QUuESTlink whitepaper

Import["https://qtechtheory.org/QuUESTlink.m"];
CreateDownloadedQUESTEnv["Mac0S"] ;

Demonstrations

Decoherence

In[4]:= opts = {
LabelStyle-{FontFamily-"CMU Serif", FontSize-15},
P'LotLegends—>P'Laced[{"(zlr| o |z[1)","<xlr| h |x[1) - Tr (hp)"}, {{.65,.75}}],
Frame-»{True,True,False,False}, FrameStyle-»Black, Axes-None,

FrameTicks-None, FramelLabel-{"depolarising"}
}s

= {¥, @} = CreateQuregs[5, 2];
{p, 0} = CreateDensityQuregs[5, 2];
SetQuregMatrix[¢, Normalize @ Table[RandomComplex[], 2°]];
InitPureState[p, ¥];

mel= h = .3 + J1XeVY12Zy - .2Zp;
data = Table[
MixTwoQubitDepolarising[p, 6, 1, .1];
{CalcFidelity[p, ¥1,
CalcExpecPauliSum[y, h, ¢] -
CalcExpecPauliSum[p, h, o]},
100];

1= ListLinePlot[Transpose[data], opts]

— (Ylply)
(¥|hly) - Tr(hp)

out[11]=

depolarising

inri2:= DestroyAllQuregs[];
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Variational imaginary time

3= NQb = 63
h = GetPauliSumFromCoeffs["https://qtechtheory.org/hamil_6qbLiH.txt"];
hI[-2 ;31

outis1= 0.0591748 Z1 Z5 Z4 Z5 + 0.147366 Z3 Z4 Z5

6= entangle[gbs_] :=
Table[R[®6, 0q 0q+115 {0, {X, Y, Z}}, {q, gbs}]
gates = Flatten @ Join[
Table[opg-1[©], {0p, {RZ, Ry, Rx, Rz}}, {q, nQb}],
entangle[{0, 2, 4}],
entangle[{1, 3}]11;
ansatz = MapIndexed[#l /. 6 - 61 &, gates];
né = Length[ansatz];

inz0:= DrawCircuit[ansatz, nQb]

out[20]=

n21:= {¥, hfr, ¢} = CreateQuregs[nQb, 3];
dy = CreateQuregs[nQb, noj;

in23:= curé® = Table[6¢ » RandomReal[], {t, n6}];
ApplyCircuit[ansatz /. cure, ¥];
CalcExpecPauliSum[y, h, ¢]

outi25]= - 6.98516



In[26]:=

In[29]:=

Out[29]=

In[30]:=

Out[30]=

In[31]:=

In[32]:=

Out[33]=

In[34]:=

At = .01;
nt = 100;
Do[

InitZeroState[y];

CalcQuregDerivs[ansatz, ¥, cure, dy];
matrA = CalcInnerProducts[dy] // Re;

ApplyCircuit[ansatz /. cure, ¥];
ApplyPauliSum[y¢, h, hy];
vecC = -CalcInnerProductsf[hy, dy] // Re;

A6 = At LinearSolve[matrA, vecC];
cure[All, 2] += A6,
nt
15
CalcExpecPauliSum[y, h, ¢]
-7.17522

Min @ Eigenvalues @ CalcPauliSumMatrix @ h
-7.88074

energy[evals__?NumericQ] := Module[{cure},
cure = Table[6: » {6vals}[t], {t, n6e}];
InitZeroState[y];
ApplyCircuit[ansatz /. cure, ¥];
CalcExpecPauliSum[y, h, ¢]1]

évars = Table[6+, {t, n6}];
NMinimize[energy @eeovars, 6vars] [1]

-7.87954

DestroyAllQuregs[];
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Noisy Trotterisation

In[35]:= opts = {

Joined-True,PlotStyle-Dashed,PlotMarkers-Graphics PlotMarkers[][[1]],

PlotLegends—Placed|
LineLegend[{“1","2","4“,"6","8"},LegendMarkerSize»30,$pacings - {1,—.5}],
{{.85,.4}}],

