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What is the state of nums at the end of main()?

static void shuffle(int[] arr) {
int temp = arr[0];
arr[0] = arr[2];
arr[2] = temp;
arr = new int[l{arr[1], arr([2], arr[0]};

by

public static void main(String[] args) {
int[] nums = {1, 2, 3};
shuffle(nums);
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arr = new int[l{arr([1], arr([2], arr[0]};
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public static void main(String[] args) {

by

int[] nums = {1, 2, 3};
shuffle(nums);

What is the state of nums at the end of main()?
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Today's Learning Outcomes

12. Identify the pre-conditions, post-conditions, and side effects of a
method and use these to write detailed Javadoc specifications.

14. Write comprehensive unit tests for a method given only its
specifications and signature.

16. Explain the process of test-driven development and identify its
potential benefits.

17. Differentiate between black-box and glass-box testing and identify
scenarios where each is appropriate.

CS 2110 Lecture 3: Specifications and Testing September 1, 2026



Client and Implementer Roles

Large, long-lasting software systems require coordination between developers.

Different people write different parts of the code, which must later be integrated.

A single developer interacts with a code module (a class, package, or method)
from one (or both) of two possible perspectives:
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Method Specifications

What information does a client need to (properly) use a method in their code?

— method name

- arquments method 5:3444'4!6
& of 9 umen how does due  cleat coll
- *Hpe of eacy qr‘,qmen + Yhe me‘\‘wJ?

_ ordec of "Ifjmmc'ni'S
call '+

- If\fcrpfe'hl-ion of ou4cy 0\“3“"4&0\' Vo Jo 5‘1e7
Cocrectly?

- conéiﬁo-ﬂj /reZq:(QManfs of inpui's

- Cetun Hype Lhat il it de?
_',-n'}e(f;(‘{q-]-ior\ OF retarn Vq,u,e_

CS 2110 Lecture 3: Specifications and Testing September 1, 2026



Pre-conditions and Post-conditions

Pre-conditions: Properties that must be true when a method is called
Today (for statie metuads) | Ce€quiremeats 01 parameters

— allowed / disallo ved Vilves (valid ronjes)

-retq-.rca stafe of reference Hpes (e.j,’arcler‘ of qr/‘qy entries)
— relationships behseen patameters

Post-conditions: Properties that will be true when a method returns if the
pre-conditions were met.
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Specifying Pre-conditions

Jxx .. %/ for mulkiline Javadoc comments

[‘bv.:”-in syppoct to 9ererate specs documentation From  these
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1 /% Pred:cate clavses
2 * Returns “true  if the character in “str’ at index i is uppercase; otherwise
3 returns ‘false'. Requires that £ < 5tr- le1qth ()
e Valid
4 %/ R; mut be Vo
5 static boolean uppercaseAt(String str, int i) { ... } index i1to str
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What should a method do if its pre-conditions are

not met by its client? 5 W
Un Ae_Fmec‘ beLavior

Try to meet the post-conditions anyway A
Return an obviously wrong value to "get back" at the client ?
Throw an exception to report the issue to the client

Crash the program



Handling Pre-condition Violations

When the clientviolates a method's pre-conditions, it does not offer any
guarantees about its behavior. Any behavior satisfies its specifications!

Easiest Appromcl,,', Igna{‘e pre- conditien Violations

~weile twe code to
Wi th no ECxilfa check s

work Mader twe  Qsg wmlo-}-lo\q o'P

Fle —conditlions

"Best" Approoula', Defeunsive progcammisg

- Turn Ff‘e-cand.‘{'ion violations  jalo  cumtme efrors with

Joua assect stelements

- qc+iue,\7/ check rre—¢04J:4;on5 , hele‘.,,l {or cfebujj;,,j

CS 2110 Lecture 3: Specifications and Testing September 1, 2026



2 Coding Demo: Defensive Programming £
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(Bad) Pre-condition Violation Handling

Do 5aMe+\43.17 5Pe¢;0;l witvout inclwdiv ‘4w the S5pecs

Throwing a "more appropriate" exception

1 /%% Returns “true’ if the character in "str’ at index i’ is uppercase, otherwise

2 *x returns “false . Requires that '@ <= i < str.length() . %/

3 static boolean uppercaseAt(String str, int i) {

4 if (i <0 || i >= str.length()) {

5 throw new IllegalArgumentException(" i’ must be between @ and “str.length()-1".");
6 }

