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Review

Data is held in relations (tables)

SELECT <attributes>
 FROM <table>
 WHERE <condition>
 ORDER BY <attributes>



SELECT CAMIS, dba, `inspection date`, 
`violation code`, Score, Grade

 FROM restaurant_inspections
 WHERE boro='Manhattan'
 ORDER BY Score desc, `inspection date`;
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Review

CAMIS = RestaurantID
DBA = Doing Business As 

   (RestaurantName)
`inspection date` = when 

    inspected occured
`violation code` = violations 
      found
Score = numerical rating
Grade = inspection grade
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Agenda

1. Aggregate functions and NULL

2. GROUP BY and HAVING

3. Nested queries

4. Conditional evaluation

5. Window functions
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Aggregate function provide a scalar value 
for an attribute

Use in the SELECT clause

• AVG: average value 

• MIN:  minimum value

• MAX:  maximum value

• SUM:  sum of values

• COUNT:  number of values

SELECT COUNT(*) 

    FROM table

    WHERE p

Aggregate functions

AVG and SUM must be numeric 
attributes, others need not be 
numeric

NULL not considered in 
aggregate functions
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NULL means the value is missing or 
unknown; can cause unexpected problems

Theoretically, these two queries should be the same!

SELECT AVG(score) AS AvgScore 

    FROM restaurant_inspections; -- 25.59

SELECT SUM(score)/COUNT(*) AS AvgScore 

    FROM restaurant_inspections; -- 23.62

Practice:

First query returns 25.59, the second 23.62  Why are they different?

How can we make them the same?

Remember, NULL not considered in aggregate functions

NULL in an arithmetic operation is NULL (e.g., 5 + NULL = NULL)

Works if COUNT(*) 
changed to 
COUNT(Score)
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IN is a concise way to do multiple ORs

-- Check to see if restaurant in 1 of 5 boros
SELECT * 
 FROM restaurant_inspections
 WHERE boro = 'Manhattan' 
  OR boro = 'Bronx'
         OR boro = 'Brooklyn'
         OR boro = 'Queens'
         OR boro = 'Staten Island';

-- Equivalent boro check using IN
SELECT * 
 FROM restaurant_inspections
 WHERE boro IN ('Manhattan', 'Bronx', 'Brooklyn', 'Queens', 'Staten Island');
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Practice 1

• Where any restaurants not in one of the five boros?

• Find the min and max restaurant name

• What is the average score of all inspections scores?

• How many total restaurants inspection scores were 
recorded (consider where score != null)? 

• Try to answer the last two questions with one SELECT 
query

use nyc_data;
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Agenda

1. Aggregate functions and NULL

2. GROUP BY and HAVING

3. Nested queries

4. Conditional evaluation

5. Window functions
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GROUP BY creates subgroups of tuples, you 
can perform aggregation over subgroups

• Without grouping, AVG would return a single 
number for all departments

• Grouping allows aggregation of tuples with 
the same value for the GROUP BY attributes 
(e.g. dept_name)

Selected 
attributes (e.g. 
dept_name and 
AvgSalary) 
should be in 
aggregate 
functions or in 
GROUP BY list

SELECT ID, name, dept_name,
 FORMAT(salary,0) AS Salary
FROM instructor 
ORDER BY dept_name;

SELECT dept_name, 
 FORMAT(AVG(salary),0) AS AvgSalary
FROM instructor
GROUP BY dept_name
ORDER BY AvgSalary DESC;

Get avg 
salary 
by deptFormat 

Salary 
nicely

GROUP BY almost always used with 
aggregate function (sum, avg, count…)
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HAVING works with GROUP BY to filter 
subgroups

• HAVING works with GROUP BY to filter results like how 
WHERE works with SELECT

• Note: predicates in the HAVING clause are applied after 
the formation of groups whereas predicates in the 
WHERE clause are applied before forming groups

SELECT dept_name, 
 FORMAT(AVG(salary),0) AS AvgSalary
FROM instructor
GROUP BY dept_name
ORDER BY AvgSalary DESC;

SELECT dept_name, 
 FORMAT(AVG(salary),0) AS AvgSalary
FROM instructor
GROUP BY dept_name
HAVING AVG(salary) > 65000
ORDER BY AvgSalary DESC;

