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9:00 - 9:05
9:05 - 9:45
10:00 - 10:45
11:00 - 12:00

1:15 - 3:30
3:30 - 5:00

Schedule

Session 0 — Introduction
Session 1 — Context

Session 2 - BORO Ontology
Session 3 — Analysis Tools

Session 1 — Practical Examples
Session 2 - Examples Discussion / Presentation



Structure

® Overview

® LOAD: Structured Data Table Migration
e BORO Top Level Tables

® EVOLVE

e Support Tools
Space Time Maps
Ontological Euler Diagrams
BORO UML
BORO eXcel Table (Manual) Pipeline

e BORO KNIME Data Pipeline
® Project planning

© 2025 BORO Solutions



Overview




Overall goal

® To provide some ‘practice’ with ontologization interoperability
pipelines
e by recreating the first stage of an ontologization interoperability pipeline
With (simple) examples
o directly experience some of the challenges (in an attenuated form)

® Probably significantly more ‘practice’ needed before one becomes
expert
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Two practical problems

Practical problems
lump of clay

ISO Countries

The focus this afternoon will be on the first problem.
If you manage to finish the first problem, the second problem is
available.



Six BORO Summer School tools

Abbreviation Name Stage

SDTM Structured Data Table Migration LOAD

STM Space Time Maps EVOLVE
OED Ontological Euler Diagrams EVOLVE
BUML BORO UML EVOLVE
BXTP BORO eXcel Table (Manual) Pipeline EVOLVE
BKnDP BORO KNIME Data Pipeline EVOLVE

NB: This is a list developed for the Summer School. There is a large
range of evolving tools, which we have selected from.

Note also, our default language/tool is Python not KNIME. KNIME
has been selected for its no-code credentials — making it more
appropriate here.
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LOAD: Structured Data Table Migration



Principle: shift (data) structure left

® A goal of the bCLEARer pipeline process is to shift left, as far a possible,
the move to structured data

e enable us to work with machines talking to machines as soon as possible

® If one starts with unstructured text
e one needs to structure it
e with the minimum intervention
e preserving as much of the explicit structure as possible

® A good first step is a shift to simple tables
o the simplicity of their structure helps to keep the structuring clear

® One goal of Load is to ensure one is working with structured data
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Structured data table migration

—— ——

= ‘ SDT

= —

unstructured text structured data table
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cell

column

Base data table structure

table

I row
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Base table composition structure

base table composition structure

structure e
data type structure description

type

element
data item table row composed of cells organised by column
data column  table column composed of_cells organised by row - has a single
column heading cell.

data cell table cell the intersection of columns and rows - has content

%

hm%
=
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https://borocvi.atlassian.net/wiki/spaces/TBIE/pages/6259998721

B
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column
header

cell

Extended data table structure

column table

—
column
headers

I I row
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Lump of clay - starting point

® We start with unstructured text:

e “"There is a lump of clay that, at time t1, is used to make an aesthetically
valuable statue. At time t2, the statue is destroyed. At time t3, the same lump
of clay is reshaped to make a different statue. This statue is aesthetically
valuable too.”

® NOTE: We do this here
e and provide you with the results for the practical example.

© 2025 BORO Solutions
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Lump of clay — migration to table 1

“There is allump of clay that,
at time t1, is used to make“an

aesthetically valuable statue. Kl Autosave (@ off) T a_collect - Example - lump... + Saved to this PC v
At time t2, File Home Insert Draw Pagelayout Formulas Data Review View Aut
the statue is destroyed. 3 o £

At time t3, A B C D E F E
the same lump of clay is '_ :ﬂr’::oﬂlg;ail“a’““

reshaped to make a 3| ]
different statue. lumps_of clay  statues + : < e
This statue is aesthetically Ready % Accessibility: Good to go ;i

valuable too.”
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“There is a lump of clay that,
at time t1, is used to make an
aesthetically valuable statue.

At time t2,
the statue is destroyed.
At time t3,

the same lump of clay is
reshaped to make a

different statue.

This statue is aesthetically
valuable too.”

© 2025 BORO Solutions

Lump of clay — migration to table 2

F2

<3

W N

Jx
A B
statue_names aesthetically valuable
statue #1 Yes
statue #2 Yes

lumps_of_clay

statues

C

made from made on destroyed on

lump of clay #1 t1
lump of clay #1 13

+

D

t2

E

16



Fa™

“There is a lump of clay that,
at time t1, is used to make an
aesthetically valuable statue.

At time t2,
the statue is destroyed.
At time t3,

the same lump of clay is
reshaped to make a

different statue.

