
IEEE Communications Magazine • November 2016176 0163-6804/16/$25.00 © 2016 IEEE

AbstrAct

The need to manage the energy consumption 
of network infrastructure has been addressed by 
a significant body of work in recent years. In gen-
eral, energy management capabilities were devel-
oped independently and optimized for particular 
network layers and node features. The interac-
tion between multiple such green capabilities 
when deployed simultaneously, as well as poten-
tial interactions with other existing functional-
ity such as quality of service functions, need to 
be managed transparently by the operators. We 
developed SLIM, the SustainabiLity Information 
Model for Energy Efficiency Policies, as an add-
on to the IETF Policy Core Information Model 
Extension to allow unifying the management of 
green capabilities throughout the network. We 
illustrate the flexibility of our approach by pre-
senting a use case and describing an energy man-
agement system where SLIM was used.

IntroductIon
Driven by the widespread adoption of smart-
phones and other devices such as sensors and 
gadgets connected to the Internet, the amount 
of electrical power consumed by networks is 
growing. In response, energy efficiency features 
are being deployed in the network to make the 
operation more sustainable. However, due to the 
diversity of vendors and legacy equipment, the 
use of energy efficiency features and their coor-
dination in an automated fashion is a complex 
task for network operators.

Network operators aim to automate the 
deployment and operations of new services by 
increasingly relying on software abstractions 
and the use of programmatic control methods. 
Abstractions and virtualization simplify the 
design and provisioning of services by moving 
dedicated appliances to generic servers. The pro-
grammatic control supports management and 
automation, helping administrators in delivering 
new services faster. In this context, “a generic 
policy-based management model that can be 
used to express policies on top of arbitrary con-
figuration data models is essential” [1].

Policy-based network management (PBNM) 
and energy efficiency capabilities have been 
studied in recent years for sustainability-orient-

ed policies. Putting together the requirements 
for modeling policies and saving energy, Riek-
stin et al. [2] determined that policy refinement 
advances are needed for sustainability-orient-
ed policies. Analyzing the existing solutions, the 
same authors proposed in [3] a method able to 
refine policies considering multiple abstraction 
levels and orchestrate different energy efficiency 
capabilities. One important component of the 
method is the information model, which is able 
to represent the different abstraction levels of 
sustainability-oriented policies. PBNM demands 
information models comprising business and sys-
tem entities that can be implemented in an easy 
manner [4]. 

The Internet Engineering Task Force (IETF) 
defined an information model in RFC 3198 as 
an “abstraction and representation of the enti-
ties in a managed environment, their properties, 
attributes and operations, and the way that they 
relate to each other. It is independent of any spe-
cific repository, software usage, protocol, or plat-
form” [5].1 According to Agrawal [6], most policy 
systems do not have explicit information models 
defined, but they probably were somehow implic-
itly defined in the developers’ minds.

The Policy Core Information Model (PCIM), 
later extended to the Policy Core Information 
Model Extensions (PCIMe) [7], defined policy 
rules in a vendor-independent way, supporting 
the definition of different levels of abstraction. It 
was based on the IETF/Distributed Management 
Task Force (DMTF) Core Information Model 
(CIM), a conceptual framework for the schema 
of the managed environment.

To represent sustainability-oriented policies, 
besides supporting traditional policies for autho-
rization and obligation (e.g., access control and 
quality of service), an information model must 
be flexible enough to accept green metrics, time 
representation, or scenario conditions to enforce 
energy efficiency rules. Furthermore, it should 
comprise the modeling of actions that are spe-
cific to energy management, such as the sleeping 
and performance adaptation actions. It should 
also support modeling new types of metrics, such 
as the Watts per bits ratio along with the tradi-
tional performance metrics, and, in this way, sup-
port the study of the trade-offs between saving 
energy and maintaining performance.
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While PCIM and PCIMe support specifi cation 
of policies, their existing classes do not have the 
specificity required for the green policies mod-
eling. Although the existing models enable the 
definition and translation of business policies, 
the enforcement of their capabilities demands a 
different modeling approach. We are not aware 
of works in the literature that define a generic 
information model specifically aimed at energy 
management policies for telecommunications 
infrastructure. 

