Poll Everywhere

PollEv.com/javabear

On the left is a buggy med3 () definition. Which JUnit

assertion will detect the bug?

-

~N

static int med3(int a, int b, int ¢) {

if (a>=Db) {
return Math.max(b, c);

}else if (a>=c) { \
return a;
} else { A con .
return Math.min(b, c); ®¢ *©'J7°
} Y D
and 1he

text javabear to 22333

Me_d'lﬂ"\)

assertEquals(2,med3(1,2,3)) (A)

assertEquals(2,med3(2,3,1)) (B)

assertEquals(2,med3(2,1,3)) @

assertEquals(2,med3(3,1,2)) (D)




Announcements

Assighment 1 due yesterday
* Grading now, should be completed by Monday

Assighnment 2 released, due next Wednesday

Check your grades on the "Grades" tab on the course website
* Lecture participation, discussion grades, etc.

* We'll update this at least once per week

* Rememberto choose your grade calculation by Monday!
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Announcements

Support Resources: (full list on website)

* Academic Excellence Workshop (AEW) Sections
* Engineering Tutors-on-Call program

 Office Hours, Ed Discussion, etc.

Please reach out if there's anything we can do to help!
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Today's Learning Outcomes

20. Describe the loop invariant of an iterative method involving an
array and visualize it using a diagram.

21. Use an array diagram to develop an iterative method.

22. Write precise specifications for methods involving arrays that use
range notation.
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Loop Anatomy

int Sum= Q;

1Cor (inl- i=0, i<q,len3+h)‘ i++)§'
Sum += q[;])‘
} LOOP_&&WJ:
boolean e_xpress:on
frue = Cun \Oop ‘OocJ/\/
Tncrement! loop Naciable(s)  false = "fall  fhough!
loop

LOOP bo&y
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while Loops

int sum=0;

$or (int i=0;

| < a,len3+h ) i++) f

sum += ali];

CS 2110
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int sum=0;
int =0
wh [e(|<q levnj%la) ?

Sum + = Ol[;]
T aal
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Range Notation

A fcmge of an qrfay 5 g QOA‘!';\?%OVIS Subset
of entries,

Spec'.ql cases -

SRR IR
) [] [20 B M7 [8) [6] B3 (8] start | o ..5] = a(0..1]

0\[2” 5:{ — O\(L,é) = Q[Z..é) g;::; ga[;;..]:qfi..q.leqj’rhﬂ
N/ \

exclude

e.‘nné;\;i‘es endpoints afi..}] empty When 1>
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Poll Everywhere

PollEv.com/javabear text javabear to 22333

Ifa.length == 8, how many elements belong to
?
therange a(1l..) - 2 ( I , )
o I 2 3 Y 5§ e 7
4 (A)
5 ®)
6 (C)



Range Properties and Array Diagrams

Accay d;qﬂ(qm: visuwalizes  properties  of grray

(ﬂnjes
. / o Swpef‘
‘ ;/\qf)o/"l‘q'/)"".
a # Key l [ C iben Fo

\/\/, va one 6:de ofr

gvery en’rfy n q[..i) e 40”'*" e bouadary noft

: have any fo L c[:'r

15 F l(e,y 2 dary
0150«41’ Q[;]
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Writing "Loopy" Code

/** Returns # of occurrences of ‘key  among the elements in array ‘a’. */
static int frequencyOf(int key, int[] a) { ... }

P(e a >
(bﬁpofe lﬂop) ) .

Po st | -
(M-F+ef [oop) Qa . COuat = & Keys ele

At the start | ;
of jterqtion | A, [couat = # Keys ere K
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(Loop) Invariants

Aboyt  (ode thusl Will  be

An Mvariogt K- T nssection
'oOM),S of /fs executlion.

