
from a data scientist’s 
perspective
for those who don’t speak category theory
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The Data Science Workflow

It all starts with model 

development

But this is only the beginning...



The Data Science Workflow

Eventually the idea must be turned 

into a product. This means 

constraints:

• Interpretability of results

• Fast inference

• Cost minimization

• Fault tolerance



The Data Science pipeline

The pipeline shows the different 

steps in the model lifecycle



The pipeline implementation

To implement a pipeline it is 

necessary to resort to various 

heterogeneous tools



ZIO: A unified pipeline

ZIO: A vertical integration. One 

system to serve models, stream 

data parallelize operations etc.



Robust data pipelines
A convenient domain 

model



Robust data pipelines
A more complex domain 

model



Robust data pipelines
And an even more 

complex model



Scala + 
ZIO

- ZIO provides the necessary components 

to implement data pipelines.

- Scala is an expressive language perfectly 

suited for designing domain models.

- ZIO provides one additional level: a way to 

combine those thoughts and express what can 

happen 

{

} ..

Key conclusions



• Imagine you are a handyman.

• Of you go with your toolbox to do a 

job. You may or may not need more 

tools to do the job and you will 

either finish successfully and get 

paid or fail and face the 

consequences.

*

Enter ZIO?



• ZIO[R, E, A] is the job

•

Enter ZIO?

Type Parameter Analogy Description

R The toolbox The dependencies 

you need

E What can go 

wrong

Something was 

lost or broke

A The successful 

outcome

Do the job get paid

The simplest scenario: R = Any (means I have all 
the necessary tools to do the job), 
E = Nothing, meaning that no way I can mess 

things up



Now, of course, real-world tasks are 

rarely that simple. You might need to 

do a few smaller jobs — patch the 

wall before painting, wire the socket 

before turning on the light.

Each of these is its own ZIO — and 

because this is functional 

programming, ZIO gives you the means 

to combine them in a controlled, 

predictable way.

*

ZIO means composition, 
concurrency and 
parallelism



Library -> Runtime -> Ecosystem

(https://zio.dev/ecosystem)

Typical examples:

- ZIO core: effects, concurrency and 

parallelism, dependency injection

- ZIO streams: streaming and 

pipelines

- ZIO process: external process 

management

- ZIO Json: Json encoding/decoding

- ZIO Parser: parse text, create DSL

*

ZIO is an ecosystem

https://zio.dev/ecosystem


Examples 
& Use  
cases

{

} ..
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ZIO streams 

- Data processing.

- Data transfer.

- Sampling.

- Creating custom operators.

- Calculate statistics.

- Handle large datasets.

- Split a dataset into 

training/validation/test.

ZStream[R, E, A]

ZPipeline[-R, +E, -I, +O]

ZSink[R, E, A0, A, B]

..



Custom operators 

Select

Mutate

Slice



Custom operators 

Select

Mutate

Slice



More operators 

Select

Mutate

Slice

Group



Group By Operator

Maintain internal 
state

Keep updating state as 
inputs arrive

When there are no 
more elements to emit 

return the final 
state



A concrete example



Use case: Very Short Term Load Forecast

Problem formulation:

- Forecast the electrical load for the next quarter-hour
(15 minutes ahead) based on the most recent load 
measurements.

- Data Stream: A continuous stream of load readings sampled 
every 15 minutes: 

- Propose a new forecast function: 
- Current method: persistent forecast, 
- Evaluate whether f(.) outperforms the persistence 

baseline in terms of error metrics (e.g. MSE)



VSTLF: Implementation

Step 1: Define the stream



VSTLF: Implementation

Step 2: 
Define 
operators

A sliding 
window of 
predefined size

Return the last 
element of seq

Keep sequences of predefined size



VSTLF: Implementation

Step 3: Define model



VSTLF: Implementation

Step 4: Define some simple domain 
class to group results together



Step 5: Put everything together



Stream Broadcasting



ZIO Process

- A library to interact with other processes 

via the command line.

- This proves to be very useful in the context 

of data science.

- Train models, produce reports, orchestrate 

different processes, execute scripts etc. 

- Powered by ZIO streams.



Use case: Random Sample from a large 
dataset

Problem formulation:

- How to draw a simple random sample of size K from a large 
dataset

- We will use a technique called reservoir sampling 
- Works in the following way: fill a "reservoir" with k 

elements from your stream. For subsequent elements draw 
a random integer between 0 and an index i. If k > i then 
replace the ith element with the current element.



Use case: Random Sample from a large 
dataset



ZIO Parser 

- Parser combinator: A compositional way of building parsers. 

- ZIO Parser uses Syntax[Err, In, Out, Value]

- The In represents the type of the elements coming into the parser.

- The Out represents the type of the elements emited by the printer.

- DSLs for data analysts.

- Domain specific query systems.

- Custom languages for system configuration.

..



ZIO Parser – Use Case

..

- We use a native graph database as a modelling tool.

- Uses CYPHER query language.

- Problem: Most analysts are familiar with SQL

- Solution: develop a parser combinator-based DSL that:

1. Parses SQL-like syntax into an AST.

2. Translates the AST into CYPHER queries.

Provide a REST API to execute the SQL-like query.



ZIO Parser – Use Case

..

There are three layers to this Syntax-based parser: domain, grammar and semantic mapping

Define the semantic model – the Scala objects.

