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Abstract

A new type of symmetry in the large deviation function of a time-integrated current is introduced. This current is different from the
fluctuating entropy production for which the large deviation function is symmetric in the content of the fluctuation theorem. The
origin of this symmetry, similar to that of the Gallavotti-Cohen-Evans-Morriss symmetry, is related to time-reversal. The symmetry
is more unveiled when one performs an appropriate grouping of stochastic trajectories in the space of microscopic configurations. It
turns out that the characteristic polynomial of the modified generator of this current is not symmetric; however, its minimum

eigenvalue is symmetric.
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1. Introduction

Most of the systems in nature are exposed to a flux of
matter or energy in the stationary state, and therefore are
driven out of equilibrium. These non-equilibrium
systems are usually modeled as Markov jump processes.
In a Markov jump process the system jumps from one
configuration to another configuration in the
configuration space with a certain transition rate. These
microscopic transition rates do not satisfy the detailed
balance; hence the system will relax into a non-
equilibrium state where the probability current between
configurations is non-zero. In order to preserve this
probability current, the system should be driven by an
external drive which continuously produces entropy in
the environment.

Different fluctuating quantities (or functionals) can
be defined which depend on the specific sequence of
transitions or a stochastic trajectory in the configuration
space. In long-time limit the fluctuation theorems restrict
the functional form of the probability distribution of this
fluctuating quantity. Application of the large deviation
theory reveals that the Gallavotti-Cohen-Evans-Morriss
(GCEM) symmetry can be considered as a symmetry of
the large deviation function for the probability
distribution [1- 4].

It was thought that the entropy produced in the

environment was the only time-integrated current
(entropic current) for which the fluctuation theorem is
valid [5-7]. Recent investigations have shown that a
different time-integrated current (non-entropic current)
exists which displays a symmetric large deviation
function [8-10]. Interestingly this symmetry is slightly
different from the GCEM symmetry. The authors in [8§]
have shown that the height of an interface in a certain
growth model is a physically relevant example of a non-
entropic time-integrated current with a symmetric large
deviation function. Necessary condition in order to have
a non-entropic current with the GCEM symmetry in a
Markov pure jump process is presented in [10]. In has
also been shown that this condition is related to
degeneracies in the set of increments associated with
fundamental cycles from Schnakenberg network theory
[11]. On the other hand, the symmetry is originated in
the time-reversal of the appropriately grouped of
trajectories [9, 10]. From a mathematical point of view,
the Giértner-Ellis theorem states that the large deviation
function of a time-integrated current is given by the
Legendre-Fenchel transformation of the minimum
eigenvalue of a modified generator as- sociated with the
current under consideration [12]. To the best of our
knowledge the characteristic polynomials of the
modified generators associated with the non-entropic
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currents which have been studied so far are symmetric.
This means that all the eigenvalues of the characteristic
polynomials, including the minimum eigenvalue, are
symmetric.

A question which has not been answered in the
related literature is that whether one can define a non-
entropic time-integrated current with a symmetric large
deviation function without requiring a symmetric
characteristic polynomial of the modified generator. This
means that only some of the eigenvalues of the
characteristic polynomial, including the minimum
eigenvalue, are symmetric.

In this paper we propose a simple network of
microscopic transition rates in which a properly defined
non-entropic time-integrated current has a symmetric
large deviation function; however, the characteristic
polynomial of its modified generator is not symmetric.
This implies that only the minimum eigenvalue, and not
all the eigenvalues, is symmetric. Our exact analytical
results besides the numerical investigations show that
such a symmetry exists and it is related to the time-
reversal of properly grouped stochastic trajectories in the
configuration space. Although the example introduced in
present paper is very restricted; however, it predicts that
this type of symmetry, first mentioned in [10, 9], exists
and, at least in our example, it does not belong to the
time-reversal of some most probable trajectory in the
configuration space. It also turns out that the structure of
the configuration space plays an important role.

This paper is organized as follows. The second
section is dedicated to a brief review of the basics of the
large deviation theory. In the third section we discuss the
symmetries of the large deviation functions studied in
the literature. We introduce our network and a time-
integrated current and study its symmetries in the fourth
section. Finally, we explain the origin of the symmetry
of this non-entropic time-additive dynamical variable
which will be called the current throughout this paper.

