FACULTY
OF MATHEMATICS
AND PHYSICS

Charles University

Pavel Koupil, Martin Svoboda, Irena Holubovd

MM_Cat: A TOOl f()r M()d@llﬂ g and 24th International Conference on Model-

Driven Engineering Languages and

Transformation of Multi-Model Data  systems

Virtual Conference (Fukuoka, Japan)

llSiIlg Categ ()I'y Th@()ry October 10-15, 2021



Motrvation

QUELEI P table Customer
+ Variety teature of Big Data
/ 5 Mary Customerld |FirstName | Address | Credit
Friend Friend L Mary 3000
2 Anne 2000
+ Level of support of multiple data models in MMDBMS varies greatly " 3 John .. | 5000
nne John L — —_—
+ No unified approaches exist p— r—
. . o o I f 'I
+ Necessity of multiple model-specific model and 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]
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+ 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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MM-cat: An Extensible Framework

+ Multi-model data management framework based on category theory (strong formal background) FirstName  Quantity
() Address () Productld
Credit O O O O Price
ustomerld () QT T T /
+ Enables to represent a multi-model schema using a schema category oy —> 0 <O O —> O Nan
' C t Product
+ Can be automatically extracted from a conceptual model, e.g., ER model / H{Culﬁo(r)nn:{d}} o 0. H{{Productld}}
A Order |
# Can cover (combinations of) existing logical data models {Orderld}}
Frlend O T—’ (O— O Items
« Can be visualized using a multigraph Orders / \ ) l
O O O

Orderld Paid IltemQuantity

+ Enables to map the categorical model to any (combination of) DBMS(s)

* Implementation specifics of particular DBMS(s) are hidden to user (demonstrated using MongoDB and PostgreSQL)

+ Enables to transform the data from the underlying DBMS(s) to an instance category and vice versa, i.e., data migration

+ Instance category serves as a mediator for a unified representation of data instances



MM-cat: Modular Architecture

+ Modular architecture . Querying .. Evolution Management ,, ~_ DataMigration ., _Schema Inference ,
? ? ] 1
* Allowing simple extension towards additional r Schema Category ®) I
- O
data models (DMBSs) - nstance Category S Database
o S O S O 0
Model-To-Category Transformation Category-To-Model Transformation —CO—
* Advanced data management tasks built on top of the & © © s
categorical representation T OH | &
AbstractPullWrapper <
o Quel‘ 1n AbstractPushWrapper
y g AbstractlOWrapper
AbstractDDLWrapper
* Evolution Management
O O O O O O O O O O
F—F+—F+ —F —F F—F—F+F—F
« Data Migrati()n WrZEEaM Wr:i;fem WZEE;M WraE)I)\peM Wrng:eM W;%:iern Wfifn WEEW W;Zuiern Wﬁiﬂn
? ? ? ? ? I A ¢ 9
+ Schema Inference DBMS DBMS n
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Running Example

1. An ER schema of the target problem domain is created
2. This ER schema is automatically transformed to the schema category
3. Mapping of logical data models (DBMS components)
* Scripts with the resulting CREATE statements are generated
4. PostgreSQL to MongoDB data migration
* Data is loaded from PostgreSQL to the instance category
“ Collections in MongoDB are created, if necessary

* Contents of the instance category is materialized in MongoDB



Summary

# Current version of MM-cat provides

+ Modular and extensible framework

* A tool tor user-friendly modeling of multi-model data
“ Captures specifics of popular data models

“ Migration ot data between multiple DBMSs

“ Extensions currently being added and future work:
+ Implementation of a unifying conceptual query language
* Intra and inter model modifications of the schema, i.e., evolution management

* Automatic schema inference over schema-less (and schema-mixed) multi-model data and its mapping to schema category



T'hank you for your attention...