In order to fi ll this gap, we defi ne a Sustain-
ability Information Model (SLIM)2 specified 
using Unifi ed Modeling Language (UML), allow-
ing energy management policies to be expressed 
at different levels of abstraction. To model the 
policies at each level of abstraction, PCIMe [7] 
was used as the basis, and extended to comprise 
energy management aspects. In this work we 
revisit the main concepts and related works, con-
sidering energy efficiency capabilities, PBNM, 
and policy representations. We present the SLIM 
and its different levels of abstraction followed 
by a use case in order to discuss its benefits, 
limitations, and future work directions. Final-
ly, we summarize the work, presenting our fi nal 
remarks.

bAckGround
To understand the main concepts and related 
works involved in the proposal of SLIM, we 
divide this section in two parts. The first part 
describes PBNM concepts, while the second part 
focuses on efforts toward policy representation 
using information models.

pbnm
PBNM supports dealing with the complexity 
and heterogeneity of systems, devices, applica-
tions, and networks. IETF RFC 3198 [5] defi ned 
policy according to two perspectives. The first 
defines policy as a goal, course, or method to 
guide decisions. The second view, taken from 
RFC 3060 [10], describes policy as a set of rules 
that enables the management, administration, 
and control of the network resources. 

Strassner [9] established fi ve levels of abstrac-
tion for policies: business, system, network, 
device, and instance levels. Altogether, they were 
referred to as the Policy Continuum. Carval-
ho et al. [10] applied the Policy Continuum to 
sustainability-oriented policies and proposed a 
methodological approach for refinement. The 
business level comprises service level agreements 
(SLAs), guides, and goals. The system level com-
prises sustainability and performance indicators. 
The network level includes metrics for network 
operations related to technologies. The device 
level comprises metrics for device operation. The 
instance level has variables applied to devices 
and their components.

PBNM and energy effi ciency capabilities have 
been studied in recent years for sustainability-ori-
ented policies, defined as policies “that man-
age energy efficiency features in the network” 
[3]. Seven requirements were identified for the 
refi nement of sustainability-oriented policies [2]. 
The refi nement method should ideally:
• Support the translation of high-level policies

into network-level actions

• Take into account the resources in the net-
work, including the energy effi ciency capa-
bilities available

• Verify that the refined policies meet the
requirements of the original policies

• Detect and solve confl icts among policies
• Handle dynamicity by supporting different

time slots or be able to determine what to
do when the scenario changes

• Orchestrate different energy effi ciency capa-
bilities, that is, choose the best capability
considering the network situation, combine
capabilities in order to increase the energy
effi ciency, and avoid combining confl icting
capabilities

• Be able to represent policies in order to keep
the context, coherence, and integrity of the
network
Recent advances in software defi ned networks

(SDN) have led to extra features to address these 
requirements. It introduces more programma-
bility and fl exibility to the control plane through 
a centralized management point, aware of the 
whole network. This allows the development of 
more complex management techniques in an eas-
ier way compared to legacy networks.

poLIcy representAtIon

Several proposals have been developed to repre-
sent policies. The Policy Description Language 
(PDL) introduced semantics and an architecture 
using the event-condition-action form to define a 
policy as a function that maps a series of events 
into a set of actions [13]. Although not covering all 
classes of policies, the syntax of PDL was simple, 
and policies could be described as an implemen-
tation of the Extensible Markup Language (XML) 
syntax, which resulted in self-describing documents.

Ponder enforces obligation policies in a sim-
ilar approach to PDL, and offered a complete 
toolkit to specify, analyze, and enforce policies. 
Its last version, Ponder2 [11], was an object-ori-
ented runtime policy management framework 
for authorization and obligation policies. Policies 
in Ponder2 were defined using PonderTalk, a 
high-level language based on Smalltalk.

Using information models is another way to 
represent policies, as suggested by the IETF. It 
is typically represented using UML to represent 
managed objects at a conceptual level, modeling 
the structure, relationships, constraints, rules, and 
operations between managed objects and policies 
that affect their management [12]. Often, policies 
have the form if Condition, then Action, and could 
be represented in what is called a condition-action 
policy information model. One real-world exten-
sion of this model incorporates the event in the 
policy defi nition. The event can also be described 
in the condition part of the basic policy rule as if 
Event and condition C is true, then Action [6].

