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BRUTE FORCE  APPROACH

+ When in doubt, use brute force - Wen ‘ﬂnomvsm

S’cmiahﬂ'owoafd approach: oumma based on problem Simtement (tewds
to mmm\l& tome to mind)

Exhaushve searth oy %u\era’u and st
. S»shmwh‘m\\& mumam-\ir\a all possible candidates for e solution
¢ One whether each  candidate sahgfies the soluhion

InefFicient  opproach

0: Bruke fovee al&oriﬂnm Yo find divisere of @ wodural number

« eaumerate  all natural wwwmbere lets Haan N ond  chee of
e number divides n

L 40 n wmuty be hecied 5 exhauntkive



& R queens puzale: W A bt xbet board, oWl & queens
placed tuch Mot ey do not dash  Cdite diogenals, rows, and
diogenald .

*dnede ol enumerahignt  Cpotsibilinie of 4ae ¢ queens

2
()] possibilities -, very ineficient

G- Brure Porce search: lineal Seacch
(arows lineacly)

void search(int *a, int n, int key) {
for (int i = 0; i < n; ++i) {
if (alil == key) {
printf("%sd found at index %d\n", key, i);
return;
}
}
printf("sd not found\n", key);

fov 100,000 clements, ~ 0.3 milliseands

for 1,000,000 elements, ~ 25 wmilliseconds



— BRUTE FORCE Wd/ abgPrithmy”

SeLection So0c4

See wnit 1, pane 3

Cln)

(\

n- (13! n-1 n-2
i Z 1 - 2 (—""-‘374*/0 :-Z n-i-|

(=0 =il izo tzo

- v (=D« ...+ |

)

{

nn-) g 6(n*)
a

bubble sore

*© odjocent  comparison  sovt

N%ori’f\nm
for i=0 40 = n-2»
for =0 Yo j=n-i-1:

W oawelyt1l coavr(yl
Swop  arr(jd and arr(y]



Emm?\e - 5,%, 2, 8,%
A
>
?ass=l 3,5>:L)373 ;),04.,,3
32,5, 8973
3, 2,5, 5%,8
D
>
pass =2 2, 3, 5, 3 % \\ 0 4o
2,3 3, 5,8
pass=3 2, 3, 3> 5 %8
pass = 4 2, 3 > 5 2
pan’S a) 3’375’%
efficient bubble Sovk
* if no Swaps done in any iteralen | ine array 1
torted and he program 18 terminated

- Wergk-tase dHme unthanged; best - cate  dime improved

. WHAD & ﬂuo fev
trerahon ;
W wade)

wer \6

sovked (aStume 4o be
mav koS

serted  od
ungerted onee & Swap



for i=0 40 = n-2:

Sorted = tvue
For '690 Yo '\\-«n-i,-\:

W ovelyt1l ¢oavr(yl
Swap arr(jt] and areCj]

sovked = false

W& Sovted ¢ twe:
break

Time  Complexidy

n-2 n-2-i n-1
Cln) = 1= g na<
ic0 iz0 -0
= (-1 + (n-2) + ...+ |

Cn) = n(n-D € 6(n2)
X




— BRUTE FORCE Aeanching” algifhmy”

. Searcn for o poktern in o given text

Seaential search

pane 3 - linear search

Srind Motthing

e \)a’r\'emz “TexT" Uevxsw\-v@ )‘\‘Qx{- : below  Clenggh =n)

REMD TEXTROOKS
=0 T € XT
(= TEXT align  and
i=2 TExT slide unfil
a1 TE T wadeh found
L=t Te X T
v=5 TExXT

© wWoirst ge = texk le%Hr\— ?o\H-zm \ens’rh +]  iferaniong

« D 4+ n-m & n-m+t| Mnals



S*Thyﬁ roadchingy

int find(char xtext, char xpattern) {
int n = strlen(text);
int m = strlen(pattern);
int i, j;

for (i =0; 1 <=n-m; ++1i) {
j =0;
while ((j < m) && (pattern[j] == text[i+jl)) {
++];
}

if (j ==m) {
break;
b

}

if (i > n-m) {
return 0;
}

return 1;

