation FAF | G2 [&0T FT array @02 4T RS2
A1 | SANIF QI 0 G0 I T (7 F9< A4 array (8 LK @ G2 G A6T Siest
QTATRE et | W I ST SIRCe ST 2RI & array ¢ o0 q14d (@ @2 7t
IFIE SIS position & QTR | SIF M SR Q7T ATF OIRCE, ST (F SR Q-
el ©f ST array (ATF2 (TS AR, SE Q2 (@I 07 SO ©Ne Sl Sfel | 92
V3 (A3 ST GF period ({3 FCH (oIS A | 758 QOITF array 7RI 0 FACS CICT
Stmd memory complexity wgi O (n) Afwe ST time complexity € O(n)
ISR NS BT TS 1T, O (A + 1) @A 1 = &P (ATF cycle 7 82 7@ 7g
@3 A = cycle @3 length. ST 512 memory complexity S O(1) @ -
S /i @I GTCFC@S AW time complexity €2 AF03 | @2 method & T
Floyd's Cycle Finding Algorithm.

«3 algorithm B (@ TSR | KIFIF $FTO AFMH AT F GF o IR Ar<TS (A |
@3 =7 & LI LT qE 41 I PR G Q9 0 AN | G T 1 G I F&CH
fafeT® 2@2 | 2T LACAE @ TRATS @THE T (F LA IF K190 FCF WNCS A
Towe J @ KIF LA 9T SR (e AT | T© 4T @F (FF© ST @I618 T
period AT \. G T2 (F @ ST (O (@0 LA (F A P 0T TS O @11
LA SR PO T2 AT AL P SN Tl 1 4 | BT 4 TG
271l T AW @ @ 7 <1t Farfers =o1 @To12 .

&>


http://uva.onlinejudge.org/external/110/11036.html
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Sorting @ Searching

8.5 Sorting

Sort T =Y 271 I (5 W2 G0N ST | ST 47 2= ATl 1 (@I 20 60 @
4 AW AR ST GBI sorting 0T | 2172 SITHA fAFSq A7 sort F9 2T
T | By AT 97, string, co-ordinate YFFN T fFZ sort FACS (S AN | A 92
@It f&g sorting algorithm 7231

8.5.d Insertion Sort

Argrgere 9 real life @ @2 ©It sorting T3 A | T T4 HNTAR FI0Z 60 T4 Al-
O SR | SN B FC AT (3, A sorted Ao afe T @ Ao F9E SR
IR 1R e <t 7 S 59 e T Arer e Mt 93 T Aol 5 wRe
14T | G AR ATOTE AT (<1F ZCFR2 SNIWA sorting 8 (*I¥ T AT | 949 IM
implementation 43 F2T bR T4 O I 20 IS UFB] AFD] FCH AT TR A
T 1O IS | 5g 6 o 11 W 9 (O 1.0 — 1 41T &feT sorted =R, 9 i
O ATl TR, G AT (2 i — 1 T ArSi! F (SN (AT (25? ST @R AR
@THITE COINIE AT position S M 71 2 O i — 1 @ AB! AT i @ ST &K
G i — 2 QI AR (5F F9 | GOIF ATF AT (5F 00 AT | GFB] SWIRAH (GIeT 8.5 @
AT = |

93 FC 5ie 58 @ @5 | T8 FIT Fare @er 2e18 @2 algorithm @3 time
complexity O(n?). SN AT (AT A (TS TS B0 sorting FATA=J | Insertion
Sort &3 (AT (F1C 8.1 @ (A T3

for(i = 1; i <= n; i++)
{
x = numl[i];
for(j =i — 13 j >= 1; j—o)
if (num[j] > x)
num[j + 1] = num[j];

num[j + 1] = x;

O 0 3N AW~

@9
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AT 8.5: Insertion Sort @3 simulation
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8.>.8 Bubble Sort

O(n?) @ @< sorting algorithm ST SItAg T Insertion Sort AN FCHCH
TS WA S (FI FCel ST bubble sort (& 728 It S0 ATF | @2 algorithm
Bre (@1 e | QN 2T (AT 7 #1¥@ uft ufb 0w WAy e A1 W (e S
AT (AT TG IR swap 4 | 93 FS n I 74 | 92 algorithm B1Fg O (n?) 7157
9T | TR 2T K T G A (AT T AN ST HACHCH 6] I8 GFAN T
A BT o=iea | e e fadrn bt 5 e A, @gay afsds a3 @i
R RN ATGE FITH | ©12 7 A A3 FIG FACT A AL AT SIHA BT A |
Q3 (IR (T 8.2 G (AT 74T | (O 51201 93 (FITE 5 optimization FACS A |
@, O Z0O A @ n K @3 |92 array Bf sorted TR (10 (T2 (7@ Q¥ T2
loop (ATF @ T (TS 219 | WA &SI (SN FFA pair (5F FAK TP 12 [T 1
JRE i AR A0 QN S @ 4T i BT AT 5 wwrmens v | g @i oy
optimization F4Ce #F | 8 T92 optimization ¥4 =1 (39 ¥ algorithm @3 worst
case 9 O(n?) T AT | (OIS 6 (318 worst case BT (37 FC© ARCR? °

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

2 |4

3 for(j 1; j < nj; j++)

4 if (num[j + 1] > num[j])

5

6 temp = numl[j ];

7 num[j] = num[j + 1];
8 num[j + 1] = temp;
9

0

>%ed 51 =71 A array B 2XTNE TG (AT (RIGTS AT AF OIRCA (o= O (n?) A AL |

c8



8.5.9 Merge Sort

@2 algorithm BT (@I &4 | @3 108 SN practical life @3 g 3 =itz | oI
SR (312 4Tl sorting @ fea R 1 WF 9 ¢S FICR 6057 ATl SR | QS ©F Aot
(3 MO T e (P Wea st | OiFl Sitrd gl sort T (SIS e | 99 gf
@ %25T sorted Wro foow@ 7 (T4 Y T2 (74T, TBT (B G (T2 191 (AT 4T
@ @O OfY (26 (ATF IT T @ | Y72 ETST ©I2 A2 Q2 BB &R
(oG 9T, SI2 AR ST S Tl T ©F SICE! FCI I I NS | QLT 2% ToT
O @3 H3T (& W S (@ sort F0? TGB! T WAMA! 12 Ol 30 | iR
T @I M2 G Ol 3 MR, OIS WA 7200 T Y2 & (P T 93 Sitme
R (AT AR #I7 OFT GBICP A (SIS T | @3 IR Ho0® AR | 98 FlS
FC® 7 recursive function @3 MEGTT 1 @3 Function & Y AW @51 array wie
G OTF M2 B9 FA0F IR T @2 Function & call T SIS TGN @ 12 ©i sort
FCE SFR | 97 GTA (F merge A Al sorted T (& G return I | 93
merge sort €3 (ATATIGT (FTE 8.3 @ (A T | (I 4 (@, mergesort T* 736
variable ¢& parameter f&1t3 3, lo @3 hi. 92 13 variable I+ array ¥ 72 W<t
70 I 1 93 T 97 I 2T 93 JR AR TR SHBF sort F40 1

1 int num[100000], temp[100000];

2

3 | //call mergesort(a, b) is you want to sort num[a...b]

4 | void mergesort(int lo, int hi)

s |4

6 if(lo == hi) return;

7 int mid = (lo + hi)/2;

8

9 mergesort(lo, mid);

10 mergesort(mid + 1, hi);

11

12 int i, j, k;

13 for(i = lo, j = mid + 1, k = lo; k <= hi; k++)

14 {

15 if(i == mid + 1) temp[k] =
num|[j++];

16 else if(j == hi + 1) temp[k] = num[i++];

17 else if(num[i] < num[j]) temp[k] = num[i++];

18 else temp
[k] = num[j++];

19 }

20

21 for(k = lo; k <= hi; k++) num[k] = temp[k];

22 |}

B G R G5 (T AT ¥ (F M2 ©ICo! O FCF 93 WFIF mergesort T call
JCR 1 T (T call 1 FIHT (A (T W S O T 267 @ §3 W3 merge 7 |
T @ 2 SR S (ATF (1 F 0 | (@51 (/B GIBTCE temp FGE array ¢S Ay,
OOIF GTF GTF T FLTCE temp T array ¢S S AT 1 AT temp array
R T IRATT I array (S Ff IR R | T Y array 93 @ G sorted 0 A |
=19 base case B % 203 ST f7 FRICS A=

Q2 2% T @3 algorithm @3 time complexity 9?7 €1 AF, NN n NG
@9 G5 array (F sort FACS o7 RAIACR A€ G & SNCAS 7N A1 7' (). SINCAS
9% T 22 7 B o1 STw gEeist o 33 932 Sitrd €919 ¥2 algorithm

ce



BIERI | AR O R Ol O3 T SNCAR T AR 27°(2). G2« ST IF S
merge SICH | SR @3 SITe SITR /210 H2JT Seroitste =it n/2 & 7t | sirs&t
2SI AR GRS B A TR (5 FC (M W< (6 F O temp @ (V2 | @1
DTS ATE | 93 FIE! 6 1 I TR TR ARSI AT 951 I AL A= | AW
7 AL O I AT I A | G2 7 I 8 A W (@ (@07 (=I5 | oaR @2
{0 GO &1 S AT O (n) 7 | e,

A 209 "T(ﬁ) +nlogn
n

~nT(1) +nlogn

~nlogn

wdie U2 Amfere SN time complexity 21 O (n log n).

8.5.8 Counting Sort

COIH] RO WA E &0 A @, sorting 97 & O (n log n) &3 (/AtF ©itel algortihm
A I Q3R @3 F! ey | fFF (SN @A A sort FACI G IW non negative
integer T R OV ACH(R I8 AT AW N O counting sort @3 time complexity
% O(N). ¥ algorithm 6 @1 371=& | COINTCF @S(G auxiliary array e 73 1 (-

N @74 72271 Tt ©Itaa count @3 auxiliary array (8 G AIGITS T | 4999 ¢ @
array €3 1 Zrs N %148 G5! loop BIERT S (AT § ©F 727 Fo wfef wiv | voefe i
gf¥l output array ¢ 4T | ©IRET €2 output array (8 COIICE (T 319 747l sorted
HFICE NS |

8.).¢ STL«@d sort

TATAE GIACE T2 IR G NGR4T T I sort T @36 Fiex fea orz
FEACR | Q2 T I FACS (e ANMA STL @3 algorithm T header file &
include T® (A | QT AT I num FINF array @3 0 LS n — 1 79K sort FATS
B3, OIZC WINICAT #147@ 2643 sort(num, num + n). SATIW 1 208 1 214@ sort F0o
B3 OIRee Wit fo1te 2rag sort(num + 1, num + n + 1). S SI=T AW 0 2o b
214G sort FACS b1 O WIS F14Te ZF3 sort(num + a, num + b + 1). i1 CF@
g T (=I5 20 @ (S sort (A | I ! (@ I vector V (F sort FACS b2
IR SINIwe fo12te =9, sort(V.begin(), V.end()).

T GG O TS FT T | 0+ ead 2 dimension @ % point (T 2|
@A point @3 X 8 y co-ordinate ANTHI (AT TR | AN AN SIF ATHITS X
I AR X (RIG O o) A, A (I 926 7 x T 22 ©r=est @ I y @I6 &
T AT | QT @3 point @ X 8 y ALTFHCII &) AF structure JIZA F97 | I
IINIAR FICE (FI @FfB structure @ array g, NS (& 93 {1 sort TS
(A | O 9 AWAA structure B TN Point @32 array B9 9N point. @2 gfy aft

&Y



wy sort(point, point + n) foT4 O 78 23 711 FIF 216 Point @3 T &A1 (=6
©f g FIToR N @I FITI 1 1 S1tF 70T s 6 13 *18 Stieeet it 9eics A @
@3B Point SES0 Point €3 (AT (RIG | @ &) ST GF (6 FI*IF ferite 29, <21
T G P @I T cmp. G FRACT F6 220 Ol I 13f6 Point (il 77, 3 22w
Point faSia Point «3 (ACF (=G 2 OIXCET 2 FIH true return FC3 K T I AT
I 2 I False return FCI | QR YT I FCR CAM AACS TR @, (FIF FCNL
@, cmp TN cmp(A, B) 8 cmp(B, A) TS (@2 true I (A | SN (FTC 8.4 @
TS FCF 93 FIXWH! o1 [1f7 1

Listing 8.4: cmp.cpp

1 | bool cmp(Point A, Point B)

2 |{

3 if(A.x < B.x) return 1;
4 if(A.x > B.x) return 0;
5

6 if(A.y < B.y) return 1;
7 if(A.y > B.y) return 0;
8

9 return 0;

10 |1}

G FIHCF HIRCE SN RS AL (FIT 72 @7 T e o1 onfa

Listing 8.5 : improved cmp.cpp

bool cmp(Point A, Point B)

if(A.x != B.x) return A.x < B.x;
return A.y < B.y;

I N S

}

G TR TATBSTS (SINITF sort T &= o14CS 2013 sort(point, point +
N, CMp). A6 overload T AT FIG FT T | ©CI AN T, AFIR FAH6
overload 31 T1¥ | ToaRk B A W == f&f=1cs I ffeq oItz sort F4cs vie
O ABI A | (FTT 8.6 & A5 overload (FNC FACS T O (AT T | €3 (@
©f¥ sort(point, point + n) fT4ts12 231

Listing 8.6 : operator overload.cpp

1 | struct Point

2 |4

3 int x, y;

4 |}point[100];

5

6 | bool operator <(Point A, Point B)

714

8 if(A.x != B.x) return A.x < B.x;
9 return Ay < B.y;

10 |}

@5 o F07 (TS WSB! integer @3 array (& W I (ATF (BB AFIE AECS
PEGRSE S

>q3fB T declare I FACS “IF 1 WAT F1EE Functional (ZTR TR LR FRAS FACO AE3
sort(num, num + n, greater<int>).




SCCF string sort FAT T (@ AT A, 758 STL @3 string WA RIS
AT AL FCA MR | (FTC 8.7 @ S g string 255 0 ©f sort 1 =i |

1 |#include<stdio .h>

2 |#include<string >

3 |#include<algorithm>

4 |#include <vector>

5 | using namespace std;

6

7 | int main ()

8 |1

9 int n, i;

10 char s[100];

11 vector<string > V;

12

13 scanf( , &n);

14 for(i = 0; i < n; i++)
15 {

16 scanf( , S);
17 V.push_back(s);
18 }

19

20 sort(V.begin(), V.end());
21

22 return 0;

23 |}

8.2 Binary Search

47 g GBI Game Show ¢ SR | (SIS AIC (15 10016 19 1 @+ &fefb q1ewy 9o
B MR AR | O L ICHA A2 TS I AR (AT (R, @S2 AT A2y
SO I TR (AT (RIT GTFH A S A 0T T AT AR I (AT
TN (RIG RCR | Q2 COTNCP (I FACO R (I ACH 1986 SR | &y @fsl @6 @5
I I A YT (TS A1 (@ (I ATH 1986 R [ ATHE (SIS S AH A0S
TR, COTIE TS @A | g R T «<e 3% <118 ST2reT Zq0eT 97 I =1 QT
(@@ FACS 1K (@ 2 1986 TR | G 5% 31 AHBT 4T 1 30 (78 @513 1986 ©eT ¢
TR (1T | K AW (A QA 1986 G (AT I8 T TR ©IF T (oI 7T ATHA
LS @ T N LA T SECF SR | A 9, 9N @F QI 100 I AT 50
I (& 58 IM T (00 AT | 433 O Gl ¥2 IS 6T (6 f7g =T
(TS AR | TN FACS FIACS QI OF T 1986 Y I A7 Y12 (I I (FACO
A | G S (FF FACS #1703 (IR o @feT I LE0e 2? ° 9oitd {&F method
(& SINET binary search ¢ 1% | S 7w @S bisection method Fits #if@fow® |
TS QFG BRI (T T, T F9 G0 array (S ®¢ 08 1 SR AF 0 A 1 @3
ST ARPCI | COCE 22N 1 Y0 ({9 FA0 T | 9o18 fFg binary search e e
A1 S 4 AT AT (AT @Bt 0 wifE 1, T 0 2 OIRCE (ST @ Tt AR (SR
Fifers e, o< AW 1 22 ORCET BT 7R I A AN | TSI Qf Y&i0e AR |
Binary Search JjR27 (3 5% SigH 7718 I 1 T | SIGA JeTeA1¥ @3 B
@, YT (AT TACS! FLFR T A 1 (@ G binary search 533 41 117, 78
! @ 8.5 72 for@ Y61 w &TF AR Ycs GG Wi SITR | 937 ARV GF ALA

sTer feg g 7o I )

(¢4



aaﬁﬁmwgmﬁrmwmmwwm Q8 I AR S 2[T!
(TS ARG A2 A 24T | W2 Gfod A @ '@ b. WL f5 A (ATF ¢ THOR (=27 ¢ |
a,b a3 c 99 T« (T AT, w =7.

JF*18.5: c=7?

COINRT T @At oy 9@ <iBTe (TR Y GF6T FZS (1 T A 1 w fFefram
Ty | g 43R o Ot o 91 9N I w @3 N &I O ¢ 9 ¢ 97 TF @&
FACS RCI? ([CRQ AR 2 (AN SR N AT T2 7 (AT 8 Sl (T0Rg ST AT
T 13153 Tl (71 R (PIRITARIET 97 Sy 3= ) | 471 TS ol 7216 &1
P € ¢. QI COITAT T AgIepralt fergrers 7@ AT St (raies #A1fe, ¢ = 1. wdis

SR AW w G T S SR ¢ @ T (@9 56 @00 21 | 58 TrenioT g 1o
K@ S SANWE A ¢ O3 TR & O@do! TE w'. W QN w @F N R o’ @7
(TF TG T guess I O, ¢ O3 T &AWE T[T (AT I 211, K BCe0] Ot AW
T w @3 N DA v’ 93 (AF (B T guess I SR ¢ @ T &AWE AT (AT
G AR | (T w 7 T w' TR ASF AT | o2 (ST w @ W= T2 binary
search SEITE SIF (MR ¢ @3 T 2@ TR (AT IS 1 (®I5 @12 TPAE w @ T
range '8 IS FA |

8.9 Backtracking

Backtracking &< algorithm =71, @f6 @G A«Fel 7e®L method. ST AT ATYR
It 0 AIfF ©IF (FIC F41512 27 Backtracking. g Swizas facet & o161 »fama
|

8.9.d Permutation Generate

T T (OINICE I 24 1 TS n @3 3 permutation &% 91 @X9 n = 3 T
O (1,2,3),(1,3,2),(2,1,3),(2,3,1),(3,1,2) @3z (3,2, 1) f2r5 I 23 1 927
93 1 By T« For-loop fta Fa1 I | AT F9, AN . 768 F© (151 ¥<pTo 0T
T | Z0S! T AFE A, 0 < 10. IW IO @ n = 310 = 4 SR 0! ST
3,46 nested loop fTtd FE5! I, 8 T4 n IT TR AR ©UF G© @ &l ol
IITAR &) S84 (TN (SN 2SS 1 97 Ty ANIAR AT ST FCE 200! (FTS

@



fordre 2031 Y loop fTa 4T TR P11 g SIEl (eIt o3 w40 wofs oire
30 8 loop TR I TR T A2 FTE 1 1977 200 WISTT | 51 0 (72 (SIS
TO TCO IM Y2 I FACO (T T QI (A FACA?

