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Introductions
• Adopting MLOps is essential to transforming experimentation from a chaotic 

process to a structured workflow, ensuring that each experiment is orderly, 

traceable, and scalable. 

• The heart of this approach lies in the ability to automatically monitor metrics, 

outputs, code, and artifacts, making results not only repeatable over time but also 

easily shareable across teams. 

• Thanks to an intuitive interface for real-time monitoring, resource management 

becomes extremely practical, allowing to organize each phase of the model 

lifecycle efficiently and professionally.
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Why MLOPS?

1. Calculation and Performance:
1. GPU Orchestration : Dynamic Task distribuition with remote execution and priority queue
2. Bottleneck Optimization : Workload distribution and Paralle Execution

2. Experiment Management:
1. Experiments Tracking : The system ensures repeatable and shareable results through automatic 

monitoring of metrics, code and results.
2. Model management : Facilitates versioning, sharing and archiving of datasets and models.

3. User experiences
1. Control Interface : An intuitive interface for real-time monitoring of experiments and resources, 

designed to organize experiments quickly and efficiently.
2. Integration and Compatibility: It supports many development environments, thus offering a 

wide variety of workflows and technology stacks.
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CLEARML ARCHITECTURE AT SNAP4CITY

Section I
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ClearML - Snap4City Architecture
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ClearML Agent

A ClearML Agent instance is installed on each of the Snap4City cluster's GPUs. This enables
task execution and ensures workload distribution.

. . .

H100 NVL RTX 3090RTX 4090
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Workers & Queues

queue_name1

queue_name2

worker_id

worker_id

worker_id
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queue_name
worker_id

Agent, Worker and Queue execution
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Roles definition and security management

General Roles ClearML Setup:
– Allows every user with credentials to create tasks from all device.

– Allows every user to visualize every project and visualize queues.

Integration of ClearML into the Snap4City Ecosystem :
– Has been designed in order to garantee that only verified users can access to the GPU cluster via IP 

verification.

– Defined Admin role in order to differentiate users with privileges for monitoring purpose and 
guarantee privacy of common users.

– Live notification system to enusre the monitoring of task execution and the resources availability.
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What about inference?
The verified User can use the publish model for inference via API on ClearML for Snap4City

API
Manager
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Providing services
Service provision is enabled in two ways:

• SPORADIC services for REST calls (API Task Enqueue): The execution system dynamically allocates temporary

containers only at API call time, optimizing resources since memory is not permanently occupied. This is the ideal approach for
sporadic tasks where load time is acceptable compared to processing.
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Providing services
• STABLE services static allocated REST calls (API On-Demand): Static allocation keeps models permanently in

memory after the first load, eliminating latency on subsequent calls. It's ideal for LLM and large-scale models, where high load times
would make sporadic mode inefficient.
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ClearML Utils

ClearML
Utils

Developed for internal use only, allows to:

• Resource management for API service and task queuing.

• View available resources and their current usage.

• Visualization tool for monitoring the progress of on-demand and queued requests.

• Service call monitoring and log tracking/viewing
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Node-RED Microservices

Programming microservices using visual programming with node.js

• Get access token block: take the personal access token from Snap4City

• HTTP Reques block: call the endpoint for inference using json
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Node-RED: Flow

Access token 

saved in 

msg.payload
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CLEARML FUNDAMENTAL CONCEPTS

Section II
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Tasks and Projects

• We refer to Task as the core ClearML
component.Can be viewed as an 
experiment instance.

• It is composed of all that code that we 
are interested in tracking (a training 
phase for example). Must be uniquely 
identified and all its code must be 
recoverable and reproducible.

Preprocessing

HPO

Training

Validating

Inference

Project 
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Execution
This section is essential for properly 

verifying the running code and 

installed libraries, It contains:

• The code running in the container.

• The libraries and their versions

installed in the container.
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Using JupyterNotebook

• To implement clean code, functions are obviously used, but passing the task to the function 
arguments can sometimes lead to problems.

• What you can do is request the task being executed and use the instance created.

