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Chapter

1

Everything Is a Table: The Relational Model, and Your First Query


SQL is the language you use to ask a database questions. It has an unusual property for a programming language: you describe what you want, not how to get it. You don’t write a loop that opens a file, walks the rows, and collects the ones you care about. You write a sentence that names the rows you want, and the database figures out how to find them. That shift, from how to what, is the whole thing. It takes some getting used to if every language you know so far is imperative.

This series teaches SQL as a language, from this first query to reading a query plan. It assumes you can program but not that you know SQL. We’ll lean on one running example the whole way: a bookshop. This chapter is the map — the data model, why the relational idea is shaped the way it is, and your first real query against it.

Tables, rows, columns

The relational model is built from one structure: the table. A table is a set of rows, and every row has the same columns, each column holding one typed value. That’s it. The bookshop is five tables:


	authors — who wrote the books

	books — the catalog

	customers — who buys

	orders — a purchase, by a customer, on a date

	order_items — the line items in an order: which book, how many



Connect and you can see them:

bookshop=# \dt
             List of tables
 Schema |    Name     | Type  |  Owner
--------+-------------+-------+----------
 public | authors     | table | postgres
 public | books       | table | postgres
 public | customers   | table | postgres
 public | order_items | table | postgres
 public | orders      | table | postgres
(5 rows)

A single table on its own is just a grid. Ask books for a few rows:

SELECT book_id, title, genre, price FROM books ORDER BY book_id LIMIT 5;

 book_id |    title     |   genre    | price
---------+--------------+------------+-------
       1 | Book Title 1 | Nonfiction | 37.78
       2 | Book Title 2 | Sci-Fi     | 42.07
       3 | Book Title 3 | History    | 28.54
       4 | Book Title 4 | Children   | 34.87
       5 | Book Title 5 | Poetry     | 53.42
(5 rows)

Each row is a book. Each column holds one value of one type: book_id is an integer, title is text, price is an exact decimal. There’s no such thing as a cell holding a list, or a row with extra columns the others don’t have. That rigidity is a feature. It’s what lets the database check your data and optimize your queries.

Keys and relationships

The power of the model isn’t in one table, it’s in the relationships between them. A book is written by an author, so books carries an author_id that points at a row in authors. That pointer is a foreign key. The column it points at, the one that uniquely identifies a row, is a primary key: author_id in authors, book_id in books.

Because the tables are linked by keys, you can ask a question that spans them. Which author wrote each book, and where are they from?

SELECT b.title, a.name AS author, a.country
FROM books b
JOIN authors a ON a.author_id = b.author_id
ORDER BY b.book_id
LIMIT 5;

    title     |  author   | country
--------------+-----------+---------
 Book Title 1 | Author 1  | UK
 Book Title 2 | Author 1  | UK
 Book Title 3 | Author 38 | Japan
 Book Title 4 | Author 27 | Ireland
 Book Title 5 | Author 12 | India
(5 rows)

That JOIN matched each book to its author by the key they share. Joins are how the relational model reassembles information that’s been split across tables, and they get a chapter of their own. For now, notice the shape: two tables, one shared key, one combined result.

You describe the set, not the steps

Here is the mental shift worth making early. In an imperative language, computing the average price per genre means writing a loop: a map from genre to a running total and count, one pass over the books, then a divide. In SQL you name the grouping and the summary, and stop:

SELECT genre, count(*) AS books, round(avg(price), 2) AS avg_price
FROM books
GROUP BY genre
ORDER BY books DESC;

   genre    | books | avg_price
------------+-------+-----------
 History    |   100 |     31.05
 Children   |   100 |     30.75
 Nonfiction |   100 |     29.75
 Poetry     |   100 |     29.66
 Fiction    |   100 |     28.25
 Sci-Fi     |   100 |     31.33
(6 rows)

You didn’t say “make a hash map, iterate, accumulate.” You said “group by genre, and per group give me the count and the average price.” The database chose the algorithm. On six genres it hardly matters. On a table of millions it matters enormously, and describing the result is exactly what lets the database pick a fast plan. That freedom is the payoff of the what-not-how trade, and the third series of this track is about how the database spends it.

This is why SQL is a set-based language. A query takes sets of rows and produces a set of rows. When you catch yourself wanting to “loop over the results and run another query for each,” that’s usually the imperative habit talking. There’s almost always a single set-based query that does the whole job at once. Learning to see the set instead of the loop is most of learning SQL.

How to follow along

Every query in this series was run against PostgreSQL 18 and the output pasted in as it came back. Nothing here is written from memory. PostgreSQL is a good place to learn. It’s free, it hews close to the SQL standard, and its tooling for seeing how a query runs is the best there is. That tooling matters a lot by the third series. Where another database (MySQL, SQLite, SQL Server) does something differently on a point that matters, I’ll say so.

To run these yourself, you need a Postgres and the bookshop data in it. The companion repo sql-bookshop has both: a docker compose up brings up Postgres 18 with the schema and seed already loaded, and you connect with psql. The seed is deliberately sized so later queries have something to chew on: 40 authors, 600 books, 5,000 customers, 60,000 orders, and about 150,000 order line items. Small enough to fit anywhere, big enough that the query plans in the performance series are real.

Once you’re connected, the prompt is bookshop=#, and \dt lists the tables, \d books describes one, and any statement ending in ; runs. That’s the whole loop: type a question, read the answer.

Final thoughts

The relational model is five tables and the keys between them, and SQL is how you ask questions of that shape. The one idea to carry out of this chapter is the set-based stance. You describe the rows you want and let the database produce them, rather than spelling out the steps to collect them. Every feature ahead — filtering, joining, grouping, windowing — is a way of describing a set more precisely. Get comfortable thinking in sets and the language stops feeling like a query API and starts feeling like what it is: a small, dense language for talking about data. Next we start speaking it, one clause at a time, beginning with the clause you’ll write more than any other.
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SELECT What You Want: Projection, Expressions, and Aliases


Every query you write starts with SELECT. It answers one question: which columns do I want back. Once you can bend it to your will you can already do a surprising amount: pick columns, rename them, and compute brand-new ones out of the old. This chapter is SELECT and its close companion FROM, worked all the way through against the bookshop’s books table.

The two clauses every query has

The smallest useful query names two things: the columns you want, and the table they come from.

SELECT title, price FROM books ORDER BY book_id LIMIT 5;

    title     | price
--------------+-------
 Book Title 1 | 37.78
 Book Title 2 | 42.07
 Book Title 3 | 28.54
 Book Title 4 | 34.87
 Book Title 5 | 53.42
(5 rows)

FROM books says where to read rows from. SELECT title, price says which of each row’s columns to keep. That act of keeping some columns and dropping the rest is called projection, and the list after SELECT is the select list. The order you write the columns in is the order they come back in; ask for SELECT price, title and price is the left column. The table doesn’t have an inherent column order you’re stuck with. You choose it, per query.

(ORDER BY and LIMIT are here so the output is small and stable. They get their own chapter. For now, treat them as “give me a tidy five rows.”)

SELECT *, and why real code rarely uses it

There is a wildcard that means “every column”:

SELECT * FROM books ORDER BY book_id LIMIT 3;

 book_id |    title     | author_id |   genre    | price | published
---------+--------------+-----------+------------+-------+------------
       1 | Book Title 1 |         1 | Nonfiction | 37.78 | 2013-08-02
       2 | Book Title 2 |         1 | Sci-Fi     | 42.07 | 2012-04-07
       3 | Book Title 3 |        38 | History    | 28.54 | 2006-05-28
(3 rows)

SELECT * is wonderful at the psql prompt when you’re exploring and want to see everything a table holds. In code that ships, prefer to name your columns. Three reasons, all practical. It pulls only the data you need, instead of dragging every column across the wire. It keeps the result’s shape stable. If someone adds a column to books next year, your SELECT * query silently changes shape, which can break code that reads results by position. And it documents intent, so the next person can see exactly which fields the query depends on. * is a great exploration tool and a poor contract.

Aliases: renaming a column with AS

The name a column comes back under is not fixed. You rename it with AS:

SELECT title AS book, price AS usd FROM books ORDER BY book_id LIMIT 3;

     book     |  usd
--------------+-------
 Book Title 1 | 37.78
 Book Title 2 | 42.07
 Book Title 3 | 28.54

The AS keyword is optional (title book works too), but write it out. The version with AS reads unambiguously, and it saves you from a class of typo where a missing comma turns two columns into one aliased column. Aliases matter most when a column is a computed expression, which by default comes back with an ugly auto-generated name. Give it a real one.

Computing new columns

A select-list entry doesn’t have to be a bare column. It can be an expression built out of columns, literals, operators, and functions, evaluated once per row. Arithmetic is the obvious case:

SELECT title, price, round(price * 0.9, 2) AS sale_price
FROM books ORDER BY book_id LIMIT 5;

    title     | price | sale_price
--------------+-------+------------
 Book Title 1 | 37.78 |      34.00
 Book Title 2 | 42.07 |      37.86
 Book Title 3 | 28.54 |      25.69
 Book Title 4 | 34.87 |      31.38
 Book Title 5 | 53.42 |      48.08

price * 0.9 is computed for each row, then round(…, 2) trims it to two decimals. The books table has no sale_price column anywhere on disk; it exists only in this result, conjured for the length of the query. That is the everyday work of SELECT: deriving the numbers you actually want from the ones the table stores.

Text has operators too. The || operator concatenates strings, and it will coerce a number to text along the way:

SELECT title || ' ($' || price || ')' AS label
FROM books ORDER BY book_id LIMIT 3;

         label
-----------------------
 Book Title 1 ($37.78)
 Book Title 2 ($42.07)
 Book Title 3 ($28.54)

One line-by-line note that trips up beginners: || is standard SQL for concatenation, and Postgres, Oracle, and SQLite all use it. MySQL does not by default, where || means logical OR; there you use the CONCAT() function instead.

An expression needs no table at all. SELECT will happily evaluate constants, which makes it a pocket calculator for testing:

SELECT 2 + 2 AS four, 'ship' || 'shape' AS word;

 four |   word
------+-----------
    4 | shipshape
(1 row)

No FROM, one row out. You’ll use this constantly to check what an expression does before wiring it into a real query.

One sharp edge: you can’t reuse an alias in the same SELECT

An alias you define in the select list is not visible to other expressions in that same list. This looks reasonable and fails:

SELECT price * 0.9 AS sale, sale * 2 FROM books LIMIT 1;

ERROR:  column "sale" does not exist
LINE 1: SELECT price * 0.9 AS sale, sale * 2 FROM books LIMIT 1;
                                    ^

The reason is the logical order the clauses are evaluated in, which is not the order you write them. FROM runs first to produce rows, then the select list is computed, and the aliases only come into existence as that list is projected. So one select-list entry cannot see another’s alias, because they’re all born at the same instant. (You can reference the alias in ORDER BY, which runs later; more on that in the sorting chapter.) The workaround is to repeat the expression, or wrap the query in a subquery so the alias exists in an outer layer. Keep this ordering in your head; it explains a lot of “column does not exist” errors down the line.

Paging: LIMIT, OFFSET, and FETCH FIRST

You rarely want all 600 books at once. LIMIT n caps the rows returned; OFFSET m skips the first m before counting:

SELECT book_id, title FROM books ORDER BY book_id LIMIT 3 OFFSET 3;

 book_id |    title
---------+--------------
       4 | Book Title 4
       5 | Book Title 5
       6 | Book Title 6
(3 rows)

OFFSET 3 LIMIT 3 gives you the second page of three: skip 4, 5, 6… no, skip the first three (1, 2, 3) and take the next three (4, 5, 6). That is the classic pagination idiom, “page N of size K” is LIMIT K OFFSET (N-1)*K.

LIMIT/OFFSET is Postgres, MySQL, and SQLite syntax, but it is not in the SQL standard. The standard spelling is OFFSET … FETCH, which Postgres also supports:

SELECT book_id, title FROM books ORDER BY book_id OFFSET 3 FETCH FIRST 3 ROWS ONLY;

 book_id |    title
---------+--------------
       4 | Book Title 4
       5 | Book Title 5
       6 | Book Title 6
(3 rows)

Same rows, standard syntax. FETCH FIRST … ROWS ONLY is what SQL Server and Oracle understand, so reach for it when you want portable code (SQL Server also has its own TOP). For everyday Postgres work LIMIT is shorter and everyone reads it fine.

One honest caveat about both: paging without a stable ORDER BY is a bug waiting to happen. A query has no guaranteed row order unless you give it one. So LIMIT 3 with no ORDER BY returns some three rows, and “some” can differ between runs. Every paging query needs an ORDER BY on a column (or set of columns) unique enough to break ties. That’s why every example above sorts by book_id first.

Final thoughts

SELECT is projection plus computation: it names the columns you keep and lets you derive new ones with expressions, AS giving each a readable name. Two ideas are worth carrying forward. The select list can invent columns the table never stored. And the clauses run in a logical order that starts with FROM, not with the SELECT you typed first. That order is the key to the whole language, and it’s about to explain the next clause, the one that decides not which columns you get but which rows.
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WHERE the Rows Are: Filtering with Comparisons and Patterns


SELECT decides which columns you get. WHERE decides which rows. It sits between FROM and the select list, and its job is to keep only the rows for which a condition is true. Filtering is most of what real queries do, so this clause is worth knowing cold: the operators, how AND and OR combine, and the shorthand forms that make common filters readable.