Define the structure of the language, how I expect the SQL-like tokens to appear in the text.

Define the connection between the two layers (the mapping).



SQL to CYPHER: Domain 



SQL to CYPHER: Grammar 

Atomic syntax (characters, words) 

The grammar captures the SQL’s 

alias.column syntax

Compose grammar declaratively.

alias1.column, alia2.column 



SQL to CYPHER: Conclusion

We build the 

grammar in a 

compositional 

manner

Each grammar can 

be tested and 

reused

- Parse SQL-like -> Domain

- Domain -> CYPHER 

Composable

Bidirectional Mapping

Testability



ZIO JSON 

JSON in the world of data science

Indispensable throughout a the lifecycle of the project. Examples:

- Data preprocessing: map each column of a dataset to a set of 

preprocessing steps e.g. {‘age’:[‘impute’, ‘scale’]}

- Dataset annotations: it is good practice to keep track of the data 

used to train models: {‘acquisition_date’:’2025-10-12’, 

‘source’:’production database’, ‘size’: 1000 …}

- Dataset itself: The data itself can be serialized into JSON format for 

interoperability. In some cases it is even possible to directly read a 

JSON into a data frame.

..



Use Case: Model a generic dataset

• Define a column 

trait backed by a 

DenseVector

• Define two concrete 

implementations of 

column.

• A Dataset is a 

collection of 

columns.

• Can we encode/decode 

to/from JSON?

..



Use Case: Model a generic dataset

• ZIO JSON can do many things 

automatically.

..



Use Case: Model a generic dataset

• ZIO JSON can do many things automatically. As long as 

it can figure out how to do it ☺

• In this scenario it can’t and the reason is the 

DenseVector. We can give it a hint. 

• We instruct it how to encode/decode a DenseVector.

..



Use Case: Model a generic dataset

• But the beautiful thing about the process is that we 

don’t need to go all the way. We only need to reach the 

point where the library knows how to proceed. 

• So, in this case we just intruct it how to go from a 

DenseVector to a scala vector and backwards. The rest 

is taken care of.

• Think of it as constructing a 

..



Use Case: Model a generic dataset

• Now the automatic conversion will work. 

• But maybe I don’t like the default encoding/decoding 

provided. 

• Nothing stops me from providing my own implementation 

and at the end of the day choosing whatever suits me 

best.

..



ZIO JSON takeways

..

• Automatic, type-safe JSON encoding/decoding.
• Extensible: we only help where needed.
• Plays beautifully with domain models.
• JSON made functional and composable.

Sidenote
We implemented a columnar dataset,
where each column is backed by a DenseVector.
When reading data from a source (e.g. using ZIO Streams),
we typically process rows — one record at a time.
The Breeze library provides a DenseMatrix,
which can be assembled row by row,
but — and this is the key point —
accessing columns in a DenseMatrix is extremely fast,
because Breeze stores data in column-major order.



ZIO Dependency Injection 

..

We have discussed:

• ZIO streams – model data flows.
• ZIO Parser – create your own DSL.
• ZIO Process – integrate external computations.
• ZIO JSON – serialize data in a format many processes 

understand.

We will close our discussion with ZIO dependency injection



Machine learning training

..

We will implement dependency injection using ZLayer. To 
demonstrate how Zlayer works we will model the training 
process in machine learning using Zlayer. 

We will start by reviewing the Machine Learning training 
process.



The Scala equivalent



Getting the ingredients 

Each ZLayer describes 

how to create a service, 

from Nothing or by using 

other dependencies

ZLayer



Putting everything together 

We have:

1. The concept, what it means to train a 

ML model. 

2. The domain expressed using Scala 

traits.

3. The factories to create concrete 

implementations of these ingredients

A dependency 

graph

We can combine can 

combine these into a 

dependency graph.



Bringing It All Together: The ZLayer
Dependency Graph

1.In the first three lines of code we define the base ingredients. 

No dependencies needed.

2.In the subsequent two lines we define how to build the derived 

ingredients, those that require dependencies.



Bringing It All Together: The ZLayer
Dependency Graph

We express the dependencies declaratively:

Provide the environment to the learner:



ZLayer: the compiler protects you 

What if I do something like this?

My code will not even compile:



ZLayer conclusions

ZIO Layers give us a pure, declarative dependency graph.

Each component defines what it needs and what it provides.

*

Dependency injection  functionally typed, 

aligned with our perception about ML workflows.



File transfers In memory 

caching

The ZIO ecosystem 

Streaming and 

messaging

Serve your ML 

model

Metrics and 

observability

ZIO kafka ZIO FTP ZIO Cache

ZIO Http

ZIO 

Logging More....

{

} ..

..

*



Build your own 

pipelines, 

streaming 

systems, or 

orchestration 

logic without 

extra licenses 

or fragile 

integrations.

Initial learning 

cost is amortized 

over time through 

maintainable, 

type-safe, 

production-ready 

applications

Strategic takeaways

The learning 

curve exists, 

but once 

overcome, you 

can build 

robust, 

efficient, and 

composable 

systems.

Value Self 

Reliance

ROI

{

} ..

..



Never mentioned a single word from category theory.

Programming in Scala + ZIO never gets boring.

Fun = Productivity

Above all....

PRAGMATIC + FUN

{

} ..

..

THANK YOU VERY MUCH
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