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Abstract

TAMPERE UNIVERSITY OF TECHNOLOGY

Department of Information Technology

Institute of Communications Engineering

Sampo Saaristo: Implementation of 1S-IS Routing Protocol for IP versions 4 and 6
Master of Science thesis: 62 pages, 20 enclosure pages

Supervisors: Prof. Jarmo Harju and Msc Heikki Vatiainen
October 2002

This Master of Science Thesis describes an implementation of Intermediate System to In-
termediate System (IS-IS) routing protocol, that supports routing of Internet Protocol ver-
sion 4 (IPv4) and 6 (IPv6). The thesis was done for the ICEFIN Research Laboratory at
Tampere University of Technology, Institute of Communications Engineering.

IS-IS is a link state routing protocol originally designed by International Organization for
Standardization (ISO). The protocol was first defined to route ConnectionLess Network
Protocol (CLNP), the Open Systems Interconnection (OSI) stack equivalent to IP. However,
IS-IS is designed in such a manner that it can easily be extended to support routing of any
layer three protocol. The support for IP was specified by the Internet Engineering Task
Force (IETF) 1990 and the extensions for IPv6 were introduced in 2000.

The implementation of 1S-IS protocol was written as a module for the freely distributable
GNU Zebra routing software. The software project was supported by SourceForge.net, so
any interested developer was able to join and contribute to the project.

The thesis starts with a discussion on routing and routing protocols in general. Then the
IS-IS routing protocol and the IETF extensions to the protocol are introduced.

Before describing the implementation of 1S-1S (1SI1Sd), the GNU Zebra routing software is
introduced. The rest of the thesis deals with configuration of 1SISd.



Thnvistelma

TAMPEREEN TEKNILLINEN KORKEAKOULU

Tietotekniikan osasto

Tietoliikennetekniikan laitos

Sampo Saaristo: Implementation of 1S-IS Routing Protocol for IP versions 4 and 6
Diplomity6: 62 sivua, 20 liitesivua

Tarkastajat: Prof. Jarmo Harju ja DI Heikki Vatiainen
Lokakuu 2002

Tama diplomityo esittelee 1S-1S-reititysprotokollatoteutuksen, joka tukee Internet Protokol-
lan (IP) versioiden 4 ja 6 reititystd. Ty tehtiin ICEFIN-tutkimuslaboratoriossa Tampereen
teknillisen korkeakoulun tietoliikennetekniikan laitoksella.

IS-IS on alunperin 1SO-standardisointiorganisaation toimesta madritelty link-state -
reititysprotokolla. 1S-1S-protokolla oli alunperin méaritelty CLNP:n, OSI-mallin IP:ta vas-
taavan protokollan, reitittdmiseen. IS-IS on kuitenkin maéritelty siten, ettd sitd voidaan
helposti laajentaa tukemaan mink& tahansa verkkokerroksen protokollan reititysta. Tuki
IP -versio neljalle on mééritelty vuonna 1990 ja IP -versio kuudelle vuonna 2000 IETF:n
toimesta.

IS-IS reititysprotokolla toteutettiin osaksi GNU Zebra -reititysohjelmistoa. Ohjelmistopro-
jekti toimi SourceForge.net -sivustolla, joten kuka tahansa asiasta kiinnostunut pystyi osal-
listumaan projektiin.

Diplomity0 kasittelee aluksi reititysté ja reititysprotokollia yleensa. Tdman jalkeen seuraa
IS-1S-reititysprotokollan ja sen laajennusten esittely.

Ennen 1S-1S-toteutuksen (ISISd) kaésittelya esitellddan GNU Zebra -reititysohjelmisto.
Diplomityon loppuosa kasittelee 1SISd:n konfigurointia.
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1 Introduction

This Master’s thesis describes an implementation of Intermediate System to Intermediate
System (IS-IS) routing protocol. This thesis was done for the ICEFIN Research Laboratory
at Tampere University of Technology, Institute of Communications Engineering.

IS-IS was standardized by International Organization for Standardization (ISO) and was
originally intended to be used with Connectionless Network Protocol (CLNP). Internet En-
gineering Task Force (IETF) also wanted a link-state routing protocol for their Internet
Protocol (IPv4) and began to develop the Open Shortest Path First (OSPF) protocol. At the
same time I1S-1S was extended to support IPv4 (also by IETF), which was easy due to its
multiprotocol nature. It took years before OSPF could be deployed, thus IS-1S was adopted
by many Internet Service Providers (ISPs). All of this happened at the beginning of 1990’s.
Now, a decade later history seems to repeat itself, with IP version 6 (IPv6). OSPFv3, OSPF
for IPv6, has been specified by IETF, but it seems to take long before it can be deployed,
because it is in a sense a completely new protocol. Again 1S-1IS can easily be extended, this
time for IPv6. The biggest routing vendors have begun to offer IS-IS with IPv6 support
before OSPFv3 protocol.

The motivation for implementing the IS-IS routing protocol (1SISd) was to provide the open
source community with a version of IS-IS that supports IPv6, and thus in a small part help
in the deployment of IPv6. One area of interest is the feasibility of an integrated routing
protocol approach, which means the usage of a single routing protocol for multiple layer
three protocols.



This thesis first discusses routing, routing protocols and the history of routing protocols.
Chapters 3 and 4 introduce the IS-IS routing protocol and its extensions. The implementa-
tion of 1S-I1S was done as a module for the GNU Zebra routing software, which is described
in Chapter 5. Chapter 6 deals with the implementation of IS-IS routing protocol (1SI1Sd)
and Chapter 5 the configuration of ISISd. Finally the conclusions are drawn in Chapter 8.



2 Routing and routing protocols

Free OnLine Dictionary Of Computing (FOLDOC) [2] defines routing as the process, per-
formed by a router, of selecting the correct interface and next hop for a packet being for-
warded. The selection is based on the information in forwarding database (a.k.a. route

table), which can be maintained manually and by a routing protocol.

Routes inserted manually are called static routes, whereas routes learned through routing
protocols are called dynamic. Static routes can be used in small networks or in places which
require precise control of the routing behavior, otherwise dynamic routes are usually pre-
ferred, since static routes require manual reconfiguration every time the network topology
changes.

Routing domain

Routing domain

EGP IGP

IGP

Figure 2.1: Interior/Exterior Gateway Protocols

3



All popular routing protocols are of type link state or distance vector. The idea of link
state routing is that every router learns the topology of the whole network by exchanging
link state information and can thus decide the best routes to every destination. The distance
vector routing protocols implement a distributed computing of the Bellman-Ford algorithm,
and share the results of the algorithm as vectors which hold the distance and direction of
every destination. Distance vector routing is simpler to implement, but is does not scale to
big networks as well as link state routing.

Routing protocols can also be grouped based on their scope. The term Interior Gateway
Protocol (IGP) is used for protocols distributing routes inside a domain (also known as
autonomous system) and the term Exterior Gateway Protocol (EGP) for protocols used to
connect these domains (Figure 2.1).

2.1 Distance vector routing

The name distance vector comes from the fact that routing information is shared as vectors
of the form (ID, distance, direction). The distance can be just the plain hop count to reach
the router denoted by ID or it can be the sum of link costs on the path towards it. Direction
is the first hop of the path. This form is basically the same as in forwarding database, so
we could state that distance vector routing is based on transmitting our route table to our
neighbors.

The distance vector algorithm when applied to computer networks can be stated as follows.
Each router is configured with a unique ID and a cost for each of its links. The distance
vector is initialized with distance O for the router itself and infinity for every other desti-
nation. Every router transmits its distance vector every time the information changes. The
most recent distance vector from every other router is saved. Each router calculates its own
distance vector, by examining other router’s distance vectors. The calculation is based on
minimizing the cost to reach every other router. The distance vector is recalculated every
time a different distance vector from a neighbor is received or state of a link to a neighbor
changes.

Distance vector routing protocols suffer from slow convergence in some situations. The



term count-to-infinity is used for the behavior, where after a topological change neighbors
exchange distance vectors increasing the link cost to a neighbor that has become unreach-
able, until the distance reaches infinity, which is a parameter set by the system management.

A number of solutions to speed the slow convergence have been introduced. The term hold-
down is used for the mechanism where the router waits for a hold-down time, after it has
noticed that a path to a destination has gone down before switching to another path. During
the hold-down time the router assumes that every other router has forgotten the old broken
path. The scheme does not completely solve the count-to-infinity problem and actually
slows the convergence in some cases.

Another popular method for speeding the convergence is called split-horizon. In this
method, if router A reaches router C through router B, it reports to B its own cost to C
as infinity and counting-to-infinity is avoided in many cases. [3]

2.2 Link state routing

The idea behind link state routing is simple. A router learns its neighbors (most often
through a hello protocol) and constructs a Link State PDU (LSP) containing information
about the neighbors. The LSP is then sent to every other router in the domain. This is
depicted in Figure 2.2.

The most sensitive part of link state routing protocol is the handling of LSPs. Each router
must have the latest correct LSPs from every other router in the domain, or unpredictable
behaviour can occur. The LSPs are sent by a process of flooding, which means that when
a router receives an LSP from link A, it propagates the LSP to every other link apart from
A. Timestamps, checksums and sequence numbers are used to decide which LSPs are to be
considered up-to-date and if the flooding is necessary.

When a router has all the LSPs of the domain in its link state database, it can build a shortest
path tree (SPT), a tree of best paths to every other router in the domain, by running an SPT
algorithm. The forwarding database (a.k.a the routing table) is then extracted from the SPT
(Figure 2.3).



)

(Router C)

D [

(Cost of the
link A<—>C)

Figure 2.2: Building the L SP database

The most widely used SPT algorithm with link state routing protocols is Dijkstra. The
Dijkstra algorithm deals with four different databases, which are shown in Figure 2.3. It
takes the LSP database as input, and provides Forwarding database as output. TENT and
PATH databases are used during the algorithm execution.

The LSP database contains a full set of LSPs from every router in the domain. Each LSP
has a list of the neighboring routers and a cost to reach those routers from the router that
originated the LSP.

The TENT (tentative) database is built of entries of the form (1D, distance, direction), where

SPT agorithm

Forwarding db

Figure 2.3: Forwarding database from the link state database
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Figure 2.4; Router C executes Dijkstra

distance is the sum of costs from the current router to the destination router denoted by ID,
and direction is the first hop along the path to reach that destination router.

PATH has the same form as TENT. If an entry is placed in PATH it means that no better
path to reach the router with given ID exists. In other words PATH is the SPT.

In the end Forwarding database, which consists of entries of the form (ID, direction), is
extracted from PATH.

The algorithm can be stated as follows. (Step 1): start by adding this router with distance
0 to PATH. (Step 2): for router just placed in PATH, examine its LSP. For each neighbor
listed in the LSP, compute the distance from this router. If the neighbor is not in PATH or
TENT with better distance, place the neighbor in TENT. (Step 3), if TENT is empty, stop.
Otherwise find the entry with minimal distance from TENT, place it to PATH and go to step
2.

Figure 2.4 shows how router C (from Figure 2.2) executes the Dijkstra algorithm. A dashed
line means that the router is placed into TENT and a solid one that the router is placed into
PATH. The number in parentheses beside each router is the distance from router C. The
execution is as follows:

1. Place C into PATH (step 1). Place C’s neighbors (A, D and E) into TENT (step 2).
2. Place A into PATH (step 3). Examine A’s LSP, place router B into TENT (step 2).
3. Place D into PATH (step 3). Examine D’s LSP, better path to E found (step 2).

