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1. Introduction

This is a light weight routing protocol of provider network that
appears in the formof a tree and distribution of address space takes
pl ace with the approach of VLSM It is based on setting default route
inside VLSMtree. |Inside a VLSMtree, all the physical ports of a
switch are configured with their associated domain (i.e.

Net Addr ess/ Net Mask). Routing table will contain static routes based
on the entries configured on these ports. Wth this approach, routing
informati on of the external world need not be passed down to the VLSM
tree. Thus, load inside a router gets reduced substantially. In
order to support network managenent and explicit route option, root
of the tree maintains an inmage of the entire tree. A section of the
OSPF protocol without the SPF part is extended to get the inage of
the tree at the root. This protocol is intended to be used in a rea
I P environnent (e.g. NAT free environment with I Pv6 or any new
generation IP that may be energed), but, it makes use of existing 32
bits address space for illustration. It expects addressing
architecture of real |IP space to have separate address space assi ghed
for the routers; e.g. section 3.2.1 of architectural specification[1]
states that address space with prefix "111" will be assigned for the
routers. This document includes IP-VPN with MPLS inside VLSMtree by
ext endi ng RSVP-TE

2. Setting default route inside VLSMtree

As it has been stated earlier, there is no need to pass down the
routing information of the external world inside a VLSM tree that
acts as a stub. Inside a VLSMtree, a node of higher prefix can be

di vided into nunmber of nodes with | ower prefixes. Each divided node
can further be subdivided with nodes of further |ower prefixes. This
process can be continued as long as it is desired or no nore division
is further possible.

Fol I owi ng figure shows a typical arrangenent of VLSMtree of a
service provider’s network with | Pv4 address space. Switch SWA is
connected to the outside world and maintains global routing table. It
acts as the root of a VLSMtree that acts as a stub. It has been
assigned an address block 11.1.16.0/20 which is distributed anong its
four children SWB, SWC, SWD and SWE with the approach of VLSM
Switch SWB further divides its address space between switches SWF
and SWG Switch SWF assigns an address block 11.1.16.0/24 to
customer network CN-A. Switch SWG assigns address bl ock 11.1.20.0/24
and 11.1.21.0/24 to two custormers CN-B and CN-C, where as switch SWE
assigns address block 11.1.30.0/24 to custoner network CN D.

Routing inside the tree takes place with the follow ng principle.
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CN-C forwards the packet to SWG SWG finds the destination address
of the packet to be outside its domain and forwards the packet to SW
B. SWB forwards the packet to its parent SWA. SWA find the
destination address of the packet to be outside its dommin and
consults with the global forwarding table and forwards the packet
through the right port.

3. Router address space

Section 2.2.7 of RFC 1812 [2] states, "a router that

has unnunbered point to point lines also has a special |P address,
called a router-id in this neno. The router-id is one of the
router’s | P addresses (a router is required to have at |least one IP
address). This router-id is used as if it is the IP address of all
unnunbered interfaces.”

A router-id is selected based on the donmai n (Net Address/ Net Mask) that
it is associated with. The prefix of the domain gets enbedded with in
the router-id. The least significant bits of the router-id wll
contain the prefix. For a prefix of 'n” bits in a 32 bits address
space there will be 32-"n’ bits at the beginning of the address.
Based on section 3.2.1 of the architectural specification[1], it
starts with the prefix "1111", followed by set of '1' bits and ends
with a '0" bit. Therefore, to get the prefix of the domain, router-id
needs to be traced fromthe MSB towards LSB till it encounters a 'O
bit. The rest of the bits till the end is the prefix. So, it expects
prefix to be at nost (32-5) i.e. 27 bits (5=first four bits as "1111"
followed by "0'"). So, mnimumlength of a domain that a router can be
assigned is 32. Wth this approach, locators (i.e routers) and
identifiers can be routed based on the sane routing table. This can
be defined as association between |ocators and identifiers. For a
node acting as a child, the interface associated to its parent node
gets assigned this ip address.

