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- The bigger picture

A brief overview of our Fundamentals Lecture Series
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Lecture #1: The theoretical motivation

= Databases lack behind in providing high-level “zero-
COSt” abs traCtions aS n OW fo u n d i n m a n v m O d e r n TypeDB.Lecture: Type Theory as the Unifying Foundation for Modern Databases (] d
programm 1 g El guages e S R

" . Type Theory as the Unifying
« Type systems force developers to “think before they Foundation for Modern Databases

| 2

write’; making applications not only more robust, but ﬂ
also more composable and maintainable |

1 Typens

= With type theory succeeding predicate logic, "types as o

queries” is an ideal modern querying paradigm Watch at TypeDB.com/lectures

.. and it provides a framework for polymorphism

&> TypeDB


https://stackoverflow.com/questions/69178380/what-does-zero-cost-abstraction-mean
https://stackoverflow.com/questions/69178380/what-does-zero-cost-abstraction-mean
https://stackoverflow.com/questions/69178380/what-does-zero-cost-abstraction-mean
https://stackoverflow.com/questions/69178380/what-does-zero-cost-abstraction-mean

Lecture #2: The pragmatic pain points

» Regular mismatches between aged (or domain-specific)
data modeling paradigms and modern programming —~  ——— e
language paradigms |

= Object-relational mismatch
= Object-graph mismatch

» Object-document mismatch

= Data Integrity, lack of Polymorphic Querying...

_ _ | Watch at TypeDB.com/lectures
= Wrappers, like ORMs, often yield costly abstractions

(non-optimal queries, additional object representations)
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Lecture #3: The polymorphic database

= [ypeDB builds directly on a novel polymorphic data
model, equipped with type system that enables:

» an expressive query language that can leverage
inheritance and interface polymorphism

= principled database engineering, which is
maintainable and robust by design

= complex applications that are modular and
composable, continuously modifiable

Today's lecture: a deep dive into TypeDB's data model!

TypeDB.Lécture: TypeDB the polymorphic database

Watch at TypeDB.com/lectures

@
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Lecture #4 overview

Key modeling terminology: concepts, instances, dependencies
Polymorphic entity-relation-attribute (PERA) model via TypeQL
Comparison of PERA to other data model

Pattern-based querying and reasoning

Vaticle



- Part:
Concepts and mstances

lllustrated guide to key terminology in conceptual modeling
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No meaning without concepts

“gwerty”

Literal value

Data defined in an abstract
mathematical framework

Vaticle
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No meaning without concepts

Plain-text password of a user
could represent a/
“gwerty” \: Message between Ana and Bob
Keyboard layout in our system
Literal value

Data defined in an abstract
mathematical framework
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No meaning without concepts

Plain-text password of a user
could represent a/
“gwe r-ty” \: Message between Ana and Bob
Keyboard layout in our system
Literal value Concept
Data defined in an abstract Meaningful categorization of data
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No meaning without concepts

Plain-text password of a user
could represent a/

“gwe r-ty” Message between Ana and Bob
Keyboard layout in our system
Literal value Concept
Data defined in an abstract Meaningful categorization of data
mathematical framework in the modeler's framework

Definition. Concept formation is the process of sorting data or data structures

iInto meaningful classes a.k.a. types.

—Hunt, Earl B.. "concept formation". Encyclopedia Britannica
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No meaning without concepts

Plain-text password of a user
could represent a/

“gwe r-ty” Message between Ana and Bob
Keyboard layout in our system
Literal value Concept
Data defined in an abstract Meaningful categorization of data
mathematical framework in the modeler's framework

Definition. Concept formation is the process of sorting data or data structures

SN— ___~

iInto meaningful classes a.k.a. types. instances of types

—Hunt, Earl B.. "concept formation". Encyclopedia Britannica
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Two kinds of type instances
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Two kinds of type instances

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990

Have concepts (i.e. types) of:
1.
2.
3.

person (S

name (S

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

birthday
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

1.
2.
3.

person (S

name (S

birthday

— Instances are strings
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

1.
2.
3.

person (S

name (S

birthday

— Instances are strings
S — instances are dates
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

1.
2.
3.

Are persons the sum of names and birthdays? <—

person (S

name (S

— Instances are strings

birthday

S —— jnstances are dates
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

S

— Instances are strings

1. person
2, name |S
3.

birthday S —— |nstances are dates

Are persons the sum of names and birthdays? <—
No.
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990
“Bob” 01-Feb-1990

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

1.
2.
3.

Are persons the sum of names and birthdays? <—
No.

person

name

S

S

— Instances are strings

birthday S —— |nstances are dates
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990
“Bob” 01-Feb-1990
NULL NULL

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

1.
2.
3.

Are persons the sum of names and birthdays? <—
No.

person

name

S

S

— Instances are strings

birthday S —— |nstances are dates
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Two kinds of type instances

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990
“Bob” 01-Feb-1990
NULL NULL

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

1. person (S
2. |name S ——— instances are strings
3. |pbirthday S —— instances are dates

Are persons the sum of names and birthdays? <—

No.

Instances of | person

are rows!
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Two kinds of type instances

Definition. Two kinds of types:

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990
“Bob” 01-Feb-1990
NULL NULL

Tables are a specific example...
Definitions apply to data models
in general as we will later see!

Have concepts (i.e. types) of:

1. person (S
2. |name S ——— instances are strings
3. |pbirthday S —— instances are dates

Are persons the sum of names and birthdays? <—

No.

1. Those collecting /iteral values

Instances of | person

are rows!

— qattribute types

2. Those collecting freely constructible objects —— object types
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The dependency hierarchy of concepts

person
name birthday
“Ana” NULL
NULL 01-Feb-1990
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The dependency hierarchy of concepts

person
name birthday
“Ana” NULL
NUTL  “Bob”| @1-Feb-1990
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The dependency hierarchy of concepts

person

name

birthday

“Ana”

NULL

m “B‘Ob”

01-Feb-1990

creating new name requires a person
instance (i.e. row) to “have that name”

N
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The dependency hierarchy of concepts

person

name

birthday

“Ana”

NULL

NOTL  “Bob”| @1-Feb-1990

N

creating new name requires a person
instance (i.e. row) to “have that name”

employee
emp_id name
1 “Ana”
2 “Bob”

team_membership

team
team_1d team_name
1 “Engineering”
2 “Marketing”

employee team
1 1
2 1

NOT NULL FKs
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The dependency hierarchy of concepts

person

name

birthday
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NULL
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N

creating new name requires a person
instance (i.e. row) to “have that name”
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2 “Bob” 2 “Marketing” 4‘//,
e
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employee team
l 1
2 1

NOT NULL FKs
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The dependency hierarchy of concepts

person

name

birthday

“Ana”

NULL

NOTL  “Bob”| @1-Feb-1990

N

creating new name requires a person
instance (i.e. row) to “have that name”

Definition. A concept depends on another concept

If instantiating the former requires references to

instances of the latter.

employee team
emp_id name team_1id team_name
1 “Ana” 1 “Engineering”
2 “Bob” 2 “Marketing” A_J/F
e

creating new team_membership requires an employee and a team

team_membership

employee team
l 1
2 1

NOT NULL FKs
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The dependency hierarchy of concepts

person

name

birthday

“Ana”

NULL

NOTL  “Bob”| @1-Feb-1990

N

Definition. A concept depends on another concept

If instantiating the former requires references to

instances of the latter.

creating new name requires a person dependency!
instance (i.e. row) to “have that name” concept 1 > | concept 2
employee team team_membership
emp_id name team_1id team_name employee team
1 “Ana” 1 “Engineering” 1
2 “Bob” 2 “Marketing” 4_//F 1
e

creating new team_membership requires an employee and a team

NOT NULL FKs
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Schema 1

Conceptualizing dependencies

team_membership

employee team
1 1
2 1

employee team

emp_1id name team_1d team_name
1 “Ana” 1 “Engineering”
2 “Bob” 2 “Marketing”

@

Vaticle
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Schema 1

Schema 2

Conceptualizing dependencies

employee team
emp_1id name team_1d team_name
1 “Ana” 1 “Engineering”
2 “Bob” 2 “Marketing”
team_membership
employee team
1 1
2 1
employee team
emp_1id name team_name employees
1 “Ana” “Engineering” [1,2]
2 “Bob” “Marketing” [...]
NOT NULL

@
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Schema 1

Schema 2

Conceptualizing dependencies

Dependency hierarchy

team_membership

/

employee

N\

employee team
emp_1id name team_1d team_name
1 “Ana” 1 “Engineering”
2 “Bob” 2 “Marketing”
team_membership
employee team
1 1
2 1
employee team
emp_1id name team_name employees
1 “Ana” “Engineering” [1,2]
2 “Bob” “Marketing” [...]
NOT NULL

team

N

employee

team
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Schema 1

Schema 2

Conceptualizing dependencies

Dependency hierarchy

team_membership

/

employee

N\

employee team
emp_1id name team_1d team_name
1 “Ana” 1 “Engineering”
2 “Bob” 2 “Marketing”
team_membership
employee team
1 1
2 1
employee team
emp_1id name team_name employees
1 “Ana” “Engineering” [1,2]
2 “Bob” “Marketing” [...]
NOT NULL

team

Definition. Conceptualization refines

dependencies into concepts themselves.