% G @1 systematically 1 3 OTF QT 61T ACH TS 20RO O n
T T 2T T AN (A (@ A 6 5 1 910z ©f (@1 51 (@1 o 1 200 A |
Q¥ systematic BITHGT fF? T F9 1 = 3 93 &5 Gf¥ I T ©f =, QT (AL (@I
@I STRATT QT AT T W12, ATAF T AT (RIBHT (1) N0 2 sens o7 |
G 31T RTefT 2 @6 @15 (2) @1 el 9ea 91T | 9752 ©It gor 9CA'S 1S
(3). ST (1,2, 3) CoITF (TN | @2 @ immediate Sat AT IR ©F Y0 e, e
QST (ST 3 70 et ©F 71 | @2 (M2 next (F1F AL QAT IACT LI 12 |
ST O3 (@ 3 OF 917 SR (@I AT A (73, SR A3 SCor @2 AR IR
O Y= LR SINARACE 2 TS IR | O3 S SN (WD 2 O 27 (1 7T Q2
A T 1R (3) I PR AR 90 (TS WCR) A8 | G2 (4 (@I AR (26
TR QAT AT T R (2) OITF TS | AT (1T &TCE BT ATAZ G2 T8 OFf6
permutation (1,3, 2) SIS (T ¢TI | @ AN FE immediate SACHF 77T
0= T (2). QTH@ SR AR TS (I FAT A (FE, TOAR WS GFL2] SCo 5T
1B 7 3 (F YO T | QA7 3 G (AF TG (I TRINS (1 (72 JOAR SRS qF L[l
2% FIT 16 0= next IT AT 2 P72 | oI T0a Q0T AT (™G AT 1 712 @
SO A0 Q0T 3 0 ST (2, 1, 3) AT | Gofed S A e <A1 e e A1
A permutation 8 (AT ]|

QLT BT JTO FF TR TS FIS (FIC F4T 8O LS 18 N F AT | AT
CATIET 71 SIRT QLT 22T TCH IR T 7 #7 SR 904 7 #4 PO 0 7
B | AR (ST SRCS 217 @ 942 3/ For loop Tea w5411 58 @G (917 4, @
ATFF AT (OITE OF 4T PR Pty S A ST 201, 93 203 SEE ¥2 <19
forgre fIte WK SoNTs T | @2 IS ! O 12 @S loop Tt e A< =11
ERG I TR OB FACT T ([ ST A FR SIZET SIS (5 7T (A2 ST,
ST FICHCH (RIG T I A 972271 Wex #1ta= St permutation iR 1 (1T
T (O next 7T I AfF Hedy e S permutation 3oz | Sdie f&fAsioT
Q¥+, @30T black box ST ACF ST 7T M @7 permutation JIGI | T &7
(T T (=T ALTF (@02 i @ o7 1T 72yt wfetts ¢ WAia 92 «h0ed AES
black box « fAta (7t | @ &7 black box @ FT& ZCA T G next IG AT (A
otz 2 979 71227 e @ o=y black box (& SIRIGAT call T | ST i3 FRITS 212 @
@3 black box 51 =& recursive function. &8 @2 recursive function 5t Fibonacci
3t Factorial @3 T© 7T 7 | I3 AF6! T 7121 =ieet fosl F03 (A (SINF @2

s [ fte 7@, (7 3 e e 7 & 9907 O 9 93 opy wofera Tex o
1% | 5 Te 73?7 - @TReT 1227 G el i @it ©itrs s 203, & fmea?- f6g2 e
N, & Fa0a? - g A2 TSGR Fix T FACE, JF 77T @fT & permute I
@14 permutation 2 SITHa 712 @ {216 27 ©f Wie F40e 2@ | ARG SR (oIl
AT (T AT I 4 12 (1T black box @ #HSTCI= I T (ot Q2w
G FI AT FIF IBTIR GIB1S AT 20 | 7oA black box & 736 fafwot forrs 27,
>, QT A (FIF TRTT @TAT P! ZCACR G3R [ order @ 2. (@ @ AT QAT
AT 1 SR | base case T& I A HLAT I A FCF ©LF €F2 (12 number
sequence IS &% 399 | QT 7@ T (AR (N (0 TN @G integer
41 double o1t 17 5€ W6 array (SN TS T ©F AN &= | standard
o 2= S pointer 492 T AT 58 (ST @17 B2 pointer ©7 4
SITIR6T ST TOR vector IZE 41| OF 96T (@ slow. SAFRGI ST =& global
array JJ3Z 1 | SN Y2 AR array 147 | QF array (9 ABCI (@I 7RI
T ZCACR (I T IR I A 712 ©f (0 WA I72E FA1 2 718, 1 M 99 1

Yo



TECR) | WTHFGT array (S @ 217 I TFRef 79 %19 241563 1 black box @7 fewtm
T ATF OTF 1 0O n S T @feT (53 FA0 (@ et I 200 (611 70y 71 o
203 AT O (12 AT IANT Q32 GBI AT A0 (T 3 FFIG! 99%9 41 T (1T |
@R #7S! black box € FITR AMT, (T8 GF2 SIF FIE FACS | FIE (XITF (T T fF(
PTCR, S 20! &1 FCS 0 OI=eT 9T FHRIFICE FAICS B & i (A fored ez
(T T A IR ACE (0T AR T3 71409 203 @ @Bt G2 G FA R |
@3 IS W T F9 O AW TG 96 permutation &6 T3 (S c2fas g
0 A | S12# 5 black box @ ST 652 AR FASIR (722 DRI AL (F2
O SN WA (FICCS T2 I & A6 & At o of 2, Sisat @i
QI Q2 IR AT (T61 1 I @3 fefefst St @I (@1 972071 992 1 AR (12
array (A0S 9 ISR ({9 TS A 58 w1 I 93 7497 parameter A A1S12
O SN FIE S HRE J(F AN | A8 G &7 A1 73 o ©Iet n @3
¥, O3 G5 530 global @ 4TS M| permutation &% A (NG AR
ST ACE0! &1 o8 T (FATS A1 AT 7R 5 9 ST A SCR? 8
T O3 AT SRRZ® W7 (12 FIEH! F12 5 ACAE 97?7 (SN &« permutation
2% 919 (2N (1T 8.8 @ WA T |

I | int used[20], number[20];

2

3 | //call with: permutation(l, n)

4 | //make sure, all the entries in used[] is O
5 | void permutation(int at, int n)

6 |{

7 if(at == n + 1)

8 {

9 for(i = 1; 1 <= n; i++) printf( , number[i]);
10 printf( )

11 return ;

12 }

13

14 for(i = 1; i <= n; i++) if(lused[i])
15 {

16 used[i] = 1;

17 number[at] = i;

18 permutation(at + 1, n);

19 used[i] = 0;
20 }
21 |}

8.9.8 Combination Generate

n 6 7T A AFCE IR (*TF k B T 374001 (907 79 combination 2% F6te
TR AN = 38 k = 2 R0 SNWA 245 F900 733 (1, 2), (1, 3) @32 (2, 3). ==&l
T o @ (S ©ICF o3 71 I systemetic bR F99 | F2OICI ST Q3 AT
O ST (AT FC© 21 | AL GG 2o, SN TS GTF 1 (ATF n 5@ T4 9 5%
99 @3 M (& 1 5 = =1 @ oeicw fovem 3w s wfR @ s & B v few
(AR SR (ST AR (N | N T 20 ST (S AT G571 4% 1 903 1 92 (et
9, G NG T AIFETS WA T 58 S @ #1110 | St &fefB w1y
Itz foiea Fic ga17 vz Sicasare [ivz 711 o (N 2" A9 IS T @ 79 O
AT (7)) 7 oG e | ol 5 @R 3l () F1wea wace A1 A7 | Wa 9o =12
TR NI @2 IS 20 T | T W L8 (AR (@ R @11 7 (R

SN



JIATI QT decision (1 IF TR SITWF AIIZCS WCa18 M SIS k BT AT T =
IR T 27O T call 93 TEFIF (2 | G2 (T2 0 (N | ANId Sid
AL @7 @ (FT 8.9 @ \H T U2 (FC AT 12 7 GF T ANAR (2Tl

o) we (') )

1 | int number[20];

2 |int n, k;

3

4 | //call with: permutation(l, k)

5 | void combination(int at, int left)

6 |1

7 if(left > n — at + 1) return;

8

9 //you can use left == 0 to make it a little bit more faster
10 //'in such case you dont need following if(left) condition
11 if(at == n + 1)

12 {

13 for(i = 1; i <= k; i++) printf( , number[i]);
14 printf( )

15 return ;

16 }

17

18 if(left)

19 {

20 number[k — left + 1] = at;

21 combination(at + 1, left — 1);

22 }

23

24 combination(at + 1, left);

25 |}

Ao sfed CF@ N LTSI TR A, Q97 QAT o AT ] F2 T
QB T AT A2 SN GTF ATF k TG TN ST T I (T4 O w1
@FBT number combination AT AT 1 ©TF GTH@ SN (1, 2) QI AT AR (2, 1)
8 o5 20 A1 COINAT IM 7 BT AT (/TS kBT ¢ 977 (07 ©Itwa permutation
oS 39S b8 SR WSIF T2 203 | fF8 I combination 2% F4Ce vie Sz
RS GFB] PG FACS 0 ST ©f T, QN g (@2 FLA] IR G671 @ ST AL
(QTF IC | 92 FIS FAIF S AACHCR SICAT S 291 QW parameter fRTa A0
AT BT AT e @9 T2 G loop BIFTITT O 1 (AT =1 BT @B 7T
(TF BIAIEIR RCA | 93 AALIFE!T SN 2T AN «F (ITF GG 20ETS better It
T | S, WA AR ANGN worst case @ recursion @ n depth 217@ T17, 8
SIS S AL k& depth #1F@ AT | SINTWR @S T4 (2T (1% 8.10 @
(A T | SN T 14 T A2 A S (FTORS TS (SN 031 20 11 Sy
@O @9 S I G0 if faeg 0(27) zs (Ok()”) ST AT Q4TS (TN TS
A ZCACZ | O ST T WG G S0 A ©Ied condition (5F T w1, @31
for loop @3 upper bound f&T U2 FIEHT FCER | G2 Y2 TN N (SI (FI
AT @R, SR 72 (FICC FROIR FC AN (O AT 2 S0 e Affoe
QT TG | (O (ST MATS A i < n — k + at 9% condition 5T $2 (ATF «@&1?
SR AWM i (F at @ TR SIRCE AR AT AF ACE n — 4 B = Aewa 71 Al
TS k — at 61 TEF RTE TN IFARSA AR, OBk —at < n—i i <n—k+at.

SR



1 int number[20];

2 [int n, k;

3

4 | //call with: permutation(l, 0)

5 | void combination(int at, int last)

6 |1

7 if(at == k + 1)

8 {

9 for(i = 1; i <= k; i++) printf( , number[i]);
10 printf( )

11 return ;

12 }

13

14 for(i = last + 1; i <= n — k + at; i++)
15 {

16 number[at] = i;

17 combination(at + 1, i);

18 }

19 |}

8.9.9 Eight Queen

@t @B AT AT | COINRT TR WIRAT CHET ST S FE SIAd JRATS (&I AT51
(A 1| TG &6 9F ARIE @IS (AR @€ 8 x 8 T AF) 8 B Queen (ST
S TN ISR QR Nt A6 ) (F F© O P I @ (&F9 Queen 2 S5
@9 Queen (F attack 71 Ft | B Queen T2 AEFB Queen (F attack Face
A1AC3 T ST @2 Row A1 @32 Column 3T ¥F2 Diagonal IR ATF | TATIG! 4
QBT FO 7T | SRR AN FC© XA ©F T 2TOIF row ¢ F0a Fta G616 queen
FAITS ZF, T row (S queen I I Z CoITeT ST (LR (&I @6 queen 97
SAFG queen (F attack T fFe1 | (ARG SISET &S row (S 3o F0 queen IR
@R (P 13 queen UFE row ( TR fFH1 S (TR MR (72 | 8g €2 column
« TR e O (ATe 2@ oK @2 diagonal & Siite e f | @53 column & St 6
BT (5F T4 ¥ 777, 58 42 diagonal @ ST fF71 GI6T (7T @1 tricky. B2 <A<
diagonal TS #ta | @ 304 diagonal T9tad I S (ATF & T3 foa o e
T 9+ diagonal &feT $ot3a T M (TS Weba I e T 1 s S SR widt
@IS 93 row &feT BoF (2T 5 1 20O 8 718 FIFR F41 @32 column &feT I (TS T
WS 1 700 8 #1¥@ 719 T4 (5@ 8.2 1 947 GFG, (AT F0aT (TAE @341 diagonal
Totaw AW s (At 9059 ©iF ot T SIthd row 8@ column @3 REAIeT @52 =
G32 (@S diagonal B9 ©IF s (At 59 W e T ©Iitwd row 8@ column
O3 QT 9T R |

SIRCE Sl &S row ¢ queen IR A7 36 126 w5t queen fA M @
©ima column 37 diagonal U2 41 | GFTFT FCH FACET AFT FAJT T, QTS S
AT @ SR 22135 queen (& 932 column @ IR TR ©F 77 1% 616 queen
& S g S I AT {117, @SITa2 9712 71 (@ Sl (@1 valid placement
AN T | AR ST ARSI queen IR ST T 2T (6F I AT 217 @ @4
4 AT queen STETT (FS FITAT AN attacking position @ =ITE a1 @G ot
LA (T, SACE A queen pair (53 FF WAFIA 12 | $Y T g ! queen &3
T ST AT queen BTEICE (5F A2 27 | QG (5@ FACET A QLT SR
4T3 4T3 S P! &fSfB queen T MY (5F T TEFIA R 71, T ST @ g
array 1 TR1 0T M @ =@ column I =& diagonal ¥ (&9 queen ITR fF1|

VO



1 2 3 4 5 6 7 8

w o W N

T 8.3: W (@S

<fie ST (@ @F6 queen PR T array e foied @ @ =& column,
S4&F diagonal & queen ICACE | OIXCH gl queen IATTE AT Y AN (BF I
™2 @ @2 column It diagonal & ST queen IAITS BiftR ©f NTHT FI<FT ST fF411 |
i SR I loop #1911, ey if-else WTa3 20a T | (e 5 =il <6 Aied
T3 SR ANLITCE TO5F 724 optimized TR | SN AR 21ANE LT @3
(AT SF VTR 51T iR f3f< fag s el 71 fopg waf 10 e SIwa et
TR QI SIS S T I (7 | (O TR 92 & (1@ I3 (MAd o7 2lfofs
improvement QI S NC (AR (OIS (FIC F© T (3 | GTO FCS (OIS AT
@39 optimization MATS NS I2& 2Ce Gl performance €3 < (AF SwF
SE QN (T (OTITE | ! 8 x 8 (@€ @9 &« @37 optimization €3 &Sk g
e JATS A | (O BIZET 9 x 9,10 x 10 IAF (@G Q& (5F FCH (FATS 2/ | Sy
QT SATEATBA] F1 7 optimization JIRIT IR 14T (2T (@€ 8.11 @ (LA |
W (ST 1. = S WIS OIRCE 8 x 8 (@S (F, A (SN HIZCA S5 2 ([@C A Ty @
@3 (AT A I (TATS A |

1 | int queen[20]; //queen[i] = column number of queen at ith row
2 |int column[20], diagonall [40], diagonal2[40]; //arrays to mark if
there is queen or not

3

4 | //call with nqueen(l, 8) for 8 queen problem

5 | //make sure column, diagonall , diagonal2 are all 0 initially

6 | void nqueen(int at, int n)

7|

8 if(at == n + 1)

9 {

10 printf( )

11 for(i = 1; i <= n; i++) printf( , i, queen
[i]);

12 printf( )

13 return ;

14 }

15

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

17 {

18 if(column[i] || diagonall[i + at] || diagonal2[n + i
— at]) continue;

19 queen[at] = 1i;

20 //note that, i — at can be negative and we cant have
array index negative

21 //so we are adding offset n with this.

U8




22 column[i] = diagonall[i + at] = diagonal2[n + i — at
1 =1

23 nqueen(at + 1, n);

24 column[i] = diagonall[i + at] = diagonal2[n + i — at
1=0;

25 }
26 |}

(O M QORFCO2 LT (RCS (A F4 A optimization (<1 &1, SI=CA 0T AT
e UG YJ 7ZE optimization ST TE T (O CSINITAR run time (& G0
TS FACO 2103 | o F0a WL (AR optimization BT [F! SPTET optimization €9
(¥ (72| Backtracking @3 (& (@ T optimization @7 FIACS 2HF ©F (FIC ©©
SICET FIS FACI | OF (A AACS FA (1R A optimization 9T & K F SAF
IR ST 0ot ! N ST 7 ARG AN @Y array €S FF (AL ST A9 queen
@3 AR AW (53 FACS AR O M AR SCAS (@ I @0 A | TSR SN
% f&fPTS 41T TS TR |

8.9.8 Knapsack

W T 9T (51 B FACS HICACR | O FICR GF6] AT AR A0S Y7 (17 W 9T
i 1 A 1 @3 (1R 6 7 Face F n B f&femt mate oo alfefs fafaem
T w; G @ T i 0T @7 v; BIET 91T 1 Q2 T Q¥ e BIi &t oy
TR A0 ARG @F EPIR &R (115 eed W @9 (It @ 91 =17 «rawea limit fer
R @Fgad i n < 50,w; < 102 @R v; < 1012, SR ST F FR7 S0 T© Gt
GTF 1 (A n 4@ AL, @ f&femr 41, @i & Fear w9 eien fiey e @ s
W a3 (TS @M =00 6901 @ Z0ET OB TG 201 1, K ©f 71 FE AN @7
I AL G M @THE AN AT @ 2 ETB512 AT 2 | JATO2L AR d©
TR ST BT QAT SR SCAIBIE (5 Ao 1! AT 2717 B0 Y 93 AL
run time $©? O(2"). S*IZ n < 50 43 & GBT GBI f1eT T+ | LTS Ao T©
T 2fes fafemT e 2Ite2 M9 @3 eo = W a3 (At @ T3 eIt 4, ©f 7@
(oI SFR &7 9T (TR (@ T (3, 99 (ATF3 e qredt Sfve | 9i7s
& optimization AFTS 2I1TF7? (XA F @TE] A ACR O TR € Neers I
SR TG & 1V 97 (AT @ 1 =7 SIReeT i TRt e @ ie Jramiea
TS FIE | AQE AT, @R ST 11 SR O A AICHC @6 (=I5 Ot rers afw
SR (6 GG W 7 (AT @ 20 TR SR SN oF AN &1 (731 6
0 (@ == optimization 2 20X (21T | WK few i f5% optimization 341 T2 Y,
€T QY 7 ST @R AN (FF FCA(R O N IFACHCR S (@2 AL ©f (AT
S VIR 2R | @A ST AN I R/ e 7f @R e Frewe T
B (AT ColfR o1 28 T ferfat 1% it eiths wis 512 I V' @9 (Ats @@ 91 =y
O TITH G (ATF 8 QT (&I 71 (73 | GFS 91 optimization 32 SN
a3 (2T @3 run time WS FCN A |

g



LY



R €

TIG] "GIFoI

Algorithm (& G 2[R ANYET 719 AF Data Structure TR TiGT (F ATGE
TR TG | S TN (@ @I 6 Seraiaws @3 efficiency ©iGT GiF6A @3 894
163 B0 | Y3 TS QFT> TUIZIH (N AF | N T (SIS ATF OTF AF (6 I AL
(AT = 1 (G 0 @3 N COINITT 900 FA G RGBT @3 Seef Geoifeeett et g
(@ FAC? Q51 &A1 T number @3 GG array I | T (@I FLT SO ©LF
@ array (S 408 (A4 @ AT & AL AR 5y T 1 AT OIRCAT 9 array @
C*ITT @ ARG A | SCIBI6 ST TET 3 QFT6 array I @I (IR forel A/ @
OB AT AT ST QT T FeT1 | (IS T QAT IR AT @ Q11T 1 @ (I A2
QTATRCET 1 of A4 | OBT 1 47 7% | @F15 array ¢S Q¥ 8Y 0 AT 1 A4 QEfReet
< ST W12 ©F Tofn fofe a1 q4q @ M2 Ot BT AR &) SABIR oS 13
AR TR | AN AFOCS WA W n BT AT (A1 2 SR O () memory #1#iC
3R 2SI 2T G (IR O (1m) T @ AN | G 217 “wfers S O (n)
memory T T 7 28T SANIWE 2975 U7 T IS N 58 SN AfS(G arad
ey 1@ O (1) F #1191t 1 12 algorithm &7 &1 ifs g @38, @R 7R (31 2T ©f
TR fFT (FRITS 20, T AFCE (12 AT SN GIPCR A0S (A | 58 S ©lS! (&
representation \3 foFe FKCS AN runtime I memory requirement g
S T (IR | OFT @S I6 1 [5G @B m G IS T O], SE61 195 SICoh |
TSR SR (A IR TIOT (F AFHA TR O S 7G|

¢.> Linked List

N 9 SN (@IFF G 1 SR VR TF QFo TIBT "JIFEF @ A0S B2 | (FAH
JA14F? T SA IR, G At Sl foafb T iy g3 witns L epgfRers |

TAR S GFBI 0 x 7 RS @F 0 — 1 matrix Jr4T1 T i O T == j O [0 AR
Jqg TP SIRCT matrix G [][j] O QRN 1 FIKE SR 0 A | 9 Awhors
Sws memory w19t O (n?) g (I qetcera e I9g e e 31 A g
TS NI TG L O ANAS ©IBT "G5 update FACS ANT 19T O(1).
T ST adjacency matrix I QfF |

AR X GBI 1 x 7 AI2E GF matrix LT | 4 O row (S AFCF i O N AN AT
I T AR ©IAF GF0! o5 | ST SCIH0 array (@ 70 A48 @ @9 9
T LA O & I, SNICR | AR ST &I (1] [1] (G [i] [ friend]i]] 7K i oF

L9



A 7R I R, QI Friend[i] &9 i SN A0 Friend @341 1 @ A@fors
SR memory 9T ST o8 O (n?) 68 (N qeas Nt I SR Bl
of e @ &=y SR 7 AN O (friend|i]) TR SN {0 I o7
(6T T MATO XA | RGN GFere T, (N A0S ANCAS T 1907 O (1) Fr<iet
il 6@ 4@ e Friend(i] @9 9 @< If0a e matrix @3 [][ friend]i]]
BIT g IFCE AT A1 @TF adjacency list @3 array implementation
|

BT © ST SIS ST <R 70 O] T Gy T35 14 | ST (R 11 - SR ol
declare 1 (R SR e T I SPICH 1w &y dynamically memory tsfd
FE oI 75 @ §fe 79 | @fb =T adjacency list @3 linked listimplementation.
T method @A {147 ©g memory complexity (S| 43 7&fers T© wfer
freindship 5% ©© memory =1ita |

IR 512 o775 27 array €9 12 | array (S SIT9 (ATH2 G TG AN 0 M-
s =7 58 fo1es ford @ o) v = 7111 58 SINaT &7 ©191% dynamic memory
allocation (& 43 & I3 S | OIMT &5 GF0T TAR 24, (2R FCH70 T @R
Blo) NN AT (ATHZ I AF (@ (S FICHCH @ T TG 2995 0O A | 42 A
(AT COTET RS2 FRATS A @ SIS o5 @ 7R @f*1 e &fel element vl
0 AT | 15 ©© A1ZS Aot (AT declare T AR | (O ©IRTS AIF @ BT
ST array T (51FT | 7, W0 9 Q3 SR SAIRAT @ St 9667 e (is 106 @ @&
T (TSl =0 1, 5@ (T 107 & 9 200 A1ed | 1., i afw @57 array “iafers Face
B18 ©IZCe (oICF 107 x 10* IR =ity (:tE declare 353 A1ce 75z | {6 fsl 7
linked list *&fTs 37 Ote @Y 100 73 U3 N declare FA13 TR A | GOIGF
csr&ar dynamically memory allocate 5T 32 ITo (TS define 41 @61 array (-
@ OTF GTF TN N0 COIR SIS FACS 2I1F03 | SN QR @2 array Aaiore @
linked list =1 T ©f (AR, (SINT [ee=1 130T dynamically (s 541 T o ol
FCA @S A |

2SS foress o5 g Ui B (2T AT | 93 (ZT @ o775 9T S point FH ATF |
M 93 75 T W O @9 (ZT @ a6 terminal T ACF | terminal TS 2o @5
@B T T (FF node (F point I 71 78 U2 T @A A&t IR @ NS oo
QTS (I R CI0R | ST terminal S fETIta 4IRS — 1 11 0 97 Wi I8E 6
21 | G2 SRITZ AT AT 2 (@ Q3 N[ e (I S (& I | Q¥ S [T
3 40 S I3 AT @6 7723 775 g T#=- Insert, Delete @3z Search.