Add the following lines at the beginning of "ip forwardi ng" routine:
if destination address of the ip packet starts with '"router-id’
prefix {
if prefix length of the prefix enbedded inside the destination
address of the ip packet is less than the prefix | ength of
the prefix enbedded inside the router-id of the router itself {
forward the packet to the parent of the router;
[* for a child node, if it is attached with its parent node
through a shared nedia (see section 5 below) and prefix
I ength of the prefix enbedded inside the destination address
of the ip packet is less than or equal to the prefix enbedded
inside the parent port router-id, then forward the packet to
the parent router */
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el se {
find a tenmporary destination address 'tenpDest’
with the prefix enbedded inside the destination
address followed by "0’ bits at the end.

forward the packet the way 'tenpDest’ needs to be forwarded
based on the forwarding rules as stated in section 2.

}

4. Network managenent and support of explicit route option

Section 2 has shown how routing is achieved using static route table
based on the ports configured with their associ ated donain. Standard
routing protocols usually advertise networks based on which routing
table is constructed. There is no such need here. Wen a router
tries to establish a circuit with another, it nmay contact a PCE to
get the best possible route within a set of routes. On getting the
best possible path, it sets the circuit using explicit route option
As there is only one path between any two nodes inside a tree,
setting explicit route option does not make any sense to conmunicate
bet ween any two nodes within the sanme tree. It may be required to
communi cate a node in one VLSMtree to a node in another VLSMtree.
To support this feature, root of a VLSMtree needs to maintain an

i mge of the entire tree. A PCE can get this inage by contacting the
root of the tree. A network nmanagement system software al so can get
the status of the entire tree by communicating with the root of the
tree.

This section shows how to construct the tree with the approach of
routing protocol. It adopts "Hello protocol” and authentication
mechani sm of OSPF protocol |eaving behind the SPF part and

i ntroduci ng new nessage types relevant to VLSMtree.

The router at the root constructs the tree the way it appears in the
figure above. Every router in the tree is configured with the router-
idof the root i.e. the domain of the tree it belongs to. Wenever a
router adds a node (it may be a customer network or another router)
as a child, it sends an "Add Node" nessage. The nessage is sent to
the root. On getting an "Add Node" nessage, root traces the tree and
identifies the node with "Router ID' as specified in the nmessage and
adds a node underneath. Simlarly, whenever a node gets deleted, a
"Del ete Node" nessage is sent to the root. On getting "Del ete Node"
message, root deletes the entire sub-tree under that node in the
tree. Whenever a |link goes down, a "Link Down" nessage is sent to the
root. On receiving "Link Down" nessage, root nmarks the link status as
not active. Wenever a |ink cones up, on receiving "Link Up" nessage,
root builds the subtree under the node whose |link was down (if it

Bandyopadhyay Expi res Cctober 15, 2026 [ Page 6]



Internet Draft VLSM Tree Routing Protocol April 15, 2026

happens to be a router) and sets the status of the link as active.
This is to get the up-to-date status of the subtree whose |ink went
down. Root calls "GetSubtree"” routine recursively to build the
subtree as foll ows:

voi d Get Subtree(struct TreeNode *node)
send "Get Child Nodes" message to the router designated by node.

for all the children under node, construct a TreeNode under neat h.
for all the children as a router call GetSubtree(&chil dNode).

}

Where TreeNode rmay be defined as:

struct TreeNode{

ui nt 32 nodel d; /* Routerld, 32 bits in |IPv4 */
ui nt 16 nodeType /* Custoner Network (1)/Router(2) */
uint16 noOF Children; /* Nunmber of children */

struct TreeNode *parent; [* pointer to the parent */
struct TreeNode *chil dLi st; /* List of child nodes */

struct TreeNode *nextSibling; /* Next sibling in childList */
uint16 |inkStatus; /* Link status with parent UP(1)/Down(2) */

}

Root can also call "GetSubtree" routine for all of its child to build
the entire tree at the time of transition fromold protocol to new or
whenever required.

4.1. VLSMtree routing protocol nessages

It maintains sane nessage format of OSPF protocol such that existing
source code can be directly ported. This section describes new
message types along with Hell o message of OSPF. Pl ease follow section
A. 3.1 of OSPF specification [3] for OSPF nessage format.

Every nmessage starts with a standard 24 byte header.

