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Motrvation

QUELEI P table Customer
+ The variety feature of Big Data
/ 5 Mary Customerld |FirstName|Address | Credit
Friend Friend L Mary 3000
2 Anne 2000
+ The level of support of multiple data models in MMDBMS varies greatly " 3 John .. | 5000
nne John | — —_—
* No unified approaches exist p— r—
. . o o I f 'I
+ Necessity of multiple model-specific query constructs collection Order column family Orders
: : Customerld Orders
# There is no solid formal background { Orderld : 220,
Paid: true, 1 [220, 230, 270, ...]
ltems: |
{ Productld: T1, Name: toy, Customerld Orders
Price: 200, ltemQuantity: 2}, 2 [10, 217]
* We need a representation that would allow us to { Productld: B4, Name: book,
Price: 150, ItemQuantlty: 1 }] } Customerld Orders
« Capture all the existing data models, preferably in a unified way " 3 (94, 137, 214, 370]

T — 5

+ Query across multiple interconnected, possibly overlapping models

key / value pairs Cart
Product: T1, Quantity: 2
Product: B4, Quantity: 1

2 —» IProduct: H1, Quantity: 1 I

» Perform correct and complete evolution management

1 —>

» Enable data migration

» Permit integration of new data models

3 —>» IProduct: B3, Quantity: 2 I
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Relational Schema as a Multgraph

FirstName . 0 o
ra— O Address * Relational schema is a named set of columns
Credit O O
Customerld |FirstName| Address| Credit
1 Mary 3000 Customerld O VQT/
2 Anne 2000 O
3 John 5000 Cust 5 -
| — —_— {{Cul;?ocl)nn:Ird}} 2% Modelmg :

T — —

+ Table modeled as a named node with identifier
description

+ Column modeled as a named node

“ Table and its column representation is
connected by an arrow

* Two tables are connected by arrows



Graph Schema as a Multugraph

FirstName
table Customer O Address ’

Credit O O
Customerld |FirstName] Address| Credit

Customerld
1 Mary .. | 3000 O VQT/

L X4

Graph is a set of vertices possibly interlinked by a set of edges

/7
0’0

Named vertex is associated with an identifier and set of properties

2 Anne 2000 O
3 John | ... 5000 Customer * The same applies for a named edge
I— — {{Customerld}}
* Modeling:
graph Friends = Set of vertices of the same type represented as a named node
Mary FirstName
O + Corresponding properties modeled as a named node
Friend Friend
—> Customerid O . T « Set of edges of the same type modeled as a named node
Anne John
S 0 —— O : : :
| Customer + Property and particular vertex/edge is connected by an arrow
{{Customerld}}
E) (0) + If applicable, vertex and edge are connected by arrows
Friend

L — 0



Document Schema as a Multigraph

FirstName
table Customer O Address
Credit O O
Customerld |FirstName| Address| Credit
Customerld ()

1 Mary 3000 \ /

2 Anne 2000 O

3 John 5000 CustOmer
— — {{Customerld}}

graph Friends
Mary Flrsgame
Friend Friend
Customerld O T
Friend \
Anne John
0, (— O
Customer
{{Customerld}}
6 (0,+)
Friend

R —

* Document is a set of properties, possibly structured ones

* Modeling:
* Document is represented as a named node
+ Each property, simple or complex, is represented as a named node

« Hierarchy between properties (parent, child) represented as an arrow

Productld
O () Price
collection Order T /
() —> () Name
{ Orderld : 220, A Product
Paid: true, {{Productld}}
ltems: [ (0,%)
{ Productld: T1, Name: toy, Order
Price: 200, ltemQuantity: 2}, {{Orderld}} v
{ Productld: B4, Name: book, O = > O Items
Price: 150, ltemQuantity: 1 }]} / \ (0,+) l

Orderld Paid ItemQuantity

C — —




Columnar Schema as a Multigraph

"

* Column family is just a special kind of a

FirstName
table Customer O Address
Credit O O
Customerld |FirstName| Address| Credit
Customerld ()
1 Mary 3000 \ /
2 Anne 2000 O
3 John 5000 Customer
— — {{Customerld}
T — T ——
graph Friends
Mary Flrsgame
Friend Friend column family Orders
Customerld O
Friend \ Customerld Orders
Anne John (0,) S 0O 1 [220, 230, 270, ...]
Customer
t I
{Customerld} Customerld Orders
2 [10, 217]
V14£(0,)
O Customerld Orders
Friend 3 [94, 137, 214, 370]

— i

document...

