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Space ¢ Time Trodeoffs

More “V.e\\b o trode Space for Xime 05 there isn't a s\r\or\-aae
of space

INPUT ENHANCEMENT

Preprocsss problenls inpur and store additional inforwotion
obtaived ‘o oacdemte problem Solving  speed

@ Sor’rinO ‘0\6 (ovm’ﬁng

I. (OMPARISON (OUNTING SORTING

© For eath element in  the list, count nuwber of elements swaller
than  this element

© The wunts indicate the positiont of 4he elements in ine Sovted
arrap

o 62, 31, 84 5 46, 14, 41
Maintain & +ade (arvoy)  count
arvay 62 3| &4 6 4 %1

tount 3 \ 4 Y (0] 2
sov+ted 14 3\ 47 6L &4 Q¢



A\sor'v\—hm Cownpar\&on CowntingSovt (A, n):
V4 Tnpwt : unsorted arvoy A
A Outpui: t6v¥ed arvay ¢

countfn) = {03
8¢ = Lo}

pﬁT i=0 4o n-q:
fov J=itl  to n-L:

i AGI > AGl: 7 o number & ALY found

ount [i) = count i) + 1

e\se
count 1 = count ()7 ¢

fox i=0 40 n-|
S Ciountlil) = ARG

teiurn S

" Time complexity
n-12 n-\

C(n):i 8 |

izo J=lt\

-1

T Z h—l-l"?f-l'/l' = A=l +n-2+ .

(=D

€ 0(n™)




* Dofn woved m\w\r) oNee  even Jrv\ou&h table congtruthonm
fook *ime wn

« for avroy OF \-bik vumbers (0% and V'), tount the
number of 0's oand place them in +he flesy “couny

locaionc
er{) o, \, \, 0 , |
Soffed: 0, O, v |
L1
wunt =2

- Soctt n linear Yime — O(n)
1, DISTRIBUTION (OUNTING SORTING
Sort o finive set of integers u +o { (ea: O to 9)

* Lount iwe frequencies of every numbec  (stoe in & waop
of armj - vedvieval +time is onttont)

« freguency toble - dichriowtion of numbers
end

Sybol M,@uevx%
[o) S
\ 3
Q \
3 0
n 0
S Q

if wnoounded , & et x 2z e o of space  needed



i® u-2 = 1000, 4 byfes “2° = iy of space  needed ,
easily  doolle

© keoble wunhl ~ lo" entvies

8.5: w=13, L=0

s%m\oo\ 1\ (2 13
M.q,umr.tj ( 3 2
Aistripwh ov) t (3 6
value

S | MO O SO B TP SO & S

Mﬁorﬂhm Distribwred (.Oun‘\'ima Serk (A, u, 4, n)
/ input: unseited orrag with elements in Hinite ranye
/] output: Sevted ama

Dlu-2413= {o}

for 120 +o wn-\:
DCALI-2D = DCAGII-2D ¢ 7 index o element

for 1=\ %o u-A- A disdribuhon
DLi] = OLi-7 + D(i7]

foc t=n-l 4o O
J= RCi1-4 /indey n D
SLD[;{J-D = AL /index in S = DGI-)

DI = DI~ J next indey in D fox same AL

refurn S



lowplexity: 0l €  n> (u-240

© Meaningfid  only for sonall, finire fonges
(o) S’frir\a N\odchina b.‘.’) ?reProcess'm&

1. BRUTE FORCE

). pottern. “Tex1” Uev\sm-wx) doxd: below Clenagh =n)

REAMD TEXTROOKS
i= 0 T € XT
(=1 TEXT align  and
Q=3 TERT watch found
L4 Te X T
v=5 TEXT

© WOrSt Case = tfexk le,%!-h— ?m’r'rem \er\a’rhﬂ

0 4o nm & n-m+| Male

. COW\P(EX'\\'& = 0lmn)

iteraiong



Sh'mg Madchingy

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

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

if (j ==m) {
break;
}

by

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

return 1;

Oukpu

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

textbook

Enter pattern:

book

1

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

textbook

Enter pattern:

boy

0



1. HORSPOOL'S ALGORVTHM
$rack Lomwm\ﬁ patrern Yo ttving {com riom— cide
© Unede 6 dharatier in fext[shring ie in podtern € not
+ 16 ot present, Shify f\&h\- bn leﬂs\h of parterm

