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nImTY P¥nY nn) Li=0 YN DX LK NNDNN DR DY N7 07NN ,N010N VXN TWUXD
197) N7202 X; DIPN INWT'R k NNONT7 D'RNN DY¥2190 (IWXR 1'0 — 7100V7 NMIWRY AR
0T DIP'M7 011" VINXRNIL(NTAY X'N N2 NLV'WN

Xz WUTN YZX'YI0I9 DIPNn RXAN Y2190 ,0TI VITIVO\LINYX ™V 019N N710] NT DIZ'M TWRD
n7w' (T.N) k NNON7 90N NYD TWKRD NYNI97 NBOI NN YXANN nwyn? N7 1¥na
X72197 2 'on AR L1 T Li=1 nanwnn

X3 7 VMNIRN NX 0'1DN7 NOINW NO0I1 MR YXIAN ,019N X; WTNN XNN DX DAY ,|amMd
LORID PI =2 YD WND

7T1an v 1'n (D'vaTIvO 1000 ,XNAITA — n) *IXN'OPNN D'VINRN 1ODONY DWTI' IRY |I1'D
JYna 9 INYY) X DIpn R¥NN INYMN QY190 NIRTIA TR L,(1500 n'n'w nyapw) vnn
.(wnn 712) m-1 7w 0 n 77210 D'MIYWORN D'-X N 19010 NN2NAW NIT 7211 770 91Nl

NIX NO2N NIXTIA N'¥A9NY P27 ART? 02N NN ,h 71270 NY2A19 IR D121 TWRD D7 'K
NL'YY 727V NS 7Y D'YINTM NRIIYI JUNNA D7 1IN L0720 0'uann nimipnn ‘D
.NIMoN jIymn

-N01ON NNAIT

2V 7 17TMn DR NIWYY DN X ,m 17T N71IY9 NNNYIN 21N N9 LIT XNaim
(n0107 |I'0an 'on 1'0 i — DM2IT IX TWKD) Li+NNOAN 7Y NXT NYIY X'D,NNONN

h(k,1)
return (k+i)%m ;
(NI N7 212 NIYRAI9 (WA D1 IR L,N0IYD 212 NI NIT)
.m=10 7ynn 771a ,XNAITA

(™7 78nwn) 0'xAN NINNDAN NA'YA NIXK 0'D07 WM

57,12,37,19,17,62,53
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.7 DIpP'N DX YTAN h Y190 N721vow 0,57 10 IWXRIN NNonn

(57+0)% 10=7
.2 DIpMN DX TNN h %2190 N71vow 13,12 11'0 awn NNonn
019N XINW ,7 DIMN DX VTN 2IWRIN N0NN [I'01IW 1D ,37 12'D 'w'7wn NNonn
.8 IN2N DIP'MN DX V'TNN D190 NWD . i=1 DY ND0I AR V¥ IR DT NNl

(37+1)%10 =8

NN DI
NI01dNN 75 IK NRN1 NRAN N7202

VU¥27 X781 ,)0VN2 019N DInY DD DYNAI9N ATNNY axn 7y yravn ,n7a01 = In'on
.N'¥71197 ND0N NIRRT}

0| 1| 2| 3| 4| 5| 6 7/ 8 9 «— TIYR2 2VPTIN | wen
57 h(57,0) =57%10 =7
12 57 h(12,0) = 12%10 = 2
12 57 | 37 h(37,0) & h(37,1) = (37+1)%10 =8
12 57 | 37 | 19 | h(19,0) =9
17 12 57 | 37119 | h (17,002 h(17,1)=8 2 h(17,2)=9 >
h(17,3) = (17 + 3)%10 =0
17 12 | 62 57|37 (19| h(62,0)=2=> h(62,1) =3
17 12 | 62 | 53 57 | 37 | 19 | h(563,0) =3 = h(53,1) =4

2 X)W L0 7Y 19102 7)) DI

117 1216253 | | 57(37|19]

X'70 91X NO1dNN N'Y¥IID Win'n

IR
.k N01d07 TN Nnonn Nx1LT (N7200) 'WRIN WNn DR D72 DY190

N'¥7190 7w ATNNN 1AW 2x¥nY? TV while NX7172 (h) 72090 D197 Xpn no1dNN N9
.n7202 M9 oM Nv

12
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i (rh

Hash_insert(T,k)

{
int i € 0; // puxajpron
int x;
while (i != m) // 7oynn 7Tian |up NO1dNN NNI'OY 190N TIY 7D
{
x = h(k,1);
if (T[x] == empty)
T[x] € k;
return;
}
i++;
}
throw "ERROR, overflow";
}

7w 2xn7 vy ,0'0Mm7xN 190107 NNW\7ITa 'R 7200 7TIAW )07 12AKT X7 DX, TIRA 101 19D
7 NHY N i N01DNN NIRIFG'Y 190N TWKRD NNIT' AT XN L[OORNNY [2'N LININT? 'K 12 ,NY'7A
.m

vio'n

21700 7y 1aY7 nwyn? Y9N 07202 INR W YID'N YXA7 NXN] TWKRD ,NIN9N [IV'N NU'YA
NINTZ2 YIN'Y MY D DA IY9NY7 10X - 11'NT .0'WONNA 1IRY LINIX INIK 7¢ MYONN NO0DNN
.D'UONN NXY VINZRN AYI' DX 1AW DIZ'AN A h 7w TN WK TV i [1R'0 DY h n'¥219%

NN ORIN LD X7'RY Yna DY X7 D'WUONN 1R 0INTRAY 2'0NYT 711,71 RNY7 Va1 DX
DN DTENA DN 0121'YW 120 |'NI LN DIN INIRYT 010'07 1N

i (rh

Hash_search(T, k)

{
int i=0;
int x = h(k,i); //DX7170 'KAN7 IMIK D'RNNYT T2 ,NR7177 YiInn D'7NNNN
while (i !'=m && T[x] != empty)
{
x = h(k,1);
if (T[x] == k)
return x; // OpTI'RN NX DTN N'¥7ION
i++;
}
return -1;
}

.D'YUONN XY LIN7XN V'O 1A OPTI'RN MITNN N1'N YID'NN N'X71ID 1NN Inyvn

.11 7PN 017V IR ,N7200N D'0INYTR R'¥INT DX UKD

J'WYY NI01dNN N'7202 DT ,XNAIT?

