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Abstract—Segment Routing (SR) architecture has a great
potential to replace the MPLS control plane. It simplifies consid-
erably the operation and management of the MPLS networks. A
Segment Routing path does not require signaling because it relays
on the source routing paradigm, where the path description is
directly encoded into the packet’s header as a label stack. This
has a direct consequence on the size of the label stack which
increases linearly with the length of the path. Unfortunately,
such approach runs into the routers physical limitation known
as the Maximum Stack Depth (MSD), that bounds the maximum
number of labels a router can push onto packets. Consequently,
it prevents traffic to flow on some of the network paths, leading
to underutilization of network resources. Therefore, the MSD
restrains the adoption of Segment Routing as it impacts the
service provider ability to perform traffic engineering. Several
algorithms have been proposed to mitigate the impact of the
MSD. They usually rely on an optimization of the SR paths
encoding. However, none of them eliminates the impact of the
MSD limitation.

In this work, we propose a path segmentation approach to
definitively eliminate the impact of the MSD. Accordingly, all
the possible paths in the network may be considered to forward
traffic. This approach is based on the introduction of a new type
of Segment Identifiers (SID)s called Targeted SID (TSIDs). We
detail the architectural requirements and propose an optimization
algorithm to reduce the introduced overhead.

Index Terms—Segment Routing, MPLS, SR-MPLS, label stack,
traffic engineering.

I. INTRODUCTION

With its great potential to simplify considerably the opera-
tion and the management of MPLS networks, the Segment
Routing (SR) architecture appears as a serious alternative
to the MPLS control plane. SR leverages the source rout-
ing paradigm, where the path description is carried in the
packets header. Therefore, in MPLS networks implementing
SR, signaling protocols such as LDP and RSVP-TE are not
required anymore. In fact, SR relies on adding extensions to
already deployed routing protocols such as OSPF and ISIS.
Consequently, Service Providers (SP) can deploy SR without
extra investment on new hardware, as it can be enabled on
the routers that are currently in production with a simple
software update. The Segment Routing (SR) architecture, as
standardized by the IETF SPRING working group, can be
instantiated over the MPLS (SR-MPLS) and IPv6 (SR-IPv6)
data planes and offers a simple control plane. With SR, per-
flow states have to be maintained only by the ingress nodes,
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relieving the transit nodes that solely maintain SR information.
A segment, the main building block of the SR architecture, is
associated with a forwarding plane instruction. In SR-MPLS,
a segment is a 20 bits label and therefore it is manipulated
using the MPLS forwarding plane operations (i.e., POP, PUSH,
SWAP).

A Segment Routing Path (SRP) is composed of a succes-
sion of Segment Identifiers (SID)s. In SR-MPLS, the SRP
is encoded as a label stack. In Traffic Engineering (TE),
multiple Quality of Service (QoS) constraints are used for
path computation. The computed path to carry clients traffic
may not follow the shortest path. Consequently, the size of
the label stack growth linearly with the longer of the path.
However, currently available routers have a limitation on the
number of labels that they can push onto a packet header.
As a consequence, it reduces the number of paths potentially
operable in the network, leading to poor network resources
utilization. This limitation is known as the Maximum Stack
Depth (MSD). It comes from the fact that in order to reach
wire-speed packet processing, vendors implement MPLS for-
warding operations in Application Specific Integrated Circuits
(ASIC)s. Processing packets in hardware is more efficient than
software, at the expense of capacity. Today, this limitation is
low e.g.a maximum of 5 to 10 labels is currently supported
by some routers.

In this paper, we study the use of SRPs fragmentation to
tackle the MSD limitation. For that purpose, we define the Tar-
geted SID (TSID) a new segment type that is attached/assigned
to a slice of the SRP. TSIDs role is to reduce the size of
the label stack to express a SRP. The underlying idea is to
replace multiple labels in the initial stack by a TSID Ilabel.
Then, when a packet reaches a specific node, the TSID label
on the top of the label stack is substituted by the sequence of
labels it has replaced initially. Consequently, TSIDs have to be
pre-installed in the network before traffic is forwarded on the
SRP. In this article, we prove that SRPs fragmentation is an
effective method to bypass the MSD limitation. This reinstates
the possibility to consider any available topological path and
thence empowers a better network resource utilization. To
achieve our goals, we propose an optimization algorithm to
reduce the number of installed TSIDs, then we compare
the proposed algorithm to the results of the offline linear
programming model.
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In the proposed architecture, TSIDs may be installed any-
where in the network with the help of a Path Computation
Element (PCE) server. Therefore, the Service Provider have to
enable Path Computation Clients (PCC)s on transit nodes in
addition to Provider Edge (PE)s nodes. However, this increases
the number of Path Computation Element Protocol (PCEP)
sessions the PCE has to maintain. For that purpose, we also
propose an optimization algorithm to reduce the number of
PCEP sessions. We compare the proposed algorithm to the
results of the offline linear programming model.

