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Import["https://quest.qtechtheory.org/QuEST.m"]
CreateDownloadedQuUESTEnv[];

H, Hamiltonian in BK representation, reduced

hamil = .2252 + .3435Z¢ - .4347Z; + .5716Z9Z; + .091 Yo Y; + .091 Xg X13

ground = Min @ Eigenvalues @ CalcPauliSumMatrix @ hamil

-1.1456

A universal ansatz

numQb = 3;
numParams = 8;
ancilla = 2;
ansatz = Circuit[
Ryi1[61] Rye[63] Rz1[62] RZg[64] C1[Xe] Ry1[65] Ryo[67] RZ1[66] RZo[638]1]}3

DrawCircuit[ansatz, numQb]

Li derivative circuits

insertGateDeriv[circ_, p_] :=
circ /.
{g: qub_ [6p] = {Cancilla[vqb] s 8}, 8¢ qub_ [6p] = {Cancilla[qu] s €}} // Flatten

getCircuitA[pl_, p2_] :=
Join[{Hancitla}, insertGateDeriv[insertGateDeriv[ansatz, pl], p2], {Hancitlal}l

getCircuitC[p_, h_] :=
Join|
{Hancittas RZancitta[-7/2], Xancitta}, insertGateDeriv[ansatz, p],
{Xancitta}, If[h =1, {}, Cancitta /@ (Listeehamilfhl)[2 ;;1],
{Hancitta} ]

DrawCircuit[getCircuitA[3, 5], numQb]
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inf41:= DrawCircuit[getCircuitC[4, 3], numQb]

[l & 17]
an

5= Manipulate [Co'l.umn@ {

¥

M P

2]

"aw" "aw"
Row[{Style][ <" - — >, Blue], ": ",
a" 6, | "0" 6p;
DrawCircuit[getCircuitA[pl, p2] ~Append~ Mancitia; NUMQbl}],
n n
Row[ {style[Row[ {"{y[H", | —22—)}], Red], s ™,
"ae"pz

DrawCircuit[getCircuitC[p2, h] ~Append~ Marcitta, NumQbl}]},
{{pl, 1, 67}, 1, numParams, 1}, {{p2, 1, 65}, 1, numParams, 1},
{{h, 1, Hj}, 1, Length[hamil], 1}, Paneled - False]
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A circuits need not apply gates after entangling the ancilla

infe:= optimizeA[circ_] :=
ReplaceRepeated|
circ[ ;3 Position[circ, Cancittal_110-1, 111,
{a___, g1:Except[Clgp_[_],
82 ¢ (Cancitlal_qb2_1 | PatternSequence[_gbz [_15 Cancittal_ab2_11)} /3
(gb1l # gb2) :» {a, g2}
] ~Append~ Hancitta



demo_imagtime.nb | 3

7= Manipulate [
"aw"
"a" epl

"6![/"
Ilall epz

Row @ {Style[( ), Blue], ": ",

DrawCircuit[getCircuitA[pl, p2] ~Append~ My citta, NumQb], Style[" - ", Red],
DrawCircuit[optimizeA@getCircuitA[pl, p2] ~Append~ Mancitlas nqub]},
{{pl, 1, 64}, 1, numParams, 1}, {{p2, 1, 65}, 1, numParams, 1}, Paneled -» False]
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Direct simulation of experimental routine
npel:= ¥ = CreateQureg[3];
¢ = CreateQureg[3];

1
getMatrixA[params_] := — Table[
4

ApplyCircuit[ optimizeAe@egetCircuitA[r, c] /. params, InitZeroState[y]];
2 CalcProbOfOutcome[¢, ancilla, 0] -1,
{r, numParams}, {c, numParams}]

1
getVectorC[params_] := —Tab'Le[
2

Sum|
ApplyCircuit[getCircuitC[p, h] /. params, InitZeroState[y]];
If[h==1, hamilfh], hamil[h, 17]
(2 calcProbofoutcome[¥, ancilla, 6] -1),
{h, Length[hamil]}],

{p, numParams} |



4 | demo_imagtime.nb

2= directImagTime[ei_, At_, steps_] := Module]
{params, Aparams, matrA, vecC, energy, energies},
params = 61}
energies = {};
Do[
matrA = getMatrixA[params];
vecC = getVectorC[params];

Aparams = At LinearSolve[matrA, vecC, Method - "Multifrontal']
params = MapIndexed[6up17 » #1 &, params[All, 2] + Aparams];

ApplyCircuit[ansatz /. params, InitZeroState[y]];

energy = CalcExpecPauliSum[y, hamil, ¢];
AppendTo[energies, energy];

plotDirect = ListLinePlot][

energies,

GridLines » {{}, {{ground, Directive[Red, Dashed]}}},
PlotRange » {{0, steps}, {1.05 ground, -ground}},

AxesLabel » {"Iterations", "Energy'"}

1
steps

]

in23:= Dynamic[plotDirect]

directImagTime[Table[6, » RandomReal[{0, 2 7}], {p, numParams}], .1, 50]

Energy
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Optimised simulation

inf25]:= dyr
hy

CreateQuregs[numQb, numParams];
CreateQureg[numQb] ;

H
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optimisedImagTime[6i_, At_, steps_] := Module]
{params, Aparams, matrA, vecC, energy, energies},
params = 61
energies = {};
Do[
CalcQuregDerivs[ansatz, InitZeroState[y], params, dy];
matrA = CalcInnerProducts[dy] // Re;

ApplyCircuit[ansatz /. params, InitZeroState[¢]];
ApplyPauliSum[¢, hamil, hy];
vecC = -CalcInnerProducts[hy, dy] // Re;

Aparams = At LinearSolve[matrA, vecC, Method - "Multifrontal"];
params = MapIndexed[6upip » #1 &, params[All, 2] + Aparams];

energy = CalcExpecPauliSum[y, hamil, ¢];
AppendTo[energies, energyl],
steps];

energies]

optimisedRepeatImagTime[At_, steps_, reps_] := Module]
{evo, evos},
evos = {};
Do[
evo = optimisedImagTime]
Table[6, » RandomReal[{0, 2 7}], {p, numParams}], At, steps];
AppendTo[evos, evo];
plotOptimised = ListLinePlot]
evos,
GridLines » {{}, {{ground, Directive[Red, Dashed]}}},
PlotRange » {{0, steps}, {1.05 ground, -ground}},
AxesLabel » {"Iterations", "Energy"}
]’
reps]]
Dynamic[plotOptimised]
optimisedRepeatImagTime[.05, 100, 10]
Energy

1.0}
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