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This letter deliberates bridging of overall electricity power requirements of the optical network unit (ONU) with the en-

tropy noted through the ONU state transition models considered in ethernet passive optical network (EPON). The entropy

depends on the steady state and transition probabilities of data. On the other hand, the power requirements (consumption)
of ONUs depend on the steady sate probability of ONUs. The potential relation derived between the entropy and electri-
cal power reveals that they related exponentially but for their logarithmic reliance. Also, the relation is validated through

the numerical simulation. The deduced relation has its importance to understand the nuances of one entity given the other.
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In recent years, the awareness on energy efficiency and
controlled consumption of power motivated the research
attention towards passive optical network (PON). The
optical line terminal (OLT) at central office assigns the
bandwidth grant through the GATE message for up-
stream and downstream transmission as per the reported
bandwidth in queues. However, the nuance of such data
transmission is also hooked on electricity requirements
for the active devices of optical network unit (ONU) and
OLT. Thus, the subsystems of PON, such as OLT, ONU,
and source of electricity supply have equally important
role for effective data communication. In Asia-Pacific
region, the installation of ethernet passive optical net-
work (EPON), a standard of PON, is majorly observed.
The EPON, which is an Ethernet frame-based technology,
is analogous to well established local area network (LAN)
technology.

In EPON, many methods discussed about the data
transmission mechanisms with the energy efficient sleep
and doze states for an ONU'*]. The entropy, an average
information randomness of the data, in the literature, was
discussed in the economic system manage-
ment/estimation!®!!l. A few of the papers deliberated the
integration mechanisms of PON with various electricity
suppliers that highlighted the battery-powered ONUs and
the connectivity of supply chains to different subsystems
of PON['?14 In this work, for the first time, a potential
relation is established to relate the entropy and the elec-
trical power (required) noted through state transitions
model of the ONU.

The schematic representation of the PON to derive the
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inter-relation between entropy and electrical power re-
quired is shown in Fig.1. The network consists of OLT,
N number of ONUs, and splitter. Where, the OLT and
ONU are active subsystems and the splitter is a passive
intermediate system. This system classification is done
based on the electrical power requirement of the subsys-
tems to operate as shown in Fig.1. Moreover, the emer-
gence of multimedia applications and internet of
things(IoT) has provisioned the ONU to have its connec-
tivity with various active systems. In the centralized con-
trol scheme, to avoid collisions, the OLT at central office
controls the data traffic of ONUs in time division multi-
ple access (TDMA) manner. Thus, each ONU consists of
data transmission duration (active time) and waiting time
(idle time). Also, the total active time durations of all
ONUs in the network is known as cycle time. Moreover,
during the stipulated active period of an ONU, both up-
stream and downstream transmissions occur simultane-
ously. The power conservation had been attempted in the
literature!’>'>!"1 by considering either doze state or sleep
state as idle state besides active state in the state transi-
tion model.
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Fig.1 Basic PON architecture
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In the EPON, the OLT controls the time duration for
various ONUs through the multi-point control protocol
(MPCP) message, ‘GATE’ in a TDMA manner. Further,
the polling sequence of the ONUs considered is fixed
polling sequence with fixed (constant) cycle time for all
cycles. To understand the pattern of power savings and
to allocate the cycle times to meet the Quality of Service
(QoS), a different set of ONU state models are consid-
ered as shown in Fig.2. Fig.2(a) represents the active
doze model (AD model) with the states, active and doze
while Fig.2(b) represents the active sleep model (AS
model) with the states, active and sleep.
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Fig.2 ONU State transition models: (a) AD modell'l; (b)
AS model

Initially, the discrete time Markov chain (DTMC) state
transition models for ONU as shown in Fig.2 are devel-
oped. In addition, this DTMC model follows memory
less property. Also, it is presumed that the idle state rep-
resents either doze state or sleep state as per the model
considered. These models epitomize that the ONU is,
initially, at active state and transits to either idle state or
active state depends on the arrival rate of packets (pack-
ets/ms) observed for that cycle time duration. Further, it
is assumed that the ONUs considered are identical and
have constant bit rate (CBR) traffic. The intra active state
transition probability (4) for the AD model as in
Fig.2(a)'! and intra active state probability (B) for the
AS model as in Fig.2(b) is represented in Eqs.(1) and (2),
respectively. Where, the packet arrival rates in down-
stream and upstream are represented as Aq and A,, respec-
tively. The active steady state probability (u1) and the
steady state probability of doze or sleep state (u») are
calculated from the intra-state transition probability ob-
served as explained by the methodology given in
Ref.[16].

