Key Constraints: What Does the Database Check Before It Says Yes?
Why?
A constraint you wrote in a CREATE TABLE statement weeks ago is what stands between your application and a table full of duplicate rows, missing values, and rows that point at nothing. Before you can rely on that protection, you have to be able to predict exactly when it fires, which is what you will do here: statement by statement, accepted or rejected, and precisely which row is responsible.

Prerequisites
1. Reading the CREATE TABLE syntax for column constraints: NOT NULL, UNIQUE, PRIMARY KEY, REFERENCES.
1. Writing basic INSERT, UPDATE, and DELETE statements.
1. This week's reading, due the evening before class.
1. No prior experience with foreign keys is assumed beyond recognizing the REFERENCES keyword.

Learning Objectives
Content:
1. Given a CREATE TABLE statement and the table's current rows, predict whether an INSERT or UPDATE succeeds, and name both the constraint and the specific existing row responsible for a violation.
1. Given two tables linked by a foreign key, predict whether an INSERT, UPDATE, or DELETE succeeds, and identify which row is doing the referencing and which is being referenced.
Process:
1. Justify every prediction by citing the specific row that causes, or fails to cause, the conflict; a verdict with no row named is not a complete answer (Critical Thinking).
1. Determine which columns of which table are relevant to a given statement, and ignore the rest (Information Processing).

Model 1: Intramural Sports Teams
CREATE TABLE team (
    team_id       INTEGER PRIMARY KEY,
    team_name     TEXT NOT NULL UNIQUE,
    division      TEXT NOT NULL,
    captain_email TEXT
);
Current contents of team:
	team_id
	team_name
	division
	captain_email

	1
	Court Jesters
	Rec
	jesters@dukes.jmu.edu

	2
	Spike Force
	Competitive
	NULL

	3
	Net Gains
	Rec
	netgains@dukes.jmu.edu

	4
	Block Party
	Competitive
	blockparty@dukes.jmu.edu

	5
	Rim Shots
	Competitive
	rimshots@dukes.jmu.edu



Each statement below runs independently, against the data exactly as shown above.
A.  INSERT INTO team VALUES (3, 'Sky Hooks', 'Rec', NULL);
 
B.  INSERT INTO team VALUES (6, 'Net Gains', 'Competitive', NULL);
 
C.  INSERT INTO team VALUES (7, 'Sky Hooks', NULL, 'skyhooks@dukes.jmu.edu');
 
D.  INSERT INTO team VALUES (8, 'Sky Hooks', 'Rec', NULL);
 
E.  UPDATE team SET team_name = 'Spike Force' WHERE team_id = 4;
 
F.  UPDATE team SET division = 'Rec' WHERE division = 'Competitive';

1.	Which columns of team are declared so that no two rows may hold the same value?


2.	Team 2 has no captain email. Which part of the CREATE TABLE statement makes that legal for that column but not the others, and why?





3.	Statements A and B each insert one new row, and both are rejected. For each one, name the constraint that was violated and give the team_id of the row already in the table that caused the rejection. Then say how many existing rows your team had to examine before you could be sure.




4.	Statements C and D each insert a row containing a NULL, and only one of them is rejected. Decide which. For each statement, say how many existing rows your team had to examine to decide whether that NULL was legal.





5.	Statements E and F are both updates. Decide whether each one is accepted. Statement F changes three rows and statement E changes only one, so explain why the number of rows changed is not what decides the outcome.






6.	Using your answers to questions 3 through 5, complete both sentences.
a. To decide whether a statement violates NOT NULL, the DBMS has to examine __________.
b. To decide whether a statement violates PRIMARY KEY or UNIQUE, the DBMS has to examine __________.



7.	Write two UPDATE statements that both change the team_id of team 1, one that is rejected and one that is accepted. For the rejected one, name the constraint and the conflicting row.




