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Module 3

Exploring your Data 
with SQL

In this module we will:

• Compare Common Data Exploration 

Techniques
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Options for exploring a dataset are complimentary

Visualization ToolsSQL + Web UI Data Preparation Tools

● Flexible, Fast, 
and Familiar

● Requires SQL 
knowledge

● GUI for Exploring 
Columns and Rows

● Fast Summary 
Statistics

● Visually Shape and 
Re-Shape Quickly

● See Data a 
Different Way
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Writing SQL is a fast and familiar way to explore datasets

Visualization ToolsSQL + Web UI Data Preparation Tools

● Flexible, Fast, 
and Familiar

● Requires SQL 
knowledge

● GUI for Exploring 
Columns and Rows

● Fast Summary 
Statistics

● Visually Shape and 
Re-Shape Quickly

● See Data a 
Different Way
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Steps to Explore Data through SQL
SQL

Structured Query Language

Write Good SQL

SELECT
  name, 
  revenue
FROM dataset
ORDER BY revenue;

Question

Ask Good Questions

Dataset

Know Your Data

Give me a list of all 
organizations sorted 
by the revenue 
lowest to highest
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Brainstorm Questions for our Nonprofit Dataset

Open this example form:
https://goo.gl/5ZWCko

What are potential insights about nonprofit 
organizations?

○ Revenue? Expenses? Employees?
○ Trends over time?

https://goo.gl/5ZWCko
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Module 3

Exploring your Data 
with SQL

In this module we will:

• Learn How to Code High Quality Standard SQL 

Explore Google BigQuery Public Datasets
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Enable standard SQL in your queries

We will be using Standard SQL:

● Add #standardSQL as a comment in first line 
of your query

● Show Options → Disable Legacy SQL

● Keep this Reference Handy: 
https://cloud.google.com/bigquery/docs/refe
rence/standard-sql/

https://cloud.google.com/bigquery/docs/reference/standard-sql/
https://cloud.google.com/bigquery/docs/reference/standard-sql/
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Use Run Selected to only run a portion of your query

Highlight and then Ctrl or Command (mac) + E



© 2017 Google Inc. All rights reserved. Google and the Google logo are trademarks of Google Inc. All other 
company and product names may be trademarks of the respective companies with which they are associated.

Use backticks ` around table names in standard SQL

#standardSQL
SELECT column
FROM `project.dataset.table`
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What is wrong with the below query?

#standardSQL
SELECT totrevenue
FROM `irs_990_2015`
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#standardSQL
SELECT totrevenue
FROM `irs_990_2015`
Error: Table name "irs_990_2015" 
cannot be resolved: dataset name is 
missing.

Read BigQuery error messages for helpful tips
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What are a few things wrong with this query?

#standardSQL
SELECT totrevenue
FROM 
`bigquery-public-data.irs_990.irs_990_2015`

How many Total Revenue records does this return for 2015 filings?
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Add a LIMIT clause to limit results

#standardSQL
SELECT totrevenue
FROM `bigquery-public-data.
irs_990.irs_990_2015`
LIMIT 10

… added a LIMIT clause....
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Add an ORDER BY clause to sort results

#standardSQL
SELECT totrevenue
FROM `bigquery-public-data.
irs_990.irs_990_2015`
ORDER BY totrevenue DESC
LIMIT 10

LIMIT is the last clause in your query. Order of the clauses 
matters greatly in SQL.
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Add a FORMAT function to format results

#standardSQL
SELECT FORMAT("%'d",totrevenue)
FROM 
`bigquery-public-data.irs_990.irs_990_2015`
ORDER BY totrevenue DESC
LIMIT 10

… format the presentation of the column result ...
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SQL Functions Perform Actions on Inputs

FORMAT("%'d",totrevenue)

Function = Performs an Action 

Parameters = Inputs you provide 

SELECT FORMAT("%'d",1000)
#Returns 1,000
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Result: Add a FORMAT Function to Format Results
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Use the Right Function for the Right Job
● String Manipulation Functions - FORMAT( ) ...

