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Abstract: In order to solve the problems of multi-layer network energy consumption, for the multi-layer net-
work with an IP layer, TDM layer and optical layers 3-layer structure, ITO model is proposed in this paper.
The modules deeping of multi-granularity, traffic multistage grooming and bypass, the route of energy aware
and varieties of energy-saving were discussed in the model. According to the specification parameters of ac-
tual network equipment to explore how different combinations of network layer, dynamic power dissipation
dynamic power of network equipment and modular structure impact on energy optimization of multi-layer
network by corresponding experiments. Experimental results show that: The power consumption of the net-
work can effectively be reduced by using the model in this article.
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1. Introduction

Due to the rapid growth of demand for network services,
the system number and size which network services pro-
vide increase explosively, and also the power consump-
tion of network service system is increasing rapidly. The
increase of network service system power consumption
not only increases the system operation costs, but also
restricts the improvement of system performance; mean-
while produce large amounts of carbon emissions.
Whether from an environmental point of view or eco-
nomic point of view, energy control of network service
system is becoming an important factor in system design
increasingly.

Wired network energy consumption begun to be va
lued by people until Gupta and Singh's work, since then,
there has been a lot of energy-saving research on wired
networks. Bianzino A P and others summarized the wired
network energy-saving research works of recent years.
When the wired network was originally designed and
deployed without considering energy optimization goals,
and more serious is one of two design criteria, over pro-
visioning (over provisioning) and redundancy (redundan-
cy) completely agree with the goa of energy consump-
tion optimizing. The basic idea of excess configuration is
that: due to the lack of QoS guarantee mechanismin In-
tement system configuration, in order to guarantee, it is
usually configured according to the system peak load, but
when the system load is low, the service capacity is re-
maining, it means that there is energy waste. The basic
idea of redundancy is: In order to protect the system flex-
ibility and fault tolerance, for critical system components,
multiple components were deployed to deal with emer-
gency Stuations. These two design criteria resulted in
tremendous waste of network resources and unnecessary

energy consumption, with the skyrocketing of network
size and network applications, more and more research-
ers design different techniques and agorithms to over-
come the defects of these two designs criteria

Internet can be roughly divided into the core network and
various types of access networks, the network service
system connected to the Internet through the access net-
work to provide services. The access networks and the
core network this infrastructure include many network
devices and communication protocols, to a large extent,
this network devices and communication protocols de-
termines the energy consumption of the network layer.
Core network consists of multiple network layers, saving
research of the core network can also be divided into the
energy-saving research study for a single and for multiple
network layer. Power of the core network is mainly from
IP layer, and therefore, lots of work is committed to re-
ducing the power consumption of the IP layer. Energy
saving method of IP layer mainly includes traffic merg-
ing and traffic distribution. The main idea of the traffic
combined approach is: By adjusting the business route
and converging the traffic in the network to get as much
link or node as possible isidle and then make idle link or
node goes to sleep ( or low power consumption state ) to
reduce energy consumption. Traffic merging problem
can be formalized and modeled to a mathematical pro-
gramming problems, such as mixed integer linear pro-
gramming (Mixed Integer Linear Programming, MILP)
problem and integer linear programming (Integer Linear
Programming, ILP) problem. These problems are usually
NP-hard problem, and therefore it needs to be designed
the appropriate heurigtic to solve, suchasLee Sof LR &
HS agorithm. The main idea of traffic distribution me-
thod is: That is assumed that link has a variety of work
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rate and corresponding with varieties of power, service
routing is used to allocate traffic for each link and make
links work in best rate mode, so that the power consump-
tion of the network is Min. Jian T formalizes this prob-
lem as a MILP problem and designs a greedy algorithm
to solveit. In addition, since the core network aggregates
the traffic of the edge networks, the node is difficult to be
completely idle, based on Floyd-Warshdl algorithm,
Cianfrani A proposed a routing Standby agorithm to
introduce Standby mode for the router, and the router is
shifted to Standby state to save power by adjusting the
businessroute.