Oukpuk

-+ 1-4 String Matching ./find
Enter text:

textbook

Enter pattern:

book

il

-+ 1-4 String Matching ./find
Enter text:

textbook

Enter pattern:

boy

0



EXHAUSTIVE SEARCH

. gemm’ro, o ser of ol \m’fenﬁa\\ solukiong S\()s‘femaﬁco«\\‘s

© tompwre Lotk of eadh permutaki on

+ find oprimal folution oy wmpar\n(ﬁ every soluhion  with
every ofner  Soluhon

ﬁxwe@%g/ me

* o Soleporson has fo  dvowe) from Source Yo desk  with
minimum toux sy Lvoz‘\av\\—a{o\it‘i-omces)

+ loru¥e Pevce colution - find overy Yoss\‘\o\e ‘)Q(W\\A\'QHOY\ of
n-\ cikies [(, ... , nt]

all_postibilities

+ exponentiol %rovo’m- NP peoblem (n-0

© Homilkonial Circuir — visir ol verkices in o graph
eXactly once , start and end on the game vertex

+ Findk  shovkest Hamiltenion  circwit tn o we.\ﬂh\'u\ wnnected
orogh



8:Find opfimal eiceuir
A / Start € end
&

31- 6 ?e(mumﬁm

h—ob-o o4& __2_{_,“_“_5___@

o > b> 0\-—3(...-30\ o 2+L‘_+7+g = 2

B oC—b>d 90 = §+3¥445 = 2p

6N 2eodDOdb—oa = BtTth+A =

o ™ d 22bvoEc-Hoa = 5+'_{_+3+8 = 20

(0 ey d'—‘)(_'qlg"')(k T 5+1+3+&=®

OP’rima\ podkhs:

a-=batHd->a
ardac2boa



”

L+8 x|+ 18

A+L+\+5 = GD

S+843+7 = 23

()

13

‘l

a>bd>d-o>2coa

L oCLb>d S

0 2c—ddb—oa = Sriedtl

(1)

0> d b a FA+3HEFS

"\

X9 d DCobL IR 7t 4812

1)

1%

Optimal  Solution
02 b A2 >
A dbOdA



KNAPSACK PROBLEM

* bog with capacity M, opjecs wirh welgts and  values
+ 0/1 tnaptack ; ogject either picked up o not Cno frackions)
* Optimisation: MOAXiMise proFH— due to objects

ey o ¥aief 4riec v maximite pro(—‘d— with Binite bo'b Sire
Lwei&h& ond Value)

- edhaustive Search (ol tubgety found, value and welgt
wleulaked, ophimiced culoser found)

. an subsets

Q: knopsodk wpacity W=1b

Thewn \A)Q‘seh& Valut

| Q 30

a S 20

3 lo Y0

& S v}
Subset \»o,iah\r Value
U ) 0
LR | a 20
3 ) s 30
y {3} (o §o
S $4} g |0



b 11,23 1 50

1 {{s,s]} 12 10 optimal
& 18 1 3o

a g s sl

o {au) 10 40
13,43 IS 60

n L1,3,3% 17 not feasible
3 {,',lﬁ} 12 60 .

15 41,3,4 17 not— feasibole
(s 12,341 20 not +easible
o thy3h] 22 not  Fensible

gxnawtive  seavth: (2)

Jivg“ W PROBLEM

* There ore N people who need 4o be ostigned o
" Jobt

+ The cosk of assianm%a b ) fo o persn s ¢ i3

* Minimisahm ?m\a\em

S\Jz..... Jn




n! Pemw‘\M’t‘dY\s

,L\Yvn_o ~ oo
o = 0 — =
r\nu.n%l.._.aorw_
alo = W

ol

o N jobs (1)

n people

Gt

wpmMWﬁ

>

4
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1 r \ ' 3‘1
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DIVIDE s CONQUER

bia problem divided into tmallec Sub-problems of
Same nature

solve Smaller Problems recurs‘\w,hd

+ combine e soluhong

inttance of
Size n
sub-probolem Sulo- problem
of tize 02 of &1L nf2
problem of roblem of
fize | size |
Soluhm
Yo o\ \‘\0\
Prob em
_hime s ent-
= o% T(n £0rO4 on AiVidkin
TnD ¢ /23 + £(n) ot covmi i '\ﬂ

