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tabular data
What you are probably used to…



tabular data
Or, maybe this…



pandas
In:    amniote = pd.read_csv('Amniote_Database_Aug_2015.csv') 
In:    amniote.info() 
Out: 
<class 'pandas.core.frame.DataFrame'> 
Int64Index: 21322 entries, 0 to 21321 
Data columns (total 36 columns): 
class                                    21322 non-null object 
order                                    21322 non-null object 
family                                   21322 non-null object 
genus                                    21322 non-null object 
species                                  21322 non-null object 
subspecies                               21322 non-null int64 
common_name                              21322 non-null object 
female_maturity_d                        21322 non-null float64 
(…truncated…) 
egg_width_mm                             21322 non-null float64 
egg_length_mm                            21322 non-null float64 
fledging_mass_g                          21322 non-null float64 
adult_svl_cm                             21322 non-null float64 
male_svl_cm                              21322 non-null float64 
female_svl_cm                            21322 non-null float64 
birth_or_hatching_svl_cm                 21322 non-null float64 
female_svl_at_maturity_cm                21322 non-null float64 
female_body_mass_at_maturity_g           21322 non-null int64 
no_sex_svl_cm                            21322 non-null float64 
no_sex_maturity_d                        21322 non-null float64 
dtypes: float64(28), int64(2), object(6) 
memory usage: 6.0+ MB

We've talked about manipulating these data with



But there's another way…
And, that's by using a database

What is a database?

A collection of data organized 
according to some scheme 

(databases, tables, etc.)

Many databases are "relational".  What's a relational database?

A collection of data organized to 
recognize the relationships among 

the data



Relational database

index class
1 Aves

2 Reptilia

3 Mammalia

index order
1 Accipitriformes

2 Anseriformes

3 Apodiformes

index family
1 Accipitridae

2 Cathartidae

3 Pandionidae

class (table) order (table) family (table)

index class order family genus species common
1 class.1 order.1 family.1 Accipter albogularis Pied Goshawk

2 class.1 order.1 family.1 Accipter badius Shikra

3 class.1 order.1 family.1 Accipter bicolor Bicolored Hawk

species (table)



Relational databases
Unlike a spreadsheet, relational databases give you more control over column contents

Can limit 
to only 
valid 

classes

Can limit 
to only 
valid 

orders

Can limit 
to only 
valid 

families

In respective tables

Can limit 
to valid 
values
(int)

Can limit 
to valid 
values
(float)

Can limit to boolean (true or false)
Can limit to category ('big','medium', 'small')
Can limit to date range ( > 01 Dec 2015)
etc.



Relational databases
come in many flavors

sqlitemysql postgresql

client/server

fast + powerful

hard to install

client/server

fast + powerful

hard to install

"single" file

fast + powerful

easy to install



Relational databases
are meant to handle and organize LOTS of data

sqlitemysql postgresql

264 rows

32767 columns

140 terabytes
("max" db size)

unlimited rows

250-1600 columns

unlimited
("max" db size)

32 terabytes
(max table size)

1.6 terabytes
(max row size)

5 x 109

4096 columns

256 TB
("max" db size)

4 TB
(max table size)

66 KB
(max row size)



Relational databases
are generally "controlled" by (1) internal server commands and (2) SQL

Structured Query Language (SQL)

index order
1 Accipitriformes

2 Anseriformes

3 Apodiformes

order (table)
SELECT * FROM order

SELECT * FROM order WHERE index=1

Get all rows

Get rows where index = 1

Insert a new row
INSERT INTO order (index, order) VALUES (4, Galliformes)

Get count of all rows
SELECT COUNT(*) FROM order



In:    amniote = pd.read_csv('Amniote_Database_Aug_2015.csv') 
In:    amniote.info() 
Out: 
<class 'pandas.core.frame.DataFrame'> 
Int64Index: 21322 entries, 0 to 21321 
Data columns (total 36 columns): 
class                                    21322 non-null object 
order                                    21322 non-null object 
family                                   21322 non-null object 
genus                                    21322 non-null object 
species                                  21322 non-null object 
subspecies                               21322 non-null int64 
common_name                              21322 non-null object 
female_maturity_d                        21322 non-null float64 
(…truncated…) 
egg_width_mm                             21322 non-null float64 
egg_length_mm                            21322 non-null float64 
fledging_mass_g                          21322 non-null float64 
adult_svl_cm                             21322 non-null float64 
male_svl_cm                              21322 non-null float64 
female_svl_cm                            21322 non-null float64 
birth_or_hatching_svl_cm                 21322 non-null float64 
female_svl_at_maturity_cm                21322 non-null float64 
female_body_mass_at_maturity_g           21322 non-null int64 
no_sex_svl_cm                            21322 non-null float64 
no_sex_maturity_d                        21322 non-null float64 
dtypes: float64(28), int64(2), object(6) 
memory usage: 6.0+ MB

Why am I telling you this?