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| Version # | Type | Packet |ength |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Router |D |
i T s i o S i i S R I S I S S S M
| Area I D |
B T S i T s i i e e SEI S
| Checksum | AuType |
R i T I e T S S e S TR S T e i I S e S e e e e o o
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| Aut henti cati on |
T i i I T T o s S O o o il S S S
| Aut hent i cati on |
I i S T i i S e e S i e o

Version #

The version nunber. This specification docunments version 1
of the protocol

Type
The nessage types are as foll ows.

Type Descri ption

1 Hel | o

2 Add Node

3 Del et e Node

4 Li nk Down

5 Li nk Up

6 CGet Child Nodes
7 Acknow edgmnent

Packet | ength
The I ength of the protocol packet in bytes. This length
i ncl udes the standard header

Router |ID
The Router ID of the packet’'s source.

Area I D
This is not relevant here but has been retained to make use of
exi sting OSPF source code with |east nodification

Checksum
The standard | P checksum of the entire contents of the packet,
starting with the packet header but excluding the 64-bit
aut hentication field. This checksumis calculated as the 16-bit
one’s conpl enent of the one’s conplement sumof all the 16-bit
words in the packet, excepting the authentication field. If the
packet’s length is not an integral nunber of 16-bit words, the
packet is padded with a byte of zero before checksumm ng. The
checksumis considered to be part of the packet authentication
procedure; for sone authentication types the checksum
calculation is omtted

AuType

Identifies the authentication procedure to be used for the
packet. Authentication is discussed in Appendix D of OSPF
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specification [3].

Aut hent i cati on
A 64-bit field for use by the authentication schene. See
Appendi x D of OSPF specification for details.

4.1.1. The Hell o packet

Hel | o packet is just sane as defined in OSPF protocol. Please follow
Section A 3.2 of OSPF specification [3] for detail.

4.1.2. The Add Node packet

An "Add Node" packet is generated when a router adds a node as its
child. A node can be a customer network or a router. The nessage
gets transported to the root. The receiving router sends back an
"Acknowl edgnent"” nessage by changing the "Type" field as

Acknowl edgnment. The "Sequence Nunber" and "Router |ID' field gets
verified on receiving the acknow edgnent back. On receiving an "Add
Node" message, root adds a new node to the tree under the node
designated by "Router ID".

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| Version # | 2 | Packet | ength |
B i s T T i i o S o T Ji I
| Router 1D |
e L o i e S  th o i R S
| Area | D |
i e e R e o o e i ol S N B S
| Checksum | AuType |
B i s T T i i o S o T Ji I
| Aut henti cation |
e L o i e S  th o i R S
| Aut henti cati on |
i e e R e o o e i ol S N B S
| Node Type | Sequence Number |
B i s T T i i o S o T Ji I
| Node | D |
e L o i e S  th o i R S

Node Type
Node type is Custoner Network (1)/Router (2)

Sequence Number

Whenever a router generates an Add Node nessage it uses a Sequence
Nunber. Usually it increments the Sequence Number on conpl etion of
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the transacti on.

Node | D
Node IDis the router ID of the domain associated with the
rout er/ cust oner networKk.

4.1.3. The Del ete Node packet

"Del ete Node" nessage gets generated by a router when a child node
gets deleted. The nessage is sent to the root. On receiving "Del ete
Node" nessage, root deletes the node (i.e. the entire subtree) under
the node designated as "Node ID'. All the fields of a "Delete Node"
packet are same as an "Add Node" packet apart fromthe Type(3) field.

4.1.4. The Link Down packet

"Li nk Down" nessage gets generated once a router fails to get "Hello"
fromany of its child and declares the link to be as inactive. The
message is sent to the root. On receiving "Li nk Down" nessage root
marks the link in the tree to be inactive. All the fields of a "Link
Down" packet are same as an "Add Node" packet apart fromthe Type(4)
field.

4.1.5. The Link Up packet

"Link Up" message gets generated once a router starts getting "Hello"
messages froma child which was marked as inactive. The nessage is
sent to the root. On receiving "Link Up" nessage, root calls

"Get Subtree" routine for the node as designated by "Node ID" (if it
happens to be a router). It updates changes in the subtree and narks
the link as active. Al the fields of a "Link Up" packet are sane as
an "Add Node" packet apart fromthe Type(5) field.

