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The problem of quantum gravity, that is, of constructing a theory of gravitation and spacetime 

compatible with the insights of General Relativity (GR) and formulated in the language of Quantum 

Mechanics (QM), remains unsolved, more than 80 years after the two revolutions that changed the 

landscape of theoretical physics in the last century. A further conceptual revolution is expected to be 

brought about by the completion of this task, applying the probabilistic quantum description of 

phenomena to space and time themselves, arguably the most fundamental structures in our thinking of 

the natural world.  

In addition, a theory of  quantum gravity is expected to provide a satisfactory description of  the  initial 

evolution of the universe, and of its very birth. In fact, the big bang scenario signals that our current 

theory of space, time and geometry breaks down in such extreme conditions and should be replaced by 

a more complete, deeper theory. This breakdown may also indicate that the very description of 

spacetime as a continuum fails to hold in such circumstances, should not be considered as 

fundamental, and should be dropped at shorter distances and higher energies.  

This would mean that spacetime and its geometry should be described, at the fundamental level, by a 

different, discrete, pre-geometric type of degrees of freedom, possibly of combinatorial and algebraic 

nature. Space, time and geometry would be emergent concepts, valid at macroscopic, low energy 

scales, whose emergence is the result of a dynamical process of the fundamental microscopic degrees 

of freedom. This process has sometimes been called ‘‘geometrogenesis’’.  

In this talk, I introduce the problem of quantum gravity, trying to highlight its physical, mathematical as 

well as philosophical challenges.  

In particular, I put the current research in an historical perspective, as the modern version of the 

philosophical debate on the nature of space and time, and of origin of our universe.  

I survey current ideas and present briefly the key elements of several modern approaches and 

formalisms to the solution of this problem, in order to exemplify the variety of the conceptual set-ups 

and, most important, of the perspectives they open on the our physical universe and its most 

fundamental structures.  

http://www.aei.mpg.de/english/research/teams/microscopicQuantumStructure/index.html 
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