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    CHAPTER 4   

 Subqueries                          

 In the previous chapters, we looked at retrieving a subset of rows and columns from a single table, and we 
also looked at how Cartesian products and joins can be used to retrieve data from two or more tables. In 
many of the examples it was possible to construct quite different SQL queries to produce the same result. 
Depending on the context or the problem you will probably find that one approach will feel more natural. 

 As queries become more complicated, we might find that we can think of SQL expressions for small 
parts of a query but not for the whole lot in one go. It is possible to return data from a query and then refer 
to that data with another query  —  all in the one SQL statement. This idea of a query within a query is very 
powerful. You will hear the concept referred to as a query and subquery or inner and outer queries or 
nested queries. 

 In this chapter, we will look at subqueries and two new SQL keywords,  EXISTS  and  IN . We will see how 
to use subqueries as an alternative way to approach some of the queries we have already done and also how 
nesting will open up other possibilities. 

     IN Keyword 
 The   IN  keyword   allows us to select rows from a table, where the condition allows an attribute to have one of 
several values. For example, if we wanted to retrieve the member IDs from the rows in our  Entry  table for 
tournaments with ID 36, 38, or 40, we could do this with a Boolean  OR  operator as in the following query: 

   SELECT e.MemberID 
 FROM Entry e 
 WHERE e.TourID = 36 OR e.TourID = 38 OR e.TourID = 40; 

   Clearly, statements of this type will start to become unwieldy as the number of possible options 
grows. Using the  IN  keyword, we can construct a more compact statement where the set of possible values 
are enclosed in parentheses and separated by commas. In the following query, each row of  Entry  is 
investigated, and if  TourID  is one of the values in the parentheses, then the  WHERE  condition is true, and that 
row will be returned: 

   SELECT e.MemberID 
 FROM Entry e 
 WHERE e.TourID IN (36, 38, 40); 
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   It is possible to combine  IN  with the logical operator  NOT . However, you need to be very careful. Consider 
the following query: 

   SELECT e.MemberID 
 FROM Entry e 
 WHERE e.TourID NOT IN (36, 38, 40); 

   The preceding query will return the IDs of members who have entered any tournament that is not in the 
list. Be aware though that those members may have entered one of the tournaments in the list as well. We 
will look at how to accurately answer questions such as “who has not entered these tournaments” later in 
this chapter.  

     Using IN with Subqueries 
 The real usefulness of the  IN  keyword is that we can use another SQL statement to generate the set of values. 
For example, the reason that someone may have been interested in tournaments 36, 38, and 40 might have 
been because they are the current Open tournaments. Rather than list the Open tournaments individually, 
we can use another SQL query to generate the set of values we require. The list will be reconstructed each 
time the query is run so that the set of Open tournaments will remain current as the data changes. 

 Let’s look at a specific example of using a query to generate the set of values for the  IN  clause. I’ve 
reproduced a few of the columns of the  Member  table along with the  Entry  and  Tournament  tables in Figure! 4-1 .  

  Figure 4-1.    Member, Entry, and  Tournament tables         
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 The query to generate the set of IDs for the Open tournaments is: 

   SELECT t.TourID 
 FROM Tournament t 
 WHERE t.TourType = 'Open'; 

   Now we can replace the list of explicit values (36, 38, 40) in the previous queries with the preceding SQL 
statement: 

   SELECT e.MemberID 
 FROM Entry e 
 WHERE e.TourID IN ( 
      SELECT t.TourID 
      FROM Tournament t 
      WHERE t.TourType = 'Open'); 

   The  SELECT  statement inside the parentheses is sometimes referred to as a  subquery . To work correctly 
with the  IN  keyword, the inner part of the query must return a list of single values. I have indented it only 
to make it easier to read (SQL will ignore the added whitespace). You can understand a nested query by 
reading it from the “inside out.” The inside  SELECT  statement retrieves the set of required tournament IDs 
from the  Tournament  table, and then the outside  SELECT  finds us all the entries from the  Entry  table for 
tournaments  IN  that set. 

