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-\ Bw" U
if n=0
if n=1

T(n @+T(n- D)
Q‘ w e|SE

‘ 4

TO)=a
T =b
a
1+b
~a__atb+l
ab

1+
T3 =
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1+a+b+1
T(4) = ab _a(@b+ta+b+l) Db(a+b)+la+l) a+l
1+b (A+b)ab (A+b)b b
a
a+l a+b+1
1+ b b
T®)= a+tb+l atb+1i 2
ab ab
l+a _

T(6):a+1—b Q
T(n= < atb+l n=3 %

\U‘

1 56

TE) =

157 4356-15
56

T(n) =20

n

4

Tn+1)=Pea = G
Ot 4qn - Ona
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. :2+J§
=4, - G, Y X 4x+1=0 { %
q 1 4q q 1 )(2=2-\/§
G, =G (2+3)" +¢,(2- V3)"

pn+1 = qn Y pn = Qn—l = CJ.(2+‘/§)n-l +C2(2_ \/:_g)n-l
T(n=2=.

n
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5#Greedy Algorithns$ Ay wi & %3 5 ¢-wAARG o T8 6 6 v
UCY %t ¢y uéweatwA Ai °oppicCcu CpPA awvvAua A
Az Adu/Z&Zu T AE ! Ywz ¢ Apvp &Y GOw AWV Ve aRA ZAb | ¢
i¢ Ca3 °oyvAmy ¢Av 0700 Al pév wé °pily atvi
Y%yj ¢A°z v AduA
XAv %ée¢ °TA{E eézwOu Aywi
Function greedy(c: set): set;
{cis thesetof condidatgs
s« 0{weconstracthe solutionin the set S}

whilec, 0 and NOT solutiorfS) do
X« selecfc)

c« c-{x L 2
if feasibléSU[{x})thenS« SU[x}
if solutiorfS) thenreturn S
elsereturn "thereis no solution
¥ Av a°E
PYAE xw, ayv AdéuZEuf x

e ¢ EVA«v ¢v Aywl
OvApYY AxX AWAwW uiau A
¢v XxVAB®B ACAAzU ¢Av 1y
* AEC AbBuZElu ¢v xVA« 16 Az xv
C JAIYPAYU -0 GBelew£3l)- WoyE ¢ 1y %y
ogoywiC ¢v EWANAUxW, gywv Yavp V¢

6 0Y 1GReBOg (U Ay ¢ Bt AAGALE Elw z %1

S AVAG - NONWE Jedy SAAW A - ¢ v Salutidol D) B'a £ CA %%z

P EBgolean %ve én ié 0] C«Vy %
Select oL CAYBAAR v SaAEAuwBedipe By y
el - 1 AWIA 0-Al« YAz %l pY 0°E AdmAw awiov weé

Y AECU %a wBoolebn w£4AQ @y 3C-A ¥4z uév CA
Yo AawOCCAYAUAE WAEL° A%z xvA« Az wé Ai 1t AEC
Yy Ewz Cawpeu wy Czw,aoayv CAYAUGU-uU

Hw 0 °p- CA%Uz
#uffman Algorithni 0 Awa g o ¢ A0 6

Ca¢woWAVI ChaiBA 0% diERY Opy 6Ewad 16 °yvAoC
Cywhk@&d a°yvA- %oiv%wp aACU%ACY Yomitp 6 1 w3sy 6 6
Ao . wA Co. YWMy%uOFCx WENé CHWARIV | YAl Az CdY° «
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WE mergep TeCa wz ! %vi ¢ %o 0f EVAE ww #Bo AV %wie CEWz(
PEW{CU a°E UG« Ay (PiéjAyoniwaa whi- A BezA Yz
Gveoye¢g¥a ¢v¥bz § WCAXzUWKHKEL ¢ -CAE CCAREZY: WEV oA

¢V 1 ¢ Yac uCECUE UWyY FAWzwA G wh yPB) % 2284% BAv %z
)175\2 °avaA- c'_3/4péwz °f wz vy

00Hla %3  €§00alé vk 620D A¢ w® ¢ Lw000 Ea wWE =G ®avi 3u® Cpi |
zip ¢v¥%z of¥w] BEéuy COY R G@H 180Del 6 jLE0OcW A %3 (O j

K¢ Av AU&ws ,d ¢Cz ©°p~
7000
1
4000 \
0 2
0 v; a: 00
0 1 N c : 1000
3000 1100 1 m : 1001
. ; o A e : 101
d: 11
1200 1800 900 200 1100 1800
a b c m e d

4
+¢d ¢ wABIC2R 1200+ 28 06%9%43 200+ 33 1100+ 23 1800=17300
C¢ w/EA ! ¥%EADO3BE

inimumyS@nning TreeMST) 6 wa Cp Cu ¢ WEA~ ¢ - %t ¢

Ao Ev? ®.C A0 $I1%CEVIZ CABMNFA)BEEAWEITY, OYEp KA T WAz
CObz 0y °Ewz aAv¥%i uév AAt % #AEWzZOUWE
U o Ay ¢ Coodpd I@p QBLAC W RRZNG ¢ %%l ¢ v %A U
PEwz G700 %voéldu Ué%uoai 10)] ¢EwAG
ruskal ¢ WAU B E BAOBY ¢v °pE¥w{Y Ai ! ®%Bvi 1 A
Fu nKruska(G =(N, A): graphlength A- R):setof edge:
{initializatior}

sort A byincreasing length

n« thenumberof nodesn N

T « 0 {will containtheedgesf the min imumspanningreg
initializen setseachcontaininga different memberof N
{greedyloop

repeat
e« {u,V} « shortestedgenot yet considere:
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ucomp« find(u)
vcomp«  find(v)
if ucomp, vcompthen

mergéucompvcomp
T« T8{e
until T containsn- 1 edge:
returnT
1 1 2 = 3
Bw”ou
“ 2 4 = &
L 2
4 = 5 g 6 ‘
4 b / %
> ?5
QP
Step Edge Conside e nected Component
Initialization - A {Z{3H{A{3HeH{7
1 4F N 3 aHHHHeHD
2 €23 V {123{4{3{6{ 7
3 43 ¢ {1L.23{45{6{ 7
4 &L\ {123{43{67
5 e\ W14 {12345{67}
6.\ {25 rejectec
JNAS (a7 {1234567