II. RELATED WORK

In the literature, several algorithms have been proposed to
efficiently encode SRPs [1][2][3]. Their focus is to minimize
the number of labels used to encode a SRP, mainly by
the combination of different SID types. Indeed, in Segment
Routing each SID corresponds to a forwarding behavior. For
example, using a Node-SID forces the traffic to use the shortest
path to reach a designated node whereas using an Adjacency
SID constrains the traffic through a specific interface on a
node.

Encoding algorithms slacken the impact of the MSD limita-
tion. However, none of the proposed algorithms solves totally
the MSD problem. In particular, all the proposed algorithms
produce a label stack that expresses the SRP as a loose path.
Indeed, those algorithms consider that it is not necessary to ex-
press in detail all the path if parts of the path follow the default
route computed by the Shortest Path First (SPF) algorithm
of the routing protocol. However. expressing a SRP as loose
makes the SRP very sensitive to the network nodes routing
tables changes triggered by events that engender default routes
recomputation. For example, a link weight modification, a link
or node failure. etc. In such events, to continue to express
correctly the SRPs, those algorithms must be re-run for all
the paths. Such behavior is not sustainable especially in large
networks where changes are frequent continuously triggering
SPF computations.

For all these reasons, we propose a new approach for
reducing the SRP label stack while keeping the possibility to
continue to express a strict path. To the best of our knowledge,
this work is the first to use the path segmentation approach
to eliminate totally the MSD limitation. This is a standalone
approach yet it can be combined with an efficient encoding
algorithm such as those previously discussed.

III. PATH SEGMENTATION

In SR, each SID identifies a topological path, but the
SR architecture offers several types of SIDs to compose an
end to end SRP: a Nodal Segment (Node-SID) is used to
forward a packet along the IGPs shortest path towards the
associated node, whereas the Adjacency Segment (Adj-SID)
forces the packets forwarding through a specific interface.
Traffic Engineering, clients QoS requirements enforcement,
path diversity, etc. May require the selection of paths that are
usually not preferred by the IGP. However, the corresponding
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label stack to implement such SRP in SR-MPLS may be
greater than what is allowed by the ingress nodes MSD.

We propose the path segmentation approach, where the
initial label stack to express SRP is fragmented into multiple
stacks, each sub-stack is replaced with a new type of segment
named the Targeted SID (TSID). We create as much TSIDs
as required to obtain a label stack size less than or equal to
the MSD. A TSID is related to a specific label stack which
encodes a topological path and is installed on specific network
nodes. The TSID, like the Adj-SID, is local to a node, and
takes its value outside the Segment Routing Global Block
(SRGB). The TSID is assigned to a push operation which
replaces the TSID label by a specific label stack. When the
packet reaches the node that owns the TSID, (i.e.the top label
is equal to the TSID), the TSID gets popped and the associated
stack is pushed.

For illustration purposes, let us consider the network
depicted in Fig. 1. A client requests a connection of 100
MB of bandwidth to connect two of its sites CEIl and CE2,
the ingress edge router for the requested path is PEI and
PE2 is the egress. The computed path that satisfies the
requested bandwidth is Pthil: P1,P7,P12,P13,P14,P11,P10,P4.
Moreover, the service provider implements the SRP strict
encoding where all the intermediate node’s Node-SIDs are
listed in the label stack. Consequently, the Pthl get encoded
with the following label stack: [1,7,12,13,14,11,10,4]. If PE1
has a MSD of 5, then PE1 would not be able to pushPrhl
stack onto the client packets. In our approach, a TSID can be
used to replace a slice of Pthl. For example, replace the slice
Pth:[12, 13, 14, 11] with TSIDI. Therefore, Pthl is encoded
as follows: [1, 7, TSID1, 10, 4]. As shown in Table. I, a new
entry in P7s Label Forwarding Information Database (LFIB)
has to be pre-installed before Prhl is installed on PE1l to
avoid that packets get dropped by P7.