\ b ingstances



—Macter's Theorem
P9 35, unir |

fox the vecurcence

T = 0¥ Tlo)p) + £

e £ €60n?) where dz0

it o <t Tmes?)
£ = b‘i J T & O(nd lob n)

e o > T e0(n

| merge soct I

© Moe: merge & torred seit ko form & larper meryed sor

a( 3
; 3p 50 a}]% Qs b
TTN 1 V4 ¥ out of
© 00®E O o ® © wgds
10, 20, a5, &b, 30,50 exrusted

« Divide: Yeep le\dlY\d ko halves wntil Size of orcay =\
(each e,(emen’f o terted arcay of gne 1D

as ls,la 6
/ ~
[u,

(9/ @Q&_ﬁ (/® — elemeptary cate (sine=D



l\\awi’chm MevpeSort CATO...n-1)
J cewursive
/] inpur: arcay ACO...n112
Il ovkput: sovted arravy Afo....n]

if n>o0
copyy Alo...L0R)-1] 40 BLo...Lna)-[]
(G AL Lapd ... nei ] b (lo.... Ln)z.l-\l
mevae Sort (BCO.. ..LnJ2)-1)
Merge§ovt CCLoO. .. Ln23-1)

Merge (B, ¢, AD

“\QOMM Muae CB[O...Y-('J,CED...Q’—Q, anlfo ... ?.%43)
) Mevpe two  torked orrays o one tovked acra
Il Tnput: acraye BLO...p-1] and CLO...9-11 ,looth Serred
[l owrpwt: owray ALO... pxa-1] of both arvays elewenis , sred

=0, ‘):D, k=0

while i<? ond 349,
if Cetid € <)

AL = Blid
i = i{—\
elge
ACl= c(a
3= 3l
=L+l
iWf |'_P

copy C.[d... q,'I3+b ALk... P.\—orI]

e\se
wpy BLE-- p-17 4 Alk... piq-1]



B. Show wmerge sort- of €,2,2,9,7,1,S,4
low=0
\\'@\-—7

, 4 mid = (047N /2

¢
\ P
1

> % T, 1, S,k
% / \
>, 3 2, A 7, | 5, 4
l o I AR
3 2 9 7 | 5 4
N N N ~ ¢
3, 8 2, 4 1, 7 4, S
2, 3, 3, 9 L4, § T

" 2)3; L‘.)g) 1, 87‘1

< Merst g' .x‘ A, xj
T = A Tl £ o Fiwe
" , Ccdw\Paﬂ'm\o lxl*};l:);ls

S compari:ms
Mater's Theorem: a=2 o= } b=2

o = u“ (a =2

1Mprovewent
STy e oln Ldb n) 4 ovPor 0 (n>)




impPLementatimn m C

void merge_sort(int *A, int 1, int h) {
if (L<h) {
int m= (1L + h)/2;

merge_sort(A, 1, m);
merge_sort(A, m+l, h); PN \,000 e(eme'\k
merge(A, 1, m, h); ~v0.Q Mm¢
}
}
void merge(int %A, int 1, int m, int h) { For 0,000 elements
int B[MAX]; ~ -7 mg
inti=1, j=m+1, k =0;
while (i <= m && j <= h) {
if (Ali] <= A[j]) £ ks 100,000 elements
Blk++] = A[i++]; ~ 20
} m¢
else {
Blk++] = A[j++];
) for 1,000,000 elements
while (i <= m) { ~ X000 Mm¢

Blk++] = A[i++];
}
while (j <= h) {
Blk++] = A[j++];

}

k = 0;

for (i =1; 1 <= h; ++i, ++k) {
Ali]l = B[k];

}



|@uuksa+I

5 3 | 1 0o &4 6 a8

Hoare's parkhon wetiod

pivot element
+ variafims of 8S '
* pivod: firgt element ™ arra pot
* divide b 2 acoups: ALY < p and ALY >p