7



4. Place B into PATH (step 3). No actions in step 2.
5. Place E into PATH (step 3). No actions in step 2. TENT is empty, stop (step 3).

2.3 A short history of intradomain routing protocols

Routing protocols were already used in the Internet’s predecessor, the ARPANET. The first
routing protocols were based on the Bellman-Ford algorithm and they included DECnet
PHASE 1V routing algorithm [4] and RIP [5], the latter being still in wide use.

The first link-state routing protocol, specified in [6], was also developed for use in the
ARPANET, and extended in [7], which became the DECnet PHASE V routing algorithm.
This protocol was adopted by ISO and named IS-IS [8]. At this time the IETF also wanted
a link-state routing protocol to be used with IPv4, and started to develop their own protocol
named Open Shortest Path First (OSPF) [9]. While OSPF was being specified, 1S-1S was
extended to support IPv4 in RFC 1195 [10]. It took years before OSPF was ready to be
deployed, so IS-IS was adopted by many ISPs, while the customers used RIP in their own
networks. Both IS-1S and OSPF are currently widely used and routing vendors commonly
support both. [3]

2.4 Routing protocolsfor |Pv6

No completely new routing protocols for IPv6 exist; instead the routing protocols for IPv6
are new versions or extensions to the ones available for IPv4.

The IPv6 version of RIP, called RIPng, is defined in RFC 2080 [11]. The document specifies
the minimum changes to RIPv2 [12] for it handle IPv6 routing. It should however be noted
that RIPng is a new protocol in a sense that it is not designed to be compatible with RIP.
The limitations of the distance vector protocols have been recognized in this specification,
and the protocol is thus specified to have maximum hop count of 15.

For OSPF an IPv6 version of the protocol has been defined in RFC 2740 [13], the protocol
is called OSPFv3 and sometimes OSPF6, the latter being perhaps a better term since the



protocol is not compatible with the OSPFv2 protocol [9]. The OSPFv3 protocol runs on
per-link basis (as 1S-1S) instead of per-IP-subnet basis, as OSPFv2. Also the addressing
semantics have been removed from the OSPF protocol packets, so that the IPv6 addresses
are only present in LSA payload (as in IS-IS PDUs). The neighboring routers are identified
with a 32-bit Router ID instead of IP address (as with the System ID in 1S-1S).

The support for IPv6 in 1S-1S is introduced in an Internet Draft [14]. The document is only
six pages long, since all that is needed are two new Tag-Length-Value (TLV) types.

The interdomain routing protocol BGP-4 [15] is also extended to support IPv6. In RFC
2858 [16] BGP-4 is extended to support multiple layer three protocols and in RFC 2545 [17]
the procedures to carry IPv6 reachability information are defined. The resulting protocol
that supports these extensions is usually referred to as BGP-4+.



3 1S-1S Routeing Protocol

IS-IS is defined by ISO in ISO/IEC 10589 [8]. The full name of IS-1S: Intermediate System
to Intermediate System Intra-Domain Routeing Exchange Protocol for use in Conjuction
with the Protocol for Providing Connectionless-mode Network Service, states the fact that
IS-1S was originally intended to be a routing protocol for CLNP [18], which is the OSI stack
equivalent to IP [19]. However, the protocol is designed in such a manner that it can easily
be extended to support routing of any layer three protocol. The extensions for IP support
are defined in RFC 1195 [10], which defines how IS-1IS can be used as routing protocol in
IP-only, OSI-only or dual environments. This chapter gives first an overview of ISO/IEC
10589 and its companion document RFC 1195. Lastly other IETF extensions are discussed.

Since the standard is defined by ISO the terms differ from the ones common in the Internet.
We honour the original terms here. For readers’ convenience, some of the terms and their
synonyms are given in table 3.1.

ISO IETF
adjacency | neighbor
circuit interface
ES host

IS router

routeing | routing
Table 3.1: Terminology
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In order to support large routeing domains 1S-1IS routeing has been organized hierarchically.
A routeing domain can be divided in to areas. Routeing inside an area is referred to as Level
1 routeing and between the areas as Level 2 routeing.

3.1 Subnetwork Independent Functions

As the name suggests, Subnetwork Independent Functions are independent of the specific
data link service underneath them. Only the broad separation of networks to two generic
types of subnetworks: General Topology Subnetwork and Broadcast Subnetwork, is ap-
plied.

The standard identifies two subnetwork independent functions: Routeing and Congestion
Control.

Congestion Control refers to the management of local resources by an IS. The transmission
of 1S-IS PDUs is controlled by timers and queues, in order to keep the amount of traffic

low, and actions to be taken if the system runs out of memory are specified.

The Routeing function takes care of routeing an NPDU (Network Layer PDU) along a de-
termined path. The Routeing function can be further divided into four processes: Decision,
Update, Forwarding and Receive Process (Figure 3.1).

Subnetwork
Dependant
Functions

Update

!
. Routeing Information Base
I

Link State

Subnetwork Database

Dependant
Functions

Decision

m< —mOm?:=X™

Forwarding
Database

Subnetwork
Forward Dependant
Functions

Figure 3.1: Subnetwork Independent Functions
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Decision Process is responsible for calculating routes to each destination in the domain. It
is executed separately for Level 1 and Level 2 routeing, and separately for each supported
routeing metric within a level. An IS uses the Link State Database to determine shortest
paths to all other systems in the routeing domain.

Update Process maintains the Link State Database, by receiving, constructing and prop-
agating Link State and Sequence Numbers PDUs. An LSP holds information about the
adjacencies and their metric values seen by the system that originated the LSP. A system
sends its own LSPs periodically and when the information in the LSP has changed. Other
systems’ LSPs are propagated by flooding the LSP to every other circuit with the same level
than the one it was received from. Level 1 LSPs are propagated to every IS within the area
and Level 2 LSPs to every Level 2 IS in the domain.

Forwarding Process supplies and manages the buffers needed for relaying NPDUs. The
NPDUs are received via the Receive Process. The Forwarding Process performs lookups
to the Forwarding Database in order to select appropriate output adjacency for forwarding
the NPDU towards its destination.

Receive Process multiplexes the PDUs based on the NLPID value and performs the appro-

priate actions (e.g. passes the LSP PDUs to the Update Process).

3.1.1 Areaaddressand System ID

The Network Entity Title (NET) is depicted in Figure 3.2. Every IS and ES has at least
one NET. Every system holds exactly one value for ID portion or System ID, but it may be
configured with more than one Area Addresses. The ID must be unique within an area. If

two systems share one or more Area Addresses, they belong to the same area.

Area Address ID SEL

|
Variable length 1-8 Octets 1 Octet

Figure 3.2: Network Entity Title
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Even if operating in a pure IP environment, the IS must be configured with a NET. The ID
is used to identify the IS and the Area Address the routeing area.

3.1.2 Two-level hierarchy

IS-IS provides a two-level hierarchy. The use of this hierarchy is clear when routing CLNP,
since Level 1 routeing is based on the ID portion of the OSI address and Level 2 routeing
deals with the Area Address portion of NET, and treats it as a prefix, so that the longest
matching prefix is selected. The Level 2 has actually multiple levels since a number of
hierarcies can be built with the Area Address part, so that a shorter prefix means a higher
place in the hierarchy.

3.1.3 Handling of LSPs

Since the size of the LSP is limited by the parameter ReceiveLSPBufferSize, derived from
the minimum MTU of the circuits participating in routeing, an IS may have to divide the
single logical LSP to multiple LSPs. This is achieved by the use of last octet of LSP ID field
called LSP Number (Figure 3.10). The LSP with LSP Number zero is handled in a special
way; the values of the LSP bits field are only taken into account on zero LSP and the LSPs
with LSP Number greater than zero are not considered valid if the zero LSP is not present
with non-zero Remaining Lifetime.

Circuit A Circuit B Circuit C Circuit D
index 1 index 2 index 3 index 4
L egend:
LSP X LSPY 0
O Send LSP X oncircuits A, C and D.
SRMflags SRMflags O Includeinformation of LSPY on next PSNP sent on circuit A
HEEH o] o[ o[ o]
SSNflags SSNflags
o[ o[ o]0 1] o[o]o

Figure 3.3: Use of SRM- and SSNfbgs
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Equal sequence number LSP from the network is:

Equal checksum L = same
Remaining lifetime zero or non-zero in both true

false

Sequence number in LSP from the network is
greater or equal than in the LSP in database

——————= hewer

true

false

» older

Figure 3.4: Comparison of LSPs

The sending of LSPs is controlled by Send Routeing Message - SRM flag. Each LSP is
associated with an array of SRM flags with an index for each circuit. If the flag is set,
it means that the LSP should be transmitted on the circuit corresponding the index of the
flag. The Send Sequence Number - SSN flag is used in the same manner, to denote that the
information of the LSP in question should be included in the next PSNP sent on the circuit.
The use of these flags is illustrated in Figure 3.3.

An IS is responsible for maintaining the latest information in its LSP database. When an
LSP is received it must be able to determine whether the received LSP is identical to, older
or newer than the one in its database. The comparison is based on the values of Remaining
Lifetime, Sequence Number and Checksum fields as depicted in Figure 3.4.

3.1.4 Partition repair

The standard describes a method for repairing a Level 1 area that has become partitioned
due to failure of one or more links in the area. The partitions are connected with a Level 1
repair path through the Level 2 subdomain (Figure 3.5). To do this a Partition Designated
IS must be elected on each partition, which takes care of forwarding the NPDUs destined
to other partitions of the area through the repair path. Support for this method is optional.
An IS that supports the partition repair option, sets a bit on its LSPs to inform other 1Ss that
this is the case.

14



Level 2 subdomain

Level 1 repair path

1 - Partition DIS for partition 1

2 - Partition DIS for partition 2

Partitioned Level 1 area

O—0 7 O

Partition 1 Partition 2

Figure 3.5: Repair of partitioned Level 1 area

3.2 Subnetwork Dependent Functions

The Subnetwork Dependent Functions hide the characteristics of different kinds of subnet-
works from the Subnetwork Independent Functions.

Subnetwork Dependent Functions include reception and transmission of 1S-1S PDUs over a
specific subnetwork and exchanging the IS to IS Hello PDUs in order to establish interme-
diate and end system adjacencies.

3.2.1 LAN designated intermediate system

In order to reduce the amount of routeing traffic, broadcast subnetworks are handled in
a special way. Each LAN is represented as a pseudonode. The designated intermediate
system (DIS) that is acting as a pseudonode is elected by the ISs on the LAN based on the
value of priority field in IS to IS LAN Hello PDUs. Level 1 and Level 2 intermediate systems
elect the DIS separately. If two or more systems have the same value for the priority field,
a tie-breaker is used by comparing the SNPA address, so that the numerically higher SNPA
has a bigger priority of becoming the DIS.

Each IS on the LAN reports only a single link to a pseudonode, rather than reporting a link
to every other IS on the broadcast subnetwork (see Figure 3.6). The DIS then constructs an
LSP for the whole LAN.
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***** alink reported in LSP

Figure 3.6: LAN pseudonode
3.2.2 Maintaining adjacencies

Each IS learns its neighbors by exchanging IS to IS Hello (1IH) PDUs .

On non-broadcast subnetworks that are not marked (with external domain attribute) as be-
longing to an external domain, point-to-point IIH PDUs are transmitted, whenever a point-
to-point IIH PDU is received or the iSISHelloTimer expires.