O Customer
A {{Customerld}}

Order
{{Orderld}}

\ 4
O < . AQ)
Orders (0.4)

— ——

collection Order

{ Orderld : 220,
Paid: true,
ltems: |
{ Productld: T1, Name: toy,
Price: 200, ltemQuantity: 2},
{ Productld: B4, Name: book,
Price: 150, ltemQuantity: 1 } ]}

T — T

Productld
O () Price

I /7
() —> () Name

(0,%)
Order

{{Orderld}}

O <
/N
O O

Orderld Paid ItemQuantity

v

A Product

{{Productld}}

> O Items

!

O

T —
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Key/Value Schema as a Multigraph

FirstName .
+ Th lies tor k [
table Customer O Address o e Same app 1eS OI' ey U&l Me
Credit O O
Customerld |FirstName|] Address| Credit
Customerld () \T/ Quantit
L Mary 3000 \ key / value pairs Cart uantity
2 Anne 2000 O O
3 John 5000 Customer 1 > Producti T1,Quant|.ty:.2 \
Product: B4, Quantity: 1
— — {{Customerld}}
— 2 —» IProduct: H1, Quantity: 1 I (0,%) (0,+)
3 —» [Product: B3, Quantity: 2 | O < =0 = > O
| oo o Ay Customerld Cart  Productld
: Productld
graph Friends O
Y FirstName () Price
) O T /!
Friend Friend : collection Order
column family Orders O i O Name
Customerld O T O Customer { Orderld : 220, A Product
A Friend - \ Customerld Orders A {{Customerld}} Paid: true, {{Productid}}
nne John (0,5) O 1 [220, 230, 270, ...] ltems: [ (0.,%)
— — Customer Order { Productld: T1, Name: toy, Order
Cust d Customerld Orders v Orderld Price: 200, ltemQuantity: 2}, {{Orderld}} v
fiCustomerld}; > 10, 2171 {{Orderld)y { Productld: B4, Name: book, O = > O Items
\4 (0,%) O <t O Price: 150, ltemQuantity: 1 }]} (0,+)
O Customerld Orders Orders 0.-) I—— T / \ l
Friend 3 [94, 137, 214, 370] | — —_— O O O

| —

—

S

Orderld Paid ItemQuantity

L —
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Mula-Model Schema as a Mulugraph

« BEverything is put together to get the resulting multi-model schema of the
involved interconnected and possibly overlapping particular models

FirstName

() Address
Credit O O
Customerld () \T
\ / Quantity FirstName Quantity
FirstName O Cusiomr O Productld O O Address O Progctld
O {Customerld)} O Credit O () Price
O Price Customerld ()
Customerld O T (0,+) (0,+) T / yi\ T /
\ O= >0 = > O () —> () Name (0,%) ( O o )O( o O—>OName
0 (—= O Customerld Cart  Productld ~ Product ’ > < )
Customer - | {Productld}} A Customer Cart A Product
{{Customerld}} O (0,+) {{Customerld}} 0. {{Productid}}
rder y*
VA0, {Orderld}} \ 4 ViAZ0,) Order
FQd O customer O < > O ltems O v {{Orderld}} v
| rien | A {Customerld}} / \ (0,+) l Friend O < - > O <€ > > O ltems
o Orders ( ,*) / \ ( !*) l
rder
{{Orderld}} O O O _
O < > O Orderld Paid ItemQuantity O O O
Orders 0) Orderld Paid ltemQuantity

T — P T —
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(Small) Category

« Special kind of a multigraph C = (O, M, o ) conforming to identity and composition
laws

« Object 0, € O is depicted as a graph node
+ Bach morphism is an arrow f : 0; = 0; between 0;,0; € O
+ Composition o 1S assoclative

« For any morphisms f, g,h € /4 such thatf: 0, = 0,8 : 0, > 0yand h: 03 = 0,
it holds thathe (gef) =(hog)ef

« Whenf, g € M such thatf: 0, - 0,and g : 0, = 05 also g o f € M (composition law)

+ For every object 0; € O there exists id,; € /M such that f; jeld,;=fi=id, of;
(identity law)

Zdo,l ido,z ’Ldo 3
f )8 g A
01 09 @
gof




Schema Category &

S =0, My, o) grasps the structure of the data and basic
integrity constraints

FirstName Quantity

+ Objects represent individual entity types, relationship types and it O O Address O F’mg)“‘:”d
redi
attributes Customerle T O T O Price
stomerld () V\\ . . T /
« Internally modeled as a pair (superid, ids) 0 (== O T2 O <=5 O —> O Name
/ A Customer  cart A{{Ppgc)jchj:(t:ltd}}
Eo ; ; : : H{Customerld}} roau
« superid is a set of attributes using which the respective 46 order )
% : k S : 3 Sh \/ rder \ 4
instances can be uniquely identified, i.e., superidentifier -9 O < {{fg)e < = O Items
Orders ’
« 1ds is a set of individual identifiers, allowing simple, / \ Cl)

Composed and Overlapplng Orderld Paid ItemQuantity

= Morphism is a pair (min, max) modeling the concept of
cardinalities
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N/
0‘0

Instance Gategory

Unifying data structure f = (O ¢, M 4,0 4 )
+ Based on category of relations, i.e., Rel

« Represents data instance of schema &

7/
%?