TABLE I: P7’s LFIB

Incoming label | Operation Exit Interface

TSID1 POP(TSID1) & PUSH([12,13,14,11]) | 7-12

A. Targeted SID Architecture

The SR architecture main design guidelines’ goals are to
install fewer states in the network nodes and keep the control
plane very light. In fact, no signaling is needed for the SRP as
they are carried in the packets headers. Therefore, the signaling
protocols RSVP-TE and LDP are removed. The IGPs (OSPF
and ISIS) have been extended to exchange SR information.
Consequently, no additional protocols have been defined in
order to enable SR. However, the RSVP-TE in traditional
MPLS is responsible for updating network resources such
as available and reservable bandwidth on the network links.
Without such signaling, SR is not able to trigger updates of
network resources availability. However, an up to date network
resources capacity is essential to to do Traffic Engineering.
To overcome this limitation, Service Provider could used a
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Constraint Based Path
Computation Module

Fig. 1: Network Topology.

centralized controller that maintains the network resources in
its local TE Database (TED). The architecture depicted in Fig.
1 details such solution that is based on a Path Computation
Element (PCE) server.

Several architectural components need to be defined to
enable path segmentation. To address how the TSIDs are
computed and how they can be installed into the network.
It makes sense that the PCE installs also the TSIDs, in
addition to the SRP. Consequently, the PCE has to maintain
a TSID database in order to be able to reuse previously
installed TSID for future SRPs. In this proposed architecture,
all network nodes implement the Path Computation Element
Clients (PCC). When a request reach the PCE, the constraint
based path computation (e.g.Constraint Shortest Path First,
CSPF) module computes the path based on the requested
parameters and the information contained in the TED. As
depicted in 1, the computed path is then sent to the encoding
module which decides if a TSID is required or not.

The TSID approach requires the standardization of some of
its components in order to ensure inter-vendor interoperability.
Recently, PCE protocol (PCEP) has been extended to support
SR. in fact, new SR Type Length Values (TLV) have been
defined in [4]. The Explicit Route Object (ERO) could carries
the label stack to express a SRP. We propose to reuse the
defined TLVs to carry the TSID label stack. Because the
installation of TSIDs has to be initiated by the PCE, we
propose to extend the mechanism described in [5] to add the
support of PCE initiated TSIDs. The TSID value is a local
label. Therefore, it is up to the node that installs the TSID
label stack to allocate the TSID value. Indeed, as the TSID
label is taken outside the SRGB, it is easier to let the node
pick its value inside its label pool instead of letting the PCE
allocate a label value that could be outside the local label pool
or already in use by another protocol. However, no reporting
mechanism is currently defined to let the PCC reports to the
PCE the label value it has associated to the TSID. Accordingly,
that requires standardization efforts to detail such mechanism.

In addition, service providers may choose to advertise the
TSIDs in the network. Therefore, we propose to define a
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new sub-TLV similar to the SID/Label Binding Sub-TLV
defined in [6]. In this scenario, the PCE may not be the
only entity responsible for SRPs computation. For example,
network nodes may have their own CSPF computation engine.
Consequently, the TSIDs need to be advertised in IGP so that
other nodes can use them. Also, in case of PCE failure, the
advertisement of TSIDs help to recover the state of the network
by listening to the IGP. However, this approach adds new states
in the network which segment routing precisely tries to reduce.
This scenario should be avoided in Software Defined Networks
(SDN).

IV. OFFLINE TSID PLACEMENT MODELS

SR-MPLS nodes maintain considerably fewer states com-
pared to traditional MPLS. However, the proposed path seg-
mentation approach adds an overhead to the SR architecture.
TSIDs are additional entries in the node’s forwarding table.
Each node may have to maintain TSID database if the TSIDs
are advertised in the IGP. Also, in the proposed architecture,
TSIDs are installed via the PCEP protocol that increases the
number of PCEP sessions that the PCE have to maintain.
Indeed, in a traditional IP/MPLS networks, the PCEP sessions
are established between the PCE and the edge nodes i.e.PEs. In
our approach, additional PCEP sessions must be established
between the PCE and core i.e.PE nodes in order to install
TSIDs. In this work, in addition to the proposition of the TSID
mechanism and the architecture that enables it, we aim to solve
two following optimization problems:

o To reduce the global number of installed TSIDs,

o To reduce the number PCEP sessions the PCE has to

maintain.