On broadcast subnetworks Level 1 and Level 2 LAN I1IH PDUs are exchanged to form Level
1 and Level 2 adjacencies. The information of adjacencies on state UP is then included in
LSPs. The adjacency is accepted if the neighboring IS has the same maximum value for

LAN IIH received, but not accepted

LAN IIH received
PDU acceptance tests passed

Holding time for the adjacency
expired

LAN IIH with
own SNPA in LAN neighbors TLV
received

Figure 3.7: LAN adjacency state machine
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number of Area Addresses and the same System ID length. In addition Level 1 adjacencies
are accepted only if a match in one or more Area Addresses is found. If the LAN IIH PDU
passes the acceptance tests just described, the adjacency is set to INIT state. To ensure
two-way connectivity an adjacency is set to UP state, only if the neighboring IS reports
our SNPA as its neighbor in the LAN Neighbors TLV. A simplified state machine for LAN
adjacencies is shown in Figure 3.7.

3.3 Format of IS-ISPDUs

The nine different PDU types and their type codes are listed in Table 3.2. The PDUs are
of three basic types, namely Hello PDUs, Link State PDUs (LSPs) and Sequence Number
PDUs (SNPs). Hello PDUs are used between adjacent ISs to inform and learn of each
other’s existence and capabilities. LSPs are used to tell other ISs about the adjacencies and
the state of the adjacencies the IS in question has. SNPs contain information about LSPs.
They are sent as acknowledgements and to inform other 1Ss of the contents of our link state

database.

PDU Type Type code
Hello

Level 1 LAN IS to IS Hello PDU 15
Level 2 LAN IS to IS Hello PDU 16
Point-to-Point IS to IS Hello PDU 19
LSP

Level 1 Link State PDU 18
Level 2 Link State PDU 20
SNP

Level 1 Complete Sequence Numbers PDU | 24
Level 2 Complete Sequence Numbers PDU | 25
Level 1 Partial Sequence Numbers PDU 26
Level 2 Partial Sequnce Numbers PDU 27

Table 3.2 STSPDU types
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Number of Octets

Intradomain Routeing Protocol Discriminator 1
Length Indicator 1

Version/Protocol ID extension 1

ID Length 1

R R R PDU Type 1
Version 1

Reserved 1

Maximum Area Addresses 1

Figure 3.8: Common part of IS-ISfi xed header

All nine PDU types have the same format for the first eight octets (Figure 3.8). The
Intradomain Routeing Protocol Discriminator field holds the value 131, as defined for 1S-
IS in 1ISO 9577 [20] and Length Indicator field is set to the length of fixed header in octets.
Version/Protocol ID Extension and Version fields are always set to 1. The PDU Type holds
one of the values listed in table 3.2.

All ISs in a routing domain must have the same values for ID Length and Maximum Area
Addresses. The ID Length tells the length of System ID (Section 3.1.1) and possible values
are 0-8 and 255, where 0 means that the default value of 6 and 255 that null length ID fields
are used. The Maximum Area Addresses field holds the maximum number of area addresses
permitted. Possible values are 0-254, where 0 means that the default value of 3 is used.

3.3.1 HelloPDUs

LAN IS to IS (LAN IIH) PDUs are sent on broadcast circuits in order to learn about
neighboring ISs. The Level 1 LAN IIH PDUs are sent to Multi-destination Address
AllL1Iss (0x01- 80- C2- 00- 00- 14 in Ethernet) and Level 2 LAN IIH PDUs to AllL2Iss
(0x01- 80- C2- 00- 00- 15).
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Number of Octets

Common part of 1IS-IS Fixed Header 8
Reserved Circuit Type 1
Source 1D ID Length
Holding Time 2
PDU Length 2
R Priority 1
LAN ID ID Length + 1

Figure3.9: Level 1and 2 LAN IS ISHello PDU fi xed header

Figure 3.9 shows the format for LAN IIH PDUs. The format of fixed header is the same
for both Level 1 and Level 2 LAN IIH PDUs. Circuit Type tells the level of the IS. Value 1
means Level 1 IS, value 2 Level 2 IS, and value 3 that both levels are supported. In Level 1
LAN IIH PDU the value is 1 or 2 and in Level 2 LAN IIH PDU 2 or 3.

Holding Time is the time in seconds the adjacency for this IS should be considered valid
and PDU Length holds the entire length of the PDU in octets. The Priority is set to value
0-127. Greater value means higher priority for the transmitting IS for becoming the LAN
Designated IS (DIS) on the circuit. Source ID is set to the system ID of the transmitting IS
and LAN ID is the system ID of the LAN DIS, appended with an octet assigned by the DIS.

Point-to-point IIH PDUs are transmitted on nonbroadcast circuits. The only differences to
LAN IIH PDUs are that the Priority field is not present and that the LAN ID field is replaced
by 1 octet Local Circuit ID, assigned to this circuit when it is created.

3.3.2 Link State PDUs

Level 1 Link State PDUs (LSPs) are flooded by Level 1 and Level 2 1Ss on the area to inform
other Level 1 ISs of the state of the Level 1 adjacencies the originating IS has. Level 2 LSPs
are sent by Level 2 ISs throughout the Level 2 domain, to inform other Level 2 ISs of the
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Number of Octets

Common part of 1S—IS Fixed Header 8
PDU Length 2 Number of Octets
Remaining Lifetime 2.-7" Source ID ID Length
LSPID Pseudonode 1D 1
Sequence Number \;{ So LSP Number 1
Checksum 2
LSP
P ATT DBOL IS Type 1 LSP bits

Figure 3.10: Level 1 and Level 2 Link State PDU Fixed header

Level 2 adjacencies and address prefixes reachable through the advertising IS.

Level 1 and Level 2 LSPs have similar formats for the fixed header (Figure 3.10). PDU
Length is the length of the entire PDU in octets andRemaining Lifetime is set to the number
of seconds before the LSP is to be considered expired.

LSP ID consists of System ID and Pseudonode ID of the originating IS, appended with LSP
Number. The Pseudonode ID is non-zero if this is an LSP originated by a LAN Designated
IS. The LSP Number is used in LSP fragmentation.

Sequence Number holds the 32-bit sequence number of the LSP and Checksum is a 16-bit
value calculated from Source ID to the end of the PDU. The calculation is based on the
Fletcher checksum defined in ISO 8473 [18].

The P bit is set if this IS supports Partition Repair and ATT field indicates the type of
service with which this IS is connected to other areas. The bits are from 4-7: Default,
Delay, Expense and Error Metric. The LSPDBOL bit is set, if this IS is in the LSP database
overload state. IS Type field indicates IS level. It is handled differently from the Circuit
Type field in 11H PDUs, so that value 1 means Level 1 IS and value 3 Level 2 IS. Value 2 is
not used.
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Number of Octets

Common part of IS—IS Fixed Header 8
PDU Length 4

Source ID ID Length +1

Start LSP ID ID Length + 2

End LSP ID ID Length + 2

Figure 3.11: Level 1 and Level 2 complete sequence numbers PDU fi xed header

3.3.3 Sequence Number PDUs

The Level 1 and Level 2 complete sequence numbers (CSNP) PDUs are sent to inform other
intermediate systems of the contents of the transmitting IS’s link state database.

Level 1 and Level 2 CSNPs have similar format for fixed header (Figure 3.11). PDU Length
and Source ID have the same meaning as for example IIH PDUs.

The Start LSP ID and End LSP ID fields specify a range of LSPs reported in this CNSP.
The LSPs are reported in the variable length part of the PDU as LSP Entries TLVs.

The Level 1 and Level 2 partial sequence number (PSNP) PDUs are sent as acknowledg-
ments and to request LSPs from another IS. The format is shown in Figure 3.12. As with
the CSNPs the variable length part contains the compact information of the LSPs in LSP
Entries TLVs.

Number of Octets

Common part of IS—IS Fixed Header 8
PDU Length 4
Source ID ID Length +1

Figure3.12: Level 1 and Level 2 partial sequence numbers PDU fi xed header
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Number of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Figure 3.13: TLV format

334 TLVs

The variable length part of IS-IS PDUs consists of TLVs, which all have the format depicted
in Figure 3.13.

The TLV names and their codepoints are shown in Table 3.3. The table also shows in which
PDU types the TLV can be present. A short introduction to each of these TLV types follows.

Number of Octets

Address Length 1
Area Address Address Length
Address Length 1

Area Address Address Length

Figure 3.14: Area Addresses TLV

The Area Addresses TLV has the value part shown in Figure 3.14. The TLV contains the
list of Area Addresses configured to the transmitting IS.

The IS Reachability TLV is used in LSPs to distribute reachability information (Fig-
ure 3.15). The Virtual Flag holds a boolean value. If set it means that this neighbor is
actually a virtual Level 2 path to repair partitioned Level 1 area. The next four octets define
the metrics to reach the IS denoted by Neighbor ID. The bit S before each metric is set if
that metric type is unsupported and the bit I/E is set if the metric is external. The default
metric must be supported, thus the bit S for default metric is always transmitted as zero.
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TLV Name TLV Code | Hello | LSP | SNP
Defined in ISO/IEC 10589

Area Addresses 1 X X

IS Reachability 2 X

ES Neighbors 3 X
Partition DIS 4 X

Prefix Neighbors 5 X

LAN Neighbors 6 X

LAN Neighbors 7 X

Padding 8 X

LSP Entries 9 X
Authentication 10 X X X
LSPBufferSize 14 X
Defined in RFC 1195

IP Internal Reachability 128 X
Protocols Supported 129 X X

IP External Reachability 130 X

IDRPI 131 X X
IP Interface Address 132 X X

Table 3.3: TLVsdefi ned in [8] and [10]

used, when operating in an IP-only mode.
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There are two types of LAN Neighbors TLVs. These TLVs are used in LAN IIH PDUs to
inform about LAN neighbours. The one with code 6 contains simply a list of neighboring
LAN addresses that are six octet long. If the media has a LAN address of a different length
than six, the TLV with code 7 is used, which contains a length field before the list of LAN

The ES Neighbors TLV, is used in Level 1 LSPs to supply reachability information of End
Systems. The only difference to IS Reachability TLV is that if the metric values are the
same, more than one ES can be listed after the metric fields. The ES Neighbors TLV is not

Partition Designated IS TLV is present in Level 2 LSP, if the area is partitioned. The support




Virtual Flag
O | E Default Metric
s | E Delay Metric
S | \E Expense Metric
S | E Error Metric
Neighbor ID
o | I/E Default Metric
S I/E Delay Metric
s | IUE Expense Metric
S | e Error Metric
Neighbor ID

for this TLV as for the partition repair function is not mandatory. The TLV holds the System

Figure 3.15: IS Reachability TLV

ID of the Partition Designated IS.

The Prefix Neighbors TLV is used in Level 2 LSPs to propagate (OSI) address reachability
information. The TLV has the format depicted in Figure 3.16. The Address Prefix Length
is the length of the Address Prefix in semi-octets. The Address Prefix is padded with null
half-octets, if the Address Prefix Length is odd. This TLV is omitted in an IP only operation.

The Padding TLV is used in IIH Hello PDUs to pad the PDU to the maximum size of the
underlying media. The PDU holds padding from 0-255 octets of arbitary value. This TLV

Number of Octets

1

ID Length

1

ID Length

is used to ascertain that neighbors have been configured with same MTU.

