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Abstract—This paper proposes a service function path
adaptation capability in service function chaining. This capability
creates and dynamically adapts service function paths to optimize
performance of the overall network service along the service
function chain. This paper presents problem definition, the
corresponding use cases, and design considerations of the control
plane architecture of service function chaining for the service
function path adaptation capability.
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I. INTRODUCTION

The current service delivery model is bound to static
topologies and manually configured resources. This has
motivated a more flexible deployment model which
orchestrates the service delivery separated from the network.
Service Function Chaining [1] provides a new service
deployment model that delivers the traffic along the predefined
logical paths of service functions (SFs), called service function
chains (SFCs) with no regard of network topologies or
transport mechanisms.

A SFC defines a network service with a set of abstract SFs
and multiple SFCs are provisioned to serve different types of
network services of the network operator. A specific SFC is
determined by classification of the incoming traffic based on
operator’s policies. After classification, the service function
chain is instantiated by selecting instances of the constituent
SFs, which results in a service function path (SFP).
Performance of the SFP depends on the capability or
performance of its components such as SF instances (SFIs) or
forwarding links among SFs (SFLs). Thus, the SFP
performance may vary according to which SFIs are selected at
SFC instantiation; and it may also vary in time with the state or
performance of the SFP components [2]. This motivates the
SFP adaptation capability in service function chaining model.

This paper proposes a service function path adaptation
capability in service function chaining. It creates and adapts
SFPs to optimize the SFP performance considering the
dynamic performance and capabilities of SFIs and SFLs. This
capability can be realized within the SFC control-plane
architecture [3].

The remainder of this paper is organized as follows: in
section II, we briefly introduce the basic concept and network
model of SFC. We provide the problem definition and design
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considerations of the SFP adaptation within SFC control-plane
architecture in section III and IV, respectively. Finally, we
conclude the paper with our future work in section V.

II. SERVICE FUNCTION CHANING

The basic concept and terminologies are well defined in [1]
and [4]. Figure 1 presents a conceptual diagram of service
function chaining.
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Figure 1. A conceptual diagram of service function chaining

A service function chain (SFC) defines a set of abstract
service functions and ordering constraints that must be applied
to packets and/or frames selected as a result of classification. A
service function (SF) is responsible for specific treatment of
received packets. A SF can act at various layers of a protocol
stack (e.g., at the network layer or other OSI layers). As a
logical component, a SF can be realized as a virtual element or
be embedded in a physical network element (i.e., SF instance;
SFI). The traffic received from the network can be delivered to
one or more SFs by service function forwarder (SFF) or a SFC
node. SFF is also responsible for SFC encapsulation and
handling traffic coming back from the SF.

Figure 2 presents a network model of service function
chaining.

In order to define the physical forwarding paths for the
traffic, a SFC needs to be instantiated to a service function path
(SFP) by selecting a specific instance of each SF that is given
in the SFC. The SFP provides a level of indirection between a
sequence of abstract SFs to be delivered and SFF/SFIs the
packet will visit when it actually traverses the network.

ICACT2017 February 19 ~ 22,2017



International Conference on Advanced Communications Technology(ICACT) 511

&
B

Service funcion chain

‘SF

@ SFC Nodes

SFC Forwarding
Nodes

Service function chain

ervice function path

Figure 2. A network model of service function chaining

III. SFP ADAPTATION

A service function chain is composed of one or more
logical service functions and it can be further instantiated with
a SFP which contains physical instances of the logical SFs.
Since multiple instances of a SF can be available, different sets
of SFPs can be obtained per a SFC.

For example as depicted in Figure 3, an SFC {SF1 -> SF2 -
> SF3} selected for a traffic flow can be further instantiated
with two different SFPs: SFP#1 {SF1 a -> SF2 a -> SF3 a}
and SFP#2 {SF1 b -> SF2 b -> SF3 b} by selecting one of
multiple instances of the service functions.

SFC SFl ————— SF2 | —— SF3

SFP#1

SFP#2

SF1 b SF2_b

Figure 3. Example of SFC instantiation

SF3_b

A. Basic operations for SFP adaptation

Under this abstraction, a SFC can be constructed by the
following operations:

— Classification: One SFC is selected and identified by a
classification function according to the traffic steering
policy defined by the network operator. The policy just
logically defines which service functions must be applied to
traffic flows in a specific order.

— Re-classification (or branching): According to an
intermediate result of packet treatment, the current SFC can
be updated by adding or removing SFs, which results in
creation of a new SFP.