Search

SR 22N (AT ©F T | ToH 1 terminal T #A1for wowel Afeft @ (49 @7
data ¢© SR @ W fefz o761 SR 6 |

Insert

I (2T @ terminal M ACF O ST GHG T node 7 1 G BIBT e =il
TI5T AT S next THTS TSN (T FF point FCE AR ©iF id A | T 7175 @it
(AT B! T AF 32 (FI @F6 node (@ 5@ ¢.2 @ A 8 B &3 W D) 97 AR
FAITS 512, OIRCH T FACS (J O =6, D @3 next TT6 T3 A €3 next (& a3 A €3
next point $II D (I |

b



DataA

f DataB
Head Next

Next

Nex

N
/7 1\

Delete

W A (@ 97 637 node (&3 delete T0® 27 I (2@ @ node €7 next ACH
point FCI ST SICF point FAC a2 (3| K IW =5 (1 node = (@I foraw
B) OIZCaT SIWET A €3 next (& B € next & point FRH W1 |
Q% G AT 3% FAC structure cae F1Ce A A1 data 8 next @3 &=y 3G
array @Ca'e FCS AT | SN (@FIC ¢.1 @ (T@ 9 adjacency list 93 T &FF GF 6
oI @9 edge & insert 8 delete ©32 search F17 &« (T a1 | JoTe W3 fomfo
T2 SATETe =2 | S 3 S T @ fer waeR 20 cora farer et TS #fi7ed |
(@9 @9 9 node ﬂt@ delete a1 & node T #tA insert T &+5 (o= search
X (F ~IRTST FACEIR 20A) | OCF GF0 o A 4T R @ IJIYE 74 head

array @3 2ifsfb fefem @5 —1 7T initialize FT ACF |

100000

1 | int head[10000]; //total node = 10000, 0 to 9999. Initilized to —1
2 | int data[100000], next[100000]; //total edge =
3 [int id;

4

5 | //add node y in the list of x

6 | void insert(int x, int y)

7|4

8 data[id] = y;

9 next[id] = head[x];

10 head[x] = id;

11 |}

12

13 | //erase first node from head of x

14 | void erase(int x)

15 | {

16 head[x] = next[head[x]];

17 |}

18

19 | //search node y in x's list

20 | int search(int x, int y)

21 |{

22 for(p = head[x]; p != —1; p = next[p])
23 if(data[p] == y)

24 return 1; //found
25 return 0; //not found

Yo




26’}

fores o5 3 g variation =tz | @9 doubly linked list €2 s o5 @7 wy
next = previous pointer 8 TF | OBITIS WTE, circular o7 775 | @2 75 @3 oo
next @ (319 terminal ST ATTF 71 IR BT SR YFCH point T AT | 0L FAT R
ST 2T SF AW 0 linked list 12 1, STL @3 vector (F @3 FITS 98K I
<ifF, S @B N0 AITS (A (@ QAT TG insert A7 delete SMwd linked list @3
TS O(1) =11 o3 dynamically memory allocation 93 F1& X0 AT |

@.x Stack

wifir f5 SrIf 1 Stack (& AR 3 T ST RATST T FoA FTT T | S I AN @
FINCEE FoI TN (N0 AT TR G GO (1R | QT FoA ST (I exfefo1? Siay T2
QIBE 7T Q5! A Y O (@0 A2 T [l AT ST ©f 7] AR S Y,
oF M QFOT ATl 2 OIReE ©oF (AT (W3 1 Ub12 Stack | stack @ @I fEfeeT et
T (@ push I (&I fET=o1 QT (FCF pop JCeT 1| ACF <&t LIFO 3T Last In First
Out 3T TR IR AT (& TLFCR (12 ST (I TR | ST BI8CE GF01 array Q3R (RS
& fTi* 919 & @61 pointer @A YJ TZCH2 stack A (FeIrs NfH | ©F «@re
ST 2 ARSI (ATFS SCF 6 array declare I TS A | 97 GF6 ©AF
=T linked list @3 TN T4 | ©CF G4« W &5 STL @ stack (F8TR Wtz | stack
@3 fJfeq implementation (F/ ¢.2 @ AT |

/* array implementation x/

sz = 0 // initialization

s[sz++] = data; //push

return s[——sz]; //pop and return

if(sz) // check whether there is something in stack

el B Y L S A

/+ linked list implementation x/
head = —1, sz = 0;
//initialization
9 | node[sz] = data; next[sz] = head; head = sz++; // push
10 | ret = node[head]; head = next[head]; return ret; //pop & return
11 | if(head != —1)

// check
12
13 |/« STL =x/
14 | #include <stack >
15 | using namespace std;
16
17 | stack<int> S; // declare , replace int by

the type you want
18 | while (!S.empty()) S.pop(); //initialization after used

19 | S.push(5); // push

20 |S.top(); // return top element
, but doesnt pop

21 | S.pop(); //pop but doesnt
return

22 | S.size(); // size of the stack

23 | S.empty () ; //returns 1 if empty

G G YR T IR B (P IS AT AL 1 HBA? GFB] SRR
RIS

qo0



€.R.> 0— 1 matrix @ 77 1 A AFCEE I© AOCFA

SIS 42T AF AFO 1 X 1 TIRCITF @7 0 — 1 matrix (3! SR | WA G A
ST (IF FACO F(A T AT AT 11 QTR T FACEE TS CFATEAD (24D FA0O
|
AN AATT TN row AT ToF e loop BIFTR | ST 40d (] (@ @3 row 2

T S STOCHES W0bF IR | AR SN 94T T qF ATOCHE (I FACO
b1 T fOoa 19 el 72l 1 32 4T CFGTe AACHE @1 | SN T F99 ©f 2 At
T T @ row (TF OIF Bof7 Wi Toefe 1 Site O count (J9 T4 T | 7 T
ST S 1 B AF22T AT | SR @¥ @B sub-range (39 TS (A TR AT @
tel @3 sub range @ AIFT AT @i T FAICHTH FAD @F FACH (A2 G T OIF
maximize FCO A | ST T FI9 O[T AT OF6 HIF stack 91 @3 #F array
3 LU I (ATF GF FCI Q6 FC AT 71 I AR stack FeT AT OI=eeT @

RTT S @3 AT (T @A W @ §ICR ©f stack @ push 7971 A7 T Iremeyy 5

27T stack @ AT SIZC WNAT stack @7 TAER element @ AT A9 @ stack @
1T ST ST TON HLATR (T (=I5 I T | I T T SIZ0E o7 T93 93 7
@A 9 I stack @ 1T | SF I (RIG T, OIRCH stack ITF GF6 «F(6 FF element
TS LI IO 1 SN (BB AN 213 | &S0 S T 599 O 2, @ Fie 8 SINIAS
IO FIT TR TGS @ AL AR G 0O 20 | A2 A GeaT T T AT
TCBIR SAICA TG | T ST STITAE TST AL (ACF (T A AT AN 6L
SN AL (@2 B stack (ATF pop FRAZEIN (12 ZI 8 AWITHS I8 7247 push
FACS A |

QY (T 3 f&feo Fie FA03? 9BG 5R AT A @, ST ST stack @ i

G O 26, SR TS I (ATF FOqS 14& F height @3 1 21ezt T | ST
4 stack (ATF G5! height ST (Fe1z FI=e S gw (33 height 16T @ height
20O (B A AW ATF @ height @ A TR SASTFA A A A2 1 | ©IF
@ element (& QT (el 0% |

¢.9 Queue

S 58 queue *[MBT SR O 2133 2R I I | X 37 93 queue, I
« =T &1 (A1 queue. GRITTH SIPTCS {9 =7 Qe (F SFTC (T queue dF (A (0T
MBI o7 AW ST (TG (F (T FACS b2 O &F (AF (@@ I | @ & OF
FIFO 3T First In First Out Siie (¥ 414 2T LR (12 TR ST ([ =0 | @
IR queue (S (@ R ST QTR (T2 AR AN AR QIR I S 22
@7 AT TR0 R TG (FS S (T A (102 MG PTG (GG ATCH A0 |
G% TFY stack ¥F T© €3 implementation €3 =y WNT array I FAC© A1,
3l linked list € 927 390 171 93 STL @ queue TN BT "{IF6R (FESTIR AT |
queue @3 fIfSg implementation &IT ¢.3 @ @ T |

1 |/ array implementation x/

2 | head = tail = 0; // initialization

3 |q[tail++] = data; //push

4 | return s[head++]; //pop and return

5 | if(head == tail) //check whether there is something in stack
6

7 |/« STL =x/

8 |#include <queue>

S




9 | using namespace std;
10
11 | queue<int> Q; // declare , replace int by
the type you want

12 | while (!Q.empty()) Q.pop(); //initialization after used

13 |Q.push(5); // push

14 | Q. front(); // return front
element, but doesnt pop

15 |Q.pop(); //pop but doesnt
return

16 |Q.size (); // size of the queue

17 |Q.empty () ; //returns 1 if empty

¢.8 Graph @3 representation

Graph =& 5725 S(tdf 7% | SIFF Q0K entity @3 A 7 TS ST graph
[IRA I A | @N fag WA0ei wiar (e oife @ Facebook @ Fwwfe weras
R G 97 TIF A S ST graph I72R FER | @2 A1 58 W @19
ot &% 911 Ot3 YIS WP & SR ©rd 26 FII0es wadl (72 :P g\ @i
0 WA T [ef7 T30 o ©@F 93 & ©F FR node Il vertex | SISET node
3T vertex JATS Q6 A7 OT 21fF | Q4 o AG0as T Iqg SNCR BT = Fa=
T SIAd WCA T2 (BT 2IfF OTF edge I 27 | (O 775 FACT (AT GF61 map
« fafoq === ST AW TR @I} &3 Wiy (@6 ARIT ACE | 937 CHea Sl
27 @feTtF vertex ¢ T8 ¥fF S edge R Fe0wT Fa0e 7 W9 O AWAR @3
TRITeT ST7751 QBT 211 = TR A1 RIS 12037 A AR T AR |

QY ST G AT AALICT T AT Q3 2T (F (TN (0 IO ZJ | S CSf
T FCHIE &K AT A0S A1 7, [N (& @3 vertex efe @b F@ number
ATe T 9 (@ THE G T (FI FIFE vertex 3 ™% ST ©f adjacency list
3l adjacency matrix &3 FRITEY AT T | ST 6g 2rerearR ¥ g3fba F1% =iF
(FAC FACS L ©f (M (FCEAR!

IR @3 Facebook @3 BAT=ATH Friendship &8 mutual 1 bidirectional sidfie
AT B @3 I W O B € A 97 I (A | 5@ SIS W 9 71K bidirectional 7t
T directional T «tF | (@9 Facebook W3 follower. A 3% B (& follow 3 @3
W @2 9 @ B € A (& Follow T2 | SR QT 1% @F O | SN DA AT
& 3 AfF undirected graph ¢ #It3d @S directed graph. &2 ¢Ftq I A @
B @3 Wit I undirected edge TS ©IZCE A @9 foTt5 B (& W3z B @3 105 A &
4TS T 1 97 AW directed edge T OIE 84 A €3 o105 B (& T2 A IM A @
(AtF edge B w3 e =71

¢.¢ Tree

Tree O35 special AT &TF @A n 6 vertex @3 &5 n — 1 6 edge ATF W32
S &% connected 2It&F | connected TR L 2 @ ATFF @ node (AT A7
node & gf¥ € 31 YFIfEF edge IR IR @CS 210 | AW ST node (F *2F =
edge (F IR N T O =T A, 2AfSfb =123 (ATHE Oy 73w *I2d ANSH AR | G
&7 f5g properties STz | @XF @3 &F @4 cycle 7, widie ¥ I &9 node
(ATF &F T4 (1 edge YIIR TR 71 I G (I 092 & node « TS AR
S (F19 @36 node (ATF =12 node @ FPTI uniquely TS ARE T (SIIK TR

R



T GF512 AP (SA*T2 G I TR QF IS IR FIRE 1 1) | SIS AN A6
special node (A3 ACF TS I W root. UTF@ tree UF edge @it directed 7
T 41 = | edge W direction 24 root (AF (&1 node & (@T® T & edge e
o @fie [T Gifw<r | CSINT BIRTE root (& 4@ @ tree (& feTca e 7| wizge
T (At feve Wi =09 @ edge T | (@19 edge @3 T#it node (F parent 9611 &3,
19 feb4 node (& @ parent @ child <1 & | (F19 node @7 parent @3 s3I child
& @2 node 3 sibling ICT 1 T @9 node (ITF G BT root @3 Wi @TS AT
S0 972l (@ node AT SR ancestor 6 | (I node (A BT 71 810 vy N5
NS T (@K node ANST T SITid descendant 67| tree A @%@ level ST
QBT B WiTE, @2 B (A0 I T (@ B node SN root (ATF F© SN
0 | W 0T AfF root =z level 0 ¢85, @7 @ 49 fe5a oo level 1 @ | wis=
IS AN level @ ARS8 depth 8 6T 2T | @F6 tree @ FATHE 18IEE node
W h — 1 depth @ AT I AN (T2 tree @ height A 30 AfF |

@Y tree 43 CHR AT ERY QN UFT &TF & adjacency matrix 3T list @3
TI<ICT @SIE represent ICACR GO 41 A | 15g tree @I SeTwi (AM*B7 @3 &y
AT O] A8 O[S A T IR |

Child List @5t f&%5T directed graph @ adjacency list 93 @ | sis&T 2fefb node
@3 child oF5 14| SISET 5120 @CEICAT node (AF % I ¢y 67 e
@S “[if9 | @3 representation «J CFCa @ % 7N ST root (ATF &F I
s e @ts <ifF | T W=7 top down representation IECS A |

Parent link @TFta <= &S node @ parent T2 Qi | @3 representation €3
LG ST S (TS TS @t AR 1 58 (1 @61 node (UGS Tt Tt
#1fd | 9T SI9T bottom up representation J&CS Aif |

S[CAS A SNICAR Child list @ Parent link 1358 @38 A1t v ¥ = S | IM
2fefb node @31 43 (& M2 child At ©=CeT (12 tree ¢ binary tree o1 &4 | Sl
&R S [ T @ child & I e 712 oIt left child @ 7RG right child It
GZTIS tree F™IfF© e TS term T I A A G974 S |

¢.vy Binary Search Tree (BST)

@2 binary tree ©3 2fsfb node ¥ UFG FF TF ATF | G T &feT QT ST ATF @F
@3 left subtree @3 7= N9 > U3 node @ T I (AF (RIG =W oA right subtree
G AP T 7 (ATF IS =7 | A link list @3 T© 631 @2 f&for qits 41 | e
2fSf5 node @ I w26 link @3 WS 2@, @3 left child 3 &=y ST2&(G right
child @3 &7 | S T parent 47 G=7e e link 7412 | @G Binary Search
Tree (O (FF OI5 AT SR F41 ©F L& @@ T4 @ 7L& | QN @ 4F6 node
@ fI0a (7T @ 9 (@2 AT Yo% (6T QAT AIF! AL (AF (@B 7 @ | I A0
T O €T CAR ¢TI, o1 I (RIT = OIRCT A i I &9 ¢ A Ul e
TR | GFFT I G insert @ FIC AT | delete FT GG Fow | S 7 cilafarg
FCOCD N AT ©ItF delete 71 763 &b node @ «Ff6 ¢ flag 71 | delete
T 13 flag & ST of f 303 ee2 =7 |

QY FAZE, OB array ¢S FAT 1 (@0 SN GFFN tree SPICR FF AL 71O
5?7 40T 39, 9B AR L& 7Y SN TLF G5 node @ AT AR A SR
IMRATICE el B O (12 eI 17 fefers St «aass 3w ez itass s @cs #i1f7 |

Ssubtree & ¥& tree Ga GG S

Q©



QL @ ol ©if+ 7 5 S 2 ot s efsar wed< wdn am frre onfd | i
SrICAe 42 S binary search @9 TS | SRS S AW 5% SIdE STd S A4S
#f1fd SreeT sIw=t O (log n) G A6 FACS 1K | OIRCA SR binary search &3 1t
G717 3?7 (AT 9, binary search @ w41 {58 (@19 GG AT & insert 4T
delete F9TS #AIfa 71 | {58 W= WMwa @2 BST ¢S (19 AT insert 4 delete F40®
A | 758 GG SR RN @ LR O 203 T g SN BST ST o751 =6
TS 11T, AN 1 @3 ©IT 2, 2 @3 T 3 ATFN 6 1 GG T 727 ACF O 58
O (n) 3737 GFTCT AT | ATS G T 1 K GT&rey AN BST ¢ balance 3t s
T @ tree U3 height @ TC 91 22 | QI A0 [Fg TIBT FIFHIF SR @NF AVL
Tree, Red Black Tree, Treap 3970 | (SIN<T 51301 @A &7 internet @ FTS
A

¢.4 Heap I Priority Queye

«fe & A7 binary tree. WS % Bt IS 201 complete binary tree. @3
tree @3 1 level Im &fofs level @ FETHT TGF node AR | Y < =D
59 e 2 #{ITF, O EICH@S I (ATF T MeE node wfet @i it | foa 22 @
CSINITWE & G35 heap (AR AR |

Il ¢.%: Heap

Heap 42 9% 20 #Itd, Max Heap, Min Heap. Max Heap @3 ¢af*(8 205 (&1
node ¢ I T I @CFIT descendant @3 TS I T(F | IS root @ €2 heap
A3 ACHCE € T S, ©OiF left child @ AFtT left subtree A3 MR AT IT©
T I | ST F JATS2 2R Min Heap fF 785 221 IW &1 heap @ » 6 node
[TF SIZE (72 heap €3 height log n 2 | SINET G2 TG “[IFERG ©UF KA IR
IS LT AR SAFLN T ATF ATF TS AMF IR SATCAR TR NI A
T A0 AR STF G2 92 T A0 AR (FE00 TF | TCE 207 T4 A AR
T[T N O TIFIF 2 O @ 70! G T Wee 1 @@ f5d 22 @ SN A
TC T BI2CE 100 MTo 7@, @3 2It7 SRR T@ T4 5130 36 Mo 23 @393 | 95
0 S0 O (O (S AW @6 heap TS AT (FAC (Fre FACA? IW (SCF ATH
link list @31 T® 33 link @02 @ ©2e (O 93 (117 | [5G @9 (AT 72w Tomw
TR (92 97 drawback @ SIiTR!) | oS T Siead 3T left child link @ right child
link &t @04 9 @3 dynamically memory assign < ©IZEE o (ATE TR T©
array declare SR WIF R 0 11 | & M SIWE1 9C array declare 0 FCO b2 ST
GHOT RS ST SR | 7@ 2?2 @ ST heap @3 &+ array (P3¢ indexing T 7R
O (AN | (A FACE (MRE, (FIF @F node ¥ index W ¢ 20 ©I=e @3 left

q8



child @9 index 23 2i @32 €T right child €9 index X3 2i + 1. OIRET A 7K I
#}7 #[ level by level ST index 26T Tt | IW &I9 node i @ (ACF ©IF parent &
(TS B8 O A HZ(E 4/2 FCH (@TCS A, W @< QT integer division Tz |