This statue is aesthetically
valuable too.”
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Lump of clay — migration to table 3

F2

AW N =

v o fx
A B C
statue_names aesuicuvaiyyvaltahle  made from
statue #1 Yes lump of clay #1 11
statue #2 Yes lump of clay #1 13

lumps_of_clay

statues

+

D

t2

E

made on_destroved on

17



1 L

“There is a lump of clay that,
at time t1, is used to make an
aesthetically valuable statue.

At time t2,
the statue is destroyed.
At time t3,

the same lump of clay is
reshaped to make a

different statue.

This statue is aesthetically
valuable too.”

© 2025 BORO Solutions

Lump of clay — migration to table 4

F2

S "

Jx
A B
statue_names aesthetically valuable
statue #1 Yes
statue #2 Yes

lumps_of_clay

statues

C

made from made on destroyed on

lump of clay #1 t1
lump of clay #1 13

+

D

t2

E
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IORGE [ Lump of clay - structured data tables - proto time

F2 Vo Vo fxv v
A B C D E E G H I J A
1 |statue_names aesthetically valuable n .
2 |statue #1 Yes lump of clay #1 t1 12

P not typical time data
3 |statue #2 Yes lump of clay #1 13

& v
< 2 lumps_of_clay  statues o= | >

3l Autosave H “ - U 5 acollect - Example - lump... - Saved to this PC v L e - O X
File Home Insert Dr Page Layout Formulas Data Review View Automate Help Acrobat | = |
G3 v i fx v v
' A B C D E F | G | H | J K a
1 lump_of_clay&mes .
2I lump of clay #1
3 | _| v
< > lumps_of clay  statues + sy I
Ready ?,Accessibility: Good to go £ @ - {1 + 100%

a_collect - Example - lump of clay - stage 1 - proto time.xIsx

Business Object Reference Ontology
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R( Lump of clay - structured data tables — dataise tim
ump Or Cilay - Structure dla (abDlesS dtalse time
;T._ A B C D E F G
™ 1 lump_of_clay names
= 2 lump ofclay #1
E 2 p of clay
| - :
k- < > lumps_of clay  statues  times +
'::__ L Ready cﬂ"’,Accessibili‘q,r: Good to go
Q5 e ) f Al v o v/ ﬁc v statue_names
L'\. Vool X
- | A B C D E
% A - B c D E 1 statue_names aestheticallyvaluable made from madeon  destroyed on
X 1 'statue_names aesthetically valuable made from made on_destroved on > |statue #1 Yes lump of clay #1 2023-06-20 2023-10-24
O 2 |statue #1 ves lump of clay #1§t1 t2 3 statue #2 Yes lump of clay #1 2024-07-06
(& 3 |statue #2 Yes lump of clay #1/ 13
W 4 < > lumps_of clay ~ statues  times +
EI"L < S lu mps_of_clay statues 4L : Ready f"/Accessibili:fy: Good to go ‘
1 Al vt X Jx v  time_names
%.; a_collect - Example - lump of clay - stage 1 - proto time.xIsx | A B C D E F G
i 1 _time names YYYY-MM-DD _
L alltq 2023-06-20 NB: added domain
» 312 2023-10-24 knowledge about
k- 4113 2024-07-06 time granularity
L5 5
I. l. .
Q- < > lumps_of clay  statues  limes +
. | Ready 'ﬁ"’,Accessibility: Good to go
1 . .
E. a_collect - Example - lump of clay - stage 2 - dataise time.xlIsx
AN
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Already structured data (table)

A
English short name
Afghanistan
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas (the)

[ T
Do oD Y™~ AW N =

k| o | b [ -
~ o v I

with formatting

Boand. LI T I TR S (PO

without formatting

French short name
Afghanistan (U')
Albanie (U')

Algérie (1)

Samoa américaines (les)
Andorre (1')

Angola (l')

Anguilla
Antarctique (l')
Antigua-et-Barbuda
Argentine (l')
Armeénie (l")

Aruba

Australie (1)
Autriche (U')
Azerbaidjan (l')
Bahamas (les)

+

a_collect - Example - ISO 3166 - Part 1 -- Country code.xIsx

© 2025 BORO Solutions

ISO Countries

C D E F
Alpha-2 code Alpha-3 code Numeric
AF AFG 4
AL ALB 8
Dz DZA 12
AS ASM 16
AD AND 20
AQ AGO 24
Al AlA 660
AQ ATA 10
AG ATG 28
AR ARG 32
AM ARM 51
AW ABW 533
AU AUS 36
AT AUT 40
AZ AZE 31
BS BHS 44