N

employee

team
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Schema 1

Schema 2

Conceptualizing dependencies

Dependency hierarchy

team_membership

/

employee

N\

employee team
emp_1id name team_1d team_name
1 “Ana” 1 “Engineering”
2 “Bob” 2 “Marketing”
team_membership
employee team
1 1
2 1
employee team
emp_1id name team_name employees
1 “Ana” “Engineering” [1,2]
2 “Bob” “Marketing” [...]
NOT NULL

team

Definition. Conceptualization refines

dependencies into concepts themselves.

Deconceptualize

N

employee

team

5 TypeDB




Summary
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Summary

= (oncept formation sorts our data into meaningful fypes

person

person

name

birthday

name birthday

“Ana” 31-May-1997
“Bob” 01-Feb-1990
“Bob” 01-Feb-1990

5 TypeDB




person person
Summary name birthday
name “Ana” 31-May-1997
“Bob” 01-Feb-1990
» (Concept formation sorts our data into meaningful types birthday “Bob” | 01-Feb-1990

= Some types can be freely instantiated (objects types),
Others collect pre-defined values (attribute types)

Vaticle
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person person
Summary name birthday
name “Ana” 31-May-1997
“Bob” 01-Feb-1990
» Concept formation sorts our data into meaningful types ey “Bob” | @1-Feb-1990
model allows us to
/ “invent” new instances!
» Some types can be freely instantiated (objects types), L

Others collect pre-defined values (attribute types)
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Summary

= (oncept formation sorts our data into meaningful fypes

model allows us to
/ “invent” new instances!
= Some types can be freely instantiated (objects types),
Others collect pre-defined values (attribute types)

\\> cannot invent new instances!

value creation is idempotent

person

name

birthday

person
name birthday
“Ana” 31-May-1997
“Bob” 01-Feb-1990
“Bob” 01-Feb-1990

“Bob” 01-Feb-1990

“Bob”

5 TypeDB




Summary
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Summary

= (oncept formation sorts our data into meaningful fypes

model allows us to
/ “invent” new instances!
= Some types can be freely instantiated (objects types),
Others collect pre-defined values (attribute types)

\\> cannot invent new instances!

value creation is idempotent

= Dependencies indicate instantiation of types must
reference instances of other types

person person
name birthday
name “Ana” 31-May-1997
“Bob” 01-Feb-1990
birthday “Bob” 01-Feb-1990
“Bob” 01-Feb-1990
“Bob”
name instance must live
in row, i.e. reference person
“Bob” | 01-Feb-1990 |
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Summary

Concept formation sorts our data into meaningful types

model allows us to
/ “invent” new instances!
Some types can be freely instantiated (objects types),
Others collect pre-defined values (attribute types)

\\> cannot invent new instances!

value creation is idempotent

Dependencies indicate instantiation of types must
reference instances of other types

Conceptualization turns a dependency into a concept itself

person person
name birthday
name “Ana” 31-May-1997
“Bob” 01-Feb-1990
birthday “Bob” 01-Feb-1990
“Bob” 01-Feb-1990
“Bob”
name instance must live
in row, i.e. reference person
“Bob” | 01-Feb-1990 |

A SN
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- Part II
The pol\/morphlc data model

Exploring the PERA model with TypeQL
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Introducing the PERA model and its types

= The polymorphic entity-relation-attribute (PERA) builds directly on our previous definitions of

types, instances, dependencies in conceptual modeling, with key kinds of types:

independent type dependent type
object entity types relation types
types Yy typ YP
attribute :
types global constants attribute types

Vaticle
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Introducing the PERA model and its types

= The polymorphic entity-relation-attribute (PERA) builds directly on our previous definitions of

types, instances, dependencies in conceptual modeling, with key kinds of types:

employee

///////’—“\\ independent type dependent type
N\
object \ entity types relation types
types Yy typ YP
attribute :
types global constants attribute types
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Introducing the PERA model and its types

= The polymorphic entity-relation-attribute (PERA) builds directly on our previous definitions of
types, instances, dependencies in conceptual modeling, with key kinds of types:

employee

=

///////’—“\\ independent type dependent type
N\
object \ entity types relation types
types Yy typ YP ]
attribute :
types global constants attribute types

team_membership
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Introducing the PERA model and its types

= The polymorphic entity-relation-attribute (PERA) builds directly on our previous definitions of
types, instances, dependencies in conceptual modeling, with key kinds of types:

employee

///////’—“\\ independent type dependent type
N\ :
\ team_membership

25|J3eecst entity types relation types «/

attribute

types global constants attribute types "\
name
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Introducing the PERA model and its types

= The polymorphic entity-relation-attribute (PERA) builds directly on our previous definitions of
types, instances, dependencies in conceptual modeling, with key kinds of types:

///////’—“\\ independent type dependent type
N\ :
\ team_membership

employee

e entity types relation types <-//

types

attribute

types global constants attribute types ““\\\\\\\\—
name

= Incidentally, the above 2 x 2 classification closely matches classical ERA modeling,
however, for us, it fundamentally derives from simple type-theoretic principles.

Vaticle
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PERA type system: subtyping

» Type system defines types and type operations to pass between types

= A fundamental operation is subtyping, allowing to cast type instances:

Vaticle



PERA type system: subtyping

» Type system defines types and type operations to pass between types

= A fundamental operation is subtyping, allowing to cast type instances:

upcast to

[ » object as person
is a instance of ‘ ‘ is a instance of
subtype of
employee | -ooreeeenseeeeneeees > person
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PERA type system: subtyping

» Type system defines types and type operations to pass between types

= A fundamental operation is subtyping, allowing to cast type instances:
/ subsumptive subtyping!

upcast to

B I » object as—petson
is a instance of ‘ ‘ is a instance of
subtype of
employee | -ooreeeenseeeeneeees > person
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PERA type system: subtyping

» Type system defines types and type operations to pass between types

= A fundamental operation is subtyping, allowing to cast type instances:

IS a instanc

/ subsumptive subtyping!

upcast to

B I » object as—petson

e of ‘ ‘ is a instance of
subtype of

employee | -ooreeeenseeeeneeees > person

« A name “Ana” in type

name

can be cast into the bare string “Ana” in type string

Vaticle
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PERA type system: inheritance polymorphism

= The PERA model supports inheritance type hierarchies to describe concept specialization

person

»
A Y
AS

employee

Vaticle
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PERA type system: inheritance polymorphism

= The PERA model supports inheritance type hierarchies to describe concept specialization

person

»
N
AS

employee

«
,
.

»
A )
.

contractor

FT_employee
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PERA type system: inheritance polymorphism

= The PERA model supports inheritance type hierarchies to describe concept specialization

person

«
,
,

»
N
AS

child

employee

«
,
.

»
A )
.

contractor

FT_employee
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PERA type system: inheritance polymorphism

= The PERA model supports inheritance type hierarchies to describe concept specialization

child

tax_payer

«

FT_employee

person
:’ b‘\ D
employee
l" >‘\
contractor

Vaticle
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PERA type system: inheritance polymorphism

= The PERA model supports inheritance type hierarchies to describe concept specialization

child

tax_payer

«

FT_employee

person
:’ b‘\ D
employee
l" >‘\
contractor

Condition: the PERA model enforces

single inheritance, meaning types may
have at most one parent type.

