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Abstract: A   large   class   of   optimisation   problems   can   be   mapped   to   

the   Ising   model   where   all   details   are   encoded   in   the   coupling   of   spins.   

The   task   of   the   original   mathematical   optimisation   is   then   equivalent   to   

finding   the   ground   state   of   the   corresponding   spin   system   which   can   be   

achieved   via   quantum   annealing   relying   on   the   adiabatic   theorem. 
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Introduction. 

Quantum   computation   is   expected   to   outstrip   its   classical   counterpart   

in   certain   mathematical   algorithms   such   as   integer   factorisation   in   data   

searches,   and   also   in   large   scale   optimisation,   especially   if   the   target   

function   corresponds   directly   to   the   quantum-mechanical   description   of   the   

system,   ground   state   or   correlation   structure.   Hence,   should   a   challenging   

combinatorial   problem   be   mapped   onto   a   quantum   system,   a   quantum   

simulator   may   indirectly   solve   the   original   problem   in   reasonable   time. 

 

Model. 

Let   us   consider   a   collection   of   N   identical,   interacting   qubits   arranged   

at   the   vertices   of   an   undirected   graph,   G,   as   depicted   in   Fig.1.: 

 

With   ferromagnetic   coupling.   A   small   field, 
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Figure 1. 

 

Schematics   of   7   qubits   ( black   dots )   interacting   with   each   other   with   

strengths   Jij   Ki. 
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The   Ising   system   is   brought   into   contact   with   an   infinitely   large   bath   

in   thermal   equilibrium   modelled   as 

 

 

We   mention   an   alternative   approach   for   regulate   the   system   on   a   

site-dependent   basis,   in   which   each   qubit   is   controlled   by   its   own   transverse   

field,   rather   than   an   individually   controlled   interaction   strength.   Within   a   

mean   field   like   model   Susa   et   al.   showed   that   with   such   a   spatio-temporal   

inhomogeneous   control-field   the   detrimental   first-order   phase   transition,   present   

in   a   uniform   system,   can   be   avoided,   hence   the   performance   of   the   

quantum   annealing   protocol   can   be   improved. 
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