(19] (36)
. 36,

T ¢.9: Heap array numbering

Heap @ insert 341 49 312& | AW heap @ ZTOINCH n BT AL AT Tge 7T
(ST n + 1 @ IANG | @F 217 G parent W root #1¥@ (TS T3, I (72 parent
(S (AT (BB SIET swap FACF, AIFN ToF4 ] (S parent (SN (AF TG =1
T OO Q3 I FACIL A | (ARG W height log n 1R SN insertion
@ I AR O (log n). AW Max Heap 2C® @31 root SEfie JCHCR I 74T remove
FACS DS OIREH Il FACO JAJ ©f e AT *IF 7T (F AT root @ IACS F | UF 79
MATS A (SR left child I@ =1 right child. s @6 3@ ©f 7 w4 (SN (TS
T = IR O AL swap T 43R GOICd s e AT | Goied O (log n) & S
IACHE TG AT (F remove FCo 217 | GG B T (O &F1F @S0 node &
modify a7 remove ¢ S #I1CA | 58 GO! &fo1 c4z1eT 1T, 9T 68 1 96
TRATT YT T TS ATNST FHBA T | (STTICE (I AT YIS 2 AT node @ (SITTF
(b 0O (S ATC worst case @ |

Heap (3 SN $Y7'8 FY=8 priority queue ¢ ifF | ST queue G TwIzaw
TS 0T OF #12H 9F FA JCEAREN, AT A T4, T I GITFN ST ST S
MRS GIFT T A (F TS AN A& ©iF T2 6 021 2031 9 @Bt =47 priority
queue. TS & NFF SR S T (18 A TF priority IR @ 1 @3 f&fai2
58 AT heap. STL @ priority queue IS (M TR | (FIC ¢.4 @ (SN 93
STL 93 IR WRITHI T | (OIS BI3CeT @Y int 91 (F1 structure €38 priority queue

TS K O GICHa (oINtis operator overload F0® 1< |

1 |#include<priority_queue >

2 | using namespace std;

3

4 | priority_queue<int> PQ; //declare a max heap

5 |PQ.push(4); // insert

6 |PQ.top(); // maximum element

7 |PQ.pop(); // pop max

8 [PQ.size(); // returns size of heap

9 [|PQ.empty () ; // returns 1 if heap is empty

e



¢.br Disjoint set Union

(A T (OIS [FF @I TN (AT AR | 2= 7 (&A1= T SAenmt Sy |
9T 27 TP ATF I T @ P (@FE TifeTss ST @i 5 ez | i e
214 1 A (@, A (@R TeTss (2 1 93 (@il ifers S wo wfet @ifaa
Wfer? A 7 T© @I @7 FCACR O A FICGE @ @TFes e I (&l
F{INCS AT T4 2P T 200 21t | 92 9 ¢F@ Disjoin Set Union ©io! “GiF614
AL AN T AR | QT HeqeE Union Find 8 6T ATF |

G2 TIBIGIFOR 3 ) AN GG @ array STE p. pli] @ NG 2 4 (@A
IfeTs 22 p[i] TR T | &AL e ¢ A7 pli] = . 9 @ I8 I (ST
0 a (AR T (F? ©4F N @ pla) AR IM @b 0 97 7T TSI (o1 2
(51T 1 1 =0T O p] (AT, TN FCL Bo10S AIRCS | QU F Ze TS (O] NP TN
aT9/17 T, T SIITae pl] @F array BT @S ACF @, p[1] = 2,p[2] = 3,...pln—1] =n
O M o = 1 T OIRCT A O (n) I3 19T | G (A T Q¥ AW G 1
@3 &= JCA NS @ n T ST Wiferds WiReet 5 Qi p[1] = n forace #ff7 717 «32 oS,
T 1 @3 Mo @R AW 2,3, ... n — 1 @3 fooa W P «3 79 o< fit (e
@ COINITAR IR TfeT 26T 1 TOAR G4 N 5120 7117 Wfers #IfF 6w 3¢a n @ fcs
A | QTS I (FIF TS T3, I G G4 (@ NS G chain 217 @ @ GT o7
TGd (I3 7 Q¥ WK 96 G chain fE3ite 203 911 @t& =11 Find 3T 2if$ 1 Find
a3 (PIC ¢.5 @ (AT A7 |

1 int p[100]; //initially p[i] = i;
2

3 |int Find(int x)

4 14

5 if(p[x] == x) return x;
6 return p[x] = Find(p[x]);
70}

8

9 | void Union(int a, int b)

10 |{

11 p[Find(b)] = Find(a);

-
[\S]

}

QT ST A, o @3 NS I b @3 Mo & e @@ o [ T2 I =
@A @, p[b] = o FAR O G| IR b [5G @iifez e 111 b @it Wiferss &2
93 (@ {5 el SITe (@9 T4 3 Find(b). o9 SR A 94 ©F &, p[Find(b)] = a
QF T 2 b 97 TfeTd Q2 o 93 71 {3fF® | CSIRT 5120 p[Find(b)] = Find(a) €
FCS A1 GTF Union 0T | UF (FIT8 ¢.5 @ AR |

¢.> Square Root segmentation

BT (=[BT A o R | 0 9 0 709 — 1 #1848 b wiw Ay ez | 2l afefbre
0 BIp] 03 SIICR | PG (R ST ST § O JICH ¢ BTl Al 6 BT I | T A (-
I ferear! 41 2@ (@ i 20O j 2173 ArHLfTTS (S T i Wtz | gfvt T efficiently
O AT AL FACS ARC? QU Y AL G5 TN 297§ ICH BIF ARTS A @
ACHA 1P AT IS =3 armount i)+ = t NF query FACET i TS j 7S amount
Q17 791 | g @It update ST W@ O (1) 757 fatare query ST worst
case @ O(n) ¥ I | IR SN QTG query I & 533 update &3 75

v



(TS (A1 Q¥ A et TR T Q@9 I G ST S AT @9 (F -
¢S 2Nfa? T SR 0 ZCS 2 | AT BIFIR AR total[] @ AR Sr=weT 47 TZS2
total[j] — totalli — 1] IR i BCS j ICH AT (B BIFR #IfwTel (A7 @ A7 (i = 0
@3 CFCQ G, TGO SIETF FACO ), QTFCE AW query =R I O(1). =g
@3 @ total[z] @51 T @7 &= SITHA ¢ @ ¢ BIFT update @3 3T i TS n 2@ total
a7 ~Afel ¢ 0 I PCo A | L GTHCE SN update A O (n). SN
AT GF TR (FF QIO 21& o SRermq FA0o 204, AV (@02 @ 4J @ 9 T
T | AT & STS AN update @ STHE FH T (FCACZ FIFS AT A (R G
TN SAfS FeAfR, A ToIT Fafors HANW query FA0e TN AN 10902 FIA,
S @feT AT I ST OF SIFAR @I | ST @6 Fh0e A ©f 297, 0
(O 7 2@ N AT (A 93 FCA 1 (J0Y Fg g 07 707 @1oreee] 9@ A
R | 4@ E 92 g ATt =8 k. =dle, 225 & B 97407 (0 209 & — 1 ICHI B/
ATIIY) GF@ sum[0] @ AP, @S ke B AU @I (k 20 2k — 1 ;A BIFR
AR 9F@ sum[1] @ AFE GTFT 3 &S & T T AR @I QI A |
i AW GG SITe TR ORI 9 SIRCET (M i O FIT AT ST sumli/k] @ A |
JeaR update SIATCHTT T (ST amount|i] Jias A L sumli/k] (@S /-
TICS Z(F | AR IInd update R O (1) T | query @ T Sl STl STt
FE Q1 N I @ O BT O[T @B @R I (@19 FK | G247 41 S AN I
T O 2 AN FACO AN QAT i SR & = i /k (BF j Ry = j/k @1 Q2
[ AL AR, 2 = y ST S § 20O j 7148 43I loop BIFIR, AW it SewT =i
range € ¥ S, i XS z range €3 (*1F 214G (@17 F94, j range &3 &F TS j 443
@I IR 2 + 1 TS y — 1 sum T @9 9 12 range O $FF N T kb @I (7
WAL k(2 + 1) — 1. AT 926 Q@I FHCS SRR Y (R 2k AT 90, =
sum BT @I FA0o SN n/k & @ 300 7o #AItd, Tk @eeg 2fefb range @3
HIBG & oA SN NG range G A2l n/k. I SN update 3 &5 7T
R, O(k + n/k). COINT AM FITHT (& 1T T inequality fe3 @G 51T
P AFT ST ST @3 0 7K 7 7@ W b = /n 21 93 93 CFe@ query Sl
TR & O (y/n) T &AM 1 O(n) @3 QAR O(1/n) 58 otass T @3 “wferae
Square Root Segmentation I &7 |

O o1 I TATS I17, WM update ST ®Y i & ¢ =T 1 AT
T I O 214 AR ¢ Ao TTITS Z(F O F AN FC© 2ARTS? 93
AT AATKS ST TAIE 02 O &S range O &5 ATHCE AW SCIR0T
variable TS (3 T {07 F907 €2 range 9@ AT amount O AL ASTE F©
7 A0 QI ST BIpIA SAfRsTiel #f1t7 | W= Ff qo=heel JATS AR @ update @3
T range & foetm fowt it afelbee w1 aifew gfvr @ wgw variable @3 T vy
J1Sea =12 =@ A QU@ (OIF update G &3 8 O (y/n) T #AI |

¢.>o Static TG Query

G T T SACEABT FIETN ©ITS ST query FfF, update 3 | f[58 I &= update
T T AAC? e, 2ATAR array 7 FF TRAT W @A TR (SINITE @7 #F query
@3 T TS Q| R BB (19 757 278 203 111 951 7 sum 93 &5 query
TSI (O YI2 @IS, COINT 1 70O 4 #IKS (@ ({9 IR ACF, 93 77 (OICF IM
A 1§ TS j O (@A 6?7 OIZCET 1 20O j G 1T (ATF 1 0 i — 1 O (@ 7
fte12 O(1) I13ea Ted e #1703 &fs query €91 U3 @3 &= preprocessing
BRI O(n)

8 e query IW sum T T max I min TW? @S0G AR T S T
Square Root Segmentation JYE T4 | CICHE AW preprocessing AN &1

aq



9 O (n) W9 query &3 &= I3 &7t O (/). Tarjan 9 4o [A45T® research
Wtz A% [, (T preprocessing O (n) G @3 query O (1) 0 FCS AN, O
@12 method > @ complex. CSISET BIRTE #ITT (ATS #(1F €3 A1 internet @ |
T Q¥ (78 method (¥ OICS SN preprocessing W3 «11+1ta O (n log n)
I query IF #191t3 O (1). (ARG max |3 min (39 419 method &1F G S
QT Max (&9 FI | FCH O3 AR06 2T QTF3

Y. QTN ST &fS 1 M30E segment € max @ 443 [1,1],[2,2],[3,3], . ...
Q. 9T SRS TS 2 773CeE segment €3 max @AFIE3 (1, 2], [2, 3], [3, 4], [4,5] . . .
O, QF SR 2l 4 37130e segment €3 max (@R FE3 [1, 4], [2, 5], [3, 6], [4,7] - .-

[ed]

€. @Ot i OF LT ST 2¢ AIZC& segment @3 max @@ 333 [1,27], 2,27 +
1...

GO HACS AFE ToH 2 < n WA i < log n. QAT I T SN[ 22 T[S SF
FCI 2! ATBTEHT Max (FAC ([FF F1? 4T INRG, 2 T & I(F 2° MBS Max (A = Z0o
WP I 201 AIZCEE max @R 4 2~ TS 6 03 20~ 1 AICEF max 92 735 72ma
max &3 I | S, table[i)[x] = max(tablefi — 1][z], table[i — 1][z + (1 << i)].
2f® 4TCo! S O (n) T #M#CR | (ARG 7B O (log n) & il wiite Foai ST
GG AN AT O (n log n). Q2 (ST AW fErearil S i 20O j €T max F©? (SINF
FACEER (RIG 2 (T8 FACO A @ 27 < j —i+ 1271 @b g 513ce uao loop BifeTea =
FACS A1 GTCweE O (log n) I #T19ICF, IR (O JLTAR AW G0 array ANICS 71
@A AfSB TR &) 93 T ({7 F41 A, O @12 array A I ST 4T
TR 0(1) @z Q3 I T FACS AR | SR maz (table[x][i], table[z][j — (1 <<
z) + 1]) T 2 AR Fifows T |

€.5> Segment Tree

Binary Search Tree (F% S (I $834 19/ | (T QI €92 &© ©i2 Segment
Tree S(7< S0 | &% ©13 €3 5t @ Qe BST €9 w3 insert, delete, update
T AT T A OC ATHC@ SR ARANEFT 1 208 7 @ Mk s AF |
wyg 37T insert AT delete 1, (W @35 index @ B3ca SN 5y 772yt ATe 2117 AT
@3B range @ ST query 8 FACS 113 | O3 25 F(F WA Tgd @F (s index M te
ARE 1 | SR G T BTe (@ 1 919 2 9 TR T T f&fesT 91103 of =3 =11 | oreat
QIR T T FATR? GF01 (=T AT SIfeT< T A8 (FI7 GF o range @ query
A3 AT o (@I, AICHER TG TR, (SIS T @R @ioieeet oyl (@I @35
FRTITE SAIS 1; (I A range A7 &S F2271tF update Fa1 @Ie NS 72w
Q@ T3 oy | @fb (FTC T GO A ARG | AKRTS Segment Tree
IR A AN (A T3] AN T4 /14 Square Root Segmentation IR
F(ES FACS 2191 ©F Square Root Segmentation @3 @ SNIAa complexity
2 O(y/n) =K Segment Tree @3 (@ 2@ O (log n) 1 Square Root Segmentation
@3 @ ST G (B AT T SAICAIbT FRetI™, SINtrs update &1 array @9 956
BT AFB HATT (Mo FA K query T array dF (&9 @0 range G T f4 5
T | S 92 IR (W (@0 @3 7301 update @ query b3 Segment Tree
IR O(log n) AN 1 AT |

v

3 *[F ST 2lfS § TETEE segment U3 max @@ ([1, 8], [2, 9], [3, 10], [4, 11] ...



€.5>.> Segment Tree Build &1t

8 9 1 11 1 13

2 3 4 5 6 7

I ¢.8: Segment Tree Build

n = 8 3 &= Segment Tree 5@ ¢.8 @ AT T | TATSS e FLANGETE IW
W8 | SINHE FICR (G 8 B Sraen =iitR [1, 8] 1 ST A F6< ©F 26 G2 Sl @10 7w
V2 Ot O 3943 [1, 4] 93k [5, 8]. AWM AR FIC' [L, R] @IFT GI(6 range A
SR GTF MR OfF T MGG [L, mid] @32 [mid + 1, R] @G mid = (L + R)/2
(92t g integer division 208R) | 4T QOITI SIS I range (F 43 Ol S FACo
[FF IO 7 AMI segment @ G TG LT ACF, NLe:3 L = R, N0 I A0
@ SR AT segment tree (S n @FG 2 @3 power & BT 7R FRACR | IW
n = 3 TV IR AN &N segment [1, 3] (F S [T AT [1, 2] 8 [3, 3] @
[1,2] & S [1,1] @ [2,2]1 Q< T Z, SINRT (OF 47 W IR P90 I B
OTF (TN G OB (FIC @ FII (FACH? AT e AL et c4aet o4 | et afs
segment 931 @36 3 TFIF cafe | =k T© T I @ 961 [KerEg =i |
AT FACT (AAE, (W X @3 I 5 (left child) 7P 22 @32 ©its W6
ST 22 4 1 ACF | WA O 82T (parent) /2 =W | @2 GF AT Sis@r 4@ Ao
Q3BT segment tree IFITS AN | (FTC ¢.6 @ [T 9FB Segment Tree I I
O AT 26T | Q2T SR QTS TS (FE AfTIS F0S 20 | (T AW ] A @
SR #{CA1 segment AT 1] SR ST 0 71 initialize I | SR G A9
SR T AF (@I G T AT R, GTCHCE SNE @Ia (*1F segment @ e
6 A=A II7 A1 e Gt A(GS Q@I 19 (sum[at] = sum[at * 2] + sum[at *
2 + 1]). CAT FACT ML AW tree a7 &2 level @ witg W@ 1 B node, el
level @ Stz W@ 2 5, @3 77 4 5, 93w 3628, 16 .. . n T node, T @1 Faca1 M
2n. JOIR AT time complexity O(n).

o




1 | void build(int at, int L, int R)

2 |¢

3 //do initialization like: sum[at] = 0

4 if(L == R)

5 {

6 // might need to do, something like: sum[at] = num[L]

7 return ;

8 }

9 int mid = (L + R)/2;

10 build(at % 2, L, mid);

11 build(at * 2 + 1, mid + 1, R);

12 //do initialization like: sum[at] = sum[at % 2] + sum[at *x 2
+ 1] etc.

13 |}

Segment Tree @3 ¢5Ft@ Time Complexity @3 (A8 important I TT Space
Complexity. FR SCACF2 G M3(EE array declare FAK &=y Run Time Error (ATd
QT | TN A AL, (O n T© {5 ©F 4 @ 91 O (@1 7M30&d array declare
TS T(A | O3 FIF 7 1. G T T 2 97 power & AT A1 2 @7 power @
et @fb 72 o | 58 2 @3 power @ T AT ST @7 memory T3S GFAT 5%
I ({9 TN GFG FION | SN S 22 @92 22 @F I T*T3 OB 2 @9 power
TR | SR SIS S 2 @ power Q3 (A fagel T, o SINET 4 @ Aiew declare
T AfF | A 1 9T AE@E 2 @9 power @ fawT declare 36 1 OIS TJ, 78
IR O], T P T4 (A |

€.5>.] Segment Tree Update =<1

29T update M F 1 T | AT (FIF GFT6 FRATE IGICS B12 | ST root (ATF
WP < | ST root F [1, 8] IR €1 IS WISl 3 (F update FACS b1 | ST A
T O SN 21 BT @cs itz @I IR =idie, root s [1, 4] @ [, €3 7]
[3, 4] @I AT [3, 3] | G2 (TR 2t AT build @ 7Y (FS[CF sum & array &
@It populate Fta 2T % GTeita <IN sum @3 array (& update < | IS
AR update T @AATS ¢.7 O TO (I | ARG AN tree @ height logn
AR WS update @9 time complexity € 23 O(logn) |

1 | void update(int at, int L, int R, int pos, int u)

2 |¢

3 // sometimes instead of using if—else in line 11 and 12
4 //'you can use: if(at < L || R< at) return;

5 if (L == R)

6 {

7 sum[at] += u;

8 return ;

9 }

10

11 int mid = (L + R)/2;

12 if(pos <= mid) update(at % 2, L, mid, pos, u);
13 else update(at x 2 + 1, mid + 1, R, pos, u);
14

15 sum[at] = sum[at % 2] + sum[at % 2 + 1];

16 |}

bo



€.55.\9 Segment Tree (S Query 41

QF ST TF query (S | Sl &F0e 512 [, 7] @2 range @ AT AT @fer @reiwe
T | SN S TS tree 93 root Z(O &F I 4 QI Wd s @re A1 1 I
N8 @R WG @29 @2 node ¢ Wif ©F range WNITWA query range &3 I3
OIRET (07 W QI (TS N5 TH AEFIR (7, ©IR 1?7 HOANR ST QI (ATFR 979
@ @92 range 93 &) ©&d 0. M SNET @NF G5 node @ 2fF AT 2@ TR
query range @3 foeta SIzreTs 5 06 TR AR (12, GTCFCE SIS SINITHd @3
node @3 sum 93 T return 9 | AW G 72 case @3 (FADE TN & G A SR @
NIME query range SITCET €3 node W3 M3 child @3 g 68 02 SR | T =T
V32 19 32 2 A (/T ST sum (F @191 TR return 99 | 7 (TG COTRET (TS
€.8 €S (TS AT |

int query(int at, int L, int R, int I, int r)

return X + y;

1

2

3 if(r <L || R< 1) return 0;

4 if(l <=L & R <= r) return sum[at];
5

6 int mid = (L + R)/2;

7 int x = query(at x 2, L, mid, 1, r);
8 int y = query(at *x 2 + I, mid + 1, R, 1, r);
9

0

1

—_—

}

QYT I LT Q3 time complexity F©! SN 0 20O At @< time complexity
AP (@ (FC (FC SRS AT (ARG ANIAS tree ¢© O (n) FRAF node RO @3
time complexity ¢ O(n). 1! (I < qW FITe AW [1, 1] 6 [2, 2] WNICAA query
range €3 ST ACF SIF TH WIS ST S [1, 2] (A2 607 71 i gy I
ST SCF (@ range (F cover FACO B8 SIX(E AF6I TG range (ATF2 QY (Fqo
M | ©f 1= 3T (517 15@ complexity BT SIHCe 97 AFG B8 I (A4, G T4
FIS FACOPT? T 5 FINCSHT | F2F 5 TCORT? T2 WNWE node € range
TN query range &3 At partially overlap 31 (ATE 9, SNTAS tree @9
@ level ¢ 758 120 @ f&g partially overlap ¥ node %R =1, ©I2 71?7 FifH
ST R AR T G0 foo0a T | W1 w22 N5 M 79+ partial overlap =1
Q2R &fs level  partial overlap @3 312471 2 oK SINITAE level =itz log n & 3wy
TR time complexity 263 O (log ). SIsAl & W3 & e S+ SR & I
ARSI, T8 TN QAT GOITT (AN | F1E Q2 time complexity @& S SF
QP 1 75! ST tree @3 structure (T &N FEN | OIFN 2N S 210K | (ST
I F2Fe Link Cut Tree T G T 5118 ©XF GIRITH GFH &N (AT 7T |
G (T2 2N SR FICZ SHF amazing @esifee!