LSP Entries TLV is used in Sequence Numbers PDUs, to provide information of the LSPs
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Number of Octets

Virtual Flag 1
0 | 1E Defallt Metric 1
s | lE Delay Metric 1
S | IIE Expense Metric 1
S | UE Error Metric 1
Address Prefix Length 1

Address Prefix | Address Prefix Length /2 |
Address Prefix Length 1

Address Prefix | Address Prefix Length /2 |

Figure 3.16: Prefi x Neighbors TLV

in a compact form. The LSP Entries TLV has the format shown in Figure 3.17.

The Authentication TLV has a simple form where the Authentication Type field specifies the
used authentication method followed by the Authentication Value. Both [10] and [8] specify
only a cleartext password authentication (Auhentication Type 1). Encrypted authentication
Is proposed in an Internet Draft [21].

The LSPBufferSize TLV is an optional TLV, which can be included in any LSP to inform
other intermediate systems of the buffersize used by the originating IS. The values range
from 512 to 1492.

The rest of this subsection deals with TLVs defined in RFC 1195.

The Protocols Supported TLV has a simple form, where the value part consists of one octet
Network Layer Protocol Identifiers (NLPID), having values registered in 1SO 9577 [20].
This TLV is used to tell other intermediate systems which layer 3 protocol the transmitting
IS is prepared to route.
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Number of Octets

Remaining Lifetime 2
LSPID ID Length + 2

Sequence Number 4

Checksum 2

Figure3.17: LSP Entries TLV

The IP Interface Address TLV consists of the four octet IP address(es) of the intermediate
system that originated the PDU.

The IP Internal Reachability TLV and IP External Reachability TLV have the same format
which is the same as the format of IS Reachability except that the Neigbor ID field is
replaced by IP Address and Subnet Mask fields. The IP Internal Reachability is used in
LSPs to inform other intermediate systems of the IP addresses within the routing domain,
that can be reached through this IS. The IP External Reachability TLV can be present only
in Level 2 LSPs and it is used to advertise IP addresses outside the routing domain that can
be reached through the originating IS. The I/E bit is only present before the Default Metric
field, and is set always to zero on IP Internal Reachability TLV.

3.4 |ETF extensions

In addition to IP support defined in RFC 1195 the IS-1S working group on IETF has defined
a number of extensions to IS-IS, which are now discussed. The discussion is limited to
proposals that have reached the RFC state, with exception to IPv6 support, which is still
defined in an Internet-Draft.

3.4.1 Dynamic hosthames

The dynamic hostname exchange mechanism is defined in RFC 2763 [22]. The RFC defines
a TLV with type 137 that is used to carry the hostname in LSPs. With this mechanism the
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System ID can be mapped to 1-255 character string, which is the symbolic name of the
intermediate system that originated the LSP. The symbolic name is configurable by system
administration, but it is recommended that the name is set to the Fully Qualified Domain
Name (FQDN) of the IS.

3.4.2 1S1S mesh groups

Support for mesh groups is defined in RFC 2973 [23]. The mesh groups are used to reduce
the flooding of LSPs in a full mesh topology of point-to-point links, such as ATM and
Frame Relay networks. In these kind of networks of N nodes, the standard LSP mechanism
results in N-2 extra transmissions of each LSP.

The RFC defines two new attributes for every circuit: the meshGroupEnabled, which is in
state meshinactive, meshBlocked, or meshSet and an integer variable meshGroup. The value
of the meshGroup attribute is meaningful only if the attribute meshGroupEnabled is in state
meshSet. Circuits that are in state meshSet and that have the same value of meshGroup are
said to belong to the same mesh group. LSPs are not flooded over circuits in meshBlocked
state, and an LSP received on a circuit C is not flooded out circuits that belong to C’s mesh

group.

With numbered mesh groups a large full mesh topology can be divided into a smaller group

MESH GrOUP L+ eeee e i
i meshSet ‘
meshGroup 1
— meshlnactive ' MeshBlocked
meshSet
meshGroup 2
mesh group 2

Figure 3.18: Full mesh topology divided into two mesh groups
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of full mesh sub-topologies (mesh groups). These mesh groups are connected by "tran-
sit" circuits which are meshinactive. The remaining circuits between the mesh groups are
configured as meshBlocked to reduce flooding redundancy. This is depicted in Figure 3.18.

It should be noted that the configuration of mesh groups is done manually and that both
circuits at the ends the of point-to-point link should have the same values for the attributes.
Suggestions have been made that these attributes could be negotiated or checked upon ad-
jacency initialization.

3.4.3 Domain wide prefi x distribution

“Domain prefix distribution with two-level 1S-1S” is an extension to RFC 1195, defined in
RFC 2966 [24]. The RFC specifies how IP-prefixes can be distributed between Level 1 and
Level 2 and vice versa.

In I1S-IS, as defined in RFC 1195, Level 1 intermediate systems forward IP packets with
destinations outside the Level 1 area to the nearest IS that is attached to Level 2. An IS that
belongs to both levels should be manually configured with a summarization of the level 1
area, to be injected into Level 2. This leads to routes that are not necessarily optimal.

If the IP prefixes were distributed throughout the domain, as proposed in the RFC 2966,
the optimal routes would always be found. However the domain wide prefix distribution
affects the scalability since it adds memory consumption and SPT algorithm calculation
complexity.

The RFC proposes that the high order bit of the default metric in IP Internal and External
Reachability TVLs, which is defined to be 0 (reserved), is redefined to be an up/down bit.
An IS that is inserting Level 2 prefixes into Level 1 LSPs, must set this bit (down). The bit
must be clear (up) in all other IP prefixes in Level 1 and Level 2 LSPs. The prefixes with
the up/down bit set that are learned via Level 1 routeing, must never be advertised back into
Level 2, to avoid routing loops.
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Number of Octets

Metric 4
u/D | IE | SUB Reserved 1
Prefix Length 1
Prefix Integer ((Prefix Length + 7) / 8)
Sub TLV Length 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘
Sub TLVs Sub TLV Length

Figure 3.19: |Pv6 Reachability TLV

3.4.4 |Pv6 support

The extensions for IPv6 [25] support on IS-1S is proposed in an Internet-Draft [14]. The
draft extends the IP support (defined in RFC 1195), with two new TLV types.

The IPv6 Interface Address TLV maps directly to the IP Interface TLV and consists of (0-
15) 16 octet IPv6 addresses. In IIH PDUs this TLV must contain only the link-local IPv6
addresses assigned to the circuit which is sending the Hello. On LSP the TLV must contain
only the non-link-local IPv6 addresses assigned to the intermediate system that originated
the LSP.

The IPv6 Reachability TLV is shown in Figure 3.19. The TLV utilizes the extended metric
field proposed in [26], where only the default metric is present but it is 32 bits long. The
Up/Down bit has the semantics defined in [24] and Internal/External bit is used to tell
whether the prefix was learned through IS-1S or some external routing protocol. The Prefix
Length tells the length of the IPv6 Address Prefix, which is packed so that only the required
number of prefix octets is present. If the Sub options bit is set, it means that optional Sub
TLVs are present.

This method allows routing of both IPv4 and IPv6 using a single intra-domain routing
protocol.
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4 Integrated routing with 1S-1S

The traditional and prevailing approach to routing of different network layer protocols is
that each of these protocols has its own specific routing protocol. For example, we might
use OSPF for IPv4, NLSP for IPX and IS-IS for CLNS. This approach is called “ships in
the nigth (SIN)”, because each routing protocol operates on its own without any knowledge
of other layer three and routing protocols.

The opposite to the SIN approach is integrated routing, where a single routing protocol han-
dels the routing of multiple network protocols. RFC 1195 specified a dual-stack approach
for OSI and TCP/IP with IS-1S known as Integrated IS-1S. The main advantage of integrated
routing is that the integrated routing protocol does not have to compete for the recources
(CPU, memory, bandwidth) with other routing protocols. Other advantages of integrated
routing, according to the RFC, are that the integrated routing simplifies network manage-
ment and can be configured to meet the strict timing requirements of link state routing more
easily.

RFC 1195 allows mixing of pure-1P, pure-OSI and dual areas within a dual routing domain
but restricts mixing of routers inside the areas so that for example in a pure-IP area within
a dual routing domain only pure-1P and dual routers, i.e. routers with dual OSI and TCP/IP
stack, can co-exist. Table 4.1 tries to clarify these resctrictions.

The topological restrictions placed by the RFC 1195 (Table 4.1) own to the fact that the
SPT algorithm must find the correct paths for all supported layer three protocols. It might
first seem that the restrictions cannot be avoided, but this is not the case.
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router type / area type | pure IP | pure OSI | dual

pure IP X
pure OSI X
dual X X X

Table 4.1: Mixing of router and areatypes within a dual routing domain

When we look at the information in IS-1S link state and adjacency databases, we notice
that the information of which protocols are supported can be found from entries in both the
databases. Also, RFC 1195 states that ISs are to become neighbors if they have a single
matching protocol in the Protocols Supported TLV. Given this information ISs will operate
correctly if they calculate the SPT separately for different protocols.

In order to find the correct paths to destinations in an area where some ISs support protocol
X, some Y, and some both, the SPT would be run once per supported protocol per routing
level. For example an IS that supports both IPv4 and IPv6 runs the SPT algorithm twice per
level. First the IS takes only the LSPs and adjacencies that support IPv4 in consideration,
when running the SPT, before doing the same for IPv6. This would not be integrated routing
in a strict sense, but most, if not all, the advantages of integrated routing would still prevail.

Hints to a more advanced solution are given in section 3.8 of RFC 1195; a mechanism
called automatic encapsulation is left for further study. Currently automatic encapsulation
is defined in an Internet-Draft [27].

The draft introduces a new TLV type “encapsulation capability”, which lists the protocols
an IS supporting automatic encapsulation is able to encapsulate and unencapsulate. An IS
supporting this feature adds the TLV in its LSPs.

ISA ISB ISC
IPv4/IPv6 IPv4 IPv4/IPv6

Figure 4.1: Example network utilizing automatic encapsulation

The use of automatic encapsulation is best illustrated with an example. In the network
of Figure 4.1 forwarding of IPv4 is no problem, but IS A and IS C cannot send IPv6 to
each other without encapsulating it inside IPv4. If IS C has informed in its LSPs that it can
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unencapsulate PDUs which contain IPv6 inside IPv4, IS A can now encapsulate IPv6 traffic
inside IPv4 packets, and send them to IS C. IS C will then unencapsulate the IPv6 traffic

and forward it onwards.

The idea is straightforward, but the changes implied by the method are not. In addition
to the new TLV type automatic encapsulation requires changes to the basic operation of
IS-1S. DIS election must be run separately among 1Ss supporting different subsets of the
protocols supported on a LAN. The forwarding and receive processes must be extended to
support encapsulation and unencapsulation of network layer PDUs and even the update and
decision processes must be modified. Especially the fact that hardware based forwarding
engines would need to support the (un)encapsulation of network layer PDUs might decrease
the appeal of this method.
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5 GNU Zebra routing software

The GNU Zebra routing software [28] is a free software distributed under the GNU General
Public License (GPL) [30]. Zebra supports a number of TCP/IP based routing protocols
(listed in Table 5.1), each of which are run separately as an own process. Zebra can be run

on free BSD variants, GNU/Linux and Solaris platforms.

5.1 Zebraarchitecture

The Zebra architecture is depicted in Figure 5.1. Each protocol daemon uses the basic
socket API to receive and transmit protocol specific PDUs (e.g. OSPF PDUs). Each of
these processes is connected to the Zebra daemon with the Zebra protocol. The Zebra

process passes the routing information to the kernel.