Energy-saving research of the multi-layer network as-
pects focused 1Pover WDM network, the main idea is to
use the higher energy efficiency of optical switching
transmission technology, through traffic grooming and
bypass technology to make the traffic switch transmit to
the lower WDM as possible then reduce traffic at the IP
layer to decrease network power consumption. For the
problem of the energy-efficient design or energy optimi-
zation of IP over WDM networks involving IP layer
routing and virtual topology design problem , WDM
layer routing and wavelength assignment problems and
the physical topology design and regenerator placement
problem in WDM layer. These problems can be forma-
lized and modeled as MILP problem or ILP problems
and to minimize the function of the network power con-
sumption as the objective. TDM technology has the ca-
pabilities of transportation management and mai ntenance
which WDM technology is not able to match, in the cur-
rent core networks, SONET / SDH and OTN such as
TDM technologies is still widely used, but the research
on IP over TDM over WDM network power-saving is
less. Huang S used the formalization that based on
streams and interfaces to make power consumption mod-
eling respectively on the node of IP over TDM over
WDM networks, but the experiment case network is a
static network, it is similar to single IP network routing
problems that IP layer and the TDM layer topology are
pre-configured and can not be changed. Katib I’swork is
similar to ours, the author has established a network
power optimization model for IP / MPLSover OTN /
WDM network and candidate path were used to achieve
the routing of IP / MPLS layer, OTN layer and WDM
layer, while it lacks the validation of experiments on
model.

2. Network Model and Energy-saving Me-
chanisms

2.1. Network model

Multilayer network model in this paper is composed of 3
network layers: the IP layer, TDM layer and optical layer
(see Figure 1). Each node in multi-layer network is usual-
ly congtituted by a group of network devices, including

the IP device, TDM device and optical network equip-
ment. The nodes connected by the fiber optic link, net-
work device in the junction is connected through the
physical line (represented in Figure 1 by the solid line) .
There is no direct physical link between network nodes
in TDM and IP layers, the virtuad path provided by the
underlying network is used (like optical paths optical
layer provided and TDM and the circuit TDM-layer pro-
vided) to establish their own logical link ( indicated by
dashed lines in Figure 1 ). Each network layer link col-
lection is generally different (see Figure 1), each network
node of the network layer need not set the same, the up-
per network node set is a subset of the set of lower layer
network nodes.

Figure 1. IPover TDM over WDM network schematic
diagram

Currently, a modular structure is typicaly used in the
core network equipment the network devices are de-
signed to be composed of machine frame and module
card. According to the actua networking requirements,
the necessary network eguipment chassis is set up by
adding the appropriate module card.

The modular design allows flexibility and scaability of
network devices can be enhanced to achieve the expan-
sion and upgrade of individua network devices by add-
ing or replacing the module card. In addition, you can
also break the capacity of a single device limitation
through multi-chassis cluster approach and meet
processing demands of massive business.

2.2. Energy consumption analysis

It isassumed in this article that: 1) the used MAC proto-
col in the sensor network is based on the CSMA transport
mechanism; 2 ) network nodes does not moved after dep-
loyment3) sensor hodes have the same initial energy after
dispensing; 4 ) sensor nodes have the same transmission
radius ; 5) the network lifetime is defined as the network
time which first network node energy depleted.

When a node 1bit data transmitted, the transmission
energy Etx= Eele+ Eamp. Wherein Eele represents the
consumed energy of non-energy emitting device (fre-
guency synthesizers, mixers, filters, etc. ), namp is the
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energy the transmitting device which consumed, the val-
_BR

amp
Where f is the constant that related to the hardware, R is
the node transmission radius, y is the path attenuation
factor, namp for the transmitter magnification. So when a
network packet length is L, the energy that the node sin-
gle-hop transmission consumed can be expressed as fol-
lows:

ueis E,,

Eny = L(E, +E,) = L(E,, +?+ E,)

amp

@

Transmission

Backoff

Figure2. CSMA transmission mechanisms

Wherein, Erx is the energy when node receives the ener-
gy consumption per bit.