€.5>.8 Lazy without Propagation

A 9 (SR (& 61 26 (@ 5 I 917 719 TR 932 €0 OF1 7112 of F. 924 9o
AT ¢ TS j 21T 75T A9 toggle FATS I T AN | ° WA (OIS NS
T8 @R 41 20 2 @ ¢ ©F A4(5 on WICE Wi of F? QT @3 AXEIR T
Segment Tree 3 I O(log n) & FAC AR | QU@ idea LT T4 Qi | (O

Stoggle 1< =& on AT of F T AT oFF 2A<FTeT on T |

bd




j & toggle T & g G W2 T Wt &S a=tE update FATS AR 1,
(SINITF @bz 47 update FCS I | €3 (SR FIC2 n = 8 T I =tz =7 (o= 1
2(© 4 7Y 1T update FICO & T4 | G T FAE ©f T Segment Tree @3 &4 [1, 4]
@3 segment @ foTC A4t (@ @3 3w 2fSS 99 toggle Tt TR | (@ ¢.8 @a It
G FACS #{17) AW SIS AT 1 2o 3 #1K8 toggle FATS F(F, I Qi [1, 2] @R
(3, 3] @2 3736 update FCa | update € T B N T AT @ @2 ST F©
19 toggle 2CACR | 711 6?2 47 (OIS &1l F9e1 3 93 w9l [6? gfal A1 9404, root
(T [3, 3] °IF@ TR €A & «@fb @3 (@3 A e 1 119 A Fe<19 0 toggle
RECZ | GTACHR QN (I TS ¢ AN | OIRC query & i@ O (log n) @ Revz 1T
Y9 w2 A A, g update? ST g FCSTNCHR ARTTFHN ¢.55.9 (8 G7FA
g AT 2 S O | o1 ST update € O(logn). (FIT ¢.9 @ Query €
Update 93 (FTC (W 2 | SR G2 AL ST (@ G0 5 158 71 0 Toea2
g GFB! o2 @TY (41T A (FCETR update @I FS, QT2 Lazy I 2 | ST Q2T
Lazy & g (S0 06 =¥ 7112, &7 &y @t Without Propagation 3¢ | (0% (6
R S {3 SF AT ARIFHTAR, ARTHIF 2 A |

1 | void update(int at, int L, int R, int 1, int 1)

2 | {

3 if(r<L || R< 1) return;

4 if(l <=L & R <=r1) {toggle[at] "= 1; return;}

5

6 int mid = (L + R)/2;

7 update(at % 2, L, mid, 1, r);

8 update(at x 2 + 1, mid + 1, R, 1, r);

9|}

10

11 | // returns 1 if ON, 0 if OFF

12 | int qurery(int at, int L, int R, int pos)

13 |

14 if(pos <L || R< pos) return 0;

15 if(L <= pos &% pos <= R) return toggle[at];

16

17 int mid = (L + R)/2;

18 if(pos <= mid) return query(at x 2, L, mid, pos) "~ toggle[at
1

19 else return query(at x 2 + 1, mid + 1, R, pos) " toggle[at];

20 |}

€.5>.¢ Lazy With Propagation

W 0 A TAER TP SR (@ GFT6 I FE A1 fEeeidir wea fereat <
A @ 20O r 93 WA T &fe] e on HCR! J0eT AT O @ G2 FATNS OFG [o@ FCeT
Without Propagation @ STI4I9 41 784 | {58 SN QAT AR (FACT @ TN
with propagation & € 21 AR | AT TIKIF A ANCAR @FG (0% F1 7P
SR Q3 FTIATIE AL &) Eree @3 2fS node « i 3 fefeor wasia! 229 Lazy
waa, 9t @2 node W3 &fSG 19 fF toggle T TEE fF 27 FT €3 K waFE
@3 range er FOYfE I 2T on AT | off 3 AT g wFFIF W12, F ¥ 7 on
Q3 IR G 1= of F 47 FRAfT @R @fRTa SR | oA build #ita S
2fs node @ f&14TS 2 toggle = 0 @I on = 0. QAT S TIF AN (FNC update
| D9 TO2 NN (747 I WHE T8 node @ = A% query range @3
71 F120A =X SIR(A g T 71, I partially oo 22 ©rre ETeIEe SIw=! Bt

bR



I TR (1T WT) | 93 =T T Tt 375y o1t foeta =0 wreee i 761 1 43 772w,
toggle=1 994, @R on = R — L + 1 — on T3 | S i1 T AM0H= QT 132 113
STCe {5 1 20R | g Y WG A 68 R A1 (@7 4G 9 BRI 1 A 4
9 [1, 4] & 9OIF update T | €T 27 IW (SINITH ¢ [1, 2] & update FACS A |
¥ 5 F9t2? @ node @ Fita «f ©It7 update Tt WP IR 77 58 I @ 7@
CSITE query I [1, 4] @ FoafeT on SITR, ©4F i (@G 6d ea? of¥ &g 6
[1,2] (S RS IR AT, TSR G [1, 4] (A2 TG TS AR T @2, T [1, 2
@3 RS [1,4] @ (58 @21 > SIZE BAR 5?2 0ot (72 NI AT S
@ [1, 4] @3 update @ T ETA (ATF2 2 PR GI6T AT | St 7w ©F T e
@Y 5 #@ Treiw ¥4 node @74 on 5% T update T ©IZrEE I @@ | 58
S 0T SR time complexity QTS AN | SIZE S 5?2 T 2o, v @itz
Lazy @< A3, 168 TW F998 @3 (AT 05 FIICS 22 OIR0E O Qi ¥ Lazy & 9
ol e e | e, SIS T 1w 20 oo SISET Lazy TN 9 @3 @
Lazy (& WaSIF @3 1 f9C5 W T3 90T Propagation. SISET 1, 4] @3 update @3
%9 T2 [1, 2] (¥ update T OIF 212 SR T4F ST [1, 4] (ATF 6 TICe 51
O ST (F] QR (P19 Lazy SR 411, I ACF ©I=0a OIS =est Propagate
T34, 9T 9 06 TN | (T (AR Lazy SICR {541, AFCeT ©f Propagate F03 S
05 999 | 93 F(E HACe AFE | 92 Ot Query G MY 8 AKT IW &IF node
e 906 FINTS 512, TN SR SR (At 0 T3 Q2T (@I Lazy SI1TE {61 @3z
(T8, SPAICH OIS AR FCe 05 FICO FA |

QY ST Lazy (& N0 A0S 2/1f7? O et o= F03 (AL, @F6T Lazy & FI=ICH
& (& 2If7S 20O 2AIt@? =W node @3 toggle 8 on, S left ¢ right child @3
toggle @ on. Lazy I T Z&T toggle = 1. QT fNC5 = TG, S Left @ Right
child 93 toggle=1 A | @32 OF3 L oN € RIS F | G AN I8N node €3
toggle = 0 T(J, 7@ on +IASH (I 71| (FIFF NN T4 toggle F f@W ©2w3
SOICE on ARAST FRMREAN) QPG B8 FACT A @, I 217 #1F G2A- (SIS [1, 4]
@ toggle FATS A OIZCET [F (SIITF € WA propagation FAK WIFE (73 | FIT
S 5 AR, $Y VIR toggle=1 @on = R— L+1— on FACS T | 3L G T
2N I (T2 Lazy TNCS! (6T 274 update @3 FIGH cancel 0T 05z | e STwa
2TFT @ ST lazy cancel '@ 20® TR | SI9ICeT cancel 29 & 21 91 o (0 coriies ol
FACS A A, TAM A2 toggle = 1 OF T (SN QT lazy ST, (<1F! OIFEH I @
@FC AT | (FC ¢.10 @ 92 (FIC A 2 |

1 |void Propagate(int at, int L, int R)

2 |4

3 int mid = (L + R)/2;

4 int left_at = at x 2, left_.L = L, left_.R = mid;

5 int right_at = at % 2 + 1, right.L = mid + 1, right_. R = R;
6

7 toggle[at] = 0;

8 toggle[left_at] "= 1;

9 toggle[right_at] "= 1;

10

11 on[left_at] = left_ R — left_.L + 1 — on[left_at];

12 on[right_at] = right R — right L + 1 — on[right_at];
13 |}

14

15 | void update(int at, int L, int R, int 1, int r)

16 |{

> @3, 7581 T (SIS without propagation @ SIZEE i FCS 203 ©f (37 IR (FE0S AR

b0




17 if(r <L ||] R< 1) return;

18 if(l <=L & R <= 1) {toggle[at] "= 1; on[at] = R —L + I —
on; return;}

19

20 if(toggle[at]) Propagate(at, L, R);

21

22 int mid = (L + R)/2;

23 update(at x 2, L, mid, 1, r);

24 update(at * 2 + 1, mid + 1, R, 1, r);

25

26 on[at] = on[at *x 2] + on[at *x 2 + 1];

27 |}

28

29 | int qurery(int at, int L, int R, int 1, int r)

30

31 if(r<L || R< 1) return;

32 if(l <=L & R <= r) return on[at];

33

34 if(toggle[at]) Propagate(at, L, R);

35

36 int mid = (L + R)/2;

37 int x = query(at x 2, L, mid, 1, r);

38 int y = query(at x 2 + 1, mid + 1, 1, r);

39

40 return x + y;

41 |}

€.>% Binary Indexed Tree

S T BIT =11 27 | U6 Segment Tree €3 To2 OF (0 TIB! "G5 ©6F Uit @35
ibeT, g TSR I71E T O3 (T 432 (®I5 | Q¥ 2[T31 GIDT " FIF6IR 71 IS IR FACo
AT | 30y FAT =T SfS frens @ ibT “FIwbia ¥ ol To I 711 g @bl 532[
FACS SN 4T IF51 8 T 1| 45T 55 BIT fea 9 21 21 4 2111 Segment Tree
e &7 7192 fSl oI FACS /1=, S7CeT Aoy =100 Segment Tree e v feg w1
TR A1 SETCE @f BIT e Fa0e A=E1 11 58 BIT @3 1t ==, «ff sita= @5 @i,
GG 1 ABCEH (I ot @32 Afb S Fast. (ST 97 10 o7 [ifs wees
B3 BATHICR @ article 2IGTs 2171
Y7 (| FEI0o JCeT &1 T, BIT @ (OIE1 M2 49017 operation FAC® AR |

S, (I 936 B idx (& v #Afaw1= I update(idx, v)
R, OF IS idx S @I (@9 41 read (idx)

e (@ g operation AT T [l SPICE ST© I2& J&%© 1 | (ST topcoder
@3 tutorial @ @ATS A

@I ¢.11 @ read €32 update (AR T 1 QG MaxVal =& n @F i | o<
(S array T IG N4 !

Listing ¢.11: bit.cpp

1 | int read(int idx)

2 |

3 int sum = 0;

4

5 while (idx > 0)

b8
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}

sum += tree [idx ];
idx —= (idx & —idx);

}

return sum;

void update(int idx ,int val)

{

while (idx <= MaxVal)

{
tree [idx] += val;
idx += (idx & —idx);

b
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Greedy GFF

Greedy T ¢Sl 712 JRAT? O ST T @O | (@ <K CSINICE GF6! buffet ¢ fNea
foICa (2t et 3 0?2737 2971 03 e &F 0 (A SR 12 I @G I
2 SIZCE ST AT AN (@2 AR GTR0T @ @ 0 A1 S T WY 3
TSI G 21T R (T3 AE? @9 7 buffet ¢ 2ot 52fS @it w7 feremifst s,
SR 7531 femeTif# (AT (o5 SR (AT 5% (AT (AT ST awits T et 203?
Greedy IT< (@ A @ @ S (T ©F [5G 7| SIS 79T FA I (TANS FA[S
T | (TN (SINICF &0 26 @I MG fF900 1 924 NfE <1 Aol aiFs AT
o AR P58 @2 1T T W (O A (T6T (12 Jfawtad T Fe ©ig 712 s
B TR S8 NS Factor STR! AR 2, (SF Greedy ST 2 S+ 55 7 (T2 T
T F T Q@M ST AT ARIR I |

V.5 Fractional Knapsack

Greedy algorithm @3 &y @6 492 common 11T | W 4 €F6! GIF @I IM
CAIPTCH FLRACR BfE A0S | FTRITH el ST, TleT Sty ofd, &< «qziasy w17 f&fest =iz |
Q2 (7 AT G TS AR T | P O FICR (@2 AT SR O 41 Foo| <& S
20 kg. SIE (7 fFSIT B FCT A @ A1 F(1? Y72 977 | (F2 Ao = v
TR Q@ G (12 f&fwoT St (o w2 a0 | AW (e @ et @ o @ @2we
2T (S fFg TR A ST Ore i *Rae! wifi f&fe @@ oF 901 @3 W IR
&= [ (ST AT LI TFo] 7 (19 Zro= Sl AT AR | 9T X1 59, Wi &
T 58 &fS kg 99 WK | 42 BIeT @it 1 kg S WIN 100 BT, =9 ©FF =tz 5009 78
@ AN 60 BT T2 (g Tl (F e R S, TleT @3 Al¥ &ife kg €9 120 B!

«Z Ty 5 Stz W g FIW & e @ s e« et af
I ©IeT 71 ™A electronics & (PN R ORCA QN A AT AL FACO AR
1 G (O S GFBT b (STF 9T SCEF BfF FAC 1 ©12 917 tv (@< laptop &F =
mobile 2 % g A2 71 71 & =[5 T | Sreget &g Sva greedy (12T &
TR 1 TRTRIN (AT A1, W 3 15T Ev AT 15000 BIAT 4R @& 15kg, §2BT monitor
TR MR 8T 10kg FCF G2 2f5R WK 9000 BIFT | (SR F1C7 20 kg f&w 1 @@=
T SR | N F A7 tv (W oy @I 201 Ime W3 2fs kg o Wi @ e
(O 7251 monitor fATe #17® A AT @ | AR W51 07 3417 [FZ 12 @& Greedy
AT TN F& TS | I G (&7 BIRCT " =1 e e O OIS a1l
=¥ Fractional Knapsack =i 3ft comiiea s[eaielfs fre &7 wizeet it =1 27 0-1
knapsack (af5 *F=ST S4I™ @ SN (AR (@FNH AL FICS ) |

bq



V.2  Minimum Spanning Tree

9% ETF*T OF T (T OF AR F (72| Y72 TS (& | STl SofS (@ G-
% Tree ST 3091, €4 (AT T TF Minimum Spanning Tree & f&f 9| St 9
SR 96T weighted graph (731 ST (weight &feT €71g) sidfie g vertex, f5g
edge W3 @12 edge &feF weight. (SINITF Q4T G T (ATF [F edge AR2 FCO
(A (T SIME weight @3 (o1%reT JfY 27«32 754 vertex (@9 connected 7 | @5
53 RS 2I7=R @ (o197 AW 7 & vertex ATF ©ITAE connected FATS SIFTE (SR
(T n — 1 5 edge A2 | @3 QW AW (OMIF AR1R F41 edge fet@ weight @3
(RIS Y FACS B8 O T2 1 — 1 5 (@ edge e 711 & n vertex @32
n — 1 edge ST 4G connected graph T tree. Wi SITHe 56T vertex &
connected TS ST (@F edge 416w F9 ©Itwa weight @31 @ioreret FafTw
FACS 5130 @32 graph 6 wier ¢if62 =& Minimum Spanning Tree (J<TC?l MST).
QT Minimum 19 Tree *% 9215 ¢of 3®27? Spanning s¢f connected I ¥4
AR | QT SIS MST (31 19 &) 2(5 algorithm @3 F 9671 | (ST (T (T8
A FACO #IF (@ OO G2 FTFAT ATF 9 T A0 o =o | g =wat @2 3fe
algorithm SITABA! 99 S SIACE Greedy 5129 J@T I | <K (SN (FAC GF0
2T (F represent 1 AR OiTel FLR @Feere! Joar ow! 6! =T 77! 135
TR & 40 (12 (T SINHd &we e n 5 vertex 8 m 6 edge =itz |

L.2.> Prim's Algorithm

@RG S TR vertex & connected FHCS (I AR ST @TFCAT vertex
(ATF ST FACO AN | QAT AT (A2, 93 vertex @3 e (T2 (@2 edge T ©ITH T-
@IS weight FACEE T | TR AICHE I (12 edge ST 7 Q32 SIZ0E SWTAF @4
72051 vertex 8 @3 edge (X (1 | @4 (M2J, 12 4316 vertex (ATF @K edge &S
FRR O T I weight FER I O W QoI FTe AFT Tol 9 S
99 vertex (1 T TR | AT ST F AR (@ I4F G2 A6 F weight @3 edge
R ©2 (12 edge ¥F @ WL (O 2OV A tree @ foora @ AT a2
o A @ ST Q28 7757 S 712 979 vertex ATF | 12 T2 I SR
tree G T AT O PG TS (12! T Ol (Ol BTS2 connected, ¥4 8y 92
edge 903 weight «F @I+ BT F I T SATR?

@« 3T T 92 algorithm @3 time complexity F©! 22T® ©f¥ n IF €3 T
vertex 459 417 & F97 1 W3R &fSIF T G 71 edge MR | TSI (SR
complexity ATGR O (nm). 4T3 ¥ I3 7GR O (n?) FACS AR | (AT 4, ¢ I
S 2T o vertex fIRTE @32 SIMIME I6TF process @ AfSAR ¢ @ L #ANH
7] edge &fS IR GF T2 58 &SI GF FAK 5 v WR? N 7L G5! TG
vertex SIITHA tree (S SBYE FAC OUF G AL T 79 edge (MRTE, AT (12
edge 9T I 2B F© T AACE AWAA tree (S (7 TR @167 update FAF | TG ¥4,
SSET o vertex 349 FTafR 93 (TR (@ b (& SISET 10 cost @ SRGE 0o if, 58
¢ TRBGE T TR 717 ZACST (T @ b (F TS T A6 G TIGE FACS AR O
g b 93 cost (& update A | W3R ARSI T, (@ (&I vertex Q2iwe {45
T T T2 I R ZCS IACHCR I ABA vertex (F Gf SRGE K | O 5
MISICE? G SRS 1 IF FI S04, 2SR 77 AL1DS vertex AMHIR FE \ARE @
(N FICHCE T, OICF 07| 9F 27 @ A 9N A< edge I 107 MA@ @ O™
T TP (FF A5G vertex ST {41, AFCE ©IF cost (F update FIE | 432 93
FIE 1, AR FACS A | SIKCE AR complexity F9? n I0 IS F42 NG S n
BT vertex ST check 363 (iR S ST 4F (&9 2m I edge (5 FAMR, JoAR

b



wtns complexity WSRO (n? + m) AN O (n?) I IR FR-F m < n? SIEH?

CSINAT {58 BIZTE GTF WS improve FACS AR | N (@ 2fSI n B vertex
TR @ 7% (FIF0R cost AT T ©f 71 63 Gfl W @F6T Min-Heap A4 (C++ @
priority queue 3T set) O (oM< «¥ algorithm Si=7cst O (m log n) @ Fe FC3 |
JAITSS AR 2 S TIFL T FIS FAE T4F m (S n? 7 (QAF @ (QB |
K8 OeT heap IR FCF AF complexity SR8 F A | (i1 I interested 28
@G internet A7 32 (I LB ATS A |

L.2.8  Kruskal's Algorithm

«fbs (@1 372% algorithm. (@FF FRC A MST SISF (FI F40 7 A Kruskal's
algorithm T implement T 1S | TSI INE FI0z G5 T2 7ot (Tes! @2 algorithm
FRITCHT YL IR, (T TG S IS (5§ (TSI (FC FACS JA (161 JHICAT AT 8-
1 QN T T O AT FN weight @3 edge a1, (74T @3 2 WE vertex
73fb 3reomerd «F3 tree I component & Wt {741, AT W3 edge =1 a1 1
R QT | Ol G &%) ’OPR (PG JAT (@ 9316 vertex €2 tree ¢© W 1!
Disjoint Set Union. (43eT S5 AT e vertex SIeTml SIeTvi set. SIsar I3 a3
edge Az 947 7315 set (F (SR AT (581 TR | €2 ARICICS (5F FAR (¥, 9E 13-
5 vertex @3 set @ SR fF1 @3 time complexity F? W&, edge @1t weight
S sort FCe O (m log m) @3z & edge 97 &=y == find T2 A1 726 set &
union 3% AR complexity SIAT O (1) 47a e #iif7 1 J@71R O (m log m + m) =
O(mlogm).

C4e S St 58 @2 M2 algorithm @2 greedily JRTH0 S 4F067 vertex
edge fRET5 B 2[TAT 2ATIT T I (FCER | (S AW @3 algorithm 757 -
TS AWE T O AN FE (MATS 27 (& @2 greedy SItd edge 45w Fatet
o Tex Wea

L9 SR (I 8 BIE

A 9 QN GF (0 FIC PIBE @A BIENS | (ST FICR [ (16 F12@ oIt | g afefs
(15 (P 2T SRR T Tt 93 @31 =17 ©ite GIE @ e 1 g g 22t i #iea
SR G TS ARCI T 1 92T &S (16 O & (oI el St (@ G1f5 e i1z (e
@ TS Y fNE @R GEIE @ F© 797 107 | S72 952 AL FES (16 F19 9 (@I
It fTe #{173 71 58 9358 70 98 @16 TG 12 (I @ s 191 1 g w7 3
AT I FC 2THIT I (FACS ARCE?