Protocol Daemon name | Defined in
BGP-4 and BGP-4+ | bgpd [15] [16]
RIPv1 and RIPv2 ripd [5]1[12]
RIPng ripngd [11]
OSPFv2 ospfd [9]
OSPFv3 ospféd [13]
Zebra zebra

Table 5.1: Protocols supported by Zebra
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Zebra protocol

bgpd ospd

bgp

TCP/IP

Protocol
Stack

Figure 5.1: Zebra architecture

5.2 Zebraprotocol

The Zebra protocol is a TCP based protocol used among the various routing processes and
the Zebra process. In addition to route distribution, the protocol is used to pass interface
state and address information among the processes. The Zebra protocol PDU is shown in
Figure 5.2.

The Length is the entire length of the PDU and Command holds one of the values listed
in Table 5.2. Only these two fields are mandatory. The Type field is used to identify the
routing protocol (such as OSPF, RIP) using the Zebra daemon and the Flags and Message

Number of Octets
Length 2
Command 1
Type 1
Flags 1
Message 1
Variable Length - 6

Figure 5.2: Zebra PDU
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Zebra Protocol command Code
ZEBRA INTERFACE_ADD 1
ZEBRA INTERFACE DELETE 2
ZEBRA INTERFACE_ADDRESS ADD 3
ZEBRA INTERFACE_ADDRESS DELETE 4
ZEBRA INTERFACE_UP 5
ZEBRA INTERFACE_DOWN 6
ZEBRA_IPV4_ROUTE_ADD 7
ZEBRA IPV4 ROUTE_DELETE 8
ZEBRA_IPV6_ROUTE_ADD 9
ZEBRA IPV6_ROUTE_DELETE 10
ZEBRA REDISTRIBUTE_ADD 11
ZEBRA REDISTRIBUTE_DELETE 12
ZEBRA REDISTRIBUTE_DEFAULT_ADD 13
ZEBRA REDISTRIBUTE _DEFAULT DELETE | 14
ZEBRA IPV4_NEXTHOP_LOOKUP 15
ZEBRA_IPV6_NEXTHOP_LOOKUP 16
ZEBRA IPV4_IMPORT_LOOKUP 17
ZEBRA_IPV6_IMPORT_LOOKUP 18

Table 5.2: Zebra protocol command types

fields are used to describe the contents of the Variable part.

5.3 Zebralibrary

5.3.1 Generic datastructures
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Zebra library provides a number of functions to the routing protocol implementations.
The source code for these functions resides, within the Zebra source package [31], in the
.l zebrallib/ -directory. An introduction to these functions follows.

In addition to the basic datastructures: linked-list (I i nkl i st . h), hash-table (hash. h)
and vector (vect or. h), the library functions include a stream buffer datastructure
(st ream h), which can be used in the processing of PDUs. A stream buffer is depicted
in Figure 5.3. The stream struct contains a pointer to dynamically allocated data of variable
length (si ze). This data could for example be a protocol PDU read from a socket. The




stream
stream -

next
data .

A
putp *47
getp
endp

size

Figure 5.3: Stream buffer

get p points to the place where data was last read, and advances after a read. The library
contains functions for reading 1, 2, 4 or user specified number of octets. Similarly the put p
pointer is used for writing the data.

5.3.2 Memory handling

The library includes functions for handling of dynamically allocated data. The functions

are actually wrappers for the standard memory routines mal | oc() , enhanced with mem-
ory tagging. The tagging of memory means, that when allocating or freeing memory, a
memory type is specified. This type can be used for logging the memory usage, and helps
to trace the cause of memory leaks.

5.3.3 Threads

The thread functions are used to control execution of events. The name “thread” is a bit
misleading since the library is actually single-threaded. The execution of the threads is
controlled with sel ect () system call, which takes sets of file descriptors and timers
as arguments and can be used to execute different functions based on the status of these
arguments. The library can be used to register timers and functions to run when the timers
expire, or for example, to register a file desciptor, so that a specified functions is called,
whenever there is data to be read from the file descriptor.
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/* Structure for the zebra client. */
struct zclient

/* Socket to zebra daenon. */
i nt sock;
/* Flag of comunication to zebra is enabled or not.

Default is on.

This flag is disabled by ‘no router zebra statenent. */
i nt enabl e;
/* Connection failure count. */
int fail;
/* Input buffer for zebra nessage. */
struct stream *i buf;
/* Qutput buffer for zebra nmessage. */
struct stream *obuf;
/* Read and connect thread. */
struct thread *t read;
struct thread *t _connect;
/* Redistribute information. */
u_char redist_default;
u_char redist[ ZEBRA ROUTE MAX] ;
/* Redistribute default. */
u_char default_information
/* Pointer to the call back functions. */
nt (*interface_add) (int, struct zclient *, zebra_size_t);
nt (*interface delete) (int, struct zclient *, zebra size t);
nt (*interface_up) (int, struct zclient *, zebra_size_t);
nt (*interface down) (int, struct zclient *, zebra_size t);
nt (*interface_address_add) (int, struct zclient *, zebra_size_ t);
nt (*interface address _delete) (int, struct zclient *,

zebra_size_t);

int (*ipvd_route_add) (int, struct zclient *, zebra_size t);
int (*ipvd_route_delete) (int, struct zclient *, zebra_size t);
i
[

nt (*ipv6 route add) (int, struct zclient *, zebra_size t);
nt (*ipv6_route_delete) (int, struct zclient *, zebra_size_t);

Figure5.4:struct zclient

534 Zebraclient API

A routing protocol daemon registers to the Zebra process through the Zebra client API
(zcl i ent. h). Each protocol holds a copy of the zcl i ent struct shown in Figure 5.4.
The zcl i ent contains the socket (sock) for communications between the zebra process
and the routing daemon, as well as threads and stream buffers used in the communication.
Each routing daemon is responsible for setting the function pointers (the ten last fields of
struct zcl i ent) with addresses of these functions that it has implemented.

5.3.5 Routetable

The maintainance of the route table can be done with the aid of route table library functions
(t abl e. h). The table is stored as a binary tree and consists of entries shown in Figure 5.5.
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/* Each routing entry. */
struct route_node

/* Actual prefix of this radix. */

struct prefix p;

[* Tree link. */

struct route table *tabl e;

struct route_node *parent;

struct route_node *|ink[2];
#define | _left I'i nk[ 0]
#define | _right 1ink[1]

/* Lock of this radix */

unsi gned int |ock

/* Each node of route. */

voi d *info;

/* Aggregation. */

voi d *aggregat e;

Figure5.5: st ruct route_node

The pr ef i x is the network address and mask and protocol family of the route. Thei nf o
points to protocol specific data set by the routing protocol that was responsible for creating
the entry.

5.3.6 Filters and routemap

Zebra provides the basic routines for route filtering and redistribution as library functions.
The basic access-lists for routes can be built with the filters specified infi | t er . h. These
filters have the form [ip-address, mask and action (permit/deny)].

Route maps (r out emap. h) are similar to access-lists, but they can also be used to ac-
tual route mangling and policy routing and can be used to give routes a local preference
value. The greater the value, the more likely a route matching the rule will be preferred.
The routes can be matched based on access-lists, next-hop values, metric values and so
on. The route map functionalities also include the setting of BGP specific parameters.
Access-lists and route maps can be used in conjunction and to control route redistribution
(di stri bute. h).

In the example network of Figure 5.6 the operator wants to redistribute everything but
network 192.168.1.0 into the IS-IS Level 2 domain as an external route with O metric.
Figure 5.7 shows the related part of router Dilbert’s configuration. First a filter that matches
the route is specified (access- | i st 42). The route map Dogber t utilizes this filter
and specifies that routes matching the filter are denied. The r edi st ri but e command in
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/ 192.168.1.0
! ! ! Level 2 IS-IS

RIP

\ 192.168.2.0 / \

Figure 5.6: Example network

router rip
network 192.168.1.0
network 192.168.2.0

defaul t-information originate
I

router isis
net 47.0023.0000. 0003. 0300. 0100. 0000. 0000. 0001. 00
is-type level-2-only
redistribute rip metric O route-map Dogbert netric-type external |evel-2
!
access-list 42 permt 192.168.1.0
!
rout e-map Dogbert deny 10

match i p address 42
!

Figure 5.7: Router Dilbert’s confi guration

turn utilizes the route map Dogber t and the desired behaviour is achieved.

5.3.7 Userinterface

A user can connect to a protocol daemon by opening a telnet session to a specific port on
the host. The library functions include “Virtual terminal” routines (vt y. h), so that a user
can issue commands to routing processes on the fly. Also the use of configuration files or

combination of both methods is possible.

The Zebra software provides a similar command line interface to the one in 10S of Cisco
routers [32]. The basic functions and macros to implement these commands are provided

by the library (command. h).
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6 ISISd - Implementation of IS-1S routing
protocol

The implementation of I1S-IS was done as an open source project at SourceForge.net [1].
SourceForge.net provides all the necessary services needed when running a software project
for free. The services include version control (CVS), a web based bug-tracking system and
mailing-lists. The IS1Sd project began on 17th of May 2001 and has released six versions
of the software [29].

ISISd is implemented as a module for Zebra. The code is written in C and released under
the GPL [30].

: 1SIsd |
T
I
Subnetwork
I
X Update Dep eq' ot
! Functipns
! }
! |
R ! |
I
__________ JE o I
i c .
Subnetwork E :
Depentant | Decision |
Funci
unctl{)ns v :
T - - - - - — ~_ \ E |
" : Kernel Subnetwork
T Zebra: ©

Forward [~ ™| Dependant
Functions

Figure 6.1: 1S1Sd and the Subnetwork Independent Functions

Figure 6.1 shows how ISISd relates to the functional organization of IS-IS depicted in Fig-
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Ty
N 1 level 1LSPdb [~——-- -~ isis Isp
isis_area - >
level 2LSPdb}f - ------ isis Isp
E— level 1 adjacency db [ - - -1 isis_adjacency
isis circuit -
level 2 adjacency db |~~~ | 'Sis_adjacency

Figure 6.2: Mgjor datastructures of 1SISd

ure 3.1. 1SISd handles the Update and Decision processes and passes the routing informa-
tion to OS kernel through Zebra. The kernel then takes care of the Forwarding process.

A description of the software follows. We start by introducing the major datastructures and
move then to the various functionalities.

6.1 Major datastructures

The major datastructures and their relation is depicted in Figure 6.2. The st ruct isi s
is the starting point for all the datastructures. There is only one of these structs per 1SISd
process. The struct isis holds a list of I1S-IS areas and each area a list of circuits
configured to the area. The area holds the LSP databases for both levels. Circuits in turn

keep the adjacency databases. Next each of these structs is investigated in more detail.