A=1-e M x (1= ), (1)

B = 1_3*(4‘“*%)*&”: ) (2)

As per the conditions stated above, the ONU can also
be in an idle state with the steady state probability as
mentioned above. However, the assigned fixed cycle
time determines the idle time for the considered fixed
polling sequence. They specify the actual scope for the
probability of idle time as the arrival rate is limited but
the assignment of fixed cycle time will result in loss of
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packets. Incidentally, if the steady state probability of
idle state is zero or lesser than the threshold considered,
the OLT enables one more wavelength channel to meet
the traffic needs. Similarly, the number of ONUs operat-
ed per enabled wavelength channel also varies. This
mechanism reduces the cycle time as in Eq.(3). Thus, the
idle state probability increases. However, the wavelength
channel enabling procedure in this work is processed by
considering the transition probability from active state to
idle state. That in turn institutes for idle steady state
probability. The detailed description about the threshold
is given in the inferences for the results. In Eq.(3), Ry is
the upstream line rate for a single wavelength channel
that increases with the number of enabled wavelength
channels, and Wy is the bandwidth granted. Thus, the
cycle time (7¢ycre) for single enabled wavelength channel
is represented as
W s
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Similarly, the power consumption of ONU (P.) depends
on steady state probability and power consumption of
each state as represented in Eq.(4). Piae represents the
power consumption of idle state and P, denotes the ac-
tive state power consumption. Pians is the additional
power consumption that accounts the power requirement
for the transition period. Then, the total power consumed
by one ONU can be given by

P =uxP, +u,xB, +F 4)

c trans o

The communication between the source of electricity and
the ONU happens in terms of bits. According to state
transition model considered and the traffic arrival rate,
the change in the state of the ONU that is either active or
idle state is conveyed to the suppliers as bit, ‘1’ or ‘0’,
respectively. Therefore, with the variation in the bit ob-
served, the state transition and steady state probabilities
are determined. Further, the entropy(H) as discussed in
Ref.[8] also depends on the steady state and state transi-
tion probabilities as denoted in Eq.(5)

H=={u,x[ CxlogC+(1-C)xlog(1-C) ]}, (5)

where C and 1-C represent the probability of getting ‘1’
as a next bit given the present bit as ‘1’and the probabil-
ity of getting ‘0’ given the present bit as ‘1, respectively.
Additionally, u, represents the steady state probability of
getting “1°. It is expected that the steady state probability
of getting ‘1’ is equivalent to the steady state probability
of active state (u;). Similarly, the probability ‘C’ is
equivalent to the transition probability ‘4’. Thus, from
the Egs.(4) and (5), it can be understood that the power
consumption and entropy are related to the steady state
probability.

The steady state probability, which is a common term
for both entropy and power consumption, is ascertained
based on the inter-arrival rate of packets between OLT
and ONU. On the other hand, it is determined between
ONU and electricity suppliers accounting the logic value
(nature) of the bit, a reflectance of change in states. As
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mentioned above, the steady state probability of getting
‘1’ can be represented in terms of power estimation and
the power consumption at various states of the ONU as
in Eq.(6). Here, it is presumed that the system estab-
lished in this work can estimate the power consumption
of the ONU, hence in Eq.(6), the estimated electrical
power required by the ONU P replaces the power con-
sumption of the ONU (P.) while rearranging Eq.(4).
Rsl _P!rans _Pidle
u, =S (6)
Pac\ “idie

With the entropy (H), the electrical power required for

the ONU (Pes) can be estimated through

Hx(B, —Ey.)
[ Axlogd+(1-4)xlog(1-4) |

Similarly, the state and transition probabilities can be
computed for the model shown in Fig.2(b). Though using
Eq.(6), it is possible to estimate the electrical power at
the supplier premises, Eq.(7) has its scope to relate the
inter-dependency between entropy and electrical power.
Thus, through the established relational model, we can
also deduce the information flow across the system.

The models established are simulated using MATLAB
software to understand the insight of the relation. The
power consumption of different states is computed with
the condition that the state transition time is negligible!'®!,
The simulation parameters considered with their associ-
ated value are given in Tab.1. The traffic arrival process
is assumed to be Poisson in nature. The simulation is
carried out by varying both upstream and downstream
traffic per ONU. Further, at given time, the upstream
traffic is kept equal to downstream traffic. Initially, when
ONU is at active state, it is observed that the variation in
the arrival rate revealed an increased active state proba-
bility and decreased inter-state transition probability.