13
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57,12,37,19,17,62,53

(17 [empty [ 12 [ 62 [ 53 [empy [empy [ 57 [ 37 19|

2 NE'NNN NKR? NRYY D700 axn .57 VIN7RN DX PINNY NXNIY N YD

| 17 | empty | 12 | 62 | 53 | empty | empty | empty | 37 | 19 |

.37 VIN7RN DX WON'7 NO1I ,WID'NN N'Xj71197 NITNY ,NYD

DIP'MN XIN ZITAN D'YA9NY [IWRIN DM DY, T 209N WID'NN NX717Y XIN MpP'Y NN
..N7202 X¥N1 X7 77D VMMIRNY NN DYAI9N empty 11'D DT DIPMAY 101 .7

[n01 X7 ,N720NN VINX 7NN WROW D "PINN" axn 1% "pn" axn 2 T xR Nno
[9IX2 .7INN -deleted > DIz'MN NX NO1 XX (V' TAW 'R IX empty \ null) ,i770 Dipnn DX
AWND N WONY 2'0907 0TI N7W NYYN 'RIN D ,WONY 'UNN WID'NN NYI9 DT

21NN X71,wnn A NN Dipmn

ni'y

INIX7 D'VINTR W 11 190N 2NN K7W ,N7'W' Y2219 NN h DRYZa1I90 OXR L,YXINNN NNl
.0(1) x*n nitynw 17 311 ,n7201 DI

LINT7X7 YI9'NN AT ,DIP'M NIXK? h "V (DIpm) W 172" D'0IN7R 190N TWKRD NIXT NNIYY
,h N1¥22197 QW1 21w NIRNP Y¥27 10X DY ,0MTIEN AWK NI 2T A 0NN JINNRD
'R 1901

AWND YWD NU'WA DA DY ,N0'WN NI7YW! 'R 7V ¥RaxXn NNDNA X7 N7 2TY X'D NNRN X
y1Ian? 'm nn'wan D 9 vt oMY 0N L,0N0Nn XN2 AN'Y NNIXT? 102010 D'UINYR 190N
N2 0INY [NNXN LINTINY

72 ,'1D1 7NN INTANND D'RNN 72 DT AT 1700120 ,0n AT7 D 07202 YIN'YWN WX L PY an
D" K7W VINTXR 7W WID'N Y¥A7 DX CWKRD NWD , empty\null Y 722 XN INWTR D7 K7W
Y2 NINMPN 1900 TWUKD 71 KX L,VUXNNRA 709N X7 NX7170 P O(m) 2 vy wionn ,n7a0a

.m?9

NNONY D'RNNN DIP'MNY NIRYNIN NAAN 7V 117 2'900 IVIWN NO'WA NIRT NNy
.0V 0" X7 0M7RNY AN, (712050 DRI My DRNINY)

.0'9011 D'VINYXR O'0INT N1 X7 ,NK7N N720N TWROY XIN NINDN IV'NAN NV'W7 qon [non
.N01dN7 D'ININ D'VINTIRN NINd] D'72aM X L,1'AT

:NINON [IVAN NV'Y 1IAY 7127V NIYY119

AINT? 11'72Y ,NINON [IYVMN NO'WA N7VI9N 2122 1720 11 h 7127y N¥2219 0'RNNYT 1IXID
("T'NRN" 1 XX "oIwon T'NRN" X7) CT'NRD 2N nNanY

.NNT 12'D N1I'0" NNTO 757 NNanonnw 1 nn7win 7130vn N'XI9Y nANl1n N'NIT NNIN
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-0aon

17091 TN h xRaenl Lk 0flon NNonY .4 71122 yvn 17 Uy xnairT? nm

h(k,i) atnn | (n01dN [I'01) W
2 0
3 1
0 2
1 3

23201 :'‘n kw7 N1 7170nnw i o Nt nnjpna

(4'= 24) .4!'nhw npnma . m! 1'd MYORN DUOIIRTMN 07170100 190N

(m! = MIYa DMvoNn m 1TO7 NINMWOKRN 190N ,NMIVIANIR :NA'0NN)

0,1,2,3
0,1,3,2
0,2,1,3
0,2,3,1
0,3,1,2
0,3,2,1
1,0,2,3
1,0,3,2

N[O WINI=

N
N

1
o nnmln qinn 0717000 TNX TNQ"Y '1D'ONY N1 T'INRN 212'A0 NNIN

Y¥IN X7 X'V ITD NMI¥2 N2 N7 DA D00 VDY [am L T'NRD 212N DNanY qona
ATN? 217V IX NI NNTRIM | ARNPA TN 12D L'WY | IRNPA IThINND v 11 'w9'o 71700
AN NINING ARMPA XY 7Y

1NN h 212790 NYRadt RN NNTaN
h: Ux {0,...,m-1} = {0,...,m-1}

, [O,m-1] nuva voni ,U 7 71"win NNonn 'Nan 7o AT 757 nn'knn h nXpaen 1 1aon
.[0,m-1] nuva (OpTI'X ITNN) W INUT'R

21210 NNAN 2V NI [0 ANRd T TV 712,11 h 7129 Ni¥zaI9 N NRIY N0 NYd Ak
T'NRN

DY7 JIvAYN NO'WN 70050 NI9] PN 91N NIYNNWN 178 NINA9 77 DIk
(k — T2%2 TNX 20VNTD D72 IPTIY) NWAYN NU'WA I'RIY NIXZII9N NIX L[N NIN2ANN
h 2 no1 (NMon |1y NU'Y) N'NdIN NU'YWY NN'RNNN ,0RIA IRY D'¥2190 DRI L H 1102

.(mop)
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MR NPT
INQN 91X , NN H 7120Y NXj191 nUnnwn h Ryzmn ,NNxYn np'Tan no'va

h(k,1i)
return (H(k)+i)% m

[I'0'1 190n) | NX N7W ARXIND 72V n9'om ,H nw71on DX N7'won h Xon 1aon
.m 1717 n2'yon 112NN NRXIN 7u1,(N01dNN

H N'¥22190 AWK NN DT 79 KNAT AN, NIMSN 1NN NO'W NN 1NN N2 KNAIT
(17'n0 NOWY) 17TM N'XAID NNXYI NNTDLNYNNYA N

UmmYe nitp NN NpTan NoY nne
:nnMnon

NM'Non NNY DN LX7ANN7 N7'NNN N7200 QUKD NIIYKRY NNALVND Ntwa -
[27 .19 KN NXR'¥NYT TV O'RN 7Y N'ON' 21 190N 7101 NIWAINN 75 INK7 ,NINYainna
YI9'NN T DX D'OIRAN (NI7IDYWKR D21DNN) D'OISN D'KN 7¢ DDINK 09X DX
uximnn