In this section, we present two offline Linear Programming
(LP) models. Both models take a set of paths in input and
require the existence of a traffic matrix. In fact, a realistic set
of paths is generated by solving the multi-commodity flow
problem for a given network and a given traffic matrix. The
proposed models have been used as a benchmark for the more
practical online algorithms with unknown traffic matrices. In
addition, if a Service Provider has the traffic matrix and wants
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to migrate its network to Segment Routing, the two offline
models may be used to assist the transition.

A. Offline Optimization of TSIDs Placement

The first offline LP model (1) computes the minimum
number of TSIDs to install for a given set of paths. For
simplicity purposes, we suppose that all the network nodes
have the a MSD of 5 labels, this MSD value represents what
is currently supported by some routers. This model can still be
extended for per-node MSD case at the expense of increased
computation.

We denote the set of paths that satisfy the traffic matrix
and that are encoded with a label stack greater than the
MSD by P. T denotes the set of all possible TSIDs without
duplication generated from P. It is worth mentioning that it is
possible to have two or more different TSIDs associated with
the same label stack, because they are installed on different
nodes. For example, in our sample network, the label stack
composed of three Node-SIDs [P13,P14,P11] can be installed
on different nodes: P7,P8 and P12 and therefore considered
as three different TSIDs and not just one. 7, denotes the set
of TSID that can be used for the path p. a;; equals to 1 if
the label [ is used in TSID ¢ and O otherwise. s, denotes the
size of path’s p label stack. s; denotes the size of the TSID’s ¢
label stack. f,; is a binary variable, it takes the value 1 if the
path p uses TSID ¢ and O otherwise. ft is a binary variable,
it takes the value 1 if the TSID ¢ is chosen to reduce at least
one path and 0 otherwise.

Minimize Z fi (1a)
teT
Subject to :
fi > fot Vpe P,VteT (1b)
sp— O o (se—1)<MSD VpeP  (lo)
teTy
> forran <1 VpePViep  (1d)
teTy

The objective function (1a) minimizes the sum of ft (i.e., the
total number of used TSIDs). The Equation (1b) ensures that
a TSIDs is computed once even it is used to reduce multiple
paths. Equation (1c) ensures that the TSIDs used for a path
results in a label stack size less than the MSD, keeping in mind
that a TSID reduces the size of the path by its size plus I.
For example, a SRP label stack composed 8 labels can not be
reduced by a TSID stack of 3 labels because the resulting stack
would be 6 labels, as an additional label has to be added to
identify the TSID. Equation (1d) ensures that no label appears
more than once in the TSIDs used to reduce a path. In fact,
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the intersection of a solution’s TSIDs must be avoided as it
leads to the creation of traffic loops.

B. Offline Minimization of PCEP sessions

The TSID architecture as depicted in Fig, 1 requires that
the all the network nodes become PCCs (i.e., edge and
core routers). Thus, all the nodes are able to install TSIDs.
However, SP tends to enable PCCs only on the border of the
network, i.e., PE routers. The increase in the number of PCEP
sessions a PCE has to maintain could lead to scalability issues.
Accordingly, the performance of the proposed architecture
needs to be evaluated not only based on the number of installed
TSIDs but also on the required number of PCEP sessions. A
SP may estimate that it is more important to reduce the number
of PCEP sessions instead of minimizing the number of TSIDs.
We encourage this approach for large networks, where number
of core nodes is greater than the edge nodes, especially if
the TSIDs are not advertised by the IGP. A side effect of
this approach is that TSIDs may be concentrated at certain
network nodes. Consequently, in the case of a node failure, a
considerable amount of path will be affected especially that no
fast re-route like mechanism is defined for the TSID approach.

The offline LP model (2) minimizes the number of the
PCEP sessions required to install TSIDs. We used this model
to benchmark the online PCEP minimization algorithm. The
objective function depicted in (2a) minimizes the network
nodes that have to be a PCC. In (2a) k,, is a binary variable,
it is equal to 1 if the node n is used to install TSIDs and O
otherwise. In addition to the constraint depicted in (2b), the LP
model (2) is subject to the same constraints as the LP model
(1). ¢y, denotes where the TSID ¢ has to be installed, it is
equal to 1 if the node n is used to install the TSID t and O
otherwise.