● Aggregation Functions 

● Data Type Conversion Functions

● Date Functions

● Statistical Functions

● Analytic Functions

● User-defined Functions BigQuery Functions Reference

https://cloud.google.com/bigquery/docs/reference/standard-sql/functions-and-operators
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Add a FORMAT function to format results

Wait… what happened to 
our column name?
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Create aliases using the AS keyword

SELECT totrevenue AS revenue



© 2017 Google Inc. All rights reserved. Google and the Google logo are trademarks of Google Inc. All other 
company and product names may be trademarks of the respective companies with which they are associated.

Pitfall: Unintentionally affecting the data type

Beware of stylistic 
formatting in SQL. 

Your output is now treated like a 
string. This makes math operations 
on this calculated field more 
difficult. 

It’s best to save stylistic elements 
for your visualization tool
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Aliases do not exist yet when filtering in WHERE

#standardSQL
SELECT 

(totrevenue - totfuncexpns) AS income
FROM `bigquery-public-data.irs_990.irs_990_2015`
WHERE income > 0
ORDER BY income DESC
LIMIT 10

… Error: income undefined ...

← Does not exist yet, will error in WHERE clause

← Does exist, allowed in ORDER BY, GROUP BY, HAVING
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Add new fields in SELECT clause to return more data

#standardSQL
SELECT 

totrevenue AS revenue
ein,
operateschools170cd AS is_school,

FROM 
`bigquery-public-data.irs_990.irs_990_2015`
ORDER BY totrevenue DESC
LIMIT 10

Can you spot the errors? 
Hint: It’s one character
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#standardSQL
SELECT 

totrevenue AS revenue,
ein,
operateschools170cd AS is_school

FROM 
`bigquery-public-data.irs_990.irs_990_2015`
ORDER BY totrevenue DESC
LIMIT 10

Add new fields in SELECT clause to return more data

Correctly shown with commas
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Add new fields in SELECT clause to return more data

EIN (Employer Identification Number) is 
the unique identifier for that charity 

Is_school is a flag field indicating 
whether that charity is a school
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Pitfall: Using SELECT * to Return All Columns

Avoid using * (star) to return all 
columns.

Selecting only the columns you 
need greatly increases query 
speed and helps with readability.
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Demo: Use BigQuery UI to quickly explore schemas

In your query, hold ctrl or command (mac) to highlight table names

Click a `table_name` 

View the Schema

Click on Column names to automatically add into your query

Next, Click on Preview to see a sample of data values 
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Filter rows using the WHERE clause
#standardSQL
SELECT 

totrevenue AS revenue,
ein,
operateschools170cd AS is_school

FROM 
`bigquery-public-data.irs_990.irs_990_2015`
WHERE operateschools170cd = 'Y'
ORDER BY totrevenue DESC
LIMIT 10

Why didn’t we write this as 
is_school = ‘Y’?
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Filter rows using the WHERE clause

Only return school filings
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Use the Right Function for the Right Job
● String Manipulation Functions - FORMAT( )

● Aggregation Functions - SUM( ) COUNT( ) AVG( ) MAX( ) ...

● Data Type Conversion Functions

● Date Functions

● Statistical Functions

● Analytic Functions

● User-defined Functions BigQuery Functions Reference

https://cloud.google.com/bigquery/docs/reference/standard-sql/functions-and-operators
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Perform calculations over values with aggregation

#standardSQL
SELECT 

SUM(totrevenue) AS total_2015_revenue,
AVG(totrevenue) AS avg_revenue,
COUNT(ein) AS nonprofits,
COUNT(DISTINCT ein) AS nonprofits_distinct,
MAX(noemplyeesw3cnt) AS num_employees

FROM 
`bigquery-public-data.irs_990.irs_990_2015`
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More SQL Aggregation Functions

Perform calculations over values with aggregation

https://cloud.google.com/bigquery/docs/reference/standard-sql/functions-and-operators#aggregate-functions
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Embed functions inside of other functions