21



BORO Top Level Tables

LOAD: Structured Data Table Migration



BORO top level tables

® The top level needs to be introduced to the pipeline
® Various ways of doing this

® Here, we add it in directly at LOAD
e this is done for you in the starter pack

® We add a simplified table version
e suitable for the worked examples

© 2025 BORO Solutions



BORO top level tables - pure

bie_ids names

bie_ids names

bie_ids

bie_ids element_bie_ids set_bie_ids

bie_ids part_bie_ids whole_bie_ids

bie_ids sub_set_bie_ids super_set_bie_ids

bie_ids placing_bie_ids placed_bie_ids place_numbers

© 2025 BORO Solutions




BORO top level tables - pragmatic

bie_ids names

bie_ids names

bie_ids placel_bie_ids place2_bie_ids place3_bie_ids

bie_ids rilation-place- placing_bie_ids placed_bie_ids
ype_names

bie_ids element_bie_ids set_bie_ids

bie_ids part_bie_ids whole_bie_ids

bie_ids sub_set_bie_ids super_set_bie_ids

© 2025 BORO Solutions




EVOLVE



Broad outline

® Same process stages for both practical problems

® Broadly,

e thereis

a support process that ‘designs’ the pipeline
this has human aspects
a primary process that IS the pipeline
this is a ‘pure’ machine process
the process is executable, repeatable and inspectable

® Hopefully,

e building the primary process will help you experience the practice on
ontologising a pipeline

© 2025 BORO Solutions

27



EVOLVE - practical problem process

roundtrip check

primary process ‘

—>>ISDT l‘\ >@2>,2—>%—>:::'

/

/Q \ ’,r”,' ,’, III _é_
V N ”_,*’ //r/ ,/
TOP :> STM |—meeoo----""777 TN /"/ < The Excel
Ui / Pipeline is
BUML e ~<\ i used to inform
- A~ - - Il the primary
— __> OED EE— il process
,”’ g \
BUML \ RN
xx BXTP> ;>> > g
—
support tools

The support tools ‘support’

the primary process EVOLVE

© 2025 BORO Solutions 28




Support Tools



© 2025 BORO Solutions

Four BORO Summer School support tools

Abbreviation Name

STM Space Time Maps

OED Ontological Euler Diagrams

BUML BORO UML

BXTP BORO eXcel Table (Manual) Pipeline

These Summer School ‘tools’ are part of a much wider, richer toolkit
They are useful pedagogical devices

As often, with practices, once one gains competence with these, one
deploys them in innovative radically different ways

30



Space Time Maps



Practical problem process

LOAD EVOLVE

© 2025 BORO Solutions



STM Segment

® STMs Focus on Individuals
o other BORO objects are constructed from (grounded in) Individuals

® STMs are an intuitive way of visualising the mereology of
Individuals
e in particular the overlap and part hood relations

® As Individuals (in BORO) have a mereological extensional criteria of
identity
e the ‘extensional’ two-dimensional surface of a page (or screen) has sufficiently
similar characteristics to represent ‘directly’ (visually) the mereology
e humans find this a useful tool

© 2025 BORO Solutions 33



RS <‘ :‘

Purpose of STMs

® STMs are typically used as a first stage of analysis, where in the
second stage these are translated into a BORO model

® STMs provide an easy way to visualise 4D elements in a domain
e and as such are a useful way to start understanding them

® The STM visualisation aims to abstract the individuals to their
mereological essentials

® Too time consuming to draw for the whole domain

e so0, collect representative examples of important ‘typical’ mereological
relations

e these are candidates for STMs

© 2025 BORO Solutions 34



Individuals in BORO

® BORO is an extensional ontology

o the criterion of identity for Individuals is mereological (spatio-temporal)
extension

e or more colloquially four-dimensional (4D)

Four-Dimensional
United States

© 2025 BORO Solutions
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Not that usual, but STMs appear
In various places.

In this case, not quite the same,
less focus on exact mereology.

© 2025 BORO Solutions

Van Inwagen’s space-time diagrams

\

/"\

(i

Van Inwagen, P. (1990). Four-Dimensional Objects. Nods, 24(2), 245.

