
Vittorio Cortellessa, DISIM, Università dell’Aquila 25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

VITTORIO CORTELLESSA

25+ years of Software Performance: 
from integrated system modelling to AI-based runtime 
analysis… any relation to sustainability?

Information Engineering, Computer Science, and Mathematics Dept.

Università dell’Aquila

vittorio.cortellessa@univaq.it

1st International Workshop on Systems and Methods for Sustainable Large-
Scale AI (GreenSys) @ EuroSys 2025, Rotterdam (NL)



Vittorio Cortellessa, DISIM, Università dell’Aquila                          25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

2Credits for this presentation

Daniele Di Pompeo

Michele Tucci

Luca Traini

Federico Di Menna



Vittorio Cortellessa, DISIM, Università dell’Aquila                          25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

3

• Introduction

• Performance modeling
• Results interpretation

• Performance at execution time
 (using AI)

• Conclusions

Roadmap

… any relation to 
sustainability?!
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… system splitting

in performance 
“contributors”…

Since early 70s…
System Performance

At the roots of Software Performance

user

software

hardware

End of 90s…
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6At the roots of Software Performance

Software as a first-class artifacts in performance 
assessment of computer systems

User invokes
software 
services

Software services 
use 

hardware 
resources

user

software

hardware
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7At the roots of Software Performance

user

software

hardware

Workload

Number of 
requests per 
unit of time

Operational profile

Probability of execution of 
“some part” of the software

Service demand

Amount of resources 
needed to software 

execution
Service rate

Number of operations 
completed by each 

resource per unit of time 

Performance parameters
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8At the roots of Software Performance

user

software

hardware

More knobs in the hands of performance analyzers!

Easier experimentation of 
different SW solutions 
on the same HW platform (and 
viceversa)

Not only 
hardware bottlenecks to remove, but 
also 
software refactoring solutions
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9Software performance : 
looking at last 25+ years

• Performance model generation: 
   languages and transformations
 
• Analysis results interpretation: 
   performance antipatterns

• Performance analysis at system execution time

Model

Code
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Performance model generation: languages and 
transformations
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11Software Performance Engineering : 
model generation

Augmented 
modeling 
languages

Model 
transformations
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Miguel de Miguel, Thomas Lambolais, Mehdi Hannouz, Stéphane Betgé-Brezetz, Sophie 
Piekarec: UML extensions for the specification and evaluation of latency constraints 
in architectural models.        WOSP 2000

UML extensions: multiview aspects 

https://dblp.org/pid/59/6977.html
https://dblp.org/pid/43/884.html
https://dblp.org/pid/28/5734.html
https://dblp.org/pid/18/5604.html
https://dblp.org/pid/83/1554.html
https://dblp.org/pid/83/1554.html
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C. Murray Woodside, Dorina C. Petriu, Dorin Bogdan Petriu, Hui Shen, Toqeer Israr, José 
Merseguer: Performance by unified model analysis (PUMA).      
               WOSP 2005 

Pivot language: multiple sources to multiple targets

https://dblp.org/pid/w/CMurrayWoodside.html
https://dblp.org/pid/46/4207.html
https://dblp.org/pid/95/1081.html
https://dblp.org/pid/60/1307.html
https://dblp.org/pid/56/5870.html
https://dblp.org/pid/96/1916.html
https://dblp.org/pid/96/1916.html


Vittorio Cortellessa, DISIM, Università dell’Aquila                          25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

14

• Separation of software and hardware for sustainability modeling

• Modeling languages for representing sustainability metrics

… any relationship to sustainability?

Our contribution to model-based 
performance/sustainability joint analysis
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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V. Cortellessa, D. Di Pompeo, M. Tucci 
Exploring Sustainable Alternatives for the Deployment of
Microservices Architectures in the Cloud (ICSA 2024)
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• Separation of software and hardware for sustainability modeling

• Modeling languages for representing sustainability metrics

• Refactoring impact on sustainability

… any relationship to sustainability?
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Analysis results interpretation: 
Performance Antipatterns
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26Software Performance Engineering : 
results interpretation

How to (automatically) 
interpret negative 
analysis results?

How to generate 
corrective actions on 
the model???
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W.J.Brown, R.C. Malveau, H.W. Mc Cornich III, and T.J. Mowbray. 
“Antipatterns: Refactoring Software, Architectures, and Project in Crisis”, 1998.

