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SYSTEM FOR ANALYSING DATA 
RELATIONSHIPS TO SUPPORT DATA 

QUERY EXECUTION 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to United Kingdom 
Patent Application No . 1615745 . 5 , entitled SYSTEM FOR 
ANALYSING DATA RELATIONSHIPS TO SUPPORT 
DATA QUERY EXECUTION , filed Sep . 15 , 2016 , which is 
incorporated herein by reference . 

BACKGROUND 
[ 0002 ] The present invention relates to systems and meth 
ods for analysing data sets to identify possible relationships 
between the data sets that can be used , for example , to 
support creation and execution of queries on the data sets . 
[ 0003 ] Organisations maintain increasingly large and 
complex collections of data . Often there is a need to bring 
together data from diverse data sources to enable processing 
and analysis of data sets . However , this can be difficult 
where relationships between different data sets are not 
known a priori or where such information has been lost as 
data is extracted from its original source . This can necessi 
tate laborious manual analysis in order to determine the 
structure of the data and create efficient data queries . Fur 
thermore , the design of queries on complex data sets often 
requires expert knowledge and making such data sets acces 
sible to ordinary users has presented significant technical 
challenges . 

SUMMARY 
[ 0004 ] Embodiments of the present invention accordingly 
seek to address deficiencies in existing data processing 
systems . 
[ 0005 ] Accordingly , in a first aspect of the invention , there 
is provided a method of identifying relationships between 
data collections , each data collection comprising a plurality 
of data records , the method comprising : evaluating a plu 
rality of candidate relationships , each candidate relationship 
defined between a first set of data values associated with a 
first data collection and a second set of data values associ 
ated with a second data collection , the evaluating compris 
ing computing relationship metrics for each candidate rela 
tionship , wherein the relationship metrics for a candidate 
relationship provide a measure of a relationship between the 
first value set and the second value set , the computing 
comprising : computing a first metric indicating a degree of 
distinctness of values of at least one of the first and second 
value sets ; and computing a second metric indicating a 
measure of overlap between values of the first value set and 
values of the second value set ; the method further compris 
ing identifying one or more relationships between data 
collections in dependence on the computed relationship 
metrics . 
[ 0006 ] The first and second value sets preferably define 
respective first and second candidate keys of the respective 
data collections . The term candidate key preferably refers to 
data derived from a data collection that may be used in 
identifying data records , e . g . as a primary key or foreign key 
( whether or not actually defined or used as a key in the 
source data ) , and hence a candidate key may serve as a 
source or target of a relationship between data collections . 

Such a candidate key typically corresponds to a set of values 
taken ( or derived ) from a given field or combination of fields 
of a data collection ( with respective key values taken / 
derived from respective records of the collection ) . 
[ 0007 ] The term “ degree of distinctness ” preferably indi 
cates a degree to which values of a value set ( e . g . defining 
a key ) are distinct ( different ) from each other ( e . g . in other 
words this may relate to the degree of repetition of values 
within the value set ) . Thus , value sets having fewer repeated 
values ( in absolute or more preferably relative terms ) may 
be considered to have a higher degree of distinctness than 
value sets having more repeated values . The term " overlap " 
preferably refers to a degree to which values in one value 
set / key are also found in the other value set / key . The term 
“ metric ” preferably refers to any measure or indicator that 
may be calculated or otherwise determined ( metrics may be 
expressed numerically or in any other way ) . 
[ 0008 ] Preferably , each data collection comprises data 
records each having one or more data fields , and wherein the 
first and / or second value set ( for a given candidate relation 
ship ) comprises : a set of values of one or more data fields of 
its associated data collection ; or a set of values derived from 
one or more data fields of its associated data collection . The 
first and / or second value set may comprise ( for a given / at 
least one candidate relationship ) a combination or concat 
enation of field values of two or more fields of the associated 
data collection . 
[ 0009 ] Preferably , the first and / or second value set com 
prises a plurality of values , each value derived from a 
respective record of the associated data collection , prefer 
ably wherein the values of the value set are derived from one 
or more corresponding fields of respective records . Corre 
sponding fields are preferably fields that separate records 
have in common , e . g . they are the same field according to the 
data schema of the data collection ( e . g . a value set may 
correspond to one or more particular columns of a table or 
one or more particular attributes of an object collection ) . 
One or more predefined values of the given field ( s ) may be 
excluded from the set of values forming a candidate key , e . g . 
null values or other predefined exceptions . Thus , in that case 
the analysis may be performed only in relation to non - null 
and / or non - excluded candidate key values . 
[ 0010 ] Preferably , the data collections comprise tables 
( e . g . relational database tables ) , the records comprising rows 
of the tables , preferably wherein the first value set comprises 
a first column or column combination from a first table and 
wherein the second value set comprises a second column or 
column combination from a second table . In the context of 
relational database tables , the terms " row " and " record ” are 
generally used interchangeably herein , as are the terms 
" column ” and “ field ” . 
[ 0011 ] The method may involve evaluating candidate rela 
tionships involving ( as candidate key ) at least one , and 
preferably a plurality of different field / column combinations 
of the first and / or second data collections . Optionally all 
possible field / column combinations may be considered ( e . g . 
up to a maximum number of fields / columns which in one 
example could be two or three ; alternatively no limit could 
be applied ) . Possible combinations ( e . g . up to the limit ) may 
be filtered based on predetermined criteria e . g . to eliminate 
unlikely combinations and thereby improve computational 
efficiency . 
[ 0012 ] Preferably , the method comprises computing a 
relationship indicator for one or more ( or each ) of the 
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candidate relationships , wherein the relationship indicator 
for a candidate relationship is indicative of a strength or 
likelihood of a relationship between the value sets forming 
the candidate relationship and is computed based on the first 
and second metric for the candidate relationship . 
[ 0013 ] Preferably , the first metric comprises a key prob 
ability indicator indicative of the probability of the first 
value set or second value set being ( or serving as / capable of 
serving as ) a primary key for its data collection . Computing 
a key probability indicator preferably comprises : computing , 
for the first and second value sets , respective first and second 
probability indicators indicative of the probability of the 
respective value set being a primary key for its data collec 
tion , and determining the key probability indicator for the 
candidate relationship based on the first and second prob 
ability indicators . The key probability indicator for the 
candidate relationship may be determined as ( or based on ) 
the greater of the first and second probability indicators . The 
method may comprise determining a probability that a value 
set is a primary key for its data collection based on a ratio 
between a number of distinct values of the value set and a 
total number of values of the value set ( or the total number 
of records in the data collection ) . As mentioned above , null 
values and optionally other defined exceptional values may 
not be considered as valid key values and may not be 
counted in determining the number of distinct values and / or 
the total number of values in a value set . Thus , the term “ key 
values ” may be taken to refer to values of a key which are 
not null and optionally which do not correspond to one or 
more predefined exceptional values . 
[ 0014 ] Preferably , the second metric comprises an inter 
section indicator indicative of a degree of intersection 
between values of the first and second value sets . Computing 
the intersection indicator preferably comprises : computing a 
number of distinct intersecting values between the first and 
second value sets , wherein intersecting values are values 
appearing in both the first and second value sets ; and 
computing the intersection indicator for the candidate rela 
tionship based on a ratio between the number of distinct 
intersecting values and a total number of distinct values of 
the first or second value set . As before null values and 
optionally other defined exceptional values may be excluded 
from the counts of distinct intersecting values and / or distinct 
values of respective value sets . 
[ 0015 ] Throughout this disclosure , the distinct values of a 
set are preferably considered the set of values with repeated 
values eliminated , i . e . a set in which each value differs from 
each other value . 
[ 0016 ] Preferably , the method comprises : computing a 
first ratio between the number of distinct intersecting values 
and the total number of distinct values of the first value set ; 
computing a second ratio between the number of distinct 
intersecting values and the total number of distinct values of 
the second value set ; and computing the intersection indi 
cator in dependence on the first and second ratios . The 
method may comprise computing the intersection indicator 
as ( or based on ) the greater of the first and second ratios . 
[ 0017 ] Preferably , the method comprises computing the 
relationship indicator for a candidate relationship based on 
the product of the key probability indicator and intersection 
indicator . 
[ 0018 ] The step of identifying one or more relationships 
may comprise identifying a possible relationship between 
value sets of respective data collections in response to one 

or more of the first metric , the second metric and the 
relationship indicator for a candidate relationship exceeding 
a respective predetermined threshold . Alternatively or addi 
tionally , the method may comprise ranking a plurality of 
candidate relationships in accordance with their relationship 
indicators and / or computed metrics , and / or associating a 
rank value with the candidate relationships . 
[ 0019 ] The identifying step preferably comprises generat 
ing an output data set comprising information identifying 
one or more identified relationships , the output data prefer 
ably including computed relationship indicators , metrics 
and / or ranks . 
[ 0020 ] In preferred embodiments , the data collections are 
data tables , the first and second value sets comprising 
columns of respective tables . The method may then com 
prise a plurality of processing stages including : a first 
processing stage , comprising mapping values appearing in 
the data tables to column locations of those data values ; a 
second processing stage , comprising computing numbers of 
distinct data values for respective columns and / or numbers 
of distinct intersecting values for respective column pairs ; 
and a third processing stage comprising computing relation 
ship indicators based on the output of the second processing 
stage . The first processing stage may further comprise one or 
more of : aggregating , sorting and partitioning the mapped 
data values . One or more of the first second and third 
processing stages may be executed by a plurality of com 
puting nodes or processes operating in parallel . The method 
may be implemented as a map - reduce algorithm . For 
example , the first processing stage may be implemented 
using a map operation and the second processing stage may 
be implemented as a reduce operation . 
[ 0021 ] Preferably , the method comprises using at least one 
of the identified relationships in the creation and / or execu 
tion of a data query to retrieve data from the one or more 
data collections , the data query preferably specifying a join 
defined between respective keys of the data collections , the 
keys corresponding to the value sets between which the 
relationship is defined . 
[ 0022 ] In a further aspect of the invention ( which may be 
combined with the above aspect ) , there is provided a com 
puter - implemented data processing method , comprising : 
computing data indicative of relationships between columns 
of a plurality of data tables ; receiving a user selection of at 
least a first table having a first set of columns and a second 
table having a second set of columns ; providing indications 
of one or more suggested relationships between respective 
columns of the first and second tables to a user , each 
indication preferably indicating a strength or likelihood of a 
relationship between one or more columns of the first table 
and one or more columns of the second table based on the 
computed data ; receiving a user selection of one of the 
suggested relationships ; and creating a data query based on 
the selected tables and the selected relationship . The com 
puting step may comprise performing any method as set out 
above . 
[ 0023 ] In either of the above aspects , the data query may 
specify a join between the selected tables , the join defined 
with respect to the columns to which the selected relation 
ship relates . The data query may comprise a data query 
language statement , preferably an SQL ( Structured Query 
Language ) or HQL ( Hive Query Language ) statement . The 
method may comprise executing the query to retrieve data 
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from the data tables , and optionally storing the query output 
and / or transmitting the query output to a user device . 
[ 0024 ] In a further aspect of the invention ( which may be 
combined with any of the above aspects ) , there is provided 
a method of identifying relationships between data tables , 
each data table preferably comprising one or more rows 
corresponding to respective data records stored in the table , 
and one or more columns corresponding to respective data 
fields of the data records , the method comprising : computing 
a relationship indicator for each of a plurality of key pairs , 
each key pair comprising respective first and second candi 
date keys selected from respective data tables , wherein the 
relationship indicator comprises a measure of a relationship 
between data of the first candidate key and data of the 
second candidate key ; and identifying one or more relation 
ships between the data tables in dependence on the com 
puted relationship indicators . 
[ 0025 ] In a further aspect of the invention , there is pro 
vided a data processing system comprising : data storage for 
storing data tables ( each data table preferably comprising 
one or more rows corresponding to respective data records 
stored in the table , and one or more columns corresponding 
to respective data fields of the data records ) ; and a table 
analyser module configured to : compute a relationship indi 
cator for each of a plurality of key pairs , each key pair 
comprising respective first and second candidate keys 
selected from the one or more data tables , wherein the 
relationship indicator comprises a measure of a relationship 
between data of the first candidate key and data of the 
second candidate key ; the relationship indicator preferably 
computed based on a measure of distinctness of values of at 
least one of the first and second candidate keys and / or based 
on a measure of overlap between values of the first candidate 
key and values of the second candidate key ; and output data 
specifying one or more relationships between candidate keys 
of the data tables in dependence on the computed relation 
ship indicators . The system may further comprise a query 
module configured to create and / or execute data queries on 
the data tables using relationships specified in the output 
data . The system may be configured to perform any method 
as set above . 
[ 0026 ] More generally , the invention also provides a sys 
tem or apparatus having means , preferably in the form of a 
processor with associated memory , for performing any 
method as set out herein and a tangible , non - transitory 
computer - readable medium comprising software code 
adapted , when executed on a data processing apparatus , to 
perform any method as set out herein . 
[ 0027 ] Any feature in one aspect of the invention may be 
applied to other aspects of the invention , in any appropriate 
combination . In particular , method aspects may be applied to 
apparatus and computer program aspects , and vice versa . 
[ 0028 ] Furthermore , features implemented in hardware 
may generally be implemented in software , and vice versa . 
Any reference to software and hardware features herein 
should be construed accordingly . 

[ 0031 ] FIG . 2B illustrates a process for managing data 
schemas during import ; 
[ 0032 ] FIG . 3 illustrates functional components of a meta 
data generator and schema evolution module ; 
[ 0033 ] FIG . 4 illustrates the operation of the metadata 
generator and schema evolution module ; 
[ 00341 FIGS . 5A and 5B illustrate the use of automatically 
generated scripts for data import ; 
[ 0035 ] FIGS . 6A and 6B illustrate functional components 
of a table difference calculator ; 
[ 0036 ] FIG . 7 illustrates the operation of the table differ 
ence calculator ; 
[ 0037 ] FIG . 8 illustrates an example of a table difference 
calculation ; 
[ 0038 ] FIG . 9 illustrates a table analysis process for auto 
matic discovery of relationships between data tables ; 
[ 0039 ] FIGS . 10 , 11 , 12 , 13 , 14A and 14B illustrate the 
table analysis process in more detail ; 
[ 0040 ] FIGS . 14C - 14H illustrate extensions of the table 
analysis algorithm ; 
10041 ] FIG . 15 illustrates a metadata collection and man 
agement process in overview ; 
10042 ] FIG . 16 illustrates an alternative representation of 
the metadata collection and management process ; 
[ 0043 ] FIG . 17 illustrates a work queue user interface for 
the metadata collection and management process ; 
( 0044 ) FIGS . 18A and 18B illustrate user interfaces for 
navigating and configuring an information hierarchy ; 
[ 00451 . FIG . 19 illustrates a user interface for configuring 
an item of metadata ; 
[ 0046 ] FIG . 20 illustrates a metadata collection and / or 
approval user interface ; 
[ 0047 ] FIG . 21 illustrates a user interface for viewing or 
editing data relationships ; 
10048 ] FIG . 22 illustrates a metadata synchronisation pro 
cess ; 
[ 0049 ] FIGS . 23A and 23B illustrate a query builder user 
interface ; 
[ 0050 ] FIG . 24 illustrates processes for creating , editing 
and documenting queries using a query builder tool ; 
[ 0051 ] FIGS . 25A - 25C illustrate software architectures 
for the data management system ; and 
[ 0052 ] . FIG . 26 illustrates an example of a hardware / 
software architecture of a computing node that may be used 
to implement various described processes . 

DETAILED DESCRIPTION 
[ 0053 ] Embodiments of the invention provide systems and 
methods for importing data from a variety of structured data 
sources such as relational databases into a large - scale 
unstructured or flexibly structured data repository and for 
the management of the data after import . Such a data 
management system is illustrated in overview in FIG . 1 . 
[ 0054 ] It should be noted that , in the following descrip 
tion , specific implementation details are set out by way of 
example ( for example in relation to database and software 
technologies used and details of the software architecture of 
the systeme . g . the use of Hadoop / Hive and Java technolo 
gies ) . These relate to an exemplary implementation of the 
system but should not be construed as limiting , and alter 
native approaches and technologies may be substituted . 
[ 0055 ] The data management system 100 provides a soft 
ware component referred to as the “ Data Tap ” tool 106 for 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0029 ] FIG . 1 illustrates a system for importing data into 
a central data repository and analysing and managing the 
imported data ; 
[ 0030 ] FIG . 2A illustrates a high - level process for import 
ing data from a relational database into a data lake ; 
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importing data from any number of data sources 102 - 1 , 
102 - 2 , 102 - 3 into a data repository 108 . 
[ 0056 ] The data repository 108 is also referred to herein as 
a “ data lake ” , and may comprise any data storage technol 
ogy . Preferably , the data lake allows data to be stored in an 
unstructured or flexibly structured manner . For example , the 
repository or data lake may not require a fixed or pre - defined 
data schema . The data lake may be ( or may include ) a 
NoSQL or other non - relational database , such as a docu 
ment - oriented database storing data as “ document " data 
objects ( e . g . JSON documents ) , a key - value store , a column 
oriented database , a file system storing flat files , or any other 
suitable data store or combination of any of the above . 
However , in other embodiments , the data lake could alter 
natively include a conventional structured database such as 
a relational database or object database . 
[ 0057 ] In the examples described herein , the data lake is 
implemented as a Hadoop data repository employing a 
Hadoop Distributed File System ( HDFS ) with an Apache 
Hive data warehousing infrastructure . Hive Query Language 
( HQL ) is used to create and manipulate data sets in the 
HDFS to store data extracted from the data sources 102 
[ 0058 ] The data sources 102 - 1 , 102 - 2 , 102 - 3 are illustrated 
as being structured databases ( e . g . relational or object data 
bases ) but any form of data source may be used , such as flat 
files , real - time data feeds , and the like . In the following 
examples , the data sources are relational databases managed 
by conventional relational database management systems 
( RDBMS ) , e . g . Oracle / MySQL / Microsoft SQL Server or 
the like . 
[ 0059 ] A given source database 102 consists of a number 
of tables 104 ( where a table comprises a set of rows or 
records , each divided into one or more fields or columns ) . 
The Data Tap tool may import a database in its entirety ( i . e . 
including all tables ) or alternatively may import only one or 
more selected tables ( e . g . as illustrated here , a subset of 
tables shown with solid lines have been selected for import 
from database 102 - 1 ) . Furthermore , the system may import 
tables and data from a single data source 102 - 1 or from 
multiple data sources into the same data lake 108 . Thus , data 
that originated from differently structured data sources hav 
ing different original data schemas may coexist within data 
lake 108 in the form of a collection of Hive tables 110 . 
10060 ] In one example , imported table data may be stored 
in files in the HDFS ( e . g . in Hadoop SEQUENCEFILE 
format ) . In practice , except possibly for very small tables , a 
given source table may be split across multiple files in the 
HDFS . The Data Tap tool preferably operates in a parallel 
ised fashion as a map - reduce algorithm ( here implemented 
using the Hadoop Java map - reduce framework ) and the 
number of files produced for an imported table depends on 
how many mappers are used to create the files . As an 
example , for small tables a default of ten mappers may be 
used producing ten files for a table , but very large tables may 
be split into thousands of files . 
[ 0061 ] The files are partitioned by row , each containing 
the full set of columns imported from the source table ( while 
typically all columns of the source table will be imported 
this need not always be the case ) . Additional columns of 
management data may be added to the imported tables for 
management purposes during import , for example to record 
import timestamps and the like . The files are placed in a 
directory structure , such that the files associated with a 
single source table preferably reside in a common directory 

( e . g . with separate directories for each source table , though 
alternatively files could be spread across multiple directories 
e . g . depending on whether the tables are partitioned at 
source ) . 