— avoids the “diamond problem”

— enforces more performant model design

&> TypeDB



PERA type system: interface polymorphism

= The PERA model abstracts type dependencies as type capabilities implementable by other types

person

name

Vaticle
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PERA type system: interface polymorphism

= The PERA model abstracts type dependencies as type capabilities implementable by other types

person

city

name

Vaticle
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PERA type system: interface polymorphism

= The PERA model abstracts type dependencies as type capabilities implementable by other types

person |--

“cities, like persons, have the capability to be name owners”

™, cancastinto .

city

Vaticle
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PERA type system: interface polymorphism

= The PERA model abstracts type dependencies as type capabilities implementable by other types

person

“cities, like persons, have the capability to be name owners”

™, cancastinto .

city

employee

team_membership

@

team
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PERA type system: interface polymorphism

= The PERA model abstracts type dependencies as type capabilities implementable by other types

person |---.. _ city employee |- .-[contributor work_group |- .| team
. cancastinto Voo Vo
_____ A 2 A A
name_owner member L team
name team_membership
“cities, like persons, have the capability to be name owners” “contributors, like employees, have the capability to be team members”

&> TypeDB



PERA type system: interface polymorphism

= The PERA model abstracts type dependencies as type capabilities implementable by other types

person |---.. _ city employee |- .-[contributor work_group |- .| team
. cancastinto Voo Vol
_____ AR A vy Ny
name_owner member team
"""""""" T } ( *'\ /
name | team_membership
“cities, like persons, have the capability to be name owners” “contributors, like employees, have the capability to be team members”

Condition: the PERA model enforces that
only Obj@Ct types can be given capabilities. — avoids ambiguity due to idempotent value creation

Object types may implement many interfaces! ~— cf."single-inheritance” 5%
TypeDB



TypeQL practice: entity types

» Anew

person

entity type in our schema is defined via:

define person sub entity;

entity types

relation types

attribute types

Vaticle
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TypeQL practice: entity types

= Anew |person | entity type in our schema is defined via:

define person sub entity;

/\/

keyword for a define query
(think CREATE TABLE)

entity types

relation types

attribute types
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TypeQL practice: entity types

» Anew

person

keyword for a define query

(think CREATE TABLE)

entity type in our schema is defined via:

define person sub entity;

(t;e type to-be-defined

entity types

relation types

attribute types
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TVPEQL PI’aCtiCE: Entit\/ t\lpes entity types relation types

attribute types

= Anew |person | entity type in our schema is defined via:

define person sub entity;

//'—‘\\\\\\_//, K\\‘_///////”’_““ the default abstract
keyword for a define query (‘ supertype of all
entity types

(think CREATE TABLE) the type to-be-defined
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TypeQL practice: entity types

» Anew |person

keyword for a define query
(think CREATE TABLE)

A

entity types relation types

attribute types

entity type in our schema is defined via:

define person sub entity;

\/\ the default abstract
supertype of all

» Anew | employee

entity type subtyping

the type to-be-defined

person

entity types

Is defined via;

define employee sub person;

&> TypeDB



TypeQL practice: entity types

» Anew

person

keyword for a define query

(think CREATE TABLE)

= Anew

entity types

relation types

attribute types

entity type in our schema is defined via:

define person sub entity;

A

employee

entity type subtyping

__—

the type to-be-defined

person

the default abstract
supertype of all

entity types

Is defined via;

define employee sub person;

person

4

employee

&> TypeDB




TypeQL practice: entity types snftvtpes | fERRIRS

attribute types

= Anew |person | entity type in our schema is defined via:

fi [+ 1re
//—\\\\ff/lne person sub enﬁiiiL/////—N\ﬂmddﬁm“mgmd
keyword for a define query (‘ supertype of all
entity types

(think CREATE TABLE) the type to-be-defined

= Anew | employee | entity type subtyping | person | is defined via:

define employee sub person; person

4

= Abstractness ensures no instances can be created directly:

employee

define person abstract;

&> TypeDB



TypeQL practice: entity types

» Anew

person

keyword for a define query

(think CREATE TABLE)

= Anew

A

entity types relation types

attribute types

entity type in our schema is defined via:

define person sub entity;

\/\ the default abstract
supertype of all

employee

entity type subtyping

define employee sub person;

the type to-be-defined

person

entity types

Is defined via;

= Abstractness ensures no instances can be created directly:

define person abstract;

employee

&> TypeDB



TypeQL practice: relation types

» Define new

define

marriage

relation type...

marriage sub relation,
relates spouse;

entity types

relation types

Vaticle
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TypeQL practice: relation types e | reletontpes

attribute types

» Define new |marriage | relation type...

define
marriage sub relation,
relates spouse;

....................

marriage|—»: spouse

interfaces of
relations are
called roles

&> TypeDB



TypeQL practice: relation types e | relatontypes

attribute types

» Define new [marriage | relation type... and several subtypes:

define
marriage sub relation,
relates spouse;

# case 1l: role overwriting

define

hetero marriage sub marriage,
relates husband as spouse,
relates wife as spouse;

marriage |—: spouse

interfaces of
relations are
called roles

&> TypeDB



TypeQL practice: relation types e | relatontypes

attribute types

» Define new [marriage | relation type... and several subtypes:

define
marriage sub relation,
relates spouse;

# case 1l: role overwriting

define

hetero marriage sub marriage,
relates husband as spouse,
relates wife as spouse;

e hetero_marriage

.....................................

subroles
Vid as " bt e

) N ‘—
v v
)

.
-
-
-
-
-
-
-
.-
-

marriage |—: spouse

interfaces of
relations are
called roles

&> TypeDB



TypeQL practice: relation types e | relatontypes

attribute types

» Define new [marriage | relation type... and several subtypes:

define
marriage sub relation,
relates spouse;

# case 1l: role overwriting

define

hetero marriage sub marriage,
relates husband as spouse,
relates wife as spouse;

e hetero_marriage

enenearaneneas , P : # case 2: role inheritance
subroles © wife i husband : define
viaas 7t COUITIII = o ) )
i ; o religious marriage sub marriage;
A4 i

.
-
-
-
-
-
-
-
.-
-

marriage|— i spouse i«

interfaces of
relations are
called roles

&> TypeDB



TypeQL practice: relation types e | relatontypes

attribute types
» Define new [marriage | relation type... and several subtypes:
define # case 1l: role overwriting
marriage sub relation, define
relates spouse; hetero marriage sub marriage,
relates husband as spouse,
e hetero_marriage relates wife as spouse;
— ¢ ........ ' ,"mml --------- : # case 2: role inheritance
subroles ©wife :  ihusband: Cefine
Vid as .. eeceeestueee= L ;
5 4 e religious _marriage sub marriage;
\4 i

marriage|— | s ouse i« .
9 L"E ............ : # case 3: role extension

define
. witnessed marriage sub marriage,
interfaces of — )
BTG ATe relates witness;

called roles _
@ TypeDB



TypeQL practice: relation types e | relatontypes

attribute types

» Define new [marriage | relation type... and several subtypes:

define # case 1: role overwriting
marriage sub relation, define

relates spouse;

hetero marriage sub marriage,
relates husband as spouse,

] hetero_marriage relates wife as spouse;
N ¢ ........ , ,"mml --------- : # case 2: role inheritance
Sf‘lbmles 4 wife : husband : define
Via as " heeeeeeeeeeeeeni R = R ) )
H g ot religious marriage sub marriage;
A4 i

.
-
-
-
-
-
-
-
.-
-

marriage |—: spouse

] # case 3: role extension

X ‘witness define
interfaces of \\ T witnessed marriage sub marriage,
relations are el relates witness;
called roles

witnessed_marriage

&> TypeDB



TypeQL practice: attribute types

entity types

relation types

attribute types

= Define new |name| attribute type, with pre-defined value type:

define name sub attribute, value string;

Vaticle




TypeQL practice: attribute types entity types | relation types

attribute types

= Define new |name| attribute type, with pre-defined value type:

define name sub attribute, value string;

Condition: Attribute have a single’ ownership interface | name_owner | «—— | name

..In TypeQL this interface is implicit!

Note, n-ary attribute types can be
modeled of unary attribute types
of n-ary relation types

&> TypeDB



TypeQL practice: attribute types entity types | relation types

attribute types

= Define new |name| attribute type, with pre-defined value type:

define name sub attribute, value string;

Condition: Attribute have a single? ownership interface | name_owner i «—— | name

..In TypeQL this interface is implicit!

» Define | first_name | as subtype of |name

define first name sub name;
"Note, n-ary attribute types can be
modeled of unary attribute types
of n-ary relation types

&> TypeDB



TypeQL practice: attribute types entity types

relation types

attribute types

= Define new |name| attribute type, with pre-defined value type:

define name sub attribute, value string;

..In TypeQL this interface is implicit! H

» Define | first_name | as subtype of |name| T

define first name sub name;

must be
abstract!