• This leads to greater efficiency and also to a greater distinction between functions that interact 
with the task and functions that do not interact with it.
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Hyperparameters
• ClearML provides a configuration section that lists 

the used datasets and general configurations.

• In this section, ClearML, according to the code below, 
reports the configuration of the hyperparameters 
essential for the reproducibility of the experiment 
and for verifying all results associated with those 
values.
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• Artifacts are central to the execution of a task,
as they comprise a large portion of the code
output.

• Reproducibility refers to ensuring the user can
store, view, and retrieve this information.

• In the strict context of machine learning, this
section is crucial, as the best model at the end
of training is exposed as an artifact.

Artifacts are essentially the outputs of a task.

Artifacts
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• These sections represent the core of real-time monitoring, allowing to constantly monitor the 
execution of active tasks.

• Scalars:

– Reports the utilization of machine (CPU) and GPU resources

– Time series data. The X-axis is always a sequential number, usually iterations, but can also be an epoch or other (e.g., 
training loss, validation loss, accuracy).

• Plots:

– General graphs and charts, such as histograms, confusion matrices, line graphs, and custom graphs in two ways:

• Automatic reporting (depending on the library)

• Manual reporting.

• Debug Samples:

– Images, audio, and videos. 

– Can be reported per iteration.

Scalars, Plots and Debug Sample
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Logger and Automatic Reporting

• The Clearml Logger class allows you to 
save task results, as seen in the 
previous slide, using the Task object.

• ClearML automatically captures
metrics reported to major visualization
libraries, such as TensorBoard and 
Matplotlib, without the need to use 
the Logger class.

• In addition, ClearML captures and 
records everything written to standard 
output, from debug messages to errors
to library warning messages.
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• ClearML allows developers to create, update, 
upload and retrieve datasets.

• Developers can create different versions of 
the same dataset with incremental approach 
while keeping track of every update.

Dataset
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Script like Dataset

• Python scripts are essential for 
importing and reusing static 
code and utility modules, 
helping maintain a clean, 
modular, and well-organized 
project structure

• They are treated as real ClearML
datasets; this allows for dynamic 
import and updating of custom 
functions in notebooks
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Publishing the model allows authorized users to use it for inference.

Model deployment
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HPO (Hyperparameter Optimization)
• The goal of HPO is finds the set of hyperparametres values that optimize a specific

metric/metrics for the model

• The parameter search space can be specified discrete values or range uniform values

• HPO sampling different parameters set applying a user-selected strategy.

• HPO support different type of optimizer:

– Optuna: Defualt optimizer, using various sample like grid search, random, Baesyan etc…

– BOHB: Combines Hyperband searches with orentation and convergence of Baesyan optimization

– Uniform random: Classic Random search

– Full grid: Classic Grid search

– Custom: Custom class by inherting from CLearML automation strategy class
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HPO (Hyperparameter Optimization)
• The structure of HPO is based on hierarchical parent-child task architecture that separate optimization management 

from training execution.

• Hyperparameter optimization in ClearML is based on a target task, which defines the training code and the 
hyperparameters to be optimized.

• The optimization is managed by a parent task, which automatically creates and schedules multiple child tasks, tracks 
their performance metrics, selects hyperparameters according to the chosen strategy, and ranks the results.

• A key feature is the separation between management and execution: the parent task only handles orchestration, 
while child tasks perform the actual training.

• This enables distributed execution, where the parent can run on a local machine and the child tasks are executed on 
remote GPU workers, ensuring efficient resource utilization and scalable experimentation.
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A GETTING STARTED DEMO

Section III
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Authentication with Snap4City
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ClearML Server account
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Getting API keys
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Jupyter notebook: setup
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Jupyter
notebook: 

dataset

Jupyter notebook: 
script
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Jupyter
notebook: 
LifeCycle

Task Initilize

Save Model 

Report Metrics

Close task
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ClearML: monitoring execution
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HPO Example
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HPO 
Example

Parallel Coordinates

Summary
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ClearML: task ending savings 1
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ClearML: task ending savings 2
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