75 1y pw 7apnnt o0 ,nodn? orworn 0'7170nn m! M m 1 ,qom -
,(0IY9N T'NRN 2120 NNIN 9"Y) NIPMWOX m MWOXN H 7127yn N'¥7119 k nnon
2TOQ NINIPN 101N NMINI'7N AP TANW N'NT "IN YIap 12D 717000 ,pn NRYI
2120 NNan )P7 'R . 1,0,2 :Xan 1T0Q AN NZ'TANY a¥n PN X7 7wn' apiy
Jnvpnn X7 T'NRN

VI ap'Ta
Rangpblhal Hanan N'X7191 Uin'y nviy 212750 n'x;n winmY IT nL'y D2
h(k,i)=(H(k)+ C; -i+ C,-i?)%m

noomi ,X'NU7d H 1l e n7'wvon X' . G, 1 G DWIAR "W DY NTAY D'¥190 21100
.M 17ITM N'71Y9 0'7'won X'N ARXINN 7V .C; yiapn NX D'y i? | C; YIagn NX D'RyD i N7y
(xmaIT TN)

.C2 | C1 D'IAN NXIL,WUNNWI N2 H N'¥22190 DX YIA77 11087 ,IT N0'WA A¥j7219 N2 TWNRD

NI TAN NNTOW D DXNNA DNIX N2 XRI,N7200 772 0N 99 N1 G | G 7w 0w
.(0,1,2,3... m-1) .00 DMIR'AN 7D 7Y NAYN NIXTIA

0T X 7V D21y DWIAPEN DN NIRAAIT NIRYZ 7210 710 KX ,1TD 0920 nOo'w 107 'R 271 R
NDAIT
:0'xan 170 a7y va p1'n N01dN7 D'WATIN D'VINYRN LIT XNAITA

=> 0.873,0.23,0.92,0.49, 0.24,0.87,0.33,0.75,0
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NI'N7 0WIAEN NN N1)
Ci=C=05
m=8 7712 n710
(ynn 71a 72190 7apnnn nnonn 7w Innn 07w 1) H(K) = [k-m| :H'72mvn nxjpio
117 0'TNN h P DX .6 17N DX DTN 72723 H DX 1'7p 7'w91 TwRD ,0.873 [IWRIN NNONN
h(0.873,0) = ( H(0.873) + 0*0.5 + 0* 0.5 ) % m = (6 + 0 +0) % 8 = 6%8 = 6.
0.873 LINIRN NIX 0121 DWYI,'I9 6 DIP'MN (- NIYXIN NODNN ITY |I1'D)

NN ATANAN AT NMpna . i=1 Y oy ,h 2 noon NXMpZ O'YXan 12''an ,019N N'n 6 DIpP'MmnN 0OX
RXI!

h(0.873,1) = ( H(0.873) + 1*0.5 + 12* 0.5 ) % m = (6 +0.5 +0.5) % 8 = 7%8 = 7.
NINNSNN 72 112y N01dNN NYIYVS NX Y¥A) NRAN N'720a
= 0.873,0.23,0.92, 0.49, 0.24, 0.87,0.33, 0.75

790N NX NAX'N 78NYUN NMUN NTIYN ,N01dN7 NNSNN NN N'Y7RNYN NTinyn ,n710a
[P0 INKX7 NITINYN WIYW L(JIYXIN [1'0'12 10121 D'VINYRN ,DIIYXIN NINNOSN]) .N01dNN [I'01)
NN NTINYL ,N01IN |I'01 7D T .(Apynn NN DWY7 -) h n'¥ja19n NNoIM @7n niax''n

.N'7¥N 1'0"2N DX NIXYYT 7211 - 0ILXKVO —

nNonn i H(k) 0.5 i+ 0.5-i? h e 0IUNVO
K*8
0.873 0 6 0 6 o
0.23 0 1 0 1 o)
0.92 0 7 0 7 o1
0.49 0 3 0 3 o1
0.24 0 1 0 1 oIoN
1 1 2 o1
0 0 6 (o] D))
0.87 1 6 1 7 (o] D))
2 3 1 oI9N
3 6 4 01
0 0 2 oI9N
0.33 1 2 1 3 (o] o))
2 3 5 017
0 0 6 oIoNn
1 1 7 oI9N
0.75 2 6 3 1 (e]>1)
3 6 (646)%8 = 4 oI5N
4 10 (10+6)%8 =0 01D
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NIN'OPZN NX NRIY M"Y NINT Y¥A7 7011 ,X7 IX DIV DN 110N2Y D'YIAR DX 21727 DX TWUND
.( H%w atnn%? on) n'tnn h w100y

:0,1,3,6,2,7,5,4 |0 NIX'OPN IT XNAITA
h(k,0) = H(k)+ 0.5 * 0 + 0.5 * 02 = H(k)+0
h(k,1) = H(k)+ 0.5 * 1+ 0.5 * 12 = H(k)+1
h(k,2) = H(k)+ 0.5 * 2 + 0.5 * 22 = H(k)+3
h(k,3) = H(k)+ 0.5 * 3 + 0.5 * 32 = H(k)+6
h(k,4) = H(k)+ 0.5 * 4 + 0.5 * 4> =H(k)+10 = mod 8 = 2
h(k,5) = H(k)+ 0.5 * 5+ 0.5 * 52 =H(k)+15 = mod 8 =7
h(k,6) = H(k)+ 0.5 * 6 + 0.5 * 62 = H(k)+ 21 =» mod8=5
h(k,7) = H(k)+ 0.5 * 7 + 0.5 * 72 = H(k)+28 =» mod 8 =4

20 W 71w R DIp' MR LH 7w ATNRN D NN nawn XY ,IT N0'WA ORN R, DA
NN 7R DWYIAR DY IT DYI9YW ARMY NN L2"I0 NIN'oOpal 7201 DMYWORD DMIRmN
NIV N¥D

