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I. MUTUAL INFORMATION

We here analyze the mutual information I, given by
Eq. 12 in the main text, for uncorrelated inputs and
noises. Assuming Gaussian input and noise distributions,
Penv(c) = N (µ,Σc) and Pξ(ξ) = N (0,Σξ), the distribu-
tion of the output e, defined by the linear map given
in Eq. 10 in the main text, is also Gaussian and reads
P (e) = N (Aµc,Σe) with Σe = AΣcAT +Σξ [1]. Sim-
ilarly, we find a Gaussian joint distribution P (c, e) =
N (µ,Σ) with

µ =

[
µc

Aµc

]
and Σ =

[
Σc ΣcAT

AΣc AΣcAT +Σξ

]
. (S1)

Hence, the mutual information reduces to [2]

I =
1

2
log2

(
|Σc||Σe|

|Σ|

)
. (S2)

For the simple case where the matrices Σc, A, and Σξ

are diagonal, we have

Idiag =
1

2

Nr∑
i=1

log2

(
1 +A2

ii

Σc
ii

Σξ
ii

)
. (S3)

Using the definition of Aii given in Eq. 11 in the main

text, we find Eq. 13, where ζi = αiSii[Σ
c
ii/Σ

ξ
ii]

1/2 quan-
tifies the signal-to-noise ratio of a single receptor.

We start by considering the case of high signal-to-noise
(ζi ≫ 1). In this case, Eq. 13 in the main text becomes

Idiag,H ≈
Nr∑
i=1

log2 ζi +

Nr∑
i=1

log2

(∫ L

0

nie
− z

λi dz

)
, (S4)

so we can maximize the information irrespective of ζi.
In particular, we consider the situation where receptors
are sorted into distinct zones and optimize Idiag,H with
respect to the zone length. In the simplest case of Nr = 2

types of receptors, we have

n1(z) =

{
nmax 0 < z < L1

0 otherwise
(S5a)

n2(z) =

{
nmax L1 < z < L

0 otherwise
(S5b)

where we assumed λ1 < λ2 and nmax = N/L. Optimizing
Idiag,H with respect to L1, we find the optimal lengths

L∗
1(λ1, λ2) =

2λ1λ2(1− eL/λ2)

λ2 − (2λ1 + λ2)eL/λ2
≈ 2λ1λ2

2λ1 + λ2
(S6)

and L∗
2 = L− L∗

1.
In the opposite limit of low signal-to-noise (ζiNi ≪ 1)

we consider for simplicity λi → ∞, so Eq. 13 in the main
text becomes

Idiag,L ≈ 1

2 ln 2

∑
i

N2
i ζ

2
i , (S7)

where the total number of receptors is N =
∑

i Ni. We
then ask when it is useful to add an additional recep-
tor type to an existing array. For simplicity, we con-
sider an array of Nr receptor types with equal ζi = ζ for
i = 1, . . . , Nr and add a receptor type with potentially
different signal-to-noise ζadd. Using Ni = (N−Nadd)/Nr

for i = 1, . . . , Nr, we obtain the optimal count of the
added receptor, N∗

add(N, ζ, ζadd), from the optimality
condition ∂Idiag,L/∂Nadd = 0,

N∗
add =

NrNζ2(Nr
2 +N2ζ2)

Nrζ2(Nr
2 −N2ζ2) + ζ2add(Nr

2 +N2ζ2)2
, (S8)

which is valid for ζadd > ζthadd. The threshold value ζthadd
follows from the pole of Eq. (S8) and reads

ζthadd =
ζ
√
N2Nrζ2 −Nr

3

N2ζ2 +Nr
2 . (S9)

Since ζthadd needs to be real, we require Nζ > Nr.
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