» What to avoid and how to solve (performance) problems!

» Conceptually similar to design patterns: recurring 
solutions to common design problems

» The definition includes common mistakes (i.e. bad 
practices) in software development as well as their 
solutions

Antipatterns : 
Negative features of a (software) system
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C. U. Smith and L. G.Williams. “More new software performance antipatterns: 
Even more ways to shoot yourself in the foot”, 2003.

Antipattern Problem Solution

Blob

Occurs when a single class 
or component either 1) 

performs all of the work of 
an application or 2) holds all 

of the applications data. 
Either manifestation results 

in excessive message 
traffic that can degrade 

performance.

Refactor the design to 
distibute intelligence 
uniformly over the 

applications top-level classes, 
and to keep related data and 

behavior together.

… … …

Performance Antipatterns: an example

They are very complex mostly due to the different “nature” 
of their basic elements

However, they have represented a rich, solid knowledge 
repository for interpreting analysis results
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29Software Performance Engineering : 
results interpretation

How to (automatically) 
interpret negative 
analysis results?

How to generate 
corrective actions on 
the model???
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30Software Performance Engineering : 
results interpretation

The concept of 
Performance Antipattern
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PROBLEM: “It occurs when a single class or component either 1) 
performs all of the work of an application or 2) holds all of the 
applications data. Either manifestation results in excessive message 
traffic that can degrade performance”

(Annotated) Software 
Model M

(Annotated) Software 
Model M

i

i

i
i

Performance Antipattern Representation

BLOB
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SOLUTION: “Refactor the design to distribute 
intelligence uniformly over the applications top-level 
classes, and to keep related data and behavior together”

(Annotated) Software 
Model M’

(Annotated) Software 
Model M’

i

i

i

iop’i

op’i

op’i

op’i

op’i

Performance Antipatterns Representation

V. Cortellessa, A. Di 
Marco, and C. Trubiani. 

“An approach for 
modeling and detecting 
Software Performance 
Antipatterns based on 
first-order logics”, 

Software and Systems 
Modeling (SoSyM), 2014.

BLOB



Vittorio Cortellessa, DISIM, Università dell’Aquila                          25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

33

(libraryController, bookLibrary, browseCatalog) 

This instance satisfies the Blob predicate, 
hence it must be pointed out to the designer 
for a deeper analysis

Performance Antipatterns Detection
thresholds
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Solutions of an antipattern
(i.e., refactoring actions) 
can be automatically
deducted by negating
detection predicates

An example: solving a Blob instance

Performance Antipatterns Solution
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• Separation of software and hardware for sustainability modeling

• Modeling languages for representing sustainability metrics

• Refactoring impact on sustainability

• Sustainability antipatterns

… any relationship to sustainability?
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Performance analysis at system execution time
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• Tauseef A. Israr, Danny H. Lau, Greg Franks, C. Murray Woodside (2005):
Automatic generation of layered queuing software performance models from commonly available traces

• Ahmad Mizan, Greg Franks (2011):
An automatic trace based performance evaluation model building for parallel distributed systems

• Thanh H. D. Nguyen, Bram Adams, Zhen Ming Jiang, Ahmed E. Hassan, Mohamed N. Nasser, Parminder Flora (2012): 
Automated detection of performance regressions using statistical process control techniques 

• Christoph Heger, Jens Happe, Roozbeh Farahbod (2013):
Automated root cause isolation of performance regressions during software development 

• David Daly, William Brown, Henrik Ingo, Jim O'Leary, David Bradford (2020):
The Use of Change Point Detection to Identify Software Performance Regressions in a Continuous Integration System

• Raghu Ramakrishnan, Arvinder Kaur (2017):
Technique for Detecting Early-Warning Signals of Performance Deterioration in Large Scale Software Systems

• Vittorio Cortellessa, Luca Traini (2020):
Detecting Latency Degradation Patterns in Service-based Systems

• Yutong Zhao, Lu Xiao, Xiao Wang, Lei Sun, Bihuan Chen, Yang Liu, Andre B. Bondi (2020):
How Are Performance Issues Caused and Resolved?-An Empirical Study from a Design Perspective