3 1 9 10 & 6 a8 n=%

J
tz low+ 1
\)=h|’0h
p= Fivol—
5 3 I 9 1o 4 6 28
Lo gy

3<{s¢ KKS 475 4<s 67 aers

2
SwaP
5§ 3 | 4 o 91 o6 ae
Pooby 3
J 10ys
Sop
k<s 1075

Stop
Swap 3™ and piver when i oand j cross



Py
b 2 J\ @ lo 19 6 22 pacthimi
— ~ — succeCsful
LHg ivot U
guick turd foom ? gwite Sev¥ £oorm
low 4o -1 Vel do "“29“
| 3 4 6 9 lo 28
—
q,sm

Q: Show qgsort for  the array

S a8 7 4 ‘wo 3 2 |

v J
Qf 45 1$5

Ley —swap i g

5 (7 4 Jo 3 2 28
b J
$top stop
745 LPS

l'<J —> Swap ii(:)

s 1 2 ¥ w 3 1 28
’ J

sl'oy stop

4t 45 3%5

fC5—4$war



S 1 2 % 1o % 1 28
) Y
JShP IShP

jei = twop p o]

28

2 02 ® 0 w7

2 I 2 . [o) (1 | 28
H 3o v p i ) )
f J $op  shop stop stop a¢? 10 Y
wop’ 15 p trap 5
2 | 3 o 7 1w 2
- U ¢
? U { — 00R M'OF 5‘\'0?
j #top Stop Swap p < |
Swop ¢ p 7 (1 1 28
a3 ¢ 28
Py
final array

| 2 3% 7 0o \& 28



N@orv«hm QuickSovt CALL--- h])

/Sexxt o suborray bb q,uicv.sm’r
# Toputr: o subarmy ACL---w) of  ALD...n-1)
I Output: & mbarma ACL- .. WD) sorked mundima svdey

i Leh

$ = Packihon (ALL---h))

QuitkSorrCALL. .. §-13)
QRuick Sort CALcel.. WD)

Mgoritam  Parkition CALL- .- WD)
IPackiione o Subarray wsing First element ag pivor

i Tnpur: o Subarray ACL...H) of ALo...n1]
X Owkput: o parktion of ALL...W],with e spliv potition returned

(|

? [N
i= L
Y= h

repent
repeatr =i+l until ALi)2p
repend §=3-1 unril ARG <p
swap CALII, AGYD)

uniil i2)

k3 #L
Swap CALL, AL

return )



IMPLEMENTATION = (

void quicksort(int xa, int low, int high) {
int j;
if (low < high) {
j = partition(a, low, high);
quicksort(a, low, j - 1);
quicksort(a, j + 1, high);

int partition(int *a, int low, int high) {
int pivot = allowl;
int i = low + 1;
int j = high;

can alto
while (i <= j) { / be

while (i <= high §& alil &9 pivot) {  Shrick

} /

while (j > low && aljl [»>=) pivot) {

-3

H

if (1 <j) {
// Swap
int temp = alil;
alil = aljl;
aljl = temp;

}

// Crossover

if (j '= low) {
allow]l = aljl;
aljl = pivot;

}

return j;



efpiciency cLass

—— et cnse

- Besk case: split S0-50

O

®
/_\/—f—\@@
Sl X % 3 6 1o a 8 n=9

u@®
S,

mparitons = Nl no repeating of pivot)

5 @' L 23 S 6 10 q 4 Y\%q

N
wmparisms =N

bast a=?2
g~ oS op b:12 o.~b
¢t ) = 2 ¢, n) +n d=|

Tin) = B(n (oa n)



—— tuonf (ase

©
—~

A 3y % S 6
©@
)

Qovv\pamms = N+l

Cw"$+ = M)+ nt... +3 =« (xDn+) -2
2

Tn) = 8(n?)

— 1 WV'M/ZK CASE

. Par+i+.‘mina can Yake place at n Aiffecent lowatione

n-|
=L S [0 + oy (o) + cwﬁcn—l—s)] for n>)

(o
OV
0 $=0

(.‘owa n) ® An Mln) = 138 n log, o



(U

N ATV ZEADTU
l\l\\ll'\l:'\l JCOARL

Size decreases
detreate ond (onguer Conly | subintkance)

fwo tonditiong
I the elementt mutt be n order  Csorted armay)d
2. every dement mndom\b accestible  (not linked lish)

example
= QL @ al 32 65 72 89 0o
k% o | 2 3 & [ ¢
low hiah

mid= lowthigh . 3
2

L% 4 armstmidj

binary Searth tubarray

/‘\
¢ al 32 e 72 89 oo
° ' L 3 * s 6

low hiah



Algorithm  Bina Seaxth ( Allow --. highd , K)
/ Tmplemenks  vecurtive bic\ara search
/ Toput: arcoy ALO...n-13 sorted in  ascending  ovder
I Ovtput: index of element K, if found, o -| otherwise