.8 77122 wn 1w LI 0INYRY DN X¥Nl NIRTIA ,NIRNEZ 8 2 nrn 5% ,ninnk 0'7'nal

27 v Xw nixd? o1 ,10 a2 YT, 3 11 ,0MNK D' 0'Ngl? 1N DRT DNivY? DX
:N7201 nmMiEnn

h(k,0) = H(k)+ 1 * 0 + 3 * 0% = H(k)+0

h(k,1) = H(k)+ 1 * 1+ 3 * 12 = H(k)+4

h(k,2) =H(k)+1*2+3 *2%2 =H(k)+8 = mod 8=0
h(k,3) =H(k)+1*3+3*32 =H(k)+30 & mod8=6
h(k,4) = H(k)+ 1 * 4 +3 * 42 =H(k)+52 = mod 8 = 4
h(k,5) =H(k)+1*5+3 *52 =H(k)+80 = mod8 =0
h(k,6) =H(k)+1*6+3 *62=H(k)+ 114 = mod8=2
h(k,7) = H(k)+ 1 * 7 + 3 * 72 = H(k)+154 = mod 8 =2

TIX 102'Y D'AIP'M NTO? INNIX 1721' X7 178 D'YIPY ,0IUXRIN NIRIF0N 8 NTo '97 N7 1M
DM MIR? 17210 i=4 1 i=1 oy ARApn 77 wnn ‘o

N7 17'%1 DM'RNN D'YIAR 17'K N0'W AxN7\NDINYG AT 0N NNaona K7

18
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N'YIANN NP'TAN NO'Y NNne
.0mI'na N'oN' 07T DAIPYT? NIXAN 2 12 7900 D AN N0 NIZIDWUNR NNA0XN -
:N0V'WN NnNon

nInY 720'w Y NThn H pw 7apnn? o' oonn myImn m Y Irno'va o -
NnN1N 07 'R .0IPT? WX vy 190n 17 w0 Athn D% ,0MIp' m nn TR
27w nnvpnn X7 T'NRN 210N

271900 21N V'Y

NN 222 NIYZAS MY win'y "y 21D 71900 2120 NI 2120 NY19 N NO'Y
(k T2%72 TNX "UNI® NI7AEN — NUAT IYAYN NV'YW? AN'RNN NNYY 1191 NNKR '70W) NNNR

N2 91Xl
h(k,i) = ( Ha(k) + i * Ha(k) ) % m

(i=0 ) Hi(k) XN ' PTATY IWRID KD

Hi(k) + 1 * Hy(k) :Xnnn'n pT1avw awn XNN L0197 [IWRIN DR

Hi(k) + 2 * Hy(k) XD n'n pTa"w 'w*7wn 8NN L0ISN "W DA DX

NN DI

.D'MYONN DNIP'MnN 72 7v 22 |ORY N'VaNY? XINLIT VWA '"Yipgn

17 'R D"DT — (NN 771) m 731 2t Hy(k) noatnimn 7y 0w 0¥ NRT N'oan
— 2 N901 DX ,qNIYN 77NN awinn DX n\'2n wnn 'k 0X) .1 DX D m Dy Qnivn 77nn
.(qniwn P7nn

Hz(k) 2 7932 D" Thw DIWN ,n7202 D'OPTI'RN 72 NX 10D* h 7 NIXMPN M NId>NA N1 91K
.D'RNN 72 7V 1avaw TV Dnxy 7y NN X7

7y 712v1 D ,n7a00n 770 7Y 71 nwn k nNom 1y nptTan MTo ,m 71 NN X7 Ha(k) ox
aNIvnn P7Nnn 7Y NiX'DPa n7a0n

INQAIT
2PN NN NPT NNTO ,m 7 37 PR Ha(k) 2wxow Nkt ,m=10 N2 NNaN NNAIma

NX TN Hy(k) nxpaont .3 7w R Hy(k) nrxzadn ntnn LIinw'7d k nNon 1nvw N
4 7wn

N'NN NN MTO
h(k,i) = (Ha(k) + i * Ha(k) ) % m

h(k,0)=(4+0*3)% 10=4
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h(k,1)=(4+1%*3)%10=7
h(k,2)=(4+2%*3)%10=0
h(k,3)=(4+3%*3)%10=3
h(k4)=(4+4%*3)%10=6
h(k,5)=(4+5%3)%10=9
h(k,6)=(4+6*3)%10=2
h(k,7)=(4+7*3)%10=5
h(k,8)=(4+8%*3)%10=8
h(k,9)=(4+9%3)%10=1
- 4,7,0,3,6,9,2,5,8,1

JDNIYRIN NIKIPN m N2 [0,m-1] NHVA DMWORD DDA 79 7 mMayw nixk? [nn
(m=10)

7Ta XIinw 10 7 O1 NN Hax(k) n atTNinw wn XN 3 W NRT NIRpya N'xn 0t AT
Jwvnn

"0 .10 7 21 1'kw ,5 0 Ha(k) n Atnim n'nw )vn DX L,WUnNn XNAIT NNIRY ,NRT DNIY
:NQN 2¥NN DX NIXMPN NNToA 0727

h(k,i) = (Ha(k) +i * Ha(k) ) % m
h(k,0)=(4+0*5)%10=4
h(k,1)=(4+1*5)%10=9
h(k2)=(4+2*5)%10=4
h(k,3)=(4+3%*5)%10=9

h(k4)=(4+4%5)%10 =4

- 4,9,4,9,4,9...
..DMIYRIN NI'0YIN M 2 K7 'RTIAI ..O'RNN 72 IR NOJ1 X7 N1 91K

7221 ,]2'7 DT ITNIN 12dW )Y VTN DIIYRIN NRI'0YN M 2 NIIF0'N TNRY 2'901n nwyn?)
(TIay' X7 DnMA7RN

NN T'AN XK'WY D Hy N¥219 1InaY7 211 ,m 7 31 e PR H; 7w Atninne 07 aIRT?
.1 ox D qnivn P7nn 0N NN K7 NNDNAY D .2 7w DRt N7 m NIRELDTAIT 'R 0D
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X7 [> D2 )2 ,m N DIV DD 7'9N H 1 ,IYKY 190N NI'N7 m NIX 1IN17 — N90I11 NNWOKX
A n 7maqnivn 77nn on%? ne

no'vn jnnt

,K NNON7 NI'Mwox m Mwoxn Hp ,pw .0a1w 0'7170n\nNT0 m(m-1) D'7an X 1T no'wa
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Huffman(C)
n = lengh(C)
Q.insert(C)
for(i=1;i<n-1;i++)
z = new node
X =Q.min
z.left =x

y = Q.min
z.right =y

z.f = f(x) + f(y)
Q.insert(z)

return pop-min(Q)
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nA'01 NIXNON

