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« 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.

DISIT lab, NeSyAlatScale 2025-26
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Calculation and Performance:

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

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.

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.

DISIT lab, NeSyAlatScale 2025-26
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Node-RED 8
[Iﬂl][l Utenti terzi
T NAS
b 192.168.1.182
VM 192.168.1.52
% & C  ClearML Serving Inference > l @LE ARIML AGENT
< [ API Manager
3
192.168.1.183
\CLEAR ML SERVER . a @LEAR-ML o
= Esequi &
> [ Gestione ruoli ]
Interfaccia
Q Q [ Controllo IP ] 1
- — 1 7y ‘ I
Utenti Lab y I
ClearML fg/ |
= Utils '\_?

VM 192.168.1.150

= *
Jupyterhub
L ]

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

NVIDIA NVIDIA NVIDIA

H100 NVL RTX 4090 RTX 3090

DISIT lab, NeSyAlatScale 2025-26
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queue_namel
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worker_id

{CLEARIML AGENT

Task > > Task >

7l

EARIML SERVER

queue_name2

{CLEARIML AGENT

worker_id

{CLEARIML AGENT
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queue_name

) Task ) ) Tosk >@ > Task >

worker_id

‘@LEAmML AGENT

=== docker

N

@LEARIML SERVER
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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.

¢*snapdary 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.

DISIT lab, NeSyAlatScale 2025-26
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The verified User can use the publish model for inference via API on ClearML for Snap4City

&> docker & docker
%gLEARIML AGENT “gLEAmML AGENT
AP| 3: E i E
Manager Eaa—tao Eaa—tao
/ gﬁLEARIML SERVER
Ol e

CvsNAPAcy

DISIT lab, NeSyAlatScale 2025-26
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Service provision is enabled in two ways:

e SPORADIC services for REST calls (APl 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.

( )

v

task_id |
access_token —

JZL —  API @

Hash_id task_input M an age r

\ 4

L

\_ _J
DISIT lab, NeSyAlatScale 2025-26 11




« STABLE services static allocated REST calls (APl 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

UNIVERSITA
DEGLI STUDI DINFO

AND TECHNOLOGIES LAB

would make sporadic mode inefficient.

[

v

access_token

—

endpoint_name
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API
Manager

specific_ip

¢“SNAP/crry @

& J

&
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Developed for internal use only, allows to:

 Resource management for APl 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

ClearML
Utils

DISIT lab, NeSyAlatScale 2025-26
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Programming microservices using visual programming with node.js

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

e HTTP Reques block: call the endpoint for inference using json

2

Node-RED

DISIT lab, NeSyAlatScale 2025-26
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r f ; A L A . \

£ Properties & B H
var access_token = msg.payload; = Method POST v
Access token 2 msg.headers-() _
3  msg.headers["content-type”]= "application/json”; @ URL ENDPOINT NAME
1 4 msg.headers["Accept”]= "application/json™; | - N
Save In 5 msg.headers["Authorization™]= "Bearer " + access_token; Enabl SSUTLS i payload:
- () Enable secure ( ) connection [{"digit":8,"confidence":0.99994132
I I ISg o payload 7 load [ Use authentication 58666992} ]
g- msg.an oad= { — —> topic: ""
9 access_token”: access_token, [J Enable connection keep-alive )
18 "endpoint™: "<ENDPOINT_MAME>", b headers: object
11~ params ! o . [J Use proxy statusCode: 200
12 param_1": "value",
13-« } [ Only send non-2xx responses to Catch node
14- }
15 return msg;| € Retun a UTF-8 string hd
¥ Name Name

DISIT lab, NeSyAlatScale 2025-26 15
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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.

¢“SNAP/crry

Project

Preprocessing

HPO

Training

Validating

Inference

Task

Task

Task

Task

M~ [~ [~ [~ e~

Task

N ¥\ &

DISIT lab, NeSyAlatScale 2025-26
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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

v

installed in the container.