Extracting information from application-spe-
cifi c information models presents some benefi ts, 
such as easy modification when needed, policy 
reuse in different application domains by deploy-
ing a different information model, and stan-
dardized information representation. Further, 
Damianou [13] states that objects can be mapped 
to structure specifi cations, such as XML. 

The Open Networking Foundation (ONF)3 
released its Core Information Model (ONF-
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dation (ONF) is an organization 
that promotes the development 
and adoption of software-defi ned 
networking.
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CIM), which provides a representation of data 
plane resources for management control. Accord-
ing to the document, “the controller expresses a 
view of the network, in terms of ONF-CIM arti-
facts, to client SDN controllers/applications to 
meet the needs of that client.” As a future work, 
they intend to develop a policy module.

PCIM and PCIMe: PCIM is an “object-ori-
ented information model for representing policy 
information” [8]. It was developed as a comple-
mentary document of the CIM, an object-orient-
ed information model published by the DMTF. 
In order to bring quality of service (QoS) 
requirements to the network, the specific QoS 
Policy Information Model (QPIM) was standard-
ized by [14]. It specializes the PCIM to describe 
QoS actions. PCIM is not bound to a particu-
lar implementation; therefore, it can be used to 
exchange information in a variety of ways. 

The model structure comprises two types of 
objects:
• Structural classes, which defi ne ways of rep-

resenting and controlling policy information
• Associative classes, which indicate how the 

class instances are related
In PCIM, a policy (class Policy) is defi ned by 

a set of rules (class Policy Rules), grouped by the 
Policy Group class. Each rule is composed of a 
set of conditions (class Policy Condition) and a 
set of actions (class Policy Action). The rules can 
also comprise time conditions (class Policy Time 
Period Condition). The actions can be execut-
ed in a specific order using the attribute Poli-
cyRule.SequencedAction. Variables and values are 
used to build conditions following the structure 
(<variable> MATCH <value>) [7].

PCIMe was built on top of PCIM, and two 
main changes were introduced: the inclusion of 
new elements, extending PCIM to areas that it 
did not previously cover; and the update of dep-
recated elements, such as policy rule priorities, 
replaced by priorities tied to associations that 
refer to policy rules.

SUPA: Simplifi ed Use of Policy Abstractions 
(SUPA) is under development at IETF [1]. 
Given that different industry actors embrace spe-
cifi c policy languages based on terminologies and 
concepts that are familiar to each specifi c tech-
nology domain, SUPA aims to defi ne a model for 
expressing policies at different levels of abstrac-
tion, independent of languages, protocols, and 
data repositories. Rather than using multiple 
software for each policy language, it aims to pro-
vide a common information model addressing 
different representations.

SUPA is focused on addressing some PCIM 
shortcomings, such as class inheritance issues and 
the lack of design patterns that would help build 
hierarchies (SUPA uses the composite pattern), 
among others. We kept using PCIM and PCIMe 
for SLIM because SUPA was work in progress, 
and its new constructs would not address all gaps 
regarding the energy management policies that 
we need to describe. In the future, SLIM could 
be evaluated as a specialization of SUPA.

sLIm
As detailed in RFC 3640 [7], extensions of the 
defined information models may be defined, as 
QPIM extended PCIM for describing QoS pol-

icies. It states that properties can be included 
in the existing classes, while new classes and 
sub-classes can be defi ned [7] The policy descrip-
tion, enforced by the information model, may 
address anything starting from the business 
directives all the way to the detailed configura-
tion of the nodes.

overvIew

The PCIMe base classes that are present in the 
different SLIM abstraction levels are: 
• PolicySet, used to group policies.
• PolicyRoleCollection, an addition in relation 

to PCIM, used to aggregate resources that 
share a common role.

• PolicyGroup, derived from PolicySet, which 
is a “container for a set of related Poli-
cyRules and PolicyGroups.”

• PolicyRule, inherited from PolicySet, which 
is the main class to represent the “If Con-
dition then Action” semantics. It has two 
mandatory properties, SequencedActions 
and ExecutionStrategy, which are further 
defi ned by other classes aggregated by Poli-
cyRule.

