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Quantum computation (QC) is the holy grail of high performance computing. With proven 

algorithms for exponentially speeding up Fourier transform (and hence prime number 

validation) and database searching, quantum computation, if it is realized, can revolutionize at 

least a portion of the computation world. But to successfully implement quantum computing 

algorithms it is necessary to achieve exquisite, quantum coherent control of very complex 

systems. There are numerous physical realizations of proposed quantum computing devices: 

semiconductor quantum dots, superconducting systems and photonics devices. While these 

systems vary greatly, they share certain elements of the quantum computing essence. In 

particular, they all provide manifestations of quantum bits, or “qubits” and they all propose 

quantum coherent methods of initializing, manipulating and reading those qubits either alone or 

interacting with each other. 

In order to achieve quantum computation, simulation is critical. This modeling can occur at the 

complex, materials-properties level of the whole system (for example the electronic structure of 

a real, semiconductor quantum dot) or it can occur in a simplified model space. This latter 

model space can, for instance, abstract the properties of the QC device to their fundamental 

(unifying) principles. Specifically, the behavior of a two-level quantum system (or set of such 

two-level systems) in the presence of a thermal bath and a measuring apparatus are common 

to all QC devices. 

In this talk, I will give a brief introduction to quantum computing and describe electronic 

structure calculations of one manifestation of QC (the semiconductor quantum dots). I will then 

discuss some of the abstract features of quantum coherence and control for generic QC 

systems.  I will discuss the “quantum Zeno effect” where repeated measurement can prevent a 

system from evolving out of a prepared state. Finally, I will describe some of the (considerable) 

challenges that lie ahead for quantum computation. 