4.1.6. The Get Child Nodes packet

"Get Child Nodes" packet gets generated by root to get all the
children under a router. Contents of the router is expressed as
fol |l ows:

Router ID of the router (32 bits in IPv4) +

Nunber of children of the router (16 bits) +

for each child of the router {
Type of the child (Custonmer Network/Router) (16 bits) +
Router ID of the child (32 bits in |IPv4)

}

Exchange of router information is just same as the operation of
"Dat abase Description" packet of OSPF (See section A 3.3 of [3]).
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Format of "Get Child Nodes" packet is sane as "Database Description”
packet of OSPF with the "Type" field set as 6

4.1.7. The Acknow edgnent packet

An "Acknow edgnent” packet is sent to acknow edge that an "Add
Node" /" Del ete Node"/"Link Up"/"Link Down" nmessage has been received
to the sender. Al the fields of an "Acknow edgnent" packet are sane
as an "Add Node" packet apart fromthe Type(7) field.

5. When a parent node gets connected to sonme of its child nodes through
a shared nedi a

Suppose a parent router Rp gets connected to some of its child
routers Rcl, Rc2 ...Rcn through a shared nedia. Let us consider the
parent port that gets attached to the shared nedia is assigned a
domai n Net Addr essPar ent Port/ Net MaskParent Port. This is the domain
that will be assigned to all routers/hosts attached to the shared
medi a. So, dommin of routers Rcl, Rc2 ...Rcn will be a subset of this
domai n. As stated in section 3 above, interface of a child router
that gets attached to the shared media will be assigned ip address
with its router-id. Interface of the parent node associated to the
shared nmedia will be assigned an ip address that is router-id

equi val ent to Net Addr essPar ent Port/ Net MaskParent Port. ARP request
for these I P addresses will return their associated hardware address.
A child router needs to have a routing entry for each one of its
siblings; For a sibling, the route entry will map the routing domain
of that sibling with its router-id. Basically, a router needs to
advertise its router-id and the parent router has to be set as the
default router in the usual manner.

This problem gets resolved by introducing a new I CVMP "Child Router

Di scovery" message. \When a router gets initialized, it sends a "Child
Rout er Di scovery" nessage with a code set as "Router Solicitation" to
the all-routers multicast address, 224.0.0.2 or the |inited-broadcast
address, 255.255.255.255. All routers listen to "Child Router

D scovery" message and update their routing table if no entry
associated to the router-id of the advertising router already exists
and reply back to the advertising router with "Child Router

Di scovery" nmessage with a code set as "Router Advertisenent". For
each new router-id of a child router, one entry gets added to the
routing table as stated above; for the parent router, two new entries
get added to the routing table, the first one will be the domain of
the parent port that will have direct delivery. This entry gets added
to support any host getting attached to the shared nmedia along with
the child routers. As donmain of all the child routers are subset of
the domain of the parent port, this has to be the last entry prior to
the default route. The last entry will have a default route to the
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parent port router-id.

VWhen a host gets initialized, it generates "Child Router
Solicitation" nmessage with a code set as "Router Solicitation". On
receiving a nessage froma host, routers reply back in the usua
manner with "Router Advertisenent" w thout naking changes to their
routing table. On receiving "Router Advertisenment" froma router
hosts update their routing table in the sane manner as the routers
do. Hosts process "Router Solicitation" nmessage froma router and
update their routing table in the sane manner that routers do without
generating "Router Advertisenment" nessage. Hosts do not process
"Router Solicitation" nessage from any other host.

So, if we summarize the route entries in the routing table associated
to the shared nedia, for a host, it will have entries associated to
all the child routers followed by the entries related to the parent
port router-id; for a child router, it will have entries related to
its siblings followed by entries related to parent port router-id;
for the parent router, it will have entries related to all of its
child routers first followed by an entry associated to the donai n of
Net Addr essPar ent Port / Net MaskPar ent Port which will have direct
delivery linked to the associated port. If parent router gets
associated to nultiple shared nedia, it will follow the sane order
for each one of themand its default route will be the route that
will point toits parent in the hierarchy.

