Nested Subqueries
A common use of subqueries is to perform tests for ‘set membership’, ‘make set comparisons’, and ‘determine set cardinality’ by nesting subqueries in the WHERE clause.
· IN connective tests for set membership, where the set is a collection of values produced by a SELECT clause. 
· NOT IN connective tests for the absence of set membership.

CREATE TABLE takes (sid INT NOT NULL, cid INT NOT NULL, PRIMARY KEY (sid, cid));
INSERT INTO takes VALUES (10, 1);
INSERT INTO takes VALUES (20, 1);
INSERT INTO takes VALUES (30, 1);
INSERT INTO takes VALUES (40, 1);
INSERT INTO takes VALUES (10, 2);
INSERT INTO takes VALUES (30, 2);
INSERT INTO takes VALUES (40, 2);
INSERT INTO takes VALUES (50, 2);
SELECT * FROM takes;

	sid
	cid

	10
	1

	20
	1

	30
	1

	40
	1

	10
	2

	30
	2

	40
	2

	50
	2



Intersection Operation
Find all the list of students who are studying course-id 1 and course-id 2.
(SELECT sid FROM takes WHERE cid = 1) INTERSECT
(SELECT sid FROM takes WHERE cid = 2);

SELECT sid FROM takes WHERE cid = 1 AND sid IN (SELECT sid FROM takes WHERE cid = 2);

SELECT sid FROM takes WHERE cid = 1 AND sid = ANY (SELECT sid FROM takes WHERE cid = 2);

SELECT sid FROM takes WHERE cid = 1 AND sid = SOME (SELECT sid FROM takes WHERE cid = 2);
We need to use DISTINCT here because the INTERSET operation removes duplicates by default. However, in the previous three queries we are not using DISTINCT as sid is not being repeated for a particular course-id.

Set Difference Operation
Find all the list of students who are studying course-id 1 but not course-id 2.
(SELECT sid FROM takes WHERE cid = 1) EXCEPT
(SELECT sid FROM takes WHERE cid = 2);

SELECT sid FROM takes WHERE cid = 1 AND sid NOT IN (SELECT sid FROM takes WHERE cid = 2);

Find the names of all instructors whose salary is “greater than at least one” instructor in the ‘CSE’ department.
SELECT DISTINCT T.name
FROM instructor AS T, instructor AS S
WHERE T.salary > S.salary AND S.dept_name = 'CSE';

SELECT DISTINCT name FROM instructor 
WHERE salary > (SELECT MIN(salary) FROM instructor WHERE dept_name = 'CSE');

SELECT DISTINCT name FROM instructor 
WHERE salary > SOME (SELECT salary FROM instructor WHERE dept_name = 'CSE');

SELECT DISTINCT name FROM instructor 
WHERE salary > ANY (SELECT salary FROM instructor WHERE dept_name = 'CSE');

When used with a subquery, the word IN is an alias for = ANY. Thus, these two statements are the same:
SELECT s1 FROM t1 WHERE s1 = ANY (SELECT s1 FROM t2);
SELECT s1 FROM t1 WHERE s1 IN (SELECT s1 FROM t2);

IN and = ANY are not synonyms when used with an expression list. IN can take an expression list, but = ANY cannot. For example:
SELECT name FROM instructor WHERE name IN ('ABC1', 'XYZ1'); is correct
SELECT name FROM instructor WHERE name = ANY ('ABC1', 'XYZ1'); is not correct

However, both of the following queries are correct as IN and = ANY are used with subquery.
SELECT name FROM instructor WHERE name IN (SELECT name FROM instructor WHERE name = 'ABC1' OR name = 'XYZ1'); is correct
SELECT name FROM instructor WHERE name = ANY (SELECT name FROM instructor WHERE name = 'ABC1' OR name = 'XYZ1'); is correct
Find the names of all instructors whose salary is “greater than that of each” instructor in the ‘CSE’ department.

SELECT DISTINCT name FROM instructor 
WHERE salary > (SELECT MAX(salary) FROM instructor WHERE dept_name = 'CSE');

SELECT DISTINCT name FROM instructor 
WHERE salary > ALL (SELECT salary FROM instructor WHERE dept_name = 'CSE');

When used with a subquery, the word NOT IN is an alias for <> ALL. Thus, these two statements are the same:

SELECT s1 FROM t1 WHERE s1 <> ALL (SELECT s1 FROM t2);
SELECT s1 FROM t1 WHERE s1 NOT IN (SELECT s1 FROM t2);

NOT IN and <> ALL are not synonyms when used with an expression list. NOT IN can take an expression list, but = ANY cannot. For example:

SELECT name FROM instructor WHERE name NOT IN ('ABC1', 'XYZ1'); is correct
SELECT name FROM instructor WHERE name <> ALL ('ABC1', 'XYZ1'); is not correct

However, both of the following queries are corrcet as NOT IN and <> ALL are used with subquery.