31 Training_GCN_v14_features_embedding

EXECUTION

BINARY python3.9

UNCOMMITTED CHANGES

Task.add_requirements(“numpy™, "1.23.5%)
Task.add _requirements(“pandas™, "1.3.3")
Task.add_requirements(“accelerate™, "8.31.8")
Task.add_requirements(“bitsandbytes™, "0.43.1")
Task.add_requirements(“torch™, "2.6.84cul24™)
Task.add_requirements(“networkx”, “3.4.2")
Task.add requirements("six")

# ## Caricamento dataset

INSTALLED PACKAGES PIP -

accelerate==0.31.8
aiohappyeyeballs==2.6.1
aiohttp==3.13.2
aiosignal-=1.4.8
alembic==1.17.2

anyio=—4.11.0
asttokens==3.08.1

async-timeout==5.8.1
attrs==25.4.8
bitsandbytes—0.43.1
branca==0.8.0

DISIT lab, NeSyAlatScale 2025-26
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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.

task=Task.current_task()
logger= task.get logger()

DISIT lab, NeSyAlatScale 2025-26
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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.

hyperparams = {
"hidden_channels®:512,
"num_layer®: 9,
"num_layer fc': 4,
‘dropout’: @.4 ,
"learning_rate': 8.8881,
"batch_size': 18,
"epochs’: 1@,
‘patience’: 188,
"type_activation conv':8,
"type activation fully':4,
"sigmoid®:1

hy

task.connect(hyperparams)

wiel L1

fan .“

¢“SNAP/crry

COMPLETED

$| Training_GCMN_.

EXECUTION CONFIGURATION ARTIFACTS NFO CONSOLE SCALARS PLOTS DEBUG SAMPLES
USER PROPERTIES (o)
GENERAL
[2) Properties
batch_size 16 =
HYPERPARAMETERS ~ dropout 0.4 =
[ Datasets epochs 1000 =
learning_rate 0.0001 =
num_layer 9 =
num_layer_fc 4 =
patience 100 =
sigmoid 1 =
type_activation_conv 0 =
type_activation_fully 4 =

DISIT lab, NeSyAlatScale 2025-26
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* Artifacts are central to the execution of a task,

as they comprise a large portion of the code . |
output.

3URATION ARTIFACTS

OUTPUT MODELS

ibili 1 MOEL HANE Training_GCN_Pretraining_.
* Reproducibility refers to ensuring the user can = :

store, view, and retrieve this information. oo e
* |n 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.

DISIT lab, NeSyAlatScale 2025-26



UNIVERSITA DINFO ™ Wl T )
PIRENZE (Emece psmameymes, YSNAPcry &
F I RE N Z E DELL'INFORMAZIONE DISTRIBUTED DATALlNTELLlGENCE CITy a_:w

AND TECHNOLOGIES LAB

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.

DISIT lab, NeSyAlatScale 2025-26
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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.

¢“SNAP/ciry

logger= task.get logger()
logger.report_scalar{title="Loss"', series='Train Loss', iteration=epoch, value=loss_average)

plt.figure(figsize=(18,5))

plt.plot( }
plt.xlabel(" ")
plt.ylabel(" ")
plt.title(” ")

plt.xticks({rotation=45)
plt.grid(True)
plt.show()

plt.close()

DISIT lab, NeSyAlatScale 2025-26
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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.

DISIT lab, NeSyAlatScale 2025-26
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CarParkDataMinMax v1....

5.64 MB 1, 3 daysago

T

CarParkDataMinMax v1....

5.06 MB .1, 4 days ago

CarParkDatalmputed v1...