2. Basics of large deviation theory

It is known that the theory of large deviations can be
applied to study the properties of both equilibrium and
non-equilibrium systems [12]. The large deviation theory
starts with the observation that the dominant term of the
probability  distribution of a random variable
exponentially decays to zero. In order to briefly review
this theory, let us first consider a continuous-time
Markov process with a finite configuration space & in
which a spontaneous transition from configuration s to

configuration s', where s,s' e S, takes place with a

transition rate LN The time evolution of the

probability distribution P(s,t) , for the system being in
sattime ¢, is given by a master equation

%P(s,t):—gHssrP(s',t) (1

where H is the Markov generator with non-diagonal and

diagonal elements given by
H  =-w

ss s S
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and
Hy = s—>s
s #s
where A, = H is usually called the scape rate from the

configuration s. Using the quantum Hamiltonian
formalism, the master equation (1) can be rewritten as
[13]

%|P(s,t):H|P(s,t) @

A stochastic trajectory S a, in the configuration space
is defined as a sequence of M consecutive jumps
s(tg=0)—>s(t)) > —>s(ty) taking place at
t,tp,....tyy €[0,t]

where M is a random variable. On the other hand, the

chronologically ordered times
reversed trajectory S M, is defined as a sequence of M
consecutive jumps
s(tM)—>s(tM—1)—>-~—>s(t0=O) at times
t—tM,t_tM_l,...,t_tlG[O,t]. A

current J is a functional of the stochastic trajectory

time-integrated

S ¢ in S during the time ¢. If the current changes its

,
value by OS_)Sr whenever a jump from s — s occurs,

we have

~ M
j[SM,t:| = Z}es(t,--l)—’s(’i)' ®

The increment Oqﬂvr is antisymmetric and in the case

w .
0 o= 828 J is just the entropy change. The

WS’—)S
generating function for 7 can be written as [5, 6]

e |t

B 4)

in which (I| is a summation vector (1,1,1,...) and that

|P0) is the initial probability distribution vector. The
non-diagonal and diagonal matrix elements of the
modified generator A in (4) are also given by [6]

N —uo
P =—W e § 8
s s s
and
Fy=Sw
S8 - S8
KEX]

respectively. If S is bounded, in the long-time limit
t— o the generating function (4) can be written as [6]
lim e = telk) 3)
—0

In which e(x) is the minimum eigenvalue of the

modified generator H .

We expect that in the long-time limit, the quotient
J/t tends to a constant J. If the probability
distribution of J satisfies a large deviation principle,
then in the long-time limit we can write
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lim P(J,¢) ~ e ) (6)

t—00

In which é(J ) is the large deviation function associated

with the time-integrated current J , which is related to
deviations of the current from its average value.
According to the Gértner-Ellis theorem, the Legendre
transformation of gives the large deviation function of

e(u) gives the large deviation function [12]
é(J) = max (e(u)—Ju). (7)
u

In the next section we discuss the symmetries of this
large deviation function studied in related literature.

3. Symmetries of large deviation function

As we mentioned, the fluctuation relations which are
generally classified as finite-time fluctuation relations
and infinite-time fluctuation relations, restrict the
functional form of the large devotion function. Here we
only consider the infinite-time fluctuation relations. Two
different types of infinite time fluctuation relations are
studied in the context of the Markov jump processes: the
GCEM symmetry and what it is called the GCEM-like
symmetry. Although these symmetries exert different
restrictions on the functional form of the large deviation
function, it has been shown that they have identical
physical origin which is in fact time-reversal [5- 10].

It is known that the GCEM symmetry can always be
considered as the symmetry of the large deviation
function for the probability distribution of the entropy
and entropic currents [5]; however, it seems that the
existence of the GCEM-like symmetry for the
probability distribution of the non-entropic currents
highly depends on the microscopic transition rates
between different configurations in the configuration
space [9, 10].