Some relevant literature (from the last 25+ years)
(model reconstruction, diagnostic, root cause analysis)

https://dblp.org/pid/68/228.html
https://dblp.org/pid/92/5274.html
https://dblp.org/pid/51/25.html
https://dblp.org/pid/w/CMurrayWoodside.html
https://dblp.org/pid/51/9692.html
https://dblp.org/pid/51/25.html
https://dblp.org/pid/16/6454.html
https://dblp.org/pid/98/6356.html
https://dblp.org/pid/50/23.html
https://dblp.org/pid/h/AhmedEHassan.html
https://dblp.org/pid/44/10516.html
https://dblp.org/pid/07/5582.html
https://dblp.org/pid/130/4268.html
https://dblp.org/pid/99/3555.html
https://dblp.org/pid/94/6344.html
https://dblp.org/pid/64/282.html
https://dblp.org/pid/36/3720-4.html
https://dblp.org/pid/260/0575.html
https://dblp.org/pid/17/10896.html
https://dblp.org/pid/260/0026.html
https://dblp.org/pid/r/RaghuRamakrishnan.html
https://dblp.org/pid/51/6755.html
https://dblp.org/pid/c/VittorioCortellessa.html
https://dblp.org/pid/225/0294.html
https://dblp.org/pid/122/5434.html
https://dblp.org/pid/78/5386-1.html
https://dblp.org/pid/49/67-30.html
https://dblp.org/pid/02/2264-13.html
https://dblp.org/pid/61/9197.html
https://dblp.org/pid/51/3710-3.html
https://dblp.org/pid/70/299.html
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Time series forecasting

• Federico Di Menna, Vittorio Cortellessa, Maurizio Lucianelli, Luca Sardo, Luca Traini:
RADig-X: a Tool for Regressions Analysis of User Digital Experience. SANER 2024

• Federico Di Menna, Luca Traini, Vittorio Cortellessa:
Time Series Forecasting of Runtime Software Metrics: An Empirical Study. ICPE 2024

• (((Using transformer models and metalearning – ongoing)))

Warmup -vs- Steady state
• Luca Traini, Vittorio Cortellessa, Daniele Di Pompeo, Michele Tucci:

Towards effective assessment of steady state performance in Java software: are we there yet? EMSE journal (2023)
• Luca Traini, Federico Di Menna, Vittorio Cortellessa:

AI-driven Java Performance Testing: Balancing Result Quality with Testing Time. ASE 2024

Code analysis/optimization
• Luca Traini, Daniele Di Pompeo, Michele Tucci, Bin Lin, Simone Scalabrino, Gabriele Bavota, Michele Lanza, Rocco 

Oliveto, Vittorio Cortellessa:
How Software Refactoring Impacts Execution Time. ACM TOSEM (2022)

• F. Di Menna, L. Traini, G. Bavota, V. Cortellessa: 
       Investigating Execution-Aware Language Models for Code Optimization. RENE@ICPC 2025
• (((Performance analysis of repositories that use AI libraries  - ongoing)))

Our recent contributions

https://dblp.org/pid/319/9491.html
https://dblp.org/pid/381/6218.html
https://dblp.org/pid/381/6856.html
https://dblp.org/pid/225/0294.html
https://dblp.org/db/conf/wcre/saner2024.html
https://dblp.org/pid/319/9491.html
https://dblp.org/pid/225/0294.html
https://dblp.org/db/conf/wosp/icpe2024.html
https://dblp.org/pid/225/0294.html
https://dblp.org/pid/171/1962.html
https://dblp.org/pid/76/1930-1.html
https://dblp.org/pid/225/0294.html
https://dblp.org/pid/319/9491.html
https://dblp.org/db/conf/kbse/ase2024.html
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0

0.1

0.2

0.3

0.4

0.5

t t+1 t+2

Runtime Metric 1 Runtime Metric 2

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)

Modern software systems are 

continuously monitored to manage 

uncertainty during their evolution
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0

0.1

0.2

0.3

0.4

0.5

t t+1 t+2 t+3 t+4 …

Runtime Metric 1 Runtime Metric 2Monitored data can be used to 

forecast the (runtime) behavior 

of software systems

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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Exploring in detail the effectiveness of TSF approaches
when applied to runtime software metrics

How effective are TSF methods when applied to predict 
short-term runtime software metrics?

