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Where we were, and where we are going &

Week 1 gave you one of the three tools.
@ State — variables that hold values, and a program that runs top to bottom

@ Which means: it does exactly the same thing every single time

These two weeks add the other two.
e Branching — the program can choose (Weeks 2-3, sections 1-4)
e Repetition — the program can repeat (sections 5-7)
@ Then the structures worth repeating over: arrays, lists, dicts, sets, tuples

Everything here comes from the Week 2 and 3 lessons on Ed — eleven of them —
in the UTS course format for 41039, as conducted at UTS by Dr. Luke Mathieson.

After today you have every tool a general-purpose program needs. Week 6
onwards adds no fourth idea.
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Java is strongly, statically typed &

@ Variables have types. Data has types.

@ Those types must be compatible, and known at compile time

Week 1 showed you one type error. There are others — and they all arrive before the
program runs.

int a = Math.round("This isn't a number");

= // no suitable method
int i = 3 / "Hi";

// bad operand types

Two errors from one compile. Always start reading at the first one.
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It is not only variables that have a type &

@ Methods have a return type — that void in public static void main means
“returns nothing”

o Expressions have a type — the type of the value they evaluate to

The expression 10 + 3 has type int. So this is fine:
| int i =10+ 3;
And this is not:

boolean b = 10 + 3;
// Type mismatch: cannot convert from int to boolean

Because expressions have types, you can use one anywhere a value of that type
is expected.
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boolean is its own type

Java has a boolean type for every true/false value, and it is not compatible with

the numeric types.

Valid C++ Will not compile in Java

bool b = true; boolean b = true;
int i = 10 + b; // i is 11 int i = 10 + b;

A trade, not a flaw.
@ C++ lets you write shorter code — and lets a typo compile

@ Java refuses the shortcut — and catches the typo

Neither is “right”. But you should know which one you are typing into.



N
A language with no type rules (&

MY NEW LANGUAGE. 15 GREAT, BUT IT'
HAS A FEL) GUIRKS REGARDNG TYPE:

P

xked 1537, Types — Randall Munroe, CC BY-NC 2.5
@ 2 + "2" gives "4"
e [1,2,3] + 2 gives FALSE
e [1,2,3] + 4 gives TRUE

Expressions whose type you cannot predict —
so you cannot predict their value either.

This is the world Java’s “cannot convert from int to boolean” is protecting you
from.
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The operators that produce a boolean &

A lone boolean is dull. They become useful as the type of a whole expression.

Operator Means Takes
< <= > >= less, less-or-equal, greater, greater-or-equal two numbers
= = equal to, not equal to — note the two equals signs  two of any type
&& and — true only when both sides are true two booleans
[ or — true when either side is true two booleans
! not — flips true and false one boolean
The classic typo: = assigns, == compares. In Java if (x = 5) is usually caught —

the assignment’s type is int, and an if needs a boolean. In C it compiles, and has
ruined many afternoons.

The type system saving you again.



Combining comparisons &

Scanner sc = new Scanner(System.in);
System.out.print ("Enter a number: ");
int i = sc.nextInt();

boolean b = i > 10 && i < 20;

System.out.println("Bigger than 10 but less than 207 " + b);

@ i > 10 is an expression of type boolean
@ Soisi < 20

@ So && can take both, and the result is boolean too — which is exactly why it can
be stored in b

This is really exciting. It becomes useful when we choose what to do with it.
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Why we need else &

TLLBE IN YOUR CITY TOMORROL
IFYOU LUBNT TO HANG OUT. xked 1652, Conditionals — Randall Munroe, CC BY-NC 2.5

BUT LHERE. WILL YOU BE IF . .

I DOV UPNT T HANG OUT?! The pedant is asking for the else branch.
You KNOW, T JusT . . .
REMENBERED IH1 BUSY. @ Everyday English “if X, then Y" quietly

implies “otherwise, not Y"
o if (cond) { ..} says nothing at all
about the false case
That gap is this entire section.
LWHY TRy NOT TOBE
PEDANTIC ABOUT CONDITIONALS,

Two minutes from now you will write a bug that lives in exactly that gap.


https://xkcd.com/1652/
https://creativecommons.org/licenses/by-nc/2.5/

The if statement &

Now that a program can say whether something is true, it can use that to decide what
to do next.

if (<condition>) {
<what to do when the condition is true>

}

if (1 < 100) {
System.out.println("The number is less than 100.");

}

The <condition> must be a boolean expression — which is what the whole of
section 1 was for.

State, plus a choice. That is two of the three tools.
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Two ifs are not an if-else &

What about when the condition is false? The obvious move is a second if.

if (1 < 100) {
System.out.println("The number is less than 100.");
i = 101;

}

if (i > 100) {
System.out.println("The number is greater than 100.");

}

Enter 50. What prints?

Both lines. Ask the room before revealing the next slide.
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Two problems, and the second one is nastier &

© What about exactly 1007 Neither condition is true and the program says
nothing at all. Separate conditions need separate care — a good place to
introduce a logic bug quietly.

@ The first block changed i. By the time the second if is tested, i is 101 — so
both messages print, for a single input.