Minimize E kn

ney

(2a)

Subject to: (1b),(1c),(1d)

Vpe P, VteT

kn > fo % Cot (2b)

C. Online Algorithms

Delivering QoS using segment routing requires the use of
a centralized controller (e.g., PCE or SDN controller). In an
online environment, the SP does not have the full demand
matrix. Therefore, the connection demands are treated by the
controller one by one, each demand is received as a source,
destination and the QoS requirements. A path that respects
those requirements is computed by the optimization engine
and then passed to the encoding engine. If the path is encoded
with a label stack greater than the demand’s source node MSD,
it gets invalidated. Consequently, the computation of another
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path is triggered, in absence of other paths the demand is
rejected.

In this section, we present two online algorithms, referred
in the next sections as OTO for Online TSIDs Optimization:

e OTO for TSID minimization, favors the reutulization of
existing TSIDs and creates new ones only if there is no
solution to reduce the requested path with the available
TSIDs in the TSIDs Database.

e OTO for PCEP session minimization, favors the solutions
that require the installation of TSIDs on the nodes that
maintain an active PCEP session with PCE, also by
reusing exiting TSIDs.

The OTO algorithm is composed of 6 steps, its pseudo-
code is detailed in Algorithm 1. In step 1, for a requested
SRP, the function generateTSIDs (SRP) generates a set of
candidate tsids. Each candidate TSID has a size of at least
2 and not more than the MSD. A candidate TSID reduces the
SRP stack size as follows: length(SRP) —length(TSID)+
1. In step 2, from the set of candidate TSIDs, function
generateSolutions(tsids) generates all the possible solutions
to reduce the label stack of the SRP, a solution generates a la-
bel stack size less than the MSD. Additionally, a solution may
be composed of one or multiple TSIDs depending of the MSD
value and the longer of the SRP. The TSIDs that constitute a
solution must not intersect. In step 3, a weight is assigned to
each candidate solution, depending on the objective set by the
operator. A solution’s weight is equal to the number of new
TSIDs that has to be created or number of new PCEP sessions
it requires, hence preferring the re-utilization of already exist-
ing TSIDs or established PCEP sessions. In step 4, the solution
with the lowest weight is chosen. In step 5, the best solution
may require the creation and installation of new TSIDs. In
this case, function matchT SIDToPCEP N ode identifies the
node that has to install the new TSID, then the function
established PC'E P Session(node PCEP) checks if there is
an active PCEP session with that node. If no session was
found, the function establishPCEPSession(nodePCEP)
triggers the establishment of the PCEP session. This can be
performed by a node configuration protocol such as NET-
CONFE. The function PCFEPinstallT'SID uses PCEP to
install the TSID on the identified node. In step 6, in the initial
SRP label stack, we replace the TSIDs with the labels reported
by the PCC nodes for that TSIDs. Finally, the OTO algorithm
returns the labelstack to install.

The OTO algorithm can be implemented as a module of
the encoding engine depicted in Fig. 1. The encoding engine
triggers the installation of SRP and TSIDs, also maintains the
TSID Database.

TABLE II: Entries for the linear programming models

Topology Nodes | Path Set | Possible TSIDs
Nobel-germany | 17 136 423

Geant 22 162 566

Albilene 12 41 109

Brain 161 2571 2073
Germany50 50 991 3141
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Algorithm 1 Online TSIDs Optimization (OTO)
INPUT: SRP The SRP expressed as a list SIDs
OUTPUT: labelStack the SRP label stack MSD.

STEP 1: Generation of all the TSIDs for the SRP.
tsids = generate TSIDs(SRP)

STEP 2: Generation of possible solution.
solutions = generateSolutions(tsids)

STEP 3: compute the weight of each solution.

1: solWeight An array that holds the weight of each solution
2: for sol in solutions do

3:  weight = weightSolution(sol)

4:  push(solWeight,weight))

5: end for

STEP 4: Find the best solution.
bestSolution = minWeightSolution(solutions, solWeight)

STEP 5: Install required TSIDs.