Condition: Attribute have a single' ownership interface | name_owner . «—— |

first_name

"Note, n-ary attribute types can be
modeled of unary attribute types
of n-ary relation types

&> TypeDB




TypeQL practice: attribute types entity types | relation types

attribute types
= Define new |name| attribute type, with pre-defined value type:
define name sub attribute, value string;
must be
/ \ abstract!
Condition: Attribute have a single® ownership interface | name_owner | «—— | name
...in TypeQL this interface is implicit! : ]

. first_name_owner i «— | first_name

» Define | first_name | as subtype of |name| T

define first name sub name;

Note, n-ary attribute types can be

Condition: attribute supertypes must be abstract! modeled of unary attribute types
of n-ary relation types

&> TypeDB

— avoids ambiguity due to idempotent value creation



The TypeQL practice: implementing roles

» Object types can implement (i.e. “play”) roles, defined via:

define person plays marriage:spouse;

Vaticle



The TypeQL practice: implementing roles the scoped marriage : spouse is sed

here since role identifiers need only be

. . : " /" : . unique within relation type hierarchies
«» Object types can implement (i.e. “play”) roles, defined via: . P
—

define person plays marriage:spouse;

&> TypeDB



The TypeQL practice: implementing roles the scoped marriage : spouse is sed

here since role identifiers need only be

. . : " /" : . unique within relation type hierarchies
«» Object types can implement (i.e. “play”) roles, defined via: . P
—

define person plays marriage:spouse;

“persons can be i :

PErsSONn | roscmeeee * | spouse | «<—— | marriage
cast into spouses™ ..l :

&> TypeDB



The TypeQL practice: implementing roles the scoped marriage : spouse is sed

here since role identifiers need only be

. . : " /" : . unique within relation type hierarchies
«» Object types can implement (i.e. “play”) roles, defined via: . P
—

define person plays marriage:spouse;

“persons can be i ; ;
person | oo » | spouse | «—— | marriage
cast into spouses™ ..l :
marriage
spouse
....... o
person

&> TypeDB



The TypeQL practice: implementing roles the scoped marriage : spouse is sed

here since role identifiers need only be

. . : " /" : . unique within relation type hierarchies
«» Object types can implement (i.e. “play”) roles, defined via: . P
—

define person plays marriage:spouse;

“persons can be T ; :
person iy o e > . spouse | <—— | marriage
cast into spouses™ ..l :
marriage
= Role capabilities are inherited /
define i spouse
civil servant sub person; T '
registry entry sub relation, ’
relates registrar, person
relates event;

civil servant plays registry entry:registrar;
marriage plays registry entry:event;

&> TypeDB



The TypeQL practice: implementing roles the scoped marriage : spouse is sed

here since role identifiers need only be

» Object types can implement (i.e. “play”) roles, defined via:

define person plays marriage:spouse;

unique within relation type hierarchies

i 4

“persons can be g ; Torriaae ISR :
---------------------- > . spouse | «— arria : e
PETSON | st into spotses” oot 9 | Event s«
///f marriage
= Role capabilities are inherited :
registry_entry
define spouse
civil_servant sub person; 7 T
registry entry sub relation, | registraré '
relates registrar, Trmmmee FO ' person
relates event; =

civil servant plays registry entry:registrar;

marriage plays registry entry:event; civil ser\;ant

&> TypeDB



The TypeQL practice: implementing ownerships

= Object types can implement ownership of (i.e. “own”) attribute types:

define person owns name;

Vaticle



The TypeQL practice: implementing ownerships

= Object types can implement ownership of (i.e. “own”) attribute types:

define person owns name;

person

“persons can be cast

.......................... .’
into name owners”

. hame_owner

D —

name

Vaticle

@ TypeDB



The TypeQL practice: implementing ownerships

= Object types can implement ownership of (i.e. “own”) attribute types:

define person owns name;

person

define

date sub attribute,

“persons can be cast g
-------------------------- » | name_owner

into name owners”

marriage owns date;

marriage

value datetime;

”marriages can be cast i

into date owners”

» | date_owner ;

&

&

name

date

@

Vaticle

TypeDB



The TypeQL practice: implementing ownerships

= Object types can implement ownership of (i.e. “own”) attribute types:

define person owns name;

person

define

date sub attribute,

“persons can be cast g
-------------------------- » | name_owner

into name owners”

marriage owns date;

marriage

value datetime;

”marriages can be cast i

into date owners”

» | date_owner ;

&

&

name

date

= Like for roles, ownership capabilities are inherited

@

Vaticle

TypeDB



TypeQL practice: data instances
civil_servant
For given type schema can *
insert data instances person
Must account for value
types and dependencies S— ¥
gname_ownerg
/ ....... AN
name ////)yispouseé
marriage o
i registrar
R Voo N
: date_owner :

registry_entry

&> TypeDB




TypeQL practice: data instances
civil_servant
= For given type schema can *
insert data instances person
» Mustaccount forvalve
types and dependencies S— ¥
gname_ownerg
insert /) IS A
name ////)yispouseg
marﬁiage _____________ v
i registrar
R Voo N
: date_owner :

registry_entry

&> TypeDB




TypeQL practice: data instances
civil_servant
» For given type schema can *
insert data instances person
» Mustaccount for valve
types and dependencies S— ¥
gname_ownerg
insert /) IS A
Sa isa civil servant; name ////xi§ﬂ¥§ﬁj
marﬁiage _____________ v
i registrar
R Voo U S
: date_owner :

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert
$a isa civil servant;

/\ Not actual TypeQL syntax

$a

* isa T
civil_servant
\4
person
R ¥ ,
: name_owner | N
/ ....... v
name ////)v§SDouse§ ;
marﬁ1age _____________ o
i registrar
] ) A e S
i date_owner | .
/4 """""""""""""" \ N
event
date | 7777 &;""
registry_entry

&> TypeDB



TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert
$a isa civil servant;
Sa has name "Ana'";

/\ Not actual TypeQL syntax

$a

v

isa T
civil_servant
\4
person
R ¥ ,
: name_owner | N
/ ....... v
name ////)v§SDouse§ ;
marﬁ1age _____________ o
i registrar
] ) A e S
i date_owner | .
/4 """""""""""""" \ N
event
date | 7777 &;""
registry_entry

&> TypeDB



/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ i
$a civil_servant
» For given type schema can *
insert data instances person
» Mustaccount for valve
types and dependencies S— ¥
. ' name_owner : 3
uAnau I1Sa e ’ :.'
insert /) IS A
$a isa civil servant; name i§ﬂ¥§ﬁj :
Sa has name "Ana'"; ////, :
marﬁiage _____________ ; ________
i registrar
- date_owner |

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ i
$a civil_servant
» For given type schema can *
insert data instances person
» Mustaccount for valeve
types and dependencies has S— ¥
. ' name_owner : 3
uAnau I1Sa e ’ :.'
insert /) IS A
$a isa civil servant; name i§ﬂ¥§ﬁj :
Sa has name "Ana'"; ////, :
marﬁiage _____________ ; ________
i registrar
- date_owner |

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ i
\Ye civil_servant
« For given type schema can *
insert data instances person
» Mustaccount for valeve <
types and dependencies has S— ¥
. ' name_owner : 3
uAnau 1Sa e . :.'
insert /) IS A
$a isa civil servant; name i§ﬂ¥§ﬁj :
Sa has name "Ana'"; ////, :
Sbl isa person, e i
i ‘ registrar
- date_owner |

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ i
$a civil_servant
« For given type schema can *
insert data instances person
» Mustaccount for valeve <
types and dependencies has S— ¥
. ' name_owner : 3
uAnau I1Sa e ’ :.'
insert /) IS A
$a isa civil servant; name i§ﬂ¥§ﬁj :
Sa has name "Ana'"; ////, :
$bl isa person, ) ;
marriage :
has name "Bob"; :19\ ............. \ A
: registrar
R Voo U
: date_owner :

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ i
$a civil_servant
» For given type schema can $b1 sa *
insert data instances person
» Mustaccount for valeve <
types and dependencies has S— ¥
. ' name_owner : 3
uAnau I1Sa e ’ :.'
insert /) IS A
$a isa civil servant; name i§ﬂ¥§ﬁj :
Sa has name "Ana'"; ////, :
Sbl isa person, e ]
has name "Bob"; : e — \ A
i registrar
;date_owneré

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ i
$a civil_servant
» For given type schema can $b1 sa *
insert data instances person
» Mustaccount forvaleve <
types and dependencies has  has S— ¥
. ' name_owner : 3
uAnau I1Sa e ’ :.'
insert . /) IS A
S$a isa civil servant; "Bob” name | spouse |,
Sa has name "Ana'"; ////, :
$bl isa person, ) ;
has name "Bob"; marr:mge\ ............. Yoo
i registrar
;date_owneré

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ isa
$a civil_servant
= For given type schema can $b1 isa *
insert data instances person
» Mustaccount forvaleve <
types and dependencies has  has S— ¥
) » hame_owner : k
uAnau 1Sa e . :.'
insert . /) IS A
S$a isa civil servant; "Bob” name | spouse |,
Sa has name "Ana'"; ////, :
$bl isa person, ) ;
has name "Bob"; mam‘,mge\ ......... S A
$b2 isa person, S | registrar .
has name "Bob"; Edate_owneré K

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert
$a isa civil servant;

/\ Not actual TypeQL syntax

Sa has name "Ana'";

$bl

isa
has

person,
name "Bob";

IIBObII

$b2 isa person,
has name "Bob";

* isa T
$a civil_servant
isa
$b1 H
) erson
$b2 isa p :
has e ¥ . B
 name_owner : s
"Ana" |Sa I"""""/'" """"" J :'
v
" " isa b :
Bob name : Spouse :
isa /
marﬁ1age _____________ v
i registrar
* ......................
i date_owner | .
/4 """""""""""""" \ N
event
date | TR

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert

$a isa civil servant;

Sa has name "Ana'";

Sbl isa person,
has name "Bob";

$b2 isa person,
has name "Bob";

Sm (spouse: $bl, spouse: $b2)
isa marriage,

IIBObII

/\ Not actual TypeQL syntax

* isa T
$a civil_servant
isa
$b1 H
) erson
$b2 = -
has has T ¥ ;
: name_owner : n
"Ana" |Sa "---------/--- ......... y ::
v
mn mn |Sa :---------------E
Bob name i Spouse : ;
isa /
marﬁ1age _____________ L
] registrar
* ......................
: date_owner: .
/ """""""""""""" \ N
event
date |  TUUXKTTT

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert

$a isa civil servant;

Sa has name "Ana'";

Sbl isa person,
has name "Bob";

$b2 isa person,
has name "Bob";

Sm (spouse: $bl, spouse: $b2)
isa marriage,

/\ Not actual TypeQL syntax

$a
$bl
$b2

has has has
uAnau isa
"BOb" isa
nBObn isa
isa

$m

isa

civil_servant

isa 5
\4
person

!

