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Module 11

Schema Design and 
Nested Data Structures

In this module we will:

• Compare Google BigQuery vs Traditional 

Relational Data Architecture
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Let’s Re-Examine our IRS Schema as an Architect

Each of these data fields 
needs to be stored in a 
structured way
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Option 1: Add each Expense field as a New Column
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Option 1: Add each Expense field as a New Column

… results in a really WIDE table that is not scalable...
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Option 2: Break Out Expenses into another Lookup Table

Expense Code Expense Type

1 Lobbying

2 Legal

3 Insurance

Organization Details

Company ID Company Name

161218560 NY Association Inc.

Code Lookup Tables

Historical Transactions

Company ID Expense Code Amount

161218560 1 $10,000
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Option 2: Break Out Expenses into another Lookup Table

Expense Code Expense Type

1 Lobbying

2 Legal

3 Insurance

Organization Details

Company ID Company Name

161218560 NY Association Inc.

Company ID Expense Code Amount

161218560 1 $10,000

… this breaking apart process is called Normalization ...

Code Lookup Tables

Historical Transactions
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Module 11

Schema Design and 
Nested Data Structures

In this module we will:

• Normalization vs Denormalization: 

Performance Tradeoffs
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Normalization Benefit: Scalable Individual Tables 

Expense 
Code

Expense 
Type

1 Lobbying

2 Legal

3 Insurance

... ...

Organization Details

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

Code Lookup TablesHistorical Transactions

Company 
ID

Expense 
Code

Amount

161218560 1 $10,000

... ... ...

… schema changes no longer needed as data grows ...
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Normalization Drawback: JOINs are now a Necessity

Expense 
Code

Expense 
Type

1 Lobbying

2 Legal

3 Insurance

... ...

Organization Details

Company 
ID

Expense 
Code

Amount

161218560 1 $10,000

... ... ...

SELECT Company Name, Amount, Expense Type

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

Code Lookup TablesHistorical Transactions

NY Association Inc. $10,000 Lobbying
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Did we go too far? Denormalization Improves Performance 

Expense 
Code

Expense 
Type

1 Lobbying

2 Legal

3 Insurance

... ...

Organization Details

Company 
ID

Expense 
Code

Amount

161218560 Lobbying $10,000

... ... ...

SELECT Company Name, Amount, Expense Type

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

Code Lookup TablesHistorical Transactions

NY Association Inc. $10,000 Lobbying

X
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Relational Databases at Scale?

How do traditional 
relational databases 
handle record growth 
at scale?



© 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.

Traditionally, Very Large Tables are Hard to Scan and Compute

Organization Details

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

... ...

... ...

10 Billion Row Table

SELECT Company Name ORDER BY Company Name
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Traditional: Pre-Sorted Indexes Introduced to Help Common Queries

Organization Details

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

... ...

... ...

10 Billion Row Table

SELECT Company Name ORDER BY Company Name

Company 
Name

Ranked 
Order

ACME Inc. 1

... ...

...

NY Association 
Inc.

900,000

...

Index

Indexes do not exist in 
BigQuery because data is 
stored and handled in a 
fundamentally different way 
as you will see next... 
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BigQuery Architecture Introduces Three Key Innovations

1. Column-Based Data Storage

2. Break Apart Tables into Pieces

3. Store Nested Fields within a Table 
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BigQuery Architecture Introduces Three Key Innovations

1. Column-Based Data Storage

2. Break Apart Tables into Pieces

3. Store Nested Fields within a Table 
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BigQuery Column-Oriented Storage is Built for Speed

● Storing related values (faster to 
loop through at execution time)

● Columns can be individually 
compressed

● Access values from a few 
columns without reading every 
one
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BigQuery Architecture Introduces Three Key Innovations

1. Column-Based Data Storage

2. Break Apart Tables into Pieces

3. Store Nested Fields within a Table 
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BigQuery Automatically Breaks Apart Data into Smaller Shards

Organization Details

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

... ...

... ...

10 Billion Row Table

1 2 3 4 5 6 7 8 9

Google File System
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BigQuery Automatically Pieces it All Back Together for Queries

SELECT Company Name ORDER BY Company Name

1 1 1

Shards of data are read and Processed in Parallel

Organization Details

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

... ...

... ...

10 Billion Row Table
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BigQuery Automatically Balances and Scales Workers

● Up to 2,000 workers to 
process concurrent queries 
(on-demand tier)

● “Fairness model” for 
allocation
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BigQuery Workers Communicate by Shuffling Data In-Memory

1. Workers Consume data values 
and perform operations in 
parallel
 

2. Workers Produce output to the 
In-Memory Shuffle Service

3. Workers Consume New Data 
and continue processing

Workers (one or more slots) 
scale to meet the demand of 
the processing task. 