[ 0062 ] The files are created by the Data Tap map - reduce 
algorithm in SEQUENCEFILE format . Apache Hive 
enables a database structure to be applied to these files , such 
as tables and columns , and the structure information is 
stored in the Hive database known as the Hive Metastore . 
Thus , the term “ Hive tables " is used to describe the table 
structures that are applied across the many files in a HDFS 
file system . A Hive table is thus a collection of structured 
HDFS files with each file corresponding to a partition of the 
source table comprising a subset of the rows of that table . 
Hive commands ( using HQL ) are available to access this 
data and also to update the table structure . HQL provides a 
similar syntax to SQL . 
[ 0063 ] In a preferred embodiment , the Hadoop platform is 
configured to maintain two operational databases ; the first is 
referred as OPEN , and the other CLOSED . OPEN stores a 
copy of the current source system tables , whereas CLOSED 
stores the full history of these source system tables including 
deleted records , and older versions of records which have 
since been updated . 
[ 0064 ] The data in data lake 108 may be made available to 
external processes , e . g . analytics process 112 and reporting 
process 114 . Thus , the described approach can enable an 
organisation to bring together information from many dis 
parate databases ( possibly supporting different operations of 
the organisation ) , and analyse and process the data centrally . 
[ 0065 ] When importing data from many different data 
sources , knowledge of the contents of the data tables and 
their interrelationships may be lost . Furthermore , it may 
often be the case that data imported from disparate data 
sources is interrelated . For example , a gas or similar utilities 
provider may import a database of gas supply accounts from 
a supply part of the organisation and a database of boiler 
maintenance data from a service / maintenance part of the 
organisation . The data may be related in that some supply 
customers may also be maintenance customers . Thus , there 
may be relationships between data in the multiple data 
sources , which may , for example , manifest in overlapping 
data items appearing in both sets such as customer identifiers 
or names , addresses and the like . The above is merely one 
example , and similar relationships may occur between dis 
parate data sources maintained by organisations within any 
field ( e . g . medical , banking , manufacturing etc . ) 
[ 0066 ] It is not necessarily the case , however , that equiva 
lent or related data from different data sources will reside in 
tables / columns having the same or related names , and docu 
mentation for the source databases may be incomplete or 
inconsistent , making it difficult to work with the data after 
import . Furthermore , even where multiple tables are 
imported from the same data source , relationships between 
tables ( which may e . g . be defined in the form of metadata , 
queries , views or the like in the source database ) may be lost 
during the import process . This loss of structural information 
and knowledge about the data presents a technical problem 
that impairs subsequent handling of the data . 
[ 0067 ] Embodiments of the present invention address such 
problems by providing a Table Analyser software module 
107 which can automatically discover relationships between 
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Hive tables stored in the data lake 108 as well as Metadata 
Manager tool 109 providing a process for collating metadata 
about imported data entities . 
[ 0068 ] The Table Analyser 107 uses algorithms employing 
a stochastic approach to identify relationships between table 
columns , based on the probability of particular columns 
being keys for their tables , and the degree of overlap 
between the data content of different columns . Such rela 
tionships may represent e . g . primary - foreign key relation 
ships or any other relationships that may allow a table join 
operation to be performed to combine data from different 
source tables . The identified relationships may then be used 
in the creation of join queries to combine and extract data 
from the data lake . 
[ 0069 ] The Metadata Manager tool 109 implements pro 
cesses for entry and management of metadata relating to the 
data that has been imported into the data lake . Together with 
the relationships discovered by the Table Analyser tool 107 , 
the metadata can be used to assist in subsequent data 
processing and extraction . 
[ 0070 ] The following sections describe the Data Tap tool , 
Table Analyser tool and Metadata Manager tool in more 
detail . 

Data Tap 
[ 0071 ] The Data Tap tool 106 comprises the following 
components : 
[ 0072 ] 1 ) Metadata Generation and Schema Evolution 
[ 0073 ] 2 ) Difference Calculator 
[ 0074 ] 3 ) History Capture 
10075 ] The Data Tap framework is flexible and provides 
the capability to ingest data from any relational database into 
the Hadoop data lake . The Metadata Generation and Schema 
Evolution tool not only provides the capability to seamlessly 
deal with changes to the source schema , but also provides 
the capability to automate the Hadoop development that 
would have been required to ingest additional tables and 
data from new data sources ( in some cases removing the 
need for human intervention / development effort altogether ) . 
[ 0076 ] The Difference Calculator is used for data sources 
that do not have the capability to provide change data in an 
incremental manner . 
[ 0077 ] The History Capture process provides the means of 
creating the OPEN and CLOSED partition for each day , 
containing the current data set and historical data respec 
tively . 
[ 0078 ] FIG . 2A illustrates the Data Tap import process in 
relation to a particular table being imported from a given 
source database . The depicted process is repeated for each 
table to be imported . 
[ 0079 ] The metadata generator and schema evolution pro 
cess 202 retrieves and stores metadata for the table being 
imported and deals with changes to the metadata . The 
metadata defines the schema of the table being imported , i . e . 
the table structure and field definitions . The metadata extrac 
tion may be controlled by way of configuration files 204 . 
[ 0080 ] The metadata is used in a data extraction process 
206 to extract data from the table in the source database . In 
the present example , Sqoop scripts are used to perform the 
extraction but other technologies may be substituted . 
[ 0081 ] The data extraction process reads the contents of 
the table from the source database . The extracted data is 
stored in a temporary landing area 208 within the data lake . 

[ 0082 ] A re - sequencer and data cleansing process 210 ( e . g . 
implemented using Hive commands or scripts ) pre - pro 
cesses the data and stores the pre - processed data in a staging 
area 212 . Re - sequencing involves changing the column 
order of a row to ensure that the columns which are keys are 
the first ones in each row when stored in Hadoop which can 
improve access efficiency . Cleansing involves other process 
ing to place data into the appropriate format for Hadoop , e . g . 
by removing spurious data , reformatting data etc . In one 
example , cleansing includes the process of removing erro 
neous spaces that are introduced when using Sqoop against 
an Oracle database ( due to a known bug with Sqoop ) . More 
generally , the re - sequencing / cleansing scripts can be used to 
configure other required data transformations , depending on 
application context and specific needs . Preferably , the re 
sequencer / data cleansing process also generates table infor 
mation files which store the table and column information of 
a file after the columns have been re - sequenced and 
cleansed . 
[ 0083 ] If the import is a first run ( check 214 ) for the given 
data source , e . g . the first time a particular table is imported , 
then the whole data set is moved to a landing area 218 . If not , 
then a difference calculator process 216 performs a differ 
ence calculation to identify the differences between the 
current table contents , as read in the data extraction step 206 , 
and a previously imported version of the same table . The 
difference between the older version and the currently 
imported version ( also referred to herein as the table delta ) 
is then stored in the landing area 218 . Thus , the landing area 
218 will contain full data for a table if this is the first time 
the table is imported or the delta if the table had previously 
been imported . 
[ 0084 ] A history capture process 220 then updates the 
Hive tables in the data lake . This involves both updating the 
current values as recorded in the OPEN database and 
maintaining historical information in the CLOSED database . 
The history capture process is described in more detail 
below . 
[ 0085 ] A control framework 230 manages the Data Tap 
workflows . In one embodiment , this uses Unix shell script 
ing to manage the complete workflow of the data import 
processes . The control framework preferably gives restart 
ability from any point of failure and provides logging and 
error tracking functionality to all involved processes . 
[ 0086 ] Note that the above example describes the use of a 
difference calculator to generate a table delta for a previ 
ously imported table . However , in some cases the source 
database may be able to provide delta information directly , 
in which case the difference calculator may not be needed . 
[ 0087 ] FIG . 2B illustrates in more detail the process of 
importing a table 104 from a source database into a Hive 
table 110 in the data lake . The process starts in step 240 with 
the Data Tap tool connecting to the source database . In step 
242 , the metadata for the table is extracted into one or more 
metadata files 244 . Data Tap then identifies whether the table 
is a new table ( not previously imported ) or a previously 
imported table in step 246 . If the table is new then the 
corresponding Hive table 110 is created in step 248 ( e . g . by 
issuing a “ Create Table ” command ) , based on the extracted 
metadata defining the source table , and the process proceeds 
to step 254 ( see below ) . 
[ 0088 ] If the table has previously been imported , then the 
extracted metadata 244 is compared to existing metadata 
stored for the table in step 250 to identify whether the 
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metadata has changed in a way that requires changes to the 
Hive table 110 ( note that not all schema changes in the 
source database may require alterations to the Hive table , as 
discussed in more detail below ) . Changes to the table 
schema may also necessitate regeneration of Sqoop and 
HQL data import scripts as described in more detail below . 
If changes are required , then the Hive table is altered in step 
252 ( e . g . by issuing an “ Alter Table ” command ) . If the 
schema for the source table ( as defined in the metadata ) has 
not changed , or any changes do not require alteration to the 
Hive table , then the process proceeds directly to step 254 . 
[ 0089 ] In step 254 , the Sqoop script for the table is run to 
extract the table data into temporary storage . Note that , for 
a previously imported table , the extracted data may be a 
delta of changes since the last export if the source database 
supports delta reporting , or the extracted data may be the full 
table contents , in which case the difference calculator may 
be run to identify any changes since the last import as 
described in more detail below . In the case of a new table , 
the full table contents are read by the Sqoop script . 
[ 0090 ] The table data ( either full table contents or a table 
delta ) are then inserted into the Hive table 110 in step 256 . 
[ 0091 ] In a preferred embodiment , table information files 
260 ( “ tableinfo ” ) are preferably maintained and are used to 
store the column information for the tables maintained in the 
Hadoop filesystem ( after the tables have been re - sequenced 
and cleansed , e . g . to place key columns first in the column 
order and remove any erroneous spaces between columns ) . 
The table information files are updated in step 258 to reflect 
any changes detected during import . 
Metadata Generation and Schema Evolution 
[ 0092 ] The Metadata Generation and Schema Evolution 
process 202 performs the following functions : 

[ 0093 ] Collection of metadata at runtime for any mate 
rialized RDBMS tables in the source database 

[ 0094 ] Creating tables in the Hadoop environment at 
runtime according to the metadata 

10095 ] Identifying changes to metadata for the tables , at 
runtime , which would affect the Hadoop environment 

[ 0096 ] Applying schema changes for the tables to the 
Hadoop environment , at runtime 

0097 ) Sqoop and Hive script generation at runtime 
according to the table metadata 

[ 0098 ] Regeneration of Sqoop and Hive scripts as nec 
essary if schema changes are identified 

[ 0099 ] Ordinarily , to import data from any RDBMS sys 
tem to Hadoop , bespoke import scripts ( e . g . using Sqoop ) 
are written according to the data schema of the tables being 
imported . However , writing the necessary scripts is time 
consuming ( in typical examples three or more development 
days may be needed to add tables to the data lake for a new 
project , with additional time for quality assurance ) . This 
adds to the implementation complexity and cost of projects . 
Furthermore , if the RDBMS data schema changes then 
similar development efforts are required to upgrade scripts 
used for import . 
[ 0100 ] Embodiments described herein reduce or eliminate 
the development efforts required to ingest new RDBMS 
tables or deal with changes in source database schemas . 
[ 0101 ] The Metadata Generation and Schema Evolution 
process provides the following functional components . 
10102 ) Metadata Generator 
0103 ] The metadata generator collects metadata of mate 

rialized tables from any RDBMS system and stores the 

metadata in a metadata repository . The metadata is utilized 
to generate Sqoop / Hive scripts to import the data from the 
RDBMS to the Hadoop environment . 
[ 0104 ] Schema Evolution 
[ 0105 ] The schema evolution function identifies changes 
to metadata of materialized tables of any RDBMS . If any 
changes are found which would affect the Hadoop environ 
ment for the table , the Hadoop environment is altered 
accordingly at runtime ( and scripts are regenerated ) with no 
system downtime or any manual preparation . 
[ 0106 ] Archival of Metadata 
101071 Metadata is archived , including both metadata 
describing the initial data schema for a table ( at first inges 
tion ) and subsequent changes . Preferably , the metadata is 
archived in such a way that the table can be re - created from 
initial metadata and the same schema evolution can be 
applied to it to evolve its schema to the latest schema . This 
may facilitate evolving schemas in development / test envi 
ronments . 
[ 0108 ] The Metadata generation and Schema evolution 
process is designed to use a common Java API to extract 
metadata for a table for any RDBMS . Preferred embodi 
ments use the DatabaseMetaData Java API to retrieve meta 
data ( and identify any changes to the metadata ) for any 
RDBMS source . If the schema for a table is changed at the 
data source the schema for the representation in the data lake 
is modified accordingly . 
[ 0109 ] Schema discovery is performed dynamically . 
Dynamic schema discovery from the source system is car 
ried out at run time and necessary actions are applied to the 
data lake , if any . This can allow tables in existing data 
sources to be added to the data lake without any manual 
development effort . 
[ 0110 ] FIG . 3 illustrates core modules of the Metadata 
Generator and Schema Evolution process . 
10111 ] The Metadata generator 302 reads metadata for a 
table from the relational database management system ( RD 
BMS ) of a data source 102 using DatabaseMetaData APIs 
provided by Java , which provide a common platform to read 
metadata for different database sources . By way of example , 
the following information is collected for each column of 
each table to be imported . 

[ 0112 ] Table Name 
[ 0113 ] Table Description 
101141 Source This indicates the source system or 

database 
[ 0115 ] Column name ( this may need special handling 
while generating Sqoop scripts if the column name 
cannot be used in the scripts , in which case the column 
name is marked accordingly ) 

[ 0116 ] Sqoop column name — If a special case is iden 
tified for the column name ( see above ) then the column 
can be re - named in the data lake . The new name is 
recorded here . 

[ 0117 ] Column Data Type 
[ 0118 ] Column Description 
[ 0119 ] Key type ( if a column is part of index for a table , 

then this is marked as ‘ P ' for primary keys or else as ‘ S ' 
for other types of key ) . Other columns may be marked 
with particular flags ; for example , internal management 
data columns added during import may be identified 
with appropriate flags . 
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ones . 

[ 0120 ] Process As — this indicates how this column will 
be represented / processed in the data lake . In a preferred 
embodiment , all columns are imported and processed 
as String data types ( with any necessary data conver 
sion performed automatically ) 

[ 0121 ] Nullable flag set to ' true ' if the column is 
allowed to take a null value in the source table , other 
wise the flag is set to ' false ' 

[ 0122 ] DeltaView Prefix — This is used for Oracle Data 
Integrator feeds only , and is used by the Re - sequencer 
and Data Cleanse process to determine the name of the 
database journal view to be used as input . The Del 
taView Prefix refers to the prefix of the name of the 
database view of the source system journal database , 
e . g . For the CRM table called “ ADRC ” , the view name 
of the journal database is “ CRM _ JE _ ADRC ” , hence 
the Delta View Prefix is “ CRM JE " . 

0123 ] Validate As — this is the data type against which 
the column value should be validated if data is pro 
cessed in the data lake . 

[ 0124 ] The specific metadata collected may vary depend 
ing on the type of source database . 
[ 0125 ] The schema metadata is stored in a metadata 
repository 310 , for example in CSV ( comma - separated 
values ) format ( e . g . as a CSV file per source table ) or in any 
other suitable manner . The metadata repository may be 
stored in the data lake or separately . 
10126 ] The Schema Differentiator 304 identifies schema 
changes in the source 102 for each table . If a schema change 
is identified the old schema will be archived in an archive 
directory and the new schema will be kept for further 
processing . The schema differentiator also provides a signal 
to the Sqoop Generator 306 and Data lake schema generator 
308 to generate new Sqoop scripts and corresponding HQL 
scripts . 
[ 0127 In preferred embodiments , the schema evolution 
process may only act on schema changes which would 
potentially impact storage and processing of the data in the 
data lake . In a preferred embodiment , the following schema 
changes are considered as potentially affecting the data lake 
data representation : 

[ 0128 ] Addition of a column to a table 
[ 0129 ] Unique index change for table 

[ 0130 ] The following changes are not considered to affect 
the data lake data representation : 

[ 0131 ] Deletion of column 
0132 ] Renaming of a column 
[ 0133 ] Change in column length / size 
[ 0134 ] Change in data type ( as the data lake considers 

all columns to be of type String ) 
[ 0135 ] Sequence change of columns 

[ 0136 ] However , whether or not specific schema changes 
affect the data lake representation and thus should be 
detected and handled depends on the specific implementa 
tion of the data lake and the data representation used . Thus , 
in other embodiments , the set of schema changes detected 
and handled may differ and changes such as column length 
or type change and sequence change may be handled in such 
embodiments . 
[ 0137 ] As a particular example , in preferred embodiments , 
where a column is deleted in the source table , the column is 
retained in the data lake representation to allow historical 
data analysis . Nevertheless , future records imported would 
not include the deleted column ( and the import scripts may 

be modified accordingly ) . However , in other embodiments 
columns deleted in the source table could be deleted from 
the target Hive table as well . 
[ 0138 ] Furthermore , different schema changes may 
require different types of actions . For example : 

[ 0139 ] Certain schema changes may result in changes in 
the target schema and regeneration of import scripts 
( e . g . addition of a column ) 

[ 0140 ] Certain schema changes may result in regenera 
tion of import scripts but not changes to the target 
schema ( e . g . deletion of a column in the above 
example ) , or vice versa 

[ 0141 ] Certain schema changes may result in no 
changes to the target schema or import scripts ( e . g . 
change in column order ) 

