Algorithms and Programming
AP Computer Science Principles

Code below uses the AP CSP pseudocode — the exam’s language-neutral reference.
Assignment is written a + expression, and list indices start at 1.

Variables and Assignments

A variable Z¥ & is a named place that holds a value. The assignment I{{E operator
stores the value on the right into the variable on the left:

age

16 a variable is a named box
that holds a value

A wariable is a named store whose value can change

a+ b
b+a+ 3 // b is now 8

A variable holds one value at a time; assigning again replaces it. Variables let a
program store input, remember results, and reuse them.

Data Abstraction

Data abstraction Z{{E4l14 lets you manage complexity by giving a single name to
a collection of data — for example, a list rather than dozens of separate variables. It
hides detail: you use the named collection without worrying about how it is stored.
Lists (below) are the course’s main data abstraction.

Mathematical Expressions

Programs compute with the operators +, -, *, /, and MOD (the remainder 4x%{ of
a division, e.g. 17 MOD 5 is 2). Expressions follow the usual order of operations.
MOD is especially useful for testing divisibility (n MOD 2 = 0 means n is even) and for
wrapping values around a range.
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Strings

A string FF£FH is an ordered sequence of characters, like "hello". Programs join
strings (concatenation #£§%) and find their length. Strings represent text — names,
messages, sequences — and are a common program input and output.

Boolean Expressions

A Boolean expression 1 /8353 evaluates to true or false. It uses relational
operators (=, #, <, >, <, >) and logical operators NOT, AND, OR:

arithmetic relational logical
= =
NOT
give a compare — join conditions —
number true or false true or false

The three families of operators: arithmetic, relational, and logical

e NOT reverses a value,
e AND is true only when both sides are true,
e OR is true when at least one side is true.

These conditions drive every decision and loop.

Conditionals

A conditional (selection) £5{4:15/] chooses which code to run. IF runs a block
only when its condition is true; ELSE gives an alternative:
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Sequence Selection Iteration

s> e ]

step 2 yes no yes

/N
- =] O]
step 3

Selection chooses between paths based on a condition

IF (score > 60)

{

DISPLAY("Pass")
}
ELSE
{

DISPLAY("Fail")
}

Nested Conditionals

A nested conditional {% 1} places one IF inside another (or chains ELSE IF) to
choose among more than two paths. Only the first matching branch runs:

IF (g > 90) { grade « "A" }

ELSE IF (g > 80) { grade « "B" }

ELSE { grade « "C" }
Iteration

Iteration (a loop) At repeats instructions. AP pseudocode has two forms:
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WHILE REPEAT

(pre-condition) (post-condition)
true
<ol e ]
tested first = may tested last = runs
run zero times at least once

A pre-condition (WHILE) loop tests before the body, so it may run zero times

REPEAT 5 TIMES // a fixed count
{
DISPLAY("hi")

REPEAT UNTIL (found) // until a condition becomes true
{

}

A loop that never meets its stopping condition is an infinite loop JG[R1E¥F.

Developing Algorithms
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Python source code on a screen — algorithms are precise, ordered instructions

An algorithm is not the same thing as code. Beyond visual and textual pro-
gramming languages, an algorithm can be expressed in a variety of ways: in natural
language (ordinary sentences), as a diagram such as a flowchart, or in pseudocode.
Those forms are for people — they let you check the logic and agree on it before any
language is chosen, and the same algorithm can then be written in any language.

When you do write it in a programming language, clarity and readability are
important considerations, not decoration: meaningful variable names, consistent
indentation and comments explaining why rather than what. The program has to be
read and modified later by someone — often you — and an algorithm nobody can
follow cannot be maintained or debugged.

An algorithm #¥£ is a finite sequence of steps that solves a problem, built from
sequencing, selection, and iteration. Different algorithms can solve the same prob-
lem, and you should be able to combine and modify existing algorithms (for example,
count the values in a list that meet a condition, or find the largest). Trace an algorithm
by hand to check it is correct.
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Symbols

start / end

INPUT n

input / output

total + 0 E
i1
0 decision
—» no—»[ OUTPUT total /
yes
v

total « total + i End

:

i—i+1

A flowchart lays out an algorithm using the standard symbols

Lists

A list %13 is an ordered collection of values under one name, the course’s key data
abstraction. AP pseudocode indexes from 1:

o1

index 1 2 3 4

scores 90 75 60 88 50

T

scores[2] is 75

A list holds many values in one variable, each found by its index

scores + [88, 74, 95]

DISPLAY (scores[1]) // 88

scores[2] « 80 // replace the 2nd value
APPEND (scores, 60) // add to the end

INSERT (scores, 1, 100) // insert at index 1
REMOVE (scores, 3) // delete the 3rd element
LENGTH(scores) // how many elements
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Traverse a list with a loop to sum, count, search, or find a maximum:

FOR EACH x IN scores

{
total + total + x

}

Binary Search

A phone book: binary search halves the remaining pages each step

Binary search — /4372 finds a value in a sorted list far faster than checking each
element. It looks at the middle element, then discards the half that cannot contain
the target, repeating until found. Each step halves the search space, so a list of n
items takes about log, n steps. It requires the data to be sorted first.