-
-
-
-
-

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert

$a isa civil servant;

Sa has name "Ana'";

Sbl isa person,
has name "Bob";

$b2 isa person,
has name "Bob";

Sm (spouse: $bl, spouse: $b2)
isa marriage,

spouse

/\ Not actual TypeQL syntax

$a
m— $bl
$b2
spouse has has has
uAnau isa
"BOb" isa
nBObn isa
$m isa

isa

civil_servant

isa 5
\4
person

!

-
-
-
-
-

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert
$a isa civil servant;
Sa has name "Ana'";
Sbl isa person,

has name "Bob";
$b2 isa person,

has name "Bob";

Sm (spouse: $bl, spouse: $b2)

isa marriage,
has date 17-05-2004;

spouse

/\ Not actual TypeQL syntax

$a
m— $bl
$b2
spouse has has has
uAnau isa
"BOb" isa
nBObn isa
$m isa

isa

civil_servant

isa 5
\4
person

!

-
-
-
-
-

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances ¥ i
$a civil_servant
= For given type schema can | $b1 sa ;
insert data instances o person
! $b2 E
= Mustaccount forvalve |~~~ | . o
t\/pes and dE[)endenCiES spouse  spouse ES has has ponennanannenaa ¥
| i name_owner : :
uAnau I1Sa e ’ :.'
insert . /) IS A
$a isa civil servant; "Bob” name | spouse |,
$a has name "Ana"; "Bob" isa ////, :
$bl isa person, marriage 5
has name "Bob"; — S A
$b2 isa person, Lo j.registrar
has name "Bob"; < date_owner
$Sm (spouse: $bl, spouse: $b2) $m e S «
isa marriage, e | //} i event
has date 17-05-2004; =a date | U &;“‘
17-05-2004

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert
$a isa civil servant;
Sa has name "Ana'";
Sbl isa person,

has name "Bob";
$b2 isa person,

has name "Bob";

Sm (spouse: $bl, spouse: $b2)
isa marriage,
has date 17-05-2004;
(event: Sm, registrar: Sa)

isa registry entry;

spouse

spouse

$m

ES hES

IIBObII

has

hES

" Bobll

/\ Not actual TypeQL syntax

*' isa T
$a civil_servant
isa 5
$b1 H
. rson
$b2 isa ?e :
R ¥ ,
: name_owner | /
"Ana" isa e . :'
/ ....... v
isa ] :
name : Spouse : ;
isa //////)' 5
marﬁ1age _____________ v
i registrar
] \ A By
isa :date_owner:
;;;} """""""""""""" N
. event
sa | 4., | i
date &\
17-05-2004

registry_entry

&> TypeDB




TypeQL practice: data instances

= For given type schema can
insert data instances

= Must account for value
types and dependencies

insert
$a isa civil servant;
Sa has name "Ana'";
Sbl isa person,

has name "Bob";
$b2 isa person,

has name "Bob";

Sm (spouse: $bl, spouse: $b2)
isa marriage,
has date 17-05-2004;
(event: Sm, registrar: Sa)

isa registry entry;

spouse

spouse

$m

ES hES

IIBObII

has

/\ Not actual TypeQL syntax

*' isa T
$a civil_servant
isa 5
e $b1 H
- person
$b2 ’ 1
has e ¥ . B
 name_owner : s
"Ana" isa e . :'
/ ....... v
" " isa ! E
Bob name i Spouse : ;
isa //////)' 5
marﬁ1age _____________ v
i registrar
] \ A By
isa :date_owner:
/ """""""""""""" N
. event
sa ! 45 . 1 S
date &\
17-05-2004

isa

registry_entry

&> TypeDB




/\ Not actual TypeQL syntax

TypeQL practice: data instances v .
/ / $a = new civil servant() — [CLVLLISErvant
» For given type schema can e —~ $b1 - new porson() % *
insert data instances - person
$b2 = new person() ] i
» Must account for value oo T T T
t\/pes and d9pendenCIES spouse  spouse ES has has prommeennnnaaaas ¥
_ i name_owner | ;
name(w,"Ana") "2 T & :
insert isa—\\\\\~| /} IS A
$a isa civil servant; name(®, “Bob™) | name i spouse ;|
Sa has name "Ana'"; - ////, ;
$bl isa person name(a, "Bob") = ’////4 : :
has name "Bob"; k K mar-r;mge ............. \ A

$b2 isa person,

i e i registrar
has name "Bob"; m . A
Sm (spouse: $bl, spouse: $b2) $m = new marriage(®,®) N bt : K

)
isa marriage, %\¥ . | //f ?;;;ﬁ;E
has date 17-05-2004; registrar event Isaf_| date |  TUTTRTTTTT
(event: $m, registrar: $a) \\» P Ty e x\
isa registry entry; ’

registry_entry

&> TypeDB

isa

new registry_entr}], )




TypeQL practice: data instances—the details

1. Variadicity of roles

: i b relation : m (spouse: Sbl, spouse: S$b2
defined ~Marrtade S % then inserted ¥ (8P : = ¥b2)
relates spouse; lsa marriage,

Vaticle

@ TypeDB



TypeQL practice: data instances—the details

number of spouses is variadic
1. Variadicity of roles

— S

defineq Marriage sub relation, then inserted $m' (spousef Sbl, spouse: $b2)
relates spouse; lsa marriage,

&> TypeDB



. . . /
TypeQL practice: data instances—the details W”"’%swbry
/06’013*/

number of spouses is variadic
1. Variadicity of roles

— S

defineq Marriage sub relation, then inserted $m' (spousef Sbl, spouse: $b2)
relates spouse; lsa marriage,

&> TypeDB



. . . /
TypeQL practice: data instances—the details W”"’%ss@mry
/06’013*/

number of spouses is variadic
1. Variadicity of roles

— S

defined Marriage sub relation, then inserted $m'(spousef Sbl, spouse: $b2)
relates spouse; lsa marriage,

2. Globality of attributes

insert
"Chloe" isa name;

&> TypeDB



. . . /t
TypeQL practice: data instances—the details W“"’%ss@mry
/06’013/‘{/

number of spouses is variadic
1. Variadicity of roles

— S

defined Marriage sub relation, then inserted $m' (spousef Sbl, spouse: $b2)
relates spouse; lsa marriage,

2. Globality of attributes

insert _ . i} ) i3
"Cchloe" isa name: yields an unowned attribute : Chloe name

a.ka. 'global constant’

&> TypeDB



. . . /t
TypeQL practice: data instances—the details sy
/1//06’013/‘{/

number of spouses is variadic

1. Variadicity of roles

— S

: i b relation : m (spouse: Sbl, spouse: S$b2
defined ~Marrtade S % then inserted ¥ (8P : = ¥b2)
relates spouse; lsa marriage,

2. Globality of attributes

i t : : " . isa
l?(szilioe" isa name: yields an unowned attribute: Chloe name
' a.ka. 'global constant’
3. Intentionality of castings
In all instantiations, objects must cast into interfaces e : :
adult |----»i car_owner i----- > owner i«—| ownership

without having to pass through sub-interfaces. ~  L—— 1 LT L
cannot instantiate with adult

&> TypeDB



. . . /t
TypeQL practice: data instances—the details sy
/1//06’013/‘{/

number of spouses is variadic
1. Variadicity of roles

— S

: i b relation : m (spouse: Sbl, spouse: S$b2
defined ~Marrtade S % then inserted ¥ (8P : = ¥b2)
relates spouse; lsa marriage,