( 0142 ] . Furthermore , the system may be configured to 
generate alerts for certain types of schema changes ( even if 
no changes to target schema and / or scripts are needed ) . 
[ 0143 ] The Sqoop Generator 306 reads metadata from the 
repository 310 , and generates Sqoop scripts at run time for 
any source . Sqoop scripts are generated based on templates . 
Preferably , the system maintains multiple Sqoop templates , 
each adapted for a specific type of source database system . 
For example , different Sqoop templates may be provided 
respectively for mySQL , Oracle and MS - SQL databases . 
Furthermore , for each database system , separate templates 
are provided for initial load and delta load processes ( assum 
ing the database in question supports delta load ) . If the 
schema differentiator 304 identifies schema changes affect 
ing the data import , then Sqoop generator 306 regenerates 
the scripts and replace the old scripts with the regenerated 
ones . 
0144 Imported data is stored in the data lake using a data 
schema appropriate to the storage technology used . The data 
lake schema generator 308 generates the data lake schema 
for each table by reading the schema metadata from the 
metadata repository 310 . It also evolves the data lake 
schema in response to schema changes signaled by the 
Schema Differentiator . When modifying the existing 
schema , it maintains the history of the schema in an archive 
directory via an archival process 312 . 
[ 0145 ] The Alert function 314 provides the facility to 
generate alerts relating to the processing performed by the 
Metadata Generator / Schema Evolution process 202 . In one 
embodiment , the Alert function 314 generates the following 
outputs : 

[ 0146 ] success _ tables — this is comma separated list of 
tables which have successfully completed the process 
of metadata generation and schema evolution 

[ 0147 ] fail _ tables — this is comma separated list of 
tables which have failed in metadata generation or 
schema evolution 

[ 0148 ] index _ change _ tables — comma separated list of 
tables for which a unique index has been changed ( such 
tables may require manual intervention to change the 
schema before proceeding with data import ) 

[ 0149 ] add _ column _ tables comma separated list of 
tables for which columns have been added 

[ 0150 ] In preferred embodiments , the metadata generator 
and schema evolution process provides an extensible archi 
tecture at all layers ( modules ) , like the Metadata generator , 
Schema differentiator , Sqoop Generator , Data Lake Schema 
Generator and Alerts . 
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[ 0151 ] The operation of the Metadata Generation and 
Schema Evolution process is further illustrated in FIG . 4 . 
[ 0152 ] When the Metadata Generation and Schema Evo 
lution process is triggered , the Metadata Generator 302 
queries the RDBMS system at the data source 102 to gather 
metadata for one or more specified tables . Collected meta 
data is compared with existing metadata for the same tables 
in the metadata repository 310 by Schema Differentiator 
304 . 
[ 0153 ] If existing metadata is not found for a table , then it 
will be treated as if the table is being imported into the data 
lake for the first time and a signal is sent to the Sqoop 
Generator 306 and Data Lake Schema Generator 308 to 
generate Sqoop scripts and the data lake schema ( including 
table information files , and initial load and delta load Hive 
query language ( HQL ) scripts ) . Once required scripts have 
been generated they are stored in a local directory ( specified 
in the configuration data ) , and can then be used to generate 
the data lake environment for the tables ( i . e . the table 
structure , directory structure , and collection of files making 
up the tables ) . These scripts can also be used to transfer 
tables between Hadoop clusters . 
10154 ) If existing metadata is found for a table , then the 
Schema Differentiator 304 identifies the difference between 
the new table schema ( as defined in the presently extracted 
metadata ) and the old table schema ( as defined by the 
metadata stored in the metadata repository ) and applies the 
changes to the data lake data representation , regenerating 
scripts as needed . Metadata of each table is archived in an 
archive directory on each run for debug purposes . Also , if 
schema differences are identified then the schema evolution 
history is captured . 

[ 0163 ] A Hive delta load script 518 for storing a table 
delta ( i . e . a set of differences since last import , e . g . in 
the form of inserted , updated , or deleted records ) into 
the Hive table 

10164 ] After the initial run of the Metadata Generator / 
Schema Evolution module 202 , the Hive create table script 
510 is run to create the Hive table 110 . Then , the Sqoop 
initial load script 512 is executed to read the full table 
contents of the table into landing area 208 . After pre 
processing ( e . g . by the resequencing / cleansing process as 
described elsewhere herein ) , the Hive initial load script 514 
is executed to store the data acquired by the Sqoop initial 
load script 512 into the Hive table 110 . 
[ 0165 ] For subsequent imports of the table ( e . g . this may 
be done periodically , for example once a day ) , the Sqoop 
delta load script 516 is executed to acquire the table delta 
since last import which is stored in landing area 208 . After 
pre - processing , the Hive delta load script 518 then applies 
the differences to the Hive table 110 , e . g . by applying any 
necessary insert , update or delete operations . However , in 
some cases ( e . g . if tables need to be regenerated / recovered 
due to inconsistency or after a failure ) , the initial load scripts 
could be run instead of the delta load scripts to import the 
full table contents into the Hadoop data lake . 
[ 0166 ] The scripts thus together form part of an automated 
data import process , which is reconfigured dynamically in 
response to changes in the source data schema , by modifi 
cation / regeneration of the various scripts as needed . 
[ 0167 ] As previously mentioned , the system maintains 
templates for each RDBMS source type ( e . g . Oracle , Mysql , 
MS - sql etc . ) to enable Sqoop generation . As a result , import 
ing additional tables from existing supported databases for 
which a template exists requires no development activity . To 
support new source database systems , additional templates 
can be added to the code to enable generation of initial and 
delta load Sqoop scripts . 
[ 0168 ] Examples of scripts generated by the system are set 
out in the Script Samples below ( see e . g . Samples 1 - 3 
provided there ) . An example of a Sqoop template is shown 
in Sample 6 of the Script Samples below . 
[ 0169 ] If during a subsequent import the metadata gen 
erator / schema evolution module 202 identifies changes to 
the source schema that affect how data is read from the 
source database , then the Sqoop scripts 512 , 516 are regen 
erated as needed . Furthermore , if the changes in the source 
necessitate changes to the Hive table structure , then the Hive 
scripts 514 , 518 are also regenerated as needed , and the Hive 
table structure is adapted as required ( e . g . by executing an 
" ALTER TABLE ” statement or the like ) . 
( 0170 ] The following sections provide information on 
how different source schema changes may be handled . 

Generation and Operation of Import Scripts 
[ 0155 ] The generation and operation of import scripts is 
illustrated in further detail in FIGS . 5A and 5B . 
[ 0156 ] FIG . 5A illustrates a set of metadata for a given 
source table from data source 102 in the metadata repository 
310 , which is used to generate various scripts , such as table 
creation 502 , Sqoop import 504 and Hive import 506 . The 
scripts are executed to apply schema changes and import 
data to the data lake 108 . 
[ 0157 ] FIG . 5B illustrates a more detailed example , in 
which a source table 104 with table name “ TJ30T ” and a set 
of fields MANDT , STSMA , ESTAT , SPRAS , TXT04 , 
TXT30 , and LTEXT is being imported . 
[ 0158 ] The Metadata Generator and Schema Evolution 
module 202 reads the table schema metadata from the source 
and generates the following scripts ( script generation is 
shown by the dashed lines in FIG . 5B ) : 

[ 0159 ] A HQL script 510 comprising one or more data 
definition language ( DDL ) statements for creating the 
Hive table 110 corresponding to source table 104 in the 
Hadoop data lake 

[ 0160 ] Sqoop initial load script 512 for performing an 
initial load of the full data of the source table 

[ 0161 ] Sqoop delta load script 516 for performing a 
subsequent delta load from the source table ( i . e . for 
loading a set of differences since last import , e . g . in the 
form of inserted , updated , or deleted records ) 

[ 0162 ] A Hive initial load script 514 for storing an 
initially loaded full table data set into the Hive table 

Addition of a Column 
[ 0171 ] As an example , a column may be added to the 
source table . Assume the table initially has the structure 
illustrated in FIG . 5B : 

Name Null Type 
MANDT 
STSMA 
ESTAT 
SPRAS 

NOT NULL 
NOT NULL 
NOT NULL 
NOT NULL 

VARCHAR2 ( 9 ) 
VARCHAR2 ( 24 ) 
VARCHAR2 ( 15 ) 
VARCHAR2 ( 3 ) 
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- continued 

Name Null Type 
TXT04 
TXT30 
LTEXT 

NOT NULL 
NOT NULL 
NOT NULL 

VARCHAR2 ( 12 ) 
VARCHAR2 ( 90 ) 
VARCHAR2 ( 3 ) 

[ 0172 ] Subsequently , the following column “ COL1 ” is 
added to the table : 

Null Type Name Name 

COLI 
Null 
NOT NULL 

Type 
VARCHAR2 ( 10 ) 

[ 0173 ] The system then creates an additional column in 
the Hive table ( see e . g . code sample 4 in the Script Samples 
below ) . Furthermore the Sqoop and Hive scripts are regen 
erated to reference the new column ( see e . g . code sample 5 
in the Script Samples below ) . 

Deletion of a Column 
[ 0174 ] Where a column in the source table schema is 
deleted , the scripts 512 , 516 , 514 and 518 are similarly 
regenerated to no longer reference the deleted column . 
While the column could then be deleted in the Hive table , in 
one embodiment , the column is retained but marked as no 
longer in use . This allows historical data to be retained and 
remain available for analysis / reporting , but future imported 
records will not contain the column in question . 
Unique Index Change for Table 
[ 0175 ] When one or more new key columns are added , the 
new key columns are moved to the left - most positions in the 
Hive schema , as this can be more efficient for map - reduce 
code to process ( e . g . when performing delta calculations as 
described below ) , since such processing is typically based 
on processing primary keys , and hence only the first few 
columns are frequently parsed and not the entire records . In 
some embodiments , this change may be performed manually 
though it could alternatively also be carried out automati 
cally . 

solution may not be justified and / or the underlying data 
storage system ( e . g . RDBMS ) may not provide the neces 
sary functionality . 
[ 0178 ] Data Tap therefore provides a difference calculator 
tool to avoid the need for implementing such an expensive 
solution on the source system . 
[ 0179 ] Some of the key features of the difference calcu 
lator include : 

[ 0180 ] Scalable / Parallel Execution using Map Reduce 
Architecture 

[ 0181 ] Automatically recognises the DML Type of 
Record 

[ 0182 ] Provides framework to re - run on failure or re 
commence from failure point 

[ 0183 ] Automatic Creation of Hive Metadata for newly 
created partitions 

[ 0184 ] Ease of use which minimises development time 
[ 0185 ] The difference calculator can be used provided that 
the source data can be extracted in a suitable timeframe . It 
is therefore preferable to use this method for low to medium 
sized data sets depending on the data availability require 
ments . 
10186 ) Generally , the decision on whether to use the 
difference calculator or a change data capture solution can be 
made based on the specific data volumes and performance 
requirements of a given application context . As an example , 
benchmarks run for a particular implementation have shown 
that to process 3 TB of data spread across approximately 600 
tables will take approximately 6 hours ( 4 hours to pull data 
from Source into the lake , 2 hours to run through the 
Difference Calculator & History Capture Process ) . In a 
preferred embodiment , delta processing is performed at 
source if the table size exceeds 30 GB . This is not a hard 
limit , but is based on the impact of storage size and 
processing time on the Hadoop platform . 
[ 0187 ] In one example , if performed at source in an Oracle 
database environment , then Oracle Golden Gate may be 
used to process the deltas , and Oracle ' s big data adapter may 
be used to stream these delta changes straight to the Hadoop 
file system where the changes are stored in a file . The system 
periodically takes a cut of the file , and then Hive Insert is 
used to update the Hive tables in Hadoop . In this scenario , 
Sqoop scripts may not be needed to import data from the 
source . 
[ 0188 ] On the other hand , if the difference calculator is 
used ( e . g . for tables smaller than 30 GB ) , then the whole 
table is copied periodically across to the Hadoop HDFS file 
system using a Sqoop script ( e . g . script 512 ) , and the 
difference calculator then runs on the copied table data . 
[ 0189 ] In an embodiment , both Sqoop and Oracle ' s big 
data adapter have been configured to output their files in 
character string format to enable easier parsing . However , in 
alternative embodiments this could be changed , so that the 
native formats are passed across in both Sqoop and Oracle ' s 
big data adapter . 
[ 0190 ] The architecture of the difference calculator is 
illustrated in FIG . 6A . 
0191 ] Data is read from a table in the data source into an 
initial landing area 208 as previously described . Initial 
processing / cleansing is performed and the pre - processed 
data is stored in staging area 212 . The difference calculator 
then compares the table data to a previous version of the 
table ( e . g . a most recently imported version , a copy of which 
may be maintained by the system ) and identifies any differ 

Other Changes 
[ 0176 ] Preferred embodiments do not modify the Hive 
tables or import scripts based on changes in data type related 
information ( e . g . changes of the data type of a table column , 
changes in column lengths , etc . ) as all data has by default 
been converted and processed as character strings during 
import . However , if there was a requirement to retain data 
types , then the described approach could be changed to 
accommodate this and automatically detect and handle such 
changes , e . g . by implementing appropriate type conversions . 

Difference Calculator 
[ 0177 ] The present embodiments allow changes in source 
tables to be captured in two ways . Firstly , a change data 
capture solution can be implemented on the source system to 
capture change data . This could be implemented within the 
source database environment , to identify changes made to 
data tables and export those changes to the Data Tap import 
tool . However , in some cases , the complexity of such a 
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ences . The identified differences are saved to landing area 
218 and provided as input to the history capture process 220 
( see FIG . 2 ) . 
[ 0192 ] FIG . 6B illustrates the software architecture of the 
difference calculator process . Table data is read into the 
staging area 212 ( via landing area and pre - processing if 
required as previously described ) using a push or pull 
transfer model . The difference calculation is implemented in 
a parallelised fashion using a map - reduce algorithm . To 
support this , a “ Path Builder " component 604 may be 
provided which is used to construct the directory path names 
for use by the map - reduce code implementing the Difference 
Calculator and incorporates the data source and table names . 
Here , the mapper 606 reads the table information and 
separates the primary key and uses this as the data key for 
the map - reduce algorithm . A source indicator is added 
identifying data source 202 , and a partition calculation is 
carried out . The reducer 608 iterates over values to identify 
whether records are present in the landing area and identifies 
the change type ( typically corresponding to the DML , data 
manipulation language , statement that caused the change ) . 
The change type is thus typically identified as one of Insert , 
Update or Delete . The change is stored e . g . with the record 
key , change type , and old / new values ( if required ) . 
[ 0193 ] Delta processing is performed on a row - by - row 
basis . The system maintains daily snapshots of the whole 
source tables ( e . g . stored in the Hadoop data lake ) . Newly 
imported data is compared to the most recent previous 
snapshot of the table ( corresponding to the time of the last 
run of the difference calculator ) to produce a delta file for the 
table . 
[ 0194 In one embodiment , the system maintains 15 days 
of old table snapshots on the Hadoop platform . This is one 
reason for the 30 GB limit employed in one embodiment , 
together with the time it takes to process the differences 
between two 30 GB tables . However , the specifics may vary 
depending on application context and available processing 
storage resources . 
[ 0195 ] FIG . 7 is a flow chart illustrating the difference 
calculation process . The process begins at step 702 after a 
table has been read into the staging area . In step 704 an input 
path stream is built by the path builder component in the 
form of a string containing the directory path name for use 
by the map - reduce code ) . In step 706 , records in the staging 
area are parsed and primary key and secondary keys are 
populated in the mapper output ( in an example , a time stamp 
added during import as part of the management information 
is used as a secondary key , with the difference calculator 
sorting the output by primary key and then by the secondary 
key ) . In step 708 the system checks whether a given primary 
key exists in both the current version of the Hive table in the 
data lake ( i . e . as stored in the OPEN database ) and the 
staging area . If yes , then the imported version of the record 
is compared to the cached version ( preferably comparing 
each column value ) and is marked as an update in step 710 
if any differences are identified . If not , then step 712 checks 
whether the primary key exists in the staging area only ( and 
not in the Hive table ) . If yes , then the record is a new record , 
and is marked as an Insert in step 714 . If not , then it follows 
that the record exists in the Hive table but not the staging 
area , and is therefore a deleted record . The Record is marked 
as deleted in step 716 . 
[ 0196 ] Hive Insert is then used to insert the delta rows 
from the delta file into the Hive tables in Hadoop for any 

updates marked as " Insert " . Similarly , Hive Update com 
mands are used for any changes marked as “ Update ” to 
update the values in the Hive table , and Hive Delete com 
mands are used to remove records marked as “ Deleted ” . 
[ 0197 ] Note that these changes occur in the OPEN data 
base . As described elsewhere , the OPEN and CLOSED 
databases are re - created regularly ( e . g . each day ) by the 
History Capture process . Thus , rows which are deleted are 
no longer present in the OPEN database , but remain in the 
CLOSED database ( with the additional time - stamp related 
columns updated to reflect the validity periods and reasons ) . 
There may be certain circumstances in which certain tables 
are not permitted to have their rows removed . In these cases 
the rows remain in the OPEN database but are marked as 
“ Discarded ” instead . 
10198 ] FIG . 8 illustrates an example of the delta calcula 
tion . Here , a number of tables Table A ( 802 ) to Table N ( 804 ) 
are processed by the Delta Calculator 216 . In each case , a 
primary key column ( or column combination ) is used as the 
basis for identifying the differences between an old snapshot 
806 ( previously imported from the data source ) and a new 
snapshot 808 ( currently imported from the data source ) . In 
this example , column " coll ” may , for example , serve as the 
primary key . The delta calculator identifies the difference 
between the old snapshot ( with old column values ) and the 
new snapshot ( with new column values ) . Here , for Table A , 
the following differences are identified : 

[ 0199 The record with coll = 11 is no longer present in 
the new snapshot 

[ 0200 ] The record with coll = 12 has been modified in 
the new snapshot 

[ 0201 ] The record with coll = 15 is newly added in the 
new snapshot 

[ 0202 ] Thus , entries are added to Table A Delta 810 for 
each identified difference , with a flag indicating the update 
type ( UPDATE / DELETE / INSERT ) and the new column 
values ( for UPDATE and INSERT entries ) or the old column 
values ( for DELETE entries ) . Similar deltas are generated 
for the remaining tables ( e . g . delta 812 for Table N ) . 
[ 0203 ] The generated table deltas including flags and 
column values are then used to update the corresponding 
Hive tables ( e . g . via the previously generated Hive delta 
import scripts ) . 
[ 0204 ] As previously indicated , the delta calculation pro 
cess is preferably implemented as a distributed map - reduce 
algorithm ( e . g . running across the Hadoop cluster ) , making 
it highly scalable and allowing deltas for multiple tables to 
be calculated in parallel . The process is configurable and 
metadata driven ( using the metadata stored in the metadata 
repository 312 ) . 