+© If present, Wit Such Haat righkmost occurence  of
tharocter in  pattern oligns with daavacker in  +ext

Clese Yhan \ehﬁ-ﬂn)

9_8 ( o1 a
koxk - h e i
fodtern: 0 0 wm

o \ 1

b ot in pattern, Shift \o\j 3

o |
kexk - h e

—p

3k S6 78
r \l o om¢§
J
podtern 00 wm I .
o 1 1 index of nah* 0

o n pattem, ikt by (-1 = |

O 1 &3 &k SC6 7178

kexk : he il riooms¢s
d
?or\’rern'- 00w
o 1 1

0 in pattemn, ghikt by (-1 = |



oo
~&—>¢g-
rbo o~
w o o o
Ql\
3r
q&.\
_ 9
Dln
» £
v} Q
Q) -+
» 8
o

v~

M watch |

chede o

— g
\|V°|

O 0 mS§

o o

\

23 &k S6 78
r

o |
h e

kexk
fottern:

v

0 makch!

thede O

O 0 m$§

\

A3 & S¢ 73
C

o |
h e

kexk -

- g
l°|

—> 0 o

Yoc\*em .

v

0  wodchl

pattern found



Preprocesting . Table of  ASCW\  Anaracters
' V)

* Tndicates amount o shikh \o& 5 thitt  table

. Onzc i Chamcker present in  (m-)  dnarackers; logk
dnarocker u\rwukb tompared

es-. Pa\'\'er‘n = 'a\ﬁo’

Shift amount ikt amount= (m-(-1)

a 3 m-0-)

b b4 o

c 4 a | g 0

g . ol a3

3 \ N\—g."\

/] 2 m-\-|

o y > \a¢t  character

Pgoritiam Wit Tale (P, m):
/ P paktern
A 'm: length of patiem
Table Lsize? Jindex = foble = valwe ot Pl

for i-0 4o Size-I-
Toblelil=m 7 leng¥h of pattern

for 00 40 m-2 : // lask  char not wW\POWeA
Tab\eLP[\')]]= M-\

return Table



M&ov‘\-W\M Hovtpool (P, m, T, n):
/] T: text | n: lenghn of text
/I P: partern , m: length of pottemn
Table = ShiftToble CPm) /7 shift +able
i=m-| / skarting index & rigntmogk end of padkern
while L < n:
k=0  / number of matched chare from rignt

while k<m and PLm-1-k) =TLi-¥]
k=k+!

\¢ =2mMm
retum  (-mtl

elge
(= i+ Table LTLi)]

return - |

.« Time e@fdencﬁ

- Wertt wase: 0 (mn)
- Random text: 6(n)



. BOYER-MOORE ALLORITHM

Similar o Hevspool

- If firct comparison of rightmotk  charmcter  in
portern  with  Orrespinding fext  character  fails,

Swifts r'@wr by value from” bod S&om\oo\ +oble

Two tadles: bod ~symbo) table, good-sutbix +abie

(@ If firgt characker witmarth, ocks as  Huvspools and
Shifts by amount from bad charattsr tuble

me n LIo\. . . .
on 1\ of|n
N mitmatch

) I¢ R no. of warches occur befove the Hirty wmismaich
w entounteved, (04 b <{m)

kexk
bod Sﬁm\oo\ W&
- lyfn b} - - O 4
k=2 e 1
n |
£ 4
v 3

Shift amount Giculated based on two Values:
bod sumbo) SWitk, due Yo volue of Firtt mismaiched
chavatter £rom right and good suffix shift, due

Yo Successful woatch of K chavattere n the
subfix



Bad Symbol SWifk

ke\tco‘;i—er.