A condition per row

WHERE takes a boolean expression and tests it against every row FROM produced, keeping the rows where it comes out true:

SELECT title, price FROM books WHERE price > 50 ORDER BY price DESC LIMIT 5;

     title      | price
----------------+-------
 Book Title 302 | 54.77
 Book Title 527 | 54.59
 Book Title 88  | 54.57
 Book Title 484 | 54.56
 Book Title 61  | 54.50

The comparison operators are the ones you’d guess: =, <, >, <=, >=, and <> (also spelled !=) for “not equal.” Note that equality is a single =, not the == you may be used to in a programming language. They work on numbers, text, and dates alike, comparing text alphabetically and dates chronologically.

WHERE runs per row, before any grouping or aggregation. That timing matters. When you learn GROUP BY later, WHERE filters the individual rows going into the groups, and a separate clause (HAVING) filters the groups after. So a filter you can express on a single row’s columns always belongs in WHERE, where it runs first and cuts the row count early. Filtering counts as a real query too:

SELECT count(*) AS scifi_under_30 FROM books WHERE genre = 'Sci-Fi' AND price < 30;

 scifi_under_30
----------------
             50

Two conditions, joined by AND, and only rows satisfying both are counted. Fifty of the six hundred books are cheap science fiction.

AND, OR, NOT, and the precedence trap

AND, OR, and NOT combine conditions. They have a precedence you must know, because getting it wrong changes your answer silently. NOT binds tightest, then AND, then OR. That means AND groups its neighbours before OR does, exactly like * binds tighter than + in arithmetic. Watch what that does to a real filter. Here is the query with parentheses that spell out the intent:

SELECT count(*) AS with_parens FROM books
WHERE (genre = 'Sci-Fi' OR genre = 'Fiction') AND price < 20;

 with_parens
-------------
          57

Fifty-seven books that are Sci-Fi-or-Fiction and cheap. Now drop the parentheses, which reads the same to a human:

SELECT count(*) AS no_parens FROM books
WHERE genre = 'Sci-Fi' OR genre = 'Fiction' AND price < 20;

 no_parens
-----------
       132

More than double. Without parentheses, AND binds first, so Postgres reads it as Sci-Fi OR (Fiction AND price < 20): all Sci-Fi books at any price, plus the cheap Fiction ones. Same words, different question, no error to warn you. The lesson is blunt: when you mix AND and OR, parenthesize. It costs two characters and removes all doubt.

BETWEEN: a range, inclusive on both ends

Testing that a value falls in a range is common enough to have shorthand. BETWEEN a AND b means >= a AND <= b, inclusive at both ends:

SELECT count(*) AS between_20_30 FROM books WHERE price BETWEEN 20 AND 30;

 between_20_30
---------------
           126

Two things to remember. The bounds are inclusive, so BETWEEN 20 AND 30 includes exactly 20.00 and 30.00. And the low bound must come first. BETWEEN 30 AND 20 matches nothing, because it expands to >= 30 AND <= 20, which no value satisfies. There’s a negation too, NOT BETWEEN, for values outside a range:

SELECT title, price FROM books WHERE price NOT BETWEEN 10 AND 50 ORDER BY price LIMIT 5;

     title      | price
----------------+-------
 Book Title 218 |  5.14
 Book Title 113 |  5.19
 Book Title 77  |  5.23
 Book Title 40  |  5.43
 Book Title 580 |  5.49

IN: membership in a set

When you want “is this column any of these values,” IN beats a chain of ORs:

SELECT count(*) AS in_three_genres FROM books
WHERE genre IN ('Sci-Fi', 'Fiction', 'Poetry');

 in_three_genres
-----------------
             300

genre IN ('Sci-Fi', 'Fiction', 'Poetry') is exactly genre = 'Sci-Fi' OR genre = 'Fiction' OR genre = 'Poetry', but shorter and clearer as the list grows. There’s a NOT IN for the complement. It reads naturally and works perfectly here. But it has a genuinely nasty edge when the list can contain a NULL, which is the entire subject of the next chapter. For now: IN with a plain list of values is safe and idiomatic.

LIKE and ILIKE: matching text patterns

Exact string equality only gets you so far. For “starts with,” “contains,” or “looks like,” you want pattern matching with LIKE. Two wildcards do the work: % matches any run of characters (including none), and _ matches exactly one character.

SELECT customer_id, city FROM customers WHERE city LIKE 'L%' ORDER BY customer_id LIMIT 5;

 customer_id |  city
-------------+--------
           5 | Lagos
           9 | Leeds
          10 | London
          15 | Lagos
          19 | Leeds

'L%' is “an L then anything,” so it matches Lagos, Leeds, and London. Use % on both sides ('%ondon%') for “contains.” Use _ when you need a fixed-width slot: '_ondon' is “one character then ondon,” which matches London and nothing else in this data.

LIKE is case-sensitive. That surprises people, and it’s a frequent source of “why did my filter return nothing.” Lowercase l finds no cities here, because every city is capitalized:

SELECT count(*) AS like_lower_l FROM customers WHERE city LIKE 'l%';

 like_lower_l
--------------
            0

Postgres gives you a case-insensitive twin, ILIKE, which is the same pattern language with the case fold applied:

SELECT count(*) AS ilike_l FROM customers WHERE city ILIKE 'l%';

 ilike_l
---------
    1500

Fifteen hundred customers live in a city starting with L or l, once case stops mattering. ILIKE is a Postgres extension, not standard SQL. Elsewhere you get the same effect with LOWER(city) LIKE 'l%', wrapping the column in a lowercasing function so both sides match in lower case. One more thing: to match a literal % or _ in your text, escape it (LIKE '50\%'), otherwise the wildcard eats your percent sign.

Final thoughts

WHERE is where a query earns its keep. It cuts a table down to the rows you actually care about, one boolean test per row, run early before anything is grouped. The operators are ordinary, but two habits will save you real debugging time: parenthesize the moment you mix AND with OR, and remember that LIKE is case-sensitive while ILIKE is not. There is one topic every operator in this chapter quietly depends on and none of them handled cleanly: what happens when a value is missing. A comparison against a missing value is not false, and it is not an error. It’s the single biggest trap in SQL, and it gets the whole next chapter.
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NULL Is Not a Value: The Trap Every Beginner Falls Into


If you learn one thing carefully in this series, make it this one. NULL is the single most common source of “the query looks right but the answer is wrong,” and it catches everyone at least once. The reason is that NULL is not a value. It is the absence of a value, a marker that says “unknown” or “not applicable,” and it does not play by the rules you expect of a value. This whole chapter is that idea and its consequences, every claim run against the database.

NULL means unknown

Think of NULL as “we don’t know.” A customer with no recorded city doesn’t have an empty-string city or a zero city. The city is unknown. That framing explains everything that follows, starting with the rule that surprises people most: you cannot test equality against NULL.

SELECT NULL = NULL AS eq, NULL <> NULL AS neq;

 eq | neq
----+-----
    |
(1 row)

Both columns are blank, and blank in psql output means NULL. Read it as the database refusing to answer. Is one unknown value equal to another unknown value? Unknown. Is it not equal? Also unknown. The answer to a comparison against NULL is never true and never false. It is a third thing.

That is why x = NULL never matches a row, even a row where x really is NULL. Any comparison with NULL yields NULL:

SELECT 5 = NULL AS a, 5 > NULL AS b, NULL + 1 AS c, NULL || 'x' AS d;

 a | b | c | d
---+---+---+---
   |   |   |
(1 row)

5 = NULL is not false, it is unknown. Arithmetic and concatenation behave the same way: any expression with a NULL operand is NULL, because a calculation on an unknown input has an unknown result. NULL is contagious.

Three-valued logic

Ordinary boolean logic has two values, true and false. SQL has three: TRUE, FALSE, and UNKNOWN, where UNKNOWN is what a comparison against NULL produces. AND and OR have to say what happens when an operand is UNKNOWN, and the rules follow common sense once you read them as “unknown”:

SELECT TRUE AND NULL AS t_and, FALSE AND NULL AS f_and,
       TRUE OR NULL AS t_or,  FALSE OR NULL AS f_or;

 t_and | f_and | t_or | f_or
-------+-------+------+------
       | f     | t    |
(1 row)

Walk through it. TRUE AND UNKNOWN is unknown (blank): the result depends on the unknown, so it stays unknown. But FALSE AND UNKNOWN is false: an AND with one false operand is false no matter what the other is, so the unknown can’t change it. OR mirrors that: TRUE OR UNKNOWN is true (one true operand settles it), while FALSE OR UNKNOWN stays unknown. The principle is that UNKNOWN propagates unless the other operand already decides the outcome on its own.

This is exactly why a WHERE clause silently drops rows you didn’t mean to drop. WHERE keeps a row only when the condition is TRUE. A condition that comes out UNKNOWN is treated like false, so the row vanishes, with no error and no warning. A filter like WHERE city <> 'London' will quietly exclude every customer whose city is NULL, because NULL <> 'London' is unknown, not true. You asked for “not London” and didn’t get the unknowns. That is the trap.

The right tools: IS NULL and IS NOT NULL

Since = NULL never works, SQL gives you a dedicated test that does. IS NULL and IS NOT NULL ask “is this the null marker,” and they return an honest true or false:

SELECT NULL IS NULL AS is_null, 5 IS NOT NULL AS is_not_null;

 is_null | is_not_null
---------+-------------
 t       | t
(1 row)

This is the only correct way to find or exclude nulls. Whenever you want “rows where this column is missing,” it is WHERE col IS NULL; for “rows where it’s present,” WHERE col IS NOT NULL. Burn the reflex in: the moment you’re about to type = NULL, type IS NULL instead.

COALESCE and NULLIF: converting nulls on purpose

Two functions handle the everyday work of dealing with nulls. COALESCE takes any number of arguments and returns the first one that isn’t null, which is how you supply a fallback. NULLIF does the reverse: it returns NULL when two values are equal, which is how you turn a value into a null on purpose.

SELECT COALESCE(NULL, NULL, 'fallback') AS c, NULLIF(5, 5) AS same, NULLIF(5, 3) AS diff;

    c     | same | diff
----------+------+------
 fallback |      |    5
(1 row)

COALESCE(NULL, NULL, 'fallback') skips the two nulls and returns 'fallback'; in real queries you’d write COALESCE(city, 'unknown') to display a placeholder instead of a blank. NULLIF(5, 5) returns NULL because the two are equal, and NULLIF(5, 3) returns 5 because they aren’t. NULLIF is handy for neutralizing sentinel values, for example NULLIF(price, 0) to treat a zero as “no price” before dividing by it.

NULL in aggregates: count(*) is not count(col)

Aggregates have a rule of their own, and it is a frequent source of off-by-a-lot bugs: aggregate functions skip nulls. sum, avg, min, max, and count(column) all ignore rows where the column is null. The one exception is count(*), which counts rows, null or not. The bookshop seed has no nulls in it, so let me build a tiny table inline to show the difference cleanly:

WITH t(id, tag) AS (VALUES (1,'a'), (2, NULL), (3,'c'), (4, NULL))
SELECT count(*) AS count_star, count(tag) AS count_tag FROM t;

 count_star | count_tag
------------+-----------
          4 |         2
(1 row)

Four rows, but only two non-null tag values. count(*) says 4 (how many rows), count(tag) says 2 (how many rows have a tag). Those are different questions, and reaching for the wrong one is a classic bug: count(email) silently undercounts if some emails are missing. The same skipping applies to avg, which divides by the count of non-null values, not the row count:

SELECT avg(n) AS avg_ignoring_null FROM (VALUES (10), (20), (NULL), (30)) AS v(n);

  avg_ignoring_null
---------------------
 20.0000000000000000

The average is 60 divided by 3, not by 4. The null row was dropped from both the sum and the count. Usually that is what you want; occasionally it isn’t, and you handle it with COALESCE(n, 0) to make the missing values count as zero. Either way, know which one you’re getting.

A preview: NULL breaks NOT IN

Here is the trap that costs people real production hours, shown now and revisited when we cover subqueries. IN and NOT IN are built on equality, and equality against NULL is UNKNOWN. So a NULL anywhere in the list poisons NOT IN:

SELECT 3 IN (1, 2, NULL) AS in_res, 3 NOT IN (1, 2, NULL) AS not_in_res;

 in_res | not_in_res
--------+------------
        |
(1 row)

3 NOT IN (1, 2, NULL) returns NULL, not true, even though 3 is obviously not 1, 2, or null. The reason follows from the logic above: NOT IN expands to 3 <> 1 AND 3 <> 2 AND 3 <> NULL, and that last term is UNKNOWN, which drags the whole AND down to unknown. The result is that NOT IN against a list (or a subquery) containing even one NULL matches no rows at all, silently. When we get to subqueries, the fix is NOT EXISTS, which handles nulls correctly. For now, just file the warning: NOT IN plus NULL equals heartbreak.