An else block fixes both, because the branches become genuinely exclusive: exactly
one of them runs.

if (<condition>) {
<code when the condition is true>

¥
else {

<code when the condition is false>
}

“Exactly one” is a guarantee. Two ifs give you no guarantee at all.
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Many conditions: else if &

Nesting an if-else inside an else works, and gets ugly fast. When you are choosing
on one value, lay the cases out at the same level:

if (1 < 100) {
System.out.println("The number is less than 100.");

}
else if (i == 100) {
System.out.println("The number is 100.");

}
else {

System.out.println("The number is greater than 100.");
}

Tested one after another until one is true, or the final else is reached.

“Take care to branch the right way on equality.”
Brian W. Kernighan & P. J. Plauger, The Elements of Programming Style, 2nd ed., 1978

Which means order matters — and you can use that deliberately.
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Order decides the winner &

if (i == 42) {
System.out.println("You've found the answer");
¥
else if (i < 100) {
System.out.println("The number is less than 100.");

}
else {

System.out.println("The number is 100 or greater.");
}

@ Enter 42: only the first block runs — the rest are never even looked at
@ A specific case placed before an overlapping general case wins

@ Move i == 42 to the bottom and it is unreachable — and nothing warns you

The compiler checks your types. It does not check your logic.
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When every test is “is it equal to..” &

Say x being 1, 5, 87 or 120 means one thing, and anything else means another:

if (x ==1 ||l x==5 || x ==87 || x == 120) { /* one thing */ }
else { /* another */}

Bearable for four cases. Painful for twenty — and worse if each case does something
different. A switch is a compacted else if ladder, restricted to equality.

@ One readable line per case, easy and safe to add to
@ You can switch on a whole expression, not just a variable

o Switchable types: byte, short, char, int, String, plus enums and object types
via pattern matching

If the conditions cannot be reduced to equality checks, switch is simply not
available.
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break, and what happens without it
int x = 2;
switch (x) {
case 1 : System.out.println("The value is 1.");
case 2 : System.out.println("The value is 2.");
case 3 : System.out.println("The value is 3.");
default : System.out.println("The value is not 1, 2 or 3.");

}

Predict the output before you read on.

Three lines — not one.




Fall-through &

A switch finds the matching case, starts running there, and keeps going — through
every case below it — until it hits a break or the end of the block.

The value is 2.
The value is 3.
The value is not 1, 2 or 3.

@ It starts at the match, not at the top — so “The value is 1.” never prints

@ And then nothing stops it

A missing break is one of the most common bugs in this entire subject.



The case you were certain could not happen &

A ERROR xked 2200, Unreachable State — Randall Munroe, CC BY-NC

IF YOU'RE SEEING THIS, THE CODE 15 IN WHAT 2.5
I THOUGHT WAS AN UNREACHRBLE STATE.

I (oULD GIVE YOU ADVICE FOR WHAT TO DO.

BUT HONESTLY, LHY SHOULD YOU TRUST ME? This is the argument for always writing a
Y SCREWED THIS VR WRITI . . .
Eq}%@%gfﬂﬁrsﬁoumm{—zﬂﬂppg;?\gr default case — and, back in section 2, a final

T KNOW IT WILL PROBABLY APPEAR SOMEDAY.

ON A DEEP LEVEL, T KNOW IM NOT
UP 1O THIS TASK. T1M 50 SORRY.

else.

@ The branch you are sure is impossible is the
one in the bug report

@ “That can never happen” is a prediction,
not a guarantee

NEVER WRITE ERROR MESSAGES TIRED!

Handle the impossible case. It costs you two lines.


https://xkcd.com/2200/
https://creativecommons.org/licenses/by-nc/2.5/
https://creativecommons.org/licenses/by-nc/2.5/

Fall-through on purpose &

Used deliberately, it is how you group cases that share an action:

switch (x) {

case 1

case 5

case 87 :

case 120 :
System.out.println("One of the special values.");
break;

default :
System.out.println("Just an ordinary number.");

}

switch or if-else if? Context decides. A column of one-line cases is easier to
extend correctly than a three-line boolean condition — but only equality checks are
available.

Remember this shape. It comes back in section 8 in a genuinely strange way.
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Same idea, less punctuation &

Conditionals in Python work essentially as they do in Java, with mildly different syntax.

print("Enter a number:")
x = int(input())

if x < 0:

print("You entered a negative number.")
elif x > 0:

print("You entered a positive number.")
else:

print("You entered zero.")

@ elif, not else if
@ A colon, not braces — and indentation does the work { } does in Java
e if (1 < 2): works, but if 1 < 2: is the preferred Python style

Once you have the idea in one language, every imperative language works the
same. Only the syntax changes.



match — Python's switch, sort of &

Before 3.10, Python had nothing like switch — only a hack with dicts that returns
known values rather than running code. Since version 3.10 there is structural pattern
matching:

match <subject>:
case <pattern 1>:
<action 1>
case <pattern 2>:
<action 2>
case _
<default action>

Notice what is missing: there is no break.

Because there is no fall-through. Only the matching block runs.



No fall-through changes the idiom &

Java's stacked-label trick from section 3 is gone. In its place, | gives one case several
values:

match x:
case 1 | 5 | 87 | 120:
print("One of the special values.")
case

print("Just an ordinary number.")

Java switch Python match
Fall-through  yes — needs break no — never
Grouping stacked case labels case a | b | c:
Default default : case _

Which starts to look like an if-elif again. The line between them is genuinely
fuzzy.
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Repetition is boooooring &

A program without a loop and a structured variable isn't worth writing.
Alan Perlis, Epigrams on Programming, 1982

To print 1 to 10 with what you know so far, you write ten println lines.

