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Data (Engineering) Lifecycle

Data engineering lifecycle
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What is data wrangling?
We need data in the form of Z

We have data in the form of A



What is data wrangling?
We need data in the form of Z

We have data in the form of A

Data wrangling

- Q
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What is data wrangling?

We want to...
« Change data format

27.09.2021 = 2021-09-27



What is data wrangling?

We want to...

« Change datatype
“500” = 500

String =»Integer
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What is data wrangling?

Andres » Mr. Andres We want to N
Anna Ms. Anna
Augustus Dr. Augustus

* Augment




What is data wrangling?

We want to...

title genre price

ekt sdewe T
\ genre
book 2 fantasy 8.49 \\\A
- [
S

book 3 romance 9.99 »

romance
book 5 fantasy 799
book 6 romance 588

« Group



title price
book 2 fantasy

s | e / E

fantasy

book 5 fantasy

romance

book 6 romance 588

avg_price

(8.49 +7.99)/2

(9.99 + 5.88)/2

824

7.935

What is data wrangling?

We want to.

 Aggregate
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Andres 33

Anna 44

l Where age < 40

Andres 33

What is data wrangling?

We want to...

 Filter

25



1 Andres

2 Anna
2021 A 1
2021 B 2
2021 C 2

2021_A Andres
2021 B Anna
2021 C Anna

What is data wrangling?

We want to...

e Join

26



What is data wrangling?

We want to...
« Change data format
« Change data type
* Fix missing values
* Fix duplicates
 Augment
« Group
 Aggregate
« Filter
« Join
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Why is data wrangling
necessary?

Data Prep is the Biggest Barrier to Success in Analytics
Projects

“It's impossible to overstress this:
, 80% of the work in any data project
of time & resources spent

on any data project is is in cleaning the data.
data preparation* — DJ Patil, Former US Chief Data Scientist

*Wrangler: Interactive Visual Specification of Data Transformation Scripts —
Heer, Hellerstein, Kandel, Paepke; Stanford University & University California, Berkeley (2011)




How do data scientists spend their time?

Deploying
models
Model
training
Model
selection
Data
visualization
Reporting and
presentation
Data
cleansing

Data
preparation

Source: 2021 State of Data Science Report
Anaconda
N =2 030

Why is data wrangling
necessary?

The ML view:

Models assume data in certain format
Models should have as clean data as possible



ETL Process

Extract
_>

=5

Transform

53

Load
_>

Destination

E

Why is data wrangling
necessary?

The Bl view:

« Data = Insights =» Actions.
« Data needs to be usable
« Data needs to be trustworthy
 Data needs to be available



Data Transformation Icons
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Types of data wrangling
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Data Transformation Icons

W W

Hide Colum Combine Colum
Column Reorder
| s— | — —
| S—] Sy ¥
[ ov L
Limit Rows Sort Rows Filter Row:
-
D 4 ' ‘j ore
Unpiv Transpose Group Data
@ @ o0
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/] ~
Zero Fill Extrapol

Types of data wrangling

« Validity of values

« Phone numbers
¢ “+372 51234567
« “00372 51234567
¢ “512 345 67"

« 51234567
 |ID codes and references
- PID (EE)
« Gender

e Date of birth
e Checksum

« Reference Number of the Invoice (EE)



Data Transformation Icons

o w M

Add Column Hide Column Combine Column Edit Column
Column Reorder
| s— | s— —_
T  e— A = 3
il ov |
Renam Limit Row: Sort Rows Filter Row: Case
Stateme
- ore >=
i 0+ e :
ivot Unpiv Transp Group Data Bucket D

Types of data wrangling

« Consistent values
* Does zip code + city make sense?

e Can there be a sales order worth more than 1
million euros?

 If a customer has conflicting e-mails in different
systems, which system is correct?



Types of data wrangling

Data Transformation Icons e Du pl | cates
m e m mw * Do we accept duplicates?
S P n * Is it possible to set validity of data (updated
N A timestamp)?
DT S v S I ||t « Keep only one row (try to make the choice
m; u:) 'rraCn;;se Gro:p' :ata Bucl:ata I d e m p Ot e nt) |
« Can we trust the source system to have unique
Ze%ill Ext,\i"late Val u e S ?



Types of data wrangling

Data Transformation Icons e Business rules
oom mom v » Does a premium customer have the associated
TR el premium services?
L (R » Is this product allowed to have this discount?
GO R I



Data Transformation Icons

o w M

Add Column Hide Column Combine Column Edit Column

Column Reorder

| s— | s— —_

T — (S = 3

il ov |
Renam Limit Row: Sort Rows Filter Row: Case
Stateme
- Ore >=
i 0+ e :
ivot Unpiv Transp Group Data Bucket D

Types of data wrangling

Conforming values
 If customer has conflicting emails in different
systems, which system is correct?