4+ ar vie ¢
K'.:2

lmmkhk
hellcop+er .
t +avrver

@ owmpnred as 4,(cd)-k  where £ K bad Sywool
tovole, C & firtk wmismarthed dnavacter in toxt from
the fight and Kk € the wumber of moatched

dhharacters

(D f £(D-v % neau-\-'we, , Shigs ﬁa\/\\’ “"ﬂ \
.. o C c e\ o | o
bic d e
k=3 k()=

bad symbo) St = 4, = max L&) -k, 1

hood SwEfix Shify

(00 Tf SWEFC) present in pattern , preceded by o chavacter
not equal o where e mismarth otcurred,

SWift amount \oa d,



-abc®. 1

_\"Suﬁ'ix
J,a\«‘\h\avz
.0 bCcoOd - - .
adb ad

(o) IF suffClo does wot B el¢ewhnere in pattern with
o difevent preceolina character, find longest Freh‘x
of P&-H'ern of gile £ ¢k Yot matchel e gubbix
of SWfEL and if it existi, Switt owount d, = distance
between them. Otherwise, Ais%ance-—\ew@’r\r\ of paﬂerm |2

S

- O b[b O
o d\b a
d \JL=3

o

.0 bb ad - . .
adb ad



GREEDY TECHNIQUE

For optimitation probleme
- Skrucfure of ?mb\ems ot allow for areedq solutiont

« (ongrruction of solution tarough  Sequence of steps , eath
tep expanding partial Solukion fo probiem

On each step, choice mwey e

- featibe : voted on Problem (OnSHvaAinte

- locally opfimal: beck dwoice locally

= irvevocab\e : comnot and need noy ve undowne

(thange mawing Problem

* Provided with an arrdy D= {disds, .o, dm} of different
wwn  denominations

+ live tnange of cerfoin owount with least no. of toint

Sublvact laroest ?ocs'\b\e denominokion from oamounty  unkil
ambduny becomes O

: E%'- D'—&I,Q,S‘,l(ﬁ and amount = X 28

}a,\o
16-\0 = 8

g-5s =3 11.¢
3-a, = | Y1.2
\-1 = o ]\,l



PRIMS  ALGORVTHM

" Yor genenml undivected graphs; graph wdy tontain cycles

* Problem: find Subpgaph of gr0ph Gubter of adogs) Hhar
teepc gmph

* Minimum  number of !.d%é& fo onnaty N nodes = n-\
cdﬁes

. Subam?\n-— spanni na Yree

*© Minimum Syavm'w\% tvee: Qm\»\ with wvno upcles of
Minimum weia\rﬁ-

. 23:

spommr\% Xrees: 6= MST

I::‘ O—® /@O—©
2 2

S S

O ©© O\

weia\'\+ = q \A)e'('jh\' = Q UOQ'\&V\'\' > 6



Update inwease n  heap— see (ormen; OCLlogn)

Ea'- find an MMT of

refurng  Wet
of d@(g

Tree Vertices ReW\ainir\:G vertices T\wsvohon Ced@es)

Q(' )") bCQ)?.D min
c(-,00)
al-,o)
elo,6)
£Ca,s)D

bla,3> C(byD win
d(-, e
¢(a,6)
fb,




(o, 1) dlc,6)

e (a,6)

£lb,4)  win
£Co,4) d(£,¢D

eC8,2) win
e(€,2) d£,5)  win

Minimum Spavm'm% Tree




extyatt min ?Qf(—'ufvned V-1 +imes  for V verhiceg

n use heap data  Shywciure

T verificahong wmode

. o(le \03 V)

ALGORITHM Prim(G)

/[Prim’s algorithm for constructing a minimum spanning tree
//Input: A weighted connected graph G = (V. E)
//Output: E7, the set of edges composing a minimum spanning tree of G
Vy < {vy) //the set of tree vertices can be initialized with any vertex
Er <o
fori < 1to|V|—1do
find a minimum-weight edge e* = (v*, #*) among all the edges (v, «)
such thatvisin Vy anduisin V — Vg
Vi < VU {u?}
Ep «— Eq U {e¥)
return £



KRUSKALS ALLORITHM

. Comp\emem—and Yo Prim's, almost

¢« Stary with fovegt of isolaked wnodes (all nodes of
groph)

(ﬂmdua\\a merges fees Cowﬂoivﬁv\a *wo frees with one
edge of every iveration

Al edﬁu are Sovred oy wc‘\%\n’r M an increasmﬁ syder
before 0\gorithm rung

Bottom -up approath (grow nodes 4o tvees)

Ps\%Of\W\W\
. (;\sg_v_,E} ,V=§_D‘...‘f\"\} ‘Ef'{e\,...,enl

© SHoary with empry MST Chvees of forect are verticeo)
and war\e eath cdg)e_ oS wnvisived