System.out.println(1);
System.out.println(2);
System.out.println(3); // ... and so on, seven more times

To print 1 to 1000 you write a thousand. Who is going to check that code?

And that is still the easy version.



The version that is not merely tedious &

What if the number changes every time the program runs?
@ The user picks it

@ You cannot write out lines for a number you do not know

Until you have a loop, that program is not tedious to write. It is impossible.

“A cycle of operations, then, must be understood to signify any set of operations which is
repeated more than once.”
Ada Lovelace, Note E to her translation of Menabrea's Sketch of the Analytical Engine, 1843

A loop performs the same basic action until some stopping condition is reached.
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The while loop &

while (<condition>) {
<code>

}
Repeats for as long as the condition is true — which, like an if, must be a boolean
expression.

System.out.print ("How many numbers would you like to print? ");
int n = sc.nextInt();

int 1 = 1;

while (i <= n) {
System.out.println(i);
i++;

}

Three moving parts: set a variable up, test it, change it.

Only the condition changed from the fixed version: i <= 10 became i <= n.
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Forget the third part and &

...the condition never becomes false.

The loop never ends.

@ On Ed, and on the subject website, there is no way to stop a running program
— you reload the page

@ This is not a rare beginner mistake. It is the loop mistake, and you will make it
more than once
@ Delete the i++ once, deliberately, so you recognise what it looks like

Every loop you write: ask “what makes this stop?” before you run it.



What makes this stop? &

STARE BLANKLY

A AT S(REEN \
ABSENTLY CHECK  OPEN Read that as a loop and go looking for the exit
SWALLER DBVICE  NELIS SITE -
K M condition.

GET SIART
BORED € READING

There isn’t one.

@ A while whose condition never turns false

@ A for whose variable never reaches its bound

xked 1411, Loop — Randall Munroe,
CC BY-NC 2.5

Ask it of every loop, every time, before you press Run.
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https://xkcd.com/1411/
https://creativecommons.org/licenses/by-nc/2.5/

The for loop &

A for loop gathers those same three parts into one line, in order:

for (<initialisation>; <condition>; <modification>) {
<code>

}

for (dint i = 1; i <= n; i++) {
System.out.println(i);

}

Read it as “for ¢ from 1 to n in steps of 1". Change the details and you change the
pattern:

@ for (int i = 2; i <= n; i += 2) — the even numbers

@ for (int 1 = 1; i <= n; i += 2) — the odd ones

A little more compact than the while, and the three statements are all still
there.
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while vs for: which is best? &

Neither. They are functionally equivalent.

A while as a for A for as a while
int i = 1; int count = 0;
for (; i <= 10; ) { int i = 2048;
System.out.println(i); while (i > 1) {
i++; count++;
} i /= 2;

Java allows empty statements. An infinite
while (true) becomes for (::). Just unpack the three parts and put them
in the right places.

Identical to the machine. So the choice is about what you tell the reader.
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So which one, when? &

Use When Because
for the number of iterations is the syntax forces you to state all three
driven by an index parts, and a reader takes in the whole pat-
tern at a glance
while you do not know how many user input, or a condition that is not nat-
steps it will take urally an index

The one case that really is while:

while (true) {
System.out.print("Enter 1 to stop: ");
if (sc.nextInt() == 1) break;

}

Loops are for the computer. Choosing between them is for the human reading
it next.
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For-each: walking a collection &

for (<type> <name> : <iterable collection>) {
<code>

}

Read it as “for each element in the collection”. 1t hands you the elements one at a
time — you never touch an index, so you cannot get the index wrong.

int[] a = {1, 3, 5, 7};
for (int i : a) {

System.out.println(i);
}

What counts as an “iterable collection”?
@ Arrays, and anything that implements Iterable
@ Which is most things in the Java library with a linear order

Notably not a String.



The one that does not compile &

String s = "This won't work";

for (char c : s) {
System.out.println(c);
¥

I Can only iterate over an array or an instance of java.lang.Iterable

@ The error message states the rule exactly

o Changing char to String does not help — the problem is what you are
walking, not what you pull out of it

Read the error message. It is more helpful than it looks.
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A for-each is syntactic sugar &

Arrays and Iterables hand over their elements in a standard way, so the compiler
writes the ordinary loop for you. The for-each unpacks to:

int[] a = {1, 3, 5, 7};

for (int index = 0; index < a.length; index++) {
int i = a[index];
System.out.println(i);

“Civilization advances by extending the number of important operations which we can
perform without thinking about them.”
Alfred North Whitehead, An Introduction to Mathematics, 1911

Nothing new happens at run time. It is the same loop, with the index hidden.
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do-while: test afterwards &

Both loops so far check the condition before the first pass. Sometimes you need to run
the body first — most often because you need the input before you can judge it.

do {
<code>

¥

while (<condition>); // note the semicolon
With a plain while, the prompt-and-read has to appear twice — once before the loop
and once inside it.

“Let the machine do the dirty work.”
Brian W. Kernighan & P. J. Plauger, The Elements of Programming Style, 2nd ed., 1978

Once you are writing exactly the same code in two places, look for a better way.
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Input validation, the tidy way &

Scanner sc = new Scanner(System.in);

int n;
do {
System.out.print ("Enter a number: ");
n = sc.nextInt();
if (n != 6) System.out.println("That's not 6!");
¥
while (n !'= 6);

@ The body always runs at least once — which is the whole point
@ The relevant code appears once, so a change happens in one spot

@ Note int n; is declared outside, or the condition could not see it

When we get to methods, this gets better again.
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Loops inside loops are not a new idea &

“_.there is a recurring group of one or more cycles; that is, a cycle of a cycle, or a cycle of
cycles.”