Form a mathematical perspective, both the GCEM
symmetry and the GCEM- like symmetry refer to the
following relation for the large deviation function of the
current

é(-J)-eé(J)=EJ ®)
in which E is a field conjugated to the current J . It has
been shown that if the fluctuations of the current obey

the GCEM symmetry then the conjugate field £ can be
obtained from [6]

~T A
H (u)=Fg H(E—u)Fy ©)
where T is transpose of a square matrix. Fy is a

diagonal matrix with elements which are the equilibrium
probabilities of the corresponding undriven system
whose transition rates satisfy detailed balance. One
should note that (9) also means that all of the

eigenvalues of H () and H (E—pu) are identical and

symmetric including the minimum eigenvalue which
satisfies

e(,u)ze(E—,u). (10)
In other words, the characteristic polynomial of the
modified generator  (x) defined as

P(,u,x):det(ﬁ(,u)—xl) (11)

in which 7 is the identity matrix, is symmetric i.e., we
have [14, 15]

P(u,x)=P(E—-u,x). (12)
The entropic currents, for instance the entropy
production and those time-integrated currents which are
proportional to the entropy production, satisfy the
GCEM symmetry and also have a symmetric
characteristic polynomial.

The large deviation function of non-entropic currents
or those time-integrated currents which are not
proportional to the entropy production satisfy (8) without
requiring (9) to be satisfied. This type of symmetry is
known as the GCEM-like symmetry. A physically
relevant example was first introduced in [8] where the
height of an interface in a certain growth model was
defined as a time-integrated non-entropic current with a
symmetric large deviation function. Later this idea was
extended to more general Markov jump processes in [9]
and [10]. In these papers the authors have obtained the
necessary conditions on the microscopic transition rates
to have a non-entropic current with a GCEM-like
symmetry. It turns out that the characteristic polynomial
of the modified generator for these non-entropic currents
always satisfy (12). This means that all of the
eigenvalues of the modified generator, including the
minimum eigenvalue which plays a crucial role in the
Girtner-Ellis theorem, is symmetric.

4. Time reversal as the origin of symmetry

Let us first consider an entropic time-integrated current
J whose large deviation function satisfies the GCEM
symmetry. The Schnakenberg relation indicates that if
the ratio of the weight of a given cycle C in the network
of states, defined as a product of transition rates of the

cycle, to its time-reversal C is given by [11, 14]
74
—C _Fhe (13)
e
in which K is the increment of the cycle C, then in the
long-time limit the ration of the weight of a stochastic
trajectory S ., to the weight of its time reversed §M’t
is given by
4N i

[_M,t} _ eEj[SM’,] (14)
W[ Sy ]

In the long-time limit this leads us to the fluctuation
theorem

PI) _ rs. (15)
P(=J)
For a non-entropic time-integrated current whose large
deviation function satisfies a GCEM-like
symmetry, one has [9, 10]

W,
ey _ LK

(16)

in which {C} indicates a group of cycles with equal
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Figure 1. A network of states with periodic boundary conditions. The bold lines show the links where the current 7 4 is defined (see

inside the text).

increments. A symmetric characteristic polynomial
requires that all of the cycles with equal increments
satisfy (16) with a given E associated with the current.

Considering a group of trajectories {S M.} belonging to

the same class one finds
w|{S g
[{ M,z}] - eEJ[{SMJ}]

W[{gM,t}]
in which W[{g M,z}] indicates the sum of the weights of

(17)

the trajectories of the group. Similarly, this leads us to
the fluctuation theorem (15) [8, 9, 10].

We might ask whether we can define a configuration
space and a non-entropic current with a large deviation
function which satisfies (8) without requiring (9) and
(12) to be satisfied. In this case only the minimum
eigenvalue of the characteristic polynomial of the
modified generator of this current will be symmetric. In
the next section we provide a simple finite state space
with restricted microscopic transition rates and show that
one can actually define a time-integrated current with
this type of symmetry.

5. Definition of a new symmetric current

Let us consider a finite configuration space S as a graph
as it is shown in Figure 1. The vertices of this graph are
the configurations or the states of the system and the
edges represent the possible transitions between those
states. As can be seen this network of configurations has
a periodic structure. The forward (rightward) and
backward (leftward) transition rates between different

[ Aepen -y —Vg 0 0
[ —e Huwrg, e 0 —et iy, 0
WhH1 0 Ay Wiz 0
0 —eMwy  —wgg Aeven —efiy
H= 0 0 1 —eFwy, Ay
0 0 0 —wpy 0
0 0 0 0 —e " g,
| —e“@a 0 0 0 0
. 0 0 0 0

in which we have defined
Aeven = WAL + W1 +Wa2 + Wi

ApA =Wal+Wao
Ag =Wpg +Wg)

(22)

We have investigated the characteristic polynomial of
(21) and found that it is not symmetric in the sense that it

configurations are denoted by w and w respectively.

