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Proposed Title of the research: 
Next-Generation Foundation Models: Architectures, Reasoning, and Predictive World Modeling

Keywords: (5)
Foundation models, world modeling, inference-time scaling, predictive sensing, multimodal reasoning

Research objectives: --(max 10 rows)
The emergence of large-scale Foundation Models has fundamentally transformed AI research, enabling powerful capabilities in language understanding, visual perception, and cross-modal reasoning. Yet the next frontier — models that genuinely understand and anticipate the world rather than merely pattern-match at surface level — remains largely open. This research targets the architectural and training innovations necessary to advance Foundation Models from passive perception systems toward active, predictive cognitive agents. Three complementary directions are pursued: (a) novel architectural primitives beyond the standard Transformer paradigm, including latent predictive heads and surprise-driven attention mechanisms; (b) inference-time scaling strategies — such as latent verifiers and self-consistency mechanisms — that improve reasoning without proportional training cost; (c) dynamic evaluation protocols genuinely resistant to language-prior shortcuts, enabling robust measurement of emergent world-modeling capabilities. The core hypothesis is that prediction error constitutes a universal control signal bridging perception, memory, and reasoning, in line with recent results on surprise-driven predictive sensing.

Proposed research activity -- (max 10 rows)
The candidate will iteratively design, train, and evaluate novel multimodal architectures extending state-of-the-art open-weights models (Qwen-VL, InternVL, Llama-Vision families) with components for predictive world modeling and surprise-driven memory. Large-scale training will exploit CINECA infrastructure (LEONARDO supercomputer) and the IT4LIA AI Factory. A key empirical contribution will be new benchmark protocols stress-testing world-modeling capabilities, following the diagnostic methodology of recent spatiotemporal benchmarks and targeting tasks that require genuine visual grounding. The research aligns with and contributes to the scientific programme of ELLIOT (European Large-Scale Learning and Intelligence on Text and Vision), ELIAS (European Lighthouse for AI Safety), ELSA (European Lighthouse on Secure and Safe AI), the ELLE MSCA Doctoral Network, and MINERVA. Dissemination will target CVPR, ICCV, ECCV, NeurIPS, and ICLR.

Supporting research projects (and Department): Research will be carried out in the AImageLab laboratory (aimagelab.unimore.it) in the Department of Engineering “Enzo Ferrari” (DIEF) at the University of Modena and Reggio Emilia (UNIMORE), using the local GPU infrastructure and supercomputers hosted at CINECA, the Italian Supercomputing Centre, through active HPC allocations (ISCRA B and EuroHPC). The IT4LIA AI Factory further supports access to industrial-grade training infrastructure within the national AI strategy. The research is embedded in the ELLIOT European project, with additional scientific support from ELIAS, ELSA, ELLE, and MINERVA.

Possible connections with research groups, companies, universities.
Connections will be (many of them are already established)
- University of Trento – Prof. Niculae Sebe, Prof. Elisa Ricci (multimodal learning, video understanding)
- CNR-ISTI Pisa – Dr. Fabrizio Falchi, Dr. Fabio Carrara (large-scale retrieval, vector search)
- CINECA – national HPC infrastructure through ISCRA B and EuroHPC allocations
- IT4LIA AI Factory – Italian AI infrastructure network
- Computer Vision Center (CVC), Universitat Autònoma de Barcelona – Prof. Dimòsthenis Karatzas
- Partners of the ELLIOT, ELIAS, ELSA, ELLE MSCA, and MINERVA European projects.
 (*) optional
(**) optional/to be completed on the second year 