Final thoughts

NULL is unknown, and unknown is not a value you can compare, compute with, or filter on the way you’d expect. The consequences all fall out of that one idea: comparisons yield UNKNOWN instead of true or false, WHERE drops the unknowns, aggregates skip them, and NOT IN breaks on them. The defences are small and worth making automatic: test with IS NULL, supply fallbacks with COALESCE, and know whether you want count(*) or count(col). Handle nulls deliberately and they’re merely a rule to remember. Ignore them and they’ll hand you a confidently wrong answer. Next we leave nulls behind for two clauses that shape the result you hand back: ordering it, and removing duplicates from it.
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ORDER BY, DISTINCT, and the Sharp Edges


A query returns a set of rows, and a set has no inherent order. If you want the output in a particular sequence, you have to ask for it, and that is what ORDER BY is for. Its companion in this chapter is DISTINCT, which collapses duplicate rows. Both shape the result you hand back rather than which rows qualify. And both have edges worth knowing: where nulls sort, how DISTINCT interacts with a join, and a Postgres-only trick that saves a lot of typing.

ORDER BY: asking for a sequence

By default a query gives you rows in whatever order is convenient for the database, which you must never rely on. ORDER BY pins it down:

SELECT title, price FROM books ORDER BY price DESC LIMIT 5;

     title      | price
----------------+-------
 Book Title 302 | 54.77
 Book Title 527 | 54.59
 Book Title 88  | 54.57
 Book Title 484 | 54.56
 Book Title 61  | 54.50

DESC sorts descending, highest first; ASC sorts ascending and is the default, so plain ORDER BY price goes low to high. Sorting works on text (alphabetical, by the database’s collation), on dates (chronological), and on numbers. Each key can carry its own direction.

Multiple keys, and ties

One sort key often isn’t enough, because it leaves ties unresolved. List several keys and the database sorts by the first, then breaks ties with the second, and so on:

SELECT genre, title, price FROM books ORDER BY genre, price DESC LIMIT 8;

  genre   |     title      | price
----------+----------------+-------
 Children | Book Title 88  | 54.57
 Children | Book Title 484 | 54.56
 Children | Book Title 346 | 53.92
 Children | Book Title 166 | 53.36
 Children | Book Title 232 | 53.19
 Children | Book Title 292 | 53.05
 Children | Book Title 532 | 52.31
 Children | Book Title 514 | 52.30

Genre ascending is the primary order (Children sorts first alphabetically), and within each genre, price descending decides the sequence. Each key’s direction is independent: ORDER BY genre ASC, price DESC is perfectly normal. This is also the answer to the pagination worry from the SELECT chapter. To page reliably you need a sort so specific it never ties. That usually means ending your ORDER BY on a unique column like the primary key.

Ordering by an expression, an alias, or a position

The sort key doesn’t have to be a stored column. You can sort by an expression computed per row, and you can sort by a select-list alias that names one. The alias works here even though referencing it inside the select list failed back in the SELECT chapter. The reason is timing: ORDER BY runs after the select list is projected, so the aliases exist by the time it looks for them:

SELECT title, round(price * 0.9, 2) AS sale FROM books ORDER BY sale DESC LIMIT 4;

     title      | sale
----------------+-------
 Book Title 302 | 49.29
 Book Title 527 | 49.13
 Book Title 88  | 49.11
 Book Title 484 | 49.10

And you can sort by ordinal position, the column’s number in the select list. ORDER BY 2 means “the second output column”:

SELECT title, price FROM books ORDER BY 2 DESC LIMIT 4;

     title      | price
----------------+-------
 Book Title 302 | 54.77
 Book Title 527 | 54.59
 Book Title 88  | 54.57
 Book Title 484 | 54.56

Ordering by position is compact, and fine for a throwaway query at the prompt. In code that ships, prefer the alias or the expression. ORDER BY 2 breaks the moment someone reorders the select list, and it tells the next reader nothing about what you meant.

Where do nulls sort?

Nulls aren’t greater or less than any real value, so the database needs a rule for where to park them. The default is easy to get wrong. In Postgres, NULLs sort last on ASC and first on DESC (the mental model is that a null counts as larger than everything). Here it is with a small inline set:

SELECT n FROM (VALUES (3), (1), (NULL), (2)) AS v(n) ORDER BY n;

 n
---
 1
 2
 3

(4 rows)

The blank last row is the null, sorted to the bottom on ascending. Flip to descending and it jumps to the top:

SELECT n FROM (VALUES (3), (1), (NULL), (2)) AS v(n) ORDER BY n DESC;

 n
---

 3
 2
 1
(4 rows)

When that default isn’t what you want, override it explicitly with NULLS FIRST or NULLS LAST:

SELECT n FROM (VALUES (3), (1), (NULL), (2)) AS v(n) ORDER BY n ASC NULLS FIRST;

 n
---

 1
 2
 3
(4 rows)

One portability note: this default is not universal. MySQL and SQLite sort nulls first on ascending, the opposite of Postgres, and older MySQL doesn’t support the NULLS FIRST/LAST keywords at all. If null placement matters to your result, state it explicitly and don’t trust the default.

DISTINCT: removing duplicate rows

DISTINCT drops duplicate rows from the result, keeping one of each. The most common use is “what values actually occur in this column”:

SELECT DISTINCT genre FROM books ORDER BY genre;

   genre
------------
 Children
 Fiction
 History
 Nonfiction
 Poetry
 Sci-Fi

Six hundred books collapse to the six distinct genres. DISTINCT considers the whole select list, not just one column. So SELECT DISTINCT genre, price keeps every unique genre-and-price combination, which is many more rows. It’s a common mistake to expect DISTINCT to apply to only the first column; it never does.

DISTINCT ON: one row per group, the Postgres way

Postgres has an extension that plain DISTINCT can’t do: keep the first row for each value of some key, where “first” is decided by ORDER BY. DISTINCT ON (genre) gives you one row per genre, and putting price DESC in the sort makes that one row the priciest book of its genre:

SELECT DISTINCT ON (genre) genre, title, price
FROM books ORDER BY genre, price DESC;

   genre    |     title      | price
------------+----------------+-------
 Children   | Book Title 88  | 54.57
 Fiction    | Book Title 240 | 53.59
 History    | Book Title 69  | 53.37
 Nonfiction | Book Title 61  | 54.50
 Poetry     | Book Title 527 | 54.59
 Sci-Fi     | Book Title 302 | 54.77

The rule to remember: the DISTINCT ON columns must be the leading columns of ORDER BY, and whatever sorts first within each group is the row you keep. It’s a genuinely convenient “top row per category” without a subquery or window function. It is also Postgres-only. On other databases the same job is done with a window function (ROW_NUMBER()), which this track covers later.

The sharp edge: DISTINCT can hide a join bug

DISTINCT is sometimes reached for as a quick fix when a query returns unexpected duplicates, and that reflex is dangerous. Duplicates are often a symptom that a join is multiplying rows, and slapping DISTINCT on top hides the symptom instead of fixing the cause. The bookshop’s data makes this vivid. Join books to order_items and the raw result is enormous:

SELECT count(*) AS total_joined_rows
FROM books b JOIN order_items oi ON oi.book_id = b.book_id;

 total_joined_rows
-------------------
            149942

Now ask “which genres appear in orders” and let DISTINCT tidy it:

SELECT DISTINCT b.genre
FROM books b JOIN order_items oi ON oi.book_id = b.book_id
ORDER BY b.genre;

   genre
------------
 Children
 Fiction
 History
 Nonfiction
 Poetry
 Sci-Fi

Six neat rows. But those six came out of a 149,942-row join, and the tidy result hides the grain that produced it. Every ordered book fans out once per line item that references it, so a popular book appears hundreds of times before DISTINCT folds the whole thing back to six genres. Here that’s harmless because you only wanted the genre names. It stops being harmless the moment you compute a sum or an avg over that same join. The fan-out multiplies your numbers, and DISTINCT won’t save you, because you’re aggregating, not de-duplicating. The habit worth building: when DISTINCT “fixes” a duplicate problem, stop and ask why the duplicates were there. Sometimes the answer is a join grain you didn’t intend.

Final thoughts

ORDER BY is how you turn an unordered set into a sequence. Logically it is one of the last things a query does: after filtering, grouping, and projection, and just before LIMIT takes its slice off the top. That’s why it can see select-list aliases and why pairing it with LIMIT gives you a stable top-N. DISTINCT de-duplicates across the whole select list, DISTINCT ON keeps the best row per group, and both deserve a moment’s suspicion when they’re papering over duplicates a join created. You now have the full single-table query: choose columns, filter rows, handle nulls, sort, and de-duplicate. The last piece of the foundation is the thing every column has been quietly carrying all along, its type, and what happens when you convert between them on purpose.
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Types Have Opinions: Numbers, Dates, and the 5/2 = 2 Trap


Every column in a relational database has a type, and the type is not decoration. It decides how the value is stored, how much space it takes, and what operations are legal on it. It also decides, in the part that bites people, how arithmetic behaves. A column typed integer and a column typed numeric give you different answers to the same division. If you’ve only ever worked in a dynamically typed language where a number is just a number, SQL’s insistence on types will surprise you at least once. This chapter is about surprising you here, on purpose, instead of in production.

We’ll go type by type through what the bookshop actually uses. Then casting — turning one type into another — and the single most common gotcha in the whole language.

Integers, and the overflow that stops you

integer is the workhorse: a signed 4-byte whole number, range roughly minus 2.1 billion to plus 2.1 billion. Every *_id column in the bookshop is one. It’s fast and compact, and it has a hard ceiling. Cross that ceiling and Postgres does not wrap around silently the way C would:

SELECT 2147483647 + 1 AS overflow;

ERROR:  integer out of range

That error is a feature. A silent wraparound to a negative number is the kind of bug that corrupts data for months before anyone notices. When you genuinely need bigger numbers — row counts on a large table, anything counting bytes or money in cents — reach for bigint (8 bytes, ±9.2 quintillion):

SELECT 2147483647::bigint + 1 AS ok_bigint;

 ok_bigint
------------
 2147483648

numeric for money, never float

Here is the type distinction that matters most in a business database. There are two families of non-integer numbers, and they are not interchangeable.

numeric (also spelled decimal) is exact. You declare it as numeric(precision, scale) — books.price is numeric(6,2), meaning up to six digits total with two after the point. It stores 26.35 as exactly 26.35, and arithmetic on it stays exact.

real (4 bytes) and double precision (8 bytes) are binary floating point. They’re fast, they cover an enormous range, and they cannot represent most decimal fractions exactly. The classic demonstration:

SELECT 0.1::double precision + 0.2::double precision AS double_sum;
SELECT 0.1::numeric + 0.2::numeric AS numeric_sum;

     double_sum
---------------------
 0.30000000000000004

 numeric_sum
-------------
         0.3

That trailing ...04 is not a Postgres bug; it’s how binary floating point works everywhere, in every language. And the error is not just cosmetic. Watch what happens when you sum real money across the bookshop’s line items:

SELECT sum(unit_price * quantity)              AS revenue_numeric,
       sum(unit_price::real * quantity)        AS revenue_real
FROM order_items;

 revenue_numeric |   revenue_real
-----------------+-------------------
      9017181.88 | 9017181.895784378

The two answers agree for the first eight digits and then diverge in the third decimal place, over roughly 150,000 line items. Round each to cents and the float total reads 9017181.90 against the correct 9017181.88 — two cents summoned out of rounding noise. Two cents sounds harmless until it’s a financial report that has to reconcile to the penny, and the discrepancy grows with the row count. The float answer is the wrong one. Store money as numeric. It’s the reason the bookshop’s price and unit_price columns are typed the way they are.

(MySQL and SQLite have the same DECIMAL vs float split; SQLite in particular stores everything loosely, so the discipline is on you.)

Text, and booleans

For strings, Postgres gives you text (unlimited length), varchar(n) (capped at n characters), and char(n) (fixed, space-padded — avoid it). The bookshop uses text for titles, names, and emails. There is no performance penalty for text in Postgres, so the common advice is: use text unless a length limit is a real business rule. And note that casting to a length does silently truncate:

SELECT 'Book Title 1'::varchar(4) AS truncated;

 truncated
-----------
 Book

boolean holds true, false, or NULL. Postgres is generous about input: 't', 'yes', '1' all read as true, 'f', 'no', '0' as false.

SELECT true AS t, 'yes'::boolean AS y, 0::boolean AS z;

 t | y | z
---+---+---
 t | t | f

(MySQL has no real boolean type — BOOLEAN is an alias for TINYINT(1), and you get back 0/1. SQLite likewise stores 0/1. Postgres is the one with an honest boolean.)