6.1.1 struct isis

Thestruct i si s isshowninFigure 6.3. The struct holds the SystemID of the IS, which
has a fixed length of six octets in this implementation (I SI S_SYS | D_LEN). The list of
Area Addresses that are configured manually as well as the value of the maximumAreaAd-
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36 struct isis

37 {

38 u_l ong process_id;
39 int sysid set;

40 u_char sysid[ISIS SYS ID LEN; /* Systemi D for this IS */

41 struct list *area |ist; /* list of IS 1S areas */

42 struct list *init_circ_list;

43 struct |ist *nexthops; /* 1 Pv4d next hops fromthis IS */
44 #ifdef HAVE | PV6

45 struct list *nexthops6; /* 1 Pv6 next hops fromthis IS */
46 #endif /* HAVE | PV6 */

47 u_char max_area_addrs; /* maxi mumAr eaAdr esses */

48 struct area_addr *man_area_addrs; /* nanual AreaAddresses */

49 u_int32_t debugs; /* bitmap for debug */

50 } time_t uptine; /* when did we start */

51 };

Figure6.3:i sisd.h - struct isis

dresses parameter are also present. The ar ea_| i st holds all the I1S-IS areas. The level
of debugging is controlled with commands that affect the variable debugs. The next-hop
lists are stored in the i si s struct, instead of i si s_areaori sis_circuit (discussed
in the two following sub-sections), as a memory saving trick, since IPv4 and IPv6 next-hops
can be identical for different areas. The i nit _circ_|i st holds the list of circuits the

Zebra process has informed us, but are not yet configured to take part in 1S-IS routing.

54 struct isis_area

55 {

56 struct isis *isis; /* back pointer */
57 dict_t *lspdb[ISIS LEVELS]; /* link-state dbs */
58 struct isis_spftree *spftree[l SIS LEVELS]; [/* The v4 SPTs */

59 struct route table *route_table; /* 1 Pv4 routes */

60 #ifdef HAVE | PV6

61 struct isis_spftree *spftree6[|I SIS LEVELS]; /* The v4 SPTs */

62 struct route_table *route_tabl e6; /[* IPv6 routes */

63 #endif

64 int mn_bcast ntu

65 struct list *circuit_list; [* IS 1S circuits */
66 struct flags flags;

67 struct thread *t _tick; [* LSP wal ker */

71 /*

72 * Configurabl es

73 */

78 /* identifies the routing instance */
79 char *area_tag;

93 /* Counters */

94 u_int32_t circuit_state changes;

100 };

98 };

Figure6.4:i sisd.h - struct isis_area
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6.1.2 struct isis_area

The essential parts of st ruct i si s_ar ea are shown in Figure 6.4. The LSP databases
for both levels are implemented with red-black tree (di ct _t) that is part of the freely
distributable kazlib software package [33]. The st ruct i si s_ar ea holds an SPF tree
per supported protocol (IPv4 and IPv6) per level as well as IPv4 and IPv6 route tables
derived from the trees. The ci rcui t _| i st field points to a list of circuits that belong to
thisarea. Thei si s_ar ea struct holds also a number of configurables that are initially set
to default values and then changed according to the users’ commands. The area instance is
identified, with a user specified ar ea_t ag.

6.1.3 struct isis circuit

Each circuit participating in 1S-IS routing is presented with st ruct isis_circuit,
parts of which are shown in Figure 6.5. The struct holds a pointer to the interface struct
received from Zebra that maps directly to the physical interface of the 1S. The socket for
sending and receiving I1S-1S PDUs as well as threads to control the sending are also present.
The | sp_qgueue is needed because transmitting of LSPs must be controlled so that LSPs
are not sent more often than the parameter ISPThrottleInterval. The ci r c_t ype defines

61 struct isis_circuit {
62 int state;

63 u_char circuit_id; [* 11/12 p2p/bcast CircuitlD */

64 struct isis_area *area; /* back pointer to the area */

65 struct interface *interface; [* interface info fromz */

66 int fd; [* 1S1S11/2 socket */

74 struct list *|sp_queue; [* LSPs to be txed (both levels) */
78 int idx; /* idx in SSRM SN flags */

79 #define Cl RCUI T_T_BROADCAST O

80 #define CIRCU T_T_P2P 1

84 i nt circ_type; /* type of the physical interface */
85 uni on {

86 struct isis_bcast _info bc;

87 struct isis_p2p_info p2p;

88 } u;

90 /*

91 * Configurabl es

92 */

93 long Isp_interval

119 /*

120 */Cbunters as in 10589--11.2.5.9

121 *

122 } u_int32_t adj_state_changes; /* changesl nAdj acencyState */
128 };

Figure6.5:isis_circuit.h - struct isis_circuit
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the type of the physical media, and thus the contents of the union u. On point-to-point
circuits only the neighbor adjacency and thread for sending point-to-point II1H PDUs is
needed. The struct i si s_bcast i nf o is more complex. It contains the threads for
running the LAN DIS election, for refreshing the pseudonode LSPs and for sending the
LAN IIH PDUs. The adjacency databases for both levels are also located inside the struct.
The union is followed by a number of circuit related configurables and counters.

6.1.4 struct isis_Isp

Every LSP installed is described with st ruct i sis_| sp, shown in Figure 6.6. The
idea is that a received LSP is saved “as is” (pdu) from the network and then pointers to the
various fields of LSP are provided. The variable part of the LSP can be referenced through
the t | v_dat a field, which is a struct consisting of lists of TLVs. Each TLV type has its
own list and the list items point to the TLVs in the PDU.

The struct isis_| sp contains also the SRM and SSN flags and a pointer to the adja-
cency the LSP was received from. The time values (i nstal | ed, | ast_generat ed
and | ast _sent ) are used in debugging information and to control the regeneration and
sending of the LSP. When LSP expires an IS must keep a copy of its header for zeroAgeL.ife-
Time, before the LSP can be removed entirely from the database. The field age_out is
used for this purpose. When the LSP is generated by this system the flag own_I sp is set
and the ad]j isthen setto NULL.

35 struct isis_|sp

36 {

37 struct isis_fixed_hdr *isis_header; /
38 struct isis_link_state_hdr *lsp_ header /
39 struct stream *pdu; /
40 u_int32_t SRMIags[ISIS MAX Cl RCUI TS];

41 u_int32_t SSNflags[!Sl _MNX CIRCUI TS| ;

normal ly == pdu */
pdu+i sis_hdr_len */
full pdu Isp */

* ok X

42 u_|nt32 t rexmt_queue[l SI S _MAX CIRCUITﬂ;

43 int level; [* L1 or L2? */

44 i nt purged' /* purged this one */
45 time_t installed;

46 time_t Iast_generated;

47 time_t last_sent;

48 int own_Is

53 /* used for 60 second counting when remlifetine is zero */

54 i nt age_out;

55 struct isis_adjacency *adj;

56 } struct tlvs tlv_data,; /* Sinmplifies TLV access */
57 };

Figure6.6:i sis_Isp.h - struct isis_|sp
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6.1.5 struct isis_adjacency

Adjacent systems are described by st ruct i si s_adj acency (Figure 6.7). The struct
contains neighbors” SNPA address, System ID and Area Addresses copied from neigbors’
IIH PDU. If IPv4 or IPv6 addresses are present they are saved in the adjacency. For adja-
cencies learnt from a broadcast circuit the LAN ID and Priority fields are also copied.

The hol d_ti me is updated and thet _expi r e thread cancelled each time a I1H is heard.
The current implementation removes the adjacency immediately when the holding time
runs out. A suggestion has been made that the adjacency would be saved in a down state for
some time and then removed with a special garbage collection function. This way it would
be easier for the network manager to notice the fact that a neighbor has gone down.

The adjacencies are stored in a Zebra library hash-table, and the System ID is used as the
hash-key.

The state of the adjacency is in the variable adj _st at e. The LAN adjacencies go from

down-state, through init-state to up-state as described in section 3.2.2.

71 struct isis_adjacency{

72 u_char snpa[ ETH ALEN]; /* Nei ghbour SNPAAddr ess */

73 u_char sysid[ISIS SYS ID LEN; /* nei ghbour Systenl dentifier */
74 u_char lanid[1SIS SYS ID LEN+1]; /* LANid on bcast circuits */
78 enumisis_ad] state adj_state; /* adj acencyState */

79 enum i si s_adj _usage adj _usage; /* adj acencyUsage */

80 struct |ist *area_ addrs; /* areaAdressesCOf Nei ghbour */
81 struct nl pids nlpids; /* protocols spoken ... */

82 u_char ipv4_addrs_count;

83 struct in_addr ipv4_addrs[ 366];

89 #ifdef HAVE_| PV6

90 u_char ipv6_addrs_count;

91 struct in6_addr ipv6_addrs[91];

97 #endif /* HAVE | PV6 */

98 u char prio[lSIS LEVELS]; /* priorityO Nei ghbour for DI S*/
99 int circuit_t; /* fromhello PDU hdr */

100 int level; /* level (1 or 2) */

101 enum isis_systemtype sys_type; /* nei ghbourSystenType */

102 u_intlé_ t hold tine; /* entryRemai ni ngTi ne */

103 u_int32_t last_upd;

106 struct thread *t_expire; /* expire after hold time */
107 struct isis_circuit *circuit; /* back pointer */

108 };

Figure6.7:i si s_adj acency. h - struct isis_adjacency
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6.2 Processing of PDUs

The code for sending and receiving 1S-1S PDUs is located in the i si s_net wor k. [ ch]
files. The IS-1S PDUs are sent on link-level (OSI layer 2) so special actions need to be
taken in order to send and receive the packets.

In the GNU/Linux platform the socket is created with socket (2) system call and then
bound to a physical interface with bi nd( 2) system call. The family of the socket is set to
PF_PACKET and the socket type to SOCK _DGRAM

In order to receive packets destined to multicast addresses AIIL1ISs and AIIL2ISs the socket
is bound to corresponding physical layer multicast groups with set sockopt ( 2) as de-
fined in packet ( 7) manual pages.

When the socket family is AF_PACKET a device independent physical layer address
sockaddr Il is used (Figure 6.8). This address is filled when sending or receiving
PDUs through the socket. The sl | _pkt t ype is used to notice when a PDU is created by
some other interface on the localhost. When this is the case the sl | _pkt t ype has the
value PACKET _OUTGO NGand the PDU can be omitted.

struct sockaddr |1

{

unsi gned short sl _fanily; /* Al ways AF_PACKET */

unsi gned short sl _protocol; /* Physical |ayer protocol */
i nt sl _ifindex; /* Interface nunber */

unsi gned short sl _hatype /* Header type */

unsi gned char sl | _pkttype /* Packet type */

unsi gned char sl | _hal en /* Length of address */

unsi gned char sl | _addr] 8] /* Physical |ayer address */

Figure 6.8: packet (7) - struct sockaddr ||

Since operating systems other than GNU/Linux do not have the packet ( 7) socket, they
require different methods for sending and receiving the PDUs. The FreeBSD port of the
software utilizes Berkeley Packet Filter (BPF) and sockets bound to special BPF device
files. This method has some drawbacks. The sel ect () system call does not handle
these kind of sockets well and BPF requires the interface to be in a promiscious mode.
Promiscious mode means that every packet in the network is read by the device driver of
the interface and causes a security risk. A better solution for sending and receiving the
PDUs is being planned.
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IS-1S PDUs sent on broadcast circuits are prepended with three octet LLC-header field. The
values for the field are defined in 1SO 9577 [20] and always have the value OXFE- FE- 03
as defined for routed 1SO PDUs. PDUs received from broadcast circuits that do not have
this kind of LLC header are discarded by the implementation.

After the PDU is read from the socket it can be passed to processing functions which are in
the filesi si s_pdu.[ch] andisis_tlv.[ch].

First the PDU is handled with a common wrapper function for all the PDU types called
I si s_handl e_pdu() (Appendix A). This function performs basic validity checks on
the IS-1S fixed header, such as the values of ID Length and Maximum Area Addresses
fields. If the PDU passes these checks it is passed on to a processing function based
on its type. For example the Level 1 and Level 2 LAN IIH PDUs are passed to the
process_| an_hel | o() function.