The energy consumption of transmitted data based on
CSMA mechanism is not sure each time; it is related to
the number of the number of events triggered in the net-
work and competitive transport nodes &t this time. Ac-
cording to this paper, packet is successfully transmitted
the expected energy ECSMA to measure the energy con-
sumption of data packet transmission.

There are four sensor nodes state assumed in CSMA me-
chanisms. 1) idle date I; 2) An active state (carrier
transmission detection); 3) T transmission status; 4) B
retreat state. State transition is shown in Figure 2.

When the node is between the slot time 1 and the NAV
(network dlocation value), a dot time is pickedin
the equal probability at random, the probability of node
selecting dlot time r P (r) = 1 / NAV. According to
CSMA transport mechanism, when N nodes smulta-
neoudy compete for the channel, the probability that the
node successfully transmits datain dottimer is.

N-1

P (r) = CLP(N 8- & PO @
e i=1 u

Correspondingly, the probability of the node selecting the
slot timer but need back off:

R)uw(r) :1_ chm(r) (3)
Thus, the probability when nodes choose different dot

times and transmute successfully is Psuccess, the proba-
bility that it need back off is Pbusy:

N
Psucoes = a stoces(r)’ Pbusy = 1- P&ICC%S (4)
t=1

It is assume that node tried k times data transmission, and
it transferred successfully last time, then the probability
is.

P(X = K) = PogecRisy )
From this formula, the expected number of total trans-
mission times during the process of this transmission

is

. Therefore, the expected value of the total ener-

success

gy consumptionis:
ECQ\AA = Elhop + (1/ chcss - 1) Ebusy

3.1TO Mode

If the energy is seen as a system resource, then the man-
agement and control of energy consumption can be attri-
buted to the configuration and management of resources,
while the alocation of resources will need to be based on
business requirements. Therefore, under the network
environment, the network energy consumption can be
reduced through the control of the network traffic flow
and the configuration and management methods of net-
work resources. Here the power consumption optimiza-
tion problem of multilayer network which is composed of
IP layer, TDM layer and optical layers is modeled, and
this optimization model named ITO (IP-TDM-Optical)
model. ITO model achieved the collaboration between
network traffic control and network resource alocation
and management, by routing methods to rationally alo-
cate traffic between multiple network layers and in inter-
na network-layer, according to the arrival of the traffic
load, network equipment reasonably configure and man-
age network resources, transfer the idle module into sleep
mode in order to reduce network energy consumption.
ITO model is based on network flow programming
theory, the multi-layer structure of the core network and
the modular nature of network devices are considered,
and then transformed into a linear variety streaming pro-
gramming problem and become MILP problem finally.
Sensor networks can generaly be described as a con-
nected graph G (V, A). Wherein the sensor node set V =
R U S U T, R is the data source sensor node sgt, S to
Sink node set, T is a collection of data relay node (this
kind of allocation method only represents the functional
divison when the data is transmitting, in large-scale
wireless sensor networks, other nodes except Sink nodes
are likely to be data acquisition node or relay node).

Fig 3 the set of the sensor data acquisition node is as-
sumed that R = {K, D}, therelay nodeisT ={B, C, E, F,
G, H} and Sink nodes S = {I, F}. When a node K col-
lected data and requested to send to the node I, it can
choose the path K-B-D-G-I, K-B-E-G-I, K-C-F-H-I, K-
B-D-E-G-I and K-B-D-G-l, K-B-E-G-I, K-C-F-H-I, K-
B-D-E-G-I this five road. When node D collected data
and transmit to node F, there is only a unique path D-E-F.