 To aid in understanding, it is possible to  add comments   to SQL statements. In the statement that follows 
the line beginning with -- is a comment and will be ignored. It is also possible to use /* and */ around a block 
of more than one line of code. 

   SELECT e.MemberID 
 FROM Entry e 
 WHERE e.TourID IN ( 
      -- Subquery returns IDs of Open tournaments 
      SELECT t.TourID 
      FROM Tournament t 
      WHERE t.TourType = 'Open'); 

   Have another look at the tables in Figure! 4-1 . How else might we have retrieved entries for Open 
tournaments? We carried out similar queries in the previous chapter using a join. We can join the two 
tables,  Entry  and  Tournament,  on their common fields  TourID , select just those rows that are for Open 
tournaments, and then project the  MemberID  column. See the following: 

   SELECT e.MemberID 
 FROM Entry e INNER JOIN Tournament t ON e.TourID = t.TourID 
 WHERE t.TourType = 'Open'; 

   The SQL statements with and without the subquery retrieve the same information. As I’ve said a 
number of times, there are often several different ways to write a query in SQL. The more methods you are 
familiar with, the more likely you will be able to find a way to express a complicated query.  
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     Being Careful with NOT and <> 
 As well as asking a question such as “What are the IDs of members who have entered an Open tournament?” 
it is just as likely that we might want to know “What are the IDs of members who have  not  entered an Open 
tournament?” They sound very similar, but once we start using negatives in our questions, we have to be 
very careful about what we really mean. In Chapter   7    , we will investigate constructing queries using set 
operations, but to keep this chapter complete, I’ll talk about how negatives impact the use of subqueries in 
particular. 

 In the previous section we constructed two SQL statements for retrieving member IDs for members 
who have entered an Open tournament. One used a subquery and one a join. To find who has not entered an 
Open tournament, one might attempt changing  IN  to  NOT    IN    in the subquery example, as follows:    

   SELECT e.MemberID 
 FROM Entry e 
 WHERE e.TourID NOT IN 
      (SELECT t.TourID 
      FROM Tournament t 
      WHERE t.TourType = 'Open'); 

   In the join example there is a temptation to amend  t.TourType = 'Open'  to  t.TourType <> 'Open' : 

   SELECT e.MemberID 
 FROM Entry e INNER JOIN Tournament t ON e.TourID = t.TourID 
 WHERE t.TourType <>'Open'; 

   Carefully think about which rows will be returned by these two queries. They in fact both return the 
same set of rows, but those rows may include members who have entered an Open tournament as well as 
those who have not. 

 The table in Figure! 4-2  shows the result of the inner join between  Entry  and  Tournament . The bottom 
set of rows are all for Open tournaments, and these will be retrieved by a query that has the condition  WHERE 
t.TourType = 'Open' . The top set of entries is for tournaments other than Open and will be retrieved by the 
query which has the condition  WHERE t.TourType <> 'Open' .  
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  Figure 4-2.    TourType = ‘Open’ versus TourType <> ‘ Open’         

 We can see that some members (indicated by circles) appear in both sets. Figure! 4-3  is another 
representation of the information in the table in Figure! 4-2  but shows two sets of members rather than 
entries: the top circle represents those who have entered an Open tournament and the bottom circle those 
who have entered a tournament that is not an Open tournament. Four members are in both sets.  
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 Now let’s return to the original question. Which members have not entered an Open tournament? We 
have to be careful to differentiate the two sets depicted in Figure! 4-4 .  