°opTCl +walv gad wz yCHugkdal Az p mBewvd\w H jLK

\t PA%z °3vy €. i

C" \
i
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Hrim goé %LAODV
Functionprim(G =(N, A): graphLength A- R"):setof edge:
{initialization}
T« O
B « {an arbitray memberof N}

whileB, N do
find e={u,\} of minimumlengthsuchthatui B andvi N- B
T« T8{&

Step {u,v}

B« B8{u}
returnT %

initialization ~ ----- {Z
1 {12 {12
{23 {123

2
2
3 {14 {1234
4 {453 {12345
5 {47  {123457}
6 {716} {112!314151617}
C6y | °pEwz |V awU 06T E xwW 8 ¢v | °ppf
XAv awE & wAo - %t CAG:
AN AEdHkp o & A0V Cywiane CA
U-oun Y%w-Aikyre cAYWAQItH U¢ W aB£ VA ZA B
- REIR)A Yiaueklz o ¢ A0 gV i Eywu ¢, CA
¥ Ewz

lwé¢ av¥i EwWABGWEVY tvepfg Cpt

@dog¥) =@M’logn) kruskaz @ o &€ LAOOGV OGwl ¢ | %A
X Av Piite K w o & BAOQY) Akmih BB wE BAO 6V

goéYAOB-1) GwlUBwz @i whdAeesw vAovbE Cpbé
U &ruska g ot %A OQN) Amim¥%Ewg @A o0 dQnlogm) s v Gwl ¢
X Av %o Az ¢dws

SDijkstra$ v %o A1 € vl goi

A, ,6r LTAy ¥%a y TAy i¢& 0Cz U100 %CAEL U ¥
Gd Ai ¢Av ¢°obz ! PAWAEONI VP olARC ya YaveP Gyvs/
¥ Av Av¥a 0oy Aé
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0 =]

,j) 6 wCy (i,j)i E
Lij {
+a else

FunctionDijkstra(L[1..n,1..n]) : array{2..n]
array D[2..n]

{initializatior}
Cc{23..,n} %
fori« 2tondo

D[i] « 1[100] x
pli] « O .
{greedyloop
repeatn- 2 times v

v« someelemenbf Cminimizing D[V] %

C« C-{Vv} v

for eachwi C do

DIw] « min{ D{w], D W}

%—ﬂu@%,@c‘zﬁw%&l%(’:ﬁ@ gCavA,z A
YyCaco Cu Yy %é

return D, L

s

vi% y ¥%zy Y oC

if D[w] > D[v] + L] TS
Diw] « R[v ]
P[w] «
a
5 80 2o
10 | -
: 30 207
4 100 / /5
TN
10, P 5
: = b Step V C D
Initialization {2345 {503010Q1G
1 5 {234 {5030201G
2 4 {23 {40302010

3 3 {2 {3530201¢
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e0 50 30 100 10g
gn 0O © o] 03
& 5 0 o aou P [3[o]5]0]
e u 2 3 45
éﬁ 20 50 O Qg
g o o 10 Of
X AQWY) v %o El Ev:i goé %AOD
1+2+..+(n- 1= WI Q(n?)
ESchedungN {ywa¢ CA6uU
Ao Aty 1 PAEZw {1CAI-  WEACHPI{WyYW, °©° COAE %! ot
)1AECu o C/Eé £
. Simple
Scheduhng{ With deadline
ucv%zall A& ypuhd z¢ AAR 1° GBIVWALE O p{ywl e ¢
Ca AecywA aA y o WEUBWE e FWAL GV BE Af

guCpCu wAyj] %wUoyy

4
@ P EWf610=5:=8 B¢ %y Bn=3yBaE 0

8, Y T=8+(8+5)+(8+5+6)
2
3
1
2
1

4

Y T=8+(8+6)+(8+6+5)
Y T=5+(5+8)+(5+8+6)
Y T=5+(5+6)+(5+6+8) Y optima
Y T=6+(6+8)+(6+8+5)
Y T=6+(6+5)+(6+5+8)

r\)l—\ool—\oo’

W W NN PP

OWE¢c;wCy ® %AO OGwue y A& %z ¢rAbl yCE%UE Az v
YyEXU CEv¥z < SCaAWwD (ADEBA CwAwj), LA{EANC
¥ A BQibgn)¢ ¢ wA
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¥Schedding with deadline$yv * ¢ 6 Au ¢° p{ y"
wa wi Pigwv i, ve WCY YAy wl ¢ ° 3 (job)wd CAz G eB O w-
g20 Cacgveoyv ADwhyARivivokie Chiwywad pEwEYeLyg ¢ 06 AU
Ai ¢TAA % NE?®T pEBYA°Y GCAAAREG wHERMTPE wl =+
K¢ Av %vjpbdm uAob °IPWE vElv ¥%«v ¢ v QO
[ 1 2 3 4
g 50 10 15 30

d 2 1 2 1
x ¢WABodws

Sequence  Profit

1 50
2 10 ¢
3 15
4 30
1,3 65
2,1 60
2,3 25
31 65
4,1 80 - optima

4,3 45 %
FunctionSequendd[0..n]) : k,a 1.7
array j[0..n] v
d[0]« j[0]« O /\/
k« j[l« 1{job1is Iwayﬁ 00Sen

{greedyloop
fori« 2ton

I «

i i[r]] > max(d[i],r)do re< r-1
1] >r then
for m« Kk step-1tor +1do
jm+1 « j[m]
Jir+ « i
k« k+1
returnk, j[1.k]

Yy AECUO +w-yv Ai:k ¢®%nwi CA&:

PYywa°E yE£x%ul COYyAy yiCE%noz Aij
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d 3 1 1 3 1 3
YéeevoywCz %C-mE Az v wAGAYww-gw | ©
Y AECU +w-yd Ai Céw

ofa] [ [ | [ Ji
01 2 3 45 6
0 2 1
0 2 1 4
unchanged
P EvO(n§acé LA0dv Uév Cyw
Az A«AE wz A A latv?i %y %égmMNal cEcvowmzv 1
Py %C o deathin¥méz ¥34iaWpY ¢v °bz y ° Az we ¢Av
5(knapsack prgblel) N&~ A3 Ai A6 u /