History Capture 
[ 0205 ] Generally , after the initial import from a new data 
source has occurred ( via the initial load scripts ) and the 
relevant structures have been created in the data lake for the 
imported data , subsequent updates are performed incremen 
tally ( using the delta load scripts and difference calculator as 
needed ) , to capture changes in the data sources and apply 
those changes to the data lake ( see FIG . 5B ) . In some 
embodiments , such updates could occur on an ad hoc basis 
( e . g . in response to operator command ) or on a scheduled 
basis . In the latter case , the update schedule could differ for 
each data source . each data source . fro 
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the data lake . This applies both to changes of data contained 
in a given table , as well as changes in the data schema . 
[ 0218 ] For example , if a column was added to a table in a 
data source , only records since the addition may have a 
value for that column in the data source , with other records 
holding a " null ” value for that column . Alternatively , values 
may have been added for the column for pre - existing 
records . In either case , the null or new values will propagate 
to the OPEN database in the data lake ( which will have been 
suitably modified to include the new column ) . The latest 
version of the source data tables is then available in the 
OPEN database , and any previous version is moved to the 
CLOSED database . The CLOSED database will retain all 
data lake history including what the tables looked like before 
the changes made on a particular date . 
[ 02191 . Note that in some cases source databases may 
already include history information ( e . g . by way of date 
information held in the source tables ) . Such application 
specific history information is independent of the history 
information captured by the History Capture process and 
will be treated by the system ( including Data Tap ) like any 
other source data . Such information would thus be available 
to consumers in the data lake from the OPEN Database in 
the normal way . 
[ 0220 ] The History Capture process responds to deletion , 
overwriting or updating of any information in the source 
( regardless of whether the information corresponded to 
historical data in the source ) , by moving the old version to 
the CLOSED database with timestamps applied accordingly . 
Table Analyser 

[ 0206 ] However , in a preferred embodiment , for efficiency 
and to ensure a degree of data consistency , a coordinated 
approach is adopted , in which all data sources are updated 
on a periodic basis . In this approach , delta load is performed 
on a periodic basis , e . g . daily , from each of the imported data 
sources , and the OPEN and CLOSED databases are updated 
accordingly . This periodic update is coordinated by the 
History Capture process . 
[ 0207 ] History Capture is a process which is run intermit 
tently , preferably on a regular basis ( e . g . daily , for example 
every midnight ) to create the snapshot of the current stable 
data in the data lake . 
[ 0208 ] In an embodiment , the History Capture process is 
implemented as a Java map - reduce program which is used to 
update the two main operational databases , namely OPEN 
and CLOSED . The process uses the output from daily delta 
processing ( e . g . from the Data Tap Difference Calculator as 
described above , or from table deltas provided by the source 
databases e . g . via the Oracle Golden Gate / Oracle Data 
Integrator feed ) . It then determines which rows should be 
inserted , updated , or deleted , and creates a new set of 
database files each day for both the OPEN and CLOSED 
databases . As part of this process every table row is time 
stamped with five additional columns of management infor 
mation , namely : 

[ 0209 ] jrn _ datetime - stamp from the source system 
database ( for Oracle Data Integrator feeds this is from 
the source system journal database , for DataTap feeds 
this is when the Sqoop import script is run to copy the 
source system database ) 

[ 0210 ) jrn _ flag — indicator whether the record is an : 
INSERT , UPDATE , or DELETE 

[ 0211 ] tech _ start _ datetime - stamp when this row is 
valid from , i . e . when History Capture has inserted or 
updated this new record . 

[ 0212 ] tech _ end _ datetime - stamp when this row is 
valid until , i . e . when History Capture has updated 
( overwritten ) , deleted , or discarded this old record . In 
the OPEN database all rows are set to a high - date of 
31 / 12 / 9999 . 

[ 0213 ] tech _ closure _ flag - reason this old record has 
been removed : UPDATE , DELETE , DISCARD . 

[ 0214 ] In a preferred embodiment , neither of the actual 
databases ( OPEN and CLOSED ) are updated , rather the Java 
M / R will re - create a new version of the database files for 
both the OPEN and CLOSED tables , each with the five 
time - stamp related columns updated to reflect validity peri 
ods of the rows . 
[ 0215 ] The " tech _ start _ date ” and “ tech _ end _ date ” col 
umns effectively describe the dates and times between which 
a particular row is current . These dates are used to ensure the 
current version received from the source system is stored in 
the OPEN database holding the current view of the data . 
When any updates / overwrites or deletes are detected as part 
of the history capture process , old rows are removed from 
the OPEN database and added to the CLOSED database 
with the appropriate time stamp . 
( 0216 ) Thus , after the delta import and History Capture 
processes are complete , an updated OPEN database will 
hold a currently valid data set comprising data from the 
various imported data sources , while the CLOSED database 
will hold historical data . 
[ 0217 ] By way of the described processes , changes made 
in the source database automatically propagate through to 

[ 0221 ] Referring back to FIG . 1 , the Table Analyser tool 
107 provides functionality for analysing the data contents of 
tables imported into the data lake in order to identify 
relationships between tables . Typically , the relationships 
identified are of the nature of a primary key to foreign key 
relationship , i . e . a relationship between a primary key in one 
table and a corresponding foreign key in another table . Such 
relationships are commonly used to represent one - to - one 
and one - to - many entity relationships in relational data sche 
mas ( with many - to - many relationships usually modelled 
using auxiliary mapping tables ) . 
[ 0222 ] In the following examples , for simplicity and clar 
ity , a candidate key ( whether primary or foreign ) is generally 
assumed to correspond to a single column of a database 
table . However , a candidate key may alternatively include 
multiple columns from a table ( e . g . concatenated to provide 
the key value ) . More generally , a key could correspond to 
any value derived in any suitable fashion from one or more 
columns of a table . A candidate relationship is defined 
between multiple candidate keys ( typically but not neces 
sarily from different tables ) , where candidate keys may 
perform a primary key or foreign key function in a respec 
tive table . The Table Analyser evaluates candidate relation 
ships in a given set of tables to quantify a strength of the 
candidate relationships ( indicating a likelihood that these 
correspond to actual relationships ) , and identifies possible 
relationships based on that evaluation . 
[ 0223 ] The process performed by the Table Analyser to 
identify relationships is summarised in overview in FIG . 9 . 
The Table Analyser operates based on a set of input files 904 
including the source tables 901 as well as any configuration 
data . 
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[ 0224 ] The set of tables 901 for which relationships are to 
be identified may , for example , be specified by a user when 
invoking the Table Analyser ( e . g . via a user interface ) , as 
parameters in a scripted invocation , in a configuration file or 
in any other suitable way . The tables are stored in the data 
lake 108 as described above . 
[ 0225 ] A data mapper module 910 ( which comprise mul 
tiple mappers executing in parallel ) reads the table data for 
all identified tables . A given table consists of a number of 
rows ( corresponding to records of the table ) and a number of 
columns ( corresponding to individual data fields within 
those records ) . Each data field in a record may contain a data 
value in accordance with some data format , e . g . string , 
integer , data etc . ) or may ( if the table definition allows ) be 
null , indicating that no value is stored there . 
[ 0226 ] In step 912 , a map table is generated in which all 
the data values from the input tables are mapped to their 
source column locations . The generated map table thus 
includes a set of entries where each entry specifies a par 
ticular value appearing in one of the source tables together 
with information identifying the source table and column 
from which that value was read . 
[ 0227 ] In step 914 , aggregation is performed to aggregate 
map table entries for the same value from the same source 
column . A count is added to each aggregated entry indicating 
the number of occurrences of the given value in the given 
column . The table is then sorted on the data values . 
[ 0228 ] In step 916 , the sorted information is partitioned 
for parallel processing . As a result , the aggregated map 
entries generated in step 914 are split across a number of 
data files 902 for subsequent processing . 
[ 0229 ] A Data Read Reducer module 920 then operates in 
parallel on the data files 902 to determine statistical infor 
mation relating to the columns of the input tables . Firstly , in 
step 922 , the number of distinct values per column is 
identified . In determining this , repeated occurrences of the 
same data value in a column ( i . e . where the data value 
appears in that column across multiple rows ) are counted as 
a single distinct value . In step 924 , the process identifies 
pairs of columns that have data values in common ( i . e . 
where a value appearing in one column also appears some 
where in the other column of the pair ) . Such data values are 
referred to herein as intersecting data values for the column 
pair . In step 926 , the number of distinct intersecting values 
for each column pair are determined ( as above , here “ dis 
tinct ” means that multiple occurrences of the same shared 
value are counted as a single distinct intersecting value ) . 
[ 0230 ] The results of parallel execution of the Data Read 
Reduce reducer component 920 are combined into a single 
analysis file 903 . The analysis file thus now contains statis 
tical information concerning the data values in the source 
columns as well as intersecting values in respective pairs of 
columns . 
[ 0231 ] . Based on this data , the consolidated analysis mod 
ule 930 computes for each source column the probability 
that the column is a key column for its table in step 932 . A 
key column is generally taken to be a column that identifies 
a particular record within a table . Thus , when serving as a 
primary key , such a column generally includes a unique 
value for each record , uniquely identifying that record . 
However , it should be noted that the data sets may be 
imperfect and / or include duplication so a column may not 
need to have strictly unique values to be considered a 
potential key column . The present approach thus considers 

both primary keys in the strict sense ( where each record 
includes a distinct identifying key value ) and columns with 
large proportion of distinct values as candidate keys . 
( 0232 ] In step 934 , the process calculates for each possible 
pairing of source columns , the probability that the pair of 
columns exhibits a foreign key relationship . For example , 
this may indicate that a particular column in one table , which 
may be a primary key for that table ( e . g . a customer 
identifier in a “ customers ” table ) , may be related to a column 
in another table ( e . g . where an " orders ” table includes a 
customer identifier as a foreign key for each order ) . 
[ 0233 ] The probability is determined based on the respec 
tive probabilities that the columns are keys for their respec 
tive tables ( as determined in step 932 ) and on the degree of 
overlap or intersection between the columns ( as set out in 
more detail below ) and is referred to herein as the “ com 
bined probability ” for the column pair . The combined prob 
ability for a column pair can be taken as expressing a level 
of confidence that there is a relationship between the col 
umns , or alternatively may be understood as an indication of 
the strength of the relationship between the columns . 
[ 0234 ] In step 936 , an output file 906 is generated includ 
ing information on identified table relationships . The analy 
sis component may rank identified relationships based on 
strength and could additionally classify column pairs into 
different classes of relationships based on the probability or 
strength of relationship ( e . g . strong relationship / weak rela 
tionship / no relationship likely to exist ) and includes the 
classification / ranking information in the output file . 
[ 0235 ] The identified relationships may , for example , 
serve as the basis for join queries performed during data 
analysis tasks ( e . g . by analytics module 112 ) as described in 
more detail later . 
[ 0236 ] In this example , the algorithm is divided ( at least 
conceptually ) into distinct components or modules , includ 
ing the data mapper component 910 ; data read reducer 
component 920 and consolidated analysis component 930 . 
However , the algorithm may be structured in any appropri 
ate manner . Similarly the division into " steps ” is for illus 
trative purposes and in practice , implementations may struc 
ture the processing differently and the order of steps may be 
varied . 
[ 0237 ] In preferred embodiments either or both of the 
mapper and reducer components may be parallelized ( with 
multiple mappers and reducers operating in parallel in the 
Hadoop cluster ) , preferably implemented as a map - reduce 
algorithm using the Hadoop map - reduce architecture , whilst 
the analysis component 230 operates as a single process . 
However , it should be noted that the fundamental algorithm 
may be implemented in any appropriate manner ( including 
in a serialized form or in alternative parallel implementa 
tions ) . 

Processing Example 
[ 0238 ] The analysis process set out above will now be 
described in more detail using a concrete example . The data 
being processed in this example is illustrated in FIGS . 
10 - 14A for different processing stages . 
[ 0239 ] FIG . 10 illustrates step 912 of FIG . 9 , in which the 
data values are mapped to their column locations , identify 
ing the source table and column for each data value . 
[ 0240 ] In this example , two source tables 1002 ( “ Table 1 " ) 
and 1004 ( “ Table 2 " ) are being processed , each including 
three rows ( numbered 1 - 3 ) and three columns ( labelled 
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A - C ) . Note that the number of rows and columns are 
exemplary only and the tables need not have the same 
number of rows or columns . Also , the column labels A - C are 
arbitrary labels used for illustrative purposes ( in practice 
each table will comprise a respective set of named columns ) . 
As described previously , each table may be partitioned 
across multiple files in the HDFS . Thus , in this initial step 
of the mapping phase , the files that make up the source tables 
may be processed in parallel ( in this implementation using 
Java Map - Reduce and / or Spark ) . 
[ 0241 ] For each selected table , the individual data values 
from every column in every row are mapped to their table 
and column location . Special values such as null and other 
predefined exceptional values are processed as exceptions 
and are not treated as ordinary data values in the computa 
tions described below . 
[ 0242 ] Preferably , the exceptions are defined in a configu 
ration file which specifies values to be ignored from the 
processing to improve performance and accuracy . In addi 
tion to ignoring specific values , particular columns may be 
ignored ( e . g . based on detected characteristics of the col 
umn ) . For example , the tool may be configured to ignore 
columns that only contain a single value , as this adds 
nothing to the accuracy and improves performance . Another 
example is to ignore the management data columns that are 
added as part of the Data Tap ingestion process , as these 
were not part of the source data , and might skew the results . 
Additionally , for certain data sources , some columns are 
found to contain lots of zeros as text strings ; hence in such 
circumstances the tool could be configured to ignore any 
column value containing three or more zeros . The excep 
tions may be configured in any suitable fashion , e . g . by 
specifying particular values to be excluded or by providing 
expressions that can be evaluated ( or other executable code ) 
to determine whether a given value or column matches an 
exception . 
[ 0243 ] Additionally certain summary data is captured , 
such as the amount of ignored data ( e . g . in terms of the 
number of ignored values and / or the number of ignored 
[ 0244 ) bytes of data ) , for each column and for each table . 
[ 0245 ] The mappings are recorded in map table 1006 . The 
main section 1008 of the map table includes entries for each 
data value appearing in one of the source tables , with the 
data value specified in the “ Value ” column . The table 
location from which the value was read is stored in the 
location ( “ Loc " ) column . Here , the location is specified by 
a location reference that indicates both the source table 
( Table 1 “ T1 ” or Table 2 “ T2 ” ) and the column within that 
table ( A , B or C ) from which the data value was read . Thus , 
“ T1A ” indicates column A in Table 1 , “ T2C ” indicates 
column C in Table 2 , and so on . In practice , any appropriate 
encoding or referencing may be used to identify the source 
table and column of each value . 
[ 0246 ] At this stage , the entries appear in the table in the 
order they were processed ( here row - by - row and left - to 
right in table 1 , followed by the same for table 2 ) , with an 
entry added to the map table as each data value is read . 
[ 0247 ) Additionally , accumulated statistics are stored in 
sections 1010 and 1012 of the output . 
10248 ] Section 1010 includes column statistics , specifying 
for each column ( identified by its column code ) : 

[ 0249 ] The number of non - null values appearing in that 
column ( repeated values are counted separately ; in 
other words this is the number of records having any 

non - null value , not a count of distinct values ) . Values 
other than " null " defined as exceptions to be ignored 
are preferably also excluded from this count . 

[ 0250 ] The number of null values appearing in that 
column ( i . e . the number of records for which the 
corresponding field has a “ null ” or unspecified value ) 

[ 0251 ] The number of records whose value in the rel 
evant column matches an exception and is being 
ignored in the processing . 

[ 0252 ] Section 1012 includes table statistics for each table , 
specifying the table identifier , total number of rows pro 
cessed for each table and the number of ignored rows . 
[ 0253 ] In addition to the data indicated above , other accu 
mulated column - specific or table - specific statistics or sum 
mary information may be collected in sections 1010 and 
1012 . 
[ 0254 ] Here , the output for all sections 1008 , 1010 and 
1012 in depicted as contained within a single map table 1006 
( with entries differentiated by a “ value ” , “ col ” or “ table ” 
indicator in the “ Type " column , indicating the different 
sections for value data , column statistics and table statistics 
respectively ) . However , in alternative embodiments , the 
different sections may be stored in different data structures . 
For example , value data 1008 may be stored in the main map 
table , with statistics 1010 / 1012 stored in one or more 
separate data structures . Furthermore , the output 1006 may 
be stored in a single file or may be split across multiple files . 
[ 0255 ] Whilst a single mapper output is shown in practice 
the mapping step is typically performed in parallel by 
multiple mappers operating on respective tables or ( for 
partitioned tables ) respective table partitions . Each mapper 
then produces a respective map table 1006 based on the 
subset of data processed by that mapper . 
[ 0256 ] FIG . 11 illustrates step 914 of FIG . 9 , in which the 
map table entries are aggregated , counted and sorted . 
[ 0257 ] In this step each of the map table files produced in 
the previous step are again processed , preferably in parallel 
( in this implementation using Java Map - Reduce and / or 
Spark ) . The individual data values in each file are counted by 
location and sorted . The column and table summary data is 
not modified in this step but is simply passed through to 
these aggregated files . 
10258 ] In FIG . 11 , table 1006 corresponds to the map table 
output by the previous step , and table 1100 shows the 
processed map table . It can be seen that the entries from 
table 1006 have been aggregated on the value and location 
identifier fields , so that the aggregated table 1100 now 
includes a single entry for each distinct combination of data 
value and source column , with a “ count ” field added indi 
cating the number of occurrences of that value in that 
specific column . For example , row “ 1 ” in table 1100 indi 
cates that the value “ O ” occurs twice in Table 1 Column A 
( “ T1A ” ) . The table has been sorted by data value ( i . e . the 
contents of the “ Value ” field ) . 
( 0259 ] FIG . 12 illustrates step 916 of FIG . 9 , in which the 
output from the previous step is partitioned into multiple 
data sets for parallel processing . 
0260 ] . The files are divided so that no value key spans 
more than one file . In a preferred implementation , the 
number of files output is about 10 % of the number of files 
input at the start of the phase , although this is configurable . 
[ 0261 ] In the example , aggregate table 1100 ( representing 
the output from the previous processing stage ) is split into 
two files 1202 and 1204 . The file 1202 includes entries 1 - 6 
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from table 1100 , whilst file 1204 includes entries 7 - 14 . 
Entries for each particular data value ( as recorded in the 
“ Value ” column ) are kept together in a single file of the 
output so that they will be processed by the same process in 
the next stage . The summary data is divided across the 
output files based on the Java Map - Reduce partitions ( here 
only the final row of the summary data , row 22 , is shown for 
clarity ) . 
[ 0262 ] FIG . 13 illustrates steps 922 , 924 and 926 of FIG . 
9 to calculate relevant statistics for columns and column 
pairs . 
[ 0263 ] In this step the files ( in the example files 1202 , 
1204 ) output by the previous step are preferably processed 
in parallel ( in this implementation using Java Map - Reduce 
and / or Spark ) . The results are then combined into analysis 
file 1300 , where necessary aggregating partial results cal 
culated for individual files . 
[ 0264 ] Firstly , the number of distinct values appearing in 
each column is determined by counting the number of 
entries for each specific table column in each input file 1202 , 
1204 . In this example , column “ TIC ” has one entry in File 
1202 and two entries in file 1204 . Since each entry corre 
sponds to a distinct data value , this means that column TIC 
has three distinct values in total . The generated analysis file 
1300 includes an entry for each column in the original 
source tables ( see entries 1302 in the analysis file 1300 ) , 
each entry including the column identifier and a distinct 
value count ( “ Distinct ” field ) . 
[ 0265 ] Secondly , the number of distinct intersecting val 
ues are computed for each possible pairing of columns 
having at least one common value . Distinct intersecting 
values are distinct values that appear in both columns of a 
given pair ( i . e . only unique value matches between columns 
are counted as distinct intersects ) . Hence in the present 
example tables , “ T1A ” ( table 1 column A ) has only one 
distinct intersecting value with " TIC ” ( table 1 column C ) , 
namely value “ O ” , whereas " T1B ” ( table 1 column B ) has 
three distinct intersecting values with “ T2B ” ( table 2 column 
B ) , namely values “ 1 ” , “ 3 ” , and “ 5 ” . 
[ 0266 ] In one embodiment , these values can be calculated 
by cycling through the data values in the input files 1202 , 
1204 , and for each data value listed in the “ Value ” column , 
determining the possible column combinations that share 
that value and incrementing a counter for each column 
combination . For example , file 1202 shows that value “ 1 ” . 
appears in four columns ( T1A , T1B , T2A and T2B ) and 
there are six unique column pairings of those four columns 
( where ordering is not relevant i . e . < Column 1 , Column 2 > 
is the same pair as < Column 2 , Column 1 > and a column 
cannot be paired with itself ) . The six possible pairs which 
have value “ 1 ” in common are therefore < T1A , T1B > , 
< T1A , T2A > , < T1A , T2B > , < T1B , T2A > , < T1B , T2B > , 
< T2A , T2B > . Thus a counter for each of those table pairs is 
incremented ( prior to this step counters are initialised to zero 
for each possible column combination ) . Counters from 
individual processing passes for respective files 1202 , 1204 
are then aggregated ( summed ) when generating final output 
1300 . Here , file 1202 shows one distinct value for column 
pair < T1B , T2B > ( value “ 1 ” ) whilst file 1204 shows two 
( “ 3 ” and “ 5 ” ) , and hence the total number of distinct 
intersecting values for that column pair is determined as 
three . 
[ 0267 ] Preferably , only unique combinations of pairs of 
columns with distinct intersecting data values are reported in 