3.62 MB 1, 4 days ago

CarParkData v1.0.0

1.81 MB .1, 4 days ago

24
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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

DISIT lab, NeSyAlatScale 2025-26
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BackBone v1.0.0

51.07KB L 11 daysago

File Name (1 files

[ Backbone_project py 51.07KB
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PUBLISHED

‘ﬁ'_ Training_GCN_Pretraining_v14_features_embedding - best_model

CREATED AT:

UPDATED AT:

FRAMEWORK:

STATUS:

MODEL URL:

USER:

ARCHIVED:

PROJECT:

DESCRIPTION:

GENERAL NETWORK LABELS METADAT,

LINEAGE

=
T
=
r
=
-
[44]

Dec 9 2025 18:52
Jan 23 2026 14:09
PyTorch

Published

ng.eb310291388e4935a6dd9dB5e98f499¢/models/best_model pth k3
ClearUser16
No
IPO_Traffic_Flow_Reconstruct

Created by task id: eb310291388e4935a6dd9d85e98f49%9¢

DISIT lab, NeSyAlatScale 2025-26
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use it for inference.

IE) 2458803 = »

PLOTS

fTraining_GCN_Pretraining_v14_features_embeddi
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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

DISIT lab, NeSyAlatScale 2025-26
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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.

DISIT lab, NeSyAlatScale 2025-26
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import numpy as np

import matplotlib.pyplot as plt

from functools import reduce

import torch

from torchvision.datasets import MNIST
from torch.utils.data import Subset

import torch.nn as nn

import torch.nn.functional as F

import torchvisien.transforms as transforms
import os

from sklearn.metrics import accuracy score, classification_report, precision_score, recall score, 1 _score,confusion_matrix
from torch.utils.data import Dataloader
from tqdm import tgdm

#----- ClearML Configuration ----------
import clearml

from clearml import Dataset

from clearml import InputModel, Logger, Model, OutputModel,Task
os.enviren[ 'CLEARML_WEB_HOST'] = “http://192.168.1.52:38808"
os.enviren[ "CLEARML_API_HOST'] = “http://192.168.1.52:38@8"

os.environ[ "CLEARML_FILES HOST'] = "http://192.168.1.52:8681"
os.environ[ "CLEARML_APT_ACCESS KEY'] =

os.environ[ "CLEARML_API_SECRET_KEY']

Task.
Task.
Task.
Task.
Task.
Task.
Task.

add_requirements("numpy”, "1.23.5")
add_requirements({“pandas™, "1.2.3")
add_requirements(“accelerate”, "8.31.8")
add_requirements("bitsandbytes", "8.43.1")
add_requirements("torch”, "2.6.8+cul24™)
add_requirements("networkx", "3.4.2")
add_requirements("six")
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dataset= Dataset.create(

dataset project=" o o dataset= Dataset.get(

dataset_id=" ", alias=

, dataset name=

)
dataset.add files({path= "es.json™)

dataset.upload()
dataset.finalize()

> )
folder path= datatset.get local copy()

try:
ds = Dataset.get(
dataset project=CODE_PROJECT,
dataset_name=CODE_MNAME,
only completed=True
)
print(“Backbone gid importato™)
except ValueError:
print(“carico Backbone...... ")
ds = Dataset.create(
dataset_project=CODE_PROJECT,
dataset _name=CODE_MNAME
)
ds.add_files('Backbone_project.py”)
ds.upload()
ds.finalize()

code _ds = Dataset.get(
dataset_project=CODE_PROJECT,
dataset_name=CODE_MNAME,
only completed=True

)

code path = code_ds.get local copy()

sys.path.insert(8, code_path)

from Backbone project import *
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Task Initilize —

Save Model
Report Metrics —
Close task

¢“SNAPciry

def train():

hyperparametres={

"in_channels": 1,
"out_channels": &4,
"depth™: &,
"num_classes": 1@,
"epochs™: 2@,
"batch_size" 512,
"learning_rate" : 8.861,
"weight_decay”™ : 9.881

h

task = Task.init{project name=f"'{MAME USER}/Lesson CMNN',
task name=f"'Train_CNN",
task_type=Task.TaskTypes.training,
output_uri=True, -
reuse_last_task id=False,
continue last_task=False,

)

output_model = OutputModel(task = task, framework = "PyTorch")
task.set_base_docker(" r)
task.execute_remotely(queue_name="
task.connect(hyperparametres)

mnist ds = Dataset.get(datasetSds" "
local path = mnist_ds.get local copy()

ds_train, ds_test = Load Data(local path)

device = "cuda" if torch.cuda.is_available() else
logger= task.get_logger()