36



Business Obiect Reference Ontoloav

Three components of an STM Individual

A region representing a
spatio-temporal extent

A border around the region -
the contour - marking the
region as representing an

Individual

A string of letters labelling
the Individual

© 2025 BORO Solutions
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1

The Gergonne five possible extensional relations

® The Gergonne relations give the five possible ways in
which two objects can simply share extension

“if and only if every a “if and only if every a “if and only if it is not the case “if and only if “if and only if no ais a b”
isa b and every b is isa b and not every b that either every aisa b or every b is an a
ana” isan a” every bisanaornoaisab” and not every a
isab”

© © L OO0

Based upon: J. A. Faris - The Gergonne Relations - The Journal of Symbolic Logic, Vol. 20, No. 3 (Sep., 1955), pp. 207-231
based upon: J. D. Gergonne, Essai de dialectique rationelle, Annales des mathematiques pures et appliquees, Vol. 7, (1817).

© 2025 BORO Solutions 38
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1

How to recognise STMs

® Clues to look for
e space axis along the left side of the page
e time axis across the bottom of the page
» reference frame contained within the axes
e Individual rectangles (shapes) in the reference frame

v

2025 BORO Solutions
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I SPACE

Lore ipsum

/
N

Fm— === === ——— |
A Has space arrow up the page |
/ WEEN NN NS SIS BN B B B S . - .-

Individual #1

Individual #2

\
\
\
\
\
\
\
N\ \
\ \
- - - -TT--= === | \\ \
I Has an STM reference | \\l—————————_—l
_- “i frame I \\I Has STM Rectangles in P e |
-~ ' J |_ the reference frame J A Has time arrow up the page |




Patterns: overlap

Car Tyre Change Event
|

Figure 8.14:
Car tyre change
space-time map

TYRE #21'S TYRE #22'S TYRE
COMPONENT COMPONENT COMPONENT
STATE #23 STATE #24 #25

SPACE

_lTIME—

From Business Objects: Re-engineering for Reuse

© 2025 BORO Solutions




How to read STMs

® The 2D reference frame picks out the relevant fragment of the 4D
domain

® The domain’s objects are shown as boxes
e a box’s boundary represents the Individual’s real boundary

 boxes’ containment, overlap, etc. show the mereological relationships
between Individuals

* a box’s name helps to further identify the Individual

© 2025 BORO Solutions

42



Ontological Euler Diagrams



© 2025 BORO Solutions

LOAD

SDT

Practical problem process

g

OED

EVOLVE




Animals
V
E
N Mammals Birds
N
E Animals
U
Ié Birds
R

A Venn diagrams show all

combinations (even impossible
ones).

© 2025 BORO Solutions

Euler not Venn diagrams

ACTUALLY THAT'S AN EULER DIAGRAM, BECAUSE-

COME. OMVV.

EVERYTHING 15 NAMED AFTER EDLER.
EULERS CONSTANT, EULER'S FUNCTION.

CANT WE LET JOHN VENN HAVE THIS?

NO.
|
ALSO NUMBERS ARE
NOW “EULER LETTERS. |
/ %

https://xkcd.com/2721/
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Types in a BORO foundational ontology

® Sets’ identity relations
e from an ontological perspective, these will exist simpliciter
e from an epistemic perspective, we may or may not know whether these exist
e an ontological picture should not contain epistemological elements

e to handle this issue, for the topic of the Euler diagram
we make a set identity relation omniscience assumption

in other words, all the identity relations between sets are known

® With this assumption, it makes sense to adopt

e the ‘Existential Import Convention’
where adding a region to the Euler diagram implies that it exists

© 2025 BORO Solutions

in other words, it has members
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Sets in a BORO foundational ontology

® In BOROs’ extensional ontology
e given a Set’s identity is grounded in its members
e then the way in which two Sets’ identity can be related are broadly
with the same members are identical
with different members are not identical
that share members are partially identical
with no members in common are disjoint

© 2025 BORO Solutions
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Three basic extensional set patterns - for two sets

® There are only three ways two sets can be ‘identity’ related

DISTINCT OVERLAPPING SUB CLASS

CLASS A

® 00 0 g g
.0 9 @ o/
CLASS B

>

CLASS B

Figure 10.15 - Pattern for classes
From Business Objects: Re-engineering for Reuse

© 2025 BORO Solutions



Business Obiect Reference Ontoloav

Three components of an Euler set

A region representing a
collection of objects

A circle around the region
marking the region as
representing a type - the
contour

A string of letters labelling
the type

A

© 2025 BORO Solutions
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Example simple order type OEDs

( Car Types )

Set (Set)

Capital Cities )

/

\

\
\
\
\
\
\

Individual ~ London
Set Beetles
(G EuER)
element-set o
______ 9 \
\
\

sub-super-set

—

© 2025 BORO Solutions



Type ascending

Set (Set)

Set (Set)

- Individual

Set

(element)

Identity

Set

(element)

m=mm == Individual

element-set

R

sub-super-set

—_—

© 2025 BORO Solutions




Set (Set)