Ai.21 i WCEvV wz v ¥ pQa Bra 0&EHY cAro @IC aAVTA | aCalYsy 1

Y AE U COwE Epei WaLval, AAw & v/

"ixi[01] Gj &8 xWAdw YEWZE @2V, g U ¢ A w
i i=1

YCphi Cu 060y yHhve y %aECz C¢%v Ai

i WCEV Ceddii & ue 6¢é&1yl‘xﬁiuy@¢\%\:%z¢{mﬁ)éwweﬁni
YyCtwiapCu xw, a
AG6AI AduEu &GEv: ACy
v °yAEY xw, msyv M
xi {03

Ai EdbwwpBu
aj wiL AiC

FunctionKnapsa . ,vﬁ..n], w) :arrayl..n]
{initialization}

fori=1to

while weight<w do
I « thebestremainingobject
if weight+w[i] ¢ wthen
il « 1
weight« weight+ wi]

else
1 (w- weighj
A

weight« w
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return x
Aéos
O(nlogn) « O(n) + O(nlogn) goé%AODV
Sc i
n=5 w=100
w 10 20 30 40 50
v 20 30 66 40 60
V,
Vi, 2 U5 22 1 12
Step X i Weight £ “udite™
Initializa tion 0O00O0OO0 O - 0o S
1 0010 O 3 30 N\ . %66
2 1010 O 1 400N Y 86
3 1110 0 2 @60 N\, 116
4 1110 1ogoeo 5 A %v 164
4 \ 84601116
). Yy 4 10

?lv
Q.
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HDivide and Conquefechniqu¢ 63 § @CABWAT CHp1 &
CeEwAABUEU %éE ¢ Azt 20w iwA ICoADWAEDEGY o 31aAN% @
WAYj TvobE Gj %{AaVEY y °y¥%uoi Ai twbzv
Az %oE°T ¢ wz wWAY] xvAQP BWIiGaE Go | wA ADBABA

X Av %éE¢ DREC Ah E%Aa w@Cizow CCi  ¢Aw o -OwA
FunctionDC (k)

if xis sufficienty small as simplether
returnadho¢x) - a simple algorithmcapableof solvingthe pr n

decomposg into smallerinstancesx;, X,,...,X,
fori« 1to pdo x
Ji « DC(x) ’S
recombinghe j.'s to obtaina solvingj for x
return j
X AvTop- DownG Ae’ ADEY BaC5psP 80 1 €

Acv ] Bl % %l p
Y A, Cayft 5@ ONVEEOvV GAINAEAC VYV L] ¢

FunctionSequantidl[1..n].x)
fori« 1tondo %
if T[i] =x then
returni
returnn+1 %
T3 & %pCwz dA-o A«

X)

Functionbins
if n=00OR

els
nbinrecT[1..n], X)

FunctionbinredT[1..j], X)
if i =j then
returni
K « (i+ J%
if x¢T[k] then

returnbinrecT[i. k], X)
else
returnbinreqT[k +1, j], X)
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Binary Search foix=12inT[1..1]

leadd 98) os2)ib

| 5]/-2|/0]3 8| 9]12]12]26]31]
1 2 3 4 6 7 8 9 10 11
i k j
i k J
i ko
ik J

Functionbiniter(T[1..n], x)

{Iterativebinary searchfor x in array T}

if x>T[n] then

returnn+1
i« 1

j« n
whilei < j do

e (+1)/

if x¢T[k] ther

returni

ﬂm=ﬂ§+Q®Y

i, j«
UM +1,V[n+l « =
for k« 1tom+ndo
if U[i]<V[j] ther
T[K] « U[i]
i« i+1
else
T[k] « V[]]
j« j+1

j« k
else
i« k+1 v

)=2 gn)

[1.m+1],V[1.n+1], T[1.m+n])
{m rtedarray U[1.m] andV[1..n] into T[1.m+n];
+41] andV[n+1] areusedas sentinelgs

Qm+n)Vv ¥« v

5Merge sorh s

awu ¢
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proceduremergesorif[1..n])
if nis sufficienty smallthen

sor(T)
else
array U[L.1+ %], V[1..1+[%]]

ULl « T2 [2[15] 4/| 1 [ =[5 Jaos]

VL% « T[1+[w).n] /

mergesort(U[1.[])

mergesort(V[1.[]) [2]25] 4 || [t [=]5 [r2s] |

T(n)=2T(7;) +Q(n) Y nlogn)

\‘
%kSOFtﬂUC%AOOV
¢cwAyAn Az Coiv v% tAECuU CPA y 1t

Gj ¢Avv ¢uA ¢v %ol “ Al Q0j ¢
bsz %o A YAz ¢ YA

T()=C@)"+Cn+Cr*Y T(N)i Q %

@ cu ¢ow? ¥l god
T(n)=— a(Q(n)+T(|—
()= Q(n)ﬁéi Ty )LL»

c(n+])
nT(n) = no@t 'a=_1 (L-D)+T(n- L)) wewv: AOzvy Of
nT(n) +2(T(O)+T@Q) +T(2) +...+T(n- 1)
(n- =cn(n- 1) +2(T(0) +T(D) +...+T(n- 2) n-1Am ¢ ° { £ Az

=(n+YT(n- ) +2cn
Qupes
T(n) _T(n-1) L%

n+1 n n+1
,%VvééTn 2+§+2c
n+1 n- 1 n n+1
_T(n-3 2c, 2
= + + =4+ ==
n-2 n- 1 n n-1
T(l) n+11

+2c8 -
5 a
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n+l n+
T =0Y T(2=2c§j % ¢ 2cfy 1%dx:2c(logg+1- log?)
k=3

