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Quantum information has the potential to revolutionize the way we store, process, transfer and 
acquire information. In particular, it offers exciting new approaches to secure communication, 
computation and sensing. However, in order to realize such technologies, we must first 
understand the effects that environmental noise has on a quantum system.  
 
This dissertation explores the underlying structure of quantum information. Specifically, we use 
the Bloch representation of a qubit to construct the error functions associated with a qubit 
communication protocol. Through the use of a previously developed process named Adaptive 
Quantum Information Processing, we explicitly obtain the possible improvement for the error 
rate when communicating with qubits.  
 
Lastly, we study our set of error functions through the lens of domain theory. Domain theory is a 
subset of mathematics that was developed in order to rigorously formalize computations. We 
order the error functions by the values of their images. With this order we are able to show that 
the set of error functions, as well as the symmetric unital channels, form a continuous directed-
complete partially order set, i.e. a domain. Furthermore, we construct a particular function on our 
domain, referred to as a measurement, that quantifies the information content for the error 
functions.  
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