 Is there a unique code across systems for
defining a ... (product, customer, location, ...)
« Eg product name in ERP vs sales system vs website?



Types of data wrangling

Data Transformation Icons e M | SS | N g d ata
o w0 What is NULL?

Add Column Hide Column Combine Column Edit Column

Is NULL acceptable?

?

e Ui oo rtons oo « Aggregation over NULL is (usually) correct
= 03 17 B 8 « -1 (or similar) to use for referential integrity
® ® ® oo g » In data science/ML:
Outerjoin  Leftjin InnerJoin Union cross Join e Delete data

2 ~ . Impute data

 Easiest/fastest: median



Types of data wrangling

Data Transformation Icons e \Wron g d ata typ e
AddColumn  HideColumn  Combine  Column g Column « Load in csv without schema - everything is a string
its =2 = T 4 * Inferring schema (eg Spark) can end up with wrong type
foeme  fmkhom St PRRRE e o Unit
o 0T - B 8 e String vs integer vs decimal type
Pt Unplvot  Transpose  GroupData  Bucket paca  Ahundred pieces
o.' .) CD. " ® » 100 pieces
o o . 10055 pieces
[} ~ :
2romil Exapole * Timestamps

e UTC vslocal

« UNIX timestamp
» Avro files — date/timestamp is integer. Eg how many days
since 1 January 1970 (ISO calendar)



Types of data wrangling

Data Transformation lcons « Wrong data structure
00 0 0 I W e Structured data
Add Column  Hide Column  Combine Column - Edit Column e (CSV
IT = =3 = &  Excel
Rname  Umitiows  Sortgows  FlerRows  Gse  Conventional database
T 0T 1T e ¥ * Nested data (semistructured data)
. * Parquet
) J o « Struct, array (in Spark, BigQuery, etc)
» Unstructured data
 Text
« Images

e Audio/Video



Types of data wrangling

Data Transformation Icons ° Ag g reg at| ons
o mw m W  Grouping

: : : « Correct grouping columns (level of slice/dice)
TGO « How will the data be used (visualization,
AN R SR reporting, ML)



Types of data wrangling

Data Transformation Icons « Validity of values
m oW Om m v « Consistent values
e omemodm s ™™™« Duplicates
TS SL WL 2« Business rules
T R = T « Conforming values

® © ® o g * Missingdata

T e »  Wrong data type

« Wrong data structure
« Aggregations
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Abstractly — how far are you in the data
wrangling process?

Various definitions, commonly 3 stages are
defined



Levels of data wrangling

= e, Abstractly — how far are you in the data
N S U A | wrangling process?

souree e Various definitions, commonly 3 stages are

- defined
P i

Igt Tbl Refined Tables Feature/Agg Data Store
(Silver) (Gold)

Source: Databricks



Levels of data wrangling

Ingest
Data

,[_Ij OrderNumber OrderTimestamp Customerld

beae | | hss 0_12345 150.00 2021-09-01T13:00:05+03:00
Raw tage 0_12346 230.00 2021-09-01T13:20:11+03:00 78
Source: Trifacta 0_12347 170.00 2021-09-01T12:55:22+02:00 41
R_12346 230.00 2021-09-01T13:56:05+03:00 78

E@ g 0_12348 50.50 2021-09-01T14:01:05+03:00 97
0_12349 450.23 2021-09-01T15:12:05+03:00 55

Ingestion Tables
(Bronze)

Source: Databricks



Levels of data wrangling

N Design &
Refine Data

I—lj OrderNumber OrderTimestampUTC Customerld | OrderType IsReturned

o | | oo 0_12345 150.00 2021-09-01 10:00:05
Reports 9
Refined tage 0_12346 230.00 2021-09-01 10:20:11 78 100 1
Source: Trifacta 0_12347 170.00 2021-09-01 10:55:22 4 100 0
R_12346 -230.00 2021-09-01 10:56:05 78 400 NULL
0_12348 50.50 2021-09-01 11:01:05 97 100 0
0_12349 450.23 2021-09-01 12:12:05 55 100 0

Refined Tables
(Silver)

Source: Databricks



N Optimize
Data

1

Regular
Reporting

Data
Products &
Services

Production Stage

Source: Trifacta

Feature/Agg Data Store

(Gold)

Source: Databricks

Levels of data wrangling

OrderNu OrderReve OrderTimestampUTC OrderDate Custome OrderTy IsReturn
mber rid ed