the output . Column pairs with no intersecting values are 
preferably not included in the output . The output is added as 
a set of entries 1304 in the output file 1300 , with one row for 
each column pair having at least one intersecting value ( see 
rows 7 - 15 ) , each entry identifying the column pair and the 
number of distinct intersecting values . 
[ 0268 ] The column and table summary data 1306 contin 
ues to be passed through to the single sorted output file for 
later analysis in the final phase ( here only row 22 is again 
shown for clarity ) . Once again , the sections 1302 , 1304 and 
1306 are shown as sections of a single file but alternatively 
these could be stored in separate files / data structures . 
0269 FIG . 14A illustrates the final analysis phase ( steps 
932 , 934 and 936 of FIG . 9 ) . 
[ 0270 ] In this final phase the single analysis file 1300 
produced in the previous step is processed . 
[ 0271 ] The probability for any given column being a key 
is calculated and is referred to herein as the Key Probability 
( KP ) . In a preferred embodiment , this is computed as the 
number of distinct valid values ( values which are not null 
and which are not ignored for other reasons e . g . based on 
defined exceptions ) divided by the total number of non - null , 
valid values in the column ( or alternatively by the total 
number of rows in the column , i . e . including null or invalid 
entries ) . Thus the Key Probability gives an indication of the 
distinctness or spread of values in the column ; columns with 
many repeated values will have a low KP value whilst 
columns with little repetition will have a high KP value . In 
the case of a true primary key field each value in the column 
will be distinct , so that the number of distinct values will 
equal the total number of values and the KP will therefore 
equal 1 . 
[ 0272 ] . After computing KPs for each column , each pos 
sible column pair will have two Key Probabilities associated 
with it ( one for each column ) . These are referred to herein 
as the Left Key Probability ( LKP ) for the first column of the 
pair , and Right Key Probability ( RKP ) for the second 
column of the pair . A Maximum Key Probability ( MKP ) is 
identified as the greater of the LKP and RKP for the pair . The 
MKP thus provides an indication of the likelihood that one 
of the columns of the pair may act as a primary key column 
for its table . 
[ 0273 ] For each column pair , respective ratios of the 
number of distinct intersecting data values of the column 
pair to the total number of distinct values within each 
column are also calculated . These are referred to herein as 
the Left Intersect Probability or LIP ( number of distinct 
intersecting values divided by total number of distinct values 
in the first column of the pair ) , and Right Intersect Prob 
ability or RIP ( number of distinct intersecting values divided 
by total number of distinct values in the second column of 
the pair ) . A Maximum Intersect Probability ( MIP ) is then 
determined as the greater of the LIP and RIP . The MIP 
provides an indication of the degree of overlap in the 
information contained in the respective columns of the 
column pair , where high overlap might be taken as repre 
sentative of a relationship between those columns ( e . g . a 
primary - foreign key relationship ) . In the above computa 
tions , null values and other defined exceptions invalid 
values ) are preferably not counted in any of the counts of 
" distinct " values . 
[ 0274 ] A Combined Probability ( CP ) is then computed 
based on the MKP and MIP . In one example , the CP is 
computed as a product of both the MKP and MIP and 

Page 46 of 59



US 2018 / 0096000 A1 Apr . 5 , 2018 
15 

represents the combined probability of a join - type relation - 
ship existing between the columns ( or alternatively the CP 
may be taken as indicative of a relationship strength ) . 
[ 0275 ] In one embodiment , the calculation of the CP is 
carried out only if the MKP and / or MIP values meet pre 
determined criteria . The criteria may be expressed in terms 
of minimum thresholds for MKP and / or MIP . Column pairs 
below the threshold ( s ) are marked as unlikely to exhibit a 
relationship and are not further considered ( in an example , 
pairs having MKP and MIP values below 0 . 1 are marked as 
unlikely . ) The thresholds and / or other criteria applied are 
preferably specified in configuration data . 
[ 0276 ] Note that the specific calculations are provided by 
way of example , and alternative statistics may be used or the 
calculations of the various indicators may be varied depend 
ing on requirements , the nature of the data , and other factors . 
For example , the CP could be computed as a ( possibly 
weighted ) sum of the MKP and MIP , or the maximum or 
minimum of the MKP and MIP may be used as the CP . 
Similarly , the LKP and RKP one the one hand , and the LIP 
and RIP on the other hand , may each be combined in some 
other way ( e . g . as weighted sums ) to derive the MKP / MIP 
values instead of selecting the maximum of the left and 
right values ) . 
[ 0277 ] The statistics computed are summarised below , 
with reference to FIG . 14B which shows a Venn diagram 
illustrating the overlap between column values for two 
columns A and B . Here , “ a ” represents the set of distinct 
valid ( non - null and not excluded ) values that appear in 
column A , whilst “ b ” represents the set of distinct valid 
( non - null and not excluded ) values of column B . Intersec 
tion “ c ” represents the set of unique intersecting values ; that 
is , distinct valid values that are common to ( appear in both ) 
column A and column B . The computed statistics are as 
follows : 

[ 0278 ] Key Probability ( KP ) is the number of distinct 
valid values divided by the total number of valid 
values / records for a given column . 

[ 0279 ] Left Key Probability ( LKP ) is the probability of 
Column A being a key ( i . e . the KP value computed for 
Column A ) . 

[ 0280 ] Right Key Probability ( RKP ) is the probability 
of Column B being a key ( i . e . the KP value computed 
for Column B ) . 

[ 0281 ] Maximum Key Probability ( MKP ) is the greater 
of LKP and RKP . 

[ 0282 ] Left Intersect Probability ( LIP ) is the ratio of 
distinct valid intersected values ( c ) , to the total number 
of distinct valid values in column A ( i . e . in the set a ) . 

[ 0283 ] Right Intersect Probability ( RIP ) is the ratio of 
distinct intersected valid values ( c ) , to the total number 
of distinct valid values in column B ( i . e . in the set b ) . 

[ 0284 ] A Maximum Intersect Probability ( MIP ) is the 
greater of LIP and RIP . 

[ 0285 ] The Combined Probability ( CP ) is a product of 
MKP and MIP . 

[ 0286 ] The column pairs are then ranked based on the CP , 
which takes a value between 0 ( low relationship probability ) 
to 1 ( high relationship probability ) , to identify column pairs 
more or less likely to exhibit relationships . A rank value 
indicating the ranking for a column pair compared to other 
analysed column pairs may be computed and stored for each 
column pair ( e . g . as a simple number sequence ascending or 
descending in rank order ) . 

( 0287 ] Note that , as mentioned above , CP may be calcu 
lated only for qualifying column pairs meeting certain 
criteria , with others marked as unlikely relationship candi 
dates , with subsequent processing ( e . g . ranking ) only per 
formed for qualifying column pairs . 
[ 0288 ] Furthermore , for each distinct pair of tables ( here 
there are only two input tables so there is a single pair ) , an 
indicator of the likelihood of a relationship existing between 
the tables may be determined . In a preferred embodiment , 
this is based on the best / strongest column relationship 
( highest CP value ) between the columns of the tables . 
[ 0289 ] The computed data is added to the output file 1400 . 
In this example , the output file includes : 

[ 0290 ] Entries for each table with the table identifiers 
( rows 1 - 2 ) 

[ 0291 ] Entries for each table column ( rows 3 - 8 ) each 
associated with the column identifier , and the Key 
Probability ( KP ) calculated for the column 

[ 0292 ] An entry ( row 9 ) may optionally be provided for 
one or more ( or each ) table pair ( s ) ( here the only pair 
is T1 , T2 ) giving the key and intersect probabilities and 
a rank value indicating the strength of relationship , 
based on the strongest column relationship between the 
tables . In one embodiment , this information is not 
included explicitly in the output at this stage , but 
related table pairs are inferred from the strongest col 
umn relationships between tables . 

[ 0293 ] Entries ( rows 10 - 13 ) for each column pair where 
a relationship may exist ( e . g . where a CP was calcu 
lated ) , with the calculated probability values and cal 
culated rank value . In preferred embodiments , all the 
intermediate calculated metrics ( LKP , RKP , MKP , LIP 
RIP , MIP and CP ) are stored ( though alternatively only 
some of the data may be retained ) 

[ 0294 ] Entries ( rows 14 - 18 ) for each column pair deter 
mined unlikely to exhibit a relationship ( e . g . for which 
no CP was calculated due to low MKP and / or KIP 
values ) , optionally with the other calculated metrics as 
above 

[ 0295 ] The summary data carried through from earlier 
processing ( only the final row is shown for clarity ) 

[ 0296 ] Each possible column pair essentially defines a 
candidate relationship , with the various computed metrics 
( especially the CP value ) indicating a relationship strength 
of the candidate relationship ( e . g . the higher the CP value , 
the stronger is the potential relationship between the col 
umns ) . The final output file thus identifies the most likely 
candidates for relationships between columns ( including 
statistical and ranking information to allow further evalua 
tion of the relationships ) . 
[ 0297 ] In the example depicted in FIGS . 10 - 14 , the Table 
Analyser operates on two input tables , but in practice it may 
operate on any number of tables ( within processing capacity 
constraints ) to identify column relationships between any 
pairs of columns across the input tables . The size and 
number of input and output files are also purely exemplary . 
The data volume processed and degree of parallelization 
may be varied depending on requirements and available 
processing resources . 
[ 0298 ] The approach described above is capable of iden 
tifying relationships between any two columns in the input 
table set , including between different columns of the same 
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table ( and thus in principle the algorithm could be run on a 
single input table ) . Such relationships may be useful , e . g . , in 
database optimisation . 
[ 0299 ] However , alternatively the Table Analyser could be 
constrained to identify relationships only between columns 
from different tables ( i . e . a candidate relationship would be 
defined by a column pair comprising one column from one 
table and a second column from a second , different table ) . 
Such relationships correspond to the primary - key to foreign 
key relationships frequently employed in relational database 
models to join different tables when performing queries . In 
that case , column combinations from the same table may be 
disregarded from the set of candidate relationships consid 
ered which may reduce the processing burden . 
[ 0300 ] The described algorithm relies on comparison of 
data values between columns of tables which may have 
originated from different data sources ( and hence have used 
different data formats or representations for similar data ) . In 
a preferred embodiment , the Data Tap tool 106 standardises 
data formats during import into the data lake . This may 
involve converting all data to a single data type ( typically 
String ) , preferably using consistent representations for 
source data types ( e . g . a consistent string representation of 
Time / Date values ) regardless of source representation . This 
approach can improve the ability of the Table Analyser to 
correctly identify matching data . However , alternatively ( or 
additionally ) , data conversion or formatting may also be 
performed by the Table Analyser ( e . g . during the initial 
reading / mapping step 912 ) to ensure data values are in a 
consistent data type and format allowing effective compari 
son . 
[ 0301 ] The output of the Table Analyser ( as represented by 
output table 1400 in FIG . 14A ) can be used in subsequent 
analysis of data in the tables . For example , data from 
disparate sources may be automatically combined and fur 
ther processed / analysed . In one particular application , the 
output data of the Table Analyser may be used in the creation 
of queries on the data imported into the data lake 108 ( see 
FIG . 1 ) . A Query Builder tool 113 is provided to assist in the 
creation of such queries and will be described in more detail 
below . 

5 and are related by relationships Rel5 and Rel6 to corre 
sponding columns of Table 6 . 
[ 0305 ] Applying the previously described algorithm to the 
example of FIG . 14D , the algorithm would identify fields 
ID1 , ID2 , and ID3 as strong primary key candidates in 
Tables 1 , 2 , and 3 , and that they have a high ratio of distinct 
data intersects with fields ID1 , ID2 , and ID3 in Table 4 . 
Hence the algorithm will correctly identify relationships 
Reli , Rel2 , and Rel3 . 
[ 0306 ] In the Example of FIG . 14E , the above algorithm 
would identify the fields ID5 and ID6 as weak primary key 
candidates in Tables 5 and 6 . To deal with this , the algorithm 
may be extended to concatenate prospective compound key 
fields within a table ( e . g . Table 5 ) that can be compared with 
prospective field ( s ) within another table ( here Table 6 ) . In 
principle , for an exhaustive search , each permutation would 
need to be assessed , so to improve performance the algo 
rithm preferably eliminates unlikely compound key candi 
dates from the concatenation process . 
[ 0307 ] Compound key candidate reduction is illustrated in 
FIG . 14F . 
[ 0308 Compound key detection is based on concatenation 
of prospective fields in order to check for a data intersection . 
In order to improve efficiency and performance , unlikely 
compound key pairs are preferably ignored prior to concat 
enation . 
[ 0309 ] In this example , a candidate key field is analysed 
with 100 rows containing 85 distinct values within the 
candidate key field . There are 80 occurrences where a 
distinct value appears once ( i . e . it is unique ) . There are also 
5 occurrences where a distinct value appears 4 times . In this 
example , column concatenation would preferably only be 
performed with other columns containing four or more 
distinct values , as they would need at least four distinct 
values in another field to make a composite key based on the 
fields unique . Hence all other columns not meeting this 
requirement would be ignored . 
[ 0310 ] After eliminating unsuitable fields , the remaining 
field pairs are concatenated for each permutation and data 
intersections compared with fields ( or field combinations , 
also concatenated in an analogous fashion ) in the other 
tables . An example of concatenation of fields ID5 and ID6 
into a composite key is shown in FIG . 14G . 
[ 0311 ] The remainder of the algorithm then proceeds as 
described before , enabling a Combined Probability ( CP ) to 
be calculated for compound column groups , and hence 
allowing relationships Rel5 / Rel6 to be identified in the FIG . 
14E example . In this example a composite key of two 
columns is analysed ; this may in principle be extended to 
composite keys of any number of columns , subject to 
practical limits on computational resources including execu 
tion time . 
[ 0312 ] As a further extension , the algorithm ( for both 
single - column keys and composite keys ) may be extended to 
cater for partially matching fields , as illustrated in FIG . 14H . 
In this example the data intersection check is enhanced to 
check for a subset of data in one field being contained within 
another . 
0313 ] Thus , in this case , instead of considering the full 
content of a key column as a candidate key for a relationship , 
the candidate key is formed from truncated versions of the 
field values . More generally this can be extended to allow a 
candidate key for a table to be derived from one or more 
fields of the table in any appropriate way , including by string 

Extensions for Composite Keys and Partial Matching 

102 

[ 0302 ] In the above examples , relationships are defined 
between individual columns of respective tables . This may 
be extended to allow for composite keys as follows . 
[ 0303 ] FIG . 14C illustrates example tables where multiple 
fields ( columns ) are needed to define a unique key capable 
of identifying individual records of the table . Here , in Table 
1 , fields ID1 and ID2 are both needed to uniquely identify 
a row , while in Table 2 , fields ID3 , ID4 , and ID5 are all 
needed to uniquely identify a row . Where combinations of 
fields uniquely identify records the column combination is 
referred to as a composite key . 
[ 0304 ] Where each field of a composite key is a key in its 
own right , such a composite key is also referred to as a 
compound key . An example is shown in FIG . 14D , where 
columns ID1 , ID2 , and ID3 are all needed to uniquely 
identify a row in Table 4 ( thus acting as a compound primary 
key for that table ) , but each column also acts as foreign key 
with regard to another table ( see relationships labelled Reli , 
Rel2 , Rel3 ) . FIG . 14E shows a further example , where ID5 
and ID6 are both needed to uniquely identify a row in Table 
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manipulation ( e . g . truncation , capitalisation and the like ) or 
by mathematical manipulation ( e . g . rounding or scaling of 
values ) . The appropriate manipulation may be selected auto 
matically ( e . g . to truncate strings in one field to the same 
length as the maximum length of another potential key field ) 
and / or may be user - configured . This allows relationships to 
be identified between columns having similar data , even if 
the data is not encoded in the same way in the columns . 