#standardSQL
SELECT 

SUM(totrevenue) AS total_2015_revenue,
ROUND(AVG(totrevenue),2) AS avg_revenue,
COUNT(ein) AS nonprofits,
COUNT(DISTINCT ein) AS nonprofits_distinct,
MAX(noemplyeesw3cnt) AS num_employees

FROM 
`bigquery-public-data.irs_990.irs_990_2015`
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Embed functions inside of other functions
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Investigate uniqueness with COUNT(DISTINCT field)
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Create aggregation groupings with GROUP BY

#standardSQL
SELECT
  ein, # not aggregated
  COUNT(ein) AS ein_count # aggregated
FROM 
`bigquery-public-data.irs_990.irs_990_2015`
GROUP BY ein
ORDER BY ein_count DESC
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Pitfall: Forgetting to Group Non-Aggregated Fields 

Do not forget to use a GROUP BY 
if you are using a mix of 
aggregated and non-aggregated 
fields

SELECT
company,
SUM(revenue) AS total

FROM table
GROUP BY company
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Locate duplicate records with COUNT + GROUP BY

There are many charities that have more than 
one record for the tax filing year 2015. This is 
highly unusual.

Next let’s count how often this happens in total



© 2017 Google Inc. All rights reserved. Google and the Google logo are trademarks of Google Inc. All other 
company and product names may be trademarks of the respective companies with which they are associated.

Filter aggregations with HAVING clause

#standardSQL
SELECT
  ein,
  COUNT(ein) AS ein_count
FROM 
`bigquery-public-data.irs_990.irs_990_2015`
GROUP BY ein
HAVING ein_count > 1
ORDER BY ein_count DESC

Notice that we can use the alias here for filtering
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17,994 EINs with more than one filing in 2015
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Track input and output counts with Explanation tab
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Explore further by filtering on one nonprofit
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#standardSQL
SELECT * 
FROM 
`bigquery-public-data.irs_990.irs_990_2015`
WHERE ein = 262152334

Explore further by filtering on one nonprofit
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Data quality Insight: Multiple tax periods filed in 2015

Question:
What could we do 
if we only wanted 
the latest 2015 
filing (for tax 
period 2014)?

There are multiple 
right answers.
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Example Solution: parse, convert, filter for 2014
#standardSQL
SELECT 
  ein, 
  tax_pd,
  PARSE_DATE('%Y%m', CAST(tax_pd AS STRING)) AS tax_period
FROM `bigquery-public-data.irs_990.irs_990_2015`
WHERE
  EXTRACT(YEAR FROM
     PARSE_DATE('%Y%m', CAST(tax_pd AS STRING))
    ) = 2014
LIMIT 10 Tax filings are for the year prior 

(2015 means for the period 2014)
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Parsing and converting dates can be hard
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Use the Right Function for the Right Job
● String Manipulation Functions - FORMAT( )

● Aggregation Functions - SUM( ) COUNT( ) AVG( ) MAX( )

● Data Type Conversion Functions - CAST( ) ...

● Date Functions - PARSE_DATETIME( ) ...

● Statistical Functions

● Analytic Functions

● User-defined Functions BigQuery Functions Reference

https://cloud.google.com/bigquery/docs/reference/standard-sql/functions-and-operators
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Comparing BigQuery data types

BigQuery Data Types Reference

1.9 2016ABC

Dates (datetime)
Stored in universal time 
format. Allowable 
Range: 0001-01-01 
00:00:00 to 9999-12-31 
23:59:59.999999

Integer (int64)
Whole numbers that 
can be negative 
(-2,-1,0,1,2,3,4)

Float (float64) 
(1.0000000001)

Strings
Text values
('dog', 'cat', 
'800-999-9999')

In SQL,  use single 
quotes when dealing 
with strings like 'Google 
Inc.'