Dates, timestamps, and the timezone that isn’t there

The bookshop stores order_date, signup_date, and published as date — a calendar day, no time, no zone. Dates support arithmetic in days:

SELECT published, published + 30 AS plus_30_days, age(current_date, published) AS shelf_age
FROM books ORDER BY book_id LIMIT 2;

 published  | plus_30_days |        shelf_age
------------+--------------+-------------------------
 2013-08-02 | 2013-09-01   | 13 years
 2012-04-07 | 2012-05-07   | 14 years 3 mons 25 days

When you need a moment in time, there are two types, and choosing wrong is a genuine footgun. timestamp (without time zone) is a wall-clock reading with no zone attached. timestamptz (with time zone) is an absolute instant: on input it converts to UTC, and on output it renders in your session’s zone. The difference shows the instant you feed either one an offset:

SELECT '2026-06-30 14:00:00+05:30'::timestamp   AS as_timestamp,
       '2026-06-30 14:00:00+05:30'::timestamptz AS as_timestamptz;

    as_timestamp     |     as_timestamptz
---------------------+------------------------
 2026-06-30 14:00:00 | 2026-06-30 08:30:00+00

timestamp threw the +05:30 away and kept the digits 14:00. timestamptz understood the offset and stored the actual instant, 08:30 UTC. If you record events from users in different zones as plain timestamp, you have lost the information needed to compare them. Store instants as timestamptz, and let it keep everything in UTC internally. (MySQL’s TIMESTAMP normalizes to UTC but DATETIME does not; SQLite has no date types at all and stores them as text or numbers — the discipline, again, is yours.)

Casting: :: and CAST

Turning a value from one type into another is a cast. Postgres gives you two spellings — the terse value::type and the standard CAST(value AS type) — and they do the same thing:

SELECT '42'::integer + 8         AS shorthand,
       CAST('42' AS integer) + 8 AS standard;

 shorthand | standard
-----------+----------
        50 |       50

Only :: is Postgres-specific; CAST(...) is standard SQL and works everywhere. One behavior to file away: casting a fractional number to integer rounds, it does not truncate.

SELECT 37.78::integer AS rounded, 3.9::integer AS also_rounded;

 rounded | also_rounded
---------+--------------
      38 |            4

And casting into a numeric(p,s) rounds to the declared scale — 12.345::numeric(6,2) gives 12.35. This is exactly what happens when a price lands in the bookshop’s numeric(6,2) column.

The 5/2 = 2 trap

Save this one. It is the mistake every SQL beginner makes, and it produces wrong numbers that look perfectly reasonable, so nobody catches it in review.

Division between two integers is integer division. The result is an integer, and the fractional part is discarded:

SELECT 5/2 AS int_div;

 int_div
---------
       2

Not 2.5. Two. Postgres saw two integers and gave you an integer back. The fix is to make at least one operand non-integer, which you do with a decimal literal or a cast:

SELECT 5/2.0 AS with_decimal, 5::numeric/2 AS with_cast;

    with_decimal    |     with_cast
--------------------+--------------------
 2.5000000000000000 | 2.5000000000000000

The type of the expression tells the whole story:

SELECT pg_typeof(5/2) AS a, pg_typeof(5::numeric/2) AS b;

    a    |    b
---------+---------
 integer | numeric

Where this actually bites: computing an average by hand as sum(x) / count(x), or a percentage as part / whole * 100. Both operands are integer counts, so you get a truncated whole number and a plausible-looking wrong answer. Cast one side to numeric first, every time. (MySQL, for what it’s worth, returns 2.5 here; SQLite matches Postgres and gives 2. Portable SQL does not assume either — it casts.)

Final thoughts

Types are the contract between you and the database about what a value means. The three to carry out of this chapter: money and any exact decimal is numeric, never real or double; an instant in time is timestamptz stored as UTC, not a bare timestamp; and integer-by-integer division truncates, so cast before you divide. Everything else you can look up. These three you want in muscle memory. Each one fails quietly rather than loudly — a wrong total, a lost hour, a truncated ratio — and quiet failures are the expensive kind.

Next up, we stop looking at one table at a time. The whole point of the relational model is the links between tables, and joins are how you follow them.
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Joining Tables: INNER, LEFT, and the Fan-Out That Doubles Your Money


Every chapter so far has looked at one table at a time. That was on purpose, but it’s also the least interesting thing SQL can do. The whole reason the relational model splits data across tables — books here, authors there, orders somewhere else — is that the information is genuinely separate. But the moment you want to answer a real question, you need to put it back together. A join is how you do that. It takes two tables and a rule for matching their rows, and produces one wider table you can query as if the data had never been apart.

This chapter covers the two joins you’ll write most. INNER JOIN keeps only the rows that match on both sides. LEFT JOIN keeps every row from the left table, whether or not it found a partner. It ends on the trap that catches everyone once: a one-to-many join that quietly multiplies your rows, and your sums along with them.

INNER JOIN: matching on a key

The bookshop’s books table carries an author_id that points at a row in authors. That pointer is the whole basis of the join. To show each book next to its author, you name both tables and the rule that links them:

SELECT b.book_id, b.title, a.name AS author, a.country
FROM books b
JOIN authors a ON a.author_id = b.author_id
ORDER BY b.book_id
LIMIT 5;

 book_id |    title     |  author   | country
---------+--------------+-----------+---------
       1 | Book Title 1 | Author 1  | UK
       2 | Book Title 2 | Author 1  | UK
       3 | Book Title 3 | Author 38 | Japan
       4 | Book Title 4 | Author 27 | Ireland
       5 | Book Title 5 | Author 12 | India
(5 rows)

Several things are worth naming here. JOIN on its own means INNER JOIN — the word “inner” is the default and almost everyone drops it. The ON clause is the matching rule: pair a books row with an authors row exactly when their author_id values are equal. And b and a are table aliases, short names declared right after each table. Once two tables are in play a bare author_id is ambiguous (both tables have one), so you qualify columns with the alias: b.title, a.name. Get in the habit of qualifying every column in a join, even when only one table has it. It makes the query readable and it survives someone later adding a same-named column to the other table.

An inner join keeps a row only when the match succeeds on both sides. A book whose author_id pointed at no author would vanish from this result, and so would an author who wrote no books. In the bookshop every book has a real author, so nothing is dropped here — but that “drop the unmatched” behavior is exactly what the next join reverses.

Joining three tables

Joins chain. An order lives in orders, its line items in order_items, and each line item points at a book. To see what was actually in an order, you walk all three:

SELECT o.order_id, o.order_date, o.status, b.title, oi.quantity, oi.unit_price
FROM orders o
JOIN order_items oi ON oi.order_id = o.order_id
JOIN books b ON b.book_id = oi.book_id
WHERE o.order_id = 10
ORDER BY b.title;

 order_id | order_date |  status   |     title      | quantity | unit_price
----------+------------+-----------+----------------+----------+------------
       10 | 2024-11-02 | delivered | Book Title 215 |        1 |      33.43
       10 | 2024-11-02 | delivered | Book Title 313 |        3 |      15.26
       10 | 2024-11-02 | delivered | Book Title 515 |        1 |      14.76
       10 | 2024-11-02 | delivered | Book Title 586 |        2 |      51.12
(4 rows)

Read it as a pipeline. Start with orders, attach the matching line items, then attach the book each item names. Each JOIN adds one more table and one more ON rule. The database is free to execute them in whatever order it finds fastest — you describe the links, not the sequence. Notice that order 10 came back as four rows, one per line item, even though it’s a single order. Hold that thought; it’s the fan-out, and it’s coming up.

LEFT JOIN: keep the rows that don’t match

An inner join answers “where both sides exist.” Often you want “everything on the left, plus whatever matches on the right.” That’s a LEFT JOIN (short for LEFT OUTER JOIN). It keeps every row from the left table, and where the right side has no match it fills those columns with NULL.

Here’s a case where it matters. Not every author has written a Sci-Fi book. List authors alongside their Sci-Fi titles, keeping the authors who wrote none:

SELECT a.name, b.title, b.genre
FROM authors a
LEFT JOIN books b ON b.author_id = a.author_id AND b.genre = 'Sci-Fi'
WHERE a.author_id BETWEEN 6 AND 9
ORDER BY a.author_id, b.title;

   name   |     title      | genre
----------+----------------+--------
 Author 6 | Book Title 176 | Sci-Fi
 Author 6 | Book Title 332 | Sci-Fi
 Author 6 | Book Title 98  | Sci-Fi
 Author 7 | Book Title 470 | Sci-Fi
 Author 7 | Book Title 596 | Sci-Fi
 Author 8 |                |
 Author 9 | Book Title 398 | Sci-Fi
 Author 9 | Book Title 464 | Sci-Fi
(8 rows)

Author 8 wrote no Sci-Fi, so the right-hand columns come back blank — those are NULLs. An INNER JOIN would have dropped Author 8 entirely. That’s the whole distinction, and the row counts prove it. Across all 40 authors:

SELECT count(*) AS inner_rows
FROM authors a JOIN books b ON b.author_id = a.author_id AND b.genre = 'Sci-Fi';
SELECT count(*) AS left_rows
FROM authors a LEFT JOIN books b ON b.author_id = a.author_id AND b.genre = 'Sci-Fi';

 inner_rows
------------
        100

 left_rows
-----------
       104

The inner join returns 100 rows, one per Sci-Fi book. The left join returns 104: the same 100, plus one NULL-filled row for each of the four authors who wrote no Sci-Fi. LEFT JOIN is the tool whenever the question is “all of these, with their those if any.” All customers with their orders, all products with their reviews, all authors with their Sci-Fi. If you catch yourself wanting an inner join but worrying it’ll silently drop the rows you care about, you want a left join.

One subtlety trips people here: I put genre = 'Sci-Fi' in the ON clause, not in a WHERE. On a LEFT JOIN that placement is load-bearing. In the ON clause it filters what counts as a match while still keeping every left row. Moved to WHERE, it would run after the join and throw away the NULL rows, quietly turning your left join back into an inner join. This is the most common left-join bug, and it gets a proper treatment when we reach filtering on outer joins.

The fan-out trap

Now the one that costs people real money. A join matches rows, and when one left row matches several right rows, the left row is repeated once per match. That’s a one-to-many join, and the repetition is called fan-out. You already saw it: order 10 is a single order, but it has four line items, so joining the two produced four rows.

That’s fine when you’re listing line items — you want one row per item. It’s a disaster when you’re summing. Watch:

SELECT count(*) AS order_rows FROM orders WHERE order_id = 10;
SELECT count(*) AS joined_rows
FROM orders o JOIN order_items oi ON oi.order_id = o.order_id
WHERE o.order_id = 10;

 order_rows
------------
          1

 joined_rows
-------------
           4

One order became four rows the instant a to-many table joined in. Now imagine orders carried a shipping_fee and you summed it over this join: you’d charge the fee four times for one order. Any column that lives on the one side gets multiplied by the number of matches on the many side. The totals look plausible, nobody notices, and the report is wrong.

The fix isn’t a trick, it’s awareness of grain — how many rows one entity occupies in your result. After a join, ask: what does one row now represent? Here, one row is one line item, not one order. So a value that belongs to the order must be summed at the order grain, never across the fanned-out join. Aggregate the items first, or read the order’s own columns alone. We come back to this hard in the aggregation chapter, because sum over an accidental fan-out is the most common way a SQL report lies to you.

Final thoughts

A join is the relational model earning its keep: data split across tables, reassembled on demand by a shared key. INNER JOIN keeps only matched rows; LEFT JOIN keeps every left row and fills the misses with NULL; and joins chain, so three tables reassemble as readily as two. The one habit to build now is grain-awareness. The moment a to-many table enters a join, one entity can occupy many rows, and any sum you take had better account for it. Next we finish the join family: the outer joins from the other direction, the cross join, joining a table to itself, and the anti-join — which rows have no match at all?
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The Rest of the Joins: Right, Full, Cross, Self, and Anti


Inner and left joins cover most of the work, but they’re not the whole family. This chapter finishes it. There are the outer joins from the other direction, the cross join that pairs everything with everything, and the self-join that matches a table against itself. Then there’s the anti-join, which asks the opposite of every join so far: which rows have no match? Each is a small idea. Together they close out the join toolkit, so nothing you meet later feels unfamiliar.

RIGHT and FULL OUTER

A LEFT JOIN keeps every row from the left table. A RIGHT JOIN keeps every row from the right. That’s the entire difference, and it means RIGHT JOIN is just a LEFT JOIN written backwards — A RIGHT JOIN B is B LEFT JOIN A with the tables swapped. Because left is the one everyone reads fluently, most people simply never write a right join; they flip the table order and use left. Here it is on two scratch sets so you can see it keep the unmatched right value:

SELECT l.x AS left_x, r.x AS right_x
FROM (VALUES (1),(2),(3)) AS l(x)
RIGHT JOIN (VALUES (2),(3),(4)) AS r(x) ON l.x = r.x
ORDER BY coalesce(r.x, l.x);

 left_x | right_x
--------+---------
      2 |       2
      3 |       3
        |       4
(3 rows)

The 4 on the right had no partner on the left, and the right join kept it with a NULL left column. A FULL OUTER JOIN goes further: it keeps unmatched rows from both sides at once. That’s everything that matched, plus the left-only rows with NULL on the right, plus the right-only rows with NULL on the left:

SELECT l.x AS left_x, r.x AS right_x
FROM (VALUES (1),(2),(3)) AS l(x)
FULL OUTER JOIN (VALUES (2),(3),(4)) AS r(x) ON l.x = r.x
ORDER BY coalesce(l.x, r.x);

 left_x | right_x
--------+---------
      1 |
      2 |       2
      3 |       3
        |       4
(4 rows)

1 is left-only, 4 is right-only, 2 and 3 matched. FULL OUTER JOIN is what you reach for when reconciling two sets: you need to see both “in the left, missing on the right” and “in the right, missing on the left” in one pass. Comparing yesterday’s inventory against today’s, say. One portability note: MySQL has no FULL OUTER JOIN (and no plain RIGHT/LEFT limitation, but full is simply absent). The workaround there is a LEFT JOIN unioned with a RIGHT JOIN. Postgres, SQL Server, and Oracle support it directly.