- SFC instantiation: In order to define the physical
forwarding paths for the traffic, the SFC needs to be
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instantiated to a SFP by selecting a specific instance of each
service function that is given in the SFC. The SFP can be
updated by replacing one or more conventional SF
instances with the other ones at run-time. Note that it does
not cause change of a SF but change of a physical instance
of the same SF.

The SFC instantiation may be static or dynamic. In a static
instantiation, specific SF instances are pre-determined by
network operator’s configuration or policy. The static
instantiation may be more convenient for network
administrators because they can easily expect the result and
troubleshooting locations. However, since it does not consider
the current state and attribute of SFIs, the static instantiation
may create more vulnerable SFPs to state changes of the SFIs
such as failure or overload.

In a dynamic SFC instantiation, SFIs are selected according
to their states and attributes at time of demand, specifically at
an initial classification or during intermediate traversal of the
SFP.

— At classification: SF instances are selected to construct a
complete SFP before starting to forward the incoming
traffic flows

— At intermediate traversal: One or more SF instances are
selected and replaced after the SFP creation to update a part
of the SFP at runtime

B. Use cases
The example use cases of SFP adaptation are as follows:

Fail-over

When one of SF instances in a SFP gets failed to run due to
failure of the corresponding resource or underlying network,
the whole chain of network service also gets failed. For service
continuity, the failure of SF instance needs to be detected and
the failed one needs to be replaced with the other one which is
available to use.

End-to-end service optimization

Traffic for a network service traverses all of the SF
instances given by a SFP before reaching a target end point.
Thus, stretch of the traffic route along a SFP may vary
according to topological locations of SF instances and such
stretch needs to be kept low to make topological distance of
two end points of the network service short. This stretch can be
managed by constructing or adapting the SFP considering
topological locations of the SF instances.

Traffic optimization

A network operator may provide multiple network services
with different SFCs and different flows of traffic traverse
between source and destination end-points along the SFCs. For
efficiency of network management resource usage, the SFPs
need to be built as to localize the traffic flows or as to avoid
bottleneck links shared by multiple traffic flows. In this case,
multiple SF instances of different SFPs need to be considered
together at constructing a new SFP or adapting one.
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Load balancing

A single SF instances may be shared by multiple traffic
flows of the same of different network services. In order to
avoid bottleneck points due to overloaded SF instances, SFPs
need to be constructed or maintained to distribute workloads of
the shared SF instances.

Energy efficiency

Energy efficiency in the network is getting important to
reduce impact on the environment so that energy consumption
of SF instances needs to be considered at SFP construction or
adaptation. For example, a SFP can be constructed as to make
traffic flows aggregated into a limited number of SF instances
as much as its performance is preserved in a certain level.

IV. CONTROL PLANE ARCHITECTURE

In order to enable SFP adaptation according to the state and
attributes of SFP components, the following functional
building blocks are required in the SFC control plane
architecture as depicted in Figure 4.
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Figure 4. Control plane architecture for SFP adaptation

SFC instantiation
— Evaluate SFIs and SFLs based on the measurements
obtained from SFP component management building block

— Select SFIs to construct a SFP optimized according to the
evaluation results

— Enforce the constructed SFP for incoming traffic to the
classification node via interface-(a)

— Replace SFIs to update a SFP adapted to changes of state or
attributes of SFIs and SFLs

— Enforce the updated SFP for the rest part of SFC traversal
to SFFs via interface-(b)

SFP component management

— Collect and monitor state and attributes of SFIs and SFLs
via interface-(d) and interface-(c), respectively

— Provide the collected state and attributes of SFIs and SFLs
to SFC instantiation building block for evaluation

The state and attributes of SFP components for SFP
evaluation can be obtained via interface-(c) and interface-(d).
Examples are as follows:

- availability (or failure) of a SFI and a SFL
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- atopological location of a SFI
— autilization rate of a SFI

— athroughput of a SFI

- energy consumption of SFI

— bandwidth of a SFL

— latency of a SFL

V. CONCLUDING REMARKS

In this paper, we have introduced the basic concept of
service function chaining and addressed a SFP adaptation
capability to optimize the SFP performance considering the
dynamic performance and capabilities of its components. We
have also specified the functional building blocks and
interfaces for SFP adaptation. These functional blocks and
interfaces can be exploited for SFC control and they are being
standardized as in the SFC control-plane architecture [3].

The SFP adaptation functional blocks can be fulfilled with
detailed algorithms to construct optimal SFPs to efficiently
utilize the network resources by exploiting the work in [5] for
further study.
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