The steady-state of a system with this configuration
space can be easily obtained. Considering the symmetry
properties of the network, the steady-state probability for
being in different configurations are given by

(W1 +waz ) (W) +wg2 ),

50552554 7
L. .

PSlAaS3As55A = E(WAZ +WA1)(WB1 +WB2)7 (18)
L. .

SIBsS3BS5 E(WAI +Wa2)(Wga +Wpi ),

where the normalization factor Z is

(W1 +wa2 ) (g1 + w2 )
Z=3 +EIX)A2+WA1 \Z/BI‘FWBZ;

(W + w2 ) (W2 + W
Now we define a time-integrated current 7 4 of type (3),
with 6 =1 and 6 . =-1 for a forward and a
§—>8 S8
backward transition respectively, which goes through the
following links
S > SjA > S) > S34 >S4 >S54 8
as we have shown in Figure 1 in bold. Using the steady-
state probabilities (18) the long-time average of the
current J, =4/t can be calculated
J4 :%(6(WA1WA2 — W2 ) (W1 +wp2))- (20)
The modified generator of this current in the basis
{50514 5518552535 53B,54, 554,858} 15 given by the
following square matrix

0 0 —= Mg, —wpg
0 0 0 0
0 0 0 0
—g, 0 0 0
0 —efity, 0 0 21)
Ag —ig; 0 0
—Wp g ety —Wg,
0 —e g, e 0 J
0 —Wpy 0 Ag 4

does not satisfy (12) with any real E . On the other hand,
it turns out that this characteristic polynomial can be
written as a product of a symmetric polynomial in x of
order three and an asymmetric polynomial in x of order
six. This means that at least three eigenvalues of the
modified generator (21) are symmetric. Numerical
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Figure 2. Plot of ej (E,p) (filled line) versus eg (u) (dashed line) for wy =4, W =1,wyy =3,W 5 =2,wg =3, =1

and Wp, =1. As can be seen they have different functionalities.
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Figure 3. A simple network with GCEM-like symmetry (see inside the text).

investigations show that the minimum eigenvalue of (21)
is symmetric, in the sense of (10) with the following

conjugate field
WAIWA2 J

1 [
—In| ——
2 \WarWao

and also vanishes at 4 =0 and u=E . This minimum

E, = (23)

eigenvalue has a very complicated expression; hence it is
not presented here. Moreover, we emphasis that the
functional form of the minimum eigenvalue for the

current e; (,u) differs from that of the entropy
production eg (x).

In Figure 2 we have plotted ej (E ) versus eg (u)
to show that these minimum eigenvalues do not have the
same functional form even after rescaling them, hence
we call J, anon-entropic current.

We should also note that the average current (20)
vanishes when W, Wy = W Wa,. The external field
(23) also vanishes when this constraint is fulfilled;
however, one cannot find a similarity transformation of
the form (9) with a real conjugate field E. More
precisely, this means that the system will not be in
equilibrium when the external field vanishes [6].
Because of the symmetry of our network, we could have
considered an equivalent non-entropic time-integrated
current Jp through the following links

So —> S| —> Sp > S3B —> S4 —> S5 —> S-

It can be shown that the large deviation function of this
current has exactly the same symmetries with the

conjugate field
WBI1WB2 ]

o

—In| ——

2 (WpiWa
We can also calculate the average entropy production in
the steady-state as a function of J, and Jp as follows
[5, 14]

S=J Ex +JgEg. (25)
Note that the large deviation function associated with the
joint probability distribution function of currents J, and

Jp defined by

Eg = (24)

lim P(J 4, J5.t) ~ e a7s),
t—o0

has the GCEM symmetry with respect to the conjugate
fields £, and Ep ie.

&(-J 4.—Jp)—&(J 4, Jp)=Ep J 4+ Ep Jp. (27)
In the next section we will explain the origin of this
symmetry which turns to be the time-reversal. Although
the new symmetry introduced in this paper is similar to
the GCEM-like symmetry, in the sense that one should
properly group the stochastic trajectories, it has a
different nature. In order to see the differences and
similarities let us first consider a simpler network of
states, similar to the one introduced in the previous
section, as it is shown in Figure 3 with a time-integrated
current through the following states

(26)
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S0 —> SIA > 52 > 834 — S

This path is shown in bold in Figure 3. The characteristic
polynomial of this current is symmetric with the same
conjugate field given in (23). This means that all of the
eigenvalues of the modified generator for this current are
symmetric including the minimum one. There are two
different cycles with increment O in this network and
their weights are given by

1 _ _ 2.2
Wo = Wso—)slB—mz —s;p—s5, — WBIWB2,

W(% = Ws0—>s3B—>52—>slB—>so = \7\/%1\7&/2]32.