The variable part of 1IS-1S PDUs is handled in filesi si s_t 1 v. [ ch] . All TLVs are parsed
in a single function par se_t 1 vs() (Appendix A), which takes the variable part of I1S-1S
PDU, addresses of two 32-bit variables (expect ed and f ound) and a pointer to st r uct
t | vs as arguments. The expect ed and f ound are used as bitfields consisting of flags
for each TLV type. The caller sets the bits for the TLV types it is interested in and the
function sets the bits in f ound for the TLV types it came across while parsing the PDU.
The struct tlvs consists of lists for each TLV type and is filled when parsing the
PDU. This way the data in the variable part can be easily accessed. Only the TLVs of types
reported in expect ed are saved for the caller.

The functions for writing the TLVs are also in filesi si s_t | v. [ ch] . Each TLV type has
its own function for writing (Appendix A). The functions take a list of TLVs to be written
and a PDU to which to write them as arguments.

6.3 LAN Designated IS election

The LAN DIS election is implemented in files i si s_dr. [ ch] . When the circuit is cre-
ated or configured with a new level, the implementation must first wait a random time
between 0 and configurable iSISHelloTimer seconds, before commencing the LAN DIS
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election on the circuit. The DIS election is not run if there are no adjacencies on the cir-
cuit. The DIS election is controlled with threads and flags r un_dr , that are located in the
struct isis_circuit.

The election is performed by the function run_dr _el ect () . The function first builds a
list of IS adjacencies that are in up-state from the adjacency database, and then goes through
the list to find the IS adjacency with highest priority. The SNPA addresses are compared
if more than one IS has the highest priority. When we have found the IS adjacency with
highest priority the priority of the adjacency is compared to priority configured for the
circuit running the election. If our circuit has a lower priority and we are the DIS, a function
i sis_dr_resign() iscalled, that purges our pseudonode LSP and resigns from the DIS
role on the circuit. If we have a higher or equal priority with the adjacency and we were
not a LAN DIS previously, a functioni si s_dr _conmmence( ) is called, which calls the
functions for generating and transmitting our pseudonode LSP.

6.4 Circuit state machine

ISO 10589 defines only two states for circuits, namely up and down. However, the imple-
mentation utilizes more states due to the modular nature of Zebra. 1SISd has four states
for circuits: state N/A means that nothing is known of the circuit, circuits learned from Ze-
bra, but not yet configured for IS-1S are in state init, circuits configured for 1S-IS but not
attached to a network interface (learnt from Zebra) are in state configured, and circuits that
are both configured and attached to an interface are in state up.

27 | *

28 * Circuit states

29 */

30 #define C STATE NA O

31 #define C STATEINIT 1 /* Connected to interface */
32 #define C STATE CONF 2 /* Configured for I1SIS */
33 #define C_STATE_UP 3 /* CONN | CONF */
34

35 /*

36 * Circuit events

37 */

38 #define | SIS ENABLE 1

39 #define IF_.UP_FROMZ 2

40 #define 1SIS DISABLE 3

41 #define | F_DOAN_FROM Z 4

Figure6.9:isis_csmh - circuit state machine states and events
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Events
warning

@ ip router isis command issued

@ interface up message from zebra

@ noip router isis command issued

interface down message from zebra

Figure 6.10: Circuit state machine

The state machine for the circuits is implemented in files i sis_csm [ ch]. The state
machine is run by a single functioni si s_csm st at e_change() , which takes one of
the events, shown in Figure 6.9, and the circuit as arguments.

The state machine is shown in Figure 6.10. As one can see from the figure the up state can
be reached through either init or configured state.

6.5 Dynamic hosthames

ISISd supports the dynamic hostname exchange mechanism [22]. The hostname cache
is implemented in files i si s_dynhn. [ ch] . The hostnames learnt from the dynamic
hostname TLVs are stored in st ruct i si s_dynhn (Figure 6.11). The struct holds the
hostname, System ID and level of the IS. The variable r ef r esh is updated every time the
TLV is seen, so that outdated hostname information can be removed. The printing functions

26 struct isis_dynhn {

27 u char id[ISIS SYS ID LEN;
28 struct host nane nane;

29 time_t refresh;

30 int |evel;

31 };

Figure6.11:i si s_dynhn. h - struct isis_dynhn
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show the hostname instead of the System ID of the IS, if the hostname matching System ID
is found from the cache.

6.6 Implementation of SPT agorithm

An IS must run the SPF periodically and each time a change in LSP or adjacency database
is noticed. The functions that implement the SPT algorithm are infilesi si s_spf. [ ch].
Every area builds its own SPT for both routing levels. The SPT resides in st ruct
i si s_spftree, shown in Figure 6.12. The struct contains the thread for periodic SPF
and the timestamp the SPF was last run. The PATH and TENT databases can be accessed
through the struct. SPF should not be run more often than the configurable minimumSPFIn-
terval, parameters pendi ng and | ast r un are used in scheduling the consecutive runs of
SPF, so that this requirement is met.

The databases PATH and TENT consist of vertices described by st ruct i1 sis_vertex
(shown in Figure 6.13). The vertex holds a pointer to LSP it was derived from as well as
adjacencies that are the starting points of equal cost paths towards this vertex. The number
of adjacencies is limited by the parameter maximumPathSplits.

The t ype of the vertex enforces the value of the uni on N. For IS and ES vertices N
holds the value of Syst em | D, appended with a non-zero octet if the vertex describes a
pseudonode. If the vertex describes address reachability it holds the network address and
mask in the prefix struct.

The distance from the IS performing the SPF is stored in the variable d_Nand the depth in

63 struct isis_spftree

64 {

65 struct thread *t_spf_periodic; /* periodic spf threads */
66 tinme_t lastrun; /* for scheduling */

67 i nt pendi ng; /* already schedul ed */
68 struct isis_vertex *paths; [/* the SPT */

69 struct |ist *tents; [* TENT */

70 struct Iist *list; [/* list for search */
71

72 u_int32_t timerun; /* statistics */

73

74}

Figure6.12:i sis_spf.h - struct isis_spftree
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40 /*
41 * Triple <N, d(N), {Adj(N)}>

42 */

43 struct isis_vertex

44 {

45 enum vertextype type;

46

47 uni on {

48 u char id [ISIS SYS ID LEN + 1];
49 struct prefix prefix;

50 } N

51

52 struct isis_Isp *Ilsp;

53 uint32_t d N /* d(N) Distance fromthis IS */

54 u_intl6_t depth; /* The depth in the inmaginary tree */
55

56 struct list *Adj _N, /* {Adj(N)} */

57 };

Figure6.13:i si s_spf.h - struct isis_vertex

the SPT in variable dept h.

The SPT algorithm implementation is based on Annex C of 1SO 10589 [8], which describes
the basic Dijkstra algorithm enhanced with support for multiple equal cost paths. The
support for multiple equal cost paths implies load splitting, which means that if more than
one route of equal costs exists for the destination, the traffic towards the destination is
divided equally to the paths. Current Linux kernels support load splitting.

If the IS supports both IPv4 and IPv6, it runs the SPT separately for both protocols.

6.7 Installing routes

While adding an address prefix to the PATH database the implementation calls the func-
tionisis route _create() (Appendix A) (in filei si s_rout e. c). The function
takes the prefix, cost and depth (a hopcount) of the prefix and a list of adjacencies to reach

42 struct isis_route_info {

43 #define 1 SIS ROUTE _FLAG ZEBRA SYNC 0x01
44 #define |1 SIS _ROUTE_FLAG _ACTI VE 0x02
45 u_char flag;

46 u_int32_t cost;

47 u_int32_t depth;

48 struct |ist *nexthops;

49 #ifdef HAVE | PV6

50 struct |ist *nexthops6;

51 #endif /* HAVE | PV6 */

52 };

Figure6.14:isis_route.h - struct isis_route_info
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that prefix as arguments. Each area holds its own route table, implemented by the Zebra
library (Section 5.3.5). The implementation specific route information is stored in st r uct
I si s_route_info (Figure 6.14). The next hop information is derived from the list of
adjacencies by the function.

Theisis_route_create() (Appendix A) first makesanewisis route_info
struct and then checks if a route for the prefix exists. If there already is a route for the
prefix, the route information is compared. If the route has the same attributes nothing needs
to be done. If the new route has a better cost, the old route is replaced with the new one.
If the routes have the same costs but different next-hop information, the next-hop lists are
merged.

After every SPF execution a thread is activated that executes a function called
I sis_route_validate()(Appendix A). This function goes through all the
routes of the area and calls the isis_route_update() function for each
route. The isis_route_update(), that lies in i sis_zebra.[ch] files, in
turn calls appropriate function for routes not marked “being in sync” with Zebra
(I SI' S_ROUTE_FLAG ZEBRA SYNC). Finally the routes are inserted to or deleted from
the kernel by the Zebra daemon.

6.8 Zebraconnection

As explained in Section 5.3.4, each routing process fills the struct zclient
with its own implementation of the functions. 1SISd does this in the function
i sis_zebra_init() shown in Figure 6.15. This function is called when starting the
ISISd process.

After we have registered to the Zebra daemon with the i sis_zebra init() func-
tion, the Zebra daemon can inform us about the configuration and changes in the
configuration it sees. For example if a new network interface is to be created, the
I sis_zebra_if_add() function would eventually be called.
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530 void

531 isis_zebra init ()

532 {

533

534 zclient = zclient_new ();

535 zclient _init (zclient, ZEBRA ROUTE I SIS)

536 zclient->interface add = isis_zebra if add;
537 zclient->interface delete = isis_zebra_ if _del
538 zclient->interface up = isis_zebra if_state_up;
539 zclient->interface_down = isis_zebra if_state down;
540 zclient->interface address _add = isis_zebra if_ address_add;
541 zclient->interface address delete = isis_zebra if_address_del;
542 zclient->ipv4_route_add = isis_zebra read_ipv4,
543 zclient->ipv4 route delete = isis_zebra read i pv4,;
544 #ifdef HAVE | PV6
545 zclient->ipv6 _route _add = isis_zebra read_i pv6;
546 zclient->ipv6_route delete = isis_zebra read_i pv6;
547 #endif /* HAVE_I PV6 */
548
549 return;
550 }
Figure6.15:i sis_zebra.c - isis_zebra init() function

6.9 Futurework

ISISd supports Linux and as of latest version (0.0.6) also FreeBSD. Support for other plat-
forms that Zebra supports will be added in the later releases, next in line is OpenBSD.

Today ISISd can be used as a standalone routing protocol; it does not yet interact with
other routing protocols than IS-IS. The Zebra library functions provide mechanisms for
redistribution of routes among different routing protocols. Route redistribution and auto
summarization of routes will be added in later releases of 1SISd.
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7 Configuring IS1Sd

This section introduces the configuration options available in ISISd. The options described
are the ones implemented in version 0.0.6 of the software. More options may be included
in later versions.

7.1 Invoking 1SISd

ISISd is started by typing i si sd and possibly options on the command line. Next the
command line options are explained. The options follow the GNU style, where every option
has a long and short form.

[-d | -daenon] “daemonizes” the ISISd, which means that the process forks and ex-
its from the tty, closes the standard input, output and error file descriptors, and changes
working directory to the root of the filesystem.