PlotRange-{{100,10°},{0,1}},

LabelStyle-{FontFamily-"CMU Serif",FontSize-»15},

Frame-True,FrameStyle-{{Black,White},{Black,White}},

FrameTicksa{{{O,.5,1},None},{Table[{l@",l@“ﬁtﬁng@q,{n,2,5}],None}},

FrameLabel-{"#gates","Fidelity"},

Epilog - Text[Style["order:", FontFamily-»"CMU Serif",FontSize-15], Scaled[{.85,.8

ini3e:= NQb = 53
h = Flatten @ Join|[
Table[1. oq_1 Omod[q,ngb] 5 {05 {X, Y, Z}}, {d, nQb}1,
Table[RandomReal[{-1, 1}] Z4.1, {9, nNQb}]];

inas):= symmetrizelh_, A_, 1] := xh
symmetrize[h_, X_, 2] := With|
{s1 = symmetrize[h, 1/2, 1]},
Join[sl, Reverse[s1]]]
symmetrize[h_, Ax_, n_?EvenQ] := B'Lock[
{x» p=1/(4-4Y"D)}, Wwith[
{s = symmetrize[h, ¥, n-2]}, With[
{r=s /. ¥ > aAp},
Join[r, ry, s /. ¥y » (L-4p) A, r, r11]]
gateify[Verbatim[Times][6_, o__]1] :=
R[26, Times[o]]
trotterize[h_, n_, r_, t_ ] :=With[
{s = symmetrize[h, t/r, n]},
gateify /@ Flatten @ ConstantArray([s, r]]

3= childsify[h_, n_, r_, t_] := Flatten e Table]
symmetrize[RandomSample e h, t/r, n], r]

campbellize[h_, r_, t_] := With]
{c = h[Al1, 1], o= h[All, 2 53], N=Length[h] »r},
With[{)t = Total[c], p = Abs @ Normalize[c, Total]l},
t 2 /NRandomChoice[p » o, N1]]



In[45]:=

Out[45]=

In[46]:=

In[49]:=

In[56]:=

DrawCircuit @ trotterize[h, 1, 1, nQb]

matrify[o_] :=
PauliMatrix[o /. {X>1,Y > 2, Z > 3}]
matrify[Verbatim[Times][6_, o__]1] :=
© KroneckerProduct ee Fold|
ReplacePart[#1l, (nQb-#=2[2]) -
matrify e #2[1]] &,
Table[IdentityMatrix[2], nQb], {o}]

schrod[h_, @0_, t_ ] := With[
{H = matrify /@ h // Total},
NDSolveValue[
{(i@'[t] = H.@®[t], ®[0] =TO}, T,
{t, 6, nQb}]1[t]

yov = Normalize @ Table[RandomComplex[], 2"®];
Y0 = CreateQureg[nQb];
SetQuregMatrix[y0, yOV];

Yyt = CreateQureg[nQb];
SetQuregMatrix[yt, schrod[h, yOv, nQb]]};

¥ = CreateQureg[nQb];
CloneQuregl[y, 0] ;

fids = Table[
circ = trotterize[h, order, reps, nQb];
ApplyCircuit[circ, y0, ¥1;
{Length[circ], CalcFidelity[y, yt]},
{order, {1, 2, 4, 6, 8}},
{reps, 1, 50}
13
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inis7:= ListLoglLinearPlot[fids, opts]
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inise:= NOisify[p_1[u_] :=u /. {
g:R[_, _qb_] = Sequence[g, Depolg[pP]],
g:R[_, Verbatim[Times] [_gb1 5 _qgb2_ 1] =
Sequence[g, Depolgpi,qb2 [P1]}

mnisei= DrawCircuit @ noisify[107%] e
trotterize[h, 1, 1, nQb][ ;; 51

-
o

ineoi= {0, PO} = CreateDensityQuregs[nQb, 2];
InitPureState[p0, ¥y0];

Out[59]=

—

ine21:= nfids = Table[
circ = noisify[107%] e
trotterize[h, order, reps, nQbj;
ApplyCircuit[circ, p0, p]};
{Length[circ], CalcFidelity[p, ¥t]},
{order, {1, 2, 4, 6, 8}},
{reps, 1, 50}

|5
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ne3;= ListLogLinearPlot[nfids, opts]
1k

Fidelity

out[63]=

ine4:= DestroyAllQuregs[];