Y T(n) ¢ 2c(n+1)(logl**- log?) Y T(n)=0(nlogy)
BOoOwe UC%HmAz YT grx
0j Cywu¢ Gargedsit Yo BEwilpyour ABCU aly wy
¥ Az QRnidgnA -
UAv o Av Ciae Az wA AL
XtwyY ¢o6ws Bl X
AsBy =Cpr = (Cy) e

g %
G =a ab, x
k=1

fori=1to p do ¢
for j=1tor do

G =0 v
for k=1togdo
Qj+:aikh<j

YAz oinavAx %N Gwo nGRAzvyae Npviy & pAEEWZE w U
2 ¢v CyvAE w 7P3 CHOAWEE IEY 00 ey e 1OBVaA A

,

Pzw UBNZEAW [ ¢ WA 2 Va2t /M BB FAw i
E Enw2n3 n ’ ?“@m%éyaevmcm Aezv %z%N Gwug © ¢
Yvi swayv 0! % Qid&EWwWE Cy¥%
$0 Bt 3% CiEz 1Cp

N
K‘\»
gooou 22 éicll 012?: é;an a12@1 blzﬁ
© 0 0 ou G ol G anlfh bl
& 0:0 Oy
a21 a22
m =(a,;, +ay)(b,; +by,) gChi 1 %& %fv Ai 1 %i

m, = (ay; +ay,)by,
m; = ail(blZ - bzz)
m, = a22(b21 - bn)
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my = (a,; +a;,)b,,
m; = (azl' an)(bu"'blz)
m, =(a,, - a,,)(b,, +b,,)
PekCu ¢ ACxz¥%NLEGws] YBAT
C:gn+m4-ma+m m; +my 3
& m+tm, m+m, - m, +mgy
wAz %N WA P U «

T(M) =7T() +18TC)°

T(n) = 7T(g) +§Tn2 XQ -
c)

Y T(n)i Q(n°*) .

procedurestrasse(int n,n3 n matrix A,n3 n matrix B, iX
{ W
if (n¢threshold

computeC = A3 B usingstandard I%
else

{ partition A into foursub
A Az Ao Ao
partition B into fours

B B2y By By

computeC = A3 BUSI trassemmethod;

}
} \ 2
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-

5(Dynamic programming) w ¢ A ~ G/AEE Aly ~ AdIwg %:

Cp Bué ¥4 Bottom Al wz Az uCéw~ j %AT z AoduEu
gCéwupCu awmuC-» ¢wAUaw3 BT v wAO av
CWAzZVA« ¢v WBA{Y wz ABuZEl ¢v xXVA« 1 & A

i ¢ Ai ¢Dyfamic préglammiQaiyve Az A JouCEZiw & ¢ Aots  Geew
o b~ Adble %jc 11CAGMEz %u CoEfi¢wz O6AUY%A Az A
YCzwCz aACE uUpvwA?2 Eva%uCobviagwhhivBe{A I

¥ Av wWAAUwWY %z CvV ¥%«yv GWxAl&%’z dwz y

(x+y)":é_%r:§<”"y" ¢ WA QEz y & v %K

k=0
i WAl z 0] CoeEf¢w ; Ai l1°¢kCu ¢A:

.
1 if k= 006!\\
4
an-19 an- 10
Ny Bt

\o r}w

&bc%vl o DECi | LAWA awvwCe= Ef ¢ wz
Functi

Ce] o
XS
|-GDO

1
A

k =nther

returnl
else
returnC(n- Lk- ) +C(n- 1Lk)°

a5

blé%

A A~

aywaedkv ¢vuz ME "0 vyj CaEnrngwz CAOzvY

I ODO!

Yeévt v¥% ¢twée C%Bv £ jw{Aw 0 y °pao
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e N (=)
WN B
H

|
tNTA N Q-
AR C[n,k]=C[n-lk-1]+C[n-L&
1

114 1 Cli,0] =1 .
Clii] =1

for i« Otondo v
Cli, 0 =1

for j« ktok do v

Cli.jl=1 &

fori« 2tondo
for j« 1toigl do
. . & o
, ] -1j-10+di-1,]]

returndn,

5The world serieBCy WA « ¢ %A

Yowz U COPyzvw &¢ vesazlt ARG coyCAECE ¢ AiIBYy P a8 Ch A% zWEi o
gCE VX% A Ev Wit WAvwEz § %C X Awe al ywaz a&k vk - QoiAy
qiB @ CEpIK vZE YC v %z ¢ ¢Pwmb i%A6 @éhe 2058 736 iinwezS v ° 36w
L yzP@idgwurAw §y °Ewz %0E! Ciwz HPpYqQOR EMER ¢ o wz

BEvl YEANZ BERQGEMEY A WKEY AT pAve B OV %E
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1¢jen P (0, j)=1
1¢i¢n P (i,00=0

P(n,n) ¢¢wz Uy %l
POD) ¢ ;ey e w

PG, ) =P*P(i-1j)+a*P(,j- 1

i21j21

1 3AAZ p &V OSRIAE Upatdvwy Owl B3y

FunctionP(i, j)
if i =0 then

returnl
elseif j =0 ther

return O

else
return p* p(i- 1 j) +g* VQ
. S\ ¢
=Y
1 g WWI=0
\

T(k)=2T(k- 1) +h(n)
(X“- 2xX“H(x- )" =0
T(k)=C,2" +
T(i+j)=2C"

d wz:Piwn)&O(R2™") =0(4")

C
T(k):{ oT(k-D+h(k) k. 1

Ay

P(i. j)

P(i-1,))

/N

P(i—2.j)

P(i-1, -

2n- 10 j

leodd 63)) sl
P&C Tz ¢¢wA
L 2

Y «v QOQwu g

k=1

PG, j-1)

/ "\

PGi-1j-1)  P@.j-2)

UrnweeCly y ¢ Av Cé¢
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Fundamental of Algorithms-

FunctionSeriegn, p)

array P[0..n,0..n]

q« 1- p

{fill from top left to main diagonaj
for S« 1tondo

P[O,s] « 1;
P[s,0] « O;
for k« 1tos-1do

ol

Coiv %bBlkseklwzprpk-1s- k] +q* pk,s- k- 1] .