SELECT name FROM instructor WHERE name NOT IN (SELECT name FROM instructor WHERE name = 'ABC1' OR name = 'XYZ1'); is correct
SELECT name FROM instructor WHERE name <> ALL (SELECT name FROM instructor WHERE name = 'ABC1' OR name = 'XYZ1'); is correct





Greater than at least one is same as > SOME
	< SOME
	<= SOME
	> SOME
	>= SOME
	= SOME
	<> SOME



Examples:
a) 5 < SOME {0,5,6}    TRUE as 5 is less than 6
b) 5 < SOME {0,5}       FALSE as 5 is neither less than 0 nor 6
c) 5 = SOME {0,5}       TRUE as 5 is equal to 5
d) 5 <> SOME {0,5}     TRUE as 5 is not equal to 0
= SOME is identical to IN clause when used with subquery, 
<> SOME is not the same, as NOT IN clause.

Greater than all is same as > ALL
	< ALL
	<= ALL
	> ALL
	>= ALL
	= ALL
	<> ALL



Examples:
a) 5 < ALL {0,5,6}    FALSE as 5 is not less than all 3 elements
b) 5 < ALL {6,10}     TRUE as 5 is less than 6 and 10
c) 5 = ALL {4,5}       FALSE as 5 is not equal to 4
d) 5 <> ALL {4,6}     TRUE as 5 is not equal to 4 and 5 is not equal to 6
<> ALL is identical to NOT IN clause, 
= ALL is not the same, as IN clause.





Find the departments that have the highest average salary.
SELECT dept_name FROM instructor GROUP BY dept_name
HAVING AVG(salary) >= ALL (SELECT AVG(salary) FROM instructor GROUP BY dept_name);
                                                    								
WITH dept_avg(dept_name, avg_salary) AS
(SELECT dept_name, AVG(salary) FROM instructor GROUP BY dept_name)
SELECT dept_name, avg_salary FROM dept_avg 
WHERE avg_salary >= ALL (SELECT avg_salary FROM dept_avg);

WITH dept_avg(dept_name, avg_salary) AS
(SELECT dept_name, AVG(salary) FROM instructor GROUP BY dept_name)
SELECT dept_name, avg_salary FROM dept_avg 
WHERE avg_salary >= (SELECT MAX(avg_salary) FROM dept_avg);                                                    


Find the names of instructors whose names are neither ‘ABC’ nor ‘XYZ’.
SELECT name
FROM instructor
WHERE name NOT IN ('ABC', 'XYZ');




Subqueries in the From Clause

Find the average instructors’ salaries of those departments where the average salary is greater than 500.
SELECT dept_name, avg_salary
FROM (
SELECT dept_name, AVG(salary) AS avg_salary
FROM instructor
GROUP BY dept_name) 
WHERE avg_salary > 500;

Some SQL implementations, notably MySQL and PostgreSQL, require that each subquery relation in the FROM clause must be given a name, even if the name is never referenced. So, the above query will not execute in MySQL.

SELECT dept_name, avg_salary
FROM (
SELECT dept_name, AVG(salary) AS avg_salary
	FROM instructor
	GROUP BY dept_name) AS dept_avg (dept_name, avg_salary)
WHERE avg_salary > 550;


SELECT dept_name, avg_salary
FROM (
SELECT dept_name, AVG(salary) 
	FROM instructor
	GROUP BY dept_name) AS dept_avg (dept_name, avg_salary)
WHERE avg_salary > 550;


ELECT dept_name, avg_salary
FROM (
	SELECT dept_name, AVG(salary) AS avg_salary
	FROM instructor
	GROUP BY dept_name) AS dept_avg 
WHERE avg_salary > 550;

SELECT a, b
FROM (
SELECT dept_name, AVG(salary) 
	FROM instructor
	GROUP BY dept_name) AS dept_avg (a, b)
WHERE b > 550;

Find the maximum across all departments of the total of all instructors’ salaries in each department.
SELECT max(tot_salary)
FROM (
   SELECT dept_name, SUM(salary)
   FROM instructor
   GROUP BY dept_name) AS dept_total (dept_name, tot_salary);



Finds those departments with the maximum budget.
WITH max_budget (value) AS
				(SELECT max(budget) FROM department)
SELECT *
FROM department, max_budget
FROM department.budget = max_budget.value;


Find all departments where the total salary is greater than the average of the total salary at all departments.
WITH dept_total (dept_name, value) AS
(SELECT dept_name, SUM (salary)
 FROM instructor
 GROUP BY dept_name),
dept_total_avg(value) AS
(SELECT AVG(value)
 FROM dept_total)
SELECT *
FROM dept_total, dept_total_avg
WHERE dept_total.value > dept_total_avg.value;