There may come a time 
when you can't 

(or don't want to) 
use

pandas



Why am I telling you this?

sqlite

264 rows

32767 columns

140 terabytes
("max" db size)

And, Python has built-in support for sqlite
the "little database that can" (do pretty much everything)



sqlite

Truncated amniote.csv
8 columns

21323 rows

Example

http://biolprogramming.s3.amazonaws.com/amniote-partial.csv.zip

http://biolprogramming.s3.amazonaws.com/amniote-partial.csv.zip
http://biolprogramming.s3.amazonaws.com/amniote-partial.csv.zip


sqlite

Truncated amniote.csv
8 columns

21323 rows

Example

Removed header row



sqlite

Truncated amniote.csv
8 columns

21323 rows

Example

Removed header row



sqlite
Example (SQL commands end in semicolon)

$ sqlite amniote.sqlite 

SQLite version 3.9.2 2015-11-02 18:31:45 
Enter ".help" for usage hints. 

sqlite> create table amniote (class text, ord text, family text, genus text, species 
text, common_name text, female_maturity_d float, litter_or_clutch_size float); 

sqlite> .mode csv 
sqlite> .import amniote-partial.csv amniote 

sqlite> .mode column 
sqlite> select * from amniote limit 3; 
Aves        Accipitriformes  Accipitridae  Accipiter   albogularis  Pied Goshawk  -999        -999 
Aves        Accipitriformes  Accipitridae  Accipiter   badius       Shikra        363.468     3.25 
Aves        Accipitriformes  Accipitridae  Accipiter   bicolor      Bicolored Ha  -999        2.7

start sqlite and create db amniote.sqlite

CREATE a table using SQL language

Use internal sqlite command to set data mode

Import our CSV data to our
amniote table

Use internal sqlite command to set data mode

Query the data using SQL statement



sqlite
Example

sqlite> .mode column 
sqlite> select * from amniote limit 3; 
Aves        Accipitriformes  Accipitridae  Accipiter   albogularis  Pied Goshawk  -999        -999 
Aves        Accipitriformes  Accipitridae  Accipiter   badius       Shikra        363.468     3.25 
Aves        Accipitriformes  Accipitridae  Accipiter   bicolor      Bicolored Ha  -999        2.7

start sqlite and create db amniote.sqlite

Where are the headers?

sqlite> .headers on 
sqlite> select * from amniote limit 3; 
class       ord              family        genus       species      common_name   female_maturity_d  litter_or_clutch_size 
----------  ---------------  ------------  ----------  -----------  ------------  -----------------  --------------------- 
Aves        Accipitriformes  Accipitridae  Accipiter   albogularis  Pied Goshawk  -999.0             -999.0 
Aves        Accipitriformes  Accipitridae  Accipiter   badius       Shikra        363.468            3.25 
Aves        Accipitriformes  Accipitridae  Accipiter   bicolor      Bicolored Ha  -999.0             2.7

Use internal sqlite command to
turn on headers



sqlite Example (cool stuff)

sqlite> select count(*) from amniote; 
count(*) 
---------- 
21322 

sqlite> select count(distinct(family)) from amniote; 
count(distinct(family)) 
---------------------- 
465 

sqlite> select family, count(family) from amniote group by family order by 
count(family) desc; 
family      count(family) 
----------  ------------- 
Scincidae   1351 
Gekkonidae  701 
Muridae     638 
Cricetidae  609 
Tyrannidae  402 
Agamidae    391 
Vespertili  382 
Dactyloida  350 
Thraupidae  334 
Psittacida  324 
Trochilida  311 

(…truncated…)

count all records

count all unique families

get count of all rows in distinct 
families



sqlite Example (cool stuff)

sqlite> select class, ord, genus, species, common_name from amniote where family = 
'Scincidae' limit 5; 
class       ord         genus       species     common_name 
----------  ----------  ----------  ----------  ------------- 
Reptilia    Squamata    Ablepharus  bivittatus  Twin-striped Skink 
Reptilia    Squamata    Ablepharus  budaki      -999 
Reptilia    Squamata    Ablepharus  chernovi    Chernov's Skink 
Reptilia    Squamata    Ablepharus  darvazi     -999 
Reptilia    Squamata    Ablepharus  deserti     Desert Lidless Skink 

sqlite> select distinct(common_name) from amniote where common_name like "-99%"; 
common_name 
----------- 
-999 

sqlite> update amniote set common_name = NULL where common_name = '-999'; 

sqlite> select class, ord, genus, species, common_name from amniote where family = 
'Scincidae' limit 5; 
class       ord         genus       species     common_name 
----------  ----------  ----------  ----------  ------------------------------------------------- 
Reptilia    Squamata    Ablepharus  bivittatus  Twin-striped Skink, Two-Streaked Snake-Eyed Skink 
Reptilia    Squamata    Ablepharus  budaki 
Reptilia    Squamata    Ablepharus  chernovi    Chernov's Skink 
Reptilia    Squamata    Ablepharus  darvazi 
Reptilia    Squamata    Ablepharus  deserti     Desert Lidless Skink

get specific columns

get all null-like designations

change those to NULL



python sqlite3
The python (native) module for using sqlite3

In:   import sqlite3 

In:   conn = sqlite3.connect('amniote.sqlite') 

