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Lecture 1: 37TUehl “SeT LeFaR” hl UGTS 4l el ATgq?

(Why should you study “data structures?”)
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3“'6” ailzi aillgll a; IE'Q (Next course in programming)

HT FﬁTI'I'FR TSF'ﬁ a; %-q CSlOl G'ﬂ? SSL g‘% :rfﬁ %? ( Are CS101 and SSL not enough to be a programmer? )
CS101 # 3mu= g1 | Y I | 3T AT AT ARG |

(In CS101, you learned to walk.) (In this course, you will learn to dance.)

F ¢\
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gET W %? (What is data?)

A 2T 78T &, AR 37 IR F SR 2T &

(Things are not data, but information about them is data.)

Example 1.1

( Age of people, height of trees, price of stocks, and number of likes. )
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ST TG ART B! (0ues i)
g-q. ga a; iR ﬁ 23 2% %! (We are living in the age of big data!)

*Image is from the Internet.

Exercise 1.1

1. gICHYY Wed o folg At 77g TeRM hl TEAT T STHH g |

(Estimate the number of messages exchanged for Whatsapp status.)

2. ITSHUIEY &t & et o forg fohat ST et IuaiT fea mam 82

(How much text data was used to train ChatGPT?)
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EH ST STCT UR BT AT AT & (we e 1o work on e

gj:r G‘Tq:ﬁ- WTG'ﬁ EF-T ET"T ERﬁ a'; %-q @ZT EF-T process ER% %I (We process data to solve our problems.)

Example 1.2

1. Iﬁw <pl Wﬁ [ I“q (Predict the weather)
2. a-a-a-\_ﬂ @ﬁ (Find a webpage)
3. m qﬁﬁ (Recognize fingerprint)

AT 2 &l process A H TG THT TN (Disorganized data will need a lot o ime to process)

Exercise 1.2

ﬁvﬁ QQ. ﬂ- QEF q-%ﬁ_d Z@ﬁ. a; %-q Eﬁ' ﬁﬁ:ﬂ qJHg aT%Q? (How much time do we need to find an element in an array?)
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HHTT (proviem)

Definition 1.1
Ueh 99T Tah input specification 3R Teh output specification &hi Teh SISl gl

(A problem is a pair of an input specification and an output specification.)
Example 1.3
Sear(}h Eﬁ- W a; ﬁj:{i%’r@?‘f Speciﬁcations %I (The problem of search consists of the following specifications)

Input SpeCIflcatlon q‘%ﬂ?\q’ Eﬁ QEF Q% 5 a'ﬁ? QEF Q'ﬁ'lﬂ_{ € (an array S of elements and an element ¢)
> Oq'_cput _Spe_c_ific_ation: SHeh AT aleag Hﬁ\_rlo?{ g1 afe e Tl Aerar, at -1 ?*ilEIQwI

(position of e in S if it exists. If it is not found, return -1.) S

Output specification input specification &
variables @ fSigh &R Tehd &

(Output specifications refer to the variables in the input specifications)

Exercise 1.3

Speciﬁcation% , gf¢ e, ST hg IR ATAT & dY &IT T TMRW?

(According to the spemfncatlon what should happen if e occurs multiple times in 5?)
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QE II i ?al I (Algorithms)

Definition 1.2

QEF QG‘I %aq %h_\':ﬂ a Tlg AT Eﬁr 3?{ hdl %I (An algorithm solves a given problem.)

» Input € Input specifications
» Qutput € Output specifications

Input ——|

TATRed

—— Output

'_-I:]?."Z ﬁ?\qﬁ- g7 EF& g?'l' Eh_{ﬁ- a; %q Elé q(’"i I%aq g-T Fl'aﬂ'ﬁ %I (Note: There can be many algorithms to solve a problem.)

Exercise 1.4

1. dr&dq ﬂ: QGJ” Qaq % ER:IT? (What truly is an algorithm?)
2. QEE QG‘I I?aq QEF Fﬂ"'JTq @. %\q’ STl %? (How an algorithm is different from a program?)