(6)
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Figure 3. Connection diagram of example networ k

Considering the computing power and transmission cha
racteristics of sensor nodes in wireless sensor networks,
the path cumulative power consumption routing selection
mechanism is relatively simple, the route judge of the
relay node is completed by the following steps: 1) calcu-
late the size of dternative paths cumulative energy con-
sumption of each path; 2 ) the packet is forwarded to the
minimum cumulative energy path; 3) update the cumula-
tive transmission power consumption in the path for each
arc.

3.1. Analysis

3.1.1. Network layer and multi-layer network power
consumption

By adding new routing constraints for each network layer
in multi-layer network and the exchange ability of the
network layer is forbidden to study each network layer
and the role of network layer combinations on the net-
work energy optimization. In addition, it enables business
needs of the network layer transmission via single-hop
path that the network layer switching capabilities is for-
bidden, the business will bypass in the underlying net-
work by reducing the network layer traffic grooming
capability (that is from multi-hop grooming to a single-
hop grooming), So that the purposes of the studying the
impact of business dredge and business bypass on net-
work energy optimization is reached. Optical layer , re-
spectively , TDM and IP layers is added the following
route constraints, and the network layer parameters o ( a
binary number 3) is used to indicate whether start to use
these three routing constraints. There will be seven kinds
of meaningful combinations obtained; the meaning of
each combination is shown in Tablel. The experimental
parameters n is valued 20%, the seven kinds of above
combinations were done simulation respectively, the ex-
periment results shown in Figure 4.

Table 1. The Parametersand M eanings of Network L ayer

Thevalue of .
Meanings
parameter o
0(000) Three network layers has the ability of business
switching, that is |P over TDM
4(100) The switching ability of optical layer isforbid-
den, that isIP over TDM network
2(010) The switching ability of TDM layer is forbidden,
that is IP over WDM network

1(001) The S/vitch_i ng ability of IP layer is forbidden,
that is TDM over WDM network
3(011) Only optical layer has the switching ability,
which is optical network
5(101) Only TDM Iayer_ has the switching ability, which
isTDM network
6(110) Only IP layer has the switching ability, whichis
IP network
160

120

Energy consumed
in transmission
8 3

0

90 110 130 150

Figure 4. The network power consumption optimization
result of different network layer

(1) The impact of traffic grooming and bypass energy
optimization. When network traffic is low, the traffic
grooming can aggregate business into a small number of
link transmission, reducing the active interface line cards
and chassis number, so traffic grooming play a dominant
role on the network energy consumption optimization.
However, because the power consumption of the optica
layer is much smaller than the IP layer WDM layer, for
optical layer, the energy-saving effect of traffic grooming
purposes is very limited, so the power consumption op-
timization of electrical switching network (o = 5,6) is
better than the optical network (w = 3), the effect of two
layer networks of pure electric exchange (o = 4) is better
than the optical hybrid network (o = 1,2). When the vo-
lume of business is high, the effect of the traffic dredge
on energy consumption optimization reduces. Traffic
bypass play a leading role, as the optical network can
achieve the business exchange at the wavelength of opti-
cal domain, and it has much lower power than the elec-
tric exchange, therefore the effect of the optica network
(w = 3) is better than the electrical switching network (o
= 5,6), the two layer networks of opto-electric hybrid (o
= 1,2) is better than two layer networks of pure eectric
switching (o = 4).

(2) The impact of the network layer on energy consump-
tion optimization. Different combinations of the network
layer have different power optimization results. As Fig-
ure 4 shown, the three-layer networks 4 (o = 0) is better
than the two-layer networks (o = 1,2,4), two-layer net-
works is better single network (o = 3,5,6), the maximum
power consumption difference between different network
layer combination is up to 30 %. Compared with two
networks (o = 1,2), the advantage of three-layer network
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power optimization effects is not clear, The mixed two-
layer network of photoelectricity can be a good to have
the dredge effect and bypass effect of optical switching
effect, additional TDM-layer does not improve the net-
work energy optimization almost, and the energy optimi-
zation solution time of 3 -layer network is much longer
than the two-layer network. Therefore, considering from
the aspects of network power optimization effect and
solving time, |Pover WDM network is an ideal core net-
work technology.

