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ABSTRACT

This document provides supplementary information on the approach that leads to the results presented in the main text.

1 Universal algorithm for arbitrary maximum photon numbers

The basic principle of our algorithm is state space reduction. The state space of the target state in Eq. (33) in the main text can
be denoted as
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We will implement 2N« procedures, with each procedure containing some steps.
In the 1st procedure, we aim to clear the populations in the subspace
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of J,,..- This can be achieved via alternatively switching Npmax “10” transitions and Nyay <017 transitions, i.e.,
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to transfer the populations in the subspace /5y, of 5y, to the state [Nimax — 1,0) [e). Thus, Sy, is reduced to the state
space Ay, —1 Where
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In the 2puth procedure, we aim to clear the populations in the subspace {|Nmax — 1t,0) |e) } of S, —ou+1. This can be



achieved via alternatively switching Nypax — i “11” transitions and Npax — i “00” transitions, i.e.,
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with Noyy = 2Nmax + (4Nmax — 214 — 1) (1 — 1), to transfer the populations in the subspace
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of AN, —2u+1 to the state |[Nmax — 1,0) |g). Here Thus, 7y, —2u+1 is reduced to the state space 3y, oy Where
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In the (244 + 1)th procedure, we aim to clear the populations in the subspace {|Nmax — i,0) |g)} of H#3,,,,—2u- This can
be achieved via alternatively switching Npyax — tt “10” transitions and Npax — 4 — 1 “01” transitions, i.e.,

10
10, Nimax — 1 — 1) |€) ——— |1, Nipax — pt — 1) | g)
f7N2’1+1
ol
———— |1, Npax — 1 —2) |e) - -
f=Noyq1-1
10
Nmax — . —1,0) |e
pr—— | Nimax — 1 )le)
ol

Nmax — 1,0 |g) - 8
F=Nopy1—2(Nmax—p)+2 ‘ max — H >‘g> ©

with Nay 1 = Ny + 2(Nmax — 1), to transfer the populations in the subspace
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of SN, —2u to the state [Npax — pt — 1,0) |e). Thus, 5y, —2u is reduced to the state space Sy, —2u—1 Where
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In the (2Nmax)th procedure, we aim to clear the populations in the subspace
A ={10,0)[e)} (an
of #71. This can be achieved via switching one “00” transitions, i.e.,

0,0)[¢) =10.0)1g) (12)
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to transfer the populations in the subspace 7] of .7 to the state |0,0) |g). Thus, .7 is reduced to the state space .7 where
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is namely the intial state space for |yp) in Eq. (34) in the main text.

Based on the above discussion, we now calculate the number of steps to generate the target state in Eq. (33) in the main
text with an arbitrary maximum photon number Nyax. For alternatively switching “11” and “00” transitions, we need f;7 oo
steps, given by '

Nmax_l
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N=1
For alternatively switching “10” and “01” transitions, we need fio,o1 steps, given by
Nmax
fioor =1+ Y, N—1) =Ny +1. (15)
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Therefore, the total step number f is
f= hioo+ fioor = 2N ax — Ninax +2. (16)

for generating the target state in Eq. (33) in the main text.
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