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Suppose we are writing some "loopy" code with the

following "Inv" diagram: Jone whan %)
i :\ 1 j conticme while 12
a. negative } non-negative
— PR

What should be the guard on our loop?

a[i] >= © (A) i< j (C)
a[i] < a[j] (B) i <=3
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Today's Learning Outcomes

25. Explain the benefits of using asymptotic analysis versus performance
testing to evaluate the efficiency of a piece of code.

26. Determine the asymptotic time and space complexity of a piece of code
involving one or more loops and/or method calls.

27.Determine whether a given (mathematical) function belongs to a given
big-O complexity class.

28. Compare and contrast linear search and binary search.
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Code Performance

- Time uyer experiéace (Iqj)J use more data, jcf befrer
% Qndiers —time-sensitive domains (f'iyhf softvore)

- MCMO‘V SPQCC emyedded 575}eM$ have Space coastrainty

- Powcr
- CPV +;meJ netvork Baadu:d‘"a, cache SPQCQ ‘e

Why does tuis watter?

To improve  oar code Fer'Fo('Md"ICe/ Ve need a way
+o ce\imbl7 Medfafl +:me/s,oafc “sage.
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Recall: Our paritySplit() Method

-
static int paritySplit(int[] a) {
inti=0; intj=a.length;

while (i < j) {
if (a[i] % 2 ==0) {
i++;
} else {
swap(a,i,j-1);
== b -
) a,[ewen [ 7
} - -
return j;

L}

\ (

'}

static void swap(int[] a, int x, int y) {
int temp = a[x];
alx] = alyl;
aly] = temp;
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How should we measure
the runtime of this code?
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Measuring Runtime

Option 1: Time its execution

ril’\’[[] d=.., Omfpu.)( Cor 1000 elemeqf's.' |
- 0.285125ms
long start = System.nanoTime(); - 0.222625 mS

int i = paritySplit(a); - 0.169167 ™8

long end = System.nanoTime();
System.out.printIn("paritySplit() ran in " + (end - start) / 1e6 + " ms.");

. J

Tssues:
— what qbowt other fvnp\n‘s?
- 8;536" iq,,-#s will Take \O'I{jer

- Different inguts  [oF some  s22) m'94t tfakke more/less time

~Qther co"?pmferﬁ May
ve Cister/glower.
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Measuring Runtime

Option 2: Time its execution across many input sizes

- G :\Ieﬁ q b e ‘HeF P: C1'V| ,e o P Runtime of “paritySplit()’
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Array Length
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Runtime vs. Time Complexity

The "\Jq”"c)oc‘(“ Cugtime of a M ethol N4 how ,av i} filkes

to execute.
Its time C"""P,e""*‘[ T 15 tye wvumber of bas:e oper“;o.,,i

FergofMGJ dwf:‘ny its e,)(e‘(,,i-:O')) eXP(3558<-') 45 a M
its inpul parameter sizes,

Read value of var weite  valse to var, math  gperatien,
- J

8*57‘- o‘).s: ‘ ‘ |
etc.  (Soon, we'll see  defals arent  crucial)

TOdop\/.. /V\e)""vAj ;V’\}o)u:mj ﬂl‘"nysl N: nfl'q7 Ig,.y}\q
ruakimes Will pe fuactions of N } T(N)
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Counting Basic Operations

_re4cl X
! . . _ - . ) - read OI):%] 3 opS$
static void swap(int[] a, int x, int y) { —write 1o temp
inttemp = a[x]; ~— / - read
—>
a[x] = alyl; — ~ regaed qr\/j B ops
aly] = temp; . —Cead X
T _ wrife to alx]
U J ™
_ — read ‘temp
For Swap() T(f\D | ¥e) - resd 3 ops
dogs wot "‘9(’"’“ on ‘4f"”+ Si2e — rte to ny:]

or i’\‘)w{- ‘\/“I"CS
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rstatic int paritySplit(int[] a) {
inti=0; intj=a.length;

while (i <j) {

if (a[i] % 2 ==0) {

i++;

} else { ‘r\ VA ((55 wo U
js_v_\;ap(a;ld'l)} v tuan odd

}

}

return j;

U

Which paritySplit()
input will execute more
basic operations?

{1, 2, 3, 5, 7}
{2, 4, 6, 7, 8% (B)

They arethe same  (C)



Best-Case vs. Worst-Case Inputs

Sav""cell'\""esJ # °(>cf4+i°"5 Jepend.s wot oualy on Mpd 5ize, but
also values (c.j., to determine if "if" body i$ executed )

Wotst-¢ase  pat  hese valueg {orce

path

7\7 pi e ”7 con§idel
dowv most CO’VIFICX e;(ec_w]'?oﬂ

“wS$
v§_  bYest —case Mpw) UYose values allow miaimal  H OPQI‘G'“O"S
‘ow. t-~cas € ¥ bigoel
M'.Scaocep'}.ow- Aol 33
C_A\’TIO'\’!‘. LOMMO’) loas']- ~cqs & y S/V)Olle(“

T\']GSQ ore D\e,;crlp'l-ot's oF MPL‘}’ oF

somMe Bce- d@-}um\’led size.
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Counting Basic Operations (Worst-Case)