C——

",exit process=True)

" T

cpu

model= CNN_Customize(depth=hyperparametres[ "depth™],
in_channels=hyperparametres["in_channsls"],
out_channels=hyperparametres["out_channels™],
num_classes=hyperparametres["num_classes"
)
model= model.to(device)
model trained=Training Model{model, ds_train, device,hyperparametres[”epochs"],hyperparametres["batch_size"],
hyperparametres["learning_rate"],hyperparametres["weight decay™] )

torch.save(model_ trained.state_dict(), "Best_model.pth™)

accurancy_test, report_dict_test, om,
logger.
logger.
logger.

_= Validation_Model{model_ trained, ds_test, device,512)
report_scalar{title="metrics",series="accuracy test"”,value=accurancy_ test,iteration=0)
report_scalar{"metrics", "fl_score”, wvalue=report_dict_test["macro avg"]["fl-score”], iteration=8)
report_scalar("metrics”, "precision”, walue=report_dict test["macro avg"]["precision™], iteration=@2)
logger.report_scalar{"metrics”, "recall”™, wvalue=report_dict test["macro avg”]["recall™], iteration=8)
logger.report_confusion_matrix("confusion matrix","test"”,iteration=1, matrix= cm)

task.mark_completed()

task.close()
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a Train_CNN

CONSOLE

Hostname: ]

le

Validation Loss: ©.9474852712321281

Model Training: 9@% 18/20 [@1:8: 186, 3.44s/it]
2026-82-85 11:2 Evaluating: 8% 8/24 [0@:00
Evaluating: 17% 4/24 [@0:08<00:88, 39.72it/s]A
Evaluating:

8/24 [00:00<00:00, 30.88it/s]A

Evaluating: 13/24 [P9:00<00:00, 48.30it/s]A
Evaluating: 18/24 [00:00<00:00, 48.53it/s]A
Evaluating: 24/24 [00:00<00:008, 41.36it/s]
Training Loss: 8.4634216084734786 of Epoch 18
Validation Loss: 8.6829235584878917

Model Training: 95% 19/28 [@1:@' @83, 3I.44s/it]
Evaluating: 8% 8/24 [08:088

Evaluating: 17% 4/24 [@9:00<00:88, 39.93it/s]A
Evaluating: 38% 9/24 [09:00<00:08, 48.19it/s]A
Evaluating: 14/24 [89:80<00:00, 48.32it/s]A
Evaluating: 19/24 [99:09<00:00, 48.00it/s]A
Evaluating: 24724 [00:009<00:800, 41.88it/s]
Training Loss: 8.45175535850068355 of Epoch 19
Validation Loss: @.5842288060622215

Model Training: 1@e% 28/20 [@1:0: 198, 3.43s5/it]

2026-82-85 11:28: Evaluating:

8% 8/2a [0a: 2it/5]2026-82-85 19:28:30,138 - clearml.Task - INFO - Completed

Evaluating: 10@% 20/20 [0@:08<00:80, 39.80it/s]

2826-02-85 11: Process completed successfully

'WORKERS AND QUEUES WORKERS

CPU and GPU Usage

= IS I =

2:45PM 305PM 335PM 55 PM 405 PM 415PM 425 PM 435 PM 445 PM

@ CPU Usage (avg) () GPU Usage (ava)

% AVAILABLE WORKERS

a few seconds ago

Training

Training
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PROJECTS / EXPERIMENTS