W low ¢ high
mid = (hi@hklow)/ 2
f ACmid] ==
fefurn
else « ACmidl 7 ©
return %ir\amASmrch (AClow.... mid-1 1 )
e\se
rehurn %inarﬁsmrch( ACmidel ... a-\ 1,

ele
ceurn -\

Algorithm  Bina Seaveth ( ALO...n-13, K)
4 Teplements  non-recurtive binary search
/ Trgut: array ALO...n-11 Sorted in  astending  ovder
I owtput: index of element K, if found, o -| otherwite

while low < high
mid = (hiah&low)/ 2
f ALmid) ==
fefurn
else f ACmidl >
h\‘a\n = mid-|
é\se
low = mid +1
cefura -|



— TI(ME (OMPLEXITY

d
Tn) = T(0)2) +) o= oa=b
b=2
=0
Ttn) = 6( [08 n)
T = vak (T, (ny, Tggn)
Tn) = n Lign
IMPLEMENTATION 1IN C
terative rewurtive
int bs_iter(int %a, int n, int key) { int bs_recur(int *a, int low, int high, int key) {
int low = 0, high = n - 1, mid; int mid;
while (low <= high) { if (low <= high) {
mid = (low + high)/2; mid = (low + high)/2;
if (almid] == key) { if (a[mid] == key) {
return mid; return mid;
} H
else if (almid] > key) { else if (almid] > key) {
high = mid - 1; return bs_recur(a, low, mid - 1, key);
¥ +
else { else {
low = mid + 1; return bs_recur(a, mid + 1, high, key);
b +
+ }
return -1; return -1;



bindry +reeg

-1t digioint sets
no(\ linear doda Structure / Uooth nary
finde tek of nodes ,L drees)

elther empiy or 3 Subsels Ccoot, left subtree, nght- Sublree)

+ fogtec inserkions and  deleligns
traversale: fefer  Dato  Struchures | sew 3

W{'op A T
hei@M oFemp\g = -|

heigh of dree = € max Cnejget (16FE) , heigiv Criph>)

Alporithm Hetswf (1)

¥ T=9¢ Nemply tree
retuem -|

cetumm 1 ¥ max (_Hetah\ Ty, HeiahHT,))

Recurrencte Relahon

bagic operahion: addihon
e P

RGR) = An) ¢ A Cag) +)

A
'\—' non -sammeh'ic 3

not shrdpiwrfevnrd



basic operatim: comparisen (T=¢)

exterval node: ewxp’qb set
intermal  node: non-emv\‘s set

) one nternal node

int
4 n- int=|
X Dext=2
e—ext
D) ‘wo ntermal nodes
NnN=12
x=2

A =Nt

‘otal nodes = xin

total (omParism: = kN
> nel+n

=2n¢)
= B(n)

number of oaddihmng = N



MULTIPLICATION o [ARLE INTEGERS

20 o ‘ol & makiplictions

13 6 0 Coatic operation)
[ 44 D
nxb
divide
v iR N2
0&=Q,4, (even) A= 0,x10" +a, Fad with
2ecoef

b=bbg b= byx 107 44, it odd

aAxb = Ca‘x !o“h'+ q,) C \o‘xloﬂh 4 by)

(@, xb)) Klon + (a xbo + Ao by) % '0“'2 ¥ 85¥by

"

L nj2
Caxlo * ¢xi0 46
® Co—. QQKbD

Q= Qxly o rewrife 4o

veduce # of mutipliohons
(® e = Gatag)xlotbe) —Ce 4e)



6

Q: 22x 24

n

2
0 8o Vb bo

Gy = Q\Kb| = b

& = @+ a0) & (bytbo) ~€rtco)

= bxb-1%
= |g
22 xay leot-r 18x10 + 12

= boo + (80 12

192
233 x U2y
A %% b, b,
&1 = 12% () — (l)