Cumulative Relationship Learning 
[ 0314 ] The Table Analyser may be run repeatedly on a set 
of source tables ( or even on all tables in the data lake ) . In that 
case the Table Analyser is preferably configurable not to 
reanalyse relationships that have already been analysed on a 
previous run but rather to search only for new relationships . 
For example , if columns have been added to one or more 
tables , or if entire tables have been added , the Table Analy 
ser may consider only candidate relationships involving the 
new columns ( e . g . relationships between added columns / 
tables only or between added columns / tables and previously 
existing columns / tables ) . In this way , a cumulative view of 
potential data relationships is built up without the need to 
fully analyse all possible column combinations . 
Metadata Manager Tool 
[ 0315 ] Referring back to FIG . 1 , the Metadata Manager 
tool 109 comprises a set of user interfaces and workflows 
allowing users to enter , edit and review metadata in order to 
document the data held in the data lake 108 , for example , 
defining the nature of particular tables / table columns and 
specifying relationships between columns . 
[ 0316 In a preferred embodiment , the metadata managed 
by the Metadata Manager principally serves a documenta 
tion purpose . This documentation metadata should be dis 
tinguished from configuration metadata of the source data 
bases , e . g . schema metadata read by the Data Tap tool from 
source databases 102 when importing data into the data lake 
108 which defines the structure of the data in the source 
database . Nevertheless , in principle the Metadata Manager 
could operate on any form of metadata relating to data stored 
in the data lake , including source schema metadata and / or 
other configuration metadata ( e . g . for configuring secondary 
systems ) . 
0317 . A high level overview of the metadata management 

workflow is illustrated in FIG . 15 . 
[ 0318 ] The process begins with a set of objects for which 
metadata is to be collected , referred to as the documentation 
queue 1500 . " Objects ” are containers for metadata relating 
to database entities associated with the data imported into 
the data lake . The entities for which metadata may be 
collected and which are represented as metadata objects in 
the Metadata Manager include both structural / functional 
database entities as well as other forms of information that 
may be held in or associated with the source databases or the 
data lake . Examples of data entities and corresponding 
metadata objects may include : 

[ 0319 ] Source databases 
[ 0320 ] Tables 
[ 0321 ] Views 
[ 0322 ] Table columns 
[ 0323 ] Relationships between tables / table columns 
[ 0324 ] Queries 
[ 0325 ] Reports 
[ 0326 ] Business Rules 

[ 0327 ] Thus , a metadata object could provide information 
defining the purpose and organisation of a database table , the 
meaning of a table column , the functionality of a query , a 
description of a report etc . The nature of the metadata 
typically varies between objects . Purely by way of example , 
a “ Report ” metadata object providing a description of a 
report could include metadata items such as Owner , Purpose , 
Validity Period , Description , etc . Business Rules can be 
plain text definitions and / or can include logic , and could also 
be used to store a set of definitions for business terms ( e . g . 
a Customer , a Household , a Sale ) . 
[ 0328 ] Note that this list is purely given by way of 
example , and a given implementation may not use all of the 
above and / or may use other object types . 
[ 0329 ] The Metadata Manager tool is flexible and prefer 
ably allows users or operators to create other types of object , 
assign selected metadata items to the object , and then 
determine which roles can edit and which roles can approve 
those objects / items . Metadata objects may also be used to 
document the configuration of the system itself as one 
example the source connection settings for the Data Tap tool 
could be added as objects to the Metadata Manager tool , 
with metadata such a text description and owner , for docu 
mentation and approval in the normal way . 
[ 0330 ] In one example , the Data Tap tool may automati 
cally create entries for imported data objects in the docu 
mentation queue 1500 directly when performing the import . 
Alternatively , the imported objects such as tables and col 
umns may be recorded in a separate data inventory , with the 
Metadata Manager tool creating the documentation queue 
from that inventory . Initially , objects in the documentation 
queue are marked with a status indicator indicating that they 
are in the process of “ being documented ” . 
[ 0331 ] A document definition process 1502 is then used to 
collect and record metadata for the objects in the documen 
tation queue 1500 . Recording of metadata occurs mainly via 
user interaction using a documentation interface . However , 
some metadata may be automatically generated , either dur 
ing import or subsequently . 
[ 0332 ] The recorded metadata for the object forms a 
" definition ” of that object . Objects for which a definition 
( i . e . one or more items of metadata ) has been recorded have 
their status indicator updated to mark them as " docu 
mented ” . These objects are placed in an approval queue 
1504 . 
[ 0333 ] The object definitions in the approval queue are 
then subject to an approval process , where a user ( typically 
a user other than the user having created the original 
definition ) reviews the recorded metadata and either 
approves the definition ( step 1506 ) or raises a dispute ( step 
1510 ) . During this stage the status indicator is set to “ being 
approved ” . Once approval for an object definition is 
received , the status indicator is changed to completed ” and 
these object definitions are added to a completed set of 
definitions 1508 . 
[ 0334 ] If the reviewing user disagrees with the definition 
or considers that it contains errors , the dispute process is 
followed . Disputed object definitions are added to a dispute 
queue 1512 with a status indicator set to “ disputed ” . The 
definition is then reviewed ( e . g . by a third user ) ; if the 
reviewing user rejects the dispute ( step 1514 ) the object is 
returned to the approval queue 1504 and the status indicator 
reset to “ being approved ” . If the reviewing user agrees with 

Page 49 of 59



US 2018 / 0096000 A1 Apr . 5 , 2018 

the dispute ( e . g . the user considers that there are errors in the 
recorded metadata ) , the object is returned to the documen 
tation queue 1500 and its status is reset to “ being docu 
mented ” ( step 1516 ) . 
[ 0335 ] The documentation queue 1500 , approval queue 
1504 , dispute queue 1512 and completed set 1508 are 
presented here as logical entities and may be implemented 
via any suitable data structures . In one example a metadata 
database storing entries identifying the objects may be 
provided . Each entry in the database may reference the 
relevant structures in the data lake ( e . g . tables , columns , 
columns involved in relationships ) or other entities ( e . g . 
stored queries ) and may be associated with a collection of 
metadata for the object and a status indicator indicating the 
documentation status . The queues may be dynamically 
determined by simply retrieving entries with a particular 
status . Alternatively the queues may be represented as 
queue / list data structures referencing the object definition 
database entries . Additional data may be recorded , such as 
date / time stamps indicating when various actions were com 
pleted ( documenting , approving , disputing etc . ) and speci 
fying a user identifier for a user completing the action . 
[ 0336 ) . The possible status values for an object are sum 
marised in Table 1 below : 

TABLE 1 
Status Description 
Being 
Documented 

Documented 

[ 0343 ] Which users are required to approve the object 
definition 

[ 0344 ] At 1604 , the system puts incomplete objects into 
the Documentation queue . At 1606 , object metadata is open 
for input for those individuals in a Documentation Role . 
These roles are specific to an individual metadata item . At 
1608 , once all mandatory metadata has been documented , 
the system puts the documented object into the Approval 
queue and locks the object for edit . 
[ 0345 ] At 1610 , metadata is open for approval for those 
individuals in an Approval Role . These roles are again 
specific to an individual metadata item . At 1612 , once all 
Approvers have approved all metadata definitions the object 
transitions to the complete ” status ( 1614 ) , meaning that the 
object has now been approved for use . 
[ 0346 ] At 1616 , if an Approver disputes a definition , the 
system puts the disputed object into the Dispute queue 
( 1618 ) and locks the object from further approvals . At 1620 , 
if the dispute is rejected , the system passes the object back 
to the Approval queue and unlocks the object for approval . 
At 1622 , if the dispute is upheld , the system passes the 
object back to the Documentation queue and unlocks the 
object for edit . 
[ 0347 ] FIG . 17 illustrates an example user interface for 
displaying a work queue . The interface includes an " Out 
standing Definitions ” section 1702 listing objects for which 
metadata is to be entered , an " Outstanding Approvals " 
section 1704 listing data objects for which approval is 
required and an “ Outstanding Disputes ” section 1706 listing 
data objects where a dispute has been raised . For each 
object , the type of the object is indicated ( “ Type " ) along with 
the name of the object ( “ entity ” ) . Names of parent and 
grandparent objects are also identified ( in accordance with 
the relevant hierarchical “ tier ” structure as described below ) . 
0348 ] While the work queue interface may list all out 
standing actions , more typically , the work queue may be 
specific to a user , listing those actions allocated to that user . 
The user can then select an item in one of the queues 1702 , 
1704 , 1706 to invoke the relevant interface screens for the 
metadata entry , approval , and dispute processes . 
[ 0349 ] . The interface may additionally provide a search 
function allowing the user to search for particular objects . 
The search may be performed on object name , on any of the 
collected object metadata , on object status etc . ( alone or in 
combination ) . In one example , the search results may be 
presented in a user interface displaying the type of object , 
name , and parent and / or grandparent information as 
depicted in FIG . 17 , and allowing the user to select an object 
to work on ( e . g . to initiate metadata entry , approval , or 
dispute resolution dependent on status ) . 
[ 0350 ] In preferred embodiments the Metadata Manager 
tool maintains a hierarchy of objects ( e . g . stored in a tree 
representation ) . This hierarchy can be inspected by way of 
an inspection interface , a simplified example of which is 
illustrated in FIG . 18A . 
[ 0351 ] In the illustrated example , the highest level 1802 of 
the hierarchy view represents different classes of data 
sources . These top - level entities are referred to herein as 
hierarchies , and are configurable . Each hierarchy has a 
number of sub - tiers , and the tree display may be expanded 
and collapsed in order to display required sections . 
[ 0352 ] Here , the hierarchy " Operational Data Store ” is 
shown in expanded view . In this hierarchy , the first tier 1804 
corresponds to different source databases , in this example 

The initial status . Basic information about the 
object has been loaded into the system automatically . 
All of the additional information required is due to 
be entered or in process of being entered . 
All of the required ( mandatory ) information has been 
entered . Additional non - required information can 
still be entered or the object definition can be 
passed for approval . 
The object definition has now been passed for 
approval and therefore is read - only . All of the 
relevant users / teams need to approve this object 
definition before it is considered complete . 
All of the required users / teams have approved this . 
Information is considered accurate and the object 
definition can be used ( for example with the Query 
Builder ) . 
This object definition is on hold until the dispute 
is resolved . 

Being 
Approved 

Complete 

Disputed 

[ 0337 ] Objects in the various queues may further be 
assigned to particular users , thereby forming ( logical ) user 
specific work queues . The document definition , approval 
and dispute processes are supported by a collection of user 
interfaces allowing users to enter and review metadata and 
record problems or concerns . Additionally , a workflow inter 
face is provided to allow users to view objects allocated to 
them for definition ( 1502 ) , approval ( 1506 / 1510 ) or dispute 
resolution ( 1514 / 1516 ) , select objects to work on , and 
trigger the respective processes . 
[ 0338 ] FIG . 16 provides an alternative representation of 
the above process . 
[ 0339 ] Initially , at step 1600 , data objects are ingested into 
the data lake by the Data Tap tool . Independently ( e . g . before 
or after data import ) , at 1602 , the metadata collection 
strategy is defined , specifying for example , for each type of 
object : 

[ 0340 ] What metadata should be collected 
[ 0341 ] Which metadata items are mandatory 
[ 0342 ] Which users should document the object 
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listing two operational databases that have been imported 
into the data lake . The next tier 1806 of the hierarchy lists 
the tables imported from the given database ; here two tables 
are shown that were imported from the “ CRM " database , 
namely the “ CRM CLIENT ” and “ CRM ADDR ” table . 
The next tier 1808 lists the constituent fields or columns 
imported from a given table . A variety of information is 
shown for each column - in this example , a column name 
1810 , key indicator ( e . g . private key PK or foreign key FK ) 
1812 if applicable / known and a description 1814 . The 
description may be a descriptive label that was obtained as 
part of the metadata collection process . Other metadata may 
of course be displayed here as well . A status indicator 
indicating the metadata collection status may also be dis 
played ( e . g . using the status values summarised in Table 1 
above ) . 
[ 0353 ] The user may interact with the displayed entries 
( e . g . by way of a set of buttons displayed alongside each 
entry , not shown ) , for example to invoke the metadata entry , 
approval and dispute functions for a particular data object or 
view a history of metadata collection actions ( entry / ap 
proval / dispute etc . ) . The Query Builder tool ( described 
below ) may also be invoked based on a selected table or 
column in order to create a data query using that table or 
column . 
[ 0354 ] As mentioned above , hierarchies are user - configu 
rable . FIG . 18B illustrates an example of a configuration 
screen , here for configuring the “ Operational Data Store ” 
hierarchy . For each hierarchy , the user can specify one or 
more sub - tiers ; here three sub - tiers are defined , namely 
“ DataSource " ( i . e . the source database ) , “ Table ” and “ Field ” 
( where a field corresponds to a table column ) . 
[ 0355 ] Each tier of a hierarchy corresponds to a type of 
object for which metadata may be collected . Thus , the 
metadata collection and approval workflow described pre 
viously may be applied to all objects at any of the tiers . 
[ 0356 ] Instead of the described hierarchical relationships , 
the system could alternatively allow metadata objects to be 
associated with each other using a more generalised model 
based on graph relationships , in which any object can be 
related to any other object . The object browsing interface 
could then be adapted accordingly , e . g . to allow display of 
a graph of metadata objects . 

[ 0365 ] The object types ( corresponding to tiers in the 
defined hierarchies ) to which the metadata item applies 

[ 0366 ] The class ( es ) of users who are required to 
approve the metadata item 

[ 0367 ] The class ( es ) of users who may edit the metadata 
item 

[ 0368 ] A flag indicating whether the metadata item is 
required ( mandatory ) 

[ 0369 ] FIG . 19 illustrates an example screenshot for an 
interface 1900 for specifying a metadata item . The interface 
includes a section 1902 for inputting various information 
about the metadata item , a section 1904 for indicating the 
object types ( or tiers ) to which the metadata item applies , a 
section 1906 for indicating the required approvers ( by 
specifying user roles ) and a section 1908 for indicating the 
permitted editing users ( again in terms of roles ) . In this case 
the metadata item is named “ Information _ Security _ Classi 
fication ” , and is defined as being applicable to the " Field " 
and “ Result Column ” tiers ( object types ) . This particular 
object is to be approved by the “ Data Manager ” and “ Busi 
ness Data Owner ” roles and can be edited by the “ Devel 
oper ” and “ Data Manager ” roles . Note that for clarity not all 
the entry fields and options that would be used in a practical 
implementation are shown in this simplified depiction of the 
user interface . 

Metadata 
[ 0357 ] For each type of object , corresponding to the 
" tiers ” discussed above , the metadata that can be collected 
can be configured by users of the system . Specifically , users 
may define any number of metadata items , and may further 
specify which object type ( s ) each metadata item is relevant 
to . 
[ 0358 ] In one embodiment , the information specified by 
the user to define a metadata item may include : 

[ 0359 ] Name 
[ 0360 ] Label 
[ 0361 ] Description 
[ 0362 ] Placeholder ( a value that will appear in the input 

field for the metadata item when it is blank ) 
[ 0363 ] A data type ( e . g . whether the metadata item is 

entered as freeform text or numerical information or by 
selection from a list of options ) 

[ 0364 ] The set of predefined list options for the meta 
data item ( if the metadata item is restricted to a specific 
set of values rather than allowing freeform text entry ) 

Metadata Entry and Approval 
[ 0370 ] FIG . 20 illustrates a simplified representation of a 
user interface 2000 for performing metadata entry and / or 
approval . The interface lists a set of metadata items 2002 
that are applicable for the given object type of the selected 
object with input fields ( which may be freeform text or 
numerical input fields , check boxes , drop - down list selection 
fields , or any other appropriate input field , depending on the 
definition of the metadata item ) . Only a small number of 
metadata items are shown for clarity . 
[ 0371 ] Furthermore , the interface provides a set of buttons 
2004 for performing various actions , including saving 
changes , approving the metadata or raising a dispute . While 
for conciseness a single interface is shown , in practice , entry 
and approval may have different interfaces . For example , the 
metadata entry screen may include only the “ cancel ” , 
" save ” , and “ save and submit " buttons , while the approval 
screen may include only " cancel ” , “ approve ” and “ dispute ” 
buttons . The approving user may see the metadata values in 
read - only form or may alternatively also be able to edit prior 
to approval or resubmission ( in which case all the buttons 
could be provided in that mode ) . 
[ 0372 ] The button actions may be as follows : 

( 0373 ] Cancel : Discard changes and return to last screen 
[ 0374 ] Save : Save metadata changes without changing 

the object status 
[ 0375 ] Save and submit : Save metadata changes and 

change status from “ Being Documented ” to “ Being 
Approved ” with the result that the object will be added 
to the approval queue 

10376 ] . Approve : confirm approval by the reviewing 
user . If all required users have approved ( or only a 
single approval is required ) this results in the object 
status changing to “ Documented ” , otherwise the status 
remains as “ Being Approved ” 

[ 0377 ] Dispute : Triggers creation of a dispute ; a further 
interface may be displayed e . g . as a pop - up box allow 
ing the reviewing user to enter a reason ( e . g . selected 
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[ 0384 ] In preferred embodiments , the user may further 
select a relationship to view its metadata collection status 
and / or invoke the workflows for entering / editing metadata 
for a relationship , approve / dispute metadata definitions , 
resolve disputes etc . as described above . Metadata collection 
and approval for relationships preferably operates substan 
tially as already described previously . 

from a predefined set of reasons ) along with detailed 
comments and explanations ( e . g . to specify any errors 
found in the metadata ) 

[ 0378 ] The metadata entry / display form is preferably gen 
erated dynamically . To do this , after receiving a selection of 
a particular object to be documented ( e . g . via the work queue 
depicted in FIG . 17 , the hierarchy display of FIG . 18A or via 
a search ) the system identifies the object type ( correspond 
ing to the hierarchy tier ) and selects from the database of 
metadata items those metadata items defined as applicable to 
that object type . The form is then generated with input fields 
for the relevant metadata items . A definition is created in the 
database ( which may e . g . be in the form of a definition 
record referencing multiple metadata item records of the 
relevant item types ) . After the user saves changes , the 
entered metadata item values are stored in the metadata 
record for the object in the metadata database . 

History 
[ 0385 ] Users may display a history of the metadata col 
lection process for any selected object . The history may be 
displayed as a chronological listing identifying metadata 
edits made and approval / dispute / dispute resolution actions , 
indicating date / time and the user completing the action . The 
history listing may show the status changes for an object ( i . e . 
identifying events corresponding to status changes as per the 
status values of Table 1 and the process as shown in FIGS . 
15 / 16 ) . Configuring Relationships 

[ 0379 ] In a preferred embodiment , the metadata collection 
tool additionally allows users to define relationships 
between tables ( or more specifically between table col 
umns ) , and / or to document relationships by way of metadata 
using the same metadata collection process previously 
described . Thus , in such an embodiment , relationships may 
form an additional type of object that can be documented by 
the system ( in addition to data sources , tables and fields / 
columns ) . Relationships could then also be represented in 
the information hierarchy ( as depicted in FIG . 18A ) , e . g . as 
a tier below the “ table ” tier , or they could be listed and 
accessed separately . 
[ 0380 ] FIG . 21 illustrates a simplified user interface 2100 
for viewing , editing and / or adding relationships . In this 
example , it is assumed that the user has selected a particular 
table for which relationships are to be inspected . The user 
may select via a selection input 2102 how relationships are 
to be displayed , e . g . in text or graphical format ( in this case 
graphical view has been selected ) . Relationships for the 
selected table are then displayed in a view area 2104 ; here 
a single relationship involving columns 2106 and 2108 is 
shown ( where column 2108 is a column in another table ) . 
Labelled arrows 2110 and 2112 connect the pictorial repre 
sentations of the columns and provide descriptive text 
defining the nature of the relationship . 
[ 0381 ] A search function 2114 is provided to allow new 
relationships to be defined . The user can use the search 
function to find columns for which a relationship is to be 
defined and can then use a further interface ( not shown , e . g . 
a popup window ) to specify information about the relation 
ship including the labels that indicate the type of relation 
ship 
[ 0382 ] The relationships depicted and manipulated via the 
interface may include relationships already known to exist in 
the source data ( e . g . if relationship information was 
extracted from the source database ) as well as those entered 
by users via the interface . 
[ 0383 ] Additionally , the relationships may include rela 
tionships discovered by the Table Analyser tool as described 
in more detail above ( metadata objects for discovered rela 
tionships may be automatically added to the Metadata 
Manager tool / documentation queue ) . The source of a rela 
tionship may be indicated in the interface ( e . g . to distinguish 
automatically discovered relationships ) . 