CROSS JOIN: every pairing

A CROSS JOIN has no ON clause because it matches nothing conditionally — it pairs every left row with every right row. The result has left_count × right_count rows, which is why it’s also called the Cartesian product. Used deliberately it’s how you build a grid. Pairing two genres with three order statuses gives six combinations:

SELECT g.genre, s.status
FROM (VALUES ('Fiction'),('Poetry')) AS g(genre)
CROSS JOIN (VALUES ('placed'),('shipped'),('delivered')) AS s(status)
ORDER BY g.genre, s.status;

  genre  |  status
---------+-----------
 Fiction | delivered
 Fiction | placed
 Fiction | shipped
 Poetry  | delivered
 Poetry  | placed
 Poetry  | shipped
(6 rows)

Two rows times three rows is six. That scaling is the thing to respect. Cross-join the bookshop’s six genres with its five order statuses and you get 30 rows — harmless. But a cross join of two real tables multiplies their sizes: 600 books against 5,000 customers is three million rows. A CROSS JOIN you meant is a report scaffold. A CROSS JOIN you wrote by accident is a runaway query that fills the disk — usually from a forgotten ON clause, or two tables listed comma-separated with no join condition. If a query is suddenly returning far more rows than either table holds, a missing join condition is the first suspect.

Self-join: a table against itself

Nothing says the two sides of a join have to be different tables. Join a table to itself and you can relate its rows to each other. The trick is aliasing: name the table twice, and the two aliases behave like two independent tables. To find pairs of authors from the same country, join authors to authors:

SELECT a1.name AS author_a, a2.name AS author_b, a1.country
FROM authors a1
JOIN authors a2 ON a2.country = a1.country AND a2.author_id > a1.author_id
WHERE a1.country = 'UK'
ORDER BY a1.author_id, a2.author_id;

 author_a  | author_b  | country
-----------+-----------+---------
 Author 1  | Author 9  | UK
 Author 1  | Author 17 | UK
 Author 1  | Author 25 | UK
 Author 1  | Author 33 | UK
 Author 9  | Author 17 | UK
 Author 9  | Author 25 | UK
 Author 9  | Author 33 | UK
 Author 17 | Author 25 | UK
 Author 17 | Author 33 | UK
 Author 25 | Author 33 | UK
(10 rows)

Five UK authors produce ten pairs. The author_id > a1.author_id condition is doing real work. Without it you’d get every author paired with themselves (Author 1 / Author 1), and every pair listed twice in both orders (1, 9 and 9, 1). Requiring the second id to be strictly greater keeps one copy of each unordered pair and drops the self-pairs. Self-joins are the standard way to handle rows that relate to other rows in the same table: employees and their managers, parts and sub-parts, any hierarchy stored in one table with a pointer back to itself.

The anti-join: rows with no match

Every join so far finds rows that do match. The anti-join finds the rows that don’t — the customers with no order, the products never reviewed, the authors nobody’s read. It’s one of the most useful shapes in SQL and it has two idiomatic spellings.

One subtlety in the bookshop: every customer here has placed at least one order, and every book has been ordered. So “customers with no orders at all” returns nothing. A more interesting question does have answers: customers who have ordered but have never had an order reach delivered status. First, NOT EXISTS:

SELECT c.customer_id, c.name, c.city
FROM customers c
WHERE NOT EXISTS (
    SELECT 1 FROM orders o
    WHERE o.customer_id = c.customer_id AND o.status = 'delivered'
)
ORDER BY c.customer_id
LIMIT 5;

 customer_id |     name     |   city
-------------+--------------+----------
         110 | Customer 110 | London
         161 | Customer 161 | New York
         482 | Customer 482 | Toronto
         532 | Customer 532 | Toronto
         624 | Customer 624 | Mumbai
(5 rows)

There are 33 such customers in all. NOT EXISTS reads almost like English: keep a customer for whom there does not exist a delivered order. The inner SELECT 1 is a convention — EXISTS only cares whether the subquery yields any row, never what’s in it, so you select a constant.

The second spelling uses a LEFT JOIN and then filters for the NULLs. Recall that a left join keeps unmatched left rows with NULL on the right; the customers with no delivered order are exactly the ones whose joined order_id came back NULL:

SELECT c.customer_id, c.name, c.city
FROM customers c
LEFT JOIN orders o
       ON o.customer_id = c.customer_id AND o.status = 'delivered'
WHERE o.order_id IS NULL
ORDER BY c.customer_id
LIMIT 5;

 customer_id |     name     |   city
-------------+--------------+----------
         110 | Customer 110 | London
         161 | Customer 161 | New York
         482 | Customer 482 | Toronto
         532 | Customer 532 | Toronto
         624 | Customer 624 | Mumbai
(5 rows)

Identical rows, same 33 customers. This is the “anti-join via left join”: join, then keep only the misses by testing the right-side key IS NULL. Two things make it correct. First, the status filter sits in the ON clause. Put it in WHERE and it would discard the very rows you’re hunting, as the last chapter warned. Second, you test a right-side column that can’t legitimately be NULL — a primary key like order_id. A NULL there can only mean “no match,” never “matched a row that happened to hold NULL.”

Both forms are fine, and on modern Postgres they usually plan to the same thing. A third form you’ll see in older code, NOT IN (SELECT ...), is best avoided. If that subquery ever returns a single NULL, NOT IN returns no rows at all, silently. That’s a direct consequence of the three-valued logic from the NULL chapter. Prefer NOT EXISTS or the LEFT JOIN ... IS NULL pattern, both of which handle NULLs the way you’d expect.

Final thoughts

That’s the whole join family. RIGHT and FULL OUTER keep unmatched rows from the other side or both sides (mind that MySQL lacks full). CROSS JOIN pairs everything with everything and must be used on purpose, never by a forgotten ON. A self-join relates a table’s rows to each other through two aliases. And the anti-join — NOT EXISTS or LEFT JOIN ... IS NULL — finds the rows with no partner, which is often the most valuable question you can ask. With filtering, sorting, types, and the full join set in hand, you can assemble almost any result set. What you can’t yet do is summarize one — collapse many rows into a count, a total, an average. That’s next.
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Many Rows Into One: COUNT, GROUP BY, and the HAVING/WHERE Split


Everything so far has returned rows more or less as they sit in the tables — filtered, joined, sorted, but still one output row per underlying row. Aggregation is the first tool that fundamentally changes the shape of the answer. It takes many rows and collapses them into one summary: a count, a total, an average. This is the “describe the set” idea from the very first chapter made concrete. You don’t loop and accumulate; you name the summary you want and the grouping it applies to, and the database does the folding. This chapter is aggregates, GROUP BY, and the two clauses people most often confuse, HAVING and WHERE.

The five aggregates

An aggregate function takes a whole column’s worth of values and returns a single one. The five you’ll use constantly are count, sum, avg, min, and max. Applied with no grouping, they fold the entire table into one row:

SELECT count(*)                  AS line_items,
       sum(quantity)             AS units_sold,
       round(avg(unit_price), 2) AS avg_price,
       min(unit_price)           AS cheapest,
       max(unit_price)           AS priciest
FROM order_items;

 line_items | units_sold | avg_price | cheapest | priciest
------------+------------+-----------+----------+----------
     149942 |     299496 |     30.11 |     5.14 |    54.77

One row out of nearly 150,000. count(*) counted the rows, sum(quantity) added a column, avg/min/max summarized another. Note the round(avg(...), 2) — avg on a numeric column returns many decimal places, so wrapping it in round is normal housekeeping. And every one of these ignores NULLs — except count(*), which we’re about to pull apart. That’s a direct consequence of the NULL rules from earlier: a NULL isn’t a value, so it isn’t summed or averaged.

count(*) vs count(col) vs count(DISTINCT)

count has three forms and they answer three different questions. count(*) counts rows. count(column) counts rows where that column is not NULL. count(DISTINCT column) counts the distinct non-NULL values. On the authors table:

SELECT count(*)                   AS rows,
       count(country)             AS non_null,
       count(DISTINCT country)    AS distinct_countries
FROM authors;

 rows | non_null | distinct_countries
------+----------+--------------------
   40 |       40 |                  8

Here count(*) and count(country) agree at 40, because every author has a country on file. count(DISTINCT country) is 8: forty authors, but only eight countries between them. The count(*)-versus-count(col) gap only appears when the column has NULLs — and a left join is the easiest way to manufacture some. Recall the authors-and-Sci-Fi left join from two chapters back, where authors with no Sci-Fi book got a NULL:

SELECT count(*)         AS rows_returned,
       count(b.book_id) AS scifi_books,
       count(DISTINCT a.author_id) AS authors
FROM authors a
LEFT JOIN books b ON b.author_id = a.author_id AND b.genre = 'Sci-Fi';

 rows_returned | scifi_books | authors
---------------+-------------+---------
           104 |         100 |      40

Now the three diverge. count(*) is 104 (every row the join produced, including the four NULL ones). count(b.book_id) is 100 (it skips those four NULLs — there really are 100 Sci-Fi books). count(DISTINCT a.author_id) is 40 (all authors are represented). Picking the wrong form is a classic bug: count(*) where you meant count(DISTINCT customer_id) over-counts customers by however many orders each has placed.

GROUP BY: one summary per group

An aggregate over the whole table gives one number. Usually you want one number per category — revenue per genre, orders per status. GROUP BY partitions the rows into groups and runs the aggregate once per group. Revenue per genre, joining line items to books:

SELECT b.genre,
       count(*)                                AS line_items,
       sum(oi.quantity)                        AS units,
       round(sum(oi.quantity * oi.unit_price), 2) AS revenue
FROM order_items oi
JOIN books b ON b.book_id = oi.book_id
GROUP BY b.genre
ORDER BY revenue DESC;

   genre    | line_items | units |  revenue
------------+------------+-------+------------
 Sci-Fi     |      24991 | 50091 | 1567345.25
 History    |      24970 | 49756 | 1543230.51
 Children   |      24780 | 49533 | 1525966.72
 Nonfiction |      25411 | 50566 | 1504489.80
 Poetry     |      25060 | 50179 | 1485716.37
 Fiction    |      24730 | 49371 | 1390433.23
(6 rows)

Six groups, six summary rows, sorted by revenue. Read the query as: partition the joined rows by genre, and within each partition count the line items, sum the quantities, and total the money. The spread is realistic because the corrected seed spreads orders across all 600 books — no single genre dominates. A simpler grouping, orders by status:

SELECT status, count(*) AS orders
FROM orders
GROUP BY status
ORDER BY orders DESC;

  status   | orders
-----------+--------
 delivered |  24944
 returned  |  10161
 shipped   |  10039
 placed    |   9815
 cancelled |   5041
(5 rows)

The rule GROUP BY enforces

Here’s the rule that catches everyone at least once: every column in the SELECT list must either be inside an aggregate or named in the GROUP BY. There is no other option, and Postgres refuses queries that break it:

SELECT genre, title, count(*) FROM books GROUP BY genre;

ERROR:  column "books.title" must appear in the GROUP BY clause
        or be used in an aggregate function

The error is logical, not fussy. You’ve asked to collapse 100 books per genre into one row — but which of the 100 title values should that one row show? The question has no answer, so the database rejects it rather than pick arbitrarily. Either aggregate the column (min(title), count(DISTINCT title)) or add it to the GROUP BY (which makes finer groups). MySQL historically let this slide and returned a random title from the group, a footgun so notorious that modern MySQL defaults to the strict behavior too. Postgres was never lenient here, and you should be glad.

HAVING vs WHERE

Once you’re grouping, you often want to filter — but filter what? There are two moments to filter, and they are not interchangeable. WHERE filters rows, before grouping. HAVING filters groups, after aggregating. The tell is simple: if your condition mentions an aggregate, it must be HAVING, because the aggregate doesn’t exist yet when WHERE runs.

Genres whose average price exceeds 30 is a per-group condition on an aggregate, so it’s HAVING:

SELECT genre, round(avg(price), 2) AS avg_price, count(*) AS n
FROM books
GROUP BY genre
HAVING avg(price) > 30
ORDER BY avg_price DESC;

  genre   | avg_price |  n
----------+-----------+-----
 Sci-Fi   |     31.33 | 100
 History  |     31.05 | 100
 Children |     30.75 | 100

Three of the six genres clear the bar. You could not write this with WHERE avg(price) > 30 — that’s an error, because WHERE is evaluated per row, before any average has been computed. The two clauses cooperate rather than compete: WHERE narrows the rows that go into the groups, HAVING narrows the groups that come out. A query that filters to recent books, groups by genre, and keeps only the busy genres uses both. WHERE published >= '2020-01-01' narrows the rows; HAVING count(*) > 5 narrows the groups. Each does its job at its own stage. Reach for WHERE whenever the condition is about individual rows; it’s cheaper, because it shrinks the data before the grouping work.