7 return Character.isUpperCase(str.charAt(i));

8 }

"Correcting" the inputs

1 static boolean uppercaseAt(String str, int i) {
2 return Character.isUpperCase(Math.clamp(i, @, str.length() - 1));
3|}
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Unit Testing

Unit tests check whether a method/class conforms to its specifications.
hot tuat Mephod  works corfectly , does what it code 5q},5

¥ e Ulite tests looking gt opecs, vob Source tode
Many unit tests follow the same basic structure:

" .
1. 56‘\' Mp MPVH’.S (q(‘jq/v,e,.t,) 1’0 NC“""OJ WHEN.“
5 Lall method we're testing

3 COMP are OW{'PV)']' to "\h/‘d“ LOAQJ expeci-ea 0\4"?‘4'}' ’)THEN."“
. of check For expec’rcd side effects

Writing many separate unit tests for each method/class allows us to
more easily diagnose issues as we code.
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& Coding Demo: JUnit
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Good Unit Test Suites

Soundness: Unit tests Shoyuld all pass for Any
.'rv,plemem}q%oﬂ twal  mgets  ue 5pecs

% not  Just  your parkiculer  iMplemeatation

Coverage: There are €no«;3\q va'f  tests 4o Yover" the
roSsiHe cceqdrios te module we're testiag

cAn @uiougter
Any  small Jeviation from the specs should
cavce af \ewst one  test to Sail.
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Should a good unit test suite include tests that
commit pre-condition violations?

Yes (A)
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Testing Methods with Side Effects

/** Zeroes out all entries before and including the first instance of "key in “arr’

1
2 * and returns the index where “key' was found. If “key is not present in “arr’,
3 * then all indices of “arr are zeroed out, and “arr.length  is returned. *x/

4  static int zeroThrough(int[] arr, int key) { ... }

- can'} jqb)— ol q556p+EZ\44l£L>\‘ the réeturn vqalye
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Consider the following method specifications:

/*% Returns an index 'i° with "0 < i < a.length-1" corresponding to a local

il
2 * maximum of array "a , meaning ‘"al[i] > al[i-1]" and “al[i] > al[i+1] .
3 *x Returns @ if "a  does not contain a local maximum. x/

4 static int findLocalMax(int[] a) { ... }

\,

What's wrong with the following JUnit test for this method?

1 | @Test

2 void testMultipleMaxima() {

3 int[] a = {10, 12, 15, 13, 16, 14, 11};
4 assertEquals(2, findLocalMax(a));

5 }




Underspecification

Sometimes, there can be multiple different return values (or side effect

behaviors) that all conform to a method's specifications.

In this case, we say that the method is underspecified.
5ound unit tests weed Yo f’“‘ whea cun
all  of  tyese possible  implemeqtations

vt Most rommoea Seurce of ercofs in (52110
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Testing with Underspecification

7

1 /xkx Returns an index "i° with '@ < i < a.length-1" corresponding to a local
2 * maximum of array "a’, meaning "alil] > ali-1]" and “ali] > al[i+l1] .

3 * Returns @ if "a  does not contain a local maximum. x/

4 static int findLocalWMax(int([] a) { ... }

.

ACCO‘44+ for ZLI_'. POSS?b?'H’PCS Check the FoS*-CoaJ:i:on Ffopcrfy

@Test @Test

void testMultipleMaxima() { void testMultipleMaxima() {
int[] a = {10, 12, 15, 13, 16, 14, 11}; int[] a = {10, 12, 15, 13, 16, 14, 11};
int i = findLocalMax(a); int i = findLocalMax(a);
assert True [':==2 | i==“|)) assectTrue (“E;]7“t;"] %4

) ) aliJyali+11);
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Test-Driven Development

= Use specs to write unit tests first, then use tests to guide development.

Many Benefits:
- focvws Code o0 5pecs
-_'HA;V)K About 6(375 cases V'o{'na.ﬂ" - o(-"l'ev\ lead s

Yo more elegant code  (fouer "fmhbpes“)
— clear pco9less measure d uriag G‘eue\apﬂoen-)-
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- }e 5*‘ Soundnaes5S
But coming up with tests can be tricky... It takes some practice.
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Black Box vs. Glass Box Testing

Black Box Testing: Tests are written without access to the source code.
These tests are based on only specs, not any implementation details.
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Glass Box Testing: Use implementation details to inform test suite.
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