STt | QR YR &t eier TRHTST 29 & forg Tae ek ht ufsr it simasachar ug ot

Commentary: e T@MREH Teh step-by-step HfhaT gidt & ST Tdch dar H ANt AT &l ST process HRdl § SR 3fad: SMITYE Y TUHT et §1 GeriRen Sl shuamRes gk
3MeRt CS310 # Ugd &t
GIOIRIO)]
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Ga H;EU I: SeaI'Ch % %-q QEF Q(rl I I I ?a] | (Example: an algorithm for search)

Example 1.4

int search( int* S, int n, int e) {

// n@SEﬁm% (n is the length of the array S)
// @Sﬁq%ﬁaeaﬁmﬂaﬂé% (We are looking for element e in S)
for( int i=0; i < n; i++ ) {
if( sfi] == e ) {
return i;

}
return -1; // qéfﬁﬁﬂ (Not found)
}

Exercise 1.5

qﬁ e, S ﬁ qﬁ % (_'ﬁ 3_\‘:[ QG‘l“%ﬁq <hl ﬂ?ﬁ <l GHY |1 %? ( What is the running time of the above algorithm if e is not in 57 )

Commentary: I F #5RI YalY, ORI operations (oG Gfgq), sremgcy, ofk s Y et awat &1 vum & o n IR gede g1 Uieh 3eReM H, Toh A gad g
S[i], & MO operations @ i<n, S[i] == e 3R i++, 3R & T G| SARKIISHT §, Te SRATSTHE G =0 T & ATER Fidher & fA1Y, e 3R T SR S g
Time = nTRead + (30 + 2) Tarigh + (20 + 1) Tjump + Treturn 39 ST @ https://godbolt.org/ @i & SR St 3| ST fh o St farscroror et 81
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ST i ICFAR I STAITDAT & (0010 neds et
ST ! TTH & &2 & U H 3G J &1 g1 Il | §H LaraR hl ATaTehdT gl

(Storing data as a pile of stuff, will not work. We need structure.)

Example 1.5
g-q- 3‘T|§3||gé| Eﬁ—@- ST AT ﬂ: q’ﬂgﬁ a’ﬂ- 2@% %? (How do we store data at IIT Bombay Hospital?)
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LIRS 31 g AT hl dSil 9 §eT i+ B HEE dhedl o

(Structured data helps us solve problems faster)

& Ut GHETSH ol 5 et o folg HRIeT TATIREH (S35 et o oIy TeraR T o1 33T Uehd 6|

(We can exploit the structure to design efficient algorithms to solve our problems.)
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~
\Sq I 6<UI: ﬂd‘l C”(@H SCI .q? SeaI'Ch I (Example: search on well-structured data I)

Example 1.6
31U gH d search & gH@ oY, g Aefafaa specifications =

(Let us consider the problem of search consisting of the following specifications)
> InpUt Specification: QEF C) El?.'ﬁ aT(_"'ﬁ’ Q% S Gﬁ? QEF Q-%ﬂ_c € (a non-decreasing array S and an element e)
» Qutput specification: SH e AT afe a's":ﬁﬁ;{ g1 afe e 8f Aerar, a¥ -1 aﬁaﬁ’l

(position of e in S if it exists. If it is not found, return -1.)
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6Q|6<U|: %d‘qu@ﬁ %dl .q? SeaI'Ch II (Example: search on well-structured data I)

3 ng %@: ﬁ; g-q- W@H g'ET <hl a‘l_\a- S?Q'HT?'I' h W %! (Let us see how we can exploit the structured datal)

G‘”gq g-q- ﬁ';lﬁf@'a Qi- ﬁ: 68 Eﬁ- search <hl TaTq W\’a’ %l (Let us try to search 68 in the following array.)

>

| 2

Q%é?aﬂ%raﬂq%ﬂzé@n

(Look at the middle point of the array.)

gfer dfta & gferdc 1AM 68 A wA 8, 89
thadl JHUT MY 9T | search & |

(Since the value at the middle point is less than 68, we search only in the

upper half.)

U 37U search space @l 3TTET & &A1 B

(We have halved our search space.)

BH recursively space Tt ST & B

(We recursively half the space.)

