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ABSTRACT OF DISSERTATION 
Recent advances in imaging technologies have enabled whole-brain measurements of hemodynamics with high spatiotemporal 
resolution. Yet a biophysical model that fully explains how active brain cells regulate cerebral hemodynamics to meet continuous 
metabolic demands has not previously been developed. This dissertation introduces a computational framework that simulates cellular-
level interactions shaping cerebral hemodynamics in small rodents. The proposed model improves the predictive power of hemodynamic 
imaging, enabling more accurate inference of brain activity and advancing our ability to diagnose cerebrovascular pathologies. 
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