FETIIBT T© 1 WA G AL O (AP @ 90 | M T4 ¢ ©F G54 &) a; T
eIl (M @ HRHIR A 4 b; T G @ REI1 ST | 924 N0 4 optimal order
@ 35 St 75 2T i o1 . i Y 513TeR @ 5 i IS @31 917 2] j IS FT
SIRCE ©E M35 FIE FACS (O F© TN ANR? a; +maz(bi, a;) +b; | VA AW j Fler
TS FACS OIRC COR I AN aj + max(by, a;) + b; | I8 a; + mazx(b;, a;) +
b; < aj+maz(bj,a;)+b;. GIT N TR k T W (16 IS G a; +max(b;, ay) +
bk S a + maa?(bk,aj) + bj WQ k Cﬁj C’ﬂ‘uﬂ‘sf Q{QW@W“ ‘ﬂiﬁww
1T T SIE &N T4 I @ a; + max(by, ay) + by < ag +maz(by, a;) +b; e ;
PSR < k 1 w21 ©feT (4fb (o1 proof by contradiction @3 €T @FG (ATHYE
TS {17 | SR S NI ST IS QTHAE A GF6T order & ASTS AN |
S (I BT A (@I FIS AP @61 7 F19 Ty S TR SFEHT @

b



TR G (TS 20 @ (I @I6 ST FCE I HT (7 | TSI BI& QTGP ATGHICeT
SIS optimal order AT |

Q3 AL (I BT (58 RS 3, SRR SN At Q17 #I0% 9B AN 7 e
SR SRS SRR ATS (AL | GG Y2 G35 SAIRE RITS TS A (AL |

>0
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Dynamic Programming

Dynamic Programming ¢35 SIei@ ezmgeief @ 31 1 740508 o= 5 caranfire

FCOCD | ABTT T T FIT T TS O T T W@ THAR =T practice Tl G
@t @ @2 BRI AT (T | QLT SIPTCE (<RI (O 6 (712 | @3 GITRlieed
24 [T 201 9% T&@HER TN (=6 fSRER TN (At Se!

Q.3 TR FrEio

T 9 COIITE o] 7o, A FAM array SR I AN 1 91 2 Q32 OInd @ioreest
n T @I AW n = 4 TSR0 G (B 5 OIS array e @3 1,1,1,1, 1,1,2,
1,2,1,2,1,1 93 2, 2. Q¥ I BT QT T (N TN F! (I 1, WA
array 93 2% AT TF 1 TA KA 2. T 1 27 AF SGF 1 — 1 92T @ (FEG TS
I array oINS T 5 ©© ST A 7R | WK I 2 T O n — 2 (F TSI
AT TR COSII | G T, 1 (F AT T way (n) O, OREA way(n) = way(n—
1) +way(n — 2). 947 QT {5 T SR | AT FI7 (g ¥ @=pre 1 912 e
AR T | @ T 0 = (ST SO 1 (ST A, AR n = 0T 1 e wwee 2 f{rs
AR SR O FLAT IS FAR@ M > 11 CIOF@ way(2) = way(1)+way(0).
way(1) A way(0) GF T G ST O3 T IR IR (& FACS 2 1 | SR ST
0912 AR G T FIS FACE AW 1 > 1 2 | ST @2 735 T TS FTS (@9 F< |
way(1) WA Z 1 (F ST TS SR AEICS #1791 47 7L, OF ©IC = (5] 2978 1.
SR way(1) = 1. Q¥F S AF, way(0) 97 AF F© (A | QIR QS #AMCS AN
g way(0) = 1. (I SRCS AR 0 (F (S AL, R 7 TSR 0 267 Tow | 57
wfsy 3y Afer Srfie It array @7 Q@I (0 OIRCE (5 47 QF6! G FA? WAV OAWR
TEF O JIFR (B8 R | way(2) 97 T F©? 2 O 7?2 I 2 93 1, 1 G2 936 =
n = 2 93 &5 8&< | O[Sl S, way(2) = way(1) + way(0) QX S i
way(2) = 2 @R way(1) = 1 O (T way(0) = 1 A2 SR A? GIFN (T TT? (4,
O n = 2 97 &5 IM A 1 S O AF 2 — 1 = 1 G 9T AT 2[R0T
PR way(1) = 13T 1. Q4T G AW A 2 18 ©r2e g 1 w7 % e e =,
wdfie g W1 TS A1 2 @F O (e S way (0) = 1. SN SN I GTAR
(T4 ST recursive Function fTafR) I3 SRR GTFT FHETT FIS FAE 1 GIOTE
311 24 base case. Q¥ 5¢1 UBICF (FIT S | &7 7 DP > &g U7 (FC 12 OIS F41
qF | Iteratively €3z Recursively. Iterative SItI AN FACE (T (LTS (& 9.1
A3 TS FF 9 recursively T (@C 9.2 @I TO [ |

>Dynamic Programming (& Ao SISl DP e <ifs
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Listing 9.1 : fiblterative.cpp

—_

way[0] = way[l] = 1;
for(i = 2; i <= n; i++)
way[i] = way[i — 1] + way[i — 2];

Listing 9.2 : fibRecursive.cpp

w N

1 | int way(int n)

2 1{

3 if(n ==0 || n==1) return 1;
4 return way(n — 1) + way(n — 2);
51}

q9.8 Coin Change

G QR0 AN O &7 &1 25, COITa ez (g T =0 491 1 51, 2 51l 8 Bl
A | (OIS BT AT o1 20 4 A 50 BT | &%) 267 9 (OINTR F0Z AT TR
@fe] LA IR W3 BT IATS AT FA1? AR F© ©ICF AN AR (@8 I @feT
M SR CTefe] F4F8 FYFS FeT AF @ CTefeT @A @ 977 FA00 ARE 1
TS TS T AT (@ TS Y LR FACS A AR FLA'S FLFS GF! AT Fe1
S |

q.2.d Variant 1

COMITMR g IR (AT ST W3R &ifofs T g Te I Y 924 FA0S 2I_E | [0
T O O QT T3 coinl . . . k]. Q2 24 T QN n AITS 2= 512

43T AP possible|i] 2T i AR TS 2/ a1 1 T AN Oreeet @3 T =03 1 ==
2R 0. SR (@K FACS A possible[n]. T Tl O oo w2 o 1 21ce
TS (I3 FACO BIRCS (@ 1 I TR 1 (0 o1 40T Ol 70? (BT 41 T O &,
n — coin[1] A n — coin[2] A ... n — coin[k] Q3 &FF @G TM I 7R T O
n IR TSI AL 7T | LR ST TG G (6 N I T & (FF FACS (=B WA
LI ALK FAR | @512 DP! J@dNe 1. .. n &fSfG W @ T o & & we= qaze
TR YN @U@ @ (T A5 AT I 1 0T 92 T@ T € I A 1 @9 time
complexity 2 O (nk).

Listing 9.3 : variant1.cpp

possible [0] = 1
for(i = 1; i <= n; i++)
for(j = 15 j <= ki j++)
if(i >= coin[j])
possible[i] |= possible[i — coin[]j]1];

I N I S

q.2.] Variant2

COMITAR fRg SN (T TR G2 2B T QfS T© A1 Y4 1= TS #{170d | I#I0S
TE n AR (SN F© S TS AT | QAT FEN @9 order & T T | I
1+ 3993 + 1 (& NG AW [0 359 | I (o I 1 =19 2 Bivia @

o



(A = OIRCE ¥ 4 BT (WG 5 S AT ARM@s 1+ 1+ 1+ 1, 1+1+2,1+2+1,
24+1414@R2+2.

@1 way[n] T T I 7 I T | QLT 1 TR S5 QT LT coin1]
R FACO A1 Al coin[2] I &€ kBT IR O3 QI 61 IM coin[1] IJI7RT 4
SIZCA AMfF AE 1 — coin[1] AT TGN way[n — coint|[1]] A TS AR | e
e 7o fFgbi! (oI time complexity Weita O (nk).

1 |way[0] =1

2 | for(i = 1; 1 <= n; i++)

3 for(j = 1; j <=k; j++)

4 if(i >= coin[j])

5 way[i] += way[i — coin[j]];

q.2.9 Variant3

I ST variant 1 G2 TR 961 7S (@ Al fb S0 i Q1= @ 532E T4
ATICI T OIRCeT?

CTTT 1 AR *mfOCS SN T FCAR ©IRA &’ n @ fHIea S 719 Feaw e
o8I IR 47 10 @ Pty 2 fw (681 cafe S 8 « Hirze | oI S SIs=t 10
IR &) 2 (& GFIEP I IR AR @57 Q¥ 1 AN ! G T AT 92
n AR G5 AW § O I HIR FACS B2 AN (4TS BCA, 0 — coinli] AR
i — 1 %S I LA IR I IR 57 | ST ST AT AR 597 G167 @24 =
By AR 93 To7 97 FA000T 71, F© AT Q32 (&FIF IR 48 TR T4 AR
@2 725 &t S Ses 203 1 SIwE A (TS 513 @, 1 2R ¢ 218 T
JIICT AR A IR ST 120! &t AT 203 SiReT 7 20 i — 1 718 F
90 T T 4TS 12— coini] AT i — 1 2R S e It A fear 1 =rdie
SITHE DP (S @4 42f6 parameter. SR SIS 2D array 11T G2 79151 T
FACS | B AN AN time @ space T complexity T O (nk).

SIS 512CeT space complexity I O (n) FCo 2111 &y (4T F1, S
2% B IR T IR @ @ AR TS A G161 SHR & Y SN
TACS 2 2 i — 1 b 0 537 I @ @I AR I 0 1 o Ao
SRR Y 20 row #IC (2L (ACF [ T LA 41 20 GG row 1 (&l
AR JITe 263 ETBIEE column &I REHT @ M2) | RS T A1 251 92
AT | AT [ Gf AT S 1 B I (S T (2 ¢ A OIRGE 58
V26 row O3 T T, G316 AR R A T SN S I G T SA+0es
T A |

q.2.8 Variant 4

FRITSS 2R ST Variant 3 O3 &) S0 5133 3 ©I 11 7@4! b1 fFg variant
2 QIO [ |

q.2.¢ Variant5s

SN variant 2 (51 + 2 + 1 @R 2 + 1 + 1 (& W (Srafen™ g I siemy =i
T? @A way|n[i] T AT i 6 FEF T2 I 1 (F F© O I A1 94

9



n IR A ST AT coinli] IR FACo€ 217 e #fifd | W 227 7 ©rzea
@B way[n — coinld]][i] TI1F =K T 1 B O=CA way[n][i — 1] T2 1 < :)

9.9 Travelling Salesman Problem

T T2 G AF 0 AR @CITS (17T | (TR (ST 1 & 999 1% 1 9 @i @i
Sl IR A TS B | ST 1 116 g Qi STl | ¥ 2=/t fH1e3 coria e
OET I 1 @3 IPTE AN G 27 ATF OTF AR 97 A NARS 1 97 IRV (R SO |
TR I (G F© YAg ey I i 741 A7 gaco 2I3? afb =1 Travelling
Salesman Problem. SIs&T &= GG 2TIN (& DP SIF AL F419 &5 AN IR
I T 0 AT (I (RIB AT QI AL FCAR | I B ST 2o qp2 73 f&rfeot
YT (TR M | (TN SN Q2 TP G A I, QAN FA L — 2 — 3 — 4 G2
I3 B & I3 IR AR A SR 5 . . . 1 IFAT 92 11 IFCA I TACS (O- (X3
FAEE I 4A6 ETOI 1 — 3 — 2 — 4 TAIF 717 A I 1 I0T G (A1 & AR
A AACHA AN | T, (I G T (SNF $Y THCS A G (I (F1 I 07 R
TR IR 9397 f 32 SR | ey ©ita SIw=i u32 state @ =P1CS AR @9 o=
THIRACT IR &2 B & I97 I0T 92 ©ICd 03 47 4 97 0T iifR | odfie (o
state 2o Qf¥ 19 T T YL (FETR(1, 2, 3, 4) TF A2 F3 SR(4) | G2 F3 SR (67
vy @35 TFE 58 9N 3 3 T 0oz W2 &1 S wfer I91tea <16 | =it DP
@ state (F array @3 parameter 2103 f&1f¥ | U2 (0@ SIS @S @16 (& N0
PR SFIR 740 A2 AT T2, AW (G 7 & I AR, FK FK 07 ez
S 1 SR IR IR AP @8 NG = /B OItrd 0 =il fo14ee AR | SiRest n B
0 — 1 &I SR <619 <619 IP7 Fieafe @it e cwercs #ifd | 768 g 7 array @31
dimension n 51 fATS ble OiRee 53 (1€ 11 Y7 QFBT AT I 1?7 L QF61
ST tricks SITR SIZe G @2 0 — 1 ALTICE binary T & SRTS 217 | (@3 (1N I
1,2, 4 NIRRT I R =0 A ©IRC COIIE 7R =2 0000 .. 1011 = 7. Q¥ @
TR TS IG TS ACH? 2" FIF GH6 I AFCS 2I1CH NS /1T | IR SN state
FOIC? 1 x 2" QAR ARG state G T il S5 AR IRTT TRK (GBI FACE (1 ©ICA) |
SR WIS time complexity 23 O (n?27). @®

1 |int dp[l1<<20][20]; //Assume that there are 20 friends

2 | //mask = friends i visited, at = last visited friend

3 | int DP(int mask, int at)

4 {

5 int& ret = dp[mask][at];

6 // Assume that we initialized dp with —I

7 if(ret != —1) return ret;

8

9 ret = 1000000000; //initialize ret with infinity

10 // dist contains distance between every two nodes

11 for(int i = 0; i < n; i++) //n = number of friend

12 if (!'(mask & (1<<i)))

13 ret = MIN(ret, DP(mask | (I<<i), i) + dist[
at][i]);

14

15 return ret;

16 |}
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4.8 Longest Increasing Subsequence

)IF @36 sequence SR | €2 sequence (T [Fg 14T (O @FH'e ) (= (-
e R4 (@ 1S 72T & increasing order @ ACH | ANAR 5 =T AT WY
increasing subsequence® T | ST AWM @6 DP «F TILFTT AN FIC© 512 ©l-
F(E SRS A SN (&I (RIB ANT] TN FACS AN | 47 A A & n B 72w
@A CE | @9 LIS (Longest Increasing Subsequence) (&3 F4C® T | ST I &-
Y 1 — 1 53 LIS &ifF Szt i (@19 #7re =iitR? oo 61 (! T | ST nos 7 (&
PR 0= ITR? 9N G (6 TR IR AT o AT (/ITF (=B 47T T afi] (o =T &
sequence 3z i < n). QYT GIFA (O] TP afi] W @ afi] < a[n] G @E0A
oIR? (@ AT (=I5 O Formea? =1, FiEwe 1, 2, 3, 4 QAR NI I PR Swam €9 5
(P IAICS 512F? oD 1 1| SISl 4 @31 FA=EA FPTICS 513 T &S 5 &3 (AT 4 (=B
I fESITe W3 4 2R@2 AICEE T LIS SR | TSR SR T FACS 20 OIZET 22 1
5994 LIS (L1S[n)) =&, LIS[i] + 1 &3 ST 0 I8 I @A afi] < a[n]1 @3
“mfod time complexity O (n?). ST Y9 &R Segment Tree IR F¢a Gibes
O(nlogn) 4TS #/1f 1 SR @ T ... a[n] — 1 7S query F93 SR (0T a[n] @
HIITTH 49|

q9.¢ Longest Common Subsequence

73f0 string: S €A T M AR, WAL QN QF string (7 FACS LI A S GR T
TOIE2 subsequence T «IL FACHCT longest T 1 O &GN O CF(@ ANWS state
2033 I oo S @3 T O 71 e S @7 @2w s 5 @3 T aq @9 t 5 letter
@ W O Longest Common Subsequence (LCS) ¥%? 3w S[s] = T[t] = (1
indexing 473) OIZE 58 MM TSI T S @ 8N s — 1 @R T G ¢ — 1 99 T T&q
O (ATF OF @ AW S[s] £ T[t] WOIAS Qa2 s — 18 T G A2 ¢ letter
GACFETEI IS @AM s ¢ T @F ¢ — 1 letter @3 ¢F(@ Te&x @7 Mt @G I8
@5 1 @2 I S By TQ=H T T8 RN @Ff string @ ferS Fare 30 sizea
ST AT dp table S $EEE table AR 171 3 *R M2 string €32 (*IF (AF
S90S 703 | M <19 character 136 958 23 O SINH1 16 (792 | = 71 =0T Sl
dp GfR& (AF M4 @ &I string (ATF <19 character IW A& Bo, 24T T (¥
CHET FCI (A4, QO[T FACET AT 26T ST string BT SeCo! s (A0 Cofd F0e0 |
AR (ARG SR string (& AN s (AT felS 0o 203 CTeag & SN (&
@5 G2 @ character @f (973 Itd reverse I3 2% T30S 203 ST €3 [T FISH!
recursively S0 20 | SIE6! e 2&T SN AW AN W6 (ACE dp =1 63 T ey
(ITF dp FF OIRCA S string SHCGT FIK AT AT 1 1 4IF 967 while o1 ez
ST 2[CA PG oD S0 @S 2117 | A 9, S G2t S SoAid P oS (9t
generally Fe71 g% path printing. CFITT dp TSI &Y T =1 S 5f (FNC 27 G618
(5T LTS, OTF ST path printing 36T A 1) T &S 06T, QT AN CFGE
qTFF T path print T 72& |

> @36 sequence (ATF 5 T Y7 CFECE A1 A AN ©12 subsequence. QI g 1 e wfea
order @3 AT TJ |

2 1¢q



RN



IR b
e

IT2FZ A6 A @I & @3 algorithm (T FK AN stl IRZ FACE (FC SAHF
(25 8 simple = | SR ST €3 HI#BE 4 @R (@€ TR O @R ©Itofe st
TR T | (FIC el JATS stl Y T TS 0 T 71 | G S WA @O @ Sl
S (@IT TR 97 (@I M3 & A0S 567 20 OIRTAR (ORI stl @7 (@Froef wite
A | IR (FATS (AT (F &7 Fr<itet o7 &t e AieF e et |

v.> Breadth First Search (BFS)

aft 95! &TF @ IR @O (traverse) A GFF | 0T 39 AT 5 (I 0 QN
T &P A0 | QI I FACS A O, G (T 7 (0P @ @A A6 AR
T GTRITH AT, G #17 OITAR (TP g g @ IS R ETIT AR GO T
SRR IS B AL AN | @R QFA FICRT CTRIT (O KR AR I T
T, ©I2 I3 (&1 edge T =7 2T T AT M (@ A7 21O already fiaz
S SR GTATCS A (I W0 712 | I (o= (G vertex At V 5T @R edge ATH
E 51 OIRC SN R Y0 Q@IS 7 #1190 O (V + E). e (OINel &lfS (e «
OFICRR @ A1o= 1 =1 TS edge @ (@ M2 N (ACF QN F23[ TR (53] FCH |
G e b1 @ AR

Listing .1 : bfs.cpp

1 |#include<vector>

2 |#include <queue>

3 |using namespace std;

4

5 |vector<int> adj[100]; // adj[a].push_back(b); for an edge from a to
b.

6 | int visited[100]; // O if not visited, 1 if visited

7

8 | // s is the starting vertex

9 | // n is the number of vertices (0 ... n — 1)

10 | void bfs(int s, int n)

11 [ {

12 for(int i = 0; i < n; i+t+t) vis[i] = 0;

13

14 queue<int> Q;

15 Q.push(s);

16 visited[s] = 1;

17

%




18 while (1Q.empty ())

19 {

20 int u = Q. front();
21 Q.pop();

22
23 for(int i = 0; i < adj[u].size(); i+t+)
24 if(visited[adj[u][i]] == 0)

25 {

26 int v = adj[u][i];

27 visited[v] = 1;

28 Q.push(v);

29 }

30 }

31 |}

v».] Depth First Search (DFS)

@ ST IR (@OICIR SICHRI TR | 93 2Mw(OTS AN T T SR P (G s & 6P A
T @S2 AR, TH T G AT (T @ (RIS @A €T S ATA | GRS
@ (TG (R (oIS PR @re 73 | Fifeca fi o sy edge e T@ @63t
AR | AT 39, €2 F1e061 758 fF26T recursive IR | ST GF6! (TS TR, (S
FIE 277 T (FIF G5! edge W @@ zeq | W fAm T4 @ ETITT =912 GoAfRea
IR P QT K = recursively 952 FE F9 1 G99 (@IC b.2 @ (T T | G0
ST At 1Y, G130 dfs T call T oo {68 (536 0= (AUTS AR @ @A
QI Q¥ (FTS BICSRT GTLIC SITe12 10 foretfaa | (e 713 (rdt T3 @& dFfs i call
FA cost FTF @ (SIS AT IC T state ARETST FACS 27) GITFHG A ATF
(5 I IS I TS T |

Listing v.2 : dfs.cpp

1 |#include <vector>

2 | using namespace std;

3

4 | vector<int> adj[100];

5 |int vis[100];

6

7 |// call it by dfs(s)

8 | // before calling , make vis[] all zero.