In:   cur = conn.cursor() 

In:   result = cur.execute('select * from amniote limit 5') 

In:   result.fetchone() 
Out: 
('Aves', 
 'Accipitriformes', 
 'Accipitridae', 
 'Accipiter', 
 'albogularis', 
 'Pied Goshawk', 
 -999.0, 
 -999.0) 

import the sqlite3 module

create a connection to the database

create a conn.cursor() instance
(this is how we run queries)

use our cur instance to 
run SQL statements

regular old SQL statement (don't need semicolon)

fetch and return a single result

What happens if we run result.fetchone() again?



python sqlite3
The python (native) module for using sqlite3

In:   result = cur.execute('select * from amniote limit 5') 

In:   for row in result.fetchall(): 
            print(row[1], row[2], row[3], row[4]) 
Out: 
Accipitriformes Accipitridae Accipiter albogularis 
Accipitriformes Accipitridae Accipiter badius 
Accipitriformes Accipitridae Accipiter bicolor 
Accipitriformes Accipitridae Accipiter brachyurus 
Accipitriformes Accipitridae Accipiter brevipes 

In:   for row in result.fetchall(): 
            print(row[1], row[2], row[3], row[4]) 
Out:

use our cur instance to 
run SQL statements

fetch and return all results…

What if we do this again?  
Why is there no data?



python sqlite3
The python (native) module for using sqlite3

In:   result = cur.execute('select * from amniote') 

In:   data = result.fetchall() 

In:   type(data) 
Out: list 
In:    len(data) 
Out: 21322 
In:    data[:2] 
Out: 
[('Aves', 
  'Accipitriformes', 
  'Accipitridae', 
  'Accipiter', 
  'albogularis', 
  'Pied Goshawk', 
  -999.0, 
  -999.0), 
 ('Aves', 
  'Accipitriformes', 
  'Accipitridae', 
  'Accipiter', 
  'badius', 
  'Shikra', 
  363.468, 
  3.25)]

use our cur instance to 
run SQL statements
(no limit this time)

fetch and return all results…

Do we want to do this??

data are returned as a list

and the list is looooooong

here's what a slice 
of the list looks like



python sqlite3
The python (native) module for using sqlite3

In:    result = cur.execute('select * from amniote') 

In:    type(result) 
Out: sqlite3.Cursor 

In:    len(result) 
Out: TypeError: object of type 'sqlite3.Cursor' has no len() 

In:   for row in result: 
            print(row[1], row[2], row[3], row[4]) 

use our cur instance to 
run SQL statements
(no limit this time)

let's see what the 
type() of result is

What's it's length?

Let's try to iterate 
over result

So, result is an iterator - fetching one row at a time
(versus fetching them all and putting them in a list)



python sqlite3
The python (native) module for using sqlite3

In:    result = cur.execute('select * from amniote where family = {}'.format('Accipitridae'))

String substitutions

Don't do this

It can cause security problems (due to the way SQL handles text)



python sqlite3
The python (native) module for using sqlite3

In:    result = cur.execute('select * from amniote where family = ?', ('Accipitridae',))

String substitutions
Do this

In:    result = cur.execute('select * from amniote where family = :family', {'family':'Accipitridae'})

Or this

Note comma.
Why?

In:    result = cur.execute('select * from amniote where family = ? or family = ?',  
                            ('Accipitridae', 'Gekkonidae') 
                         )

Or this

Dictionary Style



python sqlite3
The python (native) module for using sqlite3

Table Creation
In:   import sqlite3 
In:   conn = sqlite3.connect('my_new_table.sqlite') 
In:   cur = conn.cursor() 

In:   cur.execute('create table my_table (var1 text, var2 int, var3 float)') 

In:   cur.execute("insert into my_table values ('test', 1, 20.5)") 

In:   result = cur.execute('select * from my_table') 
Out: 
[('test', 1, 20.5)] 

In:   cur.execute("insert into my_table values ('test1', 2, 80.5)") 
In:   result = cur.execute('select * from my_table') 
Out: 
[('test', 1, 20.5), ('test1', 2, 80.5)]

import, create connection,
instantiate cursor

create table

insert values into table
(note apostrophes. why?)

select what we just 
inserted



python sqlite3
The python (native) module for using sqlite3

Closing the connection
In:   import sqlite3 
In:   conn = sqlite3.connect('my_new_table.sqlite') 
In:   cur = conn.cursor() 

In:   cur.execute('create table my_table (var1 text, var2 int, var3 float)') 
In:   cur.execute("insert into my_table values ('test', 1, 20.5)") 
In:   result = cur.execute('select * from my_table') 
In:   cur.execute("insert into my_table values ('test1', 2, 80.5)") 
In:   result = cur.execute('select * from my_table') 
Out: 
[('test', 1, 20.5), ('test1', 2, 80.5)] 

In:   conn.close()

When finished with a database (connection), you should close it