Primarily, a child router will have the following route entries:

1. route entry for all the ports that have been configured as its

children within its domain with their respective donai ns nmapped to
their corresponding ports; followed by an entry with the domai n of
the child router with the route entry flag set as UNREACHABLE (in

BSD code, it is defined as RTF_REJECT), to reject all the packets

for which no port has been configured within its donain.

2. route entry for each one of its siblings.
3. route entry associated to parent port router-id.

"Keep Alive" nmessages are part of "Hello protocol”. Every router has
to send ICVWP "Child Router Discovery" nmessage with the code set as
"Keep Alive" periodically at an interval of "KeepAliveTinelnterval"

A time stanp has to be added associated to a router-id that has to be
updat ed whenever "Keep Alive" nessage is received. Systemhas to

mai ntain another timer which gets activated at an interval typically,
10*" KeepAliveTinelnterval " to check the liveliness of the routers. If
no "Keep Alive" nessage was received within that tinme interval, route
entries associated to that router-id gets del eted.
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5.1. Message For mat
ICVMP Child Router Discovery Message
0 1 2 3

01234567890123456789012345678901
e T S S S e i i S DU S S S S R S T S S

| Type | Code | Checksum |
B i s T T i i o S o T Ji I
| Node Type | Reserved |

R T R i e S S S i S S AR S S S T T

| CMP Fi el ds:

Type <l ANA_TBD1>

Code 0 (Router Solicitation)/
1 (Router Advertisenent)/
2 (Keep Alive)

Checksum The 16-bit one’'s conpl enent of the one's
conpl enent sum of the | CMP nessage, start-
ing with the ICQw Type. For conputing the
checksum the Checksumfield is set to O.

Node Type Parent (0)/Child(1)/Host(2); type of node
of the router that is sending this nessage

I P Fields:
Sour ce Address router-id of the child router from which

this message is sent. For parent router,
it is the router-id associated to the
parent port. For a host it is the ip
address assigned to the shared nedi a.

Destination Address All router nulticast address 224.0.0.2 or
limted broadcast address 255.255. 255. 255.
(for code = "Router Solicitation" or for
code = "Keep Alive")

router-id of the router or ip address of
the host where this nmessage is being sent.
(for code = "Router Advertisement")

Ti me-to-Li ve 1if the Destination Address is an IP
mul ti cast address; at |east 1 otherw se.
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6

6

IP VPN with MPLS inside VLSM tree

Thi s section describes how to nmake P VPN work inside VLSMtree
wi t hout usi ng BGP.

RFCA364 [4] describes "IP VPN' with BGP/ MPLS. To support VPN, PE
routers maintain per-site forwarding table. Wen a packet arrives
froman associated CE router, PE router consults with this forwarding
table to forward the packet. If the packet is supposed to be
forwarded to another site of VPN through the backbone, it uses two-

| evel |abel stack. The upper label is used to forward the packet from
ingress PE router to the egress PE router; where as, the inner |abe
is used for the egress PE router to identify the associated CE router
where the packet is supposed to be forwarded. BGP is used by the
Servi ce Provider to exchange the routes of a particular VPN anpong the
PE routers that are attached to that VPN. Configuration takes place
on PE routers of both the sides of LSP. The sinplest way to achieve
this is to configure these attributes manually on PE routers. In
order to have dynam c allocation of inner |abel, MPLS signaling
protocols (in place of BGP) need to be extended. Allocation of inner

| abel has to be done by the egress PE router. Sanme nessage that is
used for the assignment of upper |abel may be used for the assignnent
of inner label. Inside the forwarding table, each entry contains the
forwardi ng destination address based on a set of destination
addresses (Net Address/ Net Mask) of the I P packets received from
ingress CE router. While establishing inner |abel, ingress PE router
needs to send these attributes with the signaling message and the
egress PE router needs to validate those before assigning | abel

1. Extension to RSVP-TE to support |IP VPN inside VLSMtree

This section describes extension to RSVP-TE[ 5] to support dynanic
al l ocation of inner |abel of two-Ilevel |abel stack used to support
VPN servi ces