2. Globality of attributes

insert isa

. w yields an unowned attribute : "Chloe" name
Chloe" isa name;
a.ka. 'global constant’
3. Intentionality of castings
In all instantiations, objects must cast into interfaces e : :
: . ) adult |----»{ car_owner i----- > owner i<—| ownership
without having to pass through sub-interfaces. . OISR :

&> TypeDB



Summary: the PERA model in a nutshell
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Summary: the PERA model in a nutshell

entity types relation types

» The PERA type system as three kinds of types: (global constants) | attribute types

Vaticle

@ TypeDB



Summary: the PERA model in a nutshell .

entity types relation types
= The PERA type system as three kinds of types: (global constants) | - attribute types
= Type kinds are organized by inheritance hierarchies employee |----- >| person

Vaticle

@ TypeDB



Summary: the PERA model in a nutshell S
» The PERA type system as three kinds of types: (global constants) | - attribute types
= Type kinds are organized by inheritance hierarchies employee |----- >| person

= All dependencies are abstracted by interface types . name_owner | <— | name

Vaticle

@ TypeDB



Summary: the PERA model in a nutshell

The PERA type system as three kinds of types:

Type kinds are organized by inheritance hierarchies

All dependencies are abstracted by interface types

Object types can implement these interfaces

entity types relation types
(global constants) attribute types
employee |----- > person

name

person

city

Vaticle

@ TypeDB



Summary: the PERA model in a nutshell

The PERA type system as three kinds of types:

Type kinds are organized by inheritance hierarchies

All dependencies are abstracted by interface types

Object types can implement these interfaces

Single-inheritance but multi-capability via interfaces

entity types

relation types

(global constants)

attribute types

employee |----- >

i name_owner | €<—

person

name

-
-
-
-

person

city

Vaticle

@ TypeDB



Summary: the PERA model in a nutshell

The PERA type system as three kinds of types:

Type kinds are organized by inheritance hierarchies

All dependencies are abstracted by interface types

Object types can implement these interfaces

Single-inheritance but multi-capability via interfaces

Objects in object types can be freely created

entity types

relation types

(global constants)

attribute types

employee |----- >

: name_owner | €<—

person

name

-
-
-
-

person

city

$p

— person
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Summary: the PERA model in a nutshell

The PERA type system as three kinds of types:

Type kinds are organized by inheritance hierarchies
All dependencies are abstracted by interface types
Object types can implement these interfaces
Single-inheritance but multi-capability via interfaces
Objects in object types can be freely created

\/alues can be (idempotently) added to attribute types

: name_owner | €<—

entity types relation types
(global constants) attribute types
employee |----- > person

name

-
-
-
-

person

city

$p

ES

person

name

Vaticle
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| - Part III
Comparlson to other data models..

..and how PERA brings order to modeling
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The bottomline
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The bottomline

The PERA model is a simple and principled model,
built on basic and fundamental ideas found across al/l data models.
From the PERA perspective, capturing other data models is easy.
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The relational model

Types:

Instances:

employee
name member_of
“Ana” 1
“Bob” 1

team
1d team_name
1 "Engineering”
2 "Marketing"

Vaticle
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The relational model

Types: ( table J
Instances: row
employee
name member_of
“Ana » 1
(13 B Ob 2 1

team
1d team_name
1 "Engineering”
2 "Marketing"
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The relational model

Types: ( table J
Instances: row
employee
name member_of
“Ana » 1
(13 B Ob » 1

[ FK column J

[ Value column J

reference value
we identify "1d" s
with row itself
team
1d team_name
1 "Engineering”
2 "Marketing"

@

Vaticle

TypeDB



The relational model

/\contained in
Types: ( table J [ FK column J [Value column}

~___~

reference to

contained in

instance of
Instances: row reference value
we identify "1d" s
with row itself
employee team
name member_of 1d team_name
“Ana” 1 1 "Engineering”

(13 2 n C " T
Bob 1 2 Marketing CDTVpeDB



The relational model

/\contained in

contained in

Types; ( table J [ FK column J [Value column}
reference to
instance of
Instances: row reference value
we identify "1d" s
with row itself
employee team
name member_of 1d team_name
“Ana” 1 1 "Engineering”
“Bob” 1 2 "Marketing"

Remark.
Constraints can
modify dependencies!

eg NOT NULL FK:

&> TypeDB



The relational model: a simple example

PERA analog

employee

name member_of
“Ana” 1
“Bob” 1
“Chloe” 3

team

1d team_name

1 "Engineering"

2 "Marketing"

3 "Research”

Vaticle
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The relational model: a simple example

PERA analog

name

employee

name member_of
“Ana” 1
“Bob” 1
“Chloe” 3

team

1d team_name

1 "Engineering"

2 "Marketing"

3 "Research”

member_of

employee

team_name

team
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The relational model: a simple example

PERA analog

name

employee

name member_of
“Ana” 1
“Bob” 1
“Chloe” 3

team

1d team_name

1 "Engineering"

2 "Marketing"

3 "Research”

\

member_of

employee

team_name

team

Vaticle
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The relational model: a simple example

employee
et/ PERA analog
name member_of
“Ana” 1
“Bob” 1 name member_of team._name
“Chloe” 3 \\‘ l// \\\ j
éname_owneré member team . team_name_owner
"""""""""""" U ey e b
team A %
id team_name employee |-~ T team
1 "Engineering"
2 "Marketing"
3 "Research"”

Vaticle
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The relational model: a simple example

employee
PERA analog
name member_of
“Ana” 1
(14 »
Bob 1 name member_of team_name
“Chloe” 3 \\‘ /// \\\ j
name_owner | member i | team  tegm_name_owner
P = TR T «
» A A
team 3 :
1d team_name employee |~ team
1 "Engineering"
2 "Market1i ng" Convention: -
3 "Research"
employee name
owns Vaticle
draw as: employee > name @ TypeDB



The relational model: a simple example

employee

name member_of
“Ana” 1
“Bob” 1
“Chloe” 3

team

1d team_name

1 "Engineering"

2 "Marketing"

3 "Research”

team_name

owns

team

PERA analog
name member_of
(S EWES / \relates
ORI member team
............. Lo e
employee [ plays plays ™
Convention: e el
employee name
owns
draw as : employee » name

&> TypeDB




The graph model

“Types”:

Instances:

RS

A ,\m\ne(‘ /Of

lllllll



The graph model

|

Instances: node

PR

A Amher /Of

lllllll



The graph model

| |

Instances: node edge

RS

lllllll



The graph model

| | |

Instances: node edge value

PR

A Amher /Of

lllllll



The graph model

reference to
instance of

Instances: node edge value

SR e

amher - Of

Vaticle
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The graph model

contained in
mstance of

reference to
instance of

Instances: node edge value

SR e

~mhev — Of

th le

TypeDB




The graph model

contained in
/\instance of Remark.
In the LPG, nodes and
"Types”: node label edge label property key edges can be assigned
multiple labels, which

emulates "subtype

~__ _~

reference to
instance of

hierarchies". However,

this provides no

meaningful way to

Instances: node edge value model inheritance of

type behaviors.

employee member_of

name | : "Ana position| : "Director"

team

team_name | : "Engineering"

/\ > TypeDB




The graph model: a simple example

PERA analog
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The graph model: a simple example

PERA analog
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The graph model: a simple example

PERA analog

lllllll



The graph model: a simple example

owns

PERA analog TE
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The document model

“Types”:

Instances:

employee

A

id

name

"Anall

id

name

llBob"

team

N

team_name

members

: "Engineering"

<

eid 1

@

Vaticle
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The document model

//T , collection
ypes . of docs
Instances: document
employee
r—//\\ N r—//\\
_id | 1 _id : 2
name | : "Ana" name | : "Bob"

team

A

team_name

members

: "Engineering"

<

eid 1

@
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The document model

]

key to
subdoc

//T , collection
ypes . of docs
Instances: document
employee
r—/\ r—/\
_id | 1 _id
name "Ana" name

"Bob"

A

members

key to
value
team
team_name : "Engineering"

<

eid

01

@
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The document model

]

key to
subdoc

//T , collection
ypes . of docs
Instances: document
employee
r—/\ r—/\
_id | 1 _id
name "Ana" name

document

"Bob"

reference value
team
team_name : "Engineering"

members

<

eid

01

@

Vaticle

TypeDB



The document model

contained in
instance of

“Types”:

Instances:

employe

S

....................................................

collection
of docs

]

key to
subdoc

A

id

name

"Ana"

document

1
' '
[ [
' [
' '
[ [
' [
' '
[ [
[ [
[ ]
[ 1
) '
[y ‘ .
. .
-~ .
....................................................

document

id

name

"Bob"

reference value
team
team_name : "Engineering"

members

B

eid 1 W

@
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The document model

contained in
instance of

Lo e
R .
' .
4 [y
L '
c '
0 1
0 1
0 '
0 ]

collection
of docs

“Types”:

Instances:

employe

S

]

key to
subdoc

A

id

name

"Ana"

document

document

id

name

"Bob"

reference to
instance of

key to key to
_1d value
reference value
team
team_name : "Engineering"

members

J

eid 1 W

@

Vaticle
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The document model

contained in
instance of

Lo e

P .
. .
' [y
1 '
' '
' 1

1

'

collection
of docs

]

key to
subdoc

“Types”: [

Instances:

employee

A

id | : 1

nhame | : "Ana"

document

document

reference to
instance of

id

name

"Bob"

key to key to
_1d value
reference value
team
team_name : "Engineering"

members

<

eid 1

Remark.