• PolicyCondition, an abstract class used to 
defi ne policy conditions.

• PolicyAction, an abstract class used to defi ne 
policy actions.

• SimplePolicyCondition, composed by the 
<variable> MATCH <value> structure.

• PolicyTimePeriodCondition, which rep-
resents the periods during which a Poli-
cyRule is active.

• CompoundPolicyCondition, which aggre-
gates simple policy conditions. This class 
has the property ConditionListType, used 
to specify if the associated policies are in 
disjunctive normal form (DNF), the default 
option, or conjunctive normal form (CNF).

• SimplePolicyAction, which models the struc-
ture SET <variable> to <value>.

• CompoundPolicyAction, which aggregates 
simple policy actions. This class has the 
properties SequencedActions and Execu-
tionStrategy, reported to the PolicyRule 
class.

• PolicyValue, an abstract class to defi ne value 
objects. Examples of derived classes are 
PolicyIPv4AddrValue and PolicyMACAd-
drValue.

• PolicyVariable, an abstract class used to 
defi ne variables, which are used in individ-
ual conditions.

• PolicyExplicitVariable, which “indicates the 
exact model property to be evaluated or 
manipulated.”

• PolicyImplicitVariable, which models 
“implicitly defined policy variables (that) 
are evaluated outside of the context of the 
CIM Schema.” Sub-classes must specify the 
data type and semantics of the variables [7].
We refer the reader to RFC 3460 [7] for more 

details on the classes and sub-classes. 
To specialize PCIMe to sustainability-orient-

ed policies, new classes were created to describe 
sustainability rules, conditions, and actions. The 
information model should also model the ele-
ments the administrator manipulates to compose 
the business rules (user, SLA, class of service, 
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application, servers), and the information needed 
to configure the devices [15].

Considering the sustainability-oriented poli-
cies’ requirements, the different Policy Continu-
um levels, the PCIM/PCIMe characteristics, how 
QoS can be handled by QPIM and the exten-
sion proposed by Beller et al., and how the SLA 
semantics was supported by them [15], three 
abstraction levels are proposed for SLIM: busi-
ness/system, network, and device levels for sus-
tainability-oriented policies representation. The 
Instance Level Information Model is particular 
for each technology or vendor, and therefore was 
not detailed. 

The business and system information models 
are the same — they completely represent both 
levels with the same classes. They are still consid-
ered as two different layers to ensure the gener-
ality necessary for the near future systems. This 
first SLIM level is further specialized in each of 
the other levels. The Network Level Informa-
tion Model is directly influenced by QPIM and 
includes technology-specific, device-indepen-
dent information. The Device Level Informa-
tion Model is the most detailed and considers 
device-specific information, including the vari-
ables that are expected to be managed to put the 
green capabilities to work. 

busIness And system LeveLs

Figure 1 details the business and system infor-
mation model level. The GreenPolicyRule derives 
from the PolicyRule and is used to determine the 
conditions and actions for sustainability-oriented 
policies. 

The SimplePolicyCondition is extended by 
the GreenPolicyCondition. The latter is extend-
ed by the EnvironmentCondition, which relates 
to the current situation in the network, such as 
the traffic being handled by the network, and by 
the EnergySourceCondition, which relates to the 
influence of different energy sources on the pol-

icies (e.g., for green SLAs that limit the amount 
of carbon to be emitted). The GreenPolicyCon-
dition is also extended by the TopologyCondition, 
which represents the different topologies for the 
network, since specific topologies (e.g., SoHo, 
WAN, fat tree) can trigger different actions 
(e.g., the elastic tree capability works only for fat 
trees). 

The other classes inheriting from the Green-
PolicyCondition are supporting classes to repre-
sent users, services, and any associated condition 
(e.g., users in the HR department).

The SimplePolicyAction is extended by the 
Predefined GreenAction in the Business/System 
Levels Information Model, which determines 
different green plans for users under different 
contracts (Green SLAs). This is the part that 
changes more in the Network Level Information 
Model and the Device Level Information Model 
in relation to the Business and System Levels.