1 2
3

Read More

https://cloud.google.com/blog/big-data/2016/01/anatomy-of-a-bigquery-query
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BigQuery Shuffling Enables Massive Scale

 
● Shuffle allows BigQuery to 

process massively parallel 
petabyte-scale data jobs 

● Everything after Query 
Execution is Automatically 
Scaled and Managed

● All Queries Large and Small 
Use Shuffle

1 2
3
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BigQuery Architecture Introduces Three Key Innovations

1. Column-Based Data Storage

2. Break Apart Tables into Pieces

3. Store Nested Fields within a Table 
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Module 11

Schema Design and 
Nested Data Structures

In this module we will:

• Working with Nested Data, Arrays, and Structs 

in Google BigQuery
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BigQuery Architecture Introduces Repeated Fields

High PerformingLess Performant

Normalized Denormalized Repeated
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The Traditional Relational Model Requires Expensive Joins

Expense 
Code

Expense 
Type

1 Lobbying

2 Legal

3 Insurance

... ...

Organization Details

Company 
ID

Expense 
Code

Amount

161218560 1 $10,000

... ... ...

Company 
ID

Company Name

161218560 NY Association 
Inc.

... ...

Code Lookup TablesHistorical Transactions



© 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.

BigQuery Can Use Nested Schemas For Highly Scalable Queries

Organization Details with Nested Historical Transactions 

Company ID Company Name Transactions.Amount Code.Expense

161218560 NY Association Inc. $10.000 Lobbying

$5,000 Legal

$1,000 Insurance

123435560 ACME Co. $7,000 Travel

NESTED
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Nested Schemas Bring Performance Benefits

● Avoid costly joins

● No performance 
punishment for 
SELECT(DISTINCT 

Company ID)
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Working with Repeated Fields

1. Introducing Arrays and Structs

2. Flattening Arrays: Legacy vs Standard

3. Practicing SQL with Repeated Fields
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Working with Repeated Fields

1. Introducing Arrays and Structs

2. Flattening Arrays: Legacy vs Standard

3. Practicing SQL with Repeated Fields
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Arrays are Supported Natively in BigQuery

Arrays are ordered lists of 
zero or more data values 
that must have the same 
data type

[ ], , ,
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Working with SQL Arrays

SELECT 
['raspberry', 'blackberry', 'strawberry', 'cherry'] 
AS fruit_array

Create an array with brackets [ ] 
BigQuery flattened Output:

Reminder: Use #standardSQL
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Working with SQL Arrays

WITH fruits AS (
SELECT ['raspberry', 'blackberry', 'strawberry', 'cherry'] 
AS fruit_array
)

SELECT ARRAY_LENGTH(fruit_array) AS array_size 
FROM fruits;

Count the elements in an array 
with ARRAY_LENGTH
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BigQuery Implicitly Flattens Arrays

SELECT
  ['apple', 'pear', 'plum'] AS item,
  'Jacob' AS customer

BigQuery Output:
● Item → Flattened array
● Customer → Normal field

Array = ['apple', 'pear', 'plum']

Flattened Array = 
apple
pear
plum
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Explicitly Flatten Arrays with UNNEST()

SELECT
items,
customer_name
FROM
UNNEST(['apple', 'pear', 'peach']) AS items
CROSS JOIN
(SELECT 'Jacob' AS customer_name)

BigQuery UNNESTED Output:

UNNEST = A query that 
flattens an array and 
returns a row for each 
element in the array.

Associate all items in our 
array with the Customer 

Flatten using a CROSS JOIN
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Aggregate into an Array with ARRAY_AGG

← Subquery to create a table 
of fruits for us to aggregate 
later into an array

Use ARRAY_AGG to 
aggregate values into an 
array

← These results are the 
same as saying: 
[“apple”,”pear”,”banana”]

WITH fruits AS
  (SELECT "apple" AS fruit
   UNION ALL 
   SELECT "pear" AS fruit
   UNION ALL 
   SELECT "banana" AS fruit)
   
SELECT ARRAY_AGG(fruit) AS 
fruit_basket
FROM fruits;
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Sort Array Output with ORDER BY

← Notice how 
banana is now 
second

WITH fruits AS
  (SELECT "apple" AS fruit
   UNION ALL 
   SELECT "pear" AS fruit
   UNION ALL 
   SELECT "banana" AS fruit)
   
SELECT ARRAY_AGG(fruit ORDER BY fruit) 
AS fruit_basket
FROM fruits;
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Filter Arrays using WHERE IN

← Start with a three arrays 
of shopping lists

Use WHERE IN to filter an 
array. Note the empty third 
array returned back because 
‘apple’ is not present in the 
original list

WITH groceries AS
  (SELECT ['apple', 'pear', 'banana'] AS list
   UNION ALL 
   SELECT ['carrot', 'apple'] AS list
   UNION ALL 
   SELECT ['water', 'wine'] AS list)
   

SELECT
   ARRAY(
          SELECT items FROM UNNEST(list) AS items
          WHERE 'apple' IN UNNEST(list)
         ) AS contains_apple
FROM groceries;
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STRUCTs are Flexible Containers

STRUCT are a container of 
ordered fields each with a 
type (required) and field 
name (optional).