( )

static int paritySplit(int[] a) {

inti=0; intj=a.length;

W

while (i <j) { N

if (ali] % 2 ==0){ best 154

i++; }u'-ll hit
F brancy

} else {

o oCSi"(/"sc
swap(a,u-l);} :-,\[ Wit
- B

e\SL bea nC\"

| return j; } )

-3 ops

143 = Y
3

Y
3

I+24Y4 | O

3
i

# +me$S eyxecuwied

I
N+ |

N
O
N
N
l

'Io'}q[ i OFS

Y
| 3N+3

YN
O
7 N

3N
l

TN)=2IN+8
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Asymptotic (Big-O) Notation

T(N)=27N‘f'8 'K a bif }oo Speci‘F?C
deop leeéiﬂj
— Variations in hacdware  can C\qonﬂe‘ 27 toeffrciedg )
— For Wae N, "[ou—oréar" feem B i ne}“j}ble (drop)

We W rite @(N): O(N)J Yo summacize tvatime Conqplex',-)-r 3:0\1‘5
linearly ity  gpul Size.

Def. We say ruabime TIN) 15 0(3(:«)) for some faactlon g i

T (N) " Lor ]MJC Mpvﬂ'S, fve 3r0v~'9")
N>co gIN) < o0 of T(N) does a0t exceed

Q9
“ r tayt ":4 +0r
of oM Put‘PafesJ Eeno ,4'7\7 to 3“\') J \.{P to A coastay c

place TIN) approprigicly in W\bfﬂf"lhy'o
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The Runtime Hierarchy

Better
Performance

Worse
Performance

Complexity Class Name
O(1) ConstantTime
O(log N) Logarithmic Time
O(N) Linear Time
O(N logN) Linearithmic Time
O(N?) Quadratic Time
O(N3) Cubic Time
o(2N) Exponential Time

}

swap l)

binary Sevrch ()
RC‘I”7 qu;‘? SP';f()

00

liNeat Sescct, ()

hasD yplicates 0O

Req”7
Bad!
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Another Method: hasDuplicates()

é )

static boolean hasDuplicates(int[] a) {
for (inti=a.length-1;i>=0;i--){
for (intj=0;j<i; j++) {
if (a[i] == a[j]) {
return true;

1

return false;

}

. J
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Which of the following is a best-case input of length

(

static boolean hasDuplicates(int[] a) {
for (inti=a.length-1;i>=0;i--) {
for (intj=0;j<i; j++) { j—>
if (ali] == alj]) {
return true;

1

return false;

}

.

& |

{1,2,3,4,5,6} (A)

{1,1,2,3,4,5} (B)
fiest $oo co/\op‘!’CJ

{1 2,3,4,5D) )

{1,2,3,4,5,5}




Asymptotic Analysis (Worst- Cage)

e w
static boolean hasDuplicates(int[] a) {

for (inti=a.length - 1;i>=0; i--) {
for (intj=0;j<i; j++){

flalil ==ali) { ———___

return true; & not VIS&J
by worst-
code input

1}

return false;

coﬂp\&)ﬁ"’7

"~

\} J

o(l)
0(1)

o(1)

ol
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L=0

# execuliong

> (i#)=0(N?)

O(N)

O(N?)

o ()
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Visualizing hasDuplicates () Runtime

Runtime of “hasDuplicates()’
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hasDuplicates() ranin 10 seconds for an
array with 360,000 elements.

How long should it take to run on an array with
720,000 elementS? O(NQ) ~|-i/\4(, CQMP(Cx}-I-y wWean§

20 seconds Aa.,,u;nj iapat size w 2 (A)

40 seconds 9 us draples cuatime x 2% @

100 seconds (C)



Linear Search

/** Returns the smallest index ‘i such that ‘afi] == v or returns
*“a.length’ if ‘a” does not contain v'. */
static int linearSearch(int[] a, intv) { ... }

Pre a ¢
L
Tnv a | v not here k¢
~ ‘
L v
PDS+ o.| v not here |v ? (of Vv not vere )
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2 Coding Demo: Linear Search
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Runtime Analysis

. total
- N Coﬂp\&)‘ufy # executiong COMP‘:xH'y
static int linearSearch(int[] a, int v) {
inti=0; 0(1) 0f1) 0(1)
while (i < a.length) { o(1) o(N) O(N)
if (afi] == v) { o(1) a(N) 0 (K)
returni; - em|7 cetara n_o\- worst- Ca8€
}
i+4; o) O(N) 0(N)
}
return a.length; o0(1) 0(1) o(1)
\} J ———
o (N)
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Binary Search

'_E'F af"ﬂ)l A 1S sorfcdl ca e ‘Fi’)d 'H"C {-‘:!‘S)' ;ﬂtlex

of v faster?

. x |ike Seaﬂ-"'iv
Tden. Taspect the middle elemeat alm] o (paper)

dictionar
- alm]% V. doa't need to consider a(m..] ey

- am]<v. doa't need te coasider “[--mj

f
A (m)& r
Tav ol <V b 7V
— ' -
~— ~— _

window where first v can be

CS 2110 Lecture 5: Analyzing Complexity February 3, 2026



Jo

2 Coding Demo: Binary Search
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