FILTER: conditional aggregates in one pass

Sometimes you want several differently-filtered counts in one row — total orders, and how many were delivered, and how many cancelled, side by side. Postgres has a clean tool for this: the FILTER (WHERE ...) clause on an aggregate. Each aggregate gets its own row filter, all in a single scan:

SELECT count(*)                                          AS total_orders,
       count(*) FILTER (WHERE status = 'delivered')      AS delivered,
       count(*) FILTER (WHERE status = 'cancelled')      AS cancelled,
       round(100.0 * count(*) FILTER (WHERE status = 'returned')
             / count(*), 1)                              AS pct_returned
FROM orders;

 total_orders | delivered | cancelled | pct_returned
--------------+-----------+-----------+--------------
        60000 |     24944 |      5041 |         16.9

One pass over orders, four different summaries. Notice the percentage uses 100.0 * ... / count(*) with a decimal literal — that’s the integer-division trap from the types chapter, sidestepped by making one operand non-integer so the division stays fractional. FILTER is the readable way to build these breakdown reports; the older portable trick is sum(CASE WHEN status = 'delivered' THEN 1 ELSE 0 END), which does the same thing more verbosely and works everywhere. FILTER is standard SQL, supported by Postgres and SQLite; MySQL doesn’t have it, so there you fall back to the CASE form.

Putting it together: top authors by revenue

One query to tie the chapter together. Which authors earned the most? That’s a three-table join (line items to books to authors), grouped by author, summed, and sorted:

SELECT a.name,
       count(DISTINCT b.book_id)                AS titles,
       round(sum(oi.quantity * oi.unit_price), 2) AS revenue
FROM order_items oi
JOIN books b   ON b.book_id = oi.book_id
JOIN authors a ON a.author_id = b.author_id
GROUP BY a.author_id, a.name
ORDER BY revenue DESC
LIMIT 8;

   name    | titles |  revenue
-----------+--------+-----------
 Author 15 |     23 | 401290.12
 Author 38 |     22 | 371682.05
 Author 11 |     21 | 347047.70
 Author 34 |     21 | 326048.98
 Author 23 |     20 | 308125.44
 Author 7  |     19 | 303550.91
 Author 20 |     19 | 275812.06
 Author 5  |     18 | 275519.56

Two details earn their place. GROUP BY a.author_id, a.name groups by the id (the thing that’s actually unique) and carries name along so it can appear in the select list without tripping the GROUP-BY rule. And count(DISTINCT b.book_id) counts each author’s titles once despite the fan-out. The join repeats a book’s row for every order it appears in, so a plain count(*) would report order-line counts, not titles. That DISTINCT is grain-awareness from the joins chapter, applied.

Final thoughts

Aggregation is where SQL stops handing you rows and starts handing you answers. The five functions fold a column to a scalar; GROUP BY folds it once per category; HAVING filters the folded groups while WHERE filters the rows before they’re folded; and FILTER lets one query carry several conditional summaries at once. The rules that feel like nagging are all the same principle: an aggregate row has to have a well-defined answer for every column it shows. Every select column grouped or aggregated; DISTINCT to undo a fan-out; HAVING for aggregate conditions. Next we let a query’s result feed another query, which is how you ask questions that aggregation alone can’t reach.
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A Query Inside a Query: Subqueries and the NOT IN Trap


Every query so far has been flat: name some tables, filter, group, done. But sometimes the value you want to filter by is itself the answer to a query. “Books priced above the average” needs the average first, and the average is a query. A subquery is a SELECT nested inside another statement. It turns “I need a number I don’t know yet” into a single sentence the database resolves in one pass.

There are a few shapes of subquery, and they behave differently enough to be worth taking one at a time. We’ll end on the one that bites everyone at least once: NOT IN against a set that hides a NULL.

Scalar subqueries: a query that returns one value

The simplest subquery returns exactly one row and one column, so it stands in wherever a single value is allowed. The average book price is one number:

SELECT round(avg(price), 2) AS avg_price FROM books;

 avg_price
-----------
     30.13

Drop that query into a WHERE clause and you can ask which books beat it, without ever typing 30.13 yourself:

SELECT count(*) AS above_avg
FROM books
WHERE price > (SELECT avg(price) FROM books);

 above_avg
-----------
       298

The inner SELECT runs, produces 30.13, and the outer query compares each book’s price against it. The point isn’t just brevity. If a price changes tomorrow the query stays correct, because it recomputes the average every time it runs. Hard-coding 30.13 would rot the moment the data moved.

A scalar subquery can also sit in the SELECT list, producing a computed column:

SELECT a.name,
       (SELECT count(*) FROM books b WHERE b.author_id = a.author_id) AS books
FROM authors a
ORDER BY books DESC
LIMIT 5;

   name    | books
-----------+-------
 Author 21 |    26
 Author 15 |    23
 Author 38 |    22
 Author 11 |    21
 Author 34 |    21

That inner query mentions a.author_id, a column from the outer query. That makes it a correlated subquery, which we’ll come back to. If a scalar subquery ever returns more than one row, Postgres raises an error rather than guessing which one you meant.

Subqueries in FROM: derived tables

A subquery can also stand in for a whole table in the FROM clause. The result set of the inner query becomes a temporary table, a derived table, that the outer query reads from. It must be given an alias.

Say you want per-genre averages, but only the genres that average above 30:

SELECT genre, avg_price
FROM (
    SELECT genre, round(avg(price), 2) AS avg_price
    FROM books
    GROUP BY genre
) AS g
WHERE avg_price > 30
ORDER BY avg_price DESC;

  genre   | avg_price
----------+-----------
 Sci-Fi   |     31.33
 History  |     31.05
 Children |     30.75

You cannot filter on avg_price in a plain WHERE — that’s what HAVING was for. But once the aggregation is wrapped in a derived table, avg_price is just an ordinary column of g, and the outer WHERE filters it like any other. Derived tables are how you stack one transformation on top of another.

IN and EXISTS: does the row have a match?

Often the question is membership: is this row’s key in some set of interest? Two tools answer that, and the difference between them matters more than it first appears.

IN compares a value against the list of values a subquery returns. How many books were written by authors from Japan?

SELECT count(*)
FROM books
WHERE author_id IN (SELECT author_id FROM authors WHERE country = 'Japan');

 count
-------
    71

EXISTS is subtly different. It doesn’t collect values; it asks whether the subquery produces any row at all, and stops at the first one. Because of that it’s usually written EXISTS (SELECT 1 FROM ...) — the 1 is a placeholder, since the actual value is never used. Which authors have at least one book?

SELECT count(*)
FROM authors a
WHERE EXISTS (SELECT 1 FROM books b WHERE b.author_id = a.author_id);

 count
-------
    40

All 40 authors do. The inner query references a.author_id, so it is correlated: it re-runs conceptually once per outer row, checking that this author has a book. EXISTS is the natural fit for “has a related row,” and it short-circuits, which can make it faster than the equivalent IN.

Correlated subqueries: once per outer row

A correlated subquery is one that depends on the current outer row, so it can’t be computed once up front. It runs, in the logical model, for every row the outer query considers. That makes it expressive and potentially expensive.

A good use: books priced above the average for their own genre, not the global average.

SELECT title, genre, price
FROM books b
WHERE price > (SELECT avg(price) FROM books b2 WHERE b2.genre = b.genre)
ORDER BY genre, price DESC
LIMIT 6;

     title      |  genre   | price
----------------+----------+-------
 Book Title 88  | Children | 54.57
 Book Title 484 | Children | 54.56
 Book Title 346 | Children | 53.92
 Book Title 166 | Children | 53.36
 Book Title 232 | Children | 53.19
 Book Title 292 | Children | 53.05

For each book, the inner query recomputes the average price of that book’s genre and compares. Across the whole table that’s 304 books above their genre line. The correlation (b2.genre = b.genre) is what makes “its own genre” possible in a single statement.

The anti-join, and the NOT IN trap

A common question is the negative one: which rows have no match? “Customers who have never had an order delivered.” All 5,000 of our customers have ordered something, but reaching delivered is a separate matter. NOT EXISTS states it directly — keep the outer row when the subquery finds nothing:

SELECT count(*) AS never_delivered
FROM customers c
WHERE NOT EXISTS (SELECT 1 FROM orders o
                  WHERE o.customer_id = c.customer_id AND o.status = 'delivered');

 never_delivered
-----------------
              33

33 customers have placed orders but never seen one reach delivered. This shape (a SELECT 1 ... WHERE NOT EXISTS) is the anti-join, and it’s one of the most useful patterns in SQL.

The obvious-looking alternative is NOT IN, and on data with no NULLs it agrees:

SELECT count(*) AS never_delivered
FROM customers
WHERE customer_id NOT IN (SELECT customer_id FROM orders WHERE status = 'delivered');

 never_delivered
-----------------
              33

Same 33 — because orders.customer_id is never NULL. Now watch what a single NULL does. Here I splice one into the subquery to simulate a nullable column:

SELECT count(*) AS never_delivered
FROM customers
WHERE customer_id NOT IN (SELECT customer_id FROM orders WHERE status = 'delivered'
                          UNION ALL SELECT NULL);

 never_delivered
-----------------
               0

Zero. Every customer vanished, silently. You can see the mechanism stripped to its bones with an inline list:

SELECT 'row returned' AS result WHERE 3 NOT IN (1, 2, NULL);

 result
--------
(0 rows)

3 NOT IN (1, 2, NULL) expands to 3 <> 1 AND 3 <> 2 AND 3 <> NULL. The first two are TRUE, but 3 <> NULL is UNKNOWN, and TRUE AND TRUE AND UNKNOWN is UNKNOWN, never TRUE. So no row qualifies. NOT IN doesn’t error; it just returns nothing. That is the worst kind of bug: a query that runs green and answers wrong. Drop the NULL and the row returns:

SELECT 'row returned' AS result WHERE 3 NOT IN (1, 2);

    result
--------------
 row returned

NOT EXISTS is immune, because it tests for the presence of a matching row rather than comparing against a list of values. It stayed at 33 with the spliced NULL in play, and it stays there no matter how many NULLs hide in the subquery. The rule to carry: use NOT EXISTS for anti-joins, not NOT IN, unless you can guarantee the subquery column is never null. (MySQL and SQLite share this exact NULL behavior — it’s standard SQL, not a Postgres quirk.)

Final thoughts

A subquery lets one query supply a value, a table, or a yes/no to another. Scalar subqueries stand in for a single value; derived tables stand in for a whole table in FROM; IN and EXISTS answer membership; and correlated subqueries run per outer row when the inner question depends on the outer one. The one hazard worth memorizing is NOT IN over a nullable set: a lone NULL collapses the result to nothing, without complaint, and NOT EXISTS is the fix. Next we stop nesting queries and start stacking their results, combining whole result sets with the set operators.
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Stacking Result Sets: UNION, INTERSECT, and EXCEPT


Joins glue tables together sideways, matching rows by a shared key to make wider rows. Set operators do something different: they stack the results of two queries vertically, one result set on top of another, and then apply set logic to the combined pile. If a join answers “what goes with what,” a set operator answers “what’s in both of these lists, or in one but not the other.” The relational model is built on sets, and these three operators (UNION, INTERSECT, EXCEPT) are that idea made literal.

The lining-up rule

Because you’re stacking result sets, the two queries have to produce the same shape. Same number of columns, in the same order, with compatible types. Break either rule and Postgres refuses before it runs anything.

Wrong column count:

SELECT genre FROM books
UNION
SELECT genre, price FROM books;

ERROR:  each UNION query must have the same number of columns

Incompatible types (text stacked on numeric):

SELECT genre FROM books
UNION
SELECT price FROM books;

ERROR:  UNION types text and numeric cannot be matched

The output column names come from the first query. The second query’s names are ignored; only its values are stacked. So design the first SELECT to carry the labels you want.

UNION versus UNION ALL

UNION combines two result sets and removes duplicates, returning the distinct set of rows across both. UNION ALL combines them and keeps every row, duplicates and all. That one word is the whole difference, and it has both a correctness and a performance dimension.

Take two lists of genres: genres that have at least one cheap book, and genres that have at least one expensive book.

SELECT genre FROM books WHERE price < 25
UNION ALL
SELECT genre FROM books WHERE price > 45;

Each side returns one row per matching book, so this pile is large and full of repeats. Count it:

SELECT count(*) FROM (
    SELECT genre FROM books WHERE price < 25
    UNION ALL
    SELECT genre FROM books WHERE price > 45
) t;

 count
-------
   359

359 rows. Now swap UNION ALL for plain UNION:

SELECT count(*) FROM (
    SELECT genre FROM books WHERE price < 25
    UNION
    SELECT genre FROM books WHERE price > 45
) t;

 count
-------
     6

Six. Every genre has both cheap and expensive books, so the distinct set is just the six genres. The 359 collapsed to 6 because UNION deduplicated.