In order to establish LSP using RSVP-TE, ingress PE router sends Path
message to the egress PE router. Path nessage is augnmented with a
LABEL_REQUEST object. Labels are allocated downstream and

di stributed (propagated upstream) by nmeans of RSVP Resv nessage. For
this purpose, the RSVP Resv nessage is extended with a special LABEL
object. In order to support VPN to establish the inner |abel, Path
message i s augnmented with a VPN ATTRIBUTE | abel. Simlarly, RSVP Resv
message is extended with a VPN _LABEL object. Wen an egress PE router
receives a Path nmessage, it checks the presence of VPN _ATTRI BUTE
object. On finding this object, egress PE router checks the viability
of assignnent of VPN |abel with the paraneters fromthe VPN ATTRI BUTE
object and the attributes that are already configured with the egress
PE router. If the test is positive, it assigns a VPN | abel and does
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the rest of the processing of LSP | abel assignhment and sends the RSVP
Resv nessage with the extension of VPN LABEL object towards the
ingress PE router. On receiving Resv nessage with VPN _LABEL object,
ingress PE router assigns VPN |abel along with the rest of the
processi ng of Resv nessage and conpl etes the operation. VPN ATTRI BUTE
and VPN LABEL objects are described bel ow

VPN_LABEL cl ass=<I ANA _TBD2>, C- Type=1

0 1 2 3
01234567890123456789012345678901
R ok o e e m e e e T S R S o o
| (i nner | abel) |
R T T ke S ST N e S e

VPN _ATTRI BUTE cl ass=<| ANA TBD3>, C- Type=1

0 1 2 3
01234567890123456789012345678901
I S i o T s S S S e s s T
| A obal Uni cast Address of Ingress CE Router |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| G obal Uni cast Address of Egress CE Router |
B T S i T s i i e e SEI S
| Net Address of Destination |IP Packet |
I S i o T s S S S e s s T
| Net Mask of Destination |IP Packet |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

The format of the Path nessage is as foll ows:

<Path Message> ::= <Conmon Header> [ <I NTEGRI TY> ]
<SESSI ON> <RSVP_HOP>
<Tl ME_VALUES>
[ <EXPLI Cl T_ROUTE> ]
<LABEL_REQUEST>
[ <VPN_ATTRI BUTE> ]
[ <SESSI ON_ATTRI BUTE> ]
[ <POLI CY_DATA> ... ]
<sender descriptor>

<sender descriptor> ::= <SENDER TEMPLATE> <SENDER TSPEC>
[ <ADSPEC> |
[ <RECORD_ROUTE> ]

The format of the Resv message is as foll ows:

<Resv Message> :: = <Common Header > [ <INTEGRI TY> ]
<SESSI ON> <RSVP_HOP>
<Tl ME_VALUES>
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[ <RESV_CONFIRM> ] [ <SCOPE> ]
[ <POLI CY_DATA> ... ]

[ <VPN_LABEL> ]

<STYLE> <fl ow descriptor |ist>

<flow descriptor list> ::= <FF fl ow descriptor |ist>
| <SE fl ow descri ptor>

<FF flow descriptor list> ::= <FLOANSPEC> <FI LTER SPEC> <LABEL>
[ <RECORD_ROUTE> ]
| <FF flow descriptor list>
<FF fl ow descri ptor>

<FF flow descriptor> ::= [ <FLOANSPEC> ] <FILTER SPEC> <LABEL>

[ <RECORD ROUTE> ]

<FLOWSPEC> <SE filter spec list>

<SE fl ow descriptor> ::

<SE filter spec list> ::= <SE filter spec>
| <SE filter spec list> <SE filter spec>

<SE filter spec> ::= <FI LTER_SPEC> <LABEL> [ <RECORD ROUTE> ]

Egress router generates an error with Error Code = 24, sub-code =
<| ANA_TBD4> (VPN | abel allocation error) if the operation fails.

7. 1 ANA Consi deration
| ANA has assigned a new | CVP nessage type <lI ANA TBD1>. | ANA has al so
assi gned RSVP cl ass nunber <| ANA TBD2> for the object VPN _LABEL and
RSVP cl ass nunmber <I ANA TBD3> for VPN _ATTRI BUTE. | ANA has al so
assi gned an error sub-code <| ANA TBD4> for VPN | abel allocation error
under Error Code = 24.
8. Security Consideration
Thi s docunent does not include any security related issues.
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