History and Music 
not included now



FROM WHERE
GROUP 

BY
HAVING SELECT

ORDER 
BY

LIMIT
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SQL evaluation proceeds start with FROM 
and proceeds to LIMIT

https://www.mysqltutorial.org/mysql-group-by.aspx

FROM
Create a new 
relation based 
on tables listed

WHERE
Remove tuples 
not matching 
criteria

SELECT
Get attributes 
listed

GROUP BY
Aggregate 
tuples into 
subgroups

HAVING
Remove non-
matching 
subgroups

ORDER BY
Sort resulting 
tuples

LIMIT
Return top k 
items
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Some advice about crafting SELECT 
commands
• Know your data

o The importance of understanding the data model that you are 
working in cannot be overstated

o Real-world databases are messy; many systems remain in 
service in an organization for decades

• Know the problem

o Understand the question you are attempting to answer

o Information reporting requests will come from a range of 
sources; may be one-time events or ongoing operations within 
an application 

Adapted from Coronel and Morris



Build query in this order

1. FROM
2. WHERE
3. SELECT
4. GROUP BY
5. HAVING
6. ORDER BY
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Some advice about crafting SELECT 
commands

Where does the data come from?  Could be 
one or more tables, could be subquery
Think of building one large relation

Filter out unwanted rows in 
relation from step 1

Which attributes do we want?

Create subgroups

Filter out unneeded subgroups

Finally, sort the results

Adapted from Coronel and Morris
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Some advice about crafting SELECT 
commands

Build query in this order Write SQL command in this order

1. FROM
2. WHERE
3. SELECT
4. GROUP BY
5. HAVING
6. ORDER BY

SELECT  column list
FROM         table list
[WHERE  condition list ]
[GROUP BY column list ]
[HAVING  condition list ]
[ORDER BY column list [ASC | DESC] ];

Adapted from Coronel and Morris
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Practice 2

• Which is better? a low score or a high score?  (Hint: consider 
the `critical flag`)

• Battle of boros!  In one query, find the average health 
inspection score and number of inspections by boro.  Which 
boro had the best avg scores? (Hint: sort by avg score)

• Do the same query as above, but calculate avg and count by 
boro and cuisine type.  Which boro/cuisine were the best?

• For restaurants in Queens, find the average score and 
number of inspection scores for restaurants that have been 
inspected at least 5 times; sort by avg score, best first

use nyc_data
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Agenda

1. Aggregate functions and NULL

2. GROUP BY and HAVING

3. Nested queries

4. Conditional evaluation

5. Window functions
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Nested queries have a subquery inside 
another query

Nesting can be done in the SELECT, FROM or WHERE clauses
  SELECT A1, A2, ..., An

  FROM r1, r2, ..., rm

  WHERE P

 

• SELECT clause: 

Ai   can be replaced be a subquery that generates a single (scalar) value

• FROM clause: ri can be replaced by any valid subquery because SELECT 
returns a relation

• WHERE clause: P can be replaced with an expression of the form:

                A <operation> (subquery)

     A is an attribute and <operation> is <,>,IN, NOT IN, etc

Nested queries

More on this soon



19

Subqueries in the SELECT clause return a 
scalar value
Subquery in SELECT clause

• You can use a subquery in the SELECT clause in SQL
• Generally returns a scalar value (could be NULL)

-- compare restaurant score with this restaurant’s max score
SELECT dba AS RestaurantName, Score, 
 (SELECT MAX(Score) 
  FROM restaurant_inspections r2 
  WHERE r2.camis = r1.camis) AS MaxScore
FROM restaurant_inspections r1
WHERE dba LIKE ‘Morris Park Bake%';

Select RestaurantID and Score for 
each row in table

• Find max score for this 
restaurant; has same value for 
each returned row

• This is sometimes called a 
correlated subquery because 
camis from inner query using 
r2 is  correlated with camis 
from outer query using r1

Limit search to shorten query runtime
More on this when we get to query 
optimization

SELECT
FROM
WHERE
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Subqueries in the FROM clause return a 
relation
Subquery in FROM clause

• You can use a subquery in the FROM clause in SQL

-- Create Manhattan table in the FROM clause
SELECT dba AS RestaurantName, Score
 FROM (SELECT * 
    FROM restaurant_inspections 
    WHERE boro = 'Manhattan') AS ManhattanRestaurants
    WHERE Score IS NOT NULL;

Create relation in the FROM clause
SELECT returns a relation

SELECT
FROM
WHERE
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Subqueries can also be used in the WHERE 
clause
Subquery in WHERE clause

-- find scores for restaurant with min camis id
SELECT camis AS RestaurantID, dba AS RestaurantName, Score
FROM restaurant_inspections
WHERE camis = (SELECT MIN(CAMIS) 
     FROM restaurant_inspections);

-- find inspections with max score from any inspection
SELECT * FROM restaurant_inspections
WHERE score = (SELECT MAX(Score) 
     FROM restaurant_inspections);

SELECT
FROM
WHERE
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The WITH clause is also a subquery, but 
creates a queryable temporary relation
Subquery in WHERE clause

The WITH clause provides a way of defining a temporary relation whose 
definition is available only to the query in which the with clause occurs
 

WITH TempRelationName (ColumnName1, columnName2...) AS
 (SELECT ...) 
SELECT ...