User Roles 
[ 0386 ] The system preferably implements role - based 
access control for restricting access to metadata objects to 
particular users . In this approach , users of the system may be 
assigned to various roles . The roles are configurable . 
Examples of roles include : 

[ 0387 ] Developer 
[ 0388 ] Solution Architect 
[ 0389 ) Data Manager 
[ 0390 ] Admin 
10391 ] User 
[ 0392 ] Business Data Owner 

[ 0393 ] A user ' s role determines the actions the user may 
take in the system . For example , as described previously , 
metadata items may specify the user roles that may edit the 
item and the roles from which approval of the particular item 
is required . 
[ 0394 ] The system may also allow SLAs ( service level 
agreements ) to be defined for each role , indicating the 
expected turnaround time for processing objects ( e . g . to 
document , or approve an object ) . This can then allow 
analysis and reporting to check that the metadata collection 
process is operating effectively . 
[ 0395 ] The system may further providing reporting func 
tions , e . g . to show user activity over a defined time period 
for individual users , groups of users ( e . g . specific roles ) or 
all users . In one example , a report may indicate a number of 
object definitions a user has added or edited , and the number 
of those that were approved and disputed . Activity may also 
be summarised over time e . g . in graph form . 
[ 0396 ] The Metadata Manager tool thus allows many users 
to cooperate in creating metadata definitions relating to data 
objects imported into the data lake . The metadata manage 
ment process can also be extended to cover reports , business 
rules , and any other form of information handled by an 
organisation . The described approach can have a number of 
benefits , including : 

[ 0397 ] Agreed standard definitions can be created for 
data , business rules , reports and other information 
entities . 

[ 0398 ] Accelerated design of information systems 
[ 0399 ] Enables " self - service ” access to large and com 

plex data by end users 
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[ 0400 ] The captured metadata documentation may 
facilitate legal & regulatory compliance 

[ 0401 ] The system enables a crowd - sourced or feder 
ated approach to gathering and populating metadata 
information 

automatically to the documentation queue 1500 , thereby 
triggering the documentation workflow of FIG . 15 , to allow 
documentation metadata to be collected for the new database 
entities . 

Data Lake Synchronisation 
[ 0402 ] In preferred embodiments , the Metadata Manager 
tool is integrated with the data lake and Data Tap tool by way 
of automatic synchronisation functionality , allowing the 
Metadata Manager to maintain an up - to - date view of the 
contents of the Hadoop data lake . 
10403 ] The synchronisation component automatically pro 
vides details of the data structures , objects , and associated 
technical metadata that reside on the Hadoop platform . 
10404 As new objects appear in the Hadoop platform , 
workflow can be automatically triggered to begin the docu 
menting and categorising the descriptive metadata associ 
ated with it . Over time this enables individual users and 
corporate enterprises to maintain current and historical 
views of their entire big data estate residing on Hadoop 
platforms . 
[ 0405 ] The synchronisation process is illustrated in FIG . 
22 . In this example , a data lake ( Hadoop platform ) 108 is 
illustrated comprising multiple Hadoop / Hive databases each 
sourced from multiple data sources and including data 
corresponding to tables of those data sources . Metadata 
repository 2210 contains the metadata objects and associated 
metadata managed by the Metadata Manager tool and is 
periodically synchronised with the data structures on a 
Hadoop platform 108 . 
[ 0406 ] A capture process 2202 is used to gather the details 
of the data structures and associated technical metadata ( e . g . 
schema metadata ) currently residing on the Hadoop platform 
108 . A subsequent difference calculation process 2204 uses 
this information and compares it to the data structures and 
metadata already held within the repository 2210 . The 
process 2204 determines the differences in structure and 
metadata since the last execution , and calculates a list of 
changes that need to be applied to the repository 2210 in 
order to bring it up - to - date , and these are stored as change 
details 2205 . 
[ 0407 ] A change update process 2206 is then performed to 
apply the identified changes to the repository 2210 . The 
changes may create , update , or mark as deleted objects with 
the repository 2210 . The change process also updates the 
audit history 2212 with details of any changes made , so that 
a full list of changes over time is maintained . Preferably , 
physical deletes are not performed in the repository 2210 in 
order to maintain a full history of previous activities and 
object details but information may instead be marked as no 
longer valid . 
[ 0408 ] For example , if a new table has been imported into 
the Hadoop data lake , the capture process 2202 will obtain 
a description of the table and its constituent columns from 
Hadoop ( in the form of “ technical ” or schema metadata for 
the Hive / Hadoop database ) . The difference calculation pro 
cess will identify these as new entities since corresponding 
documentation metadata does not exist in the metadata 
repository 2210 . The change update process 2206 may then 
create metadata objects in the repository corresponding to 
the new entities in the data lake , for example an object 
representing the new table along with objects representing 
each column of the table . These objects may then be added 

Query Builder 
[ 04091 Data warehouses are conventionally built using a 
" schema - on - write ” ( early binding ) approach . Before any 
data can be loaded onto the platform , a significant amount of 
time and effort often needs to be spent designing its physical 
data structure to accommodate all the possible ways in 
which the data will be consumed . This is to ensure that all 
the data dimensions are correctly conformed , and that all the 
business transformations contain the correct logic . This 
typically means that a requirements / solution design cycle is 
needed between the business and software development 
teams . 
10410 ] In preferred embodiments of the present system , 
the data lake is instead built using a " schema - on - read ” ( late 
binding ) approach . This means that data gets loaded onto the 
platform straight away ( by the Data Tap tool ) , without 
necessarily needing to consider how the data may be used . 
At this point , the raw data is accessible for users to consume , 
based upon their roles and permissions . This method can 
provide much quicker access to data and requires less effort ; 
however it does requires that the consuming user effectively 
builds their own schema into their query when constructing 
a new dataset and / or report . The Query Builder tool enables 
users to create , store and document these queries so that they 
are searchable and re - useable between individual roles , 
making use of data maintained by the Metadata Manager 
Tool and relationships discovered by the Table Analyser 
tool . Hence over time knowledge is developed and evolved 
detailing how data is distributed between source tables / files , 
and how it can be combined / joined and selected / filtered to 
produce useful data assets . 
[ 0411 ] In a conventional approach , each consuming user 
of a data warehouse or similar system would typically 
manage their own queries in isolation from one another , with 
the potential to use inconsistent logic and disparate data , or 
to waste time and effort duplicating queries which already 
existed . 
[ 0412 ] The Query Builder tool 113 ( see FIG . 1 ) seeks to 
address some of these difficulties and provides a method to 
avoid potentially inconsistent logic , disparate data , and 
duplication , in order to save time and effort , and promote 
re - use and best practice . 
[ 0413 ] This is achieved by making saved Query Builder 
queries available for other users to use , subject to their role 
and permissions . 
[ 0414 ] . In preferred embodiments , each saved query is 
represented as an object in the Metadata Manager , following 
the same metadata collection / approval workflow described 
above for other objects . As a result , queries will become 
documented , approved , and fully searchable . 
[ 0415 ] Users are able to search for existing approved 
queries by using metadata associated with the query by the 
Metadata Manager , for example by searching for a query 
description , keyword , and / or subject area . Once a specific 
query has been found , a user may either run it as is , or ( if 
modifications are needed ) may clone a copy and edit it , 
before saving and running the modified query . 
( 0416 ) The Query Builder tool also allows users to build 
their own queries from scratch via a graphical user interface . 
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The tool enables users to select columns from tables stored 
in the data lake based on the metadata contained within the 
Metadata Manager tool , and then to select table joins based 
on relationships identified by the Table Analyser tool . Fur 
thermore , users are able to specify additional criteria such as 
filter criteria ( e . g . “ WHERE ” restrictions ) , and grouping / 
aggregation criteria ( e . g . “ GROUP BY ” , “ COUNT ” , 
“ SUM ” , and “ SORT ” criteria ) . 
[ 0417 ] In preferred embodiments , the Query Builder tool 
executes queries directly on the data lake platform using the 
optimum method for delivering the best performance . This 
may include technologies such as Spark , Java Map - Reduce , 
TES , and / or Hive . 
[ 0418 ] The Query Builder tool allows the user to select 
Hive tables 110 in the data lake 108 to form the basis of a 
query . The Query Builder tool can then suggest possible 
join - type relationships , based on manually defined relation 
ships and also based on the output of the relationship 
discovery process carried out by the Table Analyser tool as 
described above . 
[ 0419 ] Where automatically discovered relationships are 
used , the tool preferably also indicates information on the 
strength of the possible relationship , such as the CP or the 
rank computed previously . While the Table Analyser may be 
run on demand after tables have been selected for a query , 
it may be preferable for performance reasons to run the 
Table Analyser in advance ( e . g . whenever new tables , or 
new data for existing tables , is imported into data lake 108 ) , 
so that the relationship information is available when needed 
in the Query Builder . 
[ 0420 ] The user can then inspect the proposed relation 
ships , table metadata ( and possibly also table contents ) and 
select the appropriate join relationship for the construction 
of the query . 
[ 0421 ] An example user interface of the Query Builder 
tool is depicted in FIGS . 23A and 23B . FIG . 23A illustrates 
an interface 2300 of the Query Builder displaying two tables 
2302 and 2304 selected for the query by the user . These 
tables may have originated from different data sources and 
thus the relationships between the tables may not be known 
a priori . The interface also proposes a number of possible 
relationships 2306 between the tables which may have 
previously been discovered by the Table Analyser ( illus 
trated as labelled lines connecting the respective column / 
field names of the respective tables ) . A visual indication of 
the relationship strength ( based on the data computed by the 
Table Analyser as described above ) is provided by way of 
the colour and / or line weight used to represent the connec 
tions between tables — here a relationship between the CUS 
TID column of table 2302 and the CUSTID column of table 
2304 is identified as the strongest relationship . The user may 
be able to view more detailed relationship information for 
each relationship , including collected metadata and / or the 
various statistical information computed by the Table Analy 
ser ( e . g . by clicking on or hovering over a relationship in the 
interface ) . 
[ 0422 ] The user then selects the required relationship e . g . 
by clicking on the link or label . At that point a second screen 
2310 ( FIG . 23B ) may then be displayed to allow the user to 
specify additional parameters of the query , such as which 
columns to include in the query output , the query criteria , 
and any grouping / aggregation / sorting to be performed . 
[ 0423 ] After defining the query the query can then be 
executed to retrieve data from the data lake . In preferred 

embodiments , based on the user input a query statement or 
script is generated in accordance with an appropriate data 
query language , e . g . HQL or SQL . The generated query 
includes a table join based on the selected relationship , i . e . 
with a join defined on the table columns to which the 
relationship relates this may be done e . g . by adding a 
WHERE statement or similar , such as “ WHERE T1 . A = T2 . 
B ” to define a join condition between table 1 column A and 
table 2 column B ) . The join type ( e . g . inner / outer and 
left / right / full join etc . ) may be specified by the user or a 
default join type may be used . 
[ 0424 ] The query is then executed , e . g . in the case of the 
Hadoop system by submitting the generated HQL statement 
to Hive . Hive executes the query and returns the results to 
Query Builder or other relevant component ( e . g . data ana 
lytics component 112 ) . The query results may also be 
transmitted to a user device 116 ( e . g . PC terminal or mobile 
device ) for display to the user , stored as a new table in the 
data lake 108 , or transmitted to a remote computer system 
for further processing . 
10425 ] . In addition to direct execution the query can be 
saved in the system and if appropriate published to make it 
available for other users . Once a query has been added to the 
system it may be processed by the Metadata Manager tool 
( i . e . by way of a metadata object representing the query 
which is added to the metadata repository and which is 
processed via the metadata collection / approval process as 
previously described ) . 
[ 0426 ] While FIGS . 23A - 23B illustrate a relatively simple 
query with two tables , more complex queries may be con 
structed including more than two source tables and / or mul 
tiple join relationships . Queries may also be combined by 
nesting ( e . g . by using query output from one query as input 
to another query in place of a source table ) . 
[ 0427 ] FIG . 24 illustrates various processes that may be 
performed utilising the Query Builder tool ( supported by the 
Query Builder user interface e . g . as depicted in FIGS . 
23A - 23B ) . 
[ 0428 ] Firstly , information on existing queries held in 
metadata repository 2210 may be viewed , browsed and / or 
searched and queries may be selected in step 2402 . 
[ 0429 ] A new query creation process 2404 may be invoked 
and may include the following illustrative steps : 

[ 0430 ] Step 2406 : Data for the query is selectede . g . 
selecting particular tables from which data is to be 
obtained . The selection may be done utilising table 
metadata in repository 2210 ( e . g . via a metadata search 
function ) . 

[ 0431 ] Step 2408 : One or more relationships between 
the tables to serve as table joins for the query are 
specified — these may be predefined relationships or 
relationships found by the Table Analyser ( in which 
case the relationship metadata in repository 2210 may 
be used to identify suitable relationships ) . Alterna 
tively , join relationships may be explicitly specified by 
the user . 

[ 0432 ] Step 2410 : Filter and Sort / Aggregation criteria 
and the like may be specified . 

[ 0433 ] Step 2412 : A preview of the query output is 
preferably generated to assist the user in verifying 
correct operation . 

[ 0434 ] Step 2414 : The query is saved ( optionally being 
made available to other users for reuse ) . 
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[ 0435 ] The user may vary the order in which steps are 
performed , may omit some steps , and may at any point 
return to earlier steps to revise the query definition after 
completing later steps . 
[ 0436 ] A query clone / edit process 2416 may be invoked 
for an existing stored query . In that case the query builder 
creates a copy of the query definition from the stored query 
and the process may then include the following illustrative 
steps : 

[ 0437 ] Step 2418 : The data selection may be modified 
( e . g . adding , removing or changing selected source 
tables ) . 

[ 0438 ] Step 2420 : The joins may be modified ( e . g . by 
changing the relationship used as the basis for a table 
join ) . 

[ 0439 ] Step 2422 : Sort / aggregation and filter criteria 
may be changed . 

[ 0440 ] Step 2424 : An output preview is generated . 
[ 0441 ] Step 2426 : The edited query is saved . 

[ 0442 ] The user may vary the order in which steps are 
performed , may omit some steps , and may at any point 
return to earlier steps to revise the query definition after 
completing later steps . 
[ 0443 ] A documentation and test process 2428 may 
include the following illustrative steps : 

[ 0444 ] Step 2430 : Metadata is entered for the query . 
[ 0445 ] Step 2432 : The query metadata is approved 

( steps 2430 and 2432 may be performed within the 
Metadata Manager tool ) . 

[ 0446 ] Step 2434 : The query can be tested e . g . by 
executing the query and inspecting results . 

[ 0447 ] Step 2436 : The query may be scheduled for 
execution e . g . at a particular time and / or periodically . 
For a scheduled query , the system then automatically 
executes the query in accordance with the specified 
schedule , with results stored for subsequent access , 
review , and processing . 

[ 0448 ] The steps may be performed in a different order and 
not all steps may necessarily be performed ( e . g . scheduling 
may only apply to certain queries ) . 