0_12345

0_12347

0_12348

0_12349

150.00

170.00

50.50

450.23

2021-09-01 10:00:05

2021-09-01 10:55:22

2021-09-01 11:01:05

2021-09-01 12:12:05

2021-09-01

2021-09-01

2021-09-01

2021-09-01

97

55

100

100

100

a7



Considerations

Data wrangling approaches



...AND AT THIS
POINT HERE YOU CAN
SEE WHERE I BECAME
INVOLVED WITH THE
CREATION OF THIS
GRAPH

THIS GRaPH

B Aririore

(€) 2007 MIKE BANNON WWW MORDANTORANGE COM

Considerations

Data wrangling approaches
« Adhoc / exploratory / PoC



Spend 10
minutes
doing the
task manually

Spend 10
hours
writing code
to automate it

Considerations

Data wrangling approaches

Production data engineering

50



Considerations

Data wrangling approaches
« Adhoc / exploratory / PoC
* Production data engineering

T\ | | v
'T ‘ TF Consider which tool to use for which purpose

32 DIFFERENT TYPES OF HAMMERS & THEIR USES



Considerations

e Staging area

« Temporary place for data
« Raw data from source(s)
« Transformation steps

« Important for following ELT (instead of ETL)
« Storage is cheap, compute is expensive
 Minimize impact on source systems

« Detect changes

52



Considerations

What happens if source data is updated?

Customers Orders
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* What happens if source data Is updated?

Customers Orders
10140 20210901_001 2 000.00

= )

Update



Considerations

* What happens if source data Is updated?

Customers Orders
10140 20210901_001 2 000.00

51009 20210901_001 2 000.00

E S 20210902_001 4 500.00

Update

95



Considerations

* What happens if source data Is updated?

Customers Orders
10140 5 20210901_001 2 000.00

51009 5 20210901 001 2 000.00
E 5 20210902_001 4 500.00
Update
90210 5 20210901_001 2 000.00
5 20210902_001 4 500.00
5 20210903 001 300.00

56



Considerations

* What happens if source data Is updated?

Customers Orders
IEI Customerld | Orderld
10140 2021-09-01 9999-12-31

20210901_001 2 000.00

“ Customerld | Orderld OrderRevenue

10140 2021-09-01 2021-09-01 20210901_001 2 000.00

2 5 51009 2021-09-02  9999-12-31

Update
IEI Customerld | Orderld

10140 2021-09-01  2021-09-01 20210901 001 2 000.00
2 5 51009 2021-09-02  2021-09-02

2 20210902_001 4500.00
g 5 90210 2021-09-033  9999-12-31

3 20210903_001 300.00

S7



Considerations

« What happens if source data is updated?

« Slowly changing dimensions
« TypeO
«  Always original — e.g. date of birth

« Typel
Always overwrite — simple but no history (often
Incorrect)
C___ D + Type?2
Update New row — good for history, becomes complex

Other types:
« history tables, history attributes, combinations



Considerations

 How is data published to target?
 Fact and dimension tables
U .E be ML model
U . Bl data files
+ Kafka

 API
¢ .7

# \lﬁ/"J




Considerations

« Data wrangling is usually not a siloed activity. You need to
consider

* Integration

Whereis data coming from? Which sources have the same data? Which
source holds the master data?

Infrastructure

«  Which systems hold the data? Which format is source data in? Which system
Is used for transformation? On premise vs cloud vs hybrid infrastructure?

« Security

« Who has/should have access to source data? Who should have access to
data wrangling code?

* Exception handling

«  Whatis the system criticality? Is it better to allow data wrangling to fail or
skip/ignore? Logging and notification of errors.

« Data Quality
«  Are there contracts in place towards data source? What types of data quality
errors are allowed in the output data?
« Data modelling
«  Kimball vs Inmon vs Data vault — which mindset/framework are we using? Do
we have a lot of streaming inserts? Do we have a lot of ad hoc querys?




} EMERGENCY TELEPHONE

Considerations

Where does data wrangling start from?
« Feedback loop to source system

 Issues arising from Ul / user forms in source
systems
 Web sites, Internal systems
« Enforcing data validations vs UX

61






Abstract

Pandas is one of the most + Pandas covers a number of
popular data analysis tools use cases

It is open-source, written in - Data Analysis - What are the
python/C++ data about?

It is flexible, powerful, fast, - Data Transformation - How

and quite easy-to-use. do the data need to look

like?



DataFrames

A DataFrame is a data structure that
organises data into a 2-dimensional
table of rows and columns, much like a
spreadsheet.

DataFrames are one of the most common
data structures used in modern data
analytics because they are a flexible and
intuitive way of storing and working with
data.

— Databricks

Row-1 —»

Row-2 —

Row-n —»

Pandas Data structure

idx

Column-1

Column-2

Column-n

—p» DataFrame

Index




DataFrame (cont.)