{fill  from belowmain diagonalto bottomrigth} v

for s« 1tondo

for k« 1ton- sdo

FAs+k,n- kK]« p* p[s+k

return p[n,n] %

+g* pgstk,n- k-1]

3 6 1 j & n

Coiv wuoejeswz QM)

Coiv woiejusel~ QM)

Wz

gCphpi Cu XaA@OY5 v ¥« Cobwn #%C

g
PekCu ¢Aoz goéBAOBY V3

Y Q(n’)
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fori« 1tondo

P(@i,0)=0

P(0,i) =1 Qn“+n) QGwu ¢

fori« 1tondo

P[i’j]:P*F{i‘lj]+q* qI'J_l]

CMFvt L A«y %CAEN ¢ A«
a6o, 0 CwAAI ¥ GABHLYA

~

Al ¥» CA6 CAAYs egyCpCiul P

e IABw{y?! UGcv
NeAviesvedE wou COHLHRMz v
Rz @D Gu ¢ o AC & 0 -
Yoo | ACUEWU ¢ & wAm TR 6lvakza OVOGE Gxiun IARVE WABAAL iAYs |
Pacummwy Az v Av¥%ia Al v i %a

Vv

QPEW{CU %o ET 6V o é¥BAODV Al

. L.nl.
n])ag n1.nj)

5(Floyd)y (:Axfézwé UWC AN o

6AO0 pBavaAar&h- y/E Yz %%V%bﬁﬁl @y %0 i

Al % ®Ca Mdyv Ai ¢Ade @ Doz % w e CAawpEmu CAW avy
w €

FunctionFloyd(L[1..n,

array D[1..n1..
D« L

for k« 1t
i« 1ltondo
for j« 1tondo
D[i,j]] « min(D[i,j],D[ i,k]+DIKk,]D;
if D[i,j] >D[i,k] +D[k,j]
D[i,j] « DIi,k] +D[k,j
plij] « k
return D, P

# V %Qable B¥lletA 6 2 %0 Az Dynandicyusic & %8B ¢ 0 ¥ Aw é
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X A@Qn®)°e e A& w@oé %ASHOYV CV Yz

@O o o og e0 o @ o g e0 5 20 10;25
% o0 15 s5Y %0 0 15 5V e3,0015 5u
D0: :(? l:IDlz =€ UDZ:L

60 o 0 150 e30 35 0 15u e30 35 0 159

&5 o 5 0y &5 20 5 oy &5 20 5 oy

e e0 5 20 10g

1 )< % 5 0 15 s5Y
D,=L=¢€ u

€30 358y 150

5 S5
5 50 5 15 : 5 10

N ‘10 5\

3 0 151‘1

u

20 5 0y

’ - % u
ydG&z i CpT £ o6t W/ WCh I BRE Yy Ch EBWAELCUREW]

% PpiCu o60Y
v 5 CywAY% I AE Az Ao

«1/1 -
a"=as3asas.. 3a\ D&C Cy # 0Az

R
X%XKS\\* W

X, = ~
) o EWZ]:S/4E

'\

Flo (floatx,int n)
{if 4)
return x

j= xton(xg)

) n
if (n==32
(n==322)

return j3 j
else
return j3 j3 x

}
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C n=1
T(n)= {T(%)+3 n>1 Y T(n)=Q(logn)

QN A~ T AE %~ o60wi °BDRLCVA AzZAECU

HMatrix-ChainMultiplication$  w A wi ¢wa %C-y

WA EE LEwWU YMCGRIT AA£AAMAL U eoM

v mMewEwl C{ CE%E XAV Ax ¥dbE

CAECHEWULY BANGPpUGT @Ev L ¢

Cv¥%z 07 00 mMwAA%LN g€ g
Péj ¢Aoz C o670 d

B0 Chi 1 %8
VWA, GEaN G c
%o Gi a°E +w-
€ 0% Ty R A

i P ENE, AAYVAWAQYE W

C v Sesplob

Coa = AgBy
G = a ahy; 5
k=1

j=iY A- m;=0

4
'ﬁ~
d

P=i+1Y AA.- = dedd.,
)G d .,
=min(m, +m,; +d_,d,d;) i¢ke |
A AP A
C o -
Ym= { d,dd, j=i+1

min(m, +m,,,; +d_,d.d;) 1¢k¢e | j>i+1
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Ay Ay Ay j-i=sY j=i+s
ay Az Ay
0 s=0
M iy = d_ dd,, s=1i=12...n-1
mn{mk +rn<+1,i+s+di-1dkdi+s} S>1¢i =]::2’---n'
Gk Ei+s i+seny iendg N
int Minmult(int n,constint dl) ‘,
{
indexi, j,k,diagonal
int M[1..n][1..n];
for (i =Li < =+ +i)
M[i][0] =G;

for(diagonak 1 diagonak =- lo%‘;
for(i =1i < =- dia n%
{j=i+dia on%
MO 1] g mR(MTKT+ Mk +2[ j] +d[i - 1° d[k]® d[j) i¢kej-1

}
ret n] A.AX %N ¢v¥z +¢d x%N tvopEgE Hévos
}
d d, | d, P d | F AECH %@%CA ¢
O 1 2 n
[ My
My, m,
s=0Y { my s=1 m,, s=n-1 { Moy
m,, 4
4
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Hw u 1¢6 ¢y%uz ¢cAd o
A : A ® A A A ’ A

53 2 233 324 43 6 627 728
dyd, d,d, d,d, dd, d,d, d.d,

~

M8[2] = min (MK + nfk+ 2]+ d,d,d,)

s=1 = M1 + M[2][2] + dydd, Q~
=0+0+5°% 23 3=30 x

M[2][3], M[3][4], M[4][5], M[5][6] Q§Q

( \
MI[3] = min (m{[K] + ik + 3W
&)

—

s=2 4 = min(M[L[1] d, , MI1[2]+M[3][3] + d,d,d,)
=min(0+ 5 , 30+0+53 33 4)=64
\ M[2[4].M[4

M ‘5]
QA
Q.