8

9

10

11

21

35

46

49

60

68

73

81

90

91

—>

\
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A better search

Example 17 Commgntary RSN mklt&‘la%&;‘gﬁ;mltel—
int BinarySearch(int* S, int n, int e){ ?E&%@gﬁmﬂwmmﬁ. P eration
// 5 Qa; :{ aﬁ a 6 Q% %l (S is a sorted array) > Www 8 [w1d] ,(aa‘rférﬁqa??)
. . » g forfig operations first < last,
int first = 0, last = n; S[mid] == e, S[mid] > e, first+last,
int mid = (first + last) / 2; 2 ]
. . > TF HEEAHC last = mid, 17
while (first < last) { > 3 ifs SR U U T & HRUT I &,
if (S[mid] == e) return mid; §$ﬁméﬁqmﬁzww5ﬁﬁﬁ o1 3R T
. . | STRfAAOT @S H, ét{ﬁqrqa‘rws’—lﬂzqaﬁ?a‘r
if ( S [mld] > e ) { dg operations &l
. Time = kTReaq + (6k+5) Tarith + (3k+ 1) Tjymp +
last = mid; Treturn
} else {
first = mid + 1; .
) ’ Exercise 1.6
. . AT AMT n = 251, 39 TATREH &t TeT | fehaT
mid = (first + last) / 2;
G A Afg S[0] > e 87
} (Let n = 2= 1. How much time will it take to run the algorithm if S[0] > e?)

return -1;
@@ CS213/293 Data Structure and Algorithms 2025 Instructor: Ashutosh Gupta IITB India 13
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Topic 1.1

ﬁ_'lT'a'ﬁ- g.aﬁq (Big-O notation)
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qa; qvlllliall Eﬁ- Ia;E|'|I EIE”E‘]'I E|||5§Q? (How much resource does an algorithm need?)

Qa’; qaHAT a’ﬂ’ 33‘[ a’Rﬂ’ a; %-q a’é Q(_”] ”%aq E:;T W %I (There can be many algorithms to solve a problem.)
W alté %“ aﬁ? W @ g:l (Some are good and some are bad.)

8"3 q("’l I niaq a‘ q‘l—qﬁ ﬂ: @Qm Eﬁ W % (Good algorithms are efficient in)
> gHYg a‘ﬁ? (time and)
| 2 @H. (space.)

m qJHg 1:I-I-qﬁ- <hl aﬂEFr Eﬁ@?“f aﬁ? q?ﬂ?—ﬁ“k %I (Our method of measuring time is cumbersome and machine-dependent.)
gﬁ aﬂq'lﬁ?[ ﬁq?ﬁ- Eﬁ- WQWT % Gﬁ- qﬂﬁq’-@?ﬁ' %I (We need approximate counting that is machine-independent.)

SIfARE integers & AN fahaTl & integers & 1T 3iaR T AT HeT 81 HehdT &, AfchT U8 THSHIA I SR Bl a1faT &l
TS213/293 Data Structure and Algorithms 2025 Tnstructor: Ashutosh Gupta TTB India 1155
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s"l gd aj—l- d‘”d”l( (Input size)

Qeh UATIRGH Tl Tl chl THI STTT-37TT 3TYH oh folq STl gt HehdT g

(An algorithm may have different running times for different inputs.)

{_"sﬁ Q@ﬁﬁm &Y oKL A & IR | hd JiAT ﬂT%Q? (How should we think about comparing algorithms?)
SYC oh HEAYUT IRTHICR T SEAHTA Shech STYC oh THTHIT 37T chl A &d 8

(We define the rough size of the input, usually in terms of important parameters of input.)

Example 1.8
search ! THEIT H, 9 Tgd & foh W | gfericy ol Ta1 $AYC o 3TTHR &

(In the problem of search, we say that the number of elements in the array is the input size.)

uaT & ¢ foh aaferiTd gfeicd & SR a1 g&aATe @l fohar mam gl

(Please note that the size of individual elements is not considered.) (Why?)

go%'lg%ary: aTea # g8 3Tqe i foreH ohY TEAT bt e el IR, St hi HfEhel . search i THET # g7 A4 & &l W ferdey 222 @ Bi¥ €. gufog gferdcy @ amge 32 feg
eoee : )

CS213/293 Data Structure and Algorithms 2025 Tnstructor: Ashutosh Gupta TTB Tndia 16



http://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.cse.iitb.ac.in/~akg/

Best /Average /Worst case

Qeh 3MTehR & 3YC o foig, g i aikfeafat die ged 1

(For a given size of inputs, we may further make the following distinction.)

1. Best case: w E:I'QZ a; %-q HTSI@ hH gHY a:”- (Shortest running time for some input.)
2. Worst case: ﬁ")_\:ﬂ- E:I'g?.' a’; %-q m Sglel 9HY é:ﬂ (Worst running time for some input.)
3. Average case: Udh faU 717 S1TeR dTet Gt 3AYCH WR 31 Ed el ohl THY

(Average running time on all the inputs of the given size.)