\ . crmiaed
frue at  wultiple, pre-dete

betJeea loop + other

: - b reloationship
A leop avariant  describes L it

lo cal wvars twat 15 Yrue evecy time loo_g éqql’J

A’ |couat = # Keys here ?
LOOP fﬂvﬂ/‘;éo}: count = ¥ of oceurceates of Ke:: 'nﬂ[_s)
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Developing a Loop: Initialization

We ™uip initiglize  the  local variaples 4, wake
Jue ‘”P 1Avar;ant frue  the Cirst bime e che (Y
the  losp 3%4“11'
static int frequencyOf(int key, int[] a) {
o 10, et b of e ek S M
int Covm'l--.:O:)
NN~

while (... ) { ... }

U

afl..o) is QMP+7’

(cendaing w0 they's)

J
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Poll Everywhere

PollEv.com/javabear text javabear to 22333

Which of these is true immediately after we fall
through the loop body?

loop invariant is true loop guard is true X (A)
loop invariantis true loop guard is false @
loop invariantis false >< loop guard is true >< (C)

loop invariant is false >< loop guard is false (D)



Developing a Loop: Guard

Choose cond:tion th\at Yecames $qlse  ovece we le dose
Wity fhe Ioop\é wof K, [

Loop iavariant Yrue when we  exit 29,

Yse tMis o defermicg  rerura  Valye

[ /** Returns the # of occurrences of ‘key  among the elements in array ‘a’.*/

static int frequencyOf(int key, int[] a) { done whea == “"e"ﬂ H
inti=0;// nextindex of ‘a to check .
int count = 0; Con¥ine |oop‘m3 while 1< aqa. leqjih

/* Loop invariant: ‘count” = # of occurrences of ‘key' in ‘al..i)" */

while (i < a.leagth ){..} ql.. aleaghy) is all
fetura Count of a

J

~\
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Developing a Loop: Body

In  eqcy iteration
— MD,K& 19('0(7(655 *owarj IOoP'J 3001]

- restore  |oop V4 F g

(inti= O; intcount=0;
/* Loop invariant: ‘count’ = # of occurrences of ‘key' in ‘al..i)" */
while (i < a.length) {

if (afil == Key) § P —>

; covqt ++, A, |couat = # Keys higre |afi]

¢

]-l—+') V4 7rogress

U
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Back to the Array Diagrams

=0
Pre A ?
bask in dime qives Pre
N —~
Tnv A, |couat = # Keys were ?
->
Lorusrd 14 Yime  gives P? L= q,)eqj'\'\n
PO st a'. couat = # Keys Were
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Example 2: argmin()

static int argmin(double[] a) { ... }

argmin(new double[]{1.0, 3.5, 4.2, 0.7, 6.3, 2.8}) =
What do we need to keep track of?
_which  eantries  wellve checued (i)
_ the omallest element we've $peq  (miv)

— Where +4i s 5M4”85+ Q\evﬂem" 1S ClaC>
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argmin() Array Diagrams

o) q.len'j'p\

Pre a . |mn °
q.]c-q‘){"o

PO st o\'. = Min

allo c]‘zmm
L q,levH«
Twv a > min °
3

alloc] =min
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2 Coding Demo: argmin() =

CS 2110 nts January 29, 2026



Example 3: paritySplit()

* are even. */

static int paritySplit(int[] a) { ... }

/** Rearranges "a’ so that all even elements appear before all odd elements.
* Returns the index of the first odd element, or "a.length’ if all elements

2(6]1(3(Y

S|7(8|0| —>

3 01 14 5] [ s [ [1 [4]

¥ look at lechwe
‘.65 Yo see
Wwot to Fest
twis
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216lyl8|0|1I |3|S|7

3 01 12 [ [ (s] [ [1 [g]
retura §

o|2|4 |68 |1|3|S|7

(0]

)]

21 5] 90 (5] [ [1 [3]
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paritySplit() Array Diagrams

¥ We caa also
P{e q., ? Pm{- i,)') on

e other Sides
I of tue bouadaries,

j;q:v an alfecnete
Po 5']‘ A '. even ' OJcJ Ccorrec\') method
ée'g..,'ﬂ-',of\.
: - See Le‘-""[t.?
. \ Y. /.
A, | even < ’ odd Exerci®®
Tov
N -
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2, Coding Demo: paritySplit() =
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paritySplit() Loop Body

while (5 ¢J) {
f(all]%2==0)%

Lt

3 else t |
//‘squ 0«[;]/ U\EJ-lj

g

;
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even |odd ? odd
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Review: Steps for Developing Loops

1. Identify the local variables.
2.Draw out the “Pre” and “Post” array diagrams.
3. Draw the “Inv” array diagram
* Hybridizes "Pre" and "Post" diagrams
* |ncorporates all local variables
4. \Write the loop invariant.
5.Slide the “Inv” > "Pre" to write initialization
6.Slide “Inv” > "Post" to write loop guard, post-loop code
7.Develop the loop body
* Make progress toward the post-condition
* Re-establishes the loop invariant
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