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Algorithms & Programming
Randomness & limits

Algorithmic efficiency

steps

n

log n

nn2

Algorithmic efficiency counts
steps as n grows.

log n, n, n2 are reasonable

2n is unreasonable

When exact is too slow, use a
heuristic .



Check yourself, in detail
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bubble sort
O(n2)

insertion sort
O(n2)

quick sort
O(nlog n)

for large n: O(nlog n) (quick/merge) beats O(n2)
(bubble/insertion)

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



Algorithms & Programming
Recap

Check yourself

1
Binary search on 1,000 items: about how
many steps?

2
What must be true of the list before bi-
nary search works?

3
Name the three building blocks of any
algorithm.

4 What makes a problem undecidable?

number of elements, n
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bubble sort
O(n2)

insertion sort
O(n2)

quick sort
O(nlog n)

for large n: O(nlog n) (quick/merge) beats O(n2)
(bubble/insertion)

Answers 1. about 10 (log2 1000) 2. it must be sorted 3. sequencing, selection,
iteration 4. no algorithm can solve it for every input
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AP COMPUTER SCIENCE PRINCIPLES • EXERCISE SHEET

3.17 Algorithmic Efficiency

Name: Class: Date: Total: 8 marks

KEY WORDS heuristic启发式 • efficiency效率 • algorithmic efficiency算法效率
• algorithm算法

Objective
Build the skills to answer exam questions on algorithmic efficiency.

You must be able to:

• explain how algorithmic efficiency算法效率 compares algorithms by the resources
they use

• estimate the number of steps an algorithm takes as the input grows
• distinguish a reasonable from an unreasonable running time
• use a heuristic 启发式 when an exact solution is too slow

1 Key knowledge and worked examples
Study these first. Each one shows the method for a question type used later.

Efficiency
Compares algorithms by the resources (steps or time) they use as the input grows.

Reasonable vs unreasonable
A reasonable running time grows slowly (e.g. proportional to n or n2). An unrea-
sonable one grows explosively (e.g. 2n), becoming impractical on large inputs.

Heuristics
When an exact solution is too slow, a heuristic finds a good-enough answer quickly.

2 Practice
2.1 State what algorithmic efficiency compares. [1]

2.2 State what a heuristic is. [1]
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2.3 State why some correct algorithms are not used in practice. [1]

3 Exam-style questions
3.1 Algorithmic efficiency compares algorithms by [1]

A their length in lines
B the resources they use
C their author
D the language used

3.2 A heuristic gives a [1]

A guaranteed exact answer
B good-enough answer quickly
C deliberately wrong answer
D random answer

3.3 Algorithm A takes about n steps; algorithm B takes about 2n steps.

(a) State which is more efficient for large n. [1]

(b) State whether B could be too slow to use. [1]

(c) State one option when an exact solution is too slow. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• the resources (steps or time) that algorithms use

2.2

• an approach that finds a good-enough solution when an exact one is too slow

2.3

• they take an unreasonable (too long) time on large inputs

3.1 B

• the resources they use.

3.2 B

• good-enough answer quickly.

3.3

(a)

• A

(b)

• yes

(c)

• use a heuristic
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2.3 State why some correct algorithms are not used in practice. [1]

3 Exam-style questions
3.1 Algorithmic efficiency compares algorithms by [1]

A their length in lines
B the resources they use
C their author
D the language used

3.2 A heuristic gives a [1]

A guaranteed exact answer
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C deliberately wrong answer
D random answer
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AP Computer Science Principles • 3.17 Algorithmic Efficiency 2

2.3 State why some correct algorithms are not used in practice. [1]

3 Exam-style questions
3.1 Algorithmic efficiency compares algorithms by [1]

A their length in lines
B the resources they use
C their author
D the language used

3.2 A heuristic gives a [1]

A guaranteed exact answer
B good-enough answer quickly
C deliberately wrong answer
D random answer

3.3 Algorithm A takes about n steps; algorithm B takes about 2n steps.

(a) State which is more efficient for large n. [1]

(b) State whether B could be too slow to use. [1]

(c) State one option when an exact solution is too slow. [1]

AP Computer Science Principles • 3.17 Algorithmic Efficiency 2



AP Computer Science Principles

Exercise 3.3 (a)

2.3 State why some correct algorithms are not used in practice. [1]

3 Exam-style questions
3.1 Algorithmic efficiency compares algorithms by [1]

A their length in lines
B the resources they use
C their author
D the language used

3.2 A heuristic gives a [1]

A guaranteed exact answer
B good-enough answer quickly
C deliberately wrong answer
D random answer

3.3 Algorithm A takes about n steps; algorithm B takes about 2n steps.

(a) State which is more efficient for large n. [1]

(b) State whether B could be too slow to use. [1]

(c) State one option when an exact solution is too slow. [1]

AP Computer Science Principles • 3.17 Algorithmic Efficiency 2

2.3 State why some correct algorithms are not used in practice. [1]

3 Exam-style questions
3.1 Algorithmic efficiency compares algorithms by [1]

A their length in lines
B the resources they use
C their author
D the language used

3.2 A heuristic gives a [1]

A guaranteed exact answer
B good-enough answer quickly
C deliberately wrong answer
D random answer

3.3 Algorithm A takes about n steps; algorithm B takes about 2n steps.

(a) State which is more efficient for large n. [1]

(b) State whether B could be too slow to use. [1]

(c) State one option when an exact solution is too slow. [1]

AP Computer Science Principles • 3.17 Algorithmic Efficiency 2

Solutions
Each answer shows the steps, then the result.
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2.2
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2.3

• they take an unreasonable (too long) time on large inputs
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• the resources they use.
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• good-enough answer quickly.

3.3

(a)

• A

(b)

• yes

(c)

• use a heuristic
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Exercise 3.3 (b)

2.3 State why some correct algorithms are not used in practice. [1]

3 Exam-style questions
3.1 Algorithmic efficiency compares algorithms by [1]

A their length in lines
B the resources they use
C their author
D the language used

3.2 A heuristic gives a [1]

A guaranteed exact answer
B good-enough answer quickly
C deliberately wrong answer
D random answer

3.3 Algorithm A takes about n steps; algorithm B takes about 2n steps.

(a) State which is more efficient for large n. [1]

(b) State whether B could be too slow to use. [1]

(c) State one option when an exact solution is too slow. [1]
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Exercise 3.3 (c)

2.3 State why some correct algorithms are not used in practice. [1]

3 Exam-style questions
3.1 Algorithmic efficiency compares algorithms by [1]

A their length in lines
B the resources they use
C their author
D the language used

3.2 A heuristic gives a [1]

A guaranteed exact answer
B good-enough answer quickly
C deliberately wrong answer
D random answer

3.3 Algorithm A takes about n steps; algorithm B takes about 2n steps.

(a) State which is more efficient for large n. [1]

(b) State whether B could be too slow to use. [1]

(c) State one option when an exact solution is too slow. [1]
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