Numeric Data String Data Dates

1/0

Other

Boolean (Y/N)

Array [‘apple’, ‘pear’]

Struct<apple string>

https://cloud.google.com/bigquery/docs/reference/standard-sql/data-types
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Using CAST to convert between data types

● CAST("12345" AS INT64)
○ 12345

● CAST("2017-08-01" AS DATE)
○ 2017-08-01

● CAST(1112223333 AS STRING)
○ "1112223333"

● SELECT SAFE_CAST("apple" AS INT64)
○ NULL
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What is a NULL value?

● NULLs are valid values

● NULL is the absence of data 
or an empty set

● NULL is not the same as “” 
or a valid blank string value
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Handle NULL values with extreme care
#standardSQL
SELECT
  ein,
  street,
  city,
  state,
  zip
FROM
  `bigquery-public-data.irs_990.irs_990_ein`
WHERE
  state IS NULL
LIMIT 10;

NULL values cannot be equated to and thus have 
a special IS NULL or IS NOT NULL test
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Valid NULLs for countries not using state field

Not all countries will use the state field
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Date Function Result

CURRENT_DATE([time_zone]) Today’s date

EXTRACT(year FROM your_date_field) Year of date (try changing Year to Month, Day, Week etc.)

DATE_ADD(DATE "2008-12-25", INTERVAL 5 DAY) Adds an interval of time

SELECT DATE_SUB(DATE "2008-12-25", INTERVAL 5 DAY) Subtracts an interval of time

DATE_DIFF(DATE "2010-07-07", DATE "2008-12-25", DAY) Subtracts two dates and returns the interval

DATE_TRUNC(DATE '2008-12-25', MONTH) Truncates the date (e.g. 2008-12-01)

FORMAT_DATETIME( ) Formats an existing date to a different date string format

PARSE_DATETIME( ) Example: Turn “12/01/2017” to a proper date “2017-12-01”

YYYY-MM-DD is the expected format for dates
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Parsing string values with string functions

● CONCAT("12345","678")
○ "12345678"

● ENDS_WITH("Apple","e")
○ true

● LOWER("Apple")
○ "apple"

● REGEXP_CONTAINS("Lunchbox",r"^*box$")
○ true
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Searching for nonprofits with ‘help’ in their name
#standardSQL
SELECT
  ein,
  name
FROM
  `bigquery-public-data.irs_990.irs_990_ein`
WHERE
  LOWER(name) LIKE '%help%'
LIMIT 10;
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Searching for nonprofits with ‘help’ in their name
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Searching for nonprofits starting with ‘help’
#standardSQL
SELECT
  ein,
  name
FROM
  `bigquery-public-data.irs_990.irs_990_ein`
WHERE

LOWER(name) LIKE 'help%'
LIMIT 10;

Note the absence of the 
beginning wildcard %
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Searching for nonprofits starting with ‘help’
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Use the Right Function for the Right Job
● String Manipulation Functions - FORMAT( )

● Aggregation Functions - SUM( ) COUNT( ) AVG( ) MAX( )

● Data Type Conversion Functions - CAST( )

● Date Functions - PARSE_DATETIME( )

● Statistical Functions

● Analytic Functions

● User-defined Functions

We will return to these 
three in a future 
module, need to build 
up our fundamentals 
first 
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Fix common SQL 
syntax errors by 
using the 
validator

Comment your 
code and use 
#standardSQL for 
best results

Explore large 
datasets quickly 
with SQL in the 
BigQuery UI

Summary: GCP offers you the ability to:Summary: Explore your dataset with BigQuery and SQL 

Practice your SQL 
skills on over 50+ 
Public Datasets 
with example 
queries
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Lab 2
Troubleshoot Common 
SQL Errors with BigQuery
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Troubleshoot Common SQL Errors with BigQuery

In this lab you will be faced with several 
broken SQL queries that are returning 
common errors or incorrect results in 
Google BigQuery. 

You will practice your SQL debugging 
skills to fix these queries.

Identifying and fixing bugs and 
documenting your code are 
fundamental best practices