.NA'01 NIXNOINA WNNWI X ,NIFA0NIRY NINRAI9YT K70 NI7Y NINMI YXA7 NXN) TWRD

D'V 1IAY NNYY DYAI9N NIYXAND D'Y2A19 DIRNNN LMY 'R IR ,DRIYNA DD DA'0l hNon
NI DI0R 007 Y N7 KDY

:NN2N N2'0IFIN N'YPAION NIK KT, NIVWON IXY

rec(n)
{
if (n==1)
return;
for (i=n to 1)
print i;
return rec(n/2);
}

NXZ Nyxanl I'MNny  D"sonn 7> NX No'DTA ,N9%0n J'\'71|7YJ N'X2219n X 120N
.0"nv ',7'7n 150NN DY NA'oNN

e ,T271 nn'ion NXMpZ 1Y N7V NINY Y¥11 IR ,NA'01N NNOI1 NIX AWN7 N¥11 TWURD

O(1) nrnni72vn n=1DX .X
rec(n/2) 7w niun + (for N NX717 TA1d) n PR NIYNN>1 DX A

wUNNWI X7, TNy X' NIRMPN 72 IR NNOoINA Y'an? Nyd DNN'Nn X7 1IXY 17 D'l
.NNQN ARNPN 7Y NI7YN NNTYA NITYN DR 2N 7211, N17V0 qwnn? 2roipn 71010 aivna

12 DRI NA'01N NNON L,NINNKRN XNAITAL, T(n) D¥INO0N NNONA NI7Vn NX
o(1) when n=1

n+T(g) when n>1

T(n) =

NINNAIT 190N NYI AR LX7N N7V 2AIWNYT YANT N2'01n NNON NITY [N TXD IRNY 197
.OWIT D'MNIAYXY NA'01 NNoN N'™MAY7 Nivon

AT I

21'0 '~ 011N NN NTAYY 192 AT [IM 7Y TIpn

void merge_sort(A,start,end)

{
if (start < end)// nomo1aR™MPa 7712 1R WO IWRD FIRY ORIN
m = (start+end)/2; //m = the middle
merge_sort(A,start,m);
merge_sort(A,m+1l,end);
merge(A,start,m,end); //0010n 222790 W AR DRYP TXPID
}

N7 80 ,(65 'y) 'R DM N1an 01IRY 90 7Y 1AYY7 72IN ,DNMIATRN DR DN K7 IR DIT K7W MY 2
JINT 110X
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NINAN NI7IYON NN IR 722 0'Y¥aN DNMIAYRA 27 D'WIY 19D

72T DIY YXIAN X71,N0NY 'RININT (TTIA J2R 722 wnn) ,end N jup X7 start DR X
.qon

7TIan '¥N XIN WNN 772 ARNP 702 TWKRD L NIM0NIZY NIXNP MY D'yyan (MNK) A
NN ARNPED 7Y vnn

NN NNI7Y ,NINAN NIRNPZAN ITNNN 7Y merge N'¥j2119N NNTYQ AIT'N 0'Y¥an 91017 A
O(n) :'X DM n1ann PD

NN NIVnW I 721,70 DX

0(1) start = end

= n
() n+2xT (E) start < end

n
[ T (E) N'NN NIYN TR 'NDIRNN XN DY TMyunn 7712 nINan NIRMPAY |1II'D 120N

721> ,q01 O(n) n%7 w' wp a1 .T (g) D'MYD X'N NN TR IR NINMP MY NIYXIANY

.merge N'¥j19N
(nan Niy'wn) noon xnaIT

NN2N NN n'XP]ID"I NA'01 NNOI1 N2

func(n)
{
if (n < 3)
return 1;
else
{
m = n/4;
return (func(m) + func(2m));
}
}

INND

NINY) n/4 Dy NNKRN N0 NIXRMP 'MY Niv¥ian ,NNX .0(1) ni7yn 78,3 n |7 n DX
(..n'onnNn - 2m DY) n/2 Dy DNRNIE (M

N'NN NA'o01n NNOI1 ,7d DX

0(1) n<3
T(n) = T(%)+T(g) n>3

DXV 21WNY n2'oN N'XAI9 ,NO0I1Y KNAIT

long Factorial(int n)

{

if (n==0)

return 1;

return n*Factorial(n-1);

}
) iVh!
_(0(1) n=
T() = { n*xT(n—1) else
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12'01I7Y DNMAYX NITY AIWNY NA'0) NINNONA VIN'Y

NA'01N NNOI NX 11'T2 12D W' TWKD ,"2'01I7Y DMK 1Ay Nityn a1wnY? nio'w 3 v
d7v

NMIYRIN N0'YUN
(~*¥prT'xn) naxan no'w

2N .AYRITI'R DNTY INDINY D101 ,DNNNTRD NIV DX "wnn" X IUXIN Q7w IT no'wa
|
ANV Q1Y (121 WINt 1D 117 ¥' N20W DNNINTRY NN NU'YUNY 12 DX

LDWTI DR IXRY ') O(n*log(n)) X'n niynw "wni?" 7010 a1 (M DNNIRYR 1Y 7wnt
.NA'01N NNOIN WIN'Y ™'y 'XRITI'RA NINT N'DIN7 N1 NVD

272 n 27w P2) c viap nrpw NN 97 MnIR AT n*log(n) N1'N NI7YNW DRYIV 1K DX LD
:(o"pnrno n

T(n) <cx*nxlog(n)
121 XIN WINIAW AYPITIRA NI DX ,N0'WN 7w Xan Q7wa

X N1ID1 NIWLVN TX )2 OXY NI, X NN 1Y D201 NWONY N 1R DYPITIRA CNIDTN
[121 DNMN7RNY INW7D 0'02 N7n NY'Y NDINY7 DA 0¥ ,9012 .X N 7ITA Njzn 1y
by,

7Y RNAITA

NIWOLNY NINT WATI NWDI T(x) = O(x*logx) D"pnn n n jOEN X W 727w N0 0'0an NNaN
.(..X'n'72ma XINY) n 112y Da N

:NA'01N NNONA WNNWI 1IX NTn 27w2

D NN NIYnY 0TI X
(Xxwn1n N7'nN2 Na¥nY 193 NA'0IN NNON IT) T(n)= 2T (2) +n

NN NIYNY 0N R 1179 ,00TW X 7 72pn RINEn N [P XID n/2 W Dnn Nyd
;1271 ,n*log(n)

r(3)=cz) re(3)