_ Individual

Set
(GEuER)

Identity

power-element-set

—————

element-set

sub-super-set

—_—

Business Object Reference Ontology

© 2025 BORO Solutions

OED powerset pattern: two member types

( {England, Scotland} )— —— - -»( P({England, Scotland}) )

|
. Scotland




e

Multiple order patterns: OED powerset pattern

© 2025 BORO Solutions
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BORO UML



Practical problem process

TOP
BUMLC=

LOAD EVOLVE

© 2025 BORO Solutions



Background

® BUML is the BORO variant of UML

® We use UML notation to visualise BORO ontological structure
e UML classes
e UML generalizations, dependencies, n-ary associations and associations

® In addition, we make use of stereotypes, for various purposes,
e.g., to indicate the ontological category of the represented objects

® All of these are used with a specific sense, which sometimes may
deviate from the UML conventions. The BUML sense is defined by
the underlying constructional semantics

® We use Enterprise Architect to draw diagrams, but other software
options are available

© 2025 BORO Solutions 56



Use of UML notation



Use of UML classes

class Countries /

Countries

We use UML classes to represent sets, e.g., sets of Countries.

© 2025 BORO Solutions



e

Yy

class parts-wholes /

uplaceable sets»
parts-wholes

classIndividualsinerSet/

aPowersetss
Individuals PowerSet

© 2025 BORO Solutions

Use of UML classes

Sometimes, sets contain higher-order objects, like tuples.

Stereotype <<placeable sets>> refers to the ontic category of the represented objects,
But we do not expect you to follow this convention in your work study.

Sets may also contain sets.

Stereotype <<PowerSets>> refers to the ontic category of the represented objects,
But we do not expect you to follow this convention in your work study.

59



class Individuals/

alndividuals»
Kingdom of
England

© 2025 BORO Solutions

Also we use UML classes to represent Individuals.

Stereotype <<Individuals>> shows the ontic category of the represented object,
we do not expect you to follow this convention in your work study.

Use of UML classes

60



B aferenre (ntalaav

RPiicinece (hiert

class Individuals/

Countries

I\

alndividuals»
Kingdom of
England

© 2025 BORO Solutions

Use of UML dependencies

Dependency link shows element-sets (tuple).

Countries

Kingdom of England

61
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class Countries /

Geopolitical Areas

A\

Countries

© 2025 BORO Solutions

Use of UML generalizations

Generalization link shows sub-super-sets (tuple).

Geo-political Areas

Countries

62



B aferenre (ntalaav

RPiicinece (hiert

class Enuntries/

Geopolitical Areas

Countries

A

!

alndividuals»
Kingdom of
England

© 2025 BORO Solutions

Use of UML dependencies and generalizations

Geo-political Areas

Countries

Kingdom of England

63
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P oforerire (Dt AlAayg

FRiicirece (Vblart

strict = proper (excl. identity)

Parts-wholes - basic pattern

class strict part-wholes /

#placeable sets»
strict parts-wholes

sIndividuals»
Island of Great
Britian

alndividualss
Kingdom of
England

Island of Great Britain

UML composition shows part-whole (tuple).

<<placel>> and <<place2>> association stereotypes show,

respectively, the whole and the part.

© 2025 BORO Solutions




109y

T
LA

e On

|"ﬂ
A

Referen:

3
ECL

T

class strict part-wholes
Individuals aplaceable sets»
«part» parts-wholes

awholex

‘E

Geopolitical Areas

aplaceable sets»
strict parts-wholes

‘F

Regions

)

aIndividuals»
Island of Great
Britian

A

Parts-wholes - full pattern

parts-wholes includes identity tuples,
e.g., <London, London>.

Countries

)

«Individuals»
Kingdom of
England

Kingdom of England

Island of Great Britain

Business Obje

© 2025 BORO Solutions

strict parts-wholes is a set of tuples, so it can have
supersets (and subsets).

<<part>> and <<whole>> association stereotypes show,
respectively, the whole and the part.

66



class stages

aplaceahle setsn

country strict

temporal stages of

alndividuals»
Kingdom of
England

M\

>

alndividuals»
Kingdom of
England (927-1707

Temporal stages — basic pattern

Kingdom of England

UML composition shows the temporal-stages (tuple).