Open Tournaments

Other Tournaments

235

228 258

415 239

118 286

  Figure 4-3.    Members who have entered Open tournaments, other tournaments, or both          
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  Figure 4-4.    It is important to be careful to distinguish the SQL for these two situations       
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 We can translate the statement

   I’ll write out the names from row  m , where  m  comes from the  Member  table, if there exists a 
row  e  in the  Entry  table where  m.MemberID = e.MemberID  .   

 almost directly into SQL with the use of the keyword  EXISTS : 

   SELECT m.LastName, m.FirstName 
 FROM Member m 
 WHERE EXISTS 
      (SELECT * FROM Entry e WHERE e.MemberID = m.MemberID); 

   This is another example of a nested query where we have two SQL  SELECT  statements, one inside 
the other. This one is a little different from the simpler example we saw earlier in the chapter. The  WHERE  
condition in the inner query refers to part of the row being considered in the outer query; that is,  e.MemberID 
= m.MemberID . I find the easiest way to interpret these nested queries is with reference to a diagram like 
Figure! 4-5 . Variable  m  is checking each row in the  Member  table. The inner query is looking for a row in the 
 Entry  table with the same value for  MemberID  as the row under consideration in the  Member  table. If such a 
row (or several such rows)  EXIST , then we are in business. 

  Figure 4-5.    William Cooper has entered a tournament because a matching row exists in the Entry table       
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 For those of you who are thinking that this seems like a complicated way to get a simple result, you are 
right (partly). The query using the  EXISTS  clause retrieves the same members as an inner join (on  MemberID ) 
between  Member  and  Entry does . 

 However, what if we want those members who have  not  entered a tournament? This requires only a tiny 
change to our new SQL query. Instead of looking for members where a matching row in  Entry  exists, we now 
want those where a matching row does  not  exist. Adding the word  NOT  to the previous SQL statements gives 
us what we require: 

   SELECT m.Lastname, m.FirstName 
 FROM Member m 
 WHERE  NOT  EXISTS 
      (SELECT * FROM Entry e WHERE e.MemberID = m.MemberID); 

   The  NOT EXISTS  construction will look through every row  e  in the  Entry  table, checking whether there 
is a row matching the  MemberID  of the current row in the  Member  table. The name of the member will be 
retrieved only if  no  matching row is found. 

 Now we have enough ammunition to tackle the query about members who have not entered an Open 
tournament. Check out Figure! 4-6  to decide if William Cooper should be included in the result.  

  Figure 4-6.    There does exist an entry for an Open tournament for William Cooper       
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 The rows indicated in Figure! 4-6  show that there does exist an entry for William Cooper, so we will not 
include him our result. 

 Now, look at this natural language statement that describes Figure! 4-6 :

   I’ll write out the names from row  m , where m comes from the  Member  table, so long as there 
does not exist (a row  e  in the  Entry  table where  m.MemberID = e.MemberID  along with a row 
 t  in the Tournament table where  e.TourID = t.TourID and t.TourType = 'Open')     

 The SQL reflecting the preceding statement is: 

   SELECT m.Lastname, m.FirstName 
 FROM Member m 
 WHERE  NOT  EXISTS 
      (SELECT * FROM Entry e, Tournament t 
      WHERE m.MemberID = e.MemberID 
      AND e.TourID = t.TourID AND t.TourType = 'Open'); 

   We will look at the process approach to queries like this one when we cover set operations in Chapter   7    .    

     Different Types of Subqueries 
 We saw different types of subqueries in the previous sections. It is useful to review some of the options here. 
The inner part of the nested query can return a single value (e.g, Barbara’s handicap), a set of values (e.g., 
the IDs of Open tournaments), or a set of rows (e.g., entries in Open tournaments). Also, the inner and outer 
queries can be independent to some extent, or they can be correlated. 

     Inner Queries Returning a Single Value 
  Inner queries   that return a single value are often useful in the situation where you are simply retrieving a 
subset of rows. Let’s consider the handicaps of our members, as shown in Figure! 4-7 .  