: 72721 NA'0IN NNONYT "1V AN DX X, DAl

n n
T(n) < 2= (C *E* log(z)) +n
122721 D*MA10N DX NN9

T(n) = C*n*log(g)+ n
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:0MnNNAe 7 19
T(n) = c*nxlog(n) — c*nx*log(2) +n
T(n) =c*nx*logln) — c*xn + n
cxnxlogln)— cxn + n < c*xnx*logn
T(n) < cxnx*logn

[O7 NN 712V NAIDI NYON DRY NNDIN P DX .1 7 DY IR 21man ¢ D% ovpne iy ko
DN 2T AP 1Y (01 A 0A NN RID N

n*logn X' NI7YNY NWLN NN"PNN NIWYY (X) 0'02 NPN NY'Y RIN NIKINT IRYIY NN
7271 n=2 12 0'02 MPN NP1 TWUKD , D1l

T(2)=2*T(1)+2 = =2*1+2 D> =4 > 4<Cx*2xlog(2)
JINNN N2'01N NNONY '9) T(1) =1 w D2 NUANWN XD
(0 [n'm 2170 NRYIN TRW DIWN n=1 0'02 N{7nd 1INAY7 7211 X7w 27 27 0'wa :nwin)
:D'0?

N'INT N7 ATYN IT NO'W X7X .D¥2197 WAIDN [NND R¥N1 X7 DX (D'¥PZITI'RN) NAXNN NU'WI
DN97 RIT/ v/ INnn non

N'DINT XN D'¥N XY 71 L(NVIT NMIYUONY IR) NO"'YW NX22190 Ne7Nn XY "wmb" v n'urn
| |
.nonN INT DXRY

(n'an Nww'wn) Noon XNalT

:NINQN NA'01N NNOII NNTVA AXI'AN DNMIAZRD NI7Y NX 2wN

0(1) n=1
T = {4 *T (g) + nd else

7901 757 N1 MYLNY NI (AN "7 KNI AT D DNo) nlog(n) NN NIVNW wnn LAl
:)2 DN .nn o

’ * log (g)} + n3

n

T(n) = 4*T(2)+ n3 = 4*C*{(§)

n3 n cn’ n
— _ _ 3 _ 3
—4C8*10g(2)+n > *10g(2)+ n
cn’ log(n) cn3 3
= — % —_
5~ *log(n 5 n

S7pic=4 nninn? ANl

2n3 xlog(n) — 2n3 + n3
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= 2n3 «log(n) — n3
2n3 xlog(n) — n® < 4+ n3 xlog(n)
(?ynxnin? nn'%7 22X N U ¢ NPT 71D 17'9XW NRM)
.N12Y N1 NYLNY |07 0'02 MR D'PY N'DINT 1 117 IRW)
22721 n=2 7w Mpn NN Ppal
T(2) =4*T(1)+23 & =12 = 12<C* 23*|og(2)
2c=4 > 12<4*8
:N2IYN NVN

D7VNNY7 K71 NPITIRD Q792 7977 D20 DR L,'NYD N0 DYYRITI'RA DRI X TWURD
..7TIA 1 TOQ D'POYNN 1INY NIYLA D'VIAZ DID0NN

TNNAITY

D7wUN DR VX2 ,0(n) N nivnw T(n) = 2 * T(n/2) + 1 :nNOIN 1IAY N'DINY N¥1) DX
:0'Nan

n
T(n)=2*C*E+1 => =C*n+1
Wil 7o X7 LMK nvany morann

Cxn+1=0(mn)

10" 727 D'ONN N .AYNPITAIR 7W N'ONNA NNDINA X7X L7712 1T0 0T X7 DN WY DIvwn
97 KNI DR K7 "nw\juR" 1 7TIa 1o K7 "nnw\jop" v

(Cynp™7) C*n+1 > C*n
:D"PN'Y D B 1 C DWIAP D'M'RPY - INR WIN WX 1INAY7 7210 0T 2¥Nn IMoY '
Tm)<C*n-—B
T W NAKLY"IN Dn7wn DR vy
T(n)=2*(C*g—B)+1 => =C*n—2B+ 1
JNNJIN WATIN 'Y 'RD NIR 7172)
Cxn—2B+1< C*n—B

: 17X 'onnn 7nwn
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"y pnion NIvnY INdIN NNNXR D'7'021 L[y 'R Dtpne 1 n man B viap 9% ,neaT
72D D L.7TIA NTod wnnwn? P 7311 nth 27vw]) .0(n) :%Ta7T0 N1'nan nTw C*n — B
(NNPITIRNN 1RY!

:NV'YWN 7Y NNyl nRnon nnnn'

D770 I'RI,NNDINYT T2 NI7YN NIX WURIN D101 "wni?" '"wig NY'Y N1\ NaxXNn NO'WA 'WIpn
.NN2IN YWOR' X7 NYNIM X7 wIn 1210 [NNO9N Nyapy

AT DLW WNNWNYT 127 ITV7 NI NIXY 190N DAY ,NXRT NNNY
MY XY

NNT N2 NI7VNY WMt 9011 ,0M1'n 11D 1IRY NA'01 NNOoNY NNIT 11'T'AY NA'0IN NNOI DX
(NRT NDINT 7 1T NNRY M) .17 QYN NNoNnN Y NIy

:NA'01 NNoN 17 w' DX ,YunY
n
T(n) = Z*T(z +50)+ n

27 X1 (X2 qon 50 n 71) At I W naroan nNon'Y nniT TINN NNONNY NINTY? 7210 IR
i
.ININYT 72121 1222 AN A WIN  .n*log(n) NN XD DA NI2VNYW wMm? 701

N"MY Xy

DON 1INAY7 N'NNMY 7211 ,N2'02N NNOR\N'XZAION 7w NI7VN NN AWIN 7W Ynw 17 'K TWKRD
TV L,AXR7N D1 LN YN 17V Don Wint My Dxnx? 7201 [pn NKY LINIR NI D 1My
1230 wina? yaw

N'Y'IY XY

NNONY NNIT DX N7W NNONNY NIKYY7 TV MNUN wIN' 7Y M7 pnwn ™"y 7511 omysy
JDI17YN IR AwN? D21 ,NNdIM NNNX

:NINQN NNOIN NK 17 W'Y N'1 ,XNAIT
T(n) = 2+ T(vVn) + log(n)
2"=n :(log MMN'?)MANTw m=log(n) :NINQN NAXNN DX Y¥a? '7n