That dedup isn’t free. To remove duplicates the database has to hash or sort the entire combined result, then compare rows. UNION ALL just concatenates and streams. You can see the extra work in the query plan. EXPLAIN ANALYZE shows the UNION ALL version as a bare Append over the two scans. The plain UNION wraps that same Append in a HashAggregate step whose sole job is to collapse the 359 rows to 6.

UNION ALL:  Append ...                     Execution Time: 0.257 ms
UNION:      HashAggregate (Group Key: genre)
              -> Append ...                Execution Time: 0.340 ms

Both finish in well under a millisecond on this tiny, fully-cached table, so don’t read too much into the absolute numbers. But the UNION is consistently slower, and the gap widens with row count, because the dedup has to process every row. The rule of thumb writes itself: if you know the two sides can’t overlap, or you don’t care about duplicates, use UNION ALL. Reach for plain UNION only when you actually need the dedup, and know you’re paying a sort for it.

INTERSECT: rows in both

INTERSECT returns only the rows that appear in both result sets, deduplicated. It’s the overlap. A useful question in the shop: which customers have both returned an order and cancelled one? Two separate queries, one per behavior, intersected.

First, the sizes of each group:

SELECT count(*) FROM (SELECT DISTINCT customer_id FROM orders WHERE status='returned') t;   -- 4318
SELECT count(*) FROM (SELECT DISTINCT customer_id FROM orders WHERE status='cancelled') t;  -- 3163

Now the intersection:

SELECT count(*) FROM (
    SELECT customer_id FROM orders WHERE status = 'returned'
    INTERSECT
    SELECT customer_id FROM orders WHERE status = 'cancelled'
) t;

 count
-------
  2706

2,706 customers have done both. Note that each side has duplicate customer_ids (a customer can have many returned orders), but INTERSECT, like UNION, returns distinct rows, so the result counts each customer once. Peek at a few:

SELECT customer_id FROM orders WHERE status = 'returned'
INTERSECT
SELECT customer_id FROM orders WHERE status = 'cancelled'
ORDER BY customer_id
LIMIT 5;

 customer_id
-------------
           1
           2
           3
           4
           6

EXCEPT: rows in the first but not the second

EXCEPT returns the rows in the first result set that do not appear in the second, deduplicated. It’s set subtraction, and order matters: A EXCEPT B is not B EXCEPT A. Which customers have returned an order but never cancelled one?

SELECT count(*) FROM (
    SELECT customer_id FROM orders WHERE status = 'returned'
    EXCEPT
    SELECT customer_id FROM orders WHERE status = 'cancelled'
) t;

 count
-------
  1612

The arithmetic checks out: 4,318 customers returned something, 2,706 of them also cancelled, and 4,318 − 2,706 = 1,612 returned-but-never-cancelled. EXCEPT is the readable way to express “in this group but not that one.” When both sides are full queries, it’s a clean alternative to the NOT EXISTS anti-join from the last chapter. (One portability note: MySQL only gained INTERSECT and EXCEPT in version 8.0.31; older MySQL has neither, and you fall back to joins or NOT EXISTS. Postgres and SQLite have had all three for years.)

Like UNION, both INTERSECT and EXCEPT have ALL variants that keep duplicates and follow multiset rules, but you’ll reach for those far less often than the plain, deduplicating forms.

ORDER BY sorts the whole result

One clause trips people up: where does ORDER BY go? It belongs to the combined result, not to either branch, so it appears once, at the very end, after the last query. Sorting the whole stacked set:

SELECT genre, price FROM books WHERE price < 25
UNION ALL
SELECT genre, price FROM books WHERE price > 54
ORDER BY price DESC
LIMIT 5;

   genre    | price
------------+-------
 Sci-Fi     | 54.77
 Poetry     | 54.59
 Children   | 54.57
 Children   | 54.56
 Nonfiction | 54.50

The ORDER BY and LIMIT apply to the merged output of both branches, not to the second SELECT alone. Say you genuinely need to sort or limit one branch before combining — a “top 3 from each.” Wrap that branch in a subquery with its own ORDER BY/LIMIT, then set-operate on the results.

Final thoughts

Set operators stack query results and reason about them as sets. UNION merges and dedups, UNION ALL merges and keeps everything (and skips the sort, so it’s faster), INTERSECT gives the overlap, and EXCEPT gives the difference in one direction. The lining-up rule is what makes two queries stackable: same column count, compatible types, names from the first query. A single trailing ORDER BY sorts the whole result. That closes out reading data. Everything so far has only looked. Next we start changing it, carefully, in a scratch schema, because writes are where a stray keystroke costs you a table.
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Putting Rows In and Taking Them Out: INSERT, UPDATE, DELETE


Every query so far has been read-only. Now we change data, and the stakes go up: a bad SELECT wastes a second, a bad UPDATE rewrites ten thousand rows. To keep the bookshop’s real tables intact, everything in this chapter runs in a throwaway scratch schema. That’s a good habit anyway. When you’re about to write, rehearse somewhere it doesn’t matter.

CREATE SCHEMA IF NOT EXISTS scratch;

CREATE TABLE scratch.demo_books (
    book_id  integer GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
    title    text NOT NULL,
    genre    text,
    price    numeric(6,2) NOT NULL
);

book_id is an identity column: the database assigns it, counting up, so we never supply it. More on that next chapter.

INSERT: one row, or many

INSERT adds rows. The basic form names the columns you’re providing and lists the values:

INSERT INTO scratch.demo_books (title, genre, price)
VALUES ('The Well-Grounded Rowid', 'Nonfiction', 39.00);

INSERT 0 1

That tag is Postgres’s receipt: INSERT 0 1 means one row inserted. (The 0 is a legacy OID field, effectively always zero now; read the last number.) You can insert several rows in one statement by listing more tuples. That’s both less typing and much faster than one statement per row:

INSERT INTO scratch.demo_books (title, genre, price) VALUES
    ('Set Theory for Cats', 'Sci-Fi', 24.50),
    ('The NULL Also Rises', 'Fiction', 31.00),
    ('A Tale of Two Commits', 'History', 44.99);

INSERT 0 3

Three rows, one round trip. Notice we never mentioned book_id; the identity column filled itself in as 1 through 4.

RETURNING: get the generated values back

Here’s a problem the identity column creates: you just inserted a row, but you don’t know the id the database picked. RETURNING solves it. Tack it onto an INSERT and the statement hands back columns from the rows it just wrote, generated values included:

INSERT INTO scratch.demo_books (title, genre, price)
VALUES ('Joins and the Art of Motorcycle Maintenance', 'Nonfiction', 28.00)
RETURNING book_id, title;

 book_id |                    title
---------+---------------------------------------------
       5 | Joins and the Art of Motorcycle Maintenance

The database assigned book_id = 5 and told us in the same round trip. This is how application code learns the primary key of a row it just created, without a second query to go look it up. RETURNING works on UPDATE and DELETE too, and it’s a Postgres strength; MySQL has no direct equivalent (you call LAST_INSERT_ID() afterward).

UPDATE: change rows that match

UPDATE changes columns in existing rows. The SET clause says what to change; the WHERE clause says which rows. Give every Nonfiction title a 10% price bump:

UPDATE scratch.demo_books
SET price = price * 1.10
WHERE genre = 'Nonfiction';

UPDATE 2

UPDATE 2 — two rows matched and changed. The new price can reference the old one (price = price * 1.10), because SET sees each row’s current values. And RETURNING shows you exactly what you changed:

UPDATE scratch.demo_books SET price = 49.99
WHERE book_id = 4
RETURNING book_id, title, price;

 book_id |         title         | price
---------+-----------------------+-------
       4 | A Tale of Two Commits | 49.99

DELETE: remove rows that match

DELETE removes whole rows. Same idea: WHERE picks them.

DELETE FROM scratch.demo_books WHERE genre = 'Sci-Fi';

DELETE 1

One row gone. There is no partial delete; a row either survives or it doesn’t. Which is exactly why the next section exists.

The missing WHERE

The single most expensive mistake in SQL is an UPDATE or DELETE that forgets its WHERE. Without it, the statement applies to every row in the table. There’s no confirmation prompt and no “are you sure.” It just does what you said. Watch, safely, in scratch:

UPDATE scratch.demo_books SET genre = 'CLEARANCE';

UPDATE 4

UPDATE 4 — every remaining row rewritten in one statement:

SELECT book_id, title, genre FROM scratch.demo_books ORDER BY book_id;

 book_id |                    title                    |   genre
---------+---------------------------------------------+-----------
       1 | The Well-Grounded Rowid                     | CLEARANCE
       3 | The NULL Also Rises                         | CLEARANCE
       4 | A Tale of Two Commits                       | CLEARANCE
       5 | Joins and the Art of Motorcycle Maintenance | CLEARANCE

Every genre, gone, replaced. On a real 600-row books table that’s the whole catalog mislabeled; on a million rows it’s a very bad afternoon. The row-count in the tag is your early warning: if you expected to touch 2 rows and the tag says UPDATE 60000, you left off a WHERE. Two habits protect you. Run the same WHERE as a SELECT first to see what it matches, and wrap risky writes in a transaction so you can ROLLBACK (the finale of this series). Some people even run psql in a mode that refuses a WHERE-less update.

ON CONFLICT: the upsert

A common need: insert a row, but if one with the same key already exists, update it instead. Doing that with a SELECT then a branch is racy and clumsy. Postgres folds it into one atomic statement with INSERT ... ON CONFLICT. Here’s a small inventory table keyed by SKU:

CREATE TABLE scratch.inventory (
    sku   text PRIMARY KEY,
    title text NOT NULL,
    stock integer NOT NULL
);
INSERT INTO scratch.inventory VALUES
    ('BK-323', 'The Comprehensive Index', 5),
    ('BK-536', 'Vacuum of the Query Planner', 8);

Now a restock that mixes an existing SKU with a brand-new one:

INSERT INTO scratch.inventory (sku, title, stock) VALUES
    ('BK-323', 'The Comprehensive Index', 10),
    ('BK-777', 'Refactoring the WHERE Clause', 3)
ON CONFLICT (sku) DO UPDATE
    SET stock = scratch.inventory.stock + EXCLUDED.stock
RETURNING sku, stock;

  sku   | stock
--------+-------
 BK-323 |    15
 BK-777 |     3

Read the mechanism. ON CONFLICT (sku) names the unique column to watch. For BK-777, no conflict, so it’s a plain insert at stock 3. For BK-323, a row already exists, so instead of failing on the duplicate key, the DO UPDATE runs. It sets stock to the existing value (scratch.inventory.stock, 5) plus the value we tried to insert (EXCLUDED.stock, 10), giving 15. EXCLUDED is the special alias for “the row that would have been inserted.” The table afterward:

  sku   |            title             | stock
--------+------------------------------+-------
 BK-323 | The Comprehensive Index      |    15
 BK-536 | Vacuum of the Query Planner  |     8
 BK-777 | Refactoring the WHERE Clause |     3

One statement, two behaviors, no race. That pattern (SQLite spells it the same way; MySQL uses ON DUPLICATE KEY UPDATE) is the standard way to make a load idempotent: run it twice and the second run updates rather than duplicates.

Final thoughts

Three verbs change data. INSERT adds rows, UPDATE and DELETE change and remove the ones their WHERE selects, RETURNING hands back what the database generated, and ON CONFLICT turns insert-or-update into one clean statement. The row-count tag on every write is your receipt and your alarm; read it. And the lesson under all of it: writes have no undo button outside a transaction, so the WHERE clause is not a detail, it’s the guardrail. Next we design the table itself, and the constraints that stop bad data from getting in at all.
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Shape and Guardrails: CREATE TABLE and the Constraints That Say No


Every chapter so far has worked inside tables that already existed: reading rows, filtering them, changing them. This one builds the table. The statements that create and alter structure are DDL — Data Definition Language — as opposed to the SELECT/INSERT/UPDATE DML you’ve been writing. And DDL is where you get to be strict. A table isn’t just a place to put data; it’s a set of promises about what the data is allowed to be. Those promises are called constraints, and their whole job is to reject bad rows before they ever land. A price can’t be negative, an ISBN can’t repeat, a book can’t point at an author who doesn’t exist. You declare each rule once, and the database enforces it forever — on every write, no matter which application or careless script is doing the writing.

Everything here runs in the scratch schema again, because DDL is even less reversible than DML: drop a column and its data is gone.

CREATE TABLE, with types

A table declaration names each column and gives it a type. The type is the first constraint: it decides what values the column can hold at all. Here’s a small catalog, with a parent table for its authors:

CREATE TABLE scratch.writers (
    writer_id integer GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
    name      text NOT NULL
);

CREATE TABLE scratch.catalog (
    book_id   integer GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
    isbn      text UNIQUE NOT NULL,
    title     text NOT NULL,
    genre     text DEFAULT 'Uncategorized',
    price     numeric(6,2) NOT NULL CHECK (price >= 0),
    writer_id integer NOT NULL REFERENCES scratch.writers(writer_id)
);

That one catalog statement carries every constraint this chapter covers. The types are the ones from the data-types chapter: integer for whole numbers, text for strings, and numeric(6,2) for exact money (up to six digits, two after the point). We’ll add a boolean later. Choosing types well is the quiet half of schema design: numeric not float for money, text not varchar(255) for strings in Postgres. The loud half is the constraints, so let’s trigger each one.

