
The overall structure of the proposed unitary 
composer is:
      

where V(K) is a mode mixing element, for example 
Fourier mixing gate, PK is a phaseshifters. 
We conducted a series of numerical experiments 
providing strong evidence for the universality of 
the proposed scheme (Fig. 4). 
The procedure of the numerical tests was the 
following: large number (1000 samples) of random 
unitary matrices of particular dimension N was 
sampled from a Haar uniform distribution - US(N) - 
and the in�delity function 1−F(US,U): 

between sample matrix US and our arbitrary 
composer U was minimized. Where scalar product 

defined as <U|US> = Tr(U†US).   
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For realization of linear optical quantum 
computation, it is of high importance to be 
capable of manufacturing device, that could 
implement arbitrary unitary transformation upon 
input photonic states. Such devices are emerging 
as a powerful tool for fields such as microwave 
photonics [1], optical networking [2], and 
quantum optics [3], [4]. 
The seminal work by Reck et al. demonstrated that 
a specific triangular mesh of 2*2 tunable 
beamsplitters (Mach-Zehnder interferometers) 
and phaseshifting elements could implement any 
unitary transformation between a set of optical 
channels [3].
Later, another design for universal multiport 
interferometers based on an alternative 
arrangement of 2*2 beamsplitters and phase 
shifters was demonstrated by Clements et al [4]. 
That design due to its symmetry occupies half the 
physical footprint of the Reck design.
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Here we propose a novel multimode 
interferometer structure, consisting of 
multipath beamsplitters and phaseshifters, 
implementing universal unitary transformation. 

We have proposed novel multimode interferometer design
capable of realizing an arbitrary unitary operator. 
The circuit in our architecture is composed of interchanging mode 
mixing layers, which may be almost arbitrary, and layers of variable 
phaseshifters, allowing to program the device to approximate any 
desired unitary transformation.

Our architecture finds a straightforward application in linear-optical 
computing, however its generality may allow it to be used in much wider 
context.

However, both architectures have strong 
requirements on the manufacturing quality of its 
comprising components - beam splitters - to be 
strongly 50:50 balanced. Even slight deviation in 
the splitting ratio leads to noticeable decreasing in 
the overall �delity of the transformation [5].

We have numerically tested the performance of 
Clements interferometric circuit to di�erent 
beamsplitter imperfections, which might occur in 
the experimental setting. The results are shown in 
Fig. 2. The numerical optimization algorithm 
couldn’t fit the interferometer parameters to 
reproduce randomly sampled unitaries perfectly. 
Our results are in good agreement with those of 
[5], where similar tests were performed. 
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Figure 2. Optimization results for 
the Clements architecture circuit 
with di�erent beamsplitter 
imbalance models. [7]

Here we propose an optical circuit architecture 
which is extremely robust even to quite large 
fabrication errors. 

Figure 1. A universal N-mode multiport interferometer (shown here for N = 7) can be 
implemented using a mesh of N(N−1)/2 tunable beamsplitters such as a) the one 
proposed by Reck [3] or b) the one proposed by Clements [4]. c) a line corresponds to 
an optical mode, and crossings between two modes correspond to a tunable 
beamsplitter, which can be implemented by a Mach-Zehnder interferometer 
consisting of two 50:50 directional couplers, preceded by a phase shift at one input 
port. [4]
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Integrated photonic technologies provide all the necessary 
instruments to develop multiport beamsplitters which can 
be employed in the proposed unitary composer circuit [6]. 
For instance, one of the simplest possible mode mixing layer 
con�guration that can be easily exploited in linear optics is 
a linear array of adjacent waveguides, which is schematically 
illustrated in Fig. 6 (a). 
The numerical simulation testi�es that from certain 
interaction length L ~ 0.62 mm average �delity of the 
composer's operation reaches it's maximum possible value 
F = 1 with the computational accuracy 10-6. Calculations 
were performed for N = 5 equally coupled waveguides with 
coupling constant C = 0.5 mm-1 (which is a value achievable 
in the experiment), each point is a mean �delity over 40 
sample random unitary matrices approximation.

Figure 5. Numerical test of the composer performance
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Results of the numerical experiments are presented on the Fig. 5. Each 
histogram represents the probability density function of optimizing a 
chosen random N×N unitary, drawn from a Haar uniform distribution, 
using a composer with a specified number of phase layers.  
All tests include a numerical search of the optimal phase setting PI for 
1000 random unitary samples. The result for the full configuration 
clearly shows that the proposed circuit (Fig. 3) may approximate any 
arbitrary unitary. 
It turns out that the unitary composer constructed with completely 
random mixing gates demonstrates perfect performance. This result 
demonstrates superior robustness of the proposed composer 
architecture to any fabrication defects altering the mixing layer, as 
opposed to the previously reported implementations of Reck and 
Clements [5]. 
However, recent work [8] has claimed existence of some matrices 
which cannot be implemented via composer (1) in dimensions 3 and 
4, unless one more pair of static mode-mixing layer and phaseshifting 
layer is added to the end of the scheme. We are currently investigating 
this case, and for dimensions of N > 4 we haven’t found any deviations 
from universality of the proposed composer (1).

Figure 3. An overview of a general layout of a multimode unitary composer. N input 
modes are mixed N times in the consecutive mixing layers followed by layers of tunable 
phaseshifters (blue ovals).  The relative phases are tuned to achieve the required unitary 
transformation. 
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Figure 6 a) Schematic illustration of a linear array of adjacent waveguides used as a mode mixing layer in 
decomposition (1),  b) Average fidelity dependence from the mode mixing interaction area length L.

Figure 4.  Optical chip structure for N = 4 input modes.
Input modes are mixed N = 4 times in linear arrays of 
adjacent waveguides followed by layers of tunable 
phaseshifters (blue ovals). 
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