D SORTED BY « COMPLETED

fH HPO_prova

O t4t HPO_prova -+ Completed

rr e EXECUT FIGURATIO! ARTIFACTS NF CONSOLE ~ SCALARS  PLOTS DEBUG SAMPLES o]
Updated 8 minutes ago  Created by Cl 21 Rerations
Accuracy/Validation Accuracy Loss/Train Loss
O # Train_CNN: General/batch_size=1024 General/.. 0.8
opt: 0038edf9019c4595b8723822806ce131 optimization
19 lterations 0.7 08
0.6
0.7
[0 & Train_CNN: General/batch_size=256 General/d...
0.5
opt: 0038edf9019c4595b8723822806ce13f optimization 0.6
Updated 12 min 6 9 lie ns 0.4
0.5
0.3 -
[0 @ Train_CNN: General/batch_size=256 General/d...
. 10 15 20 10 15 20
opt: 0038edf9019c4595b8723822806ce131 optimization Iterations Iterations
Updated 12 min C 16
last reported [ min last reported [N min
[0 @ Train_CNN: General/batch_size=512 General/d...
opt: 0038edf9019c4595b8723822806ce131 optimization remaining budget resources
100 2
[0 @ Train_CNN: General/batch_size=512 General/d... 80 15
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task id iteration General/batch_size
20.9 1024
€55d93...
1000
Parallel Coordinat
arallel Coordinates
850
44able... =0
800+
15.5 7501
700
< 202ef3...
18.5
fdba1b...
18
17.5
45chée...
17.1
task id Loss/Train Loss Accuracy/Validation

Accuracy

45ch6ee22bagazes07pyas 0-867783840032334 0.7750833333333333

fdb41b4a1f30400000cces; 0-43607964028703407  0.7413333333333333

2026f22011624b5500555] 0-6940597324205247

S U m m a ry 44ab1e5ac35746998ca46¢

]

0.6318333333333334
0.6940597324295247 0.6318333333333334

5d036668ab40h4gccaag 0-0982040021911069 0.67573

iteration

19

19

19

19

19

General/depth
7.7
7.7

7.6

7.5

7.4

General/batch_size

512
512
256
256

1024

General/weight_decay
0.005

Generalfepoch General/learning_rate
22 0.005
22 0.005
0.0045
215
0.004
21
0.0035
20.5
0.002
20
N 0.0025
13.5 N
AN 0.002
15 AN
N\, 0.0015
18.5 N
0.001 %
18 0.0005 4
18 0.0005

General/depth General/epoch
7 20
7 20
7 20
7 20
7 20
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0.0045

0.004

0.0035

0.003

0.0025

0.002

0.0015

0.00T
0.001

General/learning_rate

0.0005
0.001
0.005
0.005

0.001

Loss/Train Loss
0.86778

0.45608

General/weight_decay

0.005
0.001
0.005
0.005

0.001

Accuracy/Validation Accu

status

completed
completed
completed
completed

completed

0.77508

0.63183
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PUBLISHED
31 Training ) ssces. BB = X
EXECUTION CONFIGURATION ARTIFACTS INFO CONSOLE SCALARS PLOTS DEBUG SAMPLES
COMPLETED AT: Dec 2 2024 18:02
RUN TIME: 01:37m
QUEUE: queue Ao sl ol
WORKER: 42-Anan
CREATED BY: ClearUser14
PARENT TASK: N/A
PROJECT: Snap4ParkingCML
ID: e66ce5bb6789460dbda3464fcfa746d7

CLEARML VERSION

cu

clearmi-1.10.0

/root/_clearml/venvs-builds/3.10/code/Snap4ParkingCML.py

os Linux-5.15.0-102-generic-x86_64-with-glibc2.35
cpu_cores 32

datasets 2176d7f55ab9463182c6864305ff5cca
gpu_count

gpu_driver_cuda_version 124

gpu_driver_version 550.76

gpu_memory 24GB

gpu_type NVIDIA GeForce RTX 4090
hostname

ide

memory_gb 62.5
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EXECUTION CONFIGURATION ARTIFACTS INFO CONSOLE SCALARS PLOTS DEEBUG SAMPLES ¢
Accuracy Loss
2
0.8
1.5
0.7
0.6 \
1
0.5
{IIS \
0 3 10 15 0 5 10 15
Iterations Iterations
I validation Accuracy N Train Loss Validation Loss
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