1: for ts in bestSolution do

2 if existTSID(tsid) then

3 continue

4:  else

5: nodePCEP = matchTSIDToPCEPNode(ts) node

where to install the TSID

6: if !establishedPCEPSession(nodePCEP) then
7: establishPCEPSession(nodePCEP)

8: end if

9: install TSIDPCEP(ts,nodePCEP)

10: addTSID(ts) Add the ts to TSID Database

11:  end if

12: end for

STEP 6: Compose the label stack.
1: labelStack = SRP
2: for tsid in bestSolution do
3:  replaceTSID(labelStack,tsid)
4: end for
5: Return labelStack

V. EXPERIMENTAL RESULTS

We performed several experiments to measure the perfor-
mance of the two variations of the OTO algorithm. Mainly
we compare the two variations of the OTO algorithm to
the offline LP’s models in terms of the number of installed
TSIDs and required PCEP sessions. We also consider the
case where the TSID mechanism is coupled with the Segment
Routing Label Encoding algorithm (SR-LEA) presented in
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[1]. The experiments use network topologies provided by
SNDIib [7][8] and their demand matrices. We fixed the MSD
to 5 labels, which is the value announced currently by the
major equipment vendors. Table. II, details for each topology,
the number of paths to encode and the number of possible
TSIDs.

A. OTO for TSIDs minimization

In the OTO algorithm for TSIDs minimization, the weight
function attributes weights to all the possible solutions to
reduce the size of the label stack. A solution that does not
require new TSIDs has weight equal to zero whereas solutions
that require the installation of new TSIDs are penalized by
higher weights. The chosen solution is the one with the
minimum weight. The performance of the OTO for TSIDs
optimization is evaluated on the number of TSIDs created.

In order to evaluate the impact of the OTO weight function,
we consider an online worst-case scenario. Demands arrive
sequentially, and for a given SRP there is no prioritization
between solutions. The first found solution that reduces the
SRP’s label sack is chosen. As a result, new TSIDs are created
more frequently. As seen in Fig. 2, for all the topologies, the
OTO algorithm generates fewer TSIDs than to the worst-case
scenario. We observe that the OTO gain against the worst-
case scenario in terms of the number of TSIDs correlates with
the number of possible TSIDs shown in Table II. The more
TSIDs there are, the better the OTO performs. The weight
function considers all the possible TSIDs combinations and
favorites the reuse of TSIDs. In other words, the more paths
OTO minimizes, the higher is the chance to reuse a TSID.

M No optimization OTO for TSIDs minimization

900

804

800
700
600
500
400
300

200 138

119

87 99 90
0 [\
Nobel-germany Geant Albilene Brain Germany50

Fig. 2: OTO for TSIDs minimization compared to the worst-
case scenario i.e., online TSID installation with no optimiza-
tion.

The LP model (1), computes the minimum number of TSIDs
required for a given path set. It is the ultimate benchmark for
the OTO algorithm. As it can be seen in Fig. 3, The OTO
algorithm performs very well especially for small path sets.
The number of TSIDs install by OTO algorithm is very close
to the LP’s solution for the first four topologies. However,
we notice an increase in the gap between OTO and LP for
topology Germanny50, this is due to the large TSIDs set.
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H Offline LP for TSIDs minimization OTO for TSIDs minimization

600

500
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300

200

87
100 68
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Nobel-germany Albilene

Fig. 3: OTO for TSIDs minimization compared to the Offline
LP for TSIDs minimization

The path segmentation approach causes two problems 1)
the creation of new states in the network (i.e., TSIDs) and
2) the establishment of additional PCEP sessions. The OTO
algorithm minimizes one of the two problems. We find it
interesting to evaluate the impact of OTO optimizing one
problem over another. Therefore, we evaluate the impact of
the OTO algorithm when minimizing the number of PCEP
sessions over the number of installed TSIDs. As seen in
Fig. 4, optimizing the number of PCEP sessions increases
considerably the number of installed TSIDs. Minimizing PCEP
sessions leads to concentrating the TSIDs on certain nodes,
which cause a weak TSIDs reuse factor. Additionally, this
causes an important overhead to the control plane if the TSIDs
are advertised via the IGP.

m Offline LP for TSIDs minimization Offline LP for PCEP minimization

900
800
700
600
500
400
300

200 142

112
78
0 —
Nobel-germany Geant Albilene

Fig. 4: Comparison of the number of TSIDs created by the
two offline LPs

The PCE’s encoding engine can use solely the OTO algo-
rithm to reduce the size of all the label stacks. However, we
noticed that when the OTO algorithm is coupled with SR-
LEA encoding algorithm presented in [1]. The number of the
installed TSIDs is drastically reduced as it can be seen in Fig.
5. In fact, the OTO algorithm is called only if the SR-LEA
algorithm fails at computing a label stack with a size less than
the MSD.