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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Exploring in detail the effectiveness of TSF approaches
when applied to runtime software metrics

Do TSF methods exhibit diverse forecasting accuracy 
over different classes of runtime software metrics?

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)



Vittorio Cortellessa, DISIM, Università dell’Aquila                          25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

44

Exploring in detail the effectiveness of TSF approaches
when applied to runtime software metrics

To what extent does forecasting accuracy degrade when applied 
to predict longer-term runtime software metrics?

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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Tens of thousands of monitored digital devices 
for more than one year

Total of 25 runtime software metrics

Three software metrics classes:

◦ Crash rates (9) : Average number of observed
crashes of an application per hour

◦ Hang times (8) : Percentage of idle time of an 
application

◦ Waiting times (8) : User response time

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)



Vittorio Cortellessa, DISIM, Università dell’Aquila                          25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

46

Statistical Machine Learning

Seasonal Auto-

Regressive 

Integrated Moving

Average

(SARIMA)

Fully-

Connected

Recurrent

Neural

Network
(FC-RNN)

Long 

Short-

Term

Memory

(LSTM)

Gated

Recurrent

Unit

(GRU)

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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Two naïve baseline approaches

Seasonal Naïve (sNaïve) Seasonal Monthly Mean (sMM)

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)



Vittorio Cortellessa, DISIM, Università dell’Aquila                          25+ years of Software Performance @ GreenSys ’25 (Rotterdam)

48

How effective are TSF methods when applied to predict 
short-term runtime software metrics?

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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Do TSF methods exhibit diverse forecasting accuracy 
over different classes of runtime software metrics?

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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To what extent does forecasting accuracy degrade when applied 
to predict longer-term runtime software metrics?

Exploitation of the prediction offset to estimate 
farthest forecasting targets

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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To what extent does forecasting accuracy degrade when applied 
to predict longer-term runtime software metrics?

SMAPE values demonstrate
a rising trend as the offset 
increases

Effectiveness of TSF 
methods vanish if the offset 
exceeds approximately one 
week

F. Di Menna, V. Cortellessa, L. Traini
Time Series Forecasting of Runtime Software Metrics: An 
Empirical Study (ICPE 2024)
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• Separation of software and hardware for sustainability modeling

• Modeling languages for representing sustainability metrics

• Refactoring impact on sustainability

• Sustainability antipatterns

• Sustainability metrics time series forecasting

… any relationship to sustainability?
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Performance testing requires careful design in order to be effective

Adequate number of execution repetitions that mitigate 
the variability of performance measurements

Balance the quality of performance test results against the 
practical constraints of resources and testing time

L. Traini, F. Di Menna, V. Cortellessa
AI-driven Java Performance Testing:
Balancing Result Quality with Testing Time (ASE 2024)
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L. Traini, F. Di Menna, V. Cortellessa
AI-driven Java Performance Testing:
Balancing Result Quality with Testing Time (ASE 2024)

long measurements[] = new long[3000];

for (int i = 0; i < 3000; i++) {
long startTime = System.nanoTime();

Arrays.sort(arr);

long endTime = System.nanoTime();

long duration = (endTime - startTime);

measurements[i] = duration;

}

JVM - the warmup problem
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L. Traini, F. Di Menna, V. Cortellessa
AI-driven Java Performance Testing:
Balancing Result Quality with Testing Time (ASE 2024)
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L. Traini, F. Di Menna, V. Cortellessa
AI-driven Java Performance Testing:
Balancing Result Quality with Testing Time (ASE 2024)

• 586 JMH microbenchmarks across 
30 Java software system

• 5K+ time series, each one involving 
measures from 3,000 consecutive 
microbenchmark iterations

Final dataset of 521,900 measurement
segments:

• 376,925 (72%) stable segments

• 144,975 (28%) unstable segments
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L. Traini, F. Di Menna, V. Cortellessa
AI-driven Java Performance Testing:
Balancing Result Quality with Testing Time (ASE 2024)

TSC models demonstrated their suitability for dynamically halting warm-up 
iterations. This supports their integration into our framework.
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L. Traini, F. Di Menna, V. Cortellessa
AI-driven Java Performance Testing:
Balancing Result Quality with Testing Time (ASE 2024)

AI-based framework provides more accurate estimates of the warm-up phase compared to the SOP. 
Net improvement in either result quality or testing time in up to +27% of the microbenchmarks, 

with OSCNN demonstrating the highest net improvement.