~

= m!g (MA[ K] + Mk +1][ 4] +d,d.d,)

%in( MIZ[1] +M[2][4] +d,d.d, ,

s\_s§ g MII[2]+ M3 4 +dyd,d, |

ML[3] +M[4][4]) +d,d.d,) =

min( 0+72+53 236, 30+72+53 33 6, 64+0+53 43 6) =132
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wa Chbée l°eéwuy c¢°i G&
AGAd ¢v¥%uz °yvAmz A
CAn EW: | Atlvax. 4, 74

UewWIl & +0%& AHl YAV 37
A-ABG/ 6V Ew Ak~ (g o éalB/
CG) wd eAWITC, EE

TCu ac%b£f g Lh°ud y oC

ThL j1=(Al V| A W}

Yow o - w ST T[En[ W whiz ¢ AW, Lpa=wWAi ¢Av 2 Nvy 3%~
Y Ca°TWip] Atvwiasv CoEfR ¢, w

S=1Y T[L12],...,T[n- 1n]
4
S=n-1Y T[Ln]

A sin9i Q) v Yo v

s=0
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5i¢ y %el CoE-~

'alip,x 1 AE @gXIic{df wu

i=1

a wx ¢M 1¢ic¢n

i=1

5atvA{Céy

S ={( p,w)} ={(0,0)} 5 4¢ %bpE

x w,iaoyQE +AiYpk&EWo & wali 0QAE Wi ~wE

Cyeg WE ! AEz
xw,in@Qlk AYP.EEGAAZ %ui 0QAWE 3 Ash AU j dws3
Y AEz

0t au OM'nyGy%"V\fG/EhVE&(\My\VoVE) ) (ppp) =125 s

\
S° ={(0,0)} %
S ={(12)} .
S ={(0.0),(12) ‘?x @9 wly
Sf ={(2,3),(35)} %' ﬂ.ﬁE« u" E "AAO a /fnS /%E,JG)A© V.
S ={(0,0),(12),(2,3), oV @1 GEv A~ I CAv

S ={(54),(66 L 2 1%y LA« AT (62 B,B-Gag) = (2
0.4 Az W3¢ A wAW =0s1A

S*={(0,0), L2)¥2.3%56.4),(6,6)}
N\
4
id sagiioat p[], float wf], int n, float M,int X{])
{ float ey, w;;
setgn+1], S[n+1];
0] ={(0.0)};

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

{SIi1={(p,w) [(p,- plil , w- WiDT Si- P& &w; ¢ M};
Si]=merg&Si - 1], S[i]);
}

Ab,

Yo f 1



Fundamental of Algorithms- Lo 98)) os2ljb

(p, W) =lasttuplein §n;
for(i=ni>0i--)

if (pow)l Si- 1)
{i]=C;
else
{xi]=1,

(powy) =(p., PliT, W - Wi);
} Q-
wiu¢ CiAocCe C
2
IS| WS WA A &6 Al 1 \S°AH FA wy m%-l Aoz WAWE Vv go

gehvl | gCatl
a|S)|= af =2"_1Y T(n)=Q(2"
o¢icn o¢icn

P EWUYL20.0° T w Gk Aweg i Co Wi jJAGEARL Gy o

o oS
VIi,jl= | V[i&\ ‘V i>1, j<w
N

VIi-1, j-w], VIi-1, jI} i>Lj2w

\“\ Qn(w+1) Br & %AOOV ¢V Y«

\@%Iue O 1 2 3 4 5 6 7 8 9 10 11
b
W =1 =

w=2 vw=6|0 1 6 7 7 7 7 7 7 7T 7 7
w=5 =18 0 1 6 7 7 18 187 24 25 25 25 25

w,=6 =22/ 0 1 6 7 7 18 22 24 28 29 29 40

W=7 V=280 1 6 7 7 18 22 28 29 34 35 40
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HOptimal Binary Search Tred)p CAz CeEéy ! y &l ¢ A- a [«

Ai ¢Av at wBA.- y/E %z ¢r°Y wz 0] Al % %a Ai
¢CAvy ¢a0A OQwo. %t %E¢ YA ¥z § °Ewz %° ~ a¥i
PEwz %°~ a%ui ¢v %lLo

PywaeE yE£%u %o i wAlcze,.Ad, ©OEiwzl A& w

G <G <G<..<g,
Ui a0 jdwie3 QciGa)p Mb%ﬁ&iyﬁ\%/wﬁ\l 6wimno3

3@ b BBLEE v BADA %

odavE Yo, oy wa ° Coi 1 & YAV
COe ALWBEGAWEEE Clvv3Az
PekCu ¢A°z %éE¢

eV ¢ %l aév ¢vdz ¢ Wiy

C=£. pi(d; +2) N
i=1

& 20

Node 6 12 ‘AS‘ﬁ' 27 34 35

’r V‘ 15.4 / 27
Probabilty 0.2 0.25 04054#°0.1 005 0.3 0.05

| "4
C=1303+230.2 3Q.05% 32 0.2+33 0.1+43 0.05+42 0.05=2.2

¢ WAAZ dweé ¢év¥nz cwCy ' %AU CEWAAAEwWEéD tvo
vV % CWAAAEWED 1vopbE UepyEwA AU B CAL° FAR Vi

Péwuy |, Eu ApCAz Céeyrytrt ¢ ¥

5

¢ o B« G<dg<..dcE%ivabp Y ¢ %UChH Y%y %é Cv¥azmgred CWAA

]

PEw{Cu Céytry

j
_min_ (C|,k-1 + Ck+1,j +a pt)
ickej =i
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a°uj ucCéw~ ¢ %t %t C7 ¢
L'k
/ \ = Cl,k+1+ck+1,j + pk + pk+1"'+ pj + pi + pi+1+"'+ pk-l =
4 C‘\@/ \ \ 2 + + 4
[ Cr1tCu ta B

t=i

/N

PEw{Cu WAEE¥%UEWI CEwauC-y¢ x%UN goé KA

int OBCT(int n,Constint P[], indexQ[][]) %
{ x
indexi, j,k,d;
int C[L.n[1.1] %’
for (i =Li < =n;++i) v

Clilli] = Mil; | %

for(d=%d< =m-1d++)

for(i =Li < <- d;++i) %)