Ada Lovelace, Note E, 1843

@ She wrote that about a machine that was never built, a century before the first
computer ran

@ The same Note E defines a plain loop as “any set of operations which is repeated
more than once”

@ Nesting was in the idea from the very beginning

You are about to write a cycle of cycles.
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Loops inside loops &

Once you are inside a block you can write any statement — including another loop.
for (int i = 2; i < n; ++i) {
boolean isPrime = true;
for (int j = 2; j < i; ++j) { // nested loop here
if (i % j == 0) isPrime = false;

}

if (isPrime) System.out.println(i + " is prime.");

}

Note the inner loop’s condition: j < i uses the outer loop’s variable, so the inner
loop does a different amount of work each time around.

Nesting is how you handle “for every x, for every y...".
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The same shape walks a two-dimensional array — and the rows need not be the same

Two dimensions

length:
int[1[] data = {{1,2,4},{7,8},{7,3,7},{9,5,2,2,5}};

for (int i = 0; i < data.length; ++i) {
for (int j = 0; j < datal[il.length; ++j) {
System.out.print(datal[il[j] + " ");
}
System.out.println();
}

@ The inner bound is data[i] .length, not one fixed number
@ Three dimensions is one more level of nesting; matrix multiplication is the classic

triple nest

A variable declared in a for header is local to that loop — so i and j can be
reused later.
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Loops with almost no body &

Only the middle part of a for header is restricted — it must evaluate to a boolean.
The other two can be almost any expression.

int sum = O;
for (dint i = 0; i <= 10; sum += i++);
System.out.println(sum); // 55

The whole loop lives in its own header, and the body is a bare semicolon.

Do not take this as an invitation.
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Short is not the same as clear &

@ Cramming everything into the smallest space is not a programming strategy
@ Outside the Obfuscated C Code Contest, where it is the entire point

@ Code is read far more often than it is written — including by you, next month
KEEP IN MIND THAT TM .. WO, IT'S LIKE A SALAD RECIPE. | [ 1T’ LIKE. SOMEONE TOOK A
SELFTRUGHT, SOMY CODE | T 1o\ e @G 1N | RTTEN BY A CORPORATE. | | TRANECRIPT OF A COUPLE
MAY BEALITLE MESSY | p MouSE BULEBYA | LAWYER USING A PHONE | | ARGUING AT IKEA AND MADE
CHLD USING NOTING | AUTOCORRECT THAT ONIY | | RANDO EDITS UNTIL IT
LERTESEE | BT A HATCHET AND A | KNEW EXCEL FORMULAS. | | COMPLED BT SRR,
s Fn(E. PIC]zRE OF A HOUSE. ( \ " M?M&

=

xked 1513, Code Quality — Randall Munroe, CC BY-NC 2.5

The genuinely useful version of this is much quieter.
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A loop body can be a single statement &

No braces needed. Combined with a for-each, that reads beautifully:

int[] values = {3, 6, 1, 8, 3, 8, 9, 0, 3};
int sum = 0;

for (int n : values) sum += n;
System.out.println(sum);
o Compact and readable — which is the combination worth chasing

@ “Short” is not the goal. “Clear” is the goal, and short is sometimes how you get
there

“Write clearly — don't be too clever.”
Brian W. Kernighan & P. J. Plauger, The Elements of Programming Style, 1978 — the book’s first rule

Compare with the previous slide. Same language, opposite instinct.
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Finishing early: break &

You met break in a switch. In a loop it ends the loop, and the program carries on
from the next statement after it.

for (int i = 0; i < 3; ++i) {

System.out.println(i + " : In the outer loop.");

for (int j = 0; j < 3; ++j) {
System.out.println(i + "," + j + ": About to break.");
break;

}

}
System.out.println("All looping done.");

In nested loops — which loop does it end?

Only the current one. The outer loop keeps going and starts a fresh inner loop
each time.
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Labelled break &

To leave both loops at once, label the outer one and break to the label:

done: for (int i = 0; i < 3; ++i) {

System.out.println(i + " : In the outer loop.");
for (int j = 0; j < 3; ++j) {
System.out.println(i + "," + j + ": About to break out.");

break done;
}

}
System.out.println("All looping done.");

Spaghetti code, here we come?
@ No. You may only break to a block that encloses the break

@ Control always moves outward and forward, never sideways into unrelated code

That restriction is the whole difference between this and a goto.



The difference, illustrated &

T COULDRESTRUCTURE | | EH, SCREW GOOD PRACTICE.
THE PROGRAYS FLOW | | HOW BAD CAN IT BE?