Co = 3bxa4 —>@2)

¢ = (43Ddx (M t24) = Ciaxil +23x2)
= (4sr35) — (1zr1) +33 »24)

™~ 2)
(D) 2 x \)
q(qn btbﬂ
Lo=2x) =2 — ()
C = 3Ix2 -(1+2)
— (6
- 6-3 =1 > (&)
IZril =

Ix 1o+ 2xlD+ 2 =131



(» %% xah
O a9 b, be

G= 32 =6 — @)
Co = 3‘“" = > (83
¢ = bxb —Cl2+y)
| = g —@)
23y xalk = 6‘6I01+(&1<l0f 12
= 792
(v) &S K 3%
Ql QQ b\ bO
Cy = x3 = 30°)
= fix% - (|f2.+ar)
= 72_,?7&902)
= 35‘
4SK3S = 12xl0” +3ra10t A= 120D €30+ AC = 157§
e, =I12x0 = 132
Co = 3bxay = 792
e = 1575 - (1324792)

= 65

(@33x 2% = (32¢l0f

+ 64| X0 + 792

(320000 € 64100 + 792
= 1385892



MmO =1
M) = 3 m(a"™
= 33 m(a*?)
= 33-3 m(a*™?)
= ?,L MLa‘-‘:)
izt = 3 MWD
- 3*

e 6 603" ") - 8(n %2 B (0"

A= 3 ANDY+en for D1 ALD=I

Aln) € GCnl'ﬂs- )

WMW'A{ MATRIX  MULTIPLICATION

for  4wo

instend of 8 Covude foveed

Cor |

[coo :[aoo QN ].y. [Eoo
cIo Cy | Qo Qy bio

(4]

m\"" Mq."'Ms' + M-’

AxQ  mafrices,

seven mulﬁp\imh‘m
CiLt242+42)

Lo.]
by

] g oddiHems
M\'rma- m-" ‘\'M‘



M, = (ag * 0, ¥ Cbyetby)
M,z (ot Ay)*¥ boo

My> Ogo¥ Lboi= by)

Mg = Qg ¥ Cbyo - boo)

Mg = (050 + RoD) ¥ by,

M, = (00~ Qo0) ¥ Cbgp +by,)

M—I ® (0\o|—q") ¥ (bib ""9\\‘)

- 10 additient + 8 oddihms = |8 addihms

FOR. ANY nxn MATRIX

- pad zevoes if not gquave
« divide madrices inYo  submadtvices
[Cw | CO'] :[AOO | A°| ] ¥[&00 | BOI]
¢y | Cu Ao | Ayl LB | By
M) =7 M(n)2) Min =)
n=2% =3 k=log,n

M%) = 7M™

Ht\eoraz
. 7.7 M(att) /m;\ ﬁe{;
_ g6 e-i) N o
= 70 Mt loa. ] 9.807 g ¢t
= 7% - 79" - |, LN ¢ n  Found



|” O\ /2 0 I\/o
+ U o x Nt @ Show inthal sreps.
0 o\ /| (not alb)
R Q Y5 9
[ 8
M‘:(ﬁoo '\'n“\* (.Boo"‘ Bu‘)

Lol D= (2 w])

00 o| oo o
* @0 (D * -[(m+m—m5+m\ (Mg + mg) ]
3 = \ 7 3 s
m, = Q\oo“'q\D" Uooo’vb“)
= bxd =12

W\q. = Q" X ( b\o' ‘000)
ctwx(7-D =12

ond %0 on



& Desian an o\\borH'hm Yo find the wax of elements usir\%
Avide 0nd " congmer s’cmh%.

Ploaoritam  Find Max C RLO ... n-13)

J oput: orran of n elements
4 oufput : max elemeny-

mid= (0+n-)[2

W Size (A=
return ACol

left_mox = FindMax CALO... midT) 3 lowa &
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Code in C

int maxelement(int *a, int low, int high) {
int mid = (low + high) / 2;

if (low < high) {
int max1l = maxelement(a, low, mid);
int max2 = maxelement(a, mid+1l, high);
if (max1l > max2) {
return maxl;

}
else {

return max2;
¥

by

return allowl;
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