step1 |A|B|C|D|E|F|G|H|1[J|K|L[M[Nn|o|P[Q|R|s|T|U|v|w|x|Y]|Z| M<W, goright
low mid high

sep2 [AlB[c|D|E[F|c|H]1[J]|k|Lm[n[o|P[Q|r[s|[T]u|v|w|[x]|Y]z]| T<W goright
low mid high

step3 [A|B|c[D|E[F|[c|H]|1|s]k]|L|[m|n]o|P|a|R][s|T|u]v|w|x]|Y][z] W=+, found
low  mid high

Binary search halves the range at each step (the list must be sorted)

Worked example. Searching a sorted list of 8 items, binary search halves the range
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each step: 8 - 4 — 2 — 1, at most 3 comparisons (log, 8 = 3), whereas a linear
search could take up to 8. The advantage grows explosively: about 1,000 items need
only = 10 binary-search steps (but up to 1,000 linear ones), and 1,000,000 items need
just ~ 20. Halving is what makes it a reasonable-time algorithm.

Calling Procedures

A procedure (function) iF% is a named, reusable block of code. Calling it runs
its code with the arguments you supply, and it may return a value:

sum + Add(3, 4) // call, passing 3 and 4

Procedures let you use code without knowing its inner workings — procedural ab-
straction 1 FEH4.

Developing Procedures

You define a procedure with a name, parameters (inputs), and a body, and option-
ally RETURN a result:

Record Record Produce
sales deliveries reports
Look up Decrease Save the
product stock count transaction

Decomposing a program into procedures and sub-procedures

PROCEDURE Add(a, b)
{

RETURN(a + b)
}

Writing your own procedures reduces repetition, breaks a big problem into named
pieces, and makes programs readable and easier to test — the essence of abstraction

IHE
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Libraries

A library J% is a collection of ready-made procedures that others can reuse. An API
(Application Program Interface) M. #2740 documents what each procedure does,
its parameters, and its result — so you can use it without seeing its code. Libraries
save time and let you build on existing, tested work.

The documentation is part of the library. Documentation for an API or library
is necessary in order to understand the behaviours it provides and how to use them
— what each procedure expects as parameters, what it returns, and what it does at
the edges. Without it you would have to read the source, which defeats the point of
abstraction; with it you can use a procedure correctly without knowing how it works
inside.

Random Values

RANDOM(a, b) returns a random integer from a to b (inclusive), letting a program
produce unpredictable results — for games, sampling, or simulations. Each call may
give a different value, so a program using randomness behaves differently each run.

Simulations

A simulation #] is a program that models a real-world process to study it safely
and cheaply. Simulations simplify reality (they leave out detail) and often use ran-
domness to imitate chance events. They let you test scenarios that would be too
costly, slow, or dangerous in real life — but their results are only as good as their
assumptions.

A simulation is a way of doing science, not just a picture. Because it can be run
many times, cheaply and with one variable changed at a time, a simulation facilitates
the formulation and refinement of hypotheses about the object or phenomenon
under consideration: you propose an explanation, run the model, compare the result
with reality, and adjust either the hypothesis or the model. That is why a simulation’s
simplifications matter — a result only supports a hypothesis about the real world to
the extent that what was left out does not matter.

Algorithmic Efficiency

Efficiency %% is how much time (or memory) an algorithm needs as its input grows.
A reasonable-time algorithm’s work grows like a polynomial of the input size (e.g.
linear or quadratic); an unreasonable-time algorithm grows far faster (e.g. doubling
with each added item), becoming impractical for large inputs. A faster algorithm can
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make a previously impossible problem solvable. Sometimes an exact answer takes too
long, so a heuristic 5 &3 — an approach that finds a good-enough answer quickly —
is used instead.

A bubble sort
0(n?)

insertion sort
0(n?)

running time

quick sort
/’— O(n|Og n)
|

number of elements, n

for large n: O(nlog n) (quick/merge) beats O(n?) (bubble/insertion)

How the running time of an algorithm grows with the input size n

Undecidable Problems

Some problems are undecidable 7] H|%: no algorithm can solve every case of
them with a correct yes/no answer. This is a fundamental limit of computing — not a
matter of needing a faster computer, but a proof that no such algorithm can exist.

Exam skill: be able to determine a code segment’s result by tracing it, compare two
algorithms’ efficiency (reasonable vs unreasonable time), and recognize procedural and
data abstraction in a program.

Exam tips

o Know a variable is a named store for a value and trace how assignment updates
it step by step.

o Read the AP pseudocode carefully — a <- expression assigns, and lists are
1-indexed on the exam reference sheet.

 Distinguish a variable from a list (a collection accessed by index) and use list
operations correctly.
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» Evaluate expressions with the right precedence and boolean logic (AND, OR, NOT).
o Pick clear, meaningful variable names — the written tasks reward readable code.
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