OR ()SE ONE LITIE apto yan.sub%;
GOTO" INSTEAD. ‘y

\
E;ﬁ 1; [? *COMPILE#

xked 292, goto — Randall Munroe, CC BY-NC 2.5

o Dijkstra, 1968: with unrestricted jumps you cannot say where a running program

has got to
@ Java agreed — goto is a reserved word that does nothing, and a labelled

break only jumps outward, to a block that encloses it

Not a loophole — the most jumping you can allow while keeping the structure.
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https://xkcd.com/292/
https://creativecommons.org/licenses/by-nc/2.5/

The inverse of break — it abandons the rest of this iteration and goes back to the
start of the loop. It reads best as a filter: “this one is no good, next please”.

continue: skip just this one

int count = 0;

next :

for (int i = 2; i < n; ++i) {
for (int j = 2; j < i; ++j) if (i % j == 0) continue next;
count++;

System.out.println(i + " is prime.");

}
Compare with the first version: the isPrime variable is gone, and so is the trailing if.

Same answers, less bookkeeping. Which would you rather read in six months?
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The shape of a Python loop &

Python has while and for, but its for is always a for-each — there is no three-part

header. To count, iterate over range (n), which gives 0,1,...,n— 1:
for i in range(5): i=0
print (i) while i < 5:
print (i)
i+=1

@ The Ed bundle for these weeks contains Loops in Python 2 — the control
keywords on the next slides
@ The basics above are here so the examples make sense

No index to get wrong is a feature, not a limitation.
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break and continue &

Both work in both kinds of loop, and mean exactly what they meant in Java.

Only prints up to 7 Just the multiples of 3
for i in range(10): for i in range(31):
if (1 > 7): if i % 3 != 0:
break continue
print (i) print (i)

One thing Python does not have: a labelled break.

@ To leave nested loops you restructure — commonly with a flag variable, or by
moving the inner loop into a function once you have those

Two languages, one idea, slightly different toolkits.
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The honest other half &

HOW LONG CAN YU WORK ON MAKING A ROUTINE. TASK MORE.

EFROENT BEFORE YIURE SPENDING HORE TiE TN Y0U SAVE? Automating repetition is the entire point of
——————HOW OFTEN YOU DO THE TRSK ———— a |OOp.

Dfony  For DALY \WEEKY MONFLY YEPRY

1 ez | [T onr | 200088 | 4,30k | s | e | seomes P :
s smves (]| s 20| 2| 05| 25 @ But writing the loop costs time too
30 50008 | e [ oms | 12 w00) 200008 | 800 Fres @ For a task you do once, by hand is
v e (e [Eloms [T on | 4 vouss | Lok |, 20
ue il o faster
Moy 5 MNTED [ vonws | T L0 [ oavs| 2] vowes | 5 vows | 23
SHAVE 2 vmwtes & vonivs | T (B o [T o | 2.8 @ For a task you do a thousand times,
Lrox 10 s 2 s [olons (Bl o) 5w there is no contest
& HOURS 2 MONTHB | 5
1]0m DAYS| . . . . ..
gk Bl Knowing which situation you are in is a real

engineering judgement.
xked 1205, Is It Worth the Time? — Randall
Munroe, CC BY-NC 2.5

Loops are not free. They are just almost always worth it.
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Loop-else — the genuinely strange one &

Python lets you attach an else clause to a loop. It runs when the loop ends because
its condition failed — and a break skips it.

i=0 while True:

while i < 5: print("Printed once.")
print (i) break
1 4= 1 else:

else: print("Never printed.")

print ("Finished the loop.")
The break skips the else entirely.
Prints 0—4, then Finished the loop.

The keyword is confusing. This else has nothing to do with the else of an if.

Mentally rename it “if the loop was never broken out of”, and its one good use
appears.
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Fifty variables is not a plan &

Averaging two marks needs two variables. Three needs three.

int a = sc.nextInt();
int b = sc.nextInt();
int ¢ = sc.nextInt();

System.out.println("The average is: " + (a+b+c)/3);

o Fifty needs fifty — and somebody has to check that all fiftty names appear
correctly in the sum

@ Worse: handling “2 or 3 marks” with an if already looks fragile, and it breaks the
moment the user enters 0, 1 or 4

Two problems: we do not want a new name for every value, and we want one piece of
code that copes with every reasonable case.

This is exactly what arrays solve.
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What an array actually is &

A block of contiguous memory, cut into equal-sized elements. Each holds one value
of the array’s declared type.

@ Once you know where the array starts, reaching element i is just an offset from
that address — essentially what the number in the brackets does

@ The number of elements is the length
@ The first element has index 0; the last is at length — 1

This is 0-indexing, normal across most languages.

“| found this amazing: only about 10 percent of professional programmers were able to get
this small program right.”
Jon Bentley, Programming Pearls: Writing Correct Programs, CACM 26(12), 1983 — on binary search

Dijkstra’s argument for it (EWD 831, 1982) is one page long and worth your
time.
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Declaring, filling, reading &

int[] values = new int[3];

values[0] = sc.nextInt();
values[1] = sc.nextInt();
values[2] = sc.nextInt();

System.out.println("Cells: " + values.length);

Code What it is

int[] values a variable of type “array of int” — the underlying type is int

new int[3] arrays are objects, so they are created with new

values[0] the element (or cell) at position 0 — same syntax to read and write

values.length a field every array carries — no brackets, it is not a method

The size need not be known at compile time: new int[n] is fine. (C
programmers, take note.)
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Arrays plus loops &

The flexible program we could not write:
int n = sc.nextInt();
int[] values = new int[n];
for (int i = 0; i < values.length; i++) {

values[i] = sc.nextInt();

}

int sum = 0;
for (int v : values) sum += v;

System.out.println("The average is: " + (double) sum / values.length);

The loop bound comes from the array itself — so there is no second number to keep in
step.