7w NNona 7" NiaxXnn NX Y]
m
T@™) = 2+T(22)+ m
(2™ nnw 2™ Y wiiww 27 \o'w)

J1MNT.T(2M) TRl m 07 N7APN AWK S AWTN QYA TIX L MAA7RD PRunn qunny
117 NA'0IN NNOI X NNITNNAE M 190N NN ,AWTN Y219 IT

)2 DN

S(m) =T(2")

64



brook.ori@gmail.com :0°015% .MOKR D17WN XY WA W .2 22101 7121 07PN 90

T anipna S22 wnnwll,n7apw 1017 NIth)
m m
T(Zm)=2*T(22)+m => S(m)=2*5(3)+m

S(m/2) =T(2™2) :dwn

211w 70 ,(n 2 m 9*7n1 OX) AT [I'M NNOIYT NNAITA NNOID S N'YPAIDN NIX NINT? 7211 ,Nwd
:S 7w ni2vn a7 i

S(m) = O(m*log(m))
n'7 m 7w 0'DWN DX 1N TR ,n 7¢ 0NN DX 'DI0N 102N DX X
s(m)=T(n) P? SM)=T2™) | n=2" v
T 9w nihyn oA X7nni
T(n) = O(m*log(m))
yatyal m =log(n) NIIYXIN NAXNN DX 172ITA N 7 m 7w 0'DWN IR YD ')

T(n) =0 (log(n) * log (log(n))

X'NY 70 Na'o0ln Nhoin 2y n"unnn o'ynwun ,N1'n TYY? A70'W N'wwn nxyn L,0I13'o07
.N2In Anon? anT'n
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N'YA0'XN NLV'Y

A'YI0'RN NO'Y DLW NA'0IN NNoR NN DNNIAYR W NIty a1wn% Noonn nu'wn
O19T NNTY TV ,NNX¥Y JIN2 NNOIN NAXA 'V NA'01n NNOI1I NX NND) X N'¥I0'RN NL'WA
.'910MN AIY'NY7 DIV MIDO NNOII XI¥XNY N0 NO'XYN 'KINA YIN'Y NITYA .NIANINN

:NVIYD KNAIT
JNNQN NA'01N NNOI 117 NIMIY N
0(1) n=1
T(n) = 2*T (g) else
. T(n/2) moQan nAtva T(n) 7w 102N DX ANNY DWTI DX IT NNOINA nwyn?

:NAN 91X T(n/2) 7w 10an DR XVAYT X 7211 7D DX

rm)=21()

272731 T(n) JIM2 DTN VAN DX 2'Y)

o0 =2 )- 2 (7))

N2N 10N DX QT 7 19101 7271 ,ON1F 1N Y DOTYa T Mo 7D 2'vn? )'wn ox

2e1(3)
WYITI AT . n/2'° = 177 DY ARNP YXIAN QUKD 7D"NON N1ToN 'Nn
nf2 =1
n=2
i =log(n)
:N'D DNMNZRN NIYW NI7 2211 NI7721,NNToa DMK log(n) 117 W'w NNIR NNT
2log(n) 4 T(1) = 2log(n) —
?21'wy nn ,01>'0Y

NIXMFZN OI'0 7Y NINY NTYAI ID7T,'™770 1017 N1an 172 TV Na'0ln NNON NX NNN'S
J1'910N NI7Yn DX 2WN7 11713' (NT'XYN 'XIN)
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3noo0n XnaIT
:NA'01 NNon 1Y 'y N

(0 n=1
Tn) = {2 *Tn—1) +1 else

JMTIZN XNAIT 1'WYY '9) (N'2'0NI7Y) INXY NITYA 10N DX N9 LAl
2(T(n-2) +1 1020 Ntva T(n-1) NX N7 20w i
M
Tn)=2+*xTm=1) +1 = 2@(Tm—-2)+1)+1
T(nN)=4*T(n-2))+ (1+2) // om™maio nn'no
— 2 N19NY KNON 1172'1 XY NNIXR 12X ,T(n - 1) - 2 nU7nn T(n) Xnon oy n7nnn
T(n-2)

NNIX T WY — T(1) 2 71 17N XNon'Y v, Tvi Ty NTN )'70N2 1'wnl DRY XD LN
.0(1) NInW NAIMIN ANONNN D'WYTI' 12D

22721 ,901 NaXN TYX Yy
T(n) = 4 - G2+ (T%2) = 2°-[2NIGE=SE + @+2)
- T(n)=8*T(n-3) +(1+2+4) //0maio nn'No
ANIN 7750 Nannw nwd ninn
T(N)=2"*T(n-i) +(2°+2*+2%+..2")

19w nnon N7 w'w 10 oxva 1 (2°+ 21+ 22+ 0+ 27 1 noaa i p7nne nnm nwd

=

i—

2k =

=
I]

0

:17W NNOI NINT 2'Y¥) Apal

T(n)=2"*T(n-i) 2

DX A'¥N7 0'7NNY7 210,707 'R T(1) P NI 179 QXN AT DX 21T DYTIF DRY TR WD
1 i=n-1 qwKnd %70 1akn 9% 17w nnonn

- T(n)=2"1* T(n-(n-1)) +( 2™ = 1) = 2™ * T(1) + 2" —1= 2142011 =2 — 1 = O(2")

http://u.cs.biu.ac.il/~asharog/2013/89-120/rec2.pdf i 3

227 NWATI X7 1WA R (NYPZITIRA) NNDIN WAIT NI DA 17700 N1ann wing [np'va 4
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:NO011 XNAIT

:NA'01 NNOI N7 W'y N

¥ ,NNOIN '97 NN

27211 T(n) MInn 102 NRT Q'™

T(n) = n+3*<%+ 3*T(%))

Z'?JP]I 0'"AI0 N9

n n
T(n)= n+3x+ 32*T(E)

INAN DR NNTO DX 7271 ,nR7D PIE T(n/16) DX NI 91K 2% N
n + 3(n/4) + 3%(n/4?) +33(n/4%) + ... ... +31*T(n/4) ...

IX QW 2¥NY YA QUKD ,N0IYD X'N NMIYNNT 7NNT02 DMK NND DNXY NIX YR Nyd LDl
v "i" nTRa awn% no1 .nnt'non nToN oWl L1 X NIYn TR n=1 0y nYaie orIp
: n=1 oy NN 2x¥N?