9 | void dfs(int at)

10 | {

11 if(vis[at]) return; // if previously visited.
12 vis[at] = 1;

13

14 for(int i = 0; i < vis[at].size(); i++)
15 dfs(vis[at][i]);

16 |}

«Z TR complexity ¢ TGO (V + E) 58 93 @3{6 51151 21 @re A& V 16 ==
I recursive call 20 ATt | oA1R WA compiler @3 default stack size T %
T IR A3 (FIC stack overflow ZTs #ita | @9 St 912 online judge wfete
Q% IS A A1 | 16 AW 131 =7 Wi WA 2[tR1%{" manually @2 recursive @3
IS stack G TLICT FACS A | stack IR F6 DFS @ (FT 77 @ (AAT I |

Listing v.3 : dfsStack.cpp

b



1 |#include<vector>
2 |#include<stack>
3 | using namespace std;
4
5 | vector<int> adj[100];
6 | int edge_id[100];
7 |int vis[100];
8
9 | // s is starting vertex
10 | // n is number of vertices
11 | void dfs(int s, int n)
12 | {
13 for(int i = 0; i < n; i++) edge_id[i] = vis[i] = 0;
14
15 stack<int> S;
16 S.push(s);
17 while (1)
18 {
19 int u = S.top();
20 S.pop();
21
22 while (edge_id[u] < adj[u].size())
23 {
24 // start looking into edges, from the place
we left
25 int v = adj[u][edge_id[u]];
26 edge_id[u]++; // update edge pointer to
check next time
27 if(vis[v] == 0) // if the vertex is not
already visited
28 {
29 vis[v] = 1;
30 S.push(u); // order of push
important for dfs
31 S.push(v); // first we will check v,
then we will come back to u
32 // note, stack is last in first out.
So v will be popped before u
33 break ;
34 }
35 }
36 }
37 1}

b9 DFS 8 BFS @3 f5g 7151

b.0.> 72 node €a vy

A T GF0 AT o 3 (8 MR I 2 @ S IHg (71 F9 | YR 900 A6
edge 17 I AT T GI0T JITHT TR QI | (@ F9¢d? 4o &g BFS e 33
LT AL T AR | (AT R (A2, BFS A7 (09 58 S99 (FIS (2T (@2 2102 )
O3B (T « A6 27 ©f 5 shortest path €T TSN = | TSR T4 ST (FI (FE
CATF B TG (1T @ TSI ST FECS 21 TG (I G GAG @I (AT ST
TR O (AF T (4 | TSR S @R 7R (C (AT WCZ Ot GH(6 (AT BFS
& SR ST O (T @ T Fag o0 [

>0



T 91 ST g @2 37131 DFS e ST S<ce 2[99 711 | 1=« DFS facy 31<-
7 shortest path @ ST W 1 A F9 A, B ¢ C o T | &teri6 (At o=
73f5 (T @ e T 1 G¥T A TS DFS & S0 WAl B (9 [ &F 91 C (S A
A T4, A (AT C' (© G 4T ANSHT (1T ST DFS FCR ¢2ICeT 73 «ieel Aifvw |

Q¥ W SINME @2 7315 (FITER TRl shortest path Bre &% F7ce ae1? path
printing G BICNTG 79 CFaz «fs 7 | Qi (@I (1T TRIF T o1 A4
QT (A GTTR | (@ BFS O3 (@ QIS (FIF g (AT S A3 o0 A0 (&I
(C (ATF QLT TR | OIRCFE A |

o5 ot @ 7if|

YA I GF(B TS T, COIIE 3 8 5 eTo1aa 72fo FIFt 4r7 I 8 Fibieaa a3 wif
©fS 2T (AR AT QN 4 BB AT S Fce AR 591 T vy 2 = oIk
eI SI2CE DFS 3032 FA0S #/1A0F | K AW 51 FACHCH I SO BIAAIGIT H? SR
(SIS BFS F90 T | @51 AT (21T (@ BT BFS ez 1<« 311 A1 g (Mo 3 a1 52
oI edge AT FR? ST BFS FCS (@ ST vertex T edge w91t @ qia=l {5 1
IR T EHCS R I ST (RIS S G (AT ST (PIAR (PR AT
“ifd | fFZBT DP 93 e o TS A1t | ST @2 =R GIBItE QF01 state S
represent FCS - GBIR I &1 | (I WA G AT 49 state F® 1A
oG ita o <ifq Fca ~Af Stz | o<1z ST 1-dimensional array ¢© visited 91
@Y @351 3-dimensional array ¢S visited TS A7 SF queue 5 GFH TFE
@ FonfG 7™ @@ structure T AT A (structure €@ queue). G©ITF BFS
FACAZ G2 FANATT AN ZCR AN |

O FACTF (1T FIR ST SR o7, ©F 2eT (Tt 51201 5% @2 state & 7-
2f6 1917 T represent TS #ATCAT SF ©IRET 2N 72 #I10q T R ¢ A ©icz | -
T 8 (AT & ~AfI1 A e Gfi gt #I1tad #{1fer #If = ¢o[t2 A7 | @2 optimization
@3 A (I run time @ (I TS 21 71 S& memory F &9 | (ST BI3CE
queue ¢S FSHD TFF 2 AT AT TS ICE 38 I 8 (ATH [ FIK IS FAC© A
SR ET2 A ST visited TR AN 22 125 7R IR T 0O SR
memory 3 17 | 43 GF6T &2 FICS #ICeT | TS @& computation 3 wIFR 1
T (TS ST queue (S 71 f&fo12 @Td (v 58 visited I memorization €3 &=y
TS N ST AT TSy ST (RIG visited matrix IE I |

UVa 10653

(OTITE G0 fAE (AT AR | (12 I COIR S ST S ¥ 1@< (A AR |
COTTE HATHE TN T TN BT CATRI IF © 0O (I | @51 Y7 ©feT T0L T AR
@ 18T @3 QTR0 EFe T GTFH0 (FIC | (O TR A=Y 2N (AR FAcSE Okt
Q0o &S O (F 1,2, . .. RC @1t W71 fed 58 @ (A0 e 203 i 3w (rees
(r, c) ©ItA represent 3 | S br.4 G T© Y26 matrix A< |

int dr[]
int dc[]

[l
-~
—_
. o
—_
=
-

int valid(int r, int c¢)

{
return r >= 0 & r < R && ¢ >=0 && ¢ < C;
// also may be check if (r, c) is empty.

~N NN R W N =

Soo


http://uva.onlinejudge.org/external/106/10653.html

8 // you may also check if the cell is visited by bfs.

9 |}

IR (1, ¢) (AF g @1 cell @ @TS AR GPREA (r + drli], ¢ + dcfi]) (i @9
Q> A 0 Tro 3 27@ vreTre) W U2 Tgd cell & STt valid 97 of &1=F &5 b4
@C G valid T call 6 e

UVa 10651

«@f5 gfil BFS 31 DFS @IeaT 6 W2 ST 400 #1003 | SR QT FEy I
peeble AT TR (1 F1F game configuration & e I EIHE o1 &7 |

081 cost YT ATF

QI (SINIE 96 weighted &% (3 2 T edge cost T 0 92T 1. W3 (F@ 4
(T (AT AFS (¢ @ TE shortest path (& F9F G0 7S &9 T BFS @9 7o
T AT QN I 0 T AT 51203 944 queue U7 &Fe add 91, 7 1 Ty @t
BI3TT queue U3 (*ITT | SITCAT 93 Tt add 40 1T @161 S queue AT 1, @3
It 7N 25 deque. STL @ deque 3¢ built-in Ti5T FIF6K SR | N4 (I AN
FAINF AN (A 7311 ATF@ deque @ FZF n G (AT @ IC AR m @F AN
TR TS {173 0 7 | A& (O AW AP dist @ SICE AT SR @2 H[2& B
2n I CFEICS AT |

».8 Single Source Shortest Path

Shortest Path &< 24, (1 @561 weighted graph @ @5 (T (TS AEF FIC
@ TR Y cost (T IR 2T | FAYTS ST Y2 €A Shortest Path &3-
@ (qed AfF 1 Single source shortest path @32 All pair shortest path. Single
source shortest path 2R @ SNET OF (T (ATF Y T (G @ T F(-
T cost (39 T3 F W7 All Pair Shortest Path &1t @ Swiwe &fSl (e @t
] HFE (€ @ I cost (I FACO | (SN S| ©ORCS A (@ I Single
Source Single Destination Shortest Path 3 SA8 «F61 5% &% 1 (FF? Fw
=, Single Source Shortest Path @3 LI €2 Single Destination @3 variation
1 v® F41 A SF ORIl & F9« &, Single Destination €7 variation 4=
AR T IS simpler W algorithm 21 (A3 F9 WIfS 58 simpler 3|
iy @I Single Source Shortest Path @3 Atel ool 4% | e, ST Single
Source Shortest Path @3 &«5 @A algorithm @43, Single Destination @3
Ty ©F (ATFs efficient algorithm SIPTCE SR &4 (12 | O 1, TACO! Y3 AMT-
=7 optimization FACS /1A {58 SPTET worst case @ €2 time complexity A3 |
@G FAT QAT TS [ #1018 TI71 (72, 057 algorithm @fer R 90T 92 F2AT e
AGCET ST 14 AT #A1FC SN (FF optimization Q3 FT IR, AT (@ @R @ Single
Destination €3 variation @ S Single Source Shortest Path @3 algorithm 3
(IR P

Single Source Shortest Path @3 &«5 %25 algorithm 33 @M 7% F41 =71
A «3 3159 A3 WK wiee (73 | <616 =4 Dijkstra's Algorithm® SI< Sita< s
2+ BellmanFord Algorithm.

SIS S T T TR 5! SIS S St S iae d | e fifoq aae fifon Twige saom,
(=I5 @y fEf&GI I8 20 TG | ST N0 2 WS S (533 TN | O (B 712 THg! 3
0T NO5B |

203


http://uva.onlinejudge.org/external/106/10651.html

v.8.> Dijkstra's Algorithm

A4 €3 algorithm 73T 41 23 AW A< edge €T cost TG (non-negative)
[ qF f[Jfeq ©iT implement F3ca IfSg time complexity “Te3 =7 | ST
O(n?) ez e 5[

o 2T UFB n MBS array (713, KT TS @3 91 dist (distance @7 FLFS Fol)
@32 937 AfSB element & 2FMG cost 721 ST ST 217 37 7@
AT @ 170000007000 IR FCA AT | WHF AN (TS (FS — 1 (F AI
R IS AN | G T A2 T 1 (& (I 1 (BT (712 SN eTeie
el

o (TRY ST Single Source Shortest Path STILF FCS(R, JoAIR SN FICT
GFT6 source AT A (AT AN I UF (1 (C AR | 4T (FR GT6 s 1
SR NG BATIF array (S s @ AT 0 PR @F T 24, s @ MR
COSt =27 0.

o SR8 GFBI n FIZCES array (3 T 1 421 < visited @3 ¥ AT g 0 @it
initialize 1

o GF I G2 4I\GT IF I FAC0 A | G2 4T ATH AR @ & @e
@3 visited @ 0 ITE, SIAA TR (ATF (@3 (FICES cost, dist array ¢S I I
It select I | <1 AF (12 (G 2 u. @< visited array ¢S u 3 e
1 070 (A2 | A1 ST (AR w (AT (I (FIT IS AR? 47, w (ATF v
(S TR &) 9315 edge ST T cost T c. SR (TR @6 (@I dist[v] A
distu] 4 ¢? S ST AT BIfoR @ v ¢ already @S ST AR GI6T ©FT
T ST T QAT w0 (S 9T @F N u— > v edge IR F( TR O G5!
SIFRCE | AW dist[u] +c TN RO dist[v] (F 92 A M update [ 1° @It
T OCF QG v G AL w9 A< edge (6F TG99 12 QO To5ve «f A
39 (1% visited T T (141 visited array (¢ AR 1 €T 91ET) TOTF ST
Q2 2T BIETICe AFA |

o ¥ ¥ dist ¥F array (S s (ACF T (FE 7 74y distance i (It AR |

QT SCAR GO K171 R BeTC 1 IR | 3R 2SI ST AR (AT AL FCA
(R AR SR @ TR u (F I | TR ST 0 I 0 A P16 34123 O (n?). @7
273 &fS « 9T TN N @3 AN TN edge et (6F F4R, 9T W =1 AfSH! edge
ETC 4 (&I 2 A (OF A | TR AN complexity 2T O (n? + m) 1 O(n?)
(FFm < n?).

Q¥ ST 9% complexity (3 B1EEER I O (m logm) T4 AR 1 (AT ¢
@ SR GG L7 o BIfTE @I unvisited (TS RSN (6T (@9 SRR O T
FCR SN 5120 STL @3 priority queue JRZE F40© A1fH | T FCo T ©f 4, €I
structure €3 priority queue JFITS (A | €T 7K I &9 (T G cost AATEH
T (T ©LE (P12 (FIGCF cost A2 priority queue ¢S < (3 fte 201 | 99 &feq™
TSI cost @3 (T 31718 T4 3= priority queue (AT NI cost @3 strcut @
object T (4TS T ETAITH @ (e =tz (161 i visited 54111 I visited 2@ AtE
SIZCE OB AT N IS SR TEFIE (712 | (I F4 SN @2 method @ 58 @36 (e
QAR 2 F2% | S 403 0 2N1f3 &fS edge @ &y GFAK F0 1 2 @ A1

>update 4! WA 27 ~Af7S T4, I O W= e “IfFaes w41
R (AT 3, SACAR &7 o7 26 (AT (T2 @2 edge Tca e ¥ SIwd update T 1 JOAR SR
&% directed 3 undirected AR @< 7 (I CIROIE F& FACA2 @32 algorithm F& FA |

So



I (1T | AR 1 A 7 =W m ABCEE heap T priority queue ¢, TR SR
complexity O(mlogm).

T NI MR 2ItR =eT S J3CS AR @ N WS optimization €3
ST SR | ST AW priority queue (S A IR 2 T FCE R 24 FT (€ @9
oSt TITTH FATS ARSI G120 [5G complexity FT QTS | SR (SIS I <=8
efficient T ATeH 27 S ST heap IR 0o AE T8 AT IS AHF
(T FACS 2 A0 AN AZCE VTS (TF heap IR 11

AT STL @3 set T ST SR TS N0 FICS (AT priority queue JJIZF
(A set IR FACE (S complexity SHe FACS AN FI set @ HIRE remove FT
T, SRR ST SR complexity O (m logn) ¢ TN @Fercs #11f | [5G To151
e, set @3 internal algorithm SCa<F S0 WIS definitely IFCS (105 I8 T,
priority queue SITE GF6T heap SF set S™TCe @361 red black tree. Red black
tree U3 internal structure SICa% FNCHH KU G T (BTG 7 AT
@3 complexity O(logn) ®(=Te set @ constant Factor SI37CsT ¥ 1 ez (I
©T9 IR (AT T, priority queue, set €3 (At dijkstra algorithm @ ©& perform
TR | OF I FLS (ST ¥ dense &TF G TR 28 SR m ~ n? SR priority
queue ¥ 9T FCJ set IR FAC ©fe performance R

QY SN i FNCSRI2 AT 2I19% (& 93 algorithm eI g<F edge cost «F (@
PG FACA I | 4GS edge cost AP IC 7751 286 Q3 algorithm SR S AT
FACS AFCE GF TN (AT T visited (T @€ cost FNE TGN €2 algorithm @
visited (TS (F M2 17 2T S =1 | FiW S 9 19 207 Fror o &AT0F negative
cycle 1 91%S ©IZ(eT €2 algorithm 2 negative edge cost «'8 FIE IS O (T (@
SITAR complexity STRTET Y7 GR0T SfeT 7 1, SN e WFoe a1 complexity F©
2, Wi & O (m2logm?) &7 e f6g (3| O3 oIt (@ negative edge cost STl
21T shortest path (@ T 7S ©F (&0 AT ©I | I SR 731 oI = Al
VB T B O W WA = AWE GO g AT 70 FA00 FARe |

v.8.2 BellmanFord Algorithm

«fte single source shortest path (33 419 @3 algorithm @3z «@ft dijkstra @
ST SIS RS G Al gF edge cost @ Gt F1e 02 | O St dijkstra f#<-
&N (2 I @9 complexity O (mn) A dijkstra G QeI S~ @11 IM e
negative cycle 8 AT OIZCH W2 algorithm ©I JATS 71T | negative cycle T& ATHF
@ @5 cycle @A edge cost @ sum AeTGF TF | TR T AFBT (T (ATF S
T2 fafeq edge 2@ SR &34 (I @ (= SR &K (FATS (1T (T (SINF edge cost
@3 sum AONGR A COICR | GG (e TR FIF JIATS ~RR (OI? FIF 21, negative
cycle @ g G @6 @I @ G AW @TS AN S0 (12 (I @ (=3 25 G
&8 negative cyclewww@wm|m@wmaa minimum
cost SIFTCET undefined 3T negative infinity I GFFN SRS [F%2 JECS AT | S
2ATFTNR TR (@I COTITF IS I (FI (FI (T GFF% negative cycle @ =g
I ST (T (ATF (I (&FI (T @ IS I I negative cycle @ TR | @91 CFGa
ST BellmanFord algorithm 3927 F4ce 71K | (A& 959, negative cycle @ 2=t
T2 ©3F (G (ACF negative infinity cost @ ¢z =

@3 algorithm ¢& 736 S0 o 11 F1¥ |

S I ST shortest path (39 F99 | AATS NS AF (6 1 ARG dist @9
7 A0S 23 T4 76T element 3 infinity (94 source T(F 0. Q4 INHR OS5
FIE 1, A FACS (A | FIG(G T, A edge OTF TS [0S T, 441 F 3 edge T a
(ATF b (S IO cost 24 ¢ (IW &G bidirectional T& wizte o=y fAta edge 518

509



I St consider FACS A) | Q¥ (SIVITH (MLTS Z(J, dist[b] IC A dist[a] + ¢
T | (12 SPANE S2ITTH TS (A | G2 <1#(5T n I BIEAIETR (SINTHA shortest path @
MR | (A 4, SR B0 71 BlAfbR 1 IR 7 fowtad edge 3 7 5e1ce m IR
SR AT complexity a O (mn). COTNET BIRCT QT GBI ©I+T optimization
T AT @R @fb &A1 FICS &A1Co! [ROT I3 T4 mincost maxflow ¢ SR T4
bellman-ford 929 %3 AfF° | optimization Bt &, ST T4 W2 n 9 o
footad edge WA L7l (FIF edge (FIF SI#TEE TG AL, SIF(E 1 @ 71 (F break I
AT | B ATI O (B 0 R (@I S#ACTE A A | S A0 FIErs Ao -
@, @612, bellman Ford SieT= wiitsf edge @TeTK order §f¥ randomize 3 (P |
QTS ARl 2o (¢ T bellman ford @3 & TR case IS, QW edge @ order
AR FR 1A G161 R A |

Q2 TSR L SN 1 | ol S S (]9 F99 AICF negative cycle Wt
el 1 BT 1R &l A1 A0S 2 S 28, SR ST . 97 T G3 Foe=a o1l =iieas-
IR BIETTS T | W (T4 @3 1+ 1 OF I A[KE (FI edge 74T (1€ €T cost STes
T TR ©IRCE12 FAR @ COINF AF negative cycle SR |

v.¢ All pairshortest path 3 Floyd Warshall Algorithm

witrd dijkstra algorithm @3 complexity f&s1 O(m logn) @7 e | i@l T 79
% (A2 dijkstra BlETeN ©Z all pair shortest path @@ FCS 79 A+ &
O(nmlogn) @7 e | I &% BT Y7 9F51 dense TN (m ~ n?) ©IRe n I dijkstra
BTN ©IeT | Afey FA IACS (@A Floyd warchall BEITS 20 GTATT 19 914 dijkstra
BITITETR 20 TR 2T | SR =T Floyd warshall féi=ia @7 @3 @wia F1 27 @3
(@G Y[2 (RG 8 7G| TG A6 T2 N @12, A1 #A12w= N foafs For-loop | @fb e
AT Y TS | TR ST algorithm BT (7t (723

1 | for(k = 1; k <= n; k++)

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

3 for(j = 15 j <= n; j++)

4 if(wli]l[j] > wlillk] + wlk][j])

5 wlillj] = wl[ill[k] + w[k][]j];

Y (A TS T @, AT & 97 T 3 97 7 K . QR (RG2S [ a1 0%
SITS! JRITS 7RR? (AT R @, 7 (ATF j (O TR cost 3 & 20T AR cost (ATF O
AR | G 7= S O cost T S#Tes S (9 | (O TR QS O @ w &
array (S & SII(g SIWa &+ 99fg, €2 array @7 initial 71 20 infinity. @3 2= a0
COTIR &TCF 1 BCS j ST WA (T edge AF SR O cost T wi][j] @3 1 T
@If¥F edge AMF SIZCa F4fy B 03 1| T &T<F Bt undirected T S @3 A
w(j][i] co8 @18 T faca fca |

Q¥ 2% 25 99 complexity F9? Y32 =& O (n?).