The Variables are extended by the GreenPoli-
cyImplicitVariable class, which is further extended 
to comprise:
• At the business level, for instance, the oper-

ational expenditures (OPEX) accounting or 
total carbon emissions for Green SLAs 

• At the system level, Watts per hour per 
energy source or the power usage effective-
ness (PUE) facility, among others

network LeveL

Figure 2 details the network information model 
level. This level is related to the capabilities that 
act on the whole network, such as those related 
to green traffic engineering. This level also needs 
to be aware of the capabilities that act in the 
device and its components to ultimately enforce 
the rules.

The network level information model details 
the business and system classes, giving policies a 
more technical format, with configuration details, 
represented in the class Config GreenPolicyRule. 

Figure 1. SLIM — business/system level of abstraction.
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This abstraction level groups the conditions for 
the capabilities employment on the GreenPoli-
cyCondition class. The defined conditions sug-
gest the configuration of protocols and addresses 
components susceptible to the application of 
energy efficiency features. These classes are Tar-
getConfigCondition, TargetProtocolCondition and 
TargetAdressCondition.

These supporting classes demand the defini-
tion of different PolicyValues, comprising, for 
instance, a value for the traffic load. The Green-
PolicyImplicitVariable also gets a more technical 
aspect, representing, for instance, maximum loads 
for the whole network, or the Watts/bits ratio.

In the Action part, the business and system 
goals take the format of a more technical Green-
PolicyAction. The Sleeping and Rating types of 
actions appear, detailing the approach each pol-
icy requires to put the higher-level policies into 
practice. PolicyRatingAction checks which devices 
are below or above the load levels defined by the 
user for each link rating (e.g., 10 Mb/s, 100 Mb/s, 
and 1 Gb/s), while the PolicySleepAction chang-
es the device state when it reaches the specified 
load level of the system policies. The Network-
ManagementAction class models the capabilities 
that are aware of the entire network to make 
decisions such as those related to green traffic 
engineering (followed by sleeping actions to save 
energy on underutilized nodes), or to virtual 
machines migration.

devIce LeveL

Figure 3 details the device information model 
level. This level is related to the capabilities that 
act in the node, but also deals with the device 
components. The instance level policies will ulti-
mately be applied on the node components and 
capabilities. The device level details the condi-
tions and the device-specific actions, naming the 
variables that each green capability must handle. 

It models, in a generic way, the possible energy 
efficiency actions in a device: sleeping and rat-
ing. The SimplePolicyAction is extended by the 
GreenPolicyAction, which determines different 
policies related to energy efficiency capabilities: 
PolicySleepingAction and PolicyRatingAction. 
These classes can then be extended to com-
prise information for the capabilities available 
in the network, using DeviceSleepingAction and 
DeviceRatingAction.

There are also supporting classes that 
describe the conditions of the device and its com-
ponents, which are TargetDeviceCondition, Tar-
getConfigCondition, TargetProtocolCondition, and 
TargetAddressCondition. These supporting classes 
demand the definition of different PolicyValues, 
comprising, for instance, the TargetDevice ID, 
its interfaces, power profile, and maximum and 
current load it can handle. The GreenPolicyIm-
plicitVariable also goes down to the device level, 
representing, for instance, the node Energy Con-
sumption Rating (ECR) or its Energy Propor-
tionality Index (EPI), which can be used inside 
the conditions in this level. Table 1 summarizes 
the extensions.

This section has presented the different lev-
els of abstraction proposed. As shown, all the 
enforcement aspects of the energy management 
capabilities were included in the SLIM, ranging 
from the conditions to the actions considered. 
SLIM enables an independent specification of 
the refinement functionality associated to policy 
translation between the levels.

use cAse
To illustrate how SLIM works, we briefly 
describe the orchestration method proposed by 
Riekstin et al. [3], in which SLIM was used. Fig-
ure 4 depicts the method implementation archi-
tecture. The method uses table lookups for the 
high-level policies translation, with the support 

Figure 2. SLIM — network level of abstraction.
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of SLIM to represent the policies. Translated 
policies are then used in conjunction with a util-
ity function to deploy a decision tree able to 
select the best energy efficiency capability (or 
combination of capabilities) for a given scenario, 
ensuring conflict-free operation and a capabili-
ty(-ties) selection that will not lead to congestion 
or high packet losses.