© 2025 BORO Solutions




Temporal stages - full pattern

class stages

Individuals

Geopolitical Areas

‘f

aparts

awholen

uplaceable sets»
parts-wholes

uplaceable sets»
strict parts-wholes

Countries

A

alndividuals»
Kingdom of
England

awholen

I_/

aplaceable sets»
country strict
temporal stages of

)

wpart»

Country Stages

A

«Individuals»
Kingdom of
England (927-1707

© 2025 BORO Solutions

Kingdom of England

country strict temporal stages of
is a set of tuples, so it can have
supersets (and subsets)




BOR: Powerset pattern

1% f

s set of
L all subsets of
C set of set of
) geopolitical geopolitical
5 areas areas
B
q
[ class PowerSets /
5
[y
.'J'
'1'_1 Geopolitical Areas a«Powersetss
£ Geopolitical Areas
e e e = PowerSet
L . upower-elements-sets»
L
.I

dependency stereotype shows the set and its powerset

' .

= | ¥ &2 e £

FT
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Powerset pattern — implicit tuples

class PowerSets /

Geoppolitical Areas uPowerSets»
Geopolitical Areas

PowerSet

/\ Dependency shows implicit element-set (tuple).

Countries

© 2025 BORO Solutions



BORO eXcel Table (Manual) Pipeline



TOP

BUMLC=

© 2025 BORO Solutions

LOAD

SDT

Practical problem process

STM

OED

BUML

EVOLVE

DD

g



Micro transformation pipeline architecture

® Define by contrast

e not a single monolithic structure
for example, a single complex transformation between two schemas

® Pipeline consists of a network of simple micro transformations

e the micro transformations are:
algorithmic - they can be coded
simple to allow for maximal inspectability
are repeatable

aim to be reusable
there is an ‘art’ to finding high levels of reusability

© 2025 BORO Solutions
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‘Formal’ transformation patterns

® Repeatable, reusable ‘formal’ patterns
e canh use same computer code
with enough work

© 2025 BORO Solutions
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LOAD - bie-ise identifier pattern

.\-\-\"\_
el
oy
O
o
\ o path_names fso_types
- Di\vfolder_1 folder
C’ D:folder_1Vfilel. tut file

i Divfolder_1\file2.txt file bie_ids path_names fso_types
L Diifolder_1ifile3.tx file K7TGBEHQT763L | D:\folder_1 folder

) D:\folder_2 folder NIPIIQHJWF46B | D:\folder 1\filel.txt file
S D:\folder_2\filed. bt file Wl G3MKPAJINAESO | D:\folder_1\file2.txt file
EL_" D:\folder 3 folder Bl 2 X IEVitzZRsvZ | D:\folder 1ifile3.txt file
X D:Vfolder_3\file5. bt file Bl LUT4KTDY4Q3AE | D:\folder 2 folder
o g D:\folder_3\file.txt file [l 7BVEEYADOAPSA | D:\folder 2\filed. txt file
L . g [l 'MQMY6AZ4A3S0 | D:\folder 3 folder
\v4 aflle system o Je““l N 3rikMPIMO2W4 | D:Vfolder 3\fileS. txt file
40 11 X6 KVOFQUS3LAQ | D:\folder_3\file6.txt file
s 1]
_?I:; i g > file_system_objects files folders
O

0 A column is added to the beginning of the table
QL  Its name is ‘bie_ids’
- « The cells uniquely identify the row of the table
B No changes are made to the other columns
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Column split pattern

Note: the identifying bie_ids column is x
‘lnherlted’ by both Spllt tables File Home Insert Draw  Page Layout Formulas Data  Review
The pattern of inheritance can be of two - gk e || bieios

typeS " |hie_id5 statue_names aesthetically valuable made from bie_ids 1
!lCEWBZ?IBE:SNBX statue #1 Yes YQPPTCIVR2Z3F |

1' Identlfler preserVIng alKKﬁNBEKCUBEB statue #2 Yes YQPPTCIVR2Z3F
2. ldentifier introducing. 1
This is driven by the intuition of the ’
intended identity.

x X

File Home Insert Draw Page| Jormu Data Revies View Auton Help

File Home  Insert NQ Nge Layout Formulas Data Review

Al

clay_statue bie_ids made from bie_ids
et Y637WAUSSSHOO CEWBZT7I6D3NEX YQPPTCIVR2Z3F
) SCCNNHFYEWDS2C KKEN35KCUBI26 YQPPTCIVR2Z3F

statue_names aesthetically valuable
i | CEWBZ71653N6X  statue #1 Yes
E] | KKEN35KCUBI26 statue #2 Yes
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Row split pattern

I B I

1

folders

NIPIIQH/WF46B  D:\folder 1\filel.txt file
G3MKPAJINAESO  D:\folder 1\file2.txt file
4 - e IXIEVILZZPSVZ  D:\folder 1\file3.txt file
1— 7BVESYAOOAPSA D:\folder 2\filed. txt file
e T o 3RIIKMPIMO2WA  D:\folder 3\filed.txt file
BY| NIPIQHIWF46B  D:\folder 1\filel.txt file XEKVOFQUBSLAQ | D-\folder S\file5. bt
4