-- First create table with max inspection score, query that table to 
find restaurants that have the max score
WITH MaxScoreTable AS 
 (SELECT MAX(Score) AS MaxScore FROM restaurant_inspections)
SELECT * FROM restaurant_inspections
 WHERE score = (SELECT MaxScore FROM MaxScoreTable);

Commonly called Common Table Extensions (CTEs)
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Practice 3

1. For all each restaurant not in Manhattan or Queens return

• RestaurantID, RestaurantName, Boro, and average score for 
that restaurant on one row

• Sort the restaurants by average score descending  

2. Use a WITH clause to calculate a temporary relation with a 
column for the average score of all inspections, then use that 
temporary table to return all rows with a score greater than 
average

3. Do the same as 2, but without using a WITH clause

use nyc_data
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Agenda

1. Aggregate functions and NULL

2. GROUP BY and HAVING

3. Nested queries

4. Conditional evaluation

5. Window functions



USE nyc_data;
SELECT camis, dba, `inspection date`, Score,
 IF(Grade ='','N/A',Grade) AS Grade, `grade date`
FROM restaurant_inspections 
WHERE camis = 30075445;
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IF allows conditional evaluation, giving one 
of two values

Practice: Some restaurant inspection grades are blank
If Grade ='', return 'N/A' else return Grade

Format:
SELECT IF (expr, true value, false value) AS name 

If expr results in true or not null, return 
true value else return false value

IF command

Like a lambda 
expression in many 
programming languages

Note: if attribute could come from more 
than relation, identify which one 

Blank grades now ‘N/A’
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COALESCE returns the first non-null value 
in a list of arguments

Example:
SELECT OrderID, COALESCE(State, Country, 'N/A') AS Location
 FROM Orders

Given a table of customer orders
• Try using State as Location
• If State is NULL, try Country
• If Country is NULL, use ‘N/A’

Format:
SELECT COALESCE(value1, value2, … valuen) AS name 

valuex can be an attribute or literal
If value1 is NULL, SQL tries value2, if value2 NULL try value3, …
Returns first non-null value
If all values are NULL, returns NULL

COALESCE



SELECT camis, dba, count(*) AS `Total Inspections`,
CASE 
 WHEN count(*) < 10 THEN 'Infrequent inspections '
 WHEN count(*) BETWEEN 10 AND 15 THEN 'Moderate inspections'
    ELSE 'Frequent inspections'
END AS Frequency
FROM restaurant_inspections
GROUP BY CAMIS
HAVING COUNT(*) > 1;
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CASE provides if-then-else logic in one of 
two formats
CASE

SELECT CASE attribute
    WHEN value1 THEN result1
    WHEN value2 THEN result2
    [ELSE else result]
END AS AttributeName

OR
SELECT CASE
    WHEN expr1 THEN result1
    WHEN expr2 THEN result2
    [ELSE else result]
END AS AttributeName

Practice: Categorize restaurants as having infrequent (<10), moderate (10-15), 
or frequent (>10) inspections

No attribute here, 
it is in expressionValue of attribute

Don’t forget END!

Can use BETWEEN x AND y; or
Could have used count(*) >10 
AND count(*) > 15
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Practice

CASE practice

We can combine CASE with aggregate operations.  For each restaurant provide 
the number of times an inspection resulted in each possible letter Grade 
• First determine the grades possible (or at least those than have been given)
• Then on one line provide the number of times each restaurant received a 

distinct grade (e.g. CAMIS, RestaurantName, A, B, C…, NULL, Total)
• Output should look like this:
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Practice

CASE practice

We can combine CASE with aggregate operations.  For each restaurant provide 
the number of times an inspection resulted in each possible letter Grade 
• First determine the grades possible (or at least those than have been given)
• Then on one line provide the number of times each restaurant received a 

distinct grade (e.g. CAMIS, RestaurantName, A, B, C…, NULL, Total)
• Output should look like this:

SELECT DISTINCT grade FROM inspections ORDER BY grade; -- A, B, C, G, N, P, Z, ‘’
SELECT CAMIS, dba AS RestaurantName, 
    SUM(CASE Grade WHEN 'A' THEN 1 ELSE 0 END) AS 'A', 
    SUM(CASE Grade WHEN 'B' THEN 1 ELSE 0 END) AS 'B',
    SUM(CASE Grade WHEN 'C' THEN 1 ELSE 0 END) AS 'C',
    SUM(CASE Grade WHEN 'G' THEN 1 ELSE 0 END) AS 'G',
    SUM(CASE Grade WHEN 'N' THEN 1 ELSE 0 END) AS 'N',
    SUM(CASE Grade WHEN 'P' THEN 1 ELSE 0 END) AS 'P',
    SUM(CASE Grade WHEN 'Z' THEN 1 ELSE 0 END) AS 'Z', 
    SUM(CASE WHEN Grade = '' THEN 1 ELSE 0 END) AS 'Empty', 
    COUNT(*) AS Total
FROM restaurant_inspections 
GROUP BY CAMIS, dba;
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Practice

CASE practice

SELECT DISTINCT grade FROM inspections ORDER BY grade; -- A, B, C, G, N, P, Z, ‘’
SELECT CAMIS, dba AS RestaurantName, 
 COUNT(IF (Grade = 'A', Grade, NULL)) AS 'A', 
 COUNT(IF (Grade = 'B', Grade, NULL)) AS 'B', 
 COUNT(IF (Grade = 'C', Grade, NULL)) AS 'C', 
 COUNT(IF (Grade = 'G', Grade, NULL)) AS 'G', 
 COUNT(IF (Grade = 'N', Grade, NULL)) AS 'N', 
 COUNT(IF (Grade = 'P', Grade, NULL)) AS 'P', 
 COUNT(IF (Grade = 'Z', Grade, NULL)) AS 'Z', 
 COUNT(IF (Grade = '' , 1, NULL)) AS 'NULL', 
 COUNT(*) as Total
FROM restaurant_inspections 
GROUP BY CAMIS, dba;

Another solution using  
COUNT IF

Notice that COUNT does not 
count the row if it is NULL

We can combine CASE with aggregate operations.  For each restaurant provide 
the number of times an inspection resulted in each possible letter Grade 
• First determine the grades possible (or at least those than have been given)
• Then on one line provide the number of times each restaurant received a 

distinct grade (e.g. CAMIS, RestaurantName, A, B, C…, NULL, Total)
• Output should look like this:
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Agenda

1. Aggregate functions and NULL

2. GROUP BY and HAVING

3. Nested queries

4. Conditional evaluation

5. Window functions
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We have previously seen how to use 
GROUP BY to aggregate data 

SELECT productline, 
FORMAT(SUM(orderValue),2) AS totalOrders

 FROM sales
 GROUP BY productline;

Given sales table Can use group by to get sales per product line

No total line 
of all sales, 
just sales by 
product line

Adapted from: https://www.mysqltutorial.org/mysql-rollup/



UNION ALL
SELECT 

NULL, 
 FORMAT(SUM(orderValue),2) AS totalOrders

FROM sales;
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You can add a summary row by using 
UNION

UNION adds new *rows* to result (JOINs adds new columns)

UNION ALL returns duplicate rows 
(UNION DISTINCT does not)

• UNION returns new 
row with total

• Note: NULL for 
productLine in 
second SELECT 

Adapted from: https://www.mysqltutorial.org/mysql-rollup/

Given sales table

SQL has an 
easier way to 
add the 
summary row 
using ROLLUP

Must have same number of columns 
with compatible data types

SELECT productline, 
FORMAT(SUM(orderValue),2) AS totalOrders

 FROM sales
 GROUP BY productline;
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ROLLUP can be used similarly to create 
subtotals based on grouping

WITH ROLLUP adds extra row 
with totals for grouped by 
attributes like UNION did

Now have total for all 
sales in a row called a 
super-aggregate

Adapted from: https://www.mysqltutorial.org/mysql-rollup/

Given sales table ROLLUP creates total 

SELECT productline, 
FORMAT(SUM(orderValue),2) AS totalOrders

 FROM sales
 GROUP BY productline WITH ROLLUP;



SELECT 
productLine, 
orderYear,

 FORMAT(SUM(orderValue),2) AS totalOrders
FROM sales
GROUP BY productline, orderYear WITH ROLLUP;
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ROLLUP can operate over multiple columns

Now have super-
aggregate row by 
product line

Hierarchy 
determined by 
GROUP BY order 
(product line first)

Adapted from: https://www.mysqltutorial.org/mysql-rollup/

Can roll up multiple attributesGiven sales table

Also have grand 
total over all super-
aggregate rows



SELECT 
    orderYear,
  productLine, 

 FORMAT(SUM(orderValue),2) AS totalOrders
FROM sales
GROUP BY orderYear, productLine WITH ROLLUP;
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ROLLUP can operate over multiple columns