Exercise 1.7

g4 ot off TemiRew &t ha SceT Topd @ dTich SUT best case THY 37T g2

(How can we modify almost any algorithm to have a good best-case running time?)
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Example: Best/Average/Worst case

Example 1.9
int BinarySearch(int* S, int n, int e){
S QEH - El?.ﬁ- dle Q% %l (S is a sorted array) BlnarysearCh ﬁ’k qﬁaﬁ; n= 2k !
(In BinarySearch, let n = 27

int first = 0, last = n;
int mid = (first + last) / 2;
while (first < last) {

1. Best case: e == S[n/2]
TRead + 6 Tarith + Treturn,

if (S[mid] == e) return mid; 2. Worst case:e ¢ S
if (S[mid] > e) { BF TR STaT HHY T Tl $TgE
last = mid; @r %I (We have seen the worst case.)
} else { 3. average case ¥HY T THI worst case
first = mid + 1; & IR T Fifeh Sifdehir 99T o
} kdR TAT| (The average case is roughly equal to the
mid = (first + last) / 2; worst case because most often the loop will iterate k times.
} (Why?)) Commentary: average case T %390 ST AR
return -1; %ﬁ?ﬁ%ﬂ%ﬁﬁi@fw@g%

s
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AsymptOtIC Gﬁ? qaﬂq_{q Ci>| CLICI 6|< (Asymptotic and machine-independent behavior)

B¢ 379¢H o oIy, Toh TTIRGH gk 9 oh foly Tan 2iTcahe Sl IUANT e AhdT g

(For short inputs, an algorithm may use a shortcut for better running time.)

Ot & e & S94 o folg, g7 STeMer & AdgR &l W1 H ¢ g

(To avoid such false comparisons, we look at the behavior of the algorithms in limit.)

gl?fa'q?-ﬁ"ﬁ ﬁa@ﬁ EF-T '_‘l\_ﬂqm ﬁ (Ignore hardware-specific details)
» Rounding numbers: 100000000000001 ~ 100000000000000
» Ignore coefficients: 3kT arirn ~ k
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fa-rl- gam:r. 31&-;”-%?[
_aﬁ . qa; ! I | q (Big-O notation: an approximate measure)

Definition 1.3 cg(n)
AR A FIR gha®M N — N g1 f(n) € O(g(n)) af& c 3R n, TH & fh N p
(Let fand g be functions N — N. We say f(n) € O(g(n)) if there are c and n( such that) (n)

R n > ny & fog fln) < cg(n).

> %\Eﬁ qqg a; Eﬂ_ca" Cg f(n) L°E4 g-lﬁ. E:]TIT In limit, cg(n) will dominate f(n))

> HEHEAE O(g(n)) & An) & (wesay ) is 0talm) "
Exercise 1.8
fafafRa d 3 o 3 o= ﬂ?ﬁ %7 (Which of the following are the true statements?)
> 5n+8¢€ O(n) > n*+ne O(n?)
> 5n+8 € O(n?) > 500000000000000000000000n% € O(n?)
» 5n% +8¢€ O(n) » 50n2logn + 60n* € O(n?logn)
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Ga | i; zu I : Blnarysear Ch % WOI'St case EF[ ﬁ_‘T‘aﬁ (Example: Big-O of the worst case of BinarySearch)

Example 1.10

BinarySearCh ﬂ:, HH a: % n = 2k71 | (In BinarySearch, let n = 2‘(71.)
worst case HT kTreag + (6k + 5) Tarith + (3k + 1) Tjump + Treturn =

‘s'ﬂﬁl'q kTRead + (Gk + 5) TArlth + (3k + )Tump + Treturn S O( )

dfch k = log n+ 1, 38T k € O(log n). g1 gg ot g Taha & foh
BinarySearch O(log n) 8l
gﬂﬁ-q' BinarysearCh I worst case ¥HY O(/Og n) %I (We may also say BinarySearch is O(log n).)

(Therefore, the worst-case running time of BinarySearch is O(log n).)

Exercise 1.9

aifed @ foh e O(g) 3R g € O( ), dt fe O(h)l

(Prove that f € O(g) and g € O(h), then f € O(h).)
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%FT Gﬁ W a;i;E” %? (What does Big O say?)

forT St T gRT executed operations @l mﬁawaﬁmm%ﬁwmﬂswm

35 W ﬁ %@T GI IE | %I (Big O expresses the approximate number of operations executed by the program as a function of input size.)