Object internally modeled as sef of tuples ty, ..., t,

« Tuple t; represents mapping of a given superid to
particular values, i.e., function ¢, : superid — V

N/
0‘0

Morphism is a binary relation between sets of tuples

L

200

150

B4

T1

B4

book

T 1

T1

v v

toy

o~

220, T1

220, B4

v v

o

220

I

220

—>»  True Productld

O () Price

1/
() —> () Name

A Product
{{Productld}}

(0,%)
Order
{{Orderld}} v

O‘(O))Oltems
/N
O O O

Orderld Paid ItemQuantity

—



PhoneNumber

(o,*>T .
(0,1) FirstName
ﬁ LastName

Emailo—— Person
CjAddress
PostalCode

Personld

ER-to-Category Translation

0 *A {{Personld},
(0.9 (FirstName, LastName}

Email O 4(071 O —> O FirstName
v |

Personld O ¥ O LastName
(OAddress
@ O @

Street City PostalCode

Person ——© Personld

(0,%) (0,%)

Order History

TotalPrice
(0,%)

Product

—oProductld

Person
{{Personld}}

_) O
TotaIPnce | ‘ Personld
Order

0> / )
H|story Tl

Product O —> O Productld
{{Productld}}

Person

. {{Personid}}
Personld ©o—— Person [—0© FirstName Personld() «<— (O —> () FirstName
A Employee
Customer {{Personld},
{{Personld}} {Employeeld}}
Customer Employee —© Salary O < J\ > c¥ —> 0O
l l l l Salary
Credit Employeeld O O
Credit Employeeld
Price Name
O O
Price Name A A
T (1,1) (0,) T Product (0.%) Manufacturer
Product Produced Manufacturer|  {ProductNo, O = O = O{ ManufactNol}
o l ManufactNo-1-1}} Produced .
© \7 \7
ProductNo ManufactNo
O O
ProductNo ManufactNo

()




» Whole database framework based on the categorical model

Bridge between conceptual and logical representation

* Definition of schema and instance categories as a unification layer for the data
models supported in MMDBMSs

= Simplification of data models (entities, relationships and attributes are objects)

# ER-to-Category transformation algorithm

*

K/
%

R/
%

*

Categorical Framework (Vision

Extensibility of the approach, i.e., the ability to add currently not existing models
Mutual transformations of the schema /instance categories and logical models

Unified multi-model querying approach and processing

Evolution management

Credit FirstName Price

Customerld Address Quantity  productld| Name
(0,%)

Customer 0. & 0. Product
\/

(0,%)

(0,%) (0,+)
0,
@ a.1) Order ) Iter@
N
Orderld Paid ltemQuantity
FirstName Quantity
O Address O Productld
credit O O O O Price
Customerld O \T T T /
O <— O O — > O Name
Customer Product
{Customerld}} 0.) {{Productld}}
(0,%) Order ’
{{Orderld}}
Fnend O —’ (_ O ltems
Orders ' / \ l
O
Orderld Pald ltemQuantity
o) o)
O o
w{3T ) AA
@O TZO0<E50>»0
(o) ﬁ (o) ﬁg
¢ \ g

ER schema

2

Schema Category

<
—>

Instance Category
NN N NN

N

N

N

N

N

Graph
Schema

Relational
Schema

Document
Schema

Wide Column
Schema

Key / Value
Schema

- X |1=| O ;T ®©




Open Questions and Challenges

“ Capture specifics of all logical models

« Multiple labels over the same entity (property labeled graph), i.e., union types
* Possibly infinitely nested heterogeneous arrays

* Ordering and uniqueness of values

* Null (meta)values (appropriate choice of instance category)

* Multi-model schema inference, i.e., construction of a schema from already existing schema-less data

« Single unifying query language over multiple underlying logical data models, including evaluation ot difterent query plans

* Evolution management, including transformations and migrations of the data

* Fully autonomous and unified multi-model database
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T'hank you for your attention...