A set of tables needed to be predefined, relat-
ed to Environment Condition, Time Condition, 
and Action. The Environment Condition was used 
to model the high or low use of the capacity of 
the network structure: the input will determine 
the traffic load conditions for the use of the ener-
gy capabilities. Table 2 illustrates the data that 
can be defined as environment conditions. Each 
row represents one possible environment condi-
tion, while the column represents the translat-
ed policy from one level to the other, using the 
information from SLIM.

The Time Condition is the input that will pro-
vide the data regarding the period of the day 
when the energy capabilities can be applied to 
the network infrastructure. Table 2 presents the 
time conditions. Each row represents one possi-
ble time condition, while the column represents 
the translated policy from one level to the other, 
using SLIM.

The last input is the Action. It determines the 
energy efficiency behavior that must be applied 
in the network infrastructure or if the perfor-
mance of the network is more important than 
the reduction of the electrical expenditure at a 
given point of time. Table 2 shows the data that 
can be defined as actions. Each row represents 
one possible action, while the column represents 
the translated policy from one level to the other, 
using the information from SLIM.

Each one of the business policies received is 
compared to the content of the respective table. 

Figure 3. SLIM — device level of abstraction.

Extension - green classes

Extension - other classes

Inheritance

TargetDeviceCondition

TargetConfigCondition

TargetProtocolCondition

TargetAddressCondition

TopologyCondition
GreenPolicyCondition

EnvironmentCondition

EnergySourceCondition

Aggregation

PolicyCondition (abstract) PolicyAction (abstract)CompoundPolicyCondition

PolicyTimePeriodCondition

SimplePolicyCondition

ConfigGreenPolicyRule

GreenPolicyAction

PolicyValue (abstract)

PolicyVariable (abstract)

PolicyExplicitVariable

PolicyRule

SimplePolicyAction

CompoundPolicyAction

PolicyImplicitVariable

GreenPolicyImplicitVariable

Policy (abstract)

PolicySet (abstract)

PolicyRoleCollection

PolicyGroup

GreenPolicyCondition

DeviceSleepingAction

PolicySleepingAction

PolicyRatingAction

DeviceRatingAction

Table 1. Examples of policy refinement using SLIM: business to system to 
network to device level.

Extension Summary

Business/System level

Green policy rule Has the conditions and actions for sustainability-oriented policies 

Green policy condition
Sustainability-oriented conditions: Topology, Environment, and 

EnergySource conditions representation

Green policy implicit variable Represents the energy-related variables, such as Watts/bits ratio

Predefined green action Represents different green plans for the users

Network level

Config green policy rule
Conditions and actions in a more formal manner, such as 

event-condition-action policies

Green policy condition
Conditions get more technical format, such as representing the 

network total capacity and protocols

Green policy implicit variable
Supporting the conditions, also gets a more technical aspect, for 

instance, comprising the maximum load the network can handle

Green policy action
Represents management actions (whole network) and is aware of 

node actions (sleeping and rating) 

Device level

Green policy condition
Conditions go to the devices, detailing, for instance, IDs, their roles 

(core/edge), etc.

Green policy implicit variable Variables related to the devices, such as device indexes

Green policy action
Represents device actions, grouped in rating and sleeping (can be 

extended to comprise others in the future)
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The translated information is selected from the 
table, and is saved in a repository for future use. 

To help understand how table lookup is 
employed by the method, an example of infor-
mation defined in the Interface and its respec-
tive translation is provided below. An example of 
business policies defined in the interface is: 

Environment Condition: if usage is low
Time Condition: during the night

Action: save energy

The module opens the Environment Condi-
tion — Business to System Level table, searches 
for the if usage is low input, and then selects the 
percentage of the load for the condition. The 
module then opens the Environment Condition 
— System to Network Level table and performs 
the same operation to translate the percentage to 
Mb/s information.

if usage is low → 20% → NetworkCapacity = 
1 Gb/s and Load < 200 Mb/s

The module opens the Time Period Condition 
table, searches for the during the night input, and 
then selects the time (start and end time) that 
the method can be employed.