{j=i+d;

CIlL i1 = mffmi(CILk - 1+ CTk-+1]L 1+ 4 PRt

icke t=i
Q] = vau f k that gavethe mnimum
return C[i]
}
5 %A a%yiwa®pEY %a
y | ,Eu0 WaAa%uAE ¢v ©V¢ %a uCz Adl wa Ai 1t wy?

vw{ 1 ¢ Oeé& 1i¢%a wa%uAE ACOi ¢W Av ocp{i” U ycAHE Y
AO (¢ %o a WEATA Wz BWRNE CAGeEN Azx aw
wiay xw, ay\n-9@Eey).. 1=5(6- D Lw e Aiv GT 0
%8 (WAZAEV O B@AEVAYE V.o BNE Al | °C BWAENA(SLH V] °© Ewz

Y %o Cu Y%w{Té NweécCé!
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Hva $uAB & YR FWOE AYAC
V ¢v AYMSE-U %E ¢ |
AYAG-0 ¢ WARAE covv WEMECEDNEW{oT 40w EWAA b £
AU wy B[V~ O] %

F oo} {vvd {bvvl é {v.v)

N o@D @

=<
)Y 9

voidtravelint n,int w{[], indexp| befinlength
{indexi, j,k; D@
numbeD[1..n][ subsebf v = &x

for(i =Lk < =n;++i) %

Dlil[F]=

fork=Lk<
etV - {v} containind vertice$
for(i suchthati , 1 andv; isnotin A)

{DIILA] = mnimungw(i][ j]+ Dlv;I[ A- {v;}]);
pli][ Al = valueof j thatgavethemnimum

}
DIV - {v}] =mnimunfw{][ j]+ D[v;][v- {w}]);

Pli][v- {v}] =valueof | thatgavethemnimum
mnimun¥ D[i][v- {v}]

}
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T(n)=52%'l;1%n- 1- Kk, (n-1- k)?sf'l'(18=(n- 1)%”"(23
k=lg - g = (; -
2 an- 1§ n.2an- 39
T(n)=(n-Da k =(n-Y(n- 2
=093 1, B=0- - 28 2 8

n-3
(n- 2)(k- 1)

T() =(n-D(n- 22"°Y T(n)=Q(n*2")

%C ElL Yl vy UAUG-uU

UCz %CAEL % Uévy tvoYy UAaﬂ&,l gCPI YV O v

XEvV!I¥Hz +°é ¢CAvyv wé }  PEA zu‘c M AECQU WG awi~

- GE%oBECz wz VYANaAIM %a 1837 2vOA i

g8 1 0 YyCpi C yWAEWAEIA (0] wz
2 7 4 4 | ] _ i
Cs e Y@ e o QGG 1o Y

e

oy WEE7E! tjwl/é{i]pj]{ﬂ]A 10V wz
QWZ 2 OA %1 PT ¢GA 1oV wz |
void diptianglént A[][],#iNtAN) ;
{int i, j;

fori=n- 2ji> - 2

P +1[J][0] < Al +[i +1[0))

{AIILII0O0T = AL IO +[i + 200 j + 1[0,
A0 =1}

else

{AILII01 = AL IO+ Al +20T 11O,
A0 =0}

It %yt v¥% %CAENOM@/Uévy tveYv UAG-U
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HLCS) AcEY% ytr uCz é%BmEu Ao EwW

Longest Coimon Subsgience
X= (% %00 %)
Y= (Y0 Yareer Vi)

LCS(X,Y):2=(2, 2., %)
1.if x,=y,thenz =x_ =y, andz_,isanLCSof x_,andy, ,

2.if x,,, y,thenz , k,impliesthatzisanLCSof x,_,andy
3.if x., y, thenz | y,impliesthatzisanLCSof xandy, ,

o ifi=0 ORj=0 A’\’Qbh

di,j]= { di-1j-1+1 elseif x =y,

maX(:[l,J-l],C[l-lj]) elsexi . yj .

/\/V ac b
i, 11= LCS4, X1 %), (Yo Vv Y1)} ?‘
CS=lengttk, j)

m« lengtix]
n« lengtiy] v

fori« 1tomdo

di,0l« 0

L 2
forj« Oton
fori m
rj« l1tondo
if x =y, ther

di,jl« di-1j-J+1
bli, j« "¢"

elseif di- 1,j]2 di, j - 1 ther
bli, j]="a"
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leady98)) )b

di, jl« di-1j]
else
di,jl« di,j- 1
bfi, ]« "a"

returnc,b

Print_LCS(b,x,1,j)

(
(

6

7

X A181Cl BlDiAﬂB)
y= B,D C ,A_,B,.A)

0

Y

> U w O W »
o

B 0

if i =0 orj=0¢he

retugn,0

he
LCS(b, x,i- 1, - 1)
int x

elseif i, j]="g " ther

else

print_LCS(b, x,i - 1, j)

print_LCS(b,x,i, j - 1)

O(m+n) 5 v %« v

awu ¢
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5(Back Tracking) y € Y Az GEAEEvzOT1&Cp 1T £

Cpmwévs Cu %Al eay o6yv 67T E Az AduZEl EéwOad E
Cié wg ©°piCu ¢i%% Ew- CA-wWE 1¢& ¢A« %L Adu
BadwCz c¢waefv %E¢

%-pu ¢ AE{ pz yBeadoBkBumElp zAiAzCEWEA L AME ¥%-pu Adu
-Cu AUviv ¥%OEr CA« Wy Avd¥%A j LAl Av¥A v
xw, ayv wéj Ai DrpriisSing ~Onlyaidei TraCkimgLd Fivg Eow B 14y 1
True %v°eéu | °Ewz AcsEv! 1 A«§Ca %uis b x W, & Jufi O
promissig Uzwg Ai ¢AY yveMseCQ 3k & 3 yBal Yty
xw, ayv Ai °picu CAwvn¥%uz Mwa ¥ QF y ' AE %-p