Semantically, some
embedded sub-
documents represent
duplicates of other
documents, but the
document model
does not relate these
logically independent
data instances.
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The document model: a simple example

employee

PERA analog

team

_id | 1 _id | : 2
name "Ana" name "Bob"
J
-
team_name "Engineering"
<
members eid | : 1
pos. | : "Director”
J
<
eid | : 2
pos. | : "Advisor"

@
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The document model: a simple example

employee

team

PERA analog

members

name

_id | 1 _id | : 2
hame | : "Ana" hame | : "Bob"
J
<
<::( team_name "Engineering"
N
members - .
pos. | : "Director”
J
N
eid | : 2
pos. | : "Advisor"
J
(G J

eid

employee

position

team_name

team

@
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The document model: a simple example

employee

team

_id | 1 _id | : 2
hame | : "Ana" name "Bob"
J
-
team_name "Engineering"
<
members - .
pos. | : "Director”
J
<
eid | : 2
pos. | : "Advisor"

name

PERA analog
J//”__” position
members
team_name
eid
team
employee
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The document model: a simple example

employee

team

_id | 1 _id | : 2
hame | : "Ana" name "Bob"
J
-
team_name "Engineering"
<
members - .
pos. | : "Director”
J
<
eid | : 2
pos. | : "Advisor"
J
J

PERA analog
J//”__” position
members
team_name
name eid

Deconcept. as

(assume that

eid NOT NULL) teanm

s

employee
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The document model: a simple example

employee

team

_id | 1 _id | : 2
hame | : "Ana" hame | : "Bob"
J
<
team_name | : "Engineering"
N
members - .
pos. | : "Director”
J
N
eid | : 2
pos. | : "Advisor"
J
J

PERA analog
position
/owns
relates
{///’— members
member
pG%; ----------------- relates team_name
name ? eid team
Deconcept. as f owns
. plays
(assume that
oOWns .
eid NOT NULL) —
employee

@

Vaticle
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Adding polymorphism to the picture

contained in contained in

reference to
instance of

contained in
instance of

node label egde label ‘ property key )

reference to
instance of

contained in
instance of

collection key to 2
of docs subdoc : _id

reference to
instance of
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Adding polymorphism to the picture

contained in

/\contained in

~__~

reference to
instance of

contained in

/—\ instance of

entity relation attribute
ey | type type type

reference to
instance of

contained in
instance of

collection key to 2
of docs subdoc : _id

reference to
instance of
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Adding polymorphism to the picture

contained in contained in g D
2R .~ role | - ownership

~__~

reference to
instance of

instantiated

with ref. to
contained in
/Rnstance of :
attribute

entity relation

reference to
instance of

contained in
instance of
collection key to :
of docs subdoc : _id

reference to
instance of
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Adding polymorphism to the picture

type

mntanedin :
L] S5
instantiated
. with ref. to

IIIHIIIII
implement |
instances of ¢

reference to
instance of

relation : attribute
type

/\contained in
/—\ instance of .
: entity
egde label [ property key ) type t)’ pe :

node label

contained in
instance of

reference to
instance of

key to :
subdoc § _id

&> TypeDB

collection
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Adding polymorphism to the picture

/\contamEd in contained in

reference to
instance of

contained in

/—\ instance of
node label egde label [ property key )

reference to
instance of

contained in
instance of

key to :
subdoc § _id

collection
of docs

reference to
instance of

type

mplement ¢
instances of instantiated
........ b N with ref. to
entity attribute
type type type
g L g4 g A
subtyping
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Adding polymorphism to the picture

contained in . —— """"""""""""" o
2N : ownership
'\—Vqlue : "“'->§ type
— mplement £

instance of . .
instantiated

with ref. to

instances of ¢

contained in

instance of
/R : entity relation : attribute

reference to

instance of

_____

contained in
instance of

subtyping

¢ | collection key to :
: of docs subdoc ° _id

principled + modular + polymorphic

reference to
instance of

&> TypeDB



Summary and further remarks
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Summary and further remarks

= |In comparison to other data models, the PERA model is
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Summary and further remarks

= |In comparison to other data models, the PERA model is

= Principled: types have explicit and unambiguous function
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Summary and further remarks

= |In comparison to other data models, the PERA model is
= Principled: types have explicit and unambiguous function

= Modular: safely modify implementations of
dependencies

~ -
______
- -
~ -
~ .

role +——| type®
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Summary and further remarks

= |In comparison to other data models, the PERA model is
= Principled: types have explicit and unambiguous function

= Modular: safely modify implementations of
dependencies

typel

-
="
-
-
.

role +——| type®
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Summary and further remarks

= |In comparison to other data models, the PERA model is
= Principled: types have explicit and unambiguous function

= Modular: safely modify implementations of
dependencies

= Polymorphic: directly express type capabilities and type
inheritance

-
="
-
-
.

role +——| type®

1
' R ' relates
sub v

subtypel
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Summary and further remarks

= |In comparison to other data models, the PERA model is
= Principled: types have explicit and unambiguous function

= Modular: safely modify implementations of
dependencies

= Polymorphic: directly express type capabilities and type
inheritance

= .. and more: variadicity, globality, ...

typel type2 type3

A “\_—E.f..) ipla\/S ______

P Plaey vy P

. i role ie——| type0
<ub ‘ I ' relates
subtypel

relates relates
role2 role3

Vaticle
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Summary and further remarks

= |In comparison to other data models, the PERA model is
= Principled: types have explicit and unambiguous function

= Modular: safely modify implementations of
dependencies

= Polymorphic: directly express type capabilities and type
inheritance

= .. and more: variadicity, globality, ...

= The PERA model follows a type-first approach
» In schema-less approaches types are an after-thought

= Requires us to think about types ahead of time, but
modularity makes continuous development painless

type0d

second_favorite_music_instrument:

__ fields’
10 surpr=® fed

relates

................

"Guitar"

TypeDB
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_ * Epilogue:
~~ Beyond the basics

Polymorphic pattem—based»quer\/ing and reasoning
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Polymorphic querying and reasoning
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Polymorphic querying and reasoning

= Type-theoretic querying
» Queries via patterns ... patterns via types
» Elegant and intuitive querying paradigm
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Polymorphic querying and reasoning

= Type-theoretic querying
» Queries via patterns ... patterns via types
» Elegant and intuitive querying paradigm

“data type of solutions”
— fully declarative QL
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Polymorphic querying and reasoning

» Type-theoretic querying “data type of solutions”
» Queries via patterns ... patterns via types — fully declarative QL

» Elegant and intuitive querying paradigm

= [ype-theoretic reasoning
» Type system is a collection of rules (e.g.: subtyping)
» User-defined rules can extend this to derive new data
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Polymorphic querying and reasoning

» Type-theoretic querying “data type of solutions”
» Queries via patterns ... patterns via types — fully declarative QL

= Elegant and intuitive querying paradigm

= [ype-theoretic reasoning
» Type system is a collection of rules (e.g.: subtyping)
» User-defined rules can extend this to derive new data

Both are key functions of the PERA model ...let's give a brief preview!
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Pattern-based querying with interface polymorphism

match
$eng_team isa team, has team_name "Engineering";
(team: $eng_team, member: $m) isa team_membership;
fetch
$m as engineer: name;

Vaticle
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Pattern-based querying with interface polymorphism

match — Pattern
0 " . c ",
$eng—team 1sa team ’ has team_name Englneer'lng ’ statements with variables that can be
(team: $eng_team S member : $m) 1Sd team_member'ship; “solved for” by substituting objects and
fetch — attributes for variables

$m as engineer: name;

Vaticle
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Pattern-based querying with interface polymorphism

match — Pattern
0 " . c ",
$eng—team 1sa team ’ has team_name Englneer'lng ’ statements with variables that can be
(team: $eng_team S member : $m) 1sa team_member'ship; “solved for" by substituting objects and
fetch — attributes for variables

$m as engineer: name;

» match clause, line 1
» $eng_teamis some existing team object
» that object must be the owner of the team_name "Engineering"

&> TypeDB



Pattern-based querying with interface polymorphism

match — Pattern
0 " . c ",
$eng_team 1sa team ’ has team_name Englneer'lng ’ statements with variables that can be
(team: $eng_team S member : $m) 1sa team_member'ship; “solved for" by substituting objects and
fetch — attributes for variables

$m as engineer: name;

» match clause, line 1
» $eng_teamis some existing team object
» that object must be the owner of the team_name "Engineering"
= match clause, line 2
= there exists a team_membership object, left unassigned, but required to

have a team roleplayer $eng_team and a member roleplayer $m

&> TypeDB



Pattern-based querying with interface polymorphism

match — Pattern
0 " . c ",
$eng_team 1sa team ’ has team_name Englneer'lng ’ statements with variables that can be
(team: $eng_team S member : $m) 1sa team_member'ship; “solved for" by substituting objects and
fetch — attributes for variables

$m as engineer: name;

» match clause, line 1

. t ' Isting t bject )
$eng_teamis some existing team objec What concept (ie. type)

» that object must be the owner of the team_name "Engineering"
does $m belong to?

