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assertion will detect the bug?

(

static int med3(int a, int b, int c) {
if (a >=Db) {
return Math.max(b,c);
}elseif (a >=c) {
return a;
}else {
return Math.min(b,c);

}

\

On the leftis a buggy med3() definition. Which JUnit

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

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

assertEquals(2,med3(2,13)) @

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

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

Assignment 2 released, due next Wednesday
Check out the new "Grades" tab on the course website

* Letus know if you see any issues
* Remember to 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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https://courses.cis.cornell.edu/courses/cs2110/2025fa/about/success/

Loop Anatomy

in’r Sum = O)’

Cor (int i20; i<a.length; i+3) 7
Suﬂ)+=qfdj
§ LOOPJ:'{Q('J:
boolean prress:o")
true = (ua \Oop ‘Oocl/
Tncrement loop Naciable(s)  false = 'fall  fuoug"
loop

LOOP bo&y
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while Loops

int sum=0; int sum=0;
int 1=0

.k i=0° i<a.length; i++)
Yor (int i=0; leng ™ 4 wh: le(|<01 le”ﬁjrl”)?

sum += alil; sam*=al]:

CS 2110 Lecture 4: Loop Invariants September 4, 2025



Range Notation

A fcu\gc of an array 35 o c_on*f'?jwo“'S Sybset
of entries,

Spec'.azl cqses .

\ Gom {q[ ,,]]: a[O..i]

start a@..:] < a(O..i]

al || |
[0 [1] [ B I [ [e] B3 [8)

a[2..5]= a(1.6) = a[2..6) ™" {a[5:--]=a[;..q.\qu+h-[|
/N -

exclude

e‘nné;\b:jfs @ndpoints Q[I)] emp'}z When 1>

CS 2110 Lecture 4: Loop Invariants September 4, 2025




Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

How many elements belong to therange a(1..6] ?

2 J 3/ L}/ S/ 6

4 (A)
5 B)
6 (C)



Range Properties and Array Diagrams

Affon/ d:ajfam: visuwalizes  properties  of  qrray

(UMje.S
. / o SVFQP
| ;/\qf)o/"l‘q")"".
a ., # Key l [ o pHen Yo

\’-\r, Jp‘v — one Gide of
: : ' \oaqna‘quj V\°+
have any 2t abeve  boun c["zfy

CS 2110 Lecture 4: Loop Invariants September 4, 2025



Writing "Loopy"” Code

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

Pre " =
(beFofe [0"‘0) ' :

Po s+ | .
(after loop) a. couat = H Keys here

At the start | ;
of jterqtion | A, |couat= #Keys here i
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(Loop) Invariants

nssection qboyt Code v ot Will  be

An vuariogt 'S5 an
'0054)5 of ifs exXecytion,

true at  wultiple, Pre'dcrefo'ﬂcJ

betvee loop + other

AL bes (elationship
A logp iaval ast  describes g evalqqafed

lo cal wvars twat 15 Ylue evercy time "’0_2 &qq/J

A | couat = #'Keys here ?

LOOP fﬂu&l/‘;éo}: Coumi'z # of oceurceaes of L(ex Mﬂ[ui)

—
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Developing a Loop: Initialization

We ™uip initiglize  the  local variaples 4, make
Jhe (aoP 1Avar; ant {rue the _Ga_féj' }ime we che (K
the  losp 3%4&1'
static int frequencyOf(int key, int[] a) {

in} =0 - - JUN (start b

\.ﬂ']' l ) // L= next index of ‘a o checK c‘aecwv yqi‘ﬂ)

int Coum'l- = O:)

AN~
while (...){...} af..p) is e"’lp"'7

U

(cendaing no

‘Wey's)

J
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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 invariantis false loop guard is false (D)



Developing a Loop: Guard

Choose cond:tion et becames Lqlse  ovee we'le Jose
Wity the Ioop\é wor K,

LaoP iMvaling Yrue when we exit laap)

bse s to  defermiae  retura Valye

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

done wheq 122 g leqgll
int i =0; // nextindex of ‘a’ to check J

/* Loop invariant: ‘count’ = # of occurrences of ‘key in ‘a[..i)" */
while ( + € q \343'}\4 ){...} q[.. Q.|EAJ”I7) is ol

of a

re“”"’“” Co\ﬂq"')

U

~
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Developing a Loop: Body

In eqcly iteration
- vvake ?(‘0(7(655 *owarJ IOaP'é 3001]

- restore IO"P (Vq riaqi-

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

if (afi] == Key) § P>

covql ++, A, |[couat=# Keys here |alI| ¢

'|++') Y 7rogress

k} J
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Back to the Array Diagrams

(=0
Pre a 0
bask 1n dime qives Pre
N —
In\/ A ., count = # V\cys here ?
>
-For..mJ 1o Y¥ime glves PW i: q,)enj‘\'\q
PO st Qa '. couat = # Keys here
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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 eatries  weve checked  (5)
- the gmallest elemeqst we've $peq (W)M)

— where  tiis  omallest element s (loc)
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argmin() Array Diagrams

0] q.lenj+h

Pre a . |mn (4
q.]&q')‘f‘o

Po s+ a > Min

alloc] =min
L Q.'B'IJHI
Twv a > oin e
=Y

alloc] =min
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& Coding Demo: argmin()
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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

216]|1(3|Y

S|7(8(0| ——

3 01 121 3] [ (s] [ [1] [g]

¥ look at lechwe
¢code Yo see
Wodt to }est
this
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paritySplit() Array Diagrams

Pre a
Po s+ a
.Ih\/ q '.

even 0dd
L )
even ’ oclo’
= —

X Note ~e

291 also

fwl' ;)J’ °
otSel Sides
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Thiy il ')‘.ue
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& Coding Demo: paritySplit()
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paritySplit() Loop Body

while (i ¢J) {
f(ali]%2==0)%

‘L++J'

3 else §
//§qu 0\{;]/ 0\[54]

g

;

CS 2110

- J
even even ? OJJ
<)
even |odd ? ' odd
'\__/

September 4, 2025




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
* Incorporates 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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