They can handle any sort of tabular data

They support (and can normalise) nested data

S — W—  S—  —
CcsSv XLS  PARQUET csy XLS  PARQUET
= 4 = o %

W—  —  — r.ead—* tO_* E—  — S—
HTML HDF5 JSON HTML HDF5 JSON

> >
<> KF { <> HEF {

S— — — W— — —

GBQ SQL GBQ SQL

© 8 © B



Data Wrangling

with pandas
Cheat Sheet
http://pandas.pydata.org

1 a4 7 0
2 s ® 1n
3 3 s 12
df = pd.DataFrame(
{"a" : [4 ,5, 6],
"b* : [7, 8, 9],
AN A

iMex = [1' 2’ 3])
Specify values for each column.

df = pd.DataFrame(
[[4, 7, 10],
(5, 8, 11],
(6, 9, 12]],
index=[1, 2, 3],
columns=['a', 'b', "c¢'])
Specify values for each row.

1 4 7 30
2 s 8 1
. 2 6 9 27

df = pd.DataFrame(

{"a" : [4,5, 6],
"o : (7, 8, 9],
"c" : [10, 11, 12]},

index = pd.Multilndex.from_tuples(
[('a',1),('d",2),('e',2)],
names=['n*,"'v']))
Create DataFrame with a Multilndex

Syntax — Creating DataFrames

Tidy Data - A foundation for wrangling in pandas

L F M A F M| A Bl B

L —

Tidy data complements pandas’s vectorized
operations. pandas will automatically preserve

In a tidy
data set: observations as you manipulate variables. No ——
other format works as intuitively with pandas. S —(-

Each observation is

Each variable is saved
in its own column

M* A

saved in its own row

Resha ping Data - change the layout of a data set

T | I | 2. T df.sort_values('mpg')

— E: = = — Order rows by values of a column (low to high).
= = df.sort_values('mpg’,ascending=False)
=- | Order rows by values of a column (high to low).

B | ] |

pd.melt(df) df .pivot(columns="var', values='val') Of.rename(columns = {'y':'year'})

Gather columns into rows. Spread rows into columns. Rename the columns of a DataFrame

1 . df.sort_index()

- EmE= N — Sort the index of a DataFrame
= df.reset_index()
[ B Reset index of DataFrame to row numbers, moving
index to columns,
pd.concat([df1,df2]) pd.concat([df1,df2], axis=1) df.drop(columns=['Length’, 'Height'])
Append rows of DataFrames Append columns of DataFrames Drop columns from DataFrame

.

Subset Observations (Rows) Subset Variables (Columns)

\ J

Method Chaining

Most pandas methods return a DataFrame so that
another pandas method can be applied to the
result. This improves readability of code.

df = (pd.melt(df)

.rename(columns={
*variable' : ‘'var’',
'value' : 'val'})

.query('val >= 200')

L 1 1 1 ] | © - - [ ]
L 1 1 1 1 | T o f s |
T [ [ [ U emm [ [ ) s B N es) EEEEE.
df[['width’, "length’', "species’']]
df[df.Length > 7] i df.smle(frac=0.5? Select multiple columns with specific names.
Extract rows that meet logical Randomly select fraction of rows. df['width'] or df.width
criters. df .sample(a=10) Select single column with specific name.
df.drop_duplicates() Randomly select n rows. df.filter(regex="regex")
Remove duplicate rows (only df.iloc[10:20) R e e .
» . gular expression regex.
considers columns). Select rows by position. .
df .head(n) df.nlargest(n, 'value') regex (Regular Expressions) Examples
Select first n rows. Select and order top n entries. .t Matches strings containing & period '
df.tail(n) df.nsmallest(n, 'value') "Length$" Matches strings ending with word ‘Length’
Select last n rows. Select and order bottom n entries. *aSepal’ Maaches strings | S
"*x[1-5]%" Matches strings beginning with ‘¥’ and ending with 1,2.3.4.5
Logic in Python (and pandas) “a(31Species$).*’ Matches strings except the string ‘Spedes’
Nt o v df.loc[:,"x2":"x4"]

df.loc[df['a"]

Logical and, or, not, xor, any, all

> | Greater than Group membership Select all columns between x2 and x4 (inclusive).
== | Equals Is NaN df.il“[:,[l,z,S]]
P PRTSa P Select columns in positions 1, 2 and 5 (first column is 0).

> 10, ['a’,'c']]

Select rows meeting logical condition, and only the specific columns .

Mo //pandas pydats o/ This chest sheet inspired by Rstudio Dats Wrsnging Cheatsheet (Mo // waw raudio com/'wp-content 'uslosds/ 2015702 /dat s wranghng cheatsheet odf Wreten by iy Lustie. Princeton Consut asts
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