Wﬁﬁz’—\q <hl chH (Hierarchy of algorithms)
> O(/Og n) Q(_"l”iazl O(n) @- agflq al (O(log n) algorithm is better than O(n))
> A dEd &: O(log n) < O(n) < O(n?) < O(2")

ag constants a’ﬂ- @cﬂ' HehdT %! ! (May hide large constants!!)

Exercise 1.10

‘i’q{‘” PhC+°<Ir<-I % ,WUX < Eﬁ’ Gﬁ'anﬁEF qﬁW %l (Give formal definition of < over functions.)
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v
qa; QQ‘I I I I ta] I Eﬁ- W (Complexity of an algorithm)

Definition 1.4 N
Ueh TANREH bl worst-case THT TATREH hl it faRicl gidl &

(The worst-case running time of an algorithm is the complexity of the algorithm.)

&H average-case PIATRICT ant AFfeiRea =0 & g &R Tehd &1

(We may also define average-case complexity as follows.)

Definition 1.5
Uch qail &Y ohl average-case HHI Qv‘lliiaﬁl & average-case A RIS Eﬁ'cﬁ %I

(The average-case running time of an algorithm is the average-case complexity of the algorithm.)

Example 1.11
BinarySearCh Eﬁ m O(log n) %I (The complexity of BinarySearch is O(log n).)

Cpmmentary: RITATRIET & T ﬂ', S s Bflﬁ CIBT:T == &Y Zﬁ, Eh_s‘ q&Hq asgumptions E’Fﬁ él Eﬂ g9 assumptions <l Bﬂ?l’[ &1 G- HT%Q, Sq gH RIATRIET faewor e
%I poff-aaft assumptions Wﬁweﬁmﬁmﬁﬁaﬂﬁél |
OO0 CS213/293 Data Structure and Algorithms 2025 Tnstructor: Ashutosh Gupta TTTB India 23
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Toh THAT i it
(Complexity of a problem)

GHET e hIFATRICT SH THET o ol FHS AT TeATREH ehl ShiFei [eRICT il &

(The complexity of a problem is the complexity of the best-known algorithm for the problem.)

Exercise 1.11
3_\‘:[ YT Eﬁ- a’ﬁ’w 7 %? (What is the complexity of the following problem?)
> sorting an array O(n?) X

» matrix multiplication g’i‘% ;HH 2| sf o(n?®) x

(Best algorithm is still not known)

Exercise 1.12
IWRITT HET3N & fU gad 3} g O TTd hirifaRId) &R 872

(What is the best-known complexity for the above problems?)

l Commentary: matrix multiplication JeReH & Fdi=an faeral « @=f: https://en.wikipedia.org/wiki/Computational _complexity_of matrix_multiplication
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; I | . I (Names of complexity classes)

Constant: O(1)

Logarithmic: O(logn)

Linear: O(n)

Quadratic: O(n?)

Polynomial : O(n¥) for some given k
Exponential : O(2")

vVvyVvyVvyYyvyy
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O-Notation

c2g(n)
Definition 1.6 (Tight bound)
AR 3R gwaRA N — N &1 f(n) € O(g(n) R c; = 0, ¢, > 0, 8Rn, f(n)
 fon
?L?f?;\d g be functions N — N. We say f(n) € ©(g(n)) if there are c; > 0, co > 0, and ng such that) C g(”)

R n > ny & fog c1g(n) < f(n) < cg(n)

_—.—> n
m q'&‘J:ITQT a; 31@25 WUT %I m \'HH ﬂ- a@‘l (There are more variations of the above definition. Please look at the end.)

Exercise 1.13
a. HT BinarySearCh Eﬁ- m @ log n %7 Does the complexity of BinarySearch belong to ©(log n)?)
b. SFR &, df BinarySearch UR U GRHTST & eaaquﬁﬂ & T ¢y, ¢, 3R n 21

(If yes, give c1, c2, and nq for the application of the above definition on BinarySearch.)
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Problem: Compute the exact running time of insertion sort.

Exercise 1.14
The following is the code for insertion sort. Compute the exact worst-case running time of the

code in terms of n and the cost of doing various machine operations.

for( int j = 1; j < n; j++ ) {
int key = A[j];
int 1 = j-1;
while( i >= 0 ) {
ifC A[i] > key ) {
Ali+1] = A[i];
}elsed{
break;
}
i--3
}
A[i+1] = key;

1
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Problem: additions and multiplication

Exercise 1.15
What is the time complexity of binary addition and multiplication? How much time does it take
to do unary addition?
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Problem: hierarchy of complexity

Exercise 1.16
Given f(n) = agn® 4 ... 4+ agn? and g(n) = byn® + ... + ben® with d > e and ag > 0 w7, show
that f{n) ¢ O(g(n)).
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True or False

Exercise 1.17
Mark the following statements True / False. Also provide justification.