= match clause, line 2
= there exists a team_membership object, left unassigned, but required to The answer is “polymorphic”™ $m can

have a team roleplayer $eng_team and a member roleplayer $m DG U G e SR TS
themember role.
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Pattern-based querying with interface polymorphism

match — Pattern
0 " . c ",
$eng—team 1sa team ’ has team_name Englneer'lng ’ statements with variables that can be
(team: $eng_team S member : $m) 1sa team_member'ship; “solved for" by substituting objects and
fetch — attributes for variables

$m as engineer: name;

» match clause, line 1

. t ' Isting t bject )
$eng_teamis some existing team objec What concept (ie. type)

» that object must be the owner of the team_name "Engineering"
does $m belong to?

= match clause, line 2
= there exists a team_membership object, left unassigned, but required to The answer is “polymorphic”™ $m can
have a team roleplayer $eng_team and a member roleplayer $m belong to any type that implements
_ themember role.
» fetch clause, line 1

= for each “engineer” object $m return the name attribute(s) of $m
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Pattern-based querying with inheritance polymorphism

match
$e isa employee;

(team: $t, leader: $e) isa team_leadership;

fetch
$e as leader: name;
$t as team: team_name;

team_membership

A
' sub

plays ST . relates
employee > member <
P e
7 sub
:’ 1 p|a\/S R S— E relates
sub ! | director » leader i+

team_leadership

Vaticle
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Pattern-based querying with inheritance polymorphism

match

$e isa employee;
(team: $t, leader: $%$e) isa team_leadership;

fetch

$e as leader: name;

$t as team: team_name;

employee

4 A
“ sub

sub: | director

pIEVS

-]i-

relates

team_membership

A
' sub

-]i-

team_leadership

= match clause, line 1
= States $e is a employee object
» In particular, $e could be a

director object!
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Pattern-based querying with inheritance polymorphism

match » match clause, line 1
$e isa employee; « States $e is a employee object
(team: $t, leader: $e) isa team_leadership; « In particular, $e could be a
fetch director object!

$e as leader: name;
$t as team: team_name;

= match clause, line 2
» States a team_leadership
exists with leader $e

« Can infer$eisadirector

plays N . relates )
employee > member i< team_membership
« 4 ' A
7 sub § E isub
¢ : plays SamaSERSS e 5 relates ' :
sub! [ director > leader i< team_leadership
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Pattern-based querying with inheritance polymorphism

match » match clause, line 1
$e isa employee; « States $e is a employee object
(team: $t, leader: $e) isa team_leadership; « In particular, $e could be a
fetch director object!

$e as leader: name;
$t as team: team_name;

» match clause, line 2
» States a team_leadership
exists with leader $e

« Can infer$eisadirector

employee > member i< team_membership « fetch clause:
7 4 """""" A = The time we return tuples of
© B : sub employees $e (with names) and
f Plays e 0 feltes : : teams $t (with team_names
sub: | director > leader i< team_leadership S - )
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Reasoning in complex domains

define rule director-team-members-are-leader: when {
$d isa director;
(team: $t, member: $d) isa team_membership;

} then {
(team: $t, leader: $d) isa team_leadership;

¥

Vaticle
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Reasoning in complex domains

define rule director-team-members-are-leader: when { _
$d isa director;

(team: $t, member: $d) isa team_membership;
1 then { I
(team: $t, leader: $d) isa team_leadership;

¥

When clause

contains a pattern stating
the rule's assumptions

Vaticle
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Reasoning in complex domains

define rule director-team-members-are-leader: when { _
$d isa director;
(team: $t, member: $d) isa team_membership;

When clause

contains a pattern stating

the rule's assumptions
} then { —
(team: $t, leader: $d) isa team_leadership; Then clause
} . | statement of data to be derived
’
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Reasoning in complex domains

define rule director-team-members-are-leader: when { _
$d isa director;
(team: $t, member: $d) isa team_membership;

When clause

contains a pattern stating

the rule's assumptions
} then { —
(team: $t, leader: $d) isa team_leadership; Then clause
} . | statement of data to be derived
’

» when clause
» States $dis a director object
» States $d is amember inateam $t
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Reasoning in complex domains

define rule director-team-members-are-leader: when { _
$d isa director;
(team: $t, member: $d) isa team_membership;

When clause

contains a pattern stating

the rule's assumptions
} then { —
(team: $t, leader: $d) isa team_leadership; Then clause
} . | statement of data to be derived
’

= when clause

» States $dis a director object

= States $d is amember ina team $t
= then clause

= States $dis a Lleader of team $t
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Reasoning in complex domains

define rule director-team-members-are-leader: when { _
$d isa director;
(team: $t, member: $d) isa team_membership;

When clause

contains a pattern stating

the rule's assumptions
} then { —
(team: $t, leader: $d) isa team_leadership; Then clause
} . | statement of data to be derived
’

» when clause

: : . In other words:
» States $disadirector object . ,
] ] “directors are automatically
» States $d is amember ina team $t , ,
designated as leaders in all
» then clause

_ teams they are members in”
» States $dis a leader of team $t
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Reasoning in complex domains

define rule director-team-members-are-leader: when { _
$d isa director;
(team: $t, member: $d) isa team_membership;

When clause

contains a pattern stating

the rule's assumptions
} then { —
(team: $t, leader: $d) isa team_leadership; Then clause
} . | statement of data to be derived
’

» when clause

» States $dis a director object n other words

. . “directors are automatically
» States $d is amember in a team $t

designated as leaders in all
= then clause
= States $dis a leader of team $t

» Note: same pattern-based QL used throughout!

teams they are members in.”
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Summary
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Summary

= Patterns in the PERA model:
= express combined statement about type instances and dependencies
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= are fully composable and declarative
= can be type-checked!
= Patterns underlie two key functions to the PERA model:
» type-theoretic query language: TypeQL

= rule-based Reasoning Engine




. Lecture review:
The PERA model

A fast evolving foundational model for modern databases
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Lecture #4 conclusion

We defined concepts, instances, and
concept dependencies abstractly

Used these simple conceptual
principles to develop the PERA model
Reverse-engineered concepts and
dependencies of existing data models

entity types relation types

(global constants) | attribute types

: §ownershipé
e . type
R
instances of instantiated
...................................................................... with ref. to
entity relation § attribute
type type : type
FA e 7oA

~ ~
...............

subtyping

= |n comparison, the PERA excels as a principled,
modular, polymorphic, and types-first model
= Integrates type-theoretic querying and reasoning
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Check out our previous lectures

Replay now available

@ TypeDB.Lecture: TypeDB the polymorphic database

TypeDB Fundamentéls Lecture Series

TypeDB: the Polymorphic Database

>

Previously: Computational Solid-State Physicist
Bl @ University of Surrey

Watch on  [EBYouTube

. Watch later  Share

@ ?VDEDB

Replay now available

@ TypeDB.Lecture: Why We Need a Polymorphic Database (L lad
- . Wetch later  Share

TypeDB Fundamentals Lecture Series

Why We Need a Polymorphic Database

>
- Dr. James Whiteside
Research Engineer, Vaticle

Previously: Computational Solid-State Physicist
£ @ University of Surrey

Watch on @B Youlube

Watch at TypeDB.com/lectures

Replay now available

@ TypeDB.Lécture: Type Theory as the Unifying Foundation for Modern Databases

TypeDB Fundamentals Lecture Series

Type Theory as the Unifying

Foundation for Modern Databases
i >

Dr. Christoph Dorn

Head of Research, Vaticle

Previously: Theoretical Computer Scientist in Category Theory
- @ Oxford University

Watch on @@Youube

... Watch Later

1 TVpens

&> TypeDB




Vatlcle

TypeDB

Thank you!
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More TypeDB Resources

(=

N

TypeDB Learning Center
typedb.com/learn

Download TypeDB
typedb.com/deploy

TypeDB Cloud
cloud.typedb.com

Vaticle

@ TypeDB


http://typedb.com/learn

1 Types

Join us at typedb.com/discord