Note the (double). The Week 1 division trap has not gone anywhere.



More than one dimension &

Nothing new — just add more brackets. new int[2] [2] gives a 2x2 grid. The

interesting part: int[] [] is an array of arrays. Appending [] to a type means
“array of that”, so int [] [] reads as “array of int[]". Two consequences:

int[J[] matrix = new int[3][]; // rows not created yet
matrix[0] = new int[3];

matrix[1] = new int[2]; // rows may differ in length
matrix[2] = new int[1];

@ values[i] hands you back a whole int [] — which is why data[i].length in
section 6 made sense

@ Ragged arrays use only the space they need

Not a special 2-D object. Just arrays, all the way down.
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Fixed size — and what a variable really holds &

A Java array is not resizable. You can point the variable at a new, bigger array, but
the data does not come with it.

int[] a = new int[2];
a[o0] 1;
al1] 4;

int[] b = a;

a = new int[4]; // a new, bigger array

System.out.println("a[1] == " + a[1] + ", b[1] == " + b[1]);

What prints?

a[l] == 0, b[1] == 4
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Your first encounter with references &

@ The variable holds a reference to an array, not the array itself
@ Assigning a new array to a repoints a only
@ It does not overwrite the old array — b still refers to it, so b[1] is still 4

@ And the fresh array is auto-initialised, so a[1] is 0

If nothing at all refers to the old array any more, it is eventually cleaned up for you.

This comes back repeatedly from Week 6 onwards. It is worth getting straight
now.
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Array tidbits &

Thing Detail

Array literal int[] a = {1, 4, 7, 8, 2}; when you already know the contents

One type only {1, "Hi", 3.4} is not allowed — see section 11

C-style syntax int al[] = new int[3]; also compiles, a concession to C programmers

Auto-initialised every cell gets a default: 0 for numbers, false for booleans, null for
any object type

Maximum size indices are ints, so the ceiling is Integer.MAX_VALUE — in practice

you run out of contiguous memory long before that

So new String[3] gives you three nulls, and printing one prints the word null — a
real value, not an error.

null will become a large part of your life around Week 6.
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The two array errors you will actually meet &

1. Out of bounds — caught at run time

int[] a = new int[5];
System.out.println("The program really did start.");
System.out.println(a[23]);

The first line prints, then it throws. A human can see 23 is too big; the compiler
cannot decide this in general, so it does not try. 2. Never initialised — caught at

compile time

int[] a;
System.out.println(al[0]);

Two errors, two moments. A compile error is in the text of your program; a
run-time error is in what it was given.
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Why Java bothers to check &

ANl TIME AN INTEGER

15 STORED OR READ, IT5

VALUE 15 ADTUSTED

UPLIARD OR DOLINLIARD u : ;

B A RonDOM AMOONT. -.every occurrence of every subscript of every s.ubscrlpt.ed

BE'rur:Eujio AND 50, variable was on every occasion checked at run time against
both the upper and the lower declared bounds of the array.”
C. A. R. Hoare, The Emperor’s Old Clothes, 1980 Turing Award
Lecture

MY NEW LANGUAGE ALOST His own Algol compiler, 1960s. Offered the option to

COMPLETELY ELIMINATES . .

OFF-BY-ONE. ERRORS. switch those checks off for speed, his customers refused.

xked 3062, Off By One —
Randall Munroe, CC BY-NC 2.5

“I note with fear and horror that even in 1980, language designers and users
have not learned this lesson.”
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Python, unlike almost every other imperative language, has no array type as a basic
type. Libraries add them — NumPy most famously — but vanilla Python went a
different way. The list is Python's “collect a bunch of data together” type. Indexed

No arrays here

like a Java array, from 0, with two differences that both come from dynamic typing:

1 =[] # an empty list
11 = [1, 2, 3]
mixed = [1, "Hi", 16.2, (2, 4)] # no compulsion to match types

letters = ['a', 'b', 'c']
print(letters[2] + letters[0] + letters[1]) # cabd

o No fixed size
@ Elements may have different types

len(1l), not 1.length — Python uses a generic function, not a field.
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Changing the length &

append — add to the end insert — add in the middle
1=1 1 = ["Mad", "dangerous to know"]
1.append (1) l.insert(1, "bad")
1.append(2.0)
1.append('tree') print (1)
print (1)

insert(pos, elem) puts elem at pos, moving what was there — and everything
after it — up one place. Joining lists: + builds a new one; += and extend add to an

existing one.

A Java array cannot do any of this. That is the trade Python made.
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What you can now do to

a list

INEFFECTIVE SORTS

DEFNE. HALPHEARTEDY (Ler):
i) <2

PvoT= wr(u:mﬂ(mr)/z)

A= Pwﬂg

8 RO (X T

ot
mm[as] 1/ HERE.. SORRY.

RETRN “KERVEL PRoE FRULT (ERR0R OOE: 2)"

DEPNE TOBNERMESUOSORT (UsT):
K50 Yo CHOOEE. APHOT

0
THON DVOE TE LT I HALE
FOR EPGH HALF:

PUTTFE BG ONES N LST B

O TKE THE SELOND UST-
AL IT LT UR, P2

wmw:unmvwmr

SORARH AL T

TR KRV S T

N B0 L RE PV

NGFEHP!V BUT YOU KNOU UHAT T MEAN
AL ALOUED ™ USE THE STHNOARD LBRIRIES?

