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ABSTRACT 

Wireless communications systems benefit from progress in the analog world of wave generation, analysis and 
manipulation and the digital world of information generation and processing. Nevertheless, the ever-increasing needs for 
larger data rate require growing use of multi-antenna technology with larger dimensions making the current technology 
not sustainable nor scalable for future requirements of wireless communications. New paradigm shifts in system 
architecture require new system-level modelling to integrate and bridge the physics-based wave manipulation approaches 
and the mathematical information theoretic advances shaping modern networks. The talk shows some avenues to devise 
new, faster, and more sustainable communication architectures that marry the communication theoretic principles of 
modern digital communications with analog domain processing and computing paradigms such that information 
transmission, processing and computing are conducted faster with much lower computational complexity. The talk is 
divided into two parts. First, we introduce Beyond Diagonal Reconfigurable Intelligent Surfaces (BD-RIS), a general 
framework of reconfigurable intelligent surfaces where elements are inter-connected via tunable impedances. This 
enables engineered coupling, allowing waves to propagate between elements, enhancing RIS-aided communications 
with greater signal manipulation flexibility. Next, we perform computation, e.g. matrix inversion, with low complexity 
directly in the analog domain and enable ultra-massive MIMO communications with 10⁴× lower computational complexity 
than digital beamforming. 
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