Promissing Uzwg % |y waddéc §¢ WeARGVaY CAE AnpEiune -MwAe C ¢

¥Av 0°E A-wgE A.- wkE
%E 5 %0 (AOUAED

PYPhpiy °PE°AE VY C G%BLHMVNAL Q@UOE Mi° aad C3 6
void queen@ndexi) v
{index]
if (promissing(i)) ’S
if(i==)
ut ] throughcol[n]
els

Lij<=njj++)
{
colli+1] = j;
queens(t+1);
}
void promssing(indei)
{index k;
bool switb;
k=1,
switch=true;
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while (k<i && switch)

{

if(col[i] = =ol[Kk] ||abs(col[ilcolk]) = 3-k)
switd = false;

K++;

}

return swich;

}
A @l %t UCp°ua y °ppigae R b HEE %A
PpyAy v %0&& €cy Ay A
3

¢tAv CyAcAx AvaaeZONG%E ey vAWRE %i¥ | %& awp ™ 0O
(colili) i wi = |0 %®E y WiCHV Lxokif zwBR & YiaC Ly %l i 0
¥ Aynzn A gz 0° F %WCOWHE Acv Wi

%OA 1 ¢ Promissng 86 L éEGwz ©
Py v FaseC teidndissiby

¢Back Trackifig£¢ wly U oCe8tf A o 6 VA Glyw
Y %yj ¢A°cz Cowlars3v

SWAAYAG-U ¥Yeboe UG« 0

AAG»%AOLT 61 €° L AkAY 2C 1 1t
Y Al CPu Y%Bvoeéeu ¢y

P

WAY ] U« 61 wms3

void sum-bsubsetsfdex iint weigthint total)

{if (promissing(i))
if(waght= =m)
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cout < <x[1] trough Xi]

else
{x[i +1] =1,
sum-ofsumsets(1,weight+ w[i +1] total =w(i+1));
X[i +1] =0;
sum-ofsubsets@1,weight,ttal-w[i +1]);
}

}

Bool promssing(index i)

{
return(waght+ total> =m)&&(weigh= =m || weigh+w[i +1] < mf& Q )
}
2> y o)

2 \ O
m=13 B i 0
W =3w, =4w,=5w, =6 1/\0 / \

K 7 3 4 0
ight =43 kw 5>
weight =3 kw /Yo 1/\0 1}!&
_q.

n 12 F g I
total = § w
i=k+1 === 1/ \O
= 7

5 av¥%ui ¢ACU|] dy¥% |

Al WARPI OFAGUMAO G HCUKD P10 g R «
oPCRUE WwEY] AV ¥ eEC peChyzw olC aAIAY:, Gt ® C
| orCewh Yo EACHAQH Y BA Gl & Dol BYP
¥ Amo°c E A- wE

v% av ¥
av %n
A- wE

cout < <VColor[i] through olor[n]
else
for(color=1;color < am;color++)
{VColor[i +1] = color;
m-Colorin g(i+1);
}
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Bool Promissing(inedex)i
{
index j;
bool switb;
switch = True;
j =%
while(j<i && switc) av ¥%in 0 al[j]JA¢C %HE WU
{if (W[i][j] && VColor[i] = ¥ Color[j])
switch = false;

= &

return swich;

} \ g

6Cua cwawnyl o

T¢ ¢v Ai ¢Av du0wi

yv awi Az y °picCu

- Cu Uy %E av¥ui EwAAY%
} 13O CU sz

Qoevv  Avindet Awp z - WBE o v Anv ABw i BOEY (Ha AC G
‘ XxAwacE Owt 1 - wkE

Void Hamitonain(inéx i)

{index j;
if (promissing(i)) ®
if (i = =)
cout £ <Vin ] throughVindex[ni]
else
fOR(j =RiP< =n;j ++)
inde[i +1] = j;
hamiltonain(i+1);
}
}
Bool Promissing(index i)
{index j;
bool switb;

if (i = =1 && w[Vindex[ni][vindex[0]] )
switd = false;
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else if (i>0 && ! w[Vindex[i1]][Vindex[i]])
switd = false;
else
{Swith = True;
=1
whildj <i&& Switch
{if(VindeXi] = ¥index[j])

Swith = false;
++];
}
return Swich;
}

L 3
E~ AdAi Adu&Eu

P y%? y £ ¥0p,vC OCYWMYA EWCA  y
Void Knapack(indekint Profit, int Weight) v

{if (weight < =w && proft > maxProfit)
{ maxProfit = profit;
numbest = i; %
bestst=include;
) /\/
if ( Promissing(i))
{include[i+1] =.Yes!;

p[i +1],weight+w][i +1]);

knapgack (it
includefi+1\=
Lnagsac rofit,waght);

}

Bo missing(inedex)i
{index j,k
int totalweidpt;
float boun;
if (weight> =w)
retum false;
else
=i+
bound= profit;
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totalveight = weight;

while(j < =n && totalveight+ w[j]] < =w)
totalweidpt = totalweidpt + w[j;
bound= bound+ pli];

++j;
}
k=j
if (k = n)
bound- = (w-totaiweghty Pl
retun (bound> max profit); x
}

}
Q(2") ¢ 6 w3 badkttadkihg o %&%nﬁmz’,wn)v‘ ue CA{ £ %u weé A -

C Avackimcking %! a%vAua ¢ 1 AGA vwey BwfAon Co
‘ Y AECuy

VA&V %duw EE A~
¢ A- ¢DES e U oy CA-o FE« ¢v pEVBW{Y yCEHUE Az
L 2

JBFSWp A~ o0y v

Procedur rc

for (o]
k[v]% not visitd

0 ' N do
ark[v] , visited tlen

dfst)

proceduralfs(v)
{Nodev has noprevious} been vised}
mark] « visited
for each node vadjacento v do
if mark[w] , visited tlen

dis(w
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Procedure d&f(v)
Q « empty-quea
markp] « visited
enquae vinto Q
whileQ is notempty do
u« first(Q)
dequeue from Q

for each wde w adjaent to ya do
if mark[w] , visited Tlen %
mark[w] « visited x
enqueue vinto Q
Procedure bfSearch(G)
foreach VM N do
mark|[v] « not-visitel
foreach Vi N do
if mark[v] , visited tlen
bfs(y %
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