I8 GHfG &% 7o, HergS edge cost ¢ Floyd warshall & e $2¢3? &1 F94 |
B S 1, ATCF (@ (@ (71 M negative cycle I S (@7 T AMI | G SFCO
e w(i][i] @ 0931 97 #7 Floyd warshall 5T 2% 3 (72 @ @1 936 wli] [i] @
negative ¥ 43 T = @ (¢ e @6 negative cycle itz

ST SR 4T FfoIfe S e g Fea 912! =ify mincost maxflow ¢S negative cost @3 edge
@7 &« dijkstra Tz 32491

S08



v.» Dijkstra, BellmanFord, Floyd Warshall &= {52

Dijkstra = 36 @1 STCeT A4y T 6% (712 | GfSy S S1R060a S cost @ A
T G vertex (F visited T IF (ARG (SWIF edge cost THGSF (TR A7
visited (FI (FITT TP S F A QN QTS AR |

BellmanFord « fostz= 71 « & Fafz Sive! Fa1 A, @61 I AR 1 (761 21 (&
@12 B n I FACE T shortest A1 AN (AT 4, QN I s 2C© shortest
path (33 TS bl'e 4 ST iz &fsfs s efft n «3 (2t F% edge fea ¢ofml-
(S 210 | Q2 foota™ o+ fmex 158 SIIs= 2 31t 512 FafR | AW 3t 61 A 97
BIEICAR. (o1 ] (I3 T ST &b | 1, ©2te 8 edge @ order Bt 3@ important.
I (F8 B O (7 edge ¥ order I T TS AT @ GFIF A YL N7
SR shortest path (&3 T(F M, TR (&6 IM 5 SR 1 J92 GICS AR | >

Floyd warshall (&= #f5< @51 T GG T | O T (T5T TS 204 (3161 2T
QT <71 B J3CF (2?7 QTR k @3 72t Bellman Ford @3 3037 7 @3 T© SIRTA
@ 1| foor@ 3% o1 n I TH9 @3 Ty 7, 93 SrerT T § 0O (S IR T
W MCa A1eTT =7 SR G151 ©Of 27 BT WBT 3T 1 SRS ©ie 951 Ie10o, A foetzm
9 k 9 G0 @ W F(S, i 00 j ARG 1,2, . . . k AT (o1t A0600 T T cost @
ST IR BT w]i][j] ¢S AP | TSR ST I 7 #14@ 7 BIT SIRC S shortest
path ¢ T

».q Articulation vertex T Articulation edge

@5 undirected &IF @ W @I @I (& YR @ A6 disconnected =0 I
©IZCe ©it articulation vertex a1 1 %3 Ol IW (&1 edge (& (T FEICET ATFHT
disconnected 2@ I ©IgGE Ot articulation edge 3T articulation bridge |
DFS 929 9¢3 Y9 7208 articulation vertex 31 edge ({9 F¢4 el A | DFS @3
@351 powerful &M =& @fb | G5 TR & AR ST (&0 I AI6T 20O
293 dfsStartTime, dfsEndTime @42 low. Articulation vertex 9T edge (I F<C©
QTR AT (F MESIR ©f 7Y, 68 TR TR IR SR (@SB SbeT 0TS AL
@ (TS N1 | 09 = InFormatics Olympia TS Q40T SIS 20N (Rl
TR | TSV WA #I7d 2006 AR 101 @ 977N Q{6 20T 12w | 12 (21, dfsStartTime
8 dfsEndTime ¥d2 312% f&ifed | ¥ dfsTime J0eT @61 variable AT TF initial
W2 0. 93 #F ot dfs 1 7 74 (@9 G061 g+ unvisited @ITE ST
©¥=z dfsStartTime @ dfsTime G TSIV A (1B FAE S (I (108 754 child
@3 visit (7T T (71eT @72 time B dFsEndTime @ SIF 03 A4 | AR &S g
vertex (I visit K 7NF dfsTime (F OF I O | QT (357 dfsStartTime =9
dfsEndTime. low O3 &ibet f&fedt | SIS=T ¢t Eif dfs =T 2ATF GF51 tree €3 T©
FE M | WG (@I (ITed W unvisited adjacent vertex TF SIRCA ST G167
visit 33 (N5 TfR) == 3f &= unvisited adjacent vertex = AT ©IZCH (F9© T2
(parent @ (F® A1) | AW (12 (G (ATF (& visited (I @ ST T ©f TT*T2 97
ancestor %3 T4 @ (T (ATF root € path €7 WAZ A (5@ T MR) LT
O subtree (S A | AW (FI (T (ACF ©F ancestor & IS T S (72 edge
(& 94T back edge 3feT 1 low[u] T u (€ I u @3 subtree (S AT @CLTE AT
I BTE (root O3 FITRA) @2 (7T « e T O index.

SR 1 — 1 A9 AR R | (1 T QISR SR ST A7 72 09 0T A |
e SIS (@ FEFAR A2 G SO, AR A k 93 7 foota fen Aeery sire 433 (of 321! &g
OF FAI

pel(e



low[u] (&9 19 &7 T FACO Z0 ©f T8 KIS v 26T U O adjacent (FI< vertex.
T v 3SR visited 20 T ©IRCA R v (A U @F parent A1 parent =t (ancestor) |
I ancestor ¥ ©IxE ©FF dfsStartTime Wt low[u] & update IS | IR
qf%f parent T S QG ToF 20O F(J | parent (AF @2 edge Wea <& u
qIR T @12 edge T BT SIZCH ST (FIF g F99 1, 9K AW «bf fox edge =1
OIRE WC9F T© update FCe (A | IM AW &ATF multi edge AT 9 = OIRE
SR BT R SIRE g (21 94 I SR v (TeBT el (It visited 77 &3
©IZCA ©F dfs F90S ZE recursively @32 low[v] At low[u] & update TS A |
QAT update 1 T 26 minimum value 5T @2 411 @2 low([] S5 58 @1 @55
T @ dfsStartTime, SNTWH @3 time TS T T(J ©©3 (A3 (G root €3 FIZFIE
A

Q¥ IR I ARSI value (&9 91 20 (TR | 92 value T (AT Sl F#10e
279 (FI9 (0T articulation vertex ¥ (FW (FI=0! articulation edge | (I v,
articulation vertex 2@ . I «fb root =@ WAz U7 WFIfE child ATF =1AT 2. @b
root &Y Az low[u] > df sStartTime[u] T | QL7 S F COMET GG B FCE2
AT (T @ 9206 condition T GG ey ZCeT (1R (e articulation vertex &I
31 (@19 (1@ articulation vertex 2 (4 ¥ 13 condition @3 936 7oy F(J |

I To{taa condition MRBT ICA AT SIRC S i u — v edge F articulation
edge T ©I'¢ (FF I (FCS A | condition BT 2, u W v «@F parent T ST
low[v] > dfsStartTime[u] S TR | (AT FH, (17 back edge fFg=F4a2 articulation
edge (S 7RI 1 | oA ANTWE ©Y dfs tree ¥ edge &feT check T2 TJ |

b».b-  Euler path @32 euler cycle

ST 2120 @y undirected graph T3 ©7J 1 Euler path * 28 @ @ &1CF TW
@3B vertex (TS A1@l &F 03 2feb edge, exactly @33R I ICE (W G vertex
« I @ (17 1 I I OICE euler path I0a | N I &F 8 (*ITTF vertex aF2
ORIt euler cycle AT euler circuit I | (FW GF 0 &ICF euler path 3 cycle
ST 541 Sf (77 F41 472 LG | 2T *[$ T &ATF (& connected TE TR | 947 Jf 71
@feT (T 4T degree (T T ST &A% @ euler cycle STE (euler cycle AFT TG
8 euler path @ 23, g TT=HI51 3oy 77) | 7 I U2 AT T S 12/6 (T odd
degree ST 7 ©IRrAS ATFHITS euler path AR O GITHE AN T2 @
725 (T W3 @I OF (AT Il 6 FACS A | A7 K FIA 29, 6 A (<107
(T 17 A 71 (I O (7@ S 5@ 9T T (9 200 = TR A edge
@feT (FTI (ST ATF I IACS AN MR 7 vertex efe degree (A (TG | @4 %
cycle 2T ST @AM (ACF P FCAMR ETAIHS (I FCAR TR (13 (F1E «F degree
@ (T T1 | 58 I GBT cycle 71 I path = IR ML ¥F I (*1F vertex I&mT
G32 I degree X(J [{ACSTG | GBI (S ST &N FFe7W @ euler path 3T cyle ZeT
GIFY property AHCA | {F§ G9FW property A2 @ euler path 3t cycle TF ©f
5 & 14 12 | G151 &1 Fte 5@ Y @61 T 11 cowat induction =
YT G2 AN TS “FJ |

QLT (FC FCF (@0 SN euler path Jf cycle (@ IO ARR? B8 {F AW,
dfs 93 T© gfF @ @G vertex (AT A1@l &P 39 | ©F QT SN vertex @3
Ty (I visited AR I, AP edge G &Y | (XM (AT (TN @61 edge Fg TR
e @F @M (A2 visit T IR QT @ 90 vertex @ ST WIS @R
@ @37 (ATF ({9 28T &IV &9 edge @278 visited =7 77, IW @7 &I edge IfF

SEuler @3 WIS IR

S0y



2T SIE GI6T TR (9 20 TR @32 917 To2 GACo AF | =19 T (A @2 vertex
G R TN A< edge 3 visited T (7102 OIRCAT @3 vertex (& print I (M | CATET
T4 Q3 AT @ 58 96! vertex fF8 CF A1 visit TS A |

OI[ L TS directed &TF @ @ SN euler path 3T cycle (&3 F4Co AN |
ST S @3 paragraph fer@ St @2 &t @31 e 23 712 A1 20 WA @2
oI S @3 internet (T5 Y06 AT WL ©ize directed & @3 euler path 3
cycle @R 371 &R 297 undirected &TF 7 TS | SN (@ IF0! (G (AT SF
99, 99 outgoing (& edge W (IF 27 T (FIF I (&9 outgoing edge JifF
T | T I 20 AR T print I 77 @32 0o (T @ 77 T9, O wieew
dfs @ o | SN S TS R @ SR euler path AT cycle @< 5 Ta1e51 order
o 2CACR! A6 f&f, ©Ize path print S99 @it &f$fb (e @9 outdegree WK
indegree ©3g (4 fte 207 | 2fefb (71® T indegree S outdegree W TS 21
@99 @Ff6 (1T 93 indegree, outdegree e OF @ TS AE U2 GF(G (IC @
outdegree, indegree \3 (ATF GF (Jf*I ZCS 1A | O O I path @3 <1¥
8 &% 24 | 558 7919 I in K out degree AN 2T SR @RI (G (ATF &F I
AT (S ST FCE | OCF S9E 792 connected 7707 B 4FAR (A fee =31
CATST AT RF (@, ¥R (0 (ATF (T A SR INSAT IR NG IS (H1C & (9 A]
SN CATH ST AT |

b.> boEGHE 76 (Topological sort)

@3B directed AT (CLRTF OTF ST TCRF FACS A @, IW u (ATF v (S @
directed edge AT SR AT SHIRCS u, v @ AT AP | BT T 7B 747 @
&t @1 directed cycle AFE 1 cycle AFTH (OF @ cycle €7 (G SfETTF QN @
SIA2 I G TS AR TSR A1 AT @2 SN i 929 $ (@i directed
&ITF cycle SR fF91 ©I€ ({7 I (FECS 271 |

N1 2 ©Itd topological sort 39S M1 | 936 21 BFS ez sica=st DFS ez
NE FIC2 BFS Mt QwIers 72e W07 27, 9=%s QI stack overflow fea st
qITe 2 411 5§ DFS Q0 e Oitd (R0 'R ACF 3-2 T | 2T @4l IF
ST BFS M (e 114 F4ce 17 |

2T ATAE @I indegree O SR T @A &fSB (1@ «@F indegree for<t
FCI | GI1F @B queue (S GPTR (TG AT 7R AWE indegree ) | 431K queue
CATF TR AT (I QoI AT | GFB] IR (IS QLA ™K ©IF (AT (@19 edge (@ 2
(o102 SITAR (AT (AT 7 21684 (TT® @ indegree I g | I oIy &iite indegree
[} 203 T IR SItE queue (S BF0a 7 | qoITa o754 1 queue 11 203 T ©-
=9 a0 AT | queue (S (WG (T3 order @ GIHCZ (1613 5§ topological sort €3
TR | ST @F0! &, T queue FIFT TR TR RS (A (@ (FI (¢ @3 indegree
QNS ¥[7] T W2 ©IF Wt AT cycle =itr | @fb 5§ 332 intuitive @67 Syfeeaiifa-
W | (4 T FACR O Y3 &2 AT AR |

G =T AF DFS Wt (0 @B AN F1 IR 1| 41 IS T 6 ANAF @S0
@3 9B I, SF visited SITEHH SHICT TF initial T 0. 94T ST ATF At &fofs
(T (MR I AWM (12 (1T @3 visited @ M9 28 2 1 T AF ©IZ(E O DFS F1
T4 | DFS U3 2972 S q F9< OIFE @3 visited @3 T 1 FCF WA | @F 7 @4
(S @2 @2 directed edge (73 TRCR ©IW (AT | AW S 2R (1€ visited @I T
1 TR ACF 93 T T ST 967 cycle ¢ o1z o1 (1@ ¢fe1a &= topological
order (721 3 visited G W 2 T IR AN IR 5 (72 1 =7 AW 0 22 SI=ce
T @ (T T T DFS o7 3979 | AT AfSfB (T @3 &y AR (1 20t S
(T2 (C @3 visited (& 2 I (K QIR OIGF T’ (S FfF A7 €32 DFS (ATF return

019



FIQ | GO A (C AT &5 DFS <19 T (5ITeT S0 7' ¢ topological sort TG
G AT |

vr.>0 Strongly Connected Component (SCC)

@3B directed 2TF II9 GFB (T « (ATF v (8 ST I G2 GF3 HL v &TF u
IS @ ST AW TIF AT 71 @ 936 (16 @3 SCC (S SR | AT I WY,
M o I v @2 SCC (S ATF TF v T w 8 9F2 SCC (S AT O v A w 8
@33 SCC (S AFE FF QN w (ATF v (S @TS AT A v @&TF u (S @TS A,
QP2 OIT u (ATFS v A G w (S @TS AN | TSR v K w 938 SCC (91 9FG
o1 FA0aT W@ @ 9T T NS QW <& &TFCE S Siefet SCC (0 SIS Al
TE @ (&FF G0 @ @ @6 G2 (FIT @ @I SCC 9T X | @ <3, M0
SN edge BT RS (u, v), (v, w), (w, u) SIRCT QT (& @ GF6 SCC: u, v, w.
SR <1 AN edge @1 ZeT8 (u, v), (w, v) O 68 foafs SCC: u, v, w. AR
(u,v), (v,u), (w,u), (w,v) “Q'CFU{I?{%SCC: U, vV, W.

@ ST SCC (Fa 1 Sreeanfims %91 97 &=y 126 I+ ebfere wferesii-
faww =itz | @5 2o Kosaraju's algoritm (2-dfs SIpeTeslifems) Sca<s6! 21 Tarjan's
algorithm. SIfSy SITCeT @y 2ANBIR S | AT 521 91 3411 972, 6@ SE F10" N0 At
(X FBH T T QIR JANS QP 3854 N« 22 | AATH G0 visited G SICE TS QIR
9 (I (F unvisited FCI WIS | AT OTF GF (G &feT (5F F4, IW &9 unvisited
(T {1 Iz o &= dfs o7 54| dfs 7 fowta 31 F941 ©IzeT, @ (1 (& visited
303 T o @ (e (At I @I unvisited (FTC @ FeT 7 ©IRET ©IF dfs 61 F241 |
adjacent AJ (1 visited T (T dfs (ACF return FAR ¢ AF6! 1057 1T (<=0
T O T L) @ (T 21 FC TRV | SR 7 (IS visited 207 (o101 (58 wmiers @
L o705 9190 (T 1T | 1K (51 S0 T OIZE & AT 914 edge (& G061 I e
(R (SIPTCE G wwres w36 adjacency list I T @256t 55 fess SITa<e6T Se1051
) | SN @2 (T @3 o5 L I et $hitee Bttt F40e T | IR SN e
G5! DFS F99 | SINITAR SRIK A (G (F unvisited 363 TS 231 @49 941 L @9
SR TS (ATF QFBT QF61 FCF (1€ 77 @3 (37 W visited 71 2R ACF ©F &= dfs
T 9 | (AT @C2l, 933 dfs @ 58 S THAGT &1 IF 4= 1 93 dfs @ 797
@2 (@ (TS visited (A SR @57 SCC *. GOIGF ANT 7 SCC (T |

«% 93 fo7ete ft =it Tarjjan @9 SCC SN (e | 4 @61 Siow T | @3
SpETCe favsoT fgBT Articulation Bridge 3t Vertex (33 919 N© | O W07 4TS T
OIS directed &% fNGR F1E F4% | AN o &b (T visited T 26T 213
e 2feda @t @I+ unvisited @ [t O &5 dfs 61 $99 | dfs O ¥FCS
I ©IF startTime 19 low (& IS time A W WK STEE ¢ time @ T
OF AT (A | (T3 Y €3 (FISTF QFT stack @ 2% 39K | G G2 (FIE (AT @A
R IS T OIAd I AT | T S1947 (e SITe (TSR visited 23 OIR0E SIsEl
TSI (1T @3 low (F 8917 (T GF startTime W S#tes F9< (minimum f73) ==
M unvisited T OIZE ©F &5 dfs T F99 | GSICF 79 neighbor ¢ &= 4TI
I A AR (TS T (@ O low @3 T startTime @ T AN &=, Srfie
SN ©lF neighbor WA O (ATFe AR & (@€ @ @S A7 511 W @ 7
(low @3 T startTime U3 (ATF'S ) OIRCT G N 7 S (72| =K IW AN
o, SIZCE SNWA stack (TF (TG o2 AFF T F1 ST TSI (IS AL | @3
I (\reefe =& @G SCC.

> (oI 5120 dfs @3 T & @36 number e fAts it @ @Bt =7 SCC @3 TIF1K @Bt e visited
(& W F409, 91 51T W61 75 @ parameter « ez s =it @+ visited (e @fe @ 75 @ e = |
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r.dd 2-satisfiability (2-sat)

(aorb)and (!b orc) and (la or !c) €2 equation €T GFB AN IS #Itq3a=1,b =
0, ¢ = 0. I SIS TN (FI ANY 7' AFCS #I1tF, @93 (a or b) and (a or !b) and
('a or b) and (!a or !b). Formally 51T ¢5iteT g, b, ¢ @&TISE variable &1 =7 9K
72 33 variable I SIA not T or I @ ©F @6 pair I 27 ©Iwd clause
0 | S et clause @3 and F7F I8 equation 3t statement T 41 = | AR
=% &, variable @fFT® GX= W1 assign 41 T 1 (@ SIe statement 51w
| @CRY 2ATorR0! clause @ 136 IR term AT GTEy UTF 2-sat SN &1 & |
COIITAE S &= T 1R 3-sat e[eeTy T NP 9 g (WBIeii Siess e
«fvrs e FCa 3-sat @ FTSI6 4 AR |

I JAE statement @ n 5 variable 2T SIZE ANAE G0 20 (C @
directed &% TS 23 | x M M @0 variable AT SIZCET x G & AF6! (G
SCHO! IX 97 & | G4 L& TF (Ix or y) =T GF16 clause, SR AT SIS 72 ©ICF
forte SAifdis o — y W ly —lz. > A (X or y) & GSIE i interpret FACS AT
W Ix 12y = OIRGE y oy 20, AT W y A7 27 O Ix 7o) T(J | ] Gt AT
directed edge fAta &M 349 | (IX or y) ¥ CFC@ SN edge (A x (ATF y 9 e
q ly (AGF Ix 9F eF | TSI I00s M x oy T OIRCH v 8 ey I, i AW ly
T T OIR(A X @ M6J (A | QL AT QOICF 250! clause G &=y 121G B3 edge
1 919 edge ST CITT NS TS T @, X A Ix (QATTT X T @CFIAT variable,
e cormieE n G variable @3 &7 (5 T (TS ZA 1) O &7 X (ATF IX @ S Ix
(AT x G ML path ST 41 | A AT ©IRCS SR 2-sat AL F1 A 1
I AW G (P variable YT& AT 1 AR OIS AL <1 AMCI | S0 927 (e
(TF QTF S e e AR 1 (@ 720& ([@@ Faco Af? SCC! I wima
&TCE SCC (S SR 21t (Af X 8 Ix qP3 component & #H OIREE A AT 82T
W SN A, SR A =T AT

Q¥ FA[ 2T qH2 component & AT TSI $82 (AT F9, AN FIHE X (ATF y
@ ST AR GF T WTSICF, X 7S) 2 y 7o B(A | OIRCA A X (ACF X @ {12 A O
T WIGTTR X 7] ZCET X 70 24 | iR X (& S=(73 1271 200 20 | QBT A7 71 1 573157
(A W @2 AN Ix (AFS X @ 212 AF | SR X (F T2 7S] TS A | X (TG
@3 AT oy SR AT Z0® AR 7 ERG AR 2-sat @8 TN A |

T 2 SN (TF FIA (FACH 2-sat AN 51 ©F ({7 S0 I | AL (-
0 (@ A I? @ TAR T, ©fF scc @9 &Toie component (F contract (-
o) T @B (T IS | ¥ ARIES & s7*72 WS DAG T (DAG = Directed
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