Note that these two cycles are time-reversed of each
other. There are also four different cycles with increment
2 (and their time-reversed with increment -2) whose
weights are given by

W% = W50_>51A_)52_>SIB—>50 =WAIWA2WBIWR2,
W22 = Wszﬂsmﬂsoﬂsmasz =WAIWA2WBIWR2;
WS = WSO—)SlA—)Sz—>S3B—)SO =WAIWA2WBIWER2,
W? = Wso—>sm—>sz—>s3A—>s0 =WAIWA2WBIWB2-

Finally, there is a cycle with increment 4 (and its time-
reversed with increment -4 with the weight

1 _ w2 g2
W, = WSO—>51A—>S2—>S3A—)SO =WAIWA2-

Denoting the weight of a time-reversal cycle by W one
can immediately see that

1
Wi _ e
W
for K=4 and E given in (23). By properly grouping
the cycles with equal increments we also find
Wa+ W3+ W3+ Wy _ ke
Wi+ W7 + W5 + Wy
for K =2 and

0 0
Wi +Wy _ ke
WIO + Wg
For K=0. These relations are the origin of the
symmetry of the characteristic polynomial for the current
defined above. Grouping of different cycles with equal
increments indicates that this symmetry is a GCEM-like
symmetry.

Let us now consider the network of states given in
Figure 1. Comparing this network of states with the one
given in Figure 2, we see that only the dimensionality of
the network is changed while its structure is almost
preserved. As we will see this will result in a completely
different symmetry for the large deviation function of the
current. In this network there are two cycles with
increment K =0 with the following weights

1_ 3.3
W% = W&‘OA)SIB4)5‘2%5‘384)5‘44)5‘58*)5‘0 =W 1331W;325
Wo = quﬁsmﬁs“%sm S5, o525 — WBIWB2-

As in the previous network, these two paths are time-
reversal of each other. For the following cycles

1_ 3 2 2
W2 = W sy s53p s 55550 = WAIWA2WBIWE2,

2 _ 3 2 2
W2 =W i 8, 534535555, = WAIWA2WBIWE2,

WS = Wso—>513—>52—>538—>54—>55A—’50 - WAIWA2W2B1W2B2’
Wﬁ; =Wy oss0 55155 = WA1WA2‘7‘~’B1V~VB2»
W26 = Wsz—)s3A—>s4—>s3B—>s2 =WAIWA2WB1WR2>
W, = Wm%smﬁs{)%smas“ =WAIWA2WBIWE2>

we obtain K =2. There are also three cycles with
K=4

1 _ 2 2
W‘; = Wso—’slA—>52_’s3A—>S4—>ssB—>so - Wg1W22WBIWB2’
Wy = WSOA)SIB%SZ%S_«,A4)3‘44)3‘5A~>S0 = WAIWA2WBIWE2>

3_ o2 2
Wi =W 05,535 ss 550 259 = WAIWA2WBIWE2,

and a single cycle with K =6

Wé = WSO—>51A—>52—>S3A—)54—>55A—>50 = WSAIWSAZ'

It can be easily seen that one cannot group the cycles
with equal increments to satisfy (16). In more detail, it is
possible to group the cycles with K =0 or K =6 to
satisfy (16) with the conjugate field given in (23);
however, it is not possible to group the cycles with
K=2 or K=4. This results in an asymmetric
characteristic polynomial. This is the reason why we
emphasize that the nature of the new symmetry
introduced in this paper is somewhat different from those
studied before. In what follows we show that the origin
of the symmetry of the large deviation function for the
probability distribution function of J, is the time-

reversal.