3.1.2. Dynamic power consumption and multi-layer
network

Three -layer network (ie, ® = 0) is used to get different
values respectively from the dynamic power parameter 0,
( values were 0 %, 20 %, 40 % ... 100% ) to do smulate
experiments, the results shown in Figure 5, 6. The results
show that the greater dynamic power consumption of
network equipment is, the better network energy con-
sumption optimization is, specificaly in the following
two aspects. First, when the volume of business is same,
the dynamic power consumption is greater, the power
consumption of the network is lower, when the dynamic
power consumption grew from 0% to 100%, the network
power consumption reduce averagely 10118W ( see Fig-
ure 5 ). Secondly, the greater the dynamic power con-
sumption of network equipment is, the network power
consumption proportion in the largest networks during
business low peak is smaller (see Figure6) .

45

—0% —60%
235 |—20% —80%
¥ 40% —100%
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o
~5

20 40 60 80 100
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Figure5. The affect that network equipment dynamic
power on energy consumption optimization

Business slack period
of the network effect
= N w N
v

4]

20 40 . 60 80
Dynamic power

consumption parameters
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Figure 6. Theimpact of network equipment dynamic
power consumption on network power during business low
peak period

3.1.3. The modular structure and the network power
consumption

The modular design of the network devices will influence
the network power consumption optimization. Different
network equipment design, the functions on liner card
and the machine frame is different, the results lead to the
proportion of power between them is not the same. The
modular parameter ¢ is used to represent the percentage
of chassis power consumptionp ¢ in chassis and line
card powerp ¢ + p| percentage, that{ =p ¢/ (p ¢
+ pl). The dynamic power consumption parameters n
is 20%, parameter ¢ values 0% , 20% , ... 100% , the si-
mulation results shown in Figure 7 .

45
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Figure 7. Theeffect modular of network device structure
on energy consumption optimization

The results showed that the smaller the proportion of
chassis —power is, the network energy optimization is
better, the network consumes less power. When the busi-
ness needs of the network is small, the effect of network
device modular structure on network energy optimization
is bigger (maximum up to 13461W). With the increasing
demand of service, this effect becomes smaller, and there
is a demand for some business value to make the effect
reach a minimum vaue (influence is not more than
2399W). After analysis of the optimal solution, it can be
found: t, the conditions to make the effect to be minimal
is that: the amount of each node interfaces in network
and the use of line cards ( ie, the number whichisin ac-
tive state ) are very close to the interface and line card
chassis with the active state on amount ( i.e., the number
of equipped one).

It is easy to understand, when traffic is low, there are less
amount of the interface and line card chassis to share the
power of machine frame, while when the proportion of
the machine frame power consumption reduce, the origi-
nal part power of the chassis transferred to the line cards,
and a large number of line cards in sleep, so the network
power consumption can be reduced. When the previous
minimum conditions is meet, al of the line cards and
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interface in the active chassis amost are working, and
thus the affect of the chassis power consumption propor-
tion on the network has reached minimal. The current
average link utilization of core network is low, network
equipment with excellent modular design will help to
optimize the network power consumption and reduce the
energy consumption in network.

4, Conclusion

The traffic multistage grooming and bypass, the route of
energy aware and varieties of energy-saving were dis-
cussed and the power consumption optimization model
of multi-layer network with an IP layer, TDM layer and
optical layers is established in this article. According to
the specification parameters of actual network equipment
to explore how different combinations of network
layer, dynamic power dissipation dynamic power of
network equipment and modular structure impact on
energy optimization of multi-layer network by corres-
ponding experiments. Experimenta results show that:
The power consumption of the network can be effective-
ly reduced and the network power consumption of ser-
vice off-peak can be reduced to 24% to 38 % of the ser-
vice peak period by using this model.
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