during the night → 22 h < hour < 6 h → start-
ing time: 22 h, ending time: 6 h

The module opens the Action — Business to 
System table, searches for the save energy input, 
and then selects the action required for the 
action. The module performs the same to trans-
late from the system to the network level of the 
Policy Continuum,

save energy → use energy efficiency in the 
network → check in the decision tree the best 

capability for the given bandwidth utilization, all 
capabilities available are allowed

The result is the metrics definition in a repos-
itory, already translated, and ready for the use by 
the orchestration part of the method: 

[‘NetworkCapacity==1000 and load < 200.0’, 
‘time > = 22 and time < = 6’, check in the deci-
sion tree the best capability for the given bandwidth 
utilization, all capabilities available are allowed’]

For instance, the available capabilities are 
related to green traffic engineering followed by 
putting the unused nodes to sleep. Therefore, on 
the network level, the policy will allow the green 
traffic engineering capability and enforce it, using 
the representation of the Network Management 
Action in SLIM. On the device level, the policy 
will tell the system to put unused nodes to sleep, 
using the representation of the Device Sleeping 
Action in SLIM.

dIscussIons And 
Future work dIrectIons

Defining information models focused on sustain-
ability takes a step toward a common representa-
tion of green policies. This work extends PCIMe 
to support specific requirements and constraints 
that sustainability-oriented policies require. SLIM 
was defined with different levels of abstraction 
to be aligned to the Policy Continuum and thus 
operate at several levels of abstraction. SLIM was 
implemented and validated as part of a method 
that was previously published [3].

These new classes introduced by SLIM, how-
ever, do not restrict the policy definition for new 
capabilities that may be proposed: this is because 
SLIM was defined generically, not restricting the 
green classes to existing technologies. If required, 
new sustainability aspects could be included, such 
as life cycle assessment. Regarding the actions, cur-
rently, they can be related to sleeping or rating, so 
they can be modeled using SLIM proposed classes. 
If new types of energy management capabilities are 

Figure 4. Orchestration method implementation modules with the SLIM highlighted [3].
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developed, new classes could be added to support 
them, extending SLIM. The model presented in 
this work supports the refinement through the lev-
els as shown with the use case presented.

SLIM addresses specifically the requirement 
“Be able to represent policies in order to keep con-
text, coherence, and integrity of the network,” one 
of the requirements a method should fulfill to be 
able to refine and orchestrate energy efficiency 
capabilities [2]. Despite being specifically tied 
to this requirement, it is totally aligned with the 
others, supporting the translation, resources rep-
resentation, verification, conflicts detection and 
resolution, dynamicity, and orchestration. For 
instance, the time dynamicity is only possible 
with the information model class TimePeriod-
Condition. Another example is the resources rep-
resentation support, with the different levels of 
abstraction representing capabilities, nodes, and 
the whole network.

The information modeling exercise done for 
PCIMe can also be done for the cloud comput-
ing context with the OpenStack Congress, for 
instance, so that the framework is able to model 
energy efficiency capabilities using specific con-
structs. The SLIM for cloud computing environ-
ments must take into account, besides business 
level policies, energy efficiency capabilities, the 
different resources in the infrastructure (compute, 
storage, network), and the management of virtual 
and physical resources. Another interesting future 
work can emerge from the ONF-CIM initiative of 
defining a Policy Module in the near future.

FInAL consIderAtIons
Energy efficiency is presented as an environmen-
tal and economical advantage for network opera-
tors since it can reduce the operational costs and 

the emission of pollutant gases. Many capabilities 
and protocols have been proposed to improve 
energy efficiency in networks. PBNM associat-
ed with information models help to manage the 
network infrastructure considering the availabil-
ity of such capabilities and the traditional QoS 
and access control constraints, besides enabling a 
more automated operation.

Although different approaches for improving 
policy information models have been proposed, 
green policies were not considered previously. In 
this work we present SLIM, a sustainability-ori-
ented information model with different levels of 
abstraction to fill this gap. We extend PCIMe 
including new groups and rules of green policies, as 
well as new conditions and green actions. Through 
the information model proposed, we hope to bridge 
the gap in order to improve the control of network 
energy efficiency, addressing one important part of 
sustainability-oriented policies refinement.
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