  Figure 4-7.    Part of the Member table showing names and handicaps       
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 If we want to find those members with a handicap of less than 16, then this can be done simply with the 
following SQL: 

   SELECT * 
 FROM Member m 
 WHERE m.Handicap < 16; 

   What should we do if we want to find all the members with a handicap less than Barbara Olson’s? The 
preceding query will do that for us, but only if Barbara’s handicap of 16 doesn’t change. For the query to 
work for whatever Barbara’s current handicap is, we can replace the single value 16 with the result of an 
inner query: 

   SELECT * 
 FROM Member m 
 WHERE Handicap <   
      (SELECT Handicap 
      FROM Member 
      WHERE LastName = 'Olson' AND FirstName = 'Barbara'); 

   We need to compare  Handicap  with a single value. If in a situation like this our inner query returns more 
than one value (for example, if there were more than one Barbara Olson in the club), then we would get an 
error when trying to run the query. 

 An inner query returning a single value is also useful if we want to compare values with an aggregate of 
some sort. For example, we might want to find all the members who have a handicap less than the average. 
In this case, we can use the inner query to return the average value: 

   SELECT * 
 FROM Member m 
 WHERE m.Handicap <   
      (SELECT AVG(Handicap) 
      FROM Member); 

   If you take it nice and slow, you can gradually build up quite complicated queries. Say we want to see 
whether any junior members have a lower handicap than the average for seniors. The inner query has 
to return the average value handicap for a senior member, and then we want to select all juniors with a 
handicap less than that. In the SQL statement that follows, both the inner and outer queries have an extra 
 SELECT  condition (the inner retrieves just seniors, and the outer retrieves just juniors): 

   SELECT * 
 FROM Member m 
 WHERE m.MemberType = 'Junior' AND Handicap < ( 
      SELECT AVG(Handicap) 
      FROM Member 
      WHERE MemberType = 'Senior'); 
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        Inner Queries Returning a Set of Values 
 This is where we started this chapter. When we use the  IN  keyword, SQL will expect to find a set of single 
values. For example, we might ask for rows from the  Entry  table for members with IDs  IN  a set of  values  . In 
the following statement, the inner query selects the IDs of all senior members, and the outer query returns 
the entries for those members: 

   SELECT * 
 FROM Entry e 
 WHERE e.MemberID IN   
      (SELECT m.MemberID 
      FROM Member m 
      WHERE m.MemberType = 'Senior'); 

   The inner section in this type of query must return just a single column.  IN  is expecting a list of single 
values (in this case, a list of  MemberID ). If the inner section returns more than one column (for example, 
 SELECT * FROM Member ), then we will get an error. 

 Many nested queries such as this can be written in other ways — often by using an inner join as we 
discussed earlier in the chapter. Some queries will feel more natural to you one way or the other.  

     Inner Queries Checking for Existence 
 Another type of inner query is the one we saw working with the  EXISTS  keyword. A statement  using  EXISTS    
just looks to see whether any rows at all are returned by the inner query. The actual values or numbers of 
rows returned are not important. The query that follows returns any rows from the  Member  table where we 
can find a corresponding row in the  Entry  table for that member: 

   SELECT m.Lastname, m.FirstName 
 FROM Member m 
 WHERE EXISTS 
      (SELECT * FROM Entry e 
      WHERE e.MemberID = m.MemberID); 

   Because the actual values retrieved by the inner query are not important, the inner query often has the 
form  SELECT * FROM . 

 Another feature of this type of query is that the inner and outer sections are usually correlated. By this we 
mean that the  WHERE  clause in the inner section refers to values in the table in the outer section. In this case the 
inner query is checking if the current row in the  Entry  table has the same  MemberID  as the member currently 
under consideration in the outer query. I find the easiest way to visualize this is as illustrated in Figure! 4-5 . 