© While unvisivred eo\ges ski\\ \)f@SQM’ oy while MST hag
lest  thaan n-)\ Lo\lbzs:

- Find Wahrest unvisited eAge
- Mark of vigited

- IE odding edoe doet not create ujcle, odd to MST



Es-. find on VST of

returve  Wey
of QA%(Q

n= 6 , countey =0
Sovted \ist of edges

€doe(upy) be ef oo bk cf af 4 ae cd de
Weight 2 3 & & S 5 6 6 B

D be- no wde visited ¢ used

‘ visited ¢ discarded
O, ©
®© ® O
©

€oeCuy) e ef oo bk cf af 4 ae 4 de
\A)eia\l\’f l a 3 b 4 S 5 b b ?

unter=]  n-\=%



1) ef - no wWde
O—O©
I
€doe ) be ef oo bt cf ab AF ac cd de
\A)Qi&\l\‘\' l 23 & 04 S S 6 b %

wunter=12 n-1z§

3) ob-no wcle
®»

2

Bdoe (upy) be ef oo bk B af 4f ae cd de
Weight 12 3 & & S 5 & 6 8

ounter =2 n-l=§



) bf- no wle

BdoeCup) be ef oo b B of Af oe cd de
Weight 12 3 & % S s b 6 %

ounter = L n-1=5

s) f- tcle

OJINO
(&)

€dgeCup) b ef oo bk B of 4f ae cd de
Weight 12 3 & & S s 6 6 3

ounter= L Nn-\=5



Bdoge Cuv) be ef ob LE B oabf df oae cd de
m(&m|a3wwssse%

wuntrer= Lk Nn-1=5

7) daf- no wycle

€doge Cuw) be ef ob bE & af df oae cd de
Weight 12 3 & ¢ S S & 6 3

wunker= s n-=g

exi+ loop



ALGORITHM Kruskal(G)

//Kruskal’s algorithm for constructing a minimum spanning tree

//Input: A weighted connected graph G = (V, E)

//Output: E, the set of edges composing a minimum spanning tree of G

sort E in nondecreasing order of the edge weights wley) <~ < “-"("’fw)
Er < @; ecounter < () //initialize the set of tree edges and its size
k<«0 //initialize the number of processed edges
while ecounter < |V| —1do

k<—k+1

if E7 U {e; } is acyclic

Er <« E;+ U {L’;A_); ecounter < ecounter + 1

return £,

DISTOINT $ET

© Digjoint set datn ehructure ( Union-find)

1. moakeser(V): reate new Set whose on\3 wmemboer s
po'm\ru\ Yo by V. Vv musk a\read“ ve in O Set

2. find (V): ferurng pointer o sek c,on’ro\‘m'\nﬁ V

2. union (U, V) unites dunamic SefS ok  wntain w
ONAY into o new et Yot i&  union of Awo ek

g 8= 11,2,3,8,5;61
wakeser G Pu(‘cﬂmeo\ b +imes:

by, g, 083, {844, 1



\M\\Oﬂ(l)q') 9 i\)“\ L.l
union (5,2) 9 {g2% ...

wnion () D L1,2,4,8% .
union (3,6) D {3 3

forety reyrzsevx\'a-ﬁm of cubsets il,'l;lt,si and {5,6"1

union (S,6)

Bod U0 = find () = L1,2,3,14,5, ¢}



To dnece € € U led i awlic,

FirForm find (%) and Lind(y) where xy fovms
eane &,

© i find() = find () | tyde  will £ovw

eyt Br= Lov, bl ef beld

find@) = {0,065 ¢,€,£1
Find(f) = i“,l% C,e,-"'ﬁ

©wcle present, do wot incdude edge



Time (0 mp\exi’rﬂ

* I8 union find operation fatk enough, determined
by W-Hr\o algorithm

- OCIEl loal(:'l)

DITKSTRA'S ALGDRITHM

Sm@\e source thorrest Ya'\'\n problew

. \Deiah\-eo\ amp\n (directed or undirected) @ , Source
veryex §

* Shortest paths fom & Yo all other verfices W the groph
© Similar o Prim MLT  alporitam
+ (o8} of source 4o Source ¢ invHolised 4o O
+ (ot of fourte +o every o¥ner vertex initialited o o0
Next candidate 1s e odjpcent vertex with Wohtett edge
© Findt verkex w With  tmallett sum
dy + W v, W