PRIMARY KEY and identity columns

PRIMARY KEY marks the column that uniquely identifies a row. It’s really two constraints in a trench coat: UNIQUE plus NOT NULL. Every table should have one.

GENERATED ALWAYS AS IDENTITY says the database assigns this value — you never supply book_id, it counts up on its own. This is the modern SQL-standard replacement for Postgres’s old serial; prefer it. (MySQL spells the same idea AUTO_INCREMENT; SQLite uses an INTEGER PRIMARY KEY.) Insert a row and omit the key entirely:

INSERT INTO scratch.writers (name) VALUES ('Ursula K. Le Guin'), ('Terry Pratchett');

INSERT INTO scratch.catalog (isbn, title, price, writer_id)
VALUES ('978-0-441-01359', 'A Wizard of Earthsea', 15.99, 1)
RETURNING book_id, title, genre;

 book_id |        title         |     genre
---------+----------------------+---------------
       1 | A Wizard of Earthsea | Uncategorized
(1 row)

Two things happened without our asking. book_id came back as 1 (the identity column filled itself), and genre came back as Uncategorized even though we never mentioned it. That second one is the DEFAULT at work.

DEFAULT: a value when you don’t supply one

DEFAULT 'Uncategorized' gives genre a value for any insert that leaves it out. Defaults are how you keep a column NOT NULL without forcing every caller to spell out a value they don’t care about — a created_at timestamptz DEFAULT now() is the classic. The row above proves it: no genre supplied, Uncategorized stored.

NOT NULL, UNIQUE, CHECK: three ways to reject a row

The point of a constraint is what it refuses. The honest way to show one is to violate it and read the error. Postgres names the constraint in the message, which is exactly what you want at 2am.

NOT NULL rejects a missing value. title is NOT NULL, so:

INSERT INTO scratch.catalog (isbn, title, price, writer_id)
VALUES ('978-0-06-085397', NULL, 9.99, 2);

ERROR:  null value in column "title" of relation "catalog" violates not-null constraint
DETAIL:  Failing row contains (3, 978-0-06-085397, null, Uncategorized, 9.99, 2).

UNIQUE rejects a duplicate. isbn is UNIQUE, and we already stored 978-0-441-01359:

INSERT INTO scratch.catalog (isbn, title, price, writer_id)
VALUES ('978-0-441-01359', 'A Wizard of Earthsea (reprint)', 16.99, 1);

ERROR:  duplicate key value violates unique constraint "catalog_isbn_key"
DETAIL:  Key (isbn)=(978-0-441-01359) already exists.

CHECK rejects a value that fails a boolean test you wrote. CHECK (price >= 0) forbids a negative price:

INSERT INTO scratch.catalog (isbn, title, price, writer_id)
VALUES ('978-0-06-085397', 'Free Book', -5.00, 2);

ERROR:  new row for relation "catalog" violates check constraint "catalog_price_check"
DETAIL:  Failing row contains (4, 978-0-06-085397, Free Book, Uncategorized, -5.00, 2).

Three different guardrails, three different errors, all raised before the row was stored. A CHECK can be any expression over the row’s own columns — CHECK (price >= 0), CHECK (discount <= price), CHECK (status IN ('draft','live')) — and it runs on every insert and update. (One portability note: MySQL silently ignored CHECK until version 8.0.16; Postgres and SQLite have enforced it for years.)

FOREIGN KEY: the constraint that spans two tables

The other four constraints police a single row. A foreign key polices the relationship between tables. writer_id integer NOT NULL REFERENCES scratch.writers(writer_id) says every catalog.writer_id must match a real writers.writer_id. It fails in both directions.

Insert a book pointing at a writer who doesn’t exist:

INSERT INTO scratch.catalog (isbn, title, price, writer_id)
VALUES ('978-0-06-085397', 'Ghostwritten', 12.00, 99);

ERROR:  insert or update on table "catalog" violates foreign key constraint "catalog_writer_id_fkey"
DETAIL:  Key (writer_id)=(99) is not present in table "writers".

And, the other direction, try to delete a writer while a book still points at them:

DELETE FROM scratch.writers WHERE writer_id = 1;

ERROR:  update or delete on table "writers" violates foreign key constraint "catalog_writer_id_fkey" on table "catalog"
DETAIL:  Key (writer_id)=(1) is still referenced from table "catalog".

This is referential integrity: the database will not let you create a dangling pointer, and it will not let you orphan a child row by removing its parent. That guarantee is why the relational model can trust its joins — a foreign key is a promise, kept by the engine, that the thing on the other end is really there. (You can tell it what to do on parent deletion — ON DELETE CASCADE to remove the children too, ON DELETE SET NULL to blank the pointer — but the safe default, shown here, is to refuse. And a caution for SQLite users: foreign keys are off by default there, silently unenforced until you run PRAGMA foreign_keys = ON.)

ALTER TABLE, and the identity gap

Schemas change. ALTER TABLE reshapes an existing one without rebuilding it. The common move is adding a column, with a default so existing rows get a value:

ALTER TABLE scratch.catalog ADD COLUMN in_print boolean NOT NULL DEFAULT true;

INSERT INTO scratch.catalog (isbn, title, genre, price, writer_id)
VALUES ('978-0-06-102072', 'Small Gods', 'Fiction', 14.50, 2)
RETURNING book_id, title, in_print;

 book_id |   title    | in_print
---------+------------+----------
       6 | Small Gods |    t
(1 row)

Look at that book_id: 6, not 2. We’ve only stored two rows successfully, yet the identity counter is at 6. The four failed inserts above each grabbed a number (2, 3, 4, 5) before the constraint rejected them, and an identity sequence never gives a number back. This is by design and worth internalizing early: identity values are unique and increasing, but not gap-free. Never assume they’re contiguous, never use count(*) to guess the next id, and don’t panic when you see holes — a rolled-back transaction or a rejected insert is all it takes.

Final thoughts

DDL is where you decide what your data is allowed to be, and constraints are how you enforce it without writing a line of application code. A PRIMARY KEY identifies a row; NOT NULL demands a value; UNIQUE forbids repeats; CHECK enforces a rule you invent; DEFAULT supplies a value when the caller won’t; and a FOREIGN KEY guarantees that a reference points at something real. Each one turns a class of bad data into an error at the door instead of a corrupt row you discover months later. Declare the rules once, in the schema, and every writer that ever touches the table inherits them. But there’s one guarantee constraints alone can’t give you: that a group of statements either all happen or none do. A transfer that debits one account and credits another has to be all-or-nothing, and that’s the last idea in this series.
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All of It, or None of It: Transactions and the ROLLBACK That Saves You


Here is the problem no single statement can solve. Move $30 from Alice to Bob and it takes two UPDATEs: subtract from one account, add to the other. Now imagine the database dies, or hits an error, or the power fails, in the gap between them. Alice is down $30 and Bob never got it. The money evaporated. No amount of careful SQL in either statement prevents this, because the danger lives between them.

A transaction is the fix. It groups statements so they succeed or fail as one indivisible unit — all of them commit together, or none of them do. That property is atomicity, the “A” in ACID, and it is the single most important thing a database gives you. This chapter is BEGIN, COMMIT, and ROLLBACK, demonstrated in the scratch schema on two accounts that start with $100 each.

CREATE TABLE scratch.accounts (
    name    text PRIMARY KEY,
    balance numeric(10,2) NOT NULL CHECK (balance >= 0)
);
INSERT INTO scratch.accounts VALUES ('alice', 100.00), ('bob', 100.00);

BEGIN, COMMIT, ROLLBACK

By default Postgres runs in autocommit: every statement is its own transaction, committed the instant it finishes. That’s why every INSERT so far has just stuck. BEGIN opens an explicit transaction that stays open across many statements until you end it. You end it two ways: COMMIT makes all the changes permanent, and ROLLBACK discards every one of them as if they never happened.

A committed transfer persists, exactly as you’d hope:

BEGIN;
UPDATE scratch.accounts SET balance = balance - 25 WHERE name = 'alice';
UPDATE scratch.accounts SET balance = balance + 25 WHERE name = 'bob';
COMMIT;

Open a brand-new session and the change is there — COMMIT made it durable:

SELECT * FROM scratch.accounts ORDER BY name;

 name  | balance
-------+---------
 alice |   75.00
 bob   |  125.00
(2 rows)

ROLLBACK: the undo button

ROLLBACK is where transactions earn their keep. Inside a transaction, your changes are real to you — you can see them — but nothing is permanent until COMMIT. Do a transfer, look at it mid-flight, then throw it away. (Balances are back to $100 each from a reset.)

BEGIN;
UPDATE scratch.accounts SET balance = balance - 30 WHERE name = 'alice';
UPDATE scratch.accounts SET balance = balance + 30 WHERE name = 'bob';
SELECT * FROM scratch.accounts ORDER BY name;

 name  | balance
-------+---------
 alice |   70.00
 bob   |  130.00
(2 rows)

Alice is at 70, Bob at 130 — the transfer is visible inside the open transaction. Now change our mind:

ROLLBACK;
SELECT * FROM scratch.accounts ORDER BY name;

 name  | balance
-------+---------
 alice |  100.00
 bob   |  100.00
(2 rows)

Both UPDATEs undone, together, in one word. This is the safety rail from the writing-data chapter, made real: wrap a risky UPDATE or DELETE in BEGIN, run it, SELECT to check the damage, and ROLLBACK if the row count or the result looks wrong. COMMIT only when you’re sure.

Atomicity: an error aborts the whole transaction

The ROLLBACK above was a choice. But atomicity also protects you when you don’t choose — when a statement fails partway through. Watch what happens when a transfer would overdraw Alice, and the CHECK (balance >= 0) constraint refuses it. First Bob gets credited, then Alice’s debit fails:

BEGIN;
UPDATE scratch.accounts SET balance = balance + 150 WHERE name = 'bob';

UPDATE 1

UPDATE scratch.accounts SET balance = balance - 150 WHERE name = 'alice';

ERROR:  new row for relation "accounts" violates check constraint "accounts_balance_check"
DETAIL:  Failing row contains (alice, -50.00).

Bob’s $150 credit did run. But the transaction is now in a special poisoned state. Try to do anything else in it and Postgres refuses:

SELECT * FROM scratch.accounts ORDER BY name;

ERROR:  current transaction is aborted, commands ignored until end of transaction block

That message is the whole point. Once any statement errors, Postgres aborts the entire transaction and ignores every command until you close it. There is no limping along on the half that worked — you cannot commit a broken transaction. Your only move is ROLLBACK:

ROLLBACK;
SELECT * FROM scratch.accounts ORDER BY name;

 name  | balance
-------+---------
 alice |  100.00
 bob   |  100.00
(2 rows)

Back to $100 and $100. Bob’s $150 credit — the statement that succeeded — was rolled back along with the one that failed. That is atomicity doing exactly its job: because the debit couldn’t happen, the credit didn’t get to stick either. The accounts never spent a moment in an inconsistent state where the money didn’t add up. (This all-or-nothing on error is standard SQL, though a caveat: MySQL with the non-default MyISAM engine has no transactions at all and would have left Bob $150 richer. On Postgres, and on MySQL’s InnoDB, you’re safe.)

SAVEPOINT, in one line

Sometimes you want a partial undo within a transaction: a nested checkpoint you can roll back to without discarding everything before it. That’s a SAVEPOINT. SAVEPOINT s1; marks a spot, and ROLLBACK TO SAVEPOINT s1; rewinds to it — which also rescues a transaction from the aborted state. The work before the savepoint survives to be committed.

Final thoughts

That closes Series 1. Look back at the distance covered. You started with the relational model — five tables and the keys between them — and the idea that in SQL you describe the set you want rather than looping to collect it. From there: SELECT and its clauses, WHERE and the three-valued logic that NULL drags in, sorting and de-duplicating. Then the join family that reassembles data split across tables, aggregation that collapses many rows into summaries, and the subqueries and set operators that combine whole results. Then the writing side — INSERT/UPDATE/DELETE, the constraints that reject bad data at the door, and now transactions, the guarantee that a group of changes is all-or-nothing. That’s a complete working vocabulary. You can model a schema, load it, query it, change it safely, and trust that it stays consistent.

What you have now is correct SQL. The next series is about powerful SQL — the queries that make people ask how you did it in one statement. Querying Like You Mean It picks up three big tools. Window functions give you ranking, running totals, and per-group calculations without collapsing your rows. Common table expressions build a query in readable stages, and walk recursive structures like hierarchies. And Postgres’s first-class JSON handles the case where the neat rows-and-columns world meets the messy documents of the real one. Same bookshop, same run-it-and-paste-the-output rule, harder questions. Bring everything from this series; you’ll use all of it.
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