API 2506 . Reporting functions 2514 may access the data 
base 2502 or other information in the data lake directly 
( though could alternatively also access the information 
through extensions to the API ) . 
[ 0452 ] Metadata may be stored in versioned form in the 
database 2502 , e . g . to allow changes to be undone or a 
history of changes to be inspected . 
[ 0453 ] FIG . 25B illustrates a specific example of the 
above architecture . Here , the distributed storage 2504 is 
implemented via the Apache Hive HDFS as described 
previously . Database 2502 in implemented as a MySQL 
database . The API 2506 is implemented based on a Scalatra 
web micro - framework with the client UI 2510 implemented 
using the AngularJS web application framework . A Qlik 
View reporting solution 2514 is provided . A variation of the 
architecture is shown in FIG . 25C , in which an Apache 
HBASE database is used as the database 2502 ( which may 
reside in the Hadoop HDFS ) . 
[ 0454 ] Aspects of the above system may be implemented 
on one or more computing nodes — e . g . a cluster of hardware 
servers . 
[ 0455 ] FIG . 26 illustrates an example of a hardware ) 
software architecture of a server node 2600 which may be 
used to implement methods and techniques described herein . 
The server includes one or more processors 2602 together 
with volatile / random access memory 2606 for storing tem 
porary data and software code being executed . 
[ 0456 ] A network interface 2604 is provided for commu 
nication with other system components ( e . g . other servers in 
a Hadoop cluster 2620 , where the server 2600 is operating 
as part of a cluster ) and a wider network 2622 ( e . g . Local 
and / or Wide Area Networks , including the Internet ) , for 
example , for connection to data sources 102 , user terminals 
116 and other devices . 
[ 0457 ] Persistent storage 2608 ( e . g . in the form of hard 
disk storage , optical storage , solid state storage and the like ) 
persistently stores software for performing the various func 
tions , including one or more of : a Data Tap module 106 for 
importing data from data sources 102 into the data lake 108 , 
Table Analyser module 107 for identifying table relation 
ships using the methods set out above , Metadata Manager 
module 109 for implementing the metadata collection and 
approval processes described above , and Query Builder 
module 113 to enable creation and execution of queries 
based on the identified relationships . 
[ 0458 ) The persistent storage also includes other server 
software and data ( not shown ) , such as a server operating 
system . The server will include other conventional hardware 
and software components as known to those skilled in the 
art , and the components are interconnected by a data bus 
( this may in practice consist of several distinct buses such as 
a memory bus and I / O bus ) . 
[ 0459 ] While a specific software and hardware architec 
ture is shown in FIGS . 25A - 25C and FIG . 26 by way of 
example , any appropriate hardware / software architecture 
may be employed and any suitable hardware , database , API 
and UI technologies may be used . 
[ 0460 ] Furthermore , functional components indicated as 
separate may be combined and vice versa . While in this 
example , a range of different processes 106 , 107 , 109 and 
113 are shown as implemented on the server , in practice 
these processes may be distributed across multiple servers , 
e . g . with different servers handling data import , table analy 
sis and metadata collection functions . Thus , functionality 

System Architecture 
[ 0449 ] A high - level software architecture for implement 
ing the described system ( including the Data Tap , Table 
Analyser , Metadata Manager and Query Builder tools ) is 
shown in FIG . 25A . 
[ 0450 ] The system is based around the data lake 108 . This 
includes distributed storage 2504 for storing table data 
extracted from source databases by the Data Tap tool , and 
database 2502 for storing management data , such as the 
metadata repository containing metadata collected by the 
Metadata Manager tool , user data and other data used by the 
system . 
[ 0451 ] An API ( Application Programming Interface ) 2506 
is provided for interacting with the information stored in the 
distributed storage 2504 and database 2502 . A set of work 
flow processes 2508 are implemented using the API , e . g . to 
implement the Data Tap data ingestion , Table Analyser 
relationship discovery , and metadata collection / approval 
processes . A client user interface ( UI ) 2510 handles the user 
interactions . While a standalone client application could be 
provided , in preferred embodiments the client UI is prefer 
ably implemented as a web application running in a browser . 
Other applications 2512 may integrate with the system via 
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may be distributed over any number of computing devices in 
any suitable manner . In preferred embodiments , where 
appropriate , modules may operate in a parallelised fashion 
( e . g . using Hadoop map - reduce ) across multiple physical or 
virtual servers or compute nodes in a Hadoop cluster as 
already set out in more detail for the Table Analyser tool . 
[ 0461 ] The data lake 108 ( FIG . 1 ) may be implemented as 
persistent storage distributed over a number of servers in the 
Hadoop cluster ( e . g . in the form of a Hadoop distributed file 
system ) . Those servers may provide data storage only or 

may combine data storage with any of the previously 
described processing functions . 
[ 0462 ] It will be understood that the present invention has 
been described above purely by way of example , and 
modification of detail can be made within the scope of the 
invention . 
Script Samples 
[ 0463 ] SAMPLE 1 : The following is a sample Sqoop 
script for performing an initial load for the “ TJ30T ” source 
table 104 as depicted in FIG . 5B : 

source $ 1 
sqoop import - D oraoop . jdbc . url . verbatim = true - D 
mapred . job . queue . name = $ { queueName } - D 
mapred . job . name = TJ30T _ SQOOP _ INITIAL _ LOAD - 
Djava . security . egd = file : / dev / . . / dev / urandom - D 
mapred . child . java . opts = “ 
Djava . security . egd = file : / dev / . . / dev / urandom ” - - direct - - 
connect 
jdbc : oracle : thin : @ / / $ { host _ name } : $ { port _ number } / $ { db _ in 
stance } - - username $ { username } - - password " $ { password } ” - - 
num - mappers $ { sqoop Mappers } - - hive - import - - hive 
overwrite - - hive - delims - replacement “ - - null - string " - 
- null - non - string “ - - table sourcedb . “ TJ30T ” - - target - dir 
/ user / hdp _ batch / sourcedb / / initial / crm / crm _ tj30t - - map 
column - hive 
MANDT = STRING , STSMAESTRING , ESTAT = STRING , SPRAS = STRING , TXT04 
= STRING , TXT30 = STRING , LTEXT = STRING - - hive - table 
prod _ landing _ initial _ area . crm _ tj30t 

[ 0464 ] SAMPLE 2 : The following is a sample HQL script 
for creating a Hive table in the data lake corresponding to the 
FIG . 5B table : 

USE $ { hivevar : DATABASE } ; 
CREATE $ { hivevar : EXTERNAL } TABLE IF NOT EXISTS 
crm _ tj30t $ { hivevar : LABEL } ( 
$ { hivevar : ERRORS } 

jrn _ date STRING COMMENT “ , 
jrn _ flag STRING COMMENT “ , 
tech _ closure _ flag STRING COMMENT “ Utility filed for 

closure flag , 
tech _ start _ date STRING COMMENT “ ” , 
tech _ end _ date STRING COMMENT “ , 
mandt STRING COMMENT " ? , 
stsma STRING COMMENT “ , 
estat STRING COMMENT “ , 
spras STRING COMMENT “ ? , 
txt04 STRING COMMENT “ , 
txt30 STRING COMMENT “ , 
Itext STRING COMMENT " 

) COMMENT " 
PARTITIONED BY ( tech _ datestamp STRING COMMENT ‘ YYYY - MM - DD on 
which partition was created ' , tech _ type STRING COMMENT ' OPEN , 
DELTA , CLOSED ' , tech _ num STRING COMMENT ‘ ops partition , 
sequence number of the load ' ) 
ROW FORMAT DELIMITED 
FIELDS TERMINATED BY 1001 ' 

STORED AS SEQUENCEFILE TBLPROPERTIES ( 
" mapreduce . output . fileoutputformat . compress ” = " true " , 
" mapreduce . output . fileoutputformat . compress . type " = " BLOCK ” 

" mapreduce . output . fileoutputformat . compress . codec ” = " org . a 
pache . hadoop . io . compress . Gzip Codec ” 
) ; 
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[ 0465 ] SAMPLE 3 : The following is a sample HQL script 
for performing an initial load of the Hive table : 

- continued 

tech _ end _ date , mandt , stsma , estat , spras , txt04 , txt30 , ltext 
FROM $ { hivevar : INITIAL _ DB } . crm _ tj30t ; 

[ 0466 ] Corresponding Sqoop and Hive scripts for per 
forming subsequent delta loads would also be provided . 
[ 0467 ] SAMPLE 4 : The following is a sample HQL script 
for modifying a table definition to add a column : 

USE $ { hivevar : DATABASE } ; 
SET mapred . job . queue . name = $ { hivevar : QUEUE _ NAME } ; 
SET hive . merge . size . per . task = 100000000 ; 
SET hive . merge . smallfiles . avgsize = 100000000 ; 
SET hive . exec . parallel = true ; 
SET hive . exec . parallel . thread . number = 50 ; 
SET hive . exec . compress . output = true ; 
SET 
mapred . output . compression . codec = org . apache . hadoop . io . compress . G 
zipCodec ; 
SET mapred . output . compression . type = BLOCK ; 
INSERT INTO TABLE crm _ tj30t PARTITION 
( tech _ datestamp = " $ { hivevar : DATESTAMP } ' , tech _ type = " ORIGINAL ' , 
tech _ num = " $ { hivevar : NUM } ' ) SELECT ̀ $ { hivevar : DATESTAMP } 
00 : 00 : 00 . 0 ' as jr _ date , ' ORIGINAL ' as jrn _ flag , NULL as 
tech _ closure _ flag , NULL as tech _ start _ date , NULL as 

TABLE 27 
USE $ { hivevar : DATABASE } ; 
ALTER TABLE crm _ tj30t ADD COLUMN ( COLI STRING ) ; 

[ 0468 ] SAMPLE 5 : The following is a sample updated 
Sqoop script for importing the modified table ( initial load ; a 
corresponding modified delta load script would also be 
generated ) : 

source $ 1 
sqoop import - D oraoop . jdbc . url . verbatim = true - D 
mapred . job . queue . name = $ { queueName } - D 
mapred . job . name = TJ30T _ SQOOP _ INITIAL _ LOAD 
Djava . security . egd = file : / dev / . . / dev / urandom - D 
mapred . child . java . opts = “ 
Djava . security . egd = file : / dev / . . / dev / urandom ” - - direct - - 
connect 
jdbc : oracle : thin : @ / / $ { host _ name } : $ { port _ number } / $ { db _ inst 
ance } - - username $ { username } - - password “ $ { password } " - - 
num - mappers $ { sqoop Mappers } - - hive - import - - hive 
overwrite - - hive - delims - replacement “ - - null - string " - 
- null - non - string " - - table SAPCRM . “ TJ30T ” - - target - dir 
/ user / hdp _ batch / sapcrm / / initial / crm / crm _ tj30t - - map 
column - hive 
MANDT = STRING , STSMA = STRING , ESTAT = STRING , SPRASESTRING , TXT04 
= STRING , TXT30 = STRING , LTEXT = STRING , COL1 = STRING - - hive 
table prod _ landing _ initial _ area . crm _ tj30t 

[ 0469 ] Corresponding modified HQL initial / delta load 
scripts could also be generated as needed . 
SAMPLE 6 : The following is a sample Sqoop template . 

+ 

“ sqoop import - D 
mapred . job . name = $ { sqoop table name } SQOOP _ INITIAL _ LOAD - D 
mapred . job . queue . name = $ { queueName } ” . 

+ “ - Djava . security . egd = file : / dev / . . / dev / urandom ” 
+ " - D mapred . child . java . opts = \ " \ l 
Djava . security . egd = $ { sqoopSecurityFile } \ " » 
+ " - - connect 
jdbc : oracle : thin : @ / / $ { sqoopSourceServer } / $ { sqoopSchema } ” 
+ “ - - username $ { sqoopUsername } - - password 
\ " $ { sqoopPassword } \ “ ” 
+ " - - num - mappers $ { numOfMappers } - - hive - import - - hive 
overwrite - - hive - drop - import - delims ” 
+ “ - - null - string " - - null - non - string “ ? ” 
+ “ - - query ‘ SELECT ROW _ NUMBER , $ { sqoop col str tmp } FROM 
( select $ { ora hash str } $ { sqoop col str tmp } ” 
+ “ FROM ( select $ { sqoop col str } FROM 
$ { schemaName } . \ " $ { sqoop table name } \ " ) ) ” 
+ “ WHERE $ CONDITIONS ' ” . 
+ " - - target - dir 
$ { sqoopTargetDir } / initial / $ { sourceSystem } / $ { hive table 
name } ” 
+ “ - - split - by ROW _ NUMBER - - map - column - hive 
$ { hive col str } ” 
+ “ - - hive - table $ { tempLandingArea } . $ { hive table name } " 

+ 
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[ 0470 ] The template includes an invocation of the Sqoop 
tool with relevant parameters , including an embedded data 
base query ( here SQL ) for retrieving the required data from 
the source database . The template includes placeholder 
variables of the format $ { variable _ name } . These place 
holder variables are substituted during script generation with 
the applicable values . For example , $ { sqoop _ table _ name } is 
substituted by the relevant table name and $ { sqoop _ col _ _ 
str _ tmp } is substituted with the list of columns being 
imported . Hive templates may be constructed in an analo 
gous fashion . 
What is claimed is : 
1 . A method of identifying relationships between data 

collections , each data collection comprising a plurality of 
data records , the method comprising : 

evaluating a plurality of candidate relationships , each 
candidate relationship defined between a first set of 
data values associated with a first data collection and a 
second set of data values associated with a second data 
collection , the evaluating comprising computing rela 
tionship metrics for each candidate relationship , 
wherein the relationship metrics for a candidate rela 
tionship provide a measure of a relationship between 
the first value set and the second value set , the com 
puting comprising : 
computing a first metric indicating a degree of distinct 
ness of values of at least one of the first and second 
value sets ; and 

computing a second metric indicating a measure of 
overlap between values of the first value set and 
values of the second value set ; 

the method further comprising identifying one or more 
relationships between data collections in dependence 
on the computed relationship metrics . 

2 . A method according to claim 1 , wherein the first and 
second value sets define respective first and second candi 
date keys of the respective data collections . 

3 . A method according to claim 1 , wherein each data 
collection comprises data records each having one or more 
data fields , and wherein the first and / or second value set 
comprises : 

a set of values of one or more data fields of its associated 
data collection ; or 

a set of values derived from one or more data fields of its 
associated data collection . 

4 . A method according to claim 3 , wherein the first and / or 
second value set comprises a combination or concatenation 
of field values of two or more fields of the associated data 
collection . 

5 . A method according to claim 1 , wherein the first and / or 
second value set comprises a plurality of values , each value 
derived from a respective record of the associated data 
collection , preferably wherein the values of the value set are 
derived from one or more corresponding fields of respective 
records . 

6 . A method according to claim 1 , wherein the data 
collections comprise tables , the records comprising rows of 
the tables , preferably wherein the first value set comprises a 
first column or column combination from a first table and 
wherein the second value set comprises a second column or 
column combination from a second table . 

7 . A method according to claim 1 , comprising computing 
a relationship indicator for one or more of the candidate 
relationships , wherein the relationship indicator for a can 

didate relationship is indicative of a strength or likelihood of 
a relationship between the value sets forming the candidate 
relationship and is computed based on the first and second 
metric for the candidate relationship . 

8 . A method according to claim 1 , wherein the first metric 
comprises a key probability indicator indicative of the 
probability of the first value set or second value set being a 
primary key for its data collection . 

9 . A method according to claim 8 , wherein computing a 
key probability indicator comprises : 

computing , for the first and second value sets , respective 
first and second probability indicators indicative of the 
probability of the respective value set being a primary 
key for its data collection , and 

determining the key probability indicator for the candi 
date relationship based on the first and second prob 
ability indicators . 

10 . A method according to claim 9 , comprising computing 
the key probability for the candidate relationship as the 
greater of the first and second probability indicators . 

11 . A method according to claim 8 , comprising determin 
ing a probability that a value set defines a primary key for 
its data collection based on a ratio between a number of 
distinct values of the value set and a total number of values 
of the value set . 

12 . A method according to claim 1 , wherein the second 
metric comprises an intersection indicator indicative of a 
degree of intersection between values of the first and second 
value sets . 

13 . A method according to claim 12 , wherein computing 
the intersection indicator comprises : 
computing a number of distinct intersecting values 

between the first and second value sets , wherein inter 
secting values are values appearing in both the first and 
second value sets ; and 

computing the intersection indicator for the candidate 
relationship based on a ratio between the number of 
distinct intersecting values and a total number of dis 
tinct values of the first or second value set . 

14 . A method according to claim 13 , comprising : 
computing a first ratio between the number of distinct 

intersecting values and the total number of distinct 
values of the first value set ; 

computing a second ratio between the number of distinct 
intersecting values and the total number of distinct 
values of the second value set ; and 

computing the intersection indicator in dependence on the 
first and second ratios . 

15 . A method according to claim 14 , comprising comput 
ing the intersection indicator as the greater of the first and 
second ratios . 

16 . A method according to claim 7 , comprising computing 
the relationship indicator for a candidate relationship based 
on the product of the key probability indicator and intersec 
tion indicator . 

17 . A method according to claim 1 , wherein identifying 
one or more relationships comprises identifying a possible 
relationship between value sets of respective data collections 
in response to one or more of the first metric , the second 
metric and the relationship indicator for a candidate rela 
tionship exceeding a respective predetermined threshold . 
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18 . A method according to claim 1 , comprising ranking a 
plurality of candidate relationships in accordance with their 
relationship indicators , and / or associating a rank value with 
the candidate relationships . 

19 . A method according to claim 1 , the identifying step 
comprising generating an output data set comprising infor 
mation identifying one or more identified relationships , the 
output data preferably including computed relationship indi 
cators , metrics and / or ranks . 

20 . A method according to claim 1 , wherein the data 
collections are data tables , the first and second value sets 
comprising columns of respective tables , the method com 
prising a plurality of processing stages including : 

a first processing stage , comprising mapping values 
appearing in the data tables to column locations of 
those data values ; 

a second processing stage , comprising computing num 
bers of distinct data values for respective columns 
and / or numbers of distinct intersecting values for 
respective column pairs ; and 

a third processing stage comprising computing relation 
ship indicators based on the output of the second 
processing stage ; 

wherein one or more of the first , second and third pro 
cessing stages are executed by a plurality of computing 
nodes operating in parallel . 

21 . A method according to claim 20 , implemented as a 
map - reduce algorithm , preferably wherein the first process 
ing stage is implemented using a map operation and the 
second processing stage is implemented as a reduce opera 
tion . 

22 . A method according to claim 1 , comprising using at 
least one of the identified relationships in the creation and / or 
execution of a data query to retrieve data from the one or 
more data collections , the data query preferably specifying 
a join defined between respective keys of the data collec 
tions , the keys corresponding to the value sets between 
which the relationship is defined . 

23 . A computer - implemented data processing method , 
comprising : 

computing data indicative of relationships between col 
umns of a plurality of data tables ; 

receiving a user selection of at least a first table having a 
first set of columns and a second table having a second 
set of columns ; 

providing indications of one or more suggested relation 
ships between respective columns of the first and 
second tables to a user , each indication indicating a 
strength or likelihood of a relationship between one or 
more columns of the first table and one or more 
columns of the second table based on the computed 
data ; 

receiving a user selection of one of the suggested rela 
tionships ; and 

creating a data query based on the selected tables and the 
selected relationship . 

24 . A method according to claim 23 , comprising execut 
ing the query to retrieve data from the data tables , and 
optionally storing the query output and / or transmitting the 
query output to a user device . 

25 . A method of identifying relationships between data 
tables , each data table comprising one or more rows corre 
sponding to respective data records stored in the table , and 
one or more columns corresponding to respective data fields 
of the data records , the method comprising : 
computing a relationship indicator for each of a plurality 

of key pairs , each key pair comprising respective first 
and second candidate keys selected from respective 
data tables , wherein the relationship indicator com 
prises a measure of a relationship between data of the 
first candidate key and data of the second candidate 
key ; and 

identifying one or more relationships between the data 
tables in dependence on the computed relationship 
indicators . 

26 . A data processing system comprising : 
data storage for storing data tables ; and 
a table analyser module configured to : 

compute a relationship indicator for each of a plurality 
of key pairs , each key pair comprising respective 
first and second candidate keys selected from the one 
or more data tables , wherein the relationship indica 
tor comprises a measure of a relationship between 
data of the first candidate key and data of the second 
candidate key ; the relationship indicator computed 
based on a measure of distinctness of values of at 
least one of the first and second candidate keys 
and / or based on a measure of overlap between values 
of the first candidate key and values of the second 
candidate key ; and 

output data specifying one or more relationships 
between candidate keys of the data tables in depen 
dence on the computed relationship indicators . 

27 . A tangible computer - readable medium comprising 
software code adapted , when executed on a data processing 
apparatus , to perform a method of identifying relationships 
between data collections , each data collection comprising a 
plurality of data records , the method comprising : 

evaluating a plurality of candidate relationships , each 
candidate relationship defined between a first set of 
data values associated with a first data collection and a 
second set of data values associated with a second data 
collection , the evaluating comprising computing rela 
tionship metrics for each candidate relationship , 
wherein the relationship metrics for a candidate rela 
tionship provide a measure of a relationship between 
the first value set and the second value set , the com 
puting comprising : 
computing a first metric indicating a degree of distinct 

ness of values of at least one of the first and second 
value sets ; and 

computing a second metric indicating a measure of 
overlap between values of the first value set and 
values of the second value set ; 

the method further comprising identifying one or more 
relationships between data collections in dependence 
on the computed relationship metrics . 

* * * * 
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