P =P

est trans idle

(7

Tab.1 Parameters considered for simulation

No. Parameter Value

1. Active state power consumption (Pact)  3.985 W

2. Sleep state power consumption 1.28 W

3. Doze state power consumption 3.85W

4. Number of ONUs (N) 32

5. Packet arrival rate per millisecond (44¢) 1200 to 4 000
6. Cycle time variation (7cycle) 2 msto 10 ms
7. Upstream line rate (Ru) 10 Gbit/s

8. Transition power consumption (Pians) 0.8 W

For the CBR traffic assumed at the ONU, we have
considered different cycle times of the network and ob-
served the response of the system with the suggested
state transition models. It is to be noted that these con-
sidered cycle times are the initial cycle times with single
enabled wavelength channel. The cycle time of the net-
work also reveals the bandwidth granted to each ONU.
Thus, with the small value of cycle time, the bandwidth
granted is lesser and with the large value of cycle time,
the bandwidth granted would be more. However, the
considered small cycle time is allowing the ONU to
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transit to the idle state and the large value of cycle time
is not allowing the ONU to transit to the idle state. Again,
it is to be noted that the idle state of a particular ONU is
the active duration for other ONUs. Hence, to maintain
the same bandwidth grant and also to allow the ONU to
be in idle state, the system will have to enable multiple
wavelength channels. However, the pattern of wave-
length channels enabling scheme is limited by a thresh-
old for the transition probability, ‘1—A4’.

As discussed above, to maintain the transition
probability of the idle state at threshold (0.2 in this case),
the cycle time is altered and the respective deviation in
the entropy and the power consumption is plotted in
Fig.3(a) for chosen AD model. Through the arrival rate
considered and for the given cycle time of 10 ms, the
power consumption of the ONU and the entropy are
computed individually and their responses are plotted.
The results suggest that the two entities are related
exponentially. The nonlinear relation for the state model
with idle states namely, doze and sleep is shown in Fig.3
(a) and (b), respectively. The response also reveals that
the power consumed by the system through AD model is
more than that of AS model. That is owing to the sleep
state with its transceiver in off state rather than the
transmitter only off as in the case of doze state. AD
model exhibits almost linear relationship because of the
less variation in the power consumption between doze
and active states. However, the non linearlity is evident
in AS model due to large variation in the sleep and active
states power consumption.
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Fig.3 ONU power consumptionin fixed polling
sequence with CBR traffic: (a) AD model and (b) AS
model
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The variation in the entropy by changing the packet
arrival rate is illustrated in Fig.4. It reveals the effect of
reduction in cycle time with number of enabled wave-
length channels. For the chosen range of arrival rate, we
can observe from Fig.4 that the network with initial cycle
time of 10 ms has the same entropy with that of the net-
work with the initial cycle time of 2.5 ms, which is ob-
tained by enabling more wavelength channels. This is
also possible for the rest of the cycle time cases. As the
entropy is similar in both the situations, the former can
be mapped to the latter. That is the range of arrival rate
can be substituted by proper number of enabled wave-
length channels. It is observed that the number of wave-
lengths required for maintaining the threshold is more in
the case of AS model than AD model.
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Fig.4 Trajectory of entropy variation with different
initial cycle times in AS model

The condition with different cycle times could possi-
bly attempted by forecasting!'”! the arrival rates of the
ONUs in various cycles. Then the average arrival rate of
the ONUs within the cycle can be computed. Moreover,
the initial (first) cycle time of the ONUs is assumed. The
remaining cycles time duration is computed proportion-
ately to the values of average arrival rate per cycle. Here
the cycle time must be taken as the time required for one
complete sequence of upstream access that is from ONU
1 to ONU N in a fixed polling sequence. However, the
active time of all ONUs in the cycle is equal and is cal-
culated as per the identified cycle time value. Then, the
cumulative active time, idle time, and the observation
period per ONU will vary. Accordingly, the average val-
ue (Teycleave) Of active time and idle time of all ONUs can
be calculated. However, the challenge is to relate the
average value of time durations and the wavelength allo-
cation procedure. The modified equation to do the job is
given in the Eq.(8). Ttycicavg and the average arrival rate is
utilized for the computation of the transition probabilities
as in Egs.(1) and (2). In addition, the trajectory is as-
sumed to be in the same pattern due to the similarity in
the respective equations in both cases for the given con-
ditions. While this different cycle time based approach is
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out of scope for this work. It might be considered as a
future work.
T
T — N>< VI/mM % cycleavg . (8)

cycleavg Ru ]—;y(:le

The EPON, one of the much demanded access
network technologies for realization of the next
generation networks. In recent days, the researchers have
concentrated in all spheres of this network by
emphasizing and exploring its subsystems so as to
achieve effective and efficient performances including
power consumption. This manuscript brings out the
relation existing between entropy of the PON with that
of electrical power required for its normal functioning of
sub systems like ONU. The derived potential relation for
the chosen PON would reveal much insight about the
functional attributes of the system for the given polling
sequence. Further, between entropy and power
consumption, if one of them is not known, through this
relation, the other can be ascertained.
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