G3IMKPAJINAESD D:\folder_1\file2. txt file \

2XIEVTLZZPSVE D:Mfolder 1Mile3. o file

LUTAKTDY4Q3AE D:itfolder 2 folder l\ \

| 7BV66YAOOAPSA D:\folder 2\filed.txt file
MOMYBAZAAISO Divfolder 3 folder

3RIKMPIMO2W4  D:\folder_3\file5.txt file

)| X6 KVOFQUE3LAD D:\folder 3\fileB.ixt file

file_system_objects

o

|~

= | | o

—h
—h

file_system_objects PRI A | B |

(]

e K/TGBEHQT/E3L D\folder_1 folder
LUTAKTDYAQ3AE  Di\folder 2 folder
YMOQMYEAZAAISO Divfolder_3 folder

Typically:
* The column heading row is in ALL output tables.

« The output tables all have the same format
« All rows are in one or other of the split tables.

file_system_objects | files | [uEEE

e
S
A
O
s
-
»)
L
L
-
8!
o
i
\V4
A
L)
)
B’
B
\y
)
B!
=
\y
P
AR
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statue_names aesthetically valuable made from made on
CEWBZ7I653N6X statue #1 Yes lump of clay #1 2023-06-20 |2023-10-24 Foreign table
KKEMN35KCUBI2E statue #2 Yes lump of clay #1  2024-07-06

dezl‘rn':rnﬂ nn

b1_clay_statues b1_times c1_clay _statues c2_clay_statues c3c = +

Some columns will be foreign keys
This needs to be made explicit

Match the value in the

Add bie id to
new column

2023-06-20
2023-10-24
2024-07-06

N

4| = | B | C | D | E | Foo| G |
| hie_ids statue_names aesthetically valuable made from made from bie_ids made on made on bie_ids destroyed on destroy..d on bie_ids
el CEWBZ71653N6X statue #1 Yes lump of clay #1 YQPPTCIVR2Z3F 2023-06-20 RTE3FV2GKUNSF 2023-10-24 Y2IXUKCPIUSEY
el KKEMN3SKCUBIZE statue 82 Yes lump of clay #1 YQPPTCIVR2Z3F 2024-07-06 24)67PHAE2TUG
Kl
= bil_clay statues | b1_times |[EARaEVEIEIUS c2_clay_statues c3c=- + : 4

© 2025 BORO Solutions
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Implicit foreign key bie-ise pattern — stage 2 - remove
original columns

A| A | B | C | D | E | F | G | H | | |
bie_ids statue_names aesthetically valuable made 4 made from bie_ids mad ‘ made on bie_ids des N=d on destroyed on bie_ids
CEWBZ7I653NE6X statue #1 Yes lurm@Pof c(Mp#1 YOQPPTCIVRZZ3F 3-05@0 RTE3FV2GKUMNSF 023-W-24 Y2IXUKCPIUSEY
KKEN35KCUBI2E statue #2 Yes lump of clay #1 YQPPTCIVR2Z3F 2024-07-06 24J67PHAE2TUG

1

LA | P L | P

T

b1_clay statues | b1l_times | [RAESCVEREITED c2_clay_statues c3c= + : 4

statue_names aesthetically valuable made from bie_ids made on bie_ids destroyed on bie_ids
M CEWBZ7I653MEX Clay Statue #1  Yes YQPPTCIVRZZ3F R7E3FV2GKUNSF Y2IXUKCPIUSGY
KKGN35KCUBI26 Clay Statue #2  Yes YQPPTCIVR2Z3F 24)67PHAE27UG

b_sub-super-sets c1_clay_statues c2_clay statues c3_clay_statues c3_statues temporally

© 2025 BORO Solutions
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Table-Column heading pushdown pattern

0 bie_ids |
e MOHLUSUUIV27D lumps_of_clay bie_ids object names
3| Add table to Objects M5HLU3UUJ727D lumps_of_clay
YOQPPTCIVR2Z3F
“\CBFGCPWIUQ?R clay statues
g CEWBZ71653N6X
KK&eN35KCUEBI26

Add row to Objects

hia_id=
CEWBZ71653NeX
KKEN33KCUBI26

B ta ble_hie_ids row_bie_ids
MBHLUIUUI727D YQPPTCIVR2Z3F
CBFGCPVTIUQYR] CEWBZ71653NG6X
CBFGCPVTIUQ/R KKEN35KCUBI2E