You can store multiple 
data types in a STRUCT 
(even Arrays!)
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#standardSQL
SELECT
STRUCT(35 AS age, 'Jacob' AS name)

Wait, what’s wrong with the 
below result?

Store age as an integer 
Store name as a string

STRUCTs are Flexible Containers
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#standardSQL
SELECT
STRUCT(35 AS age, 'Jacob' AS name) AS customers

Name the overall 
STRUCT container

STRUCTs are Flexible Containers

One STRUCT can 
have many values. 
Looks and behaves 
similar to a table!
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STRUCTs Can Even Contain ARRAY Values

#standardSQL
SELECT
STRUCT(35 AS age, 'Jacob' AS name,['apple', 'pear', 'peach'] AS 
items) AS customers

STRUCTS can contain 
Arrays as values
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ARRAYS can Contain STRUCTs as Values

#standardSQL
SELECT
[
STRUCT(35 AS age, 'Jacob' AS name, ['apple', 'pear', 'peach'] AS items),
STRUCT(33 AS age, 'Miranda' AS name, ['water', 'pineapple', 'ice cream'] AS items)
] AS customers

ARRAYS can Contain 
STRUCTS as Values
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Filter for Customers who Bought Ice Cream

#standardSQL
WITH orders AS (
SELECT
[
STRUCT(35 AS age, 'Jacob' AS name, ['apple', 'pear', 'peach'] AS items),
STRUCT(33 AS age, 'Miranda' AS name, ['water', 'pineapple', 'ice cream'] AS items)
] AS customers
)

SELECT 
  customers
FROM orders AS o
CROSS JOIN UNNEST(o.customers) AS customers
WHERE 'ice cream' IN UNNEST(customers.items)

CROSS JOIN and UNNEST 
Flattens arrays so we can 
access elements

← Filter on items Array 
with UNNEST and using IN
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Nested (Repeated) Records are Arrays of Structs

● Nested records in BigQuery are 
Arrays of Structs. 

● Instead of Joining with a sql_on: 
expression, the join relationship 
is built into the table. 

● UNNESTing a ARRAY of STRUCTs 
is similar to joining a table.
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Working with Repeated Fields

1. Introducing Arrays and Structs

2. Flattening Arrays: Legacy vs Standard

3. Practicing SQL with Repeated Fields
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Legacy vs Standard SQL Repeated Record Differences

Legacy SQL Syntax
● Flattening happens explicitly 

with FLATTEN

Functions:
● WITHIN RECORD
● NEST

Standard SQL Syntax
● Flattening happens implicitly 

or explicitly with CROSS JOIN + 
UNNEST

Functions:
● ARRAY_LENGTH
● ARRAY_AGG

More Details

https://cloud.google.com/bigquery/docs/reference/standard-sql/migrating-from-legacy-sql#differences_in_repeated_field_handling
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Working with Repeated Fields

1. Introducing Arrays and Structs

2. Flattening Arrays: Legacy vs Standard

3. Practicing SQL with Repeated Fields
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ARRAY/STRUCT example
# Top two Hacker News articles by day

WITH TitlesAndScores AS (

  SELECT

    ARRAY_AGG(STRUCT(title, score)) AS titles,

    EXTRACT(DATE FROM time_ts) AS date

  FROM `bigquery-public-data.hacker_news.stories`

  WHERE score IS NOT NULL AND title IS NOT NULL

  GROUP BY date)

SELECT date,

  ARRAY(SELECT AS STRUCT title, score

        FROM UNNEST(titles) ORDER BY score DESC

   LIMIT 2)

  AS top_articles

FROM TitlesAndScores;

WITH Clause:
- Make an array of (title, score) 

objects
- Extract the date from the 

timestamp
- Group by the date (which gives us 

the array contents)

ARRAY(SELECT AS STRUCT:
- Unnest the array from the WITH 

clause
- Order it and take the top 2
- Create a new array of (title, score) 

objects

Outer query:
- Project date from WITH clause
- Project Array
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ARRAY/STRUCT example result

Row date top_articles.title top_articles.score

1 2010-08-23 Why GNU grep is Fast 512

Readme Driven Development 244

2 2010-04-26 Police raid Gizmodo editor's house 257

Not even in South Park? 257

3 2009-09-15 Learning Advanced JavaScript 257

Sub-pixel re-workings of YouTube 
and BBC favicons

154
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BigQuery uses 
compressed 
column-based 
storage for fast 
retrieval

Structs and arrays 
are data type 
containers that are 
foundational to 
repeated fields

Tables are broken 
into pieces, called 
shards, to allow 
for scalability

Summary: GCP offers you the ability to:Summary: BigQuery architecture is designed for petabyte-scale 
querying performance

Tables with 
repeated fields are 
conceptually like 
pre-joined tables
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Lab 10
Querying Nested and 
Repeated Data
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Querying Nested and Repeated Data

In this lab, you will practice querying 
Nested and Repeated Fields using array 
manipulation and structs.