DEFINE PANICSORT(LST):
IF BSORTED(LST )

o
FOR N FROH 1> 100005
PNOT =R LENGH(L)
LST = UsT [enor 1+ T :Pvr]
F BGORTED(L6T):
RERRN UST
msem:u(usr)

RETURN U

F SoRED(UT): //THS GWT BE HPPBING
o

r\mmhsr) 11COE N GO ON

//m(mmsﬁmsﬁnw‘m

")
mn(?o/a/u CA®") //PORTRBLITY
REWRN [1,2,3,4 5]

xked 1185, Ineffective Sorts — Randall Munroe,

CC BY-NC 2.5

You now have every tool these jokes are
made of: a list, a loop, a condition, and a
swap.

@ Sorting is the classic first real use of
loops over a list

@ You will write a genuine sort in a later
week

@ Read one of these and work out why it
is terrible — that is the exercise

Two weeks in, you can already read a joke written for programmers.



https://xkcd.com/1185/
https://creativecommons.org/licenses/by-nc/2.5/

Slice assignment &

A whole list can be dropped into the middle of another: 1[a:b] = m replaces
everything the slice covers with the contents of m. Both indices mean “just before that
position”.

1=1[1, 2, 3]

1[1:1]
1[1:3]

[|al’ |bl, lcl] # > [1! Ial’ Ibl’ VCV’ 2, 3]
["woo000"] # -> [1, 'wooooo', 'c', 2, 3]

The trick: a slice of zero width, like 1[1:1], covers nothing.
@ So nothing is removed

@ And m is simply squeezed in at that point

Give it a wider slice and it replaces instead. Same syntax, two jobs.
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Why Python has three more of these &

Java keeps its primitives to the smallest set it could get away with and does everything
else through classes. Python wants a wide range of tools with lightweight syntax

instead.
Type Is Written
dict like a list, but reached by a key instead of a number {'a' : 1, 'b' : 2}
set an unordered collection with no duplicates {1, 2, 3%}
tuple a list you cannot change once made (1, 'a', 5.4)

Java has two of the three, but not by default.

“Data dominates. If you've chosen the right data structures..the algorithms will almost
always be self-evident.”
Rob Pike, Notes on Programming in C, Rule 5, 1989

There is no Java tuple at all. Remember that for section 11.
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Dictionaries &

A key—value store. Hash-map, associative array, hash-table — same idea, many names.

luke_data = {'name' : 'Luke', 'job'

'Lecturer', 'subject' : '41039'}

print (luke_datal['name']) # read

luke_datal['subject'] = '41052' # change an existing key

luke_data['favourite tea'] = 'Earl Grey' # the SAME syntaz adds a new one

del luke_datal'subject'] # del removes an entry

@ Square brackets and a key, exactly as you would index a list
@ dict() makes an empty one
@ del is a keyword, not a method — dicts predate classes in Python

Changing an entry and adding one look identical. That is convenient, and it
hides typos.



Iterating a dict, and the error you will get &

Every entry has two halves, so there are four reasonable things to ask for:

for k in luke_data: # keys —-- the default
print (k)

for v in luke_data.values(): # just the wvalues
print(v)

for x in luke_data.items(): # each entry as a (key, value) tuple
print(x)

The main dict error is a KeyError:

| print (luke_datal'nme'l)  # KeyError: 'nme'

It names the key you asked for — which is usually enough to spot the typo.
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Sets &

The mathematical idea, built in: no duplicates, no guaranteed order.

no_repeats = {1, 1, 1, 1, 2}
print (no_repeats) # {1, 2}

You cannot pull an element out by position — if you could, it would be a list, and
Python already has one of those. What you can do is ask whether something is in it:

primes = {2, 3, 5, 7, 11, 13, 17, 19, 23, 29}

if n in primes:
print(n, "is a prime.")

Change one with add and remove. The preferred negation is n not in primes.

No index means no index errors — and no ordering to rely on either.
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Set operations, and the empty-braces trap &

Operator On sets setl = {1, 2, 3}
set2 = {1, 2}
<= < subset, proper subset
>= > superset, proper superset set2 <= setl # True
| & union, intersection setl | {5, 6} #11,2,3,5,6}
~ ifFe . iff setl & set2 # {1, 2}
- difference, symmetric diff. ol o s # {3}

Sets and dicts share { } — so the empty case had to belong to one of them.

print (type(set())) # <class 'set'>
print (type ({})) # <class 'dict'> <-- not a set!

An empty set must be written set (). This catches everybody once.
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Tuples &

A tuple is a list you cannot change. Index it, iterate it, read it — but you cannot
assign to an element, add one, or remove one. That sounds like a limitation until you

notice how often you never needed to change the data, which makes tuples the natural
way to bundle a few values together.

t=1, 'a', 5.4 # the COMMA makes it, mot the brackets
print(t) # (1, 'a', 5.4)
not_a_tuple = (1) # just a number in brackets!

print (type(not_a_tuple)) # <class 'int'>

singleton = (1,) # the comma is what does it
print (type(singleton)) # <class 'tuple'>

Yay, edge cases. This is the same tuple d.items() handed you two slides ago.
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Easy in Python &

Each person has a name (a str) and a favourite number (an int).

count = int(input("How many people are there? "))
people = []

for i in range(count):
name = input("Enter a name: ")
num = int(input("Enter their favourite number: "))
people.append((name, num))

print("All the people and their numbers: " + str(people))

Each pair holds a str and an int, and a list holds the pairs. No problem at all.