Let us  first  define Seven € 150>52,54 1,

SA €{s1a-53A-5541 and sp € {sg,53p,55p}. Starting
with a uniform initial distribution we decompose a
stochastic trajectory with M jumps in the time interval

[O,t] as a sequence of chronological jumps from s,,,,

to another s In Figure 4 we have plotted a stochastic

even *
trajectory, which without loss of generality can be

started from s,,, at f, =0. It can be seen that each

trajectory returns to s,,,, after two consecutive jumps. It
can be realized that eight different events can occur

when the system jumps from s,,,, to another s The

weights of these events are given by

even *

e MevenBleven A le*XAAtA WAl

e MevenAteven WAze*LAAtA WAz,

e*LevenAteveanle— BAty Wgi»

e MevenAeven 2e*kBAtB Wg2»

e MevenAteven Wage A tA WA2s

¢ reveneven i e PAMA

e MevenAteven WB167XB tp Wg2»

e MevenMeven oo o TABA o

in which At.,.,, Aty and Atg are the waiting-times in
a given s,,,, sp and Sp respectively, before a jump

occurs. These weights are the building blocks for the
weight of an arbitrary stochastic trajectory in the sense
that the weight of a stochastic trajectory can be written
as a product of different powers of these weights. Now
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to

Sp 814 S1p 82

Figure 4. A stochastic trajectory (bold line) can be decomposed into the jumps from s

834 S3p S4 S54 S5 S

to another s shown as different

even even

shaded areas. Time points upward and the horizontal axis is the state of the system.

the weight of a stochastic trajectory can be written as

W[ She = (WarWar)™! (waaWas)™?
x(wp Wy )™ (WpWp, )02
x(WaArWa2) ™2 (WarW )"

(We1wp2) ™" (Wg1Wg; )

S5 "B12
X (WBIWBZ (WBIWBZ)
ef}"eventeven 77"AtA 7)"BtB

"B12

)nBIZ
)”Blz i
in which the total writing-times in different states are
given by
teven = ZAteven A = ZAtA tg = zAtB
Where ¢ =t,,,, +t4 +tp. On the other hand, one should
require
na11+7A2) T 7RI TR M

+7A1p + A1) T g1 + gy = Y
in order to fix the total number of jumps M . Using these
T4 =2(nq127412)

Jp =2(np1y —figyy) . Let us now consider two different

definitions, we have and

stochastic trajectories and their time-reversals where
their only difference is the value of [Jp. The first

trajectory with +7p and the weight

W[ Sar s T a5 T5 | = (war )" (wapibgn )42
(wg1vp )" (wpa g )82 x( )

(W40 )" 112 (Wsltwgz)nm (Wg1vp2)
“AB'B

WaAIWaA2
12

67 evenleven 7}"AtA
and the second trajectory with —7 and the weight
a ~ n ~ n
W[SM,tajAa_jBJ =(wag ) " (Waa g0 )"

(w1 Wp )" (wpaivps ) P2 x (WA w g ) "A12

(417,42 )12 (wwps )™ (g g )"0
e evenleven M al 4~ BtB.

After some straightforward calculations it can be shown
that the ratio of the sum of the weights of these two
trajectories to their time-reversals is given by

W[SM,t,jAajBJ+W[§M,zn7A:—m73J
W[SM,tﬂ_jA’_jB]+W[SM,[ajjA,jB]
n —n
:[m] T B
WAIW A2
in which the conjugate field E, is given in (23).

Multiplying the above expression by a delta function
8(J4—J) and summing over all possible trajectories,

one recovers the fluctuation theorem given in (15).

6. Concluding remarks

In this paper we have tried to answer the question that
has been addressed in recent papers on the symmetries of
the large deviation functions other than the GCEM and
GCEM-like symmetries. The question is about the
existence of a situation where the characteristic
polynomial of the modified generator of a non-entropic
current is not symmetric but the minimum eigenvalue of
the modified generator is symmetric. By introducing a
simple network of microscopic transition rates, we have
found a non-entropic time-integrated current which has
the above-mentioned symmetry. We have investigated
all symmetry aspects of the large deviation function for
the probability distribution function of this current. We
have shown that the origin of this symmetry is time-
reversal; however, unlike other GCEM-like symmetries
studied in the literature, the cycles with equal increments
cannot be grouped, hence in order to recover the
fluctuation theorem we have adopted a different
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approach. It turns out that the existence of this symmetry
highly depends on the dimensionality and structure of
the network as a given time-integrated current has
different symmetries when the network is slightly
changed.

Studying of the symmetries of the large deviation
functions and the reasons why the large deviation
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