Model 2: A Schedule of Games
The league adds a second table. The team table and its five rows are unchanged from Model 1.
CREATE TABLE game (
    game_id      INTEGER PRIMARY KEY,
    home_team_id INTEGER NOT NULL REFERENCES team(team_id),
    away_team_id INTEGER NOT NULL REFERENCES team(team_id),
    played_on    DATE NOT NULL
);
Current contents of game:
	game_id
	home_team_id
	away_team_id
	played_on

	101
	1
	3
	2026-09-15

	102
	2
	4
	2026-09-17

	103
	1
	2
	2026-09-22

	104
	3
	1
	2026-09-24



Reminder of team, from Model 1:
	team_id
	team_name

	1
	Court Jesters

	2
	Spike Force

	3
	Net Gains

	4
	Block Party

	5
	Rim Shots



Each statement below runs independently, against the data exactly as shown above.
G.  INSERT INTO game VALUES (105, 5, 9, '2026-09-29');
 
H.  INSERT INTO game VALUES (106, 5, 4, '2026-09-29');
 
I.  DELETE FROM team WHERE team_id = 5;
 
J.  DELETE FROM team WHERE team_id = 4;
 
K.  UPDATE team SET team_id = 9 WHERE team_id = 1;
 
L.  UPDATE game SET home_team_id = 5 WHERE game_id = 101;

8.	Game 101 stores the value 3 in away_team_id. Which row of which table does that value identify?


9.	Statements G and H each insert one game, and only one is accepted. Decide which. For the rejected one, give the value that has no match and name the column it was supposed to match.



10.	Statements I and J each delete one team, and only one is accepted. Decide which. For the rejected one, give the game_id of the row that blocks it and name the column you found the blocking value in.




11.	The rejected statement in question 9 was written against game, and the rejected statement in question 10 was written against team. Explain how one foreign key can reject a statement that changes nothing in team, and also reject a statement that changes nothing in game.






12.	In question 7, one accepted answer was to renumber team 1 to team_id 9. Statement K is that exact change. Is it still accepted now that game exists? List every game_id involved in your answer.




13.	Using your answers to questions 9 through 12, complete both sentences.
a. To decide whether an INSERT into game, or an UPDATE of its team columns, violates a foreign key, the DBMS has to examine __________.
b. To decide whether a DELETE from team, or an UPDATE of team_id, violates a foreign key, the DBMS has to examine __________.




14.	Is there any DELETE statement against the game table that a foreign key constraint would reject? Explain your answer.




15.	Optional, if your team has time. Rim Shots have decided to leave the league. Suppose that, unlike the data above, game 102 had been (102, 5, 4, '2026-09-17'). Write the statements needed to remove Rim Shots from the database entirely, in an order that no constraint rejects. Explain why the order you chose is the only one that works.





Exercises
The league also tracks the courts it plays on. These two tables are new; the team table is the same one from Model 1.
CREATE TABLE court (
    court_id INTEGER PRIMARY KEY,
    building TEXT NOT NULL,
    surface  TEXT NOT NULL
);
 
CREATE TABLE reservation (
    court_id  INTEGER NOT NULL REFERENCES court(court_id),
    starts_at TIMESTAMP NOT NULL,
    team_id   INTEGER REFERENCES team(team_id),
    PRIMARY KEY (court_id, starts_at)
);
	court_id
	building
	surface

	1
	UREC
	hardwood

	2
	UREC
	hardwood

	3
	Godwin
	sand



	court_id
	starts_at
	team_id

	1
	2026-09-15 18:00
	1

	1
	2026-09-15 19:00
	3

	2
	2026-09-15 18:00
	NULL



For each statement, decide whether it is accepted or rejected. Name the constraint and the specific row responsible.
1.	INSERT INTO reservation VALUES (1, '2026-09-15 19:00', 4);




2.	INSERT INTO reservation VALUES (2, '2026-09-15 19:00', NULL);


3.	DELETE FROM court WHERE court_id = 3;


4.	UPDATE reservation SET court_id = 7 WHERE court_id = 2;



5.	DELETE FROM team WHERE team_id = 1;



6.	UPDATE reservation SET starts_at = '2026-09-15 18:00' WHERE court_id = 1 AND starts_at = '2026-09-15 19:00';



Problem
A teammate is frustrated that teams cannot be deleted, and proposes a fix: remove NOT NULL from game.home_team_id and game.away_team_id, so that the database can leave those columns empty when a team goes away. Decide whether the proposal does what your teammate expects, and write one or two sentences you would say in the code review.