Now do the same thing in Java.



..and stuck in Java &

?7?7[] people = 777[]; // what type goes here?
for (int i = 0; i < n; i++) {
String name = sc.nextLine();

int num = sc.nextInt();

peoplel[i]l = name? num? // and how do both go in one cell?

@ A Java array has one element type — it cannot hold Strings and ints together
@ Java has no tuple
@ Java does have List, but it carries the same type restriction

So what can we do?
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The answer with nothing new: parallel arrays &

Keep the halves in separate arrays, kept in step by index.

String[] names
int[] numbers

= new String[n];
= new int[n];
for (int i = 0; i < n; i++) {
names [i] = sc.nextLine();
numbers[i] = sc.nextInt();

}

for (int i = 0; i < n; i++) {
System.out.print("(" + names[i] + ", " + numbers[i] + ") ");

}

All the types match, so Java is happy — and names[i] goes with numbers[i]
because you make sure it does.

It works. It is a bit more cumbersome. And it has a quiet problem.
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The quiet problem &

Nothing in the language ties names[3] to numbers[3].

@ Sort one array and forget the other
@ Insert into one and not the other
@ Change n in one place

In every case: no error, no crash — just the wrong person’s number, quietly.

“Bad programmers worry about the code. Good programmers worry about data structures
and their relationships.”
Linus Torvalds, git mailing list, 27 July 2006

The correctness lives in your head rather than in the code. That is the whole
argument for what comes next.

85/92



What C and C++ do: struct &

Java's culture comes from C and C++, where this problem has a name. A struct is

literally a way of bundling data of different types — often called “plain old data™.
struct data {
std::string name;

int num;

78

With that, one collection holds the pairs, and the rest of the program looks much like
the Java version — just without the second array.

Java has no struct. It has something that can be used like one.
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A class that only carries data &

class Data {
public String name;
public int num;
¥
Structurally close to the struct, with four differences worth naming:
@ The keyword is class
o Each data member is marked public
@ You create one with new, exactly as with Scanner

@ You reach a member with the dot operator: d.name

Two things look unfamiliar: it is not marked public (which is what lets it share a file
with another class), and it has no methods at all.

No main. Nothing. Just data.
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One array, both fields

static class Data { // static, so static main can use it

public String name;
public int num;

}

Data[] people = new Datalnl; // a SINGLE array

for (int i = 0; i < n; i++) {
Data d = new Data();
d.name sc.nextLine();
d.num = sc.nextInt();
peoplel[i] = d;

}
Data is declared inside Favourites, and not public — which is what lets it share the
file.

The pairing is now the language’s problem, not yours.



A warning about that last slide &

From an OO perspective, this is bad.

@ Java is object-oriented first and foremost, and this is the first step towards that —
but we do not yet have the tools to do it properly

@ Public fields with no methods is the quick-and-ugly version

@ It is here because it solves today’s problem with today's knowledge

The classes module replaces it. Expect to be told off for writing this once you know
better.

Knowing why a solution is bad is worth more than not having seen it.
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Where this is going

AN x64 PROCESSOR. 16 SLREAMING ALONG AT BLUONS OF
CYCLES PER SECOND T0 RON THE XNU KERNEL, WHICH 1S
FRANTICALLY WORKING THROUGH ALL THE FOSIX-SPECIFED
ABSTRACNION To CREATE THE DRRUIN SYSTEM UNDERXING
05 X, WHICH IN TURN 15 STRAINING ITSELF To RN FIRER
AND IT5 GECKO RENDERER, WHICH CREATES A RASH OBTECT
WHICH RENDERS FOZENS OF VIDEQ FRAVIES EVERY SELOND

BECAUSE T WANTED TO SEE A GAT
JUMP INTO A BOX AND FAL OVER.

O I AMA GOD.

xked 676, Abstraction — Randall Munroe,
CC BY-NC 2.5

Every week of this subject adds one layer:

@ Week 1: statements and variables
@ Weeks 2-3: choosing, repeating, and
collections

@ Week 6 onwards: classes — the proper
version of what we just bodged

Each layer exists so you can stop thinking about
the one below it.

You are not learning eleven unrelated things. You are climbing.
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What to do this week &

On Ed — eleven lessons, in this order:

@ Booleans and Conditional Statements (Java) @ Lists in Python

@ Conditional Statements in Python @ Dictionaries, Sets and Tuples
@ Loops in Java 1 © Bundling Data Together in Java
@ Loops in Java 2 @ Java Trivia, Tidbits and Tables
@ Loops in Python 2 @ A Python Miscellany

@ Arrays in Java

@ Lessons 10 and 11 are operator tables, not readings — skim them, then come
back when you meet a symbol you do not recognise

o Labs have started. Assessed exercises are due 11:55pm the Monday of the
following week, unlimited attempts — all test cases must pass

Canvas — Assignments is authoritative. Where anything differs, Canvas wins.
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If you only do one thing &

Predict the output before you press Run.

@ Every code block in the readings is runnable.
Change things. Break them on purpose

@ Refreshing restores the original — you cannot
damage anything

@ Being wrong and finding out immediately is the
fastest learning available to you, and it is free

Practise both languages, not just the one you like. Playground — run Java and
Python in your browser

Next week: arrays and user input in earnest — plus the first code
comprehension check.
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