2017 8th International Conference on the Network of the Future (NOF)

B SR-LEA + OTO for TSIDs minimization OTO for TSIDs minimization
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Fig. 5: Comparison of the number of TSIDs created solely by
OTO and SR-LEA encoding algorithm combined with OTO

B. OTO for PCEP sessions minimization

Service Providers are moving toward the network soft-
warization era, where having a logically centralized controller
is essential. Particularly, Traffic Engineering in Segment Rout-
ing network requires a centralized resource allocation and
path computations. The traditional way SPs use the PCE
with RSVP-TE is to establish PCEP sessions with only the
network’s border routers. However, the proposed path seg-
mentation approach installs TSIDs on transit routers, which
requires to maintain additional PCEP sessions with core nodes.
Unfortunately, maintaining an active PCEP session with all
the network nodes may rise scalability issues. Reducing the
number of PCEP session with transit routers can be a priority
for the SP especially for large networks.

In an online scenario, connection demands arrive sequen-
tially. Therefore, anticipation the establishment of PCEP ses-
sion with some set of the network nodes is not possible. In
the path segmentation architecture, we propose that the PCEP
sessions establishment be triggered only if required. For each
SRP, a set of solutions composed of TSIDs to reduce stack size
gets generated. The weight function penalizes solution that
requires the establishment of new PCEP sessions, a solution
that reuses already established PCEP session has a weight of
0. The solution with the minimum weight gets chosen. Several
experiments have been conducted to evaluate the performance
of OTO with PCEP sessions minimization as follows.

In a worst-case scenario, the first available solution is
chosen. If the required TSIDs does not exist in the TSIDs
Database and no PCEP session with the node that has to install
the TSID is established then a PCEP session is initiated with
the network node using network configuration protocols such
AS NETCONEF. As it can be seen in Fig. 6, the weight function
of the OTO algorithm allows to reduce the number of PCEP
sessions.

The offline LP model for PCEP session minimization (2),
serve as a reference to evaluate the performance of the OTO
algorithm. As it can be seen in Fig. 7, on all the tested
topologies, the gap between the offline LP and OTO is very
small. Hence, we conclude that OTO performs very well.
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Fig. 6: OTO for PCEP sessions minimization compared to the
worst-case scenario of an online TSIDs installation with no
PCEP optimization.
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Fig. 7: OTO for PCEP sessions minimization compared to the
offline LP for PCEP sessions minimization
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Fig. 8: Comparison of the number of PCEP sessions required
by the two offline LPs

Minimizing the number of TSIDs comes at a price of
augmenting the number of PCEP sessions. As it can be seen
in Fig. 8 when comparing the results of the two LPs (1)(2)
in terms of PCEP sessions, increasing the number of PCEP
sessions augments the number of created TSIDs, for all
the topologies minimizing the number TSIDs. Accordingly,
minimizing the PCEP sessions concentrates the installation
of TSIDs on certain network nodes, which in the case of a
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node failure could impact more paths, especially when no fast
recovery mechanism is defined.

VI. CONCLUSION

In this work, we proposed a path segmentation approach
to solve the Maximum Stack Depth (MSD) limitation in Seg-
ment Routing networks. We detailed its implementation and
architectural requirements. We addressed the two optimization
problems identified for this architecture. Namely, minimizing
the number of created TSIDs and minimizing the number of
PCEP sessions a PCE has to maintain with transit nodes. We
proposed the Online TSID Minimization (OTO) algorithm, it
addresses the two optimization problems. The defined weight
function is adapted to each optimization problem i.e., penalizes
the creation of new TSIDs or the establishment of new PCEP
sessions. The experimental results show that the two variations
of the OTO algorithm perform very well, as their results are
close to the reference offline LP models. Coupling the OTO al-
gorithm with the Segment Routing Label Encoding Algorithm
(SR-LEA) gave the best experimental results. Therefore, it is
the recommended approach.
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In future work, we will focus on solving challenges that
face the proposed architecture, such as defining a fast-recovery
mechanism for TSIDs similar to the classical MPLS fast-
reroute. In addition, we will explore the possibility to extend
the TSID mechanism to address the inter-AS segment routing
problem.
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