AP Computer Science Principles • Big Idea 3: Algorithms and Programming	Guided Notes • 3.17 Day 1
GUIDED NOTES • LESSON 3.17 • DAY 1 OF 2
How Much Work Is That?
Name: __________________________   Period: ______   Date: __________
Today’s objectives
1. Distinguish a PROBLEM from an INSTANCE of that problem, and tell a decision problem (yes/no) apart from an optimization problem (the best answer) (LO AAP-4.A)
1. Estimate an algorithm's efficiency informally by counting how many times a statement runs, and express that cost as it depends on the size of the input (LO AAP-4.A)
Bell ringer
With your group, count the number of unique HANDSHAKES if everyone shakes hands with everyone else exactly once. Work it out for a group of 4 people, then 8 people, then predict for 40 — every pair counts once, and no one shakes their own hand.
Write 2–4 sentences: when the group doubled from 4 to 8, did the number of handshakes double, or grow faster? Estimate the handshakes for 40 people WITHOUT drawing them all. What does this suggest about how the amount of work depends on the size of the group?
01. Problems, Instances, and Kinds of Problems
	Term
	Definition

	Problem
	

	Instance
	

	Decision problem
	

	Optimization problem
	

	Efficiency
	


A Problem, and One Instance of It
1. A problem describes the general task, while an instance of it adds                               .
1. A single problem can have                               .
1. We study the efficiency of the algorithm across input sizes rather than one instance because                               .
Decision vs Optimization Problems
Decision problem
Optimization problem
1. A decision problem is one whose answer is                               .
1. An optimization problem asks not whether a solution exists but                               .
	AP tip
AP TIP: 'Is there…' / 'Does it…' signals a DECISION problem; 'what is the best / shortest / largest…' signals an OPTIMIZATION problem.


Stop and think
1. In your own words, explain the difference between a problem and an instance, then give one problem of your own and two different instances of it.


1. Label each as a decision or an optimization problem, and rewrite the OTHER version of each: (a) 'Is there a flight from Chicago to Tokyo?' (b) 'What is the cheapest flight from Chicago to Tokyo?'


1. A classmate says 'sorting the list (5, 2, 9) is a problem.' Correct the wording precisely — what is the problem, and what is (5, 2, 9)?


Answer in complete sentences. Then check yourself with the matching CFUs on the Topic 3.17 page.
02. Measuring Efficiency by Counting
Efficiency Is About Growth, Not the Clock
1. Efficiency is best thought of not as clock time but as                               .
1. At this level we measure an algorithm's efficiency informally by                               .
1. The CED explicitly keeps                                out of this course.
One Loop: Work Grows With n
The comparison inside the loop runs once per element, so a list of n names costs about n checks.
AP Pseudocode (exam):
FOR EACH name IN roster
{
  IF(name = target)
  {
    DISPLAY("found")
  }
}
Python (runnable):
for name in roster:
    if name == target:
        print("found")
A Loop Inside a Loop: Work Grows With n × n
For every person, the inner loop runs through everyone again — so the inner check runs about n × n times.
AP Pseudocode (exam):
FOR EACH a IN people
{
  FOR EACH b IN people
  {
    IF(a = b)
    {
      DISPLAY("match")
    }
  }
}
Python (runnable):
for a in people:
    for b in people:
        if a == b:
            print("match")
Two Correct Algorithms, Very Different Costs
Both algorithms are CORRECT. Count how many times the inner check runs as n grows. Fill in the blank cells before we compare.
Complete the empty cells as we work the examples.
	Input size n
	One loop — checks ≈ n
	Loop inside a loop — checks ≈ n × n

	5
	5
	25

	10
	10
	

	20
	
	400

	50
	50
	


	Watch out — “A Faster Computer Makes the Algorithm More Efficient”
Myth: If an algorithm is slow, running it on a faster computer makes it a more efficient algorithm.
Explain why this is wrong: 




Stop and think
1. For the single loop over a list of n items, how many times does the check run when n = 100? For the nested loop over the same list? Show the count for each.


1. Explain in two sentences why we say the nested-loop algorithm's work grows 'with the square of n,' using the words input size and executes.


1. Two correct algorithms solve the same problem; one runs about n times and the other about n × n times. Which is more efficient for large n, and how did you decide WITHOUT running either one?


1. A classmate says 'my algorithm took 3 seconds, so it is efficient.' State the one piece of information their claim is missing.


Show every count. Then check yourself with the matching CFUs on the Topic 3.17 page.
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