 It is difficult to think of a sensible  EXISTS  query that doesn’t correlate values in the inner and outer 
sections. Consider what the following query will return: 

   SELECT m.Lastname, m.FirstName 
 FROM Member m 
 WHERE EXISTS 
      (SELECT * FROM Entry e); 

   The query above doesn’t really make any sense. It says to write out each member’s names if there is a 
row in the  Entry  table (any row!). If the  Entry  table is empty, we will get nothing returned; otherwise, we will 
get!all the names of all the members. I can’t think why you’d ever want to do that.  EXISTS  queries are useful 
when we are looking for matching values somewhere else, and that is why the  SELECT  condition needs to 
compare values from both the inner and outer sections. 
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 It is interesting to compare the following two queries. They both return the names of members who 
have entered a tournament, but the results are slightly different. The first uses an  EXISTS  clause: 

   SELECT m.Lastname 
 FROM Member m 
 WHERE EXISTS 
      (SELECT * FROM Entry e 
      WHERE e.MemberID = m.MemberID); 

   The second uses an  INNER JOIN : 

   SELECT m.LastName 
 FROM Member m INNER JOIN Entry e ON  e.MemberID = m.MemberID; 

   The difference between the two queries is the number of rows that are returned. 
 The first query inspects each row in the  Member  table just once and returns the last name if there 

exists at least one entry for that member in the  Entry  table. The last name for any member will be written 
out only once. 

 The second query forms a join between the two tables that will consist of every combination of rows in 
 Member  and  Entry  with the same  MemberID . The name for a particular member will be written out as many 
times as the number of tournaments he or she entered. 

 It’s a subtle difference, but an important one  —  especially if you are wanting to count the returned 
rows. Adding  DISTINCT  in the  SELECT  clause of the second example will make the results of the two 
queries the same.   

     Using Subqueries for Updating 
 This book is mainly about queries for retrieving data, but many of the same ideas can be used for  updating 
data   and adding or deleting records. In Chapter   1     we looked at simple queries such as updating the phone 
number of a particular member, as shown here: 

   UPDATE Member m 
 SET m.Phone = '875076' 
 WHERE m.MemberID = 118; 

   We also looked at inserting and deleting  rows      from a table. To insert a row we list the columns we are 
providing values for and then the values, as in the following: 

   INSERT INTO Entry (MemberID, TourID, Year) 
 VALUES (153, 25, 2016); 

   Now, let’s consider a situation where we want to add an entry for tournament 25 in 2016 for each of the 
juniors in the club. We want to add a set of rows to the  Entry  table, as shown in Figure! 4-8 , where the left 
column has the member IDs for each of the juniors and the next two columns are the specific tournament 
(25) and year (2016) for each entry.  
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 It is interesting to compare the following two queries. They both return the names of members who 
have entered a tournament, but the results are slightly different. The first uses an  EXISTS  clause: 

   SELECT m.Lastname 
 FROM Member m 
 WHERE EXISTS 
      (SELECT * FROM Entry e 
      WHERE e.MemberID = m.MemberID); 

   The second uses an  INNER JOIN : 

   SELECT m.LastName 
 FROM Member m INNER JOIN Entry e ON  e.MemberID = m.MemberID; 

   The difference between the two queries is the number of rows that are returned. 
 The first query inspects each row in the  Member  table just once and returns the last name if there 

exists at least one entry for that member in the  Entry  table. The last name for any member will be written 
out only once. 

 The second query forms a join between the two tables that will consist of every combination of rows in 
 Member  and  Entry  with the same  MemberID . The name for a particular member will be written out as many 
times as the number of tournaments he or she entered. 

 It’s a subtle difference, but an important one  —  especially if you are wanting to count the returned 
rows. Adding  DISTINCT  in the  SELECT  clause of the second example will make the results of the two 
queries the same.   
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 We can write an SQL query to return a set of rows like those in Figure! 4-8 : 

   SELECT m.MemberID, 25, 2016 
 FROM Member m 
 WHERE m.MemberType = 'Junior'; 

   This query is a little different from others we have looked at because it has constants in the  SELECT  
clause. It will construct a row for each junior member with the member’s ID and the two constants 25 (for 
the tournament) and 2016 (for the year). 