AI-based framework vs. state-of-practice (SOP)
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L. Traini, F. Di Menna, V. Cortellessa
AI-driven Java Performance Testing:
Balancing Result Quality with Testing Time (ASE 2024)

AI-based framework vs. state-of-the-art (SOTA)

AI-based framework provides more accurate estimates of the warm-up phase than the SOTA. 
Variants of the framework based on neural network models observably enhance

either the result quality or testing time of the SOTA techniques, 
leading to net improvements in up to +35.3% of the microbenchmarks.
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• Separation of software and hardware for sustainability modeling

• Modeling languages for representing sustainability metrics

• Refactoring impact on sustainability

• Sustainability antipatterns

• Sustainability metrics time series forecasting

• Warmup vs Steady state analysis for sustainability metrics

… any relationship to sustainability?
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F. Di Menna, L. Traini, G. Bavota, V. Cortellessa
Investigating Execution-Aware Language Models for Code 
Optimization (RENE@ICPC 2025)

Deep-Learning (especially Large Language 
Models) engaged on programming language 
modeling for advancing code intelligence:

‣ Code Generation and Summarization

‣ Code Completion

‣ Code Review and Bug Detection

‣ Code Optimization

‣ …
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Code representation learning is a key 
factor for LLMs effectiveness:

‣ Dynamic (execution) information is 
critical in code understanding

‣ Recent work demonstrated benefits 
leveraging execution-related 
information while performing code-
related tasks with LLMs

‣ The task of code optimization is 
closely linked to both code 
understanding and execution 
behavior

Goal: exploit execution-aware 
information for improving the code 

optimization task

F. Di Menna, L. Traini, G. Bavota, V. Cortellessa
Investigating Execution-Aware Language Models for Code 
Optimization (RENE@ICPC 2025)
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F. Di Menna, L. Traini, G. Bavota, V. Cortellessa
Investigating Execution-Aware Language Models for Code 
Optimization (RENE@ICPC 2025)
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F. Di Menna, L. Traini, G. Bavota, V. Cortellessa
Investigating Execution-Aware Language Models for Code 
Optimization (RENE@ICPC 2025)

High Level Approach: Direct Fine-Tuning Variant

Execution 

Traces
Large Language 

Model

Slow 

Code

Optimized 

Code

Execution-aware fine-tuning
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F. Di Menna, L. Traini, G. Bavota, V. Cortellessa
Investigating Execution-Aware Language Models for Code 
Optimization (RENE@ICPC 2025)

Candidates for Experimental Evaluation

4 execution-aware 
aspects:

‣ Line Executions

‣ Line Coverage

‣ Branch Coverage

‣ Final Program States

3 training strategies:

‣ S1 — Execution Prediction & Code 

Optimization

‣ S2 — Execution Prediction-MLM & 

Code Optimization

‣ S3 — Execution-Aware Code 

Optimization

Baseline

Vanilla Model: Directly fine-
tuned for Code Optimization

VS
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F. Di Menna, L. Traini, G. Bavota, V. Cortellessa
Investigating Execution-Aware Language Models for Code 
Optimization (RENE@ICPC 2025)
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• Separation of software and hardware for sustainability modeling

• Modeling languages for representing sustainability metrics

• Refactoring impact on sustainability

• Sustainability antipatterns

• Sustainability metrics time series forecasting

• Warmup vs Steady state analysis for sustainability metrics

• Code optimization for sustainability purposes

… any relationship to sustainability?
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71Other promising directions in SPE…

• Performance in a CD/CI context (model+code) 

• Cross-fertilization of (black- and white-box) models and runtime data

• Automation from functional testing to performance testing

• (Micro-)benchmarking (and their settings/parameters)

• Performance-driven developer’s assistant 

• How to profitably use static code information?
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Separation of software and 
hardware for sustainability 
modeling

Modeling languages for 
representing 
sustainability metrics

Refactoring impact on 
sustainability

Sustainability antipatterns

Sustainability metrics time 
series forecasting

Warmup vs Steady state 
analysis for sustainability 
metrics

Code optimization for sustainability 
purposes

Model Code
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Thanks!

Any question?
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