And add the relations
cd clay statues

=l ||:|"| |r_r| P | L | P2

oy Tables and column headings can represent objects
O Useful to have these as rows in the domain.

c5_table-row_relations
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BORO KNIME Data Pipeline



Practical problem process

primary process

..SDT >@2>

ED)IDN 4

LOAD EVOLVE

support tools
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Goal

® To attempt to automatically (using a machine/computer) transform
the input into the designhed output

e acquire a feel for
the constraints upon these kinds of machine pipeline transformations
the nature of these kinds of machine pipeline transformations

® To attempt to build reusable micro transformations
e acquire a feel for the reuse economics of transformation patterns

© 2025 BORO Solutions
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BORO KNIME Data Pipeline

® The 'BORO eXcel Table (Manual) Pipeline’ should provide a
sufficiently detailed specification of most of the micro
transformations

o the KNIME is an implementation of the specification

e Developing the code to execute the transformation automatically should
clarify the formal moves that need to be made

© 2025 BORO Solutions
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Knime top level - bCLEARer stages

KNIME Analytics Platform &= X
DI: BKDP_lump_of_clay_pipeline.. @ t @ Help & Preferences i Menu
vifen [> Execute all |é Reset all 7,\1; 183% v

4 USER'S INPUT
D Variable Creator
Explorer
2 A
= 1)
Monitor
input root folder a- collect b - load ¢ - evolve
settings TTo—————— P T T
I \/ P \/ » » 1
> ,>———— P O>—PL _ ]
USER'S INPUT P)p— 0@ :> »
Variable Creator
V,._ @
(@)
input FILES
settings &
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Knime COLLECT - done

BKDP_lump_of_clay_pipeline_v006_DZa > [ | a-collect

String Manipulation (Variable)

ring Manipulation (Variable) - String Manipulation (Varisble)  Syring o Path (Variable
oM, ™, -
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o Knime LOAD - done

A -1
BKDP_lump_of_clay_pipeline_v006_DZa > [ _} b-load
>
-
o et Baiee wpe et ey
g ¥
»
209 955,03 et ant ea. »
.- ".":’::‘—" Satwranie bom otz
M- -V :g
1 2k 40t bataa S - »
Lamn
P \ - .
ot o . BDRO TOP LEVEL TASLES
Taka - T e
-a g -3
. . -
P ) ’ e
by T e Ve
. . °
Toearras [SPSUTSIR— &ﬂ:
B Table Crnamr '
a = :
» id [ ™)
Feepatie S S

i targ zas

a* Shpreetee
Hoasen e
et Vew
.
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Knime Evolve — work in here

BKDP_lump_of_clay_pipeline_v006_DZa > [ _| c-evolve R 54%

—
=1 - bind forwge keys =7 - maks riwtan sxatence
— - rdacing
&':‘(". 2 - redavdant foeuign buys s
: ez ) e 8 - makn whsle-part enplicn Ve 5 - coleme 3pMt - ooly nclede 10 . add ow merge - seTer et
.‘L\’J. 3 - wvwnts - make 53 .l'":: . L] e tiees cayr
p— R \ o o=
L I e —— P—— = 3 -
< - —ﬂ.-{:—n — —F  — \,‘ - ) o> L S
< i = e, 1’ ~ e ——— — ) — ‘ €11 - cslams aplt - ket to evant
i rame end suttrze e asten o 5T Beds ) — ———— = -
=N / - s
i g ~u./= ] - s
;‘" =2 - make sbie waslicn ur e 1 :
> - e - - B
- v \4:&-;; — - Y SR bvuchi Skl shalhad ni i = 13 - makn s waplet e e -
- : DR of - muks wSe enslon & e - \\, scter a tevn mage ratus exiziasce wreriy
- e : - . »r=
b -3 \:“lb e §V - ¥
- ———y :F > S o . i —— -
— . N e ——— e =‘- - j\ — — :
: o - — e pm— —— - — ) ~, : - — w3t 22t 30D €14 - row merge (laed w0a)
- — - : 5 —— e o e .vg-‘
=S — . vt o
>
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Project planning



Suggested project planning

® Remember everything is on GitHub

® Suggest you plan your ‘project’
e probably better to do a little of each task,
rather than just complete the first few

® Task order — earlier tasks feed into later tasks
STM

OED

BUML

BXTP

BKnDP

® Trytodoatleast 1, 2 and 4
e if you can, try a little 5 (block out the last half hour to try)

® Remember task 5 has starter code

UuT ~h WDN PR
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Questions
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