KN NAXRNYNA DX N9 D nwy

n
it
n=4

loga(n) =i * loga(4)
i = loga(n)
.MNT02 DN loga(n) N7 W'W NNIX NINT

NX A'X1 YD .AaxINn Qnivn nMiad IN'¥INT 7210 ,n NINWNAN V'O ANTOQ NN ‘DAY 11 ]
- NNRO0 NIVXNKA NNTOoN

n+3(n/4) +9(n/16) +27(n/64) +..+3*(n/4))+ .. ..+ 38 *7 -
n(l+ 3/4+ (3/4)2+(3/4) +..) +3le

< nx ZZO (%)i + 0(n)

A W'w N7 10N L,0N2K §I01'K DY NI NNJONY D 7Y nnona X Uy X" D nx
(MM>0%7 yInn ..y1Iap 12'N 019X '101aN)  .NNd0NN |V - DNA'X 7Y 910 DIDO
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S = = :19101'NX '0TIN NIV DIDO NNOII NTYA NINDYT 7211 '9101'KN NNDO\ILN NX

M p o
T(n) < n * 3+ 0(n)
4
NTY
n x 3+ O(n)= 4n+n
1-2
4
10N NN'M9] 11727 )2 DNI
T(n) <5n

.0(n) n1'd NI2vnw nNDINY D

nN'oIEN XY <MITYA — A'XI0'KN NLV'Y

MIXQ DNIXK NWYY X7R ,DYI0'RN N0 7Y D700 0A7Wn DNIN IR YU¥Q) X IT N0'wa
.NNOIN NX NY'NANN NYXIT!I

72 y¥Ianw nn'ion haiTal ,7'7nnw N7 91X ,NNOIIN NIN'S NKX ax'"nn YV N7 NN ['van
7w NXNY QN2 aXI'N NN ARl ,TTIRZA aXIT ,ARaAN N12A0IN ﬁN'WP'? vy
ST

Y9N 117 NN DX ,RNAIT?
T(n) = 2T(n/2) + n?

WAIYN TIPTIRA AXIY n? 2700 TR

h"2

INAN [9IN DT W I wAIwY TR (T(n/2) D''nyd) NIra'onid NI 2 NIYXIANY |

n"2

g

T(n/2) T(n/2)
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75 9w wn N T IMA 7Apnny q0uNn1on WK AW YYN NIR 77721 2'0NI7Y 91N NYD
DUNY PN PIND DT, (VIAA) TIpTIR

n"2
(ni2)*2 (ni2)A2
/ \ / ~.
T(n/4) T(n/4) T(n/4) T(n/4)

i

NCLNT PIN PY TIRTIRA RYIY W . 21 N i NAT DA 7 T PImn 10y 19)

GD? N3N Nnen INKY

(Mxyn 'xan) 1 nnw ar 7apn T PN naw AT vaaw Ty 7T 'unt Yo aim
NAN ARIYNN MY DRt 0T 2% 'Mn awn? 7on

i =log(n)

yan7? nipioLyva nanT D 9w niyn NR 2wn? 90 R nwd Llog(n) 120 yvn naix — nvnT
D17un 9w X aiwn? ,ninanT log(n) w'w ny T NATva

NI7YN D'MNNY N1 A2 1NUNT ,WIIWA Y'omn 7w 71 n1'n Niyn (wiiwa) "oox"n nanTa
NN

2
n
NUAT DT TR QY 219> (E)

AT NMTO I71|7]I ,AIY'NN NX Y'wn)

T(n) = n? + 2 (%)2 +4 (%)2 +8 (%)2 + 2 (%)2 +2! (%)2 + e 21080 (zlo;l(m)z

: 72711 ,0M2102YW 7NN 127 07NN 2 DI¥AY Yy¥a7 12 7 v 'Dn
T(n) = n? n? n? n? n? n?
(Tl) =n“+ ﬁ + ? + ? + ? Lt ? +..+ m
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222721 ,N¥INN N2 qNIYN DA K'Y NYD

—+ S+ttt

,(1 1. 1 1
(21 2223 Tt

210g(n)>

J0TIN NIV NNOoN MV VIYS AIY'NN DY)

log(n) o
= () ¢ T o
= * — — | = * — =
w=n £, \2 £,\2 nr o5 0@
L= =

21'Wy nn 0oy

NN 1121 ,NNMoN ARMP? NIVn DR 7N TIPTIFY )2 ,yV NNTYA Na'0dn NNOI X 1INN'D
20NN Ni7vin

("0 12k aiwn My) yya nanT 70 NI NIREL YYD N2IA IR DAY
.0 RY D20 NNON 7w NIXY? VANl 70wa VYN NYNNWN

YV DTV NINITIHNY K7X ,NXI0'RD NO'WY ['01707 VYND NNT N1 IT NU'W ,A7 D'YIY 19D
1220 NIN'OSN DX NATV'RIVIR NI NN WINYT 117 NNWONN

:NO0I1Y NNAIT

:NIN2N N2'01N NNOI 117 NN

n 2n
T(Tl) = T(g) + T(?) +n
.O'RNNN YV DM AYYI0'RN NO'Y <MY NIhyn NX Awn7 wAm

TIpTIR NIXK 7w Niyn T(x) 00T ,T N2 1nW7 X )W 72apnn T e 729 ann 2'?2'nn DAl
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X 12'RN OV NWTN NXIap N - Make_set(x)
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N7W RNAIT2

(a,c)(c,b)(b,d)(e,f)(e,g)(h,i) :mnwp a,b,c,d,e,fgh,ij:DTpETp -0
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19¥ 721 XYW NINTA NIXIRZD N7y
{a} {b} {c} {d} {e} {f} {g} {h} {i} {i} | KA
{a} {b.d} {c} {e} {f} {9} {N} {} {i} (b.d)
{a} {b.d} {c} {e.0} {f} {h} {i} {i} (e,9)
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foreach edge(u,v)€E  //(edge) nwi 75 112w
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:BFS 117

BFS(G,s)
{
foreach vertex u in (V[G] except {s}) // nnRA 27w
do color[u] < white

dlu] <

n[u] < NULL
color[s] < gray //s2 1079 Y1910
d[s] <0
nt[s] < NULL

QD //annmw
enqueue(Q,s) //m7inn nodn

while Q=od // AR 4 2w
do u < dequeue(Q)
for each v in Adj[u]

{
if color[v] = white
color[v] < gray
dlv] < d[u] +1
n[v] < u
enqueue(Q,v)
}

color[u] < black
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