Grouping order reversed 
(orderYear first)

Adapted from: https://www.mysqltutorial.org/mysql-rollup/

Can roll up multiple attributesGiven sales table
GROUP BY 
reversed



SELECT IFNULL(orderYear,'GRAND TOTAL') AS orderYear, 
 IFNULL(productLine,'Line Total') AS productLine, 
          FORMAT(SUM(orderValue),2) AS totalOrders
 FROM sales
 GROUP BY orderYear, productline WITH ROLLUP;
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ROLLUP with IFNULL can give super-
aggregate rows a meaningful label

Adapted from: https://www.mysqltutorial.org/mysql-rollup/

Can roll up multiple attributesGiven sales table

IFNULL chooses first 
item if not NULL, 
second item if NULL

Super aggregate rows 
will be NULL 

NULL replaced with 
Line Total or 
GRAND TOTAL
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GROUPING can give super-aggregate rows 
a meaningful label

Super-aggregate 
rows now have 
reasonable names 
(not just NULL)

Adapted from: https://www.mysqltutorial.org/mysql-rollup/

Given sales table
SELECT IF(GROUPING(orderYear),'All Years',orderYear)AS orderYear,

IF(GROUPING(productLine),'All Products',productLine)AS productLine,
SUM(orderValue)AS totalOrderValue
FROM sales

GROUP BY orderYear , productline WITH ROLLUP;

GROUPING returns 1 if super-aggregate row, 0 otherwise

Remember how 
IF works: first 
value if true, 
otherwise 
second value
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Example WITH ROLLUP and GROUPING

use nyc_inspections;

-- Find average score by zipcode for each boro Manhattan or Bronx, 
report avg for each boro and total average
SELECT IF(GROUPING(boro),'TOTAL',boro) AS Boro, 

IF(GROUPING(zipcode),'Boro Avg',zipcode) AS ZipCode, 
AVG(Score) AS AvgScore

 FROM restaurant_inspections
    WHERE boro IN ('Manhattan', 'Bronx') 
  AND zipcode <> ''
        AND score IS NOT NULL
    GROUP BY boro, zipcode WITH ROLLUP;

Each boro has its own average
TOTAL is the average for all 
boro averages
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RANK assigns an increasing number to each 
row returned

Adapted from: https://www.mysqltutorial.org/mysql-window-functions/mysql-rank-function/

Sometimes you want to assign a numerical value to rows to indicate 
their rank (e.g., first row has rank 1, second row has rank 2, …)
• RANK() assigns a rank to each row within the partition of a result set
• The rank of a row is specified by one plus the number of ranks that 

come before it

RANK

Format:
SELECT RANK() OVER (

PARTITION BY A1 [,A2,…An]
ORDER BY <expression> [ASC|DESC], [{,<expression>...}]) AS RankName

• Rank numbering starts at 1 for each partition
• If tie on partition, all tying rows get same rank (e.g., if three row tie for first, all three 

get rank of 1, next row gets rank of 4)
• Use ROW_NUMBER() instead of RANK() to ensure no gaps between rank values 

assigned (e.g., first three ties get rank 1 though three, next row still gets rank of 4)

PARTITION BY works like GROUP BY – splits results into 
groups based on attribute listed
Can have more than one partition (partition by cuisine 
type, then boro for example)

Sort each partition by ORDER BY
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RANK assigns an increasing number to each 
row returned
RANK

Example:
-- find rank of each boro based on average score of American cuisine
SELECT RANK() OVER (ORDER BY AVG(score)) AS `Rank`, boro,  AVG(score) AS Avg
 FROM restaurant_inspections 
 WHERE `cuisine description` LIKE 'American%’
 GROUP BY boro;

PARTITION BY (works like GROUP BY) is optional
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Use WITH and LIMIT to get top k results

RANK

Example:
SET @k = 2; -- return top k=2
WITH RestaurantRanks AS (
 SELECT RANK() OVER (ORDER BY AVG(Score)) AS `Rank`, boro, AVG(score) AS Avg
 FROM restaurant_inspections 
 WHERE `cuisine description` LIKE 'American%'
 GROUP BY boro) 
SELECT * FROM RestaurantRanks WHERE `Rank`<= @k; -- top 2

Will limit to top 2 restaurants

Note: PARTITION BY is optional, if 
omitted, use all rows (here all boros)

WITH created temporary table, SELECT 
from that on RANK to get top k results

If rows tie, they get the same rank
So, this query could return more than 2 rows if multiple boros tie
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