 We can now use the preceding query as a subquery in our  INSERT  query. Rather than provide just one 
value with the  VALUES  keyword, we can provide a set of values resulting from the subquery. In the following 
query, the inner  SELECT  will produce the set of rows seen in Figure! 4-8 , and the outer  INSERT  will put them in 
the  Entry  table: 

   INSERT INTO Entry (MemberID, TourID, Year) 
      -- create an entry in tournament 25, 2016 for each Junior 
      SELECT MemberID, 25, 2016 
      FROM Member 
      WHERE MemberType = 'Junior'; 

   The same potential for using subqueries applies to other updating issues. Say, for the purposes of 
finding an example, that after entering data in the  Entry  table for the 2016 social tournament at Kaiapoi 
(tournament 25) you realize that only players with handicaps of 20 or more were allowed to enter. You could 
use a subquery to delete entries for members with handicaps less than 20: 

   DELETE FROM Entry 
 WHERE TourID = 25 AND Year = 2016 AND 
 MemberID IN 
       (SELECT MemberID FROM Member WHERE Handicap < 20); 

        Summary 
 We can use subqueries along with the keywords  IN  and  EXISTS  in many situations. Here is a summary of the 
situations we have looked at in this chapter. 

  Figure 4-8.    Rows to be added to Entry table       
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     Examples of Different Types of Subqueries 
 Many nested queries can be written in alternative ways. In Chapter   9    , we will look at performance issues 
relating to different ways of expressing queries, but in general you should use the way that feels most 
natural to you when designing a query. Here are some examples of nested queries and alternate ways of 
expressing them. 

   A subquery returning a single value 
 Find the tournaments that member Cooper has entered: 

   SELECT e.TourID, e.Year FROM Entry e WHERE e.MemberID = 
      (SELECT m.MemberID FROM Member m 
      WHERE m.LastName = 'Cooper'); 

   An alternative way to write the preceding query is to use a join: 

   SELECT e.TourID, e.Year 
 FROM Entry e INNER JOIN Member m ON e.MemberID = m.MemberID 
 WHERE m.LastName = 'Cooper'; 

      A subquery returning a set of single values 
 Find all the entries for an Open tournament: 

   SELECT * 
 FROM Entry e 
 WHERE e.TourID IN 
      (SELECT t.TourID FROM Tournament t 
      WHERE t.TourType = 'Open'); 

   The preceding query can be replaced with: 

   SELECT e.MemberID, e.TourID, e.Year 
 FROM Entry e INNER JOIN Tournament t ON e.TourID = t.TourID 
 WHERE t.TourType = 'Open'; 

      A subquery checking for existence 
 Find the names of members that have entered any tournament: 

   SELECT m.LastName, m.FirstName 
 FROM Member m 
 WHERE EXISTS 
      (SELECT * FROM Entry e 
      WHERE e.MemberID = m.MemberID); 
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SELECT DISTINCT m.LastName, m.FirstName
FROM Member m INNER JOIN Entry e 
            ON e.MemberID = m.MemberID;

This can be replaced with:
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   This can be replaced with: 

   SELECT DISTINCT m.LastName, m.FirstName 
 FROM Member m INNER JOIN Entry e ON e.MemberID = m.MemberID; 

         Examples of Different Uses for Subqueries 
 Subqueries can be used in many situations, including the following: 

   Constructing queries with negatives 
 Find the names of members who have not entered a tournament: 

   SELECT * FROM Member m 
 WHERE NOT EXISTS 
      (SELECT * FROM Entry e 
      WHERE e.MemberID = m.MemberID); 

      Comparing values with the results of aggregates 
 Find the names of members with handicaps less than the average: 

   SELECT m.LastName, m.FirstName FROM Member m WHERE m.Handicap < 
      (SELECT AVG(Handicap) FROM Member); 

      Update data 
 Add a row in the  Entry  table for every junior for tournament 25 in 2016: 

   INSERT INTO Entry (MemberID, TourID, Year) 
      SELECT MemberID, 25, 2016 
      FROM Member WHERE MemberType = 'Junior';         