1. For any function f: N — N, O(f) C Q(f).

2. For a fixed array of size 2K for integer k, the binary search always takes the same amount of time in the case of an unsuccessful search.
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Order of functions

Exercise 1.18

» If {n) < F(n) and G(n) > g(n) (in order sense) then show that Fln

fin) _ F(n)
Gn) = g(n)’

» Is f(n) the same order as f(n)|sin(n)|?
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Exercise: an important complexity class!

Exercise 1.19
Prove that O(log(n')) = O(nlog n). Hint: Stirling's approximation
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Exercise: egg drop problem**

Exercise 1.20

In the dead of night, a master jewel thief is plotting the heist of a lifetime-stealing the most valuable
Faberge Egg from a towering 100-story museum. Each floor of the building has an identical egg, but the
higher the floor, the more valuable the egg becomes. However, there's a catch. The thief can steal only
one egg and she knows that the most valuable egg at the top may not survive a drop from such a great
height. To avoid smashing her prized loot, she must identify the highest floor from which an egg can be
dropped without breaking. Armed with two replica eggs from the museum’s gift shop-perfectly identical
but utterly worthless-the thief devises a plan. These two eggs will be her test subjects, sacrificed in the
pursuit of the perfect drop. But time is of the essence, and the thief can not afford to be caught by the
museum guards. She needs to figure out the minimum number of test drops required to guarantee finding
the highest safe floor. Once an egg is broken, it's gone for good-no replacements, no second chances. She
cannot use any other method to determine the sturdiness of the eggs.

a. Give an algorithm for the thief to determine, with the least number of drops in the worst case, the
highest floor from which an egg can be safely dropped without breaking. (Quiz 2024)

b. Give an algorithm for the best average case, assuming that the probability of the highest safe floor is
uniformly distributed.

c. Prove optimality of your algorithm ***

Commentary: https://www.youtube.com/watch?v=NGtt7GJ1uiM |
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|dentities for Big-O (Midsem 2024)

Definition 1.7
Let A and B be subsets of p(N — N). A+ B={f+g|fe¢ ANge B}.

Exercise 1.21
Prove/Disprove the following:
> O(flg € O(fe)
> 0(f) + O(g) C O(f+ g)

Exercise 1.22
Can we give examples when the above subset relations are strict?
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() notation

Definition 1.8 (Lower bound)
Let fand g be functions N — N. We say f(n) € Q)(g(n)) if there are ¢ and ng such that

cg(n) < f(n) for all n > ny.
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Small-o,w notation

Definition 1.9 (Strict Upper bound)
Let fand g be functions N — N. We say f(n) € o(g(n)) if for each ¢, there is ng such that

fln) < cg(n) for all n > ny.

Definition 1.10 (Strict Lower bound)
Let fand g be functions N — N. We say f(n) € w(g(n)) if for each ¢, there is ny such that

cg(n) < f(n) for all n > ng.
Exercise 1.23

a. Prove that fe o(g) implies fe O(g).
b. Show that f€ O(g) does not imply € o(g).
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Size of functions

We can define a partial order over functions using the above notations

> f(n) € O(g(n)) implies f{n) < g(n)
» f(n) € o(g(n)) implies f(n) < g(n)
> f(n) € Q(g(n)) implies f{n) > g(n)
» f(n) € w(g(n)) implies f{n) > g(n)
> f(n) € ©(g(n)) implies f(n) = g(n)

Exercise 1.24
Show that the partial order is well-defined.

Commentary: Why do we need to prove that the definition is well-defined?
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Search for ordered keys
If keys are stored in order, then we use the binary search that we have discussed in lecture 1.

Algorithm 1.1: BinarySearch( A, key, low, high)

1 if low > high then
2 L return -1
3 mid := (low+high)/2;
4 if A[mid] == key then
L return mid
6 if key < Almid] then
L return BinarySearch(A,key, low, mid-1)

8 return BinarySearch(A, key, mid+1, high)

Exercise 1.25
We earlier saw the iterative version of the Binary search. Can we write any recursive algorithm as
iterative algorithm?
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End of Lecture 1
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