AP Computer Science Principles • Big Idea 3: Algorithms and Programming	Exercise 2 • 3.18
EXERCISE 2 • LESSON 3.18
Explain Why

Name: __________________________   Period: ______   Date: __________
25 minutes  •  5 decision problems - classify and justify
Also available online (auto-graded): apcsexamprep.com/pages/ap-csp-topic-3-18-exercise-2
Still wearing your Inspector's badge, you now write the REASONING behind each verdict. For each decision problem, decide whether it is decidable or undecidable and explain WHY in the CED's vocabulary. The judgments that trip people up are the ones that mix up impossibility with slowness, or that forget an undecidable problem can still have solvable instances. Vague answers like 'a computer can't do it' score zero — name the reason.
CB Standard (required): confirm it is a decision problem (yes/no) + classify as decidable or undecidable + a correct one-sentence reason, for all 5 problems. Enrichment (optional): note a subtler point, such as a solvable instance or the contrast with unreasonable running time (EK AAP-4.B.3).
Three-Step Method - use for every problem
	Step
	What to do

	Step 1 - Confirm it is a decision problem
	Is the answer a plain yes or no? Decidable and undecidable are defined only for decision problems, so check this first.

	Step 2 - Ask: could ONE algorithm be correct for ALL inputs?
	If yes (you can name the algorithm), it is decidable. If it is an established result that no such algorithm can exist, it is undecidable. Do not try to PROVE undecidability yourself — rely on the definitions and well-known cases.

	Step 3 - Explain in CED vocabulary
	State the reason using 'algorithm,' 'all inputs,' and 'decidable/undecidable.' If the problem is undecidable, note whether particular instances can still be solved (EK AAP-4.B.3).


	Enrichment — beyond CB-required content
Enrichment (subtler judgment): The sharpest distinction to master is impossibility versus slowness. An undecidable problem has NO always-correct algorithm (EK AAP-4.B.2); a decidable-but-intractable problem has a correct algorithm that merely runs in an unreasonable amount of time (Topic 3.17). Also remember that undecidability is a property of the whole problem: some instances of an undecidable problem still have algorithmic solutions (EK AAP-4.B.3). Throughout, you apply established results — you are never asked to determine undecidability of a new problem yourself.


Scenario 1     Foundational
Problem: 'Is a given whole number positive?' You must answer yes or no for any integer someone provides.
Is this a decision problem (yes/no answer)?   

Decidable or undecidable + a one-sentence reason:   

Enrichment — a subtler point (solvable instance, or slow vs impossible):   

Scenario 2     Core
Problem: 'Is a given word a palindrome (reads the same forward and backward)?' for any word provided.
Is this a decision problem (yes/no answer)?   

Decidable or undecidable + a one-sentence reason:   

Enrichment — a subtler point (solvable instance, or slow vs impossible):   

Scenario 3     Core
Problem: 'For ANY program and its input, will the program eventually stop, or will it run forever?' This is the Halting Problem, which computer scientists have PROVEN cannot be solved by any algorithm.
Is this a decision problem (yes/no answer)?   

Decidable or undecidable + a one-sentence reason:   

Enrichment — a subtler point (solvable instance, or slow vs impossible):   

Scenario 4     Challenge
Problem instance: 'Does this exact program halt? — number ← 0; REPEAT 3 TIMES { number ← number + 1 }; DISPLAY(number).' Just this one specific program.
Is this a decision problem (yes/no answer)?   

Decidable or undecidable + a one-sentence reason:   

Enrichment — a subtler point (solvable instance, or slow vs impossible):   

Scenario 5     Challenge
Problem: 'Given a list of cities, is there a route visiting all of them whose total distance is below a given limit?' A correct algorithm exists (check every possible ordering), but for many cities it would take an astronomically long time.
Is this a decision problem (yes/no answer)?   

Decidable or undecidable + a one-sentence reason:   

Enrichment — a subtler point (solvable instance, or slow vs impossible):   
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