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ABSTRACT 
Cloud computing and cloud-native platforms have rendered 
runtime environments more malleable. Simultaneously, the 
growing demand for flexible and agile software applications and 
services has driven the emergence of self-adaptive architectures. 
These architectures, in turn, facilitate software performance 
modeling, tuning, optimization, and scaling in a continuous 
manner, blurring the boundary between development-time and 
run-time. Self-adaptive software employs feedback loop 
controllers inspired by control theory or variations of the 
Monitoring-Analysis-Planning-Acting (MAPE) architecture. 
Whether implemented in a centralized or decentralized manner, 
most controllers utilize performance models that are learned or 
tuned at run-time. This shift implies that software is designed to 
be observable and controllable during execution, presupposing 
the co-design of software applications and their runtime 
controllers.  

This talk commences with a succinct overview of the evolution of 
self-adaptive software, accentuating key milestones along the 
journey. Subsequently, recent advancements in software 
performance modeling at runtime and the role of learning-enabled 
performance management during software operation are 
presented.  

Two recent works are highlighted: one focusing on constructing 
robust performance models to sustain continuous operation and 
deployment of cloud-native software, and the other on utilizing 
multimodal models for performance anomaly detection. The 
former supports cloud operations like continuous deployment of 
co-located applications, migration, consolidation of services, or 
scaling in response to workloads or interferences. The latter is 
tailored to support performance anomaly detection, localization, 
and identification of root causes, facilitating swift remediation of 
faults using generative AI. The final segment of the talk delves 
into current challenges in developing self-adaptive systems, 

presenting insights from a recent survey on the state of self-
adaptive software in the industry and the challenges perceived by 
practitioners. 
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