V= Vertex fov whidh shovkedr patn  olveady found
dy = Shorfest  potn fom € 4o v
WV = weigwt of edae from v o u



Sowrce: &

Tree Verhces Remainm% veryices T\wsvohon Ce&g)es)

o(-,0) bla,?) (¥) ()
| D)
d(a,7) o W (e
CC_)m)
bla,%) ¢, 3+) = clb,7) O——)
| AT 303 ~d 0o
eC-, o) (e
@

Y
2

d(b,5) Ctbﬂ) 0. (<)
e(d, 5+4) =e(d,q) y ¥

o

U
4
d ran G

7

[

tlo, M e(d,q) °v° .

2
a7\¢i_/.+e




Naor'\\'\nm

ALGORITHM Dijkstra(G, s)

//Dijkstra’s algorithm for single-source shortest paths
//Input: A weighted connected graph G = (V, E) with nonnegative weights

I and its vertex s
/Output: The length d, of a shortest path from s to v
I and its penultimate vertex p, for every vertex v in V

Initialize(Q) //initialize priority queue to empty
for every vertex v in V
d, <00, p,<mull inalise diskances Yo 0o
Insert(Q. v, d,) //initialize vertex priority in the priority queue
dy < 0; Decrease(Q, s, d;) //lupdate priority of s with d
Vi« @
fori < 0Oto|V|—1do
u* < DeleteMin(Q) //delete the minimum priority clement
Vi < Vp U {u*}
for every vertex u in V — V; that is adjacent to u™* do
ifd,+wu* u) <d,
d, <—dx+wu*, u);, p,<u*
Decrease(Q, u, d,)

Time C,ovv\plexi)rtél
« OV — adjacenty  madrix 2 array priority queue
- 06 (e logv)— ao\;xo\cencﬂ ligy fg twn heap Pridﬂ'{'& queue



HUFFMAN TREES

+ Morge (ode for e : .

Morse tode 4oy o . -
Movte Code Loy q: .-
Movrse code foyr z: - — .

diffevent
lenaw\c

- Most -Freq,uenH‘A occurring letters: e ; oo — shovd
Least f're,%umﬂa occwrr'\v\a leflers: 9,7 — lor\g

* Huffwmoan emodinj-. us'mo 0's ond \'s — variable length
encoding

o ASCI : fixed ‘e"“b*"' emodivxs

© Prefix encod(vxa s prefixes are unigue ond assigned

ol: a "inolr allowed
1010 : b

* Movse tode does not use prefix emodin% > qops after
every frangwitsiom

Huffman’s algorithm

Step 1 Initialize n onc-node trees and label them with the symbols of the
alphabet given. Record the frequency of each symbol in its tree’s root
to indicatc the tree’s weight. (Morc generally, the weight of a tree will
be equal to the sum of the frequencies in the tree’s leaves.)

Step 2 Repeat the following operation until a single tree is obtained. Find
two trees with the smallest weight (ties can be broken arbitrarily, but
see Problem 2 in this section’s exercises). Make them the left and right
subtree of a new tree and record the sum of their weights in the root
of the new tree as its weight.



Ea-. (onsider five Spmbol a\phnaloet 1n,2,(,D, 1 with ¥e
@o\lowi% occurcence  reguendies

S&wx\oo\ A 1) C D —
Pre,auxe,vwd 035 0.1 02 0.1 OIS

fixed Size ehcodir\az 2 bite

0.l 0.1S 0.2 0.2 0.2
[ - c D A
« _J
0.1 0.2 @ 0.3
c D A
- —
0.l 0.1
2 -
——
R B @
A
0.l 0.1€ 0.1 0.2




Hufman  Tree




(odewoydg

Sppmbo) A B C D —

odeword \1 loo 00 o| 9]
e@'-DP:D= O(110|

fixed Size encod(r\ﬁz 2 bits

Vg var lev\6+h amoo\ima-.

= Ax0-3¢ + 2x0.(+ QAx0.2+ 2x0.2+ 2x0.18§ 2226

Lowxprecsim (obio = 3-2.26 - A%
2

- File wmpvessicm