[-f | -config-file] isusedtosettheconfiguration file of isisd. The option requires
the configuration file name as argument. If this option is not specified, the configuration file
defaults to /usr/local/etc/isisd.conf.

[-P | -vty port] isused to specify the port ISISd vty will listen on. The option
requires the port number as argument. If not specified the port defaults to 2607.

[-v | -version] printsthe version of ISISd and exits.
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[-h | -hel p] printsa short help describing the command line options.

7.2 Connecting to vty

A connection to I1SISd vty can be achieved by opening a telnet session to a port specified for

ISISd. A password (specified in the configuration file) is required. Figure 7.1 shows how

the connection is done. After issuing a valid password the user enters view mode which has

the commands shown in the Figure.

sanbo@aarli~: telnet |ocal host 2607
Trying 127.0.0.1...

Connected to | ocal host.

Escape character is ']'.

Hello, this is zebra (version 0.93-prel).
Copyri ght 1996-2001 Kuni hiro |shiguro.
User Access Verification

Passwor d; *****

i si sd>?
enabl e Turn on privil eged node conmand
exit Exit current node and down to previous node
hel p Description of the interactive help system
list Print command |i st
quit Exit current node and down to previous node
show Show runni ng systeminformation
termnal Set term nal |ine paraneters
who Di splay who is on vty

Figure 7.1: Connecting to 1SISd vty

7.3 Show commands

Show commands can issued in view mode. Figure 7.2 displays the top level of show com-

mands. On cl ns branch there is only one command show cl ns nei ghbor s, which

is an alias for the show i si s nei ghbor s command.

i si sd> show ?

clns clns network information
hi story Display the session conmand history
isis IS-1S information

menor y Menory statistics
version Displays zebra version

Figure 7.2: show commands of 1S Sd
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i si sd> show nmenory

al | Al'l menory statistics
bgp BGP menory

isls I SIS nenory

lib Li brary nenory

ospf OSPF nenory
ospf6 OSPF6 nenory
rip Rl P nenory
<Cr>
i sisd> show nenory isis
TWP
circuit
LSP
adj acency
area :
area address:
TLV :
dyn host nane:
SPFtree
vertex
route info
next hop :
next hop6 . 18

Figure 7.3: Output of show menory command
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The memory usage can be viewed with the show nmenory command. (Figure 7.3). Fig-
ure 7.3 depicts the output of show nmenory i si s command. The viewing of memory is
possible because of the memory tagging provided by the Zebra library (Section 5.3.2).

The showcommands under i si s branch are listed in Figure 7.4.

i sisd> showisis ?
dat abase IS-1S Iink state database
host name I S-1S Dynani ¢ host name nmappi ng
nei ghbors 1S-1S nei ghbor adjacencies
t opol ogy |S-1S paths to Internedi ate Systens

Figure 7.4: Theshow i si s commands

The contents of link state database can be viewed, with show i si s dat abase com-
mand (Figure 7.5). The command lists the information in LSP headers in the LSP database.
If the command is appended with det ai | command, the contents of the variable part of
LSPs is also shown.

The contents of the dynamic hostname cache can be viewed with show i si s
host nane command (Figure 7.6). The commands shows the System ID to hostname
mappings and the level of IS. The mapping of the IS itself is prepended with the x-sign.

The adjacency database can be viewed with show i si s nei ghbor s command (Fig-
ure 7.7). The command displays the hostname, the interface it was learned from, the state,
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i si sd> show i si s dat abase

Checksum Li fetine

Area FQOO

| S-1S Level -2 |ink-state database:
LSP I D Sequence

br oker - gw. 00- 00 0x00006f cb
i pv6-gw. 00- 00 0x000034b5
i pv6-gw. 02- 00 0x00001c45
i si s-4700.00-0 0x000037a9
i si s-4700.01-00 0x00003258
i si sd. 00-00 * 0x00000005

6 LSPs

i sisd> show i sis database detai
Area FOO
IS-1S Level -2 Link State Dat abase:

br oker - gw. 00- 00

0x65b1
Oxbcf O
Oxe021
0x68b3
0x1123
Oxa5b9

977
640
638
763
1007
416

Attributes
L2
L2
L2
L2
L2
L2

Sequence: 0x00006fchb Checksum O0x65bl Lifetine: 718
Attributes: L1 L2, Installed: 8nBs ago

Speaks: | Pv6

IS br oker-gw. 06, Metric: 10
IS br oker-gw. 05, Metric: 10
IS br oker-gw. 01, Metric: 10
IS i si s-4700.01, Metric: 10

Host name: br oker - gw

Figure 7.5; Output of show i si s dat abase command

the SNPA address and Holding Time of the adjacencies. If the flag det ai | is given, also
the priority, network addresses and supported protocols are shown. The DI S f | aps refers
to the number of LAN DIS changes noticed and the LAN- i d the System ID of the pseudon-

ode on the LAN.

The contents of the PATH database(s) can be viewed with the show i si s t opol ogy
command. The command lists the shortest paths to other ISs on the area. Level 1 and Level
2 are listed separately as well as routes to ISs that support IPv4 and IPv6. First column is
the System ID or dynamic hostname of the destination IS. Metric is the total cost to reach
the IS and the following three columns are the system ID, interface and SNPA address of
the first hop on the path towards the IS denoted by the first column.

i sisd> show i sis hostnane
Level SystemID

2 0000. 0000. 0001 br oker - gw
2 0000. 0000. 0004 i pv6-gw
2 0000. 0000. 0042 i si s-4700

* dead. beef. 0043 i sisd

Dynani ¢ Host nane

Figure7.6: Theshow i si s host name command
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i si sd> show isis neighbors

Area FOO
System I d Interface L State Hol dti me SNPA
br oker - gw et hO 2 Up 25 0001. 631e. 8038
i pv6- gw et hO 2 Up 23 0060. 3e2f . de00
i si s-4700 et hO 2 Up 8 0060. 70ch. f 108
i si sd> show i sis neighbors detail
Area FOO
br oker - gw

Interface: ethO, Level: 2, State: Up, Expires in 22s
Adj acency flaps: 0, Last: 1hl1l1lnR6s ago
Circuit type: L2, Speaks: |Pv6
SNPA: 0001. 631e.8038, LAN id: isis-4700.01
Priority: 64, is not DIS, DIS flaps: 1, Last: 1h10nR6s ago
| Pv6 Addresses:
fe80::201: 63ff:fele: 8038

Figure 7.7: Output of show i si s nei ghbor s command

kanei si s> show i si s topol ogy

Area FOO

IS-1S paths to level-2 routers that speak |Pv6
System I d Metric Next-Hop Interface SNPA

karnei si s --

br oker - gw 10 broker-gw xI O 0001. 631e. 8038
vertril 20 broker-gw xI0 0001. 631e. 8038
vortr2 20 broker-gw xI O 0001. 631e. 8038
t eenu- gw 20 broker-gw xI0 0001. 631e. 8038
i pv6- gw 20 broker-gw xI O 0001. 631e. 8038
i sis-4700 20 broker-gw xl0 0001. 631e. 8038

Figure 7.8: The output of show i si s t opol ogy command

7.4 Router confi guration commands

The configuration commands are given in configuration mode, which is reached by first en-
tering the privileged mode with enabl e command and then the configuration mode, with
command confi gure term nal. An IS-IS routing instance is created in the router-
configuration mode. The router-configuration mode for IS-1S is entered by giving r out er
i si s command followed by a local symbol for the area. Figure 7.9 shows how the router-
configuration mode is entered and the commands available in the mode.

With the host name command, the dynamic hostname added in TLVs generated by this
system can be specified. By default the hostname is the network hostname learned from
Zebra.

The i s-t ype command specifies the level for the routing instance. It can be Level 1,
Level 2 or both. By default the first instance is Level 1 and Level 2 and the rest are Level 1.

The | sp-gen-interval command is used to specify the minimum time between suc-
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i si sd> ena

Passwor d: ****

i si sd# configure term na

i sisd(config)# router isis AREAl
i sisd(config_router)#?

end End current node and change to enabl e node.
exit Exit current nmode and down to previous node
hel p Description of the interactive help system
host nane Dynani ¢ hostname for IS-1S
i s-type IS Level for this routing process (OSI only)
list Print command |i st
| sp-gen-interval Mninuminterval between regenerating sane LSP
[ sp-lifetime Maxi mum LSP |ifetine
metric-style Use ol d-style (1SO 10589) or

new styl e packet formats
net A Network Entity Title for this process
no Negate a command or set its defaults
qui t Exit current node and down to previous node
spf-interval M ni num i nterval between SPF cal cul ati ons
wite Wite running configuration to nenory, network

or term na
Figure 7.9: Entering router confi guration mode

cessive regenerations of our own LSPs. The default value in this implementation is 10
seconds. The possible values are range from 1 to 120 seconds.

The maximum value of remaining lifetime field set to our own LSPs can be specified with
thel sp-1i feti me command. The default value is 1200 seconds and the possible values
380-65535 seconds.

By default ISISd uses the traditional style metrics defined in [8] in its TLVs. New style
metrics, where other than default metric are omitted, but the default metric is 3 octets
long in is defined in [26]. This new style can be enabled with netri c-styl e w de
command and disabled with et ri c- st yl e nar r owcommand.

At least one Network Entity Title for the routing instance must be specified with the net
command. Up to parameter Maximum Area Adresses number of NETSs can be specified. All
NETs must have the same System ID part.

The spf -i nt erval command can be used to specify the minimum delay between con-
secutive runs of the SPF algorithm. The default value for ISISd is 5 seconds and possible
values range from 1 to 120 seconds.
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7.5 Interface confi guration commands

The interfaces configuration mode is entered with the i nt er f ace command in the config-
uration mode. The name of the interface to be configured must be specified (Figure 7.10).

To enable 1S-IS routing on the interface, command i p router isis or ipv6
router isis,orboth, isgiven. The command must include the local tag of the routing
instance the interface is configured to (for examplei p router isis AREAL). Other
IS-IS specific configuration commands are shown in Figure 7.11.

The level of adjacencies formed on the interface can be specified with ci rcui t -t ype
command. The interface can be configured to form Level 1 and Level 2 adjacencies, if the
routing instance supports both levels. By default thei si s circuit-type isthe same
asthei s-t ype of the routing instance.

When acting as a pseudonode for LAN, CSNPs are transmitted periodically on the cir-
cuit. The interval between periodic CSNP transmissions can be changed with the i si s
csnp-i nt er val command. The default value in this implementation is 10 seconds.

If the IIH PDUs are to be padded to the full MTU of the circuit, the command i si s
hel | o paddi ng is specified. By default the hello padding is on.

The average time between periodic IIH PDU transmissions can be set with i si s
hel | o-i nt erval command. The value is specified in milliseconds and the default is
10000 milliseconds. Thei si s hel |l o-rmul ti pl i er command can be used in conjunc-
tion with the i si s-hel |l o i nt erval command in order to control the actual value of

i sisd(config)# interface ethO
i sisd(config-if)#?
description Interface specific description

end End current node and change to enabl e node.

exit Exit current node and down to previous nobde

hel p Description of the interactive help system

ip Interface Internet Protocol config conmands

i pv6 | Pv6 interface subconmands

isis | S-1S commands

list Print conmand Ii st

no Negate a command or set its defaults

qui t Exit current node and down to previous node

wite Wite running configuration to nenory, network, or term nal

Figure 7.10: Entering interface confi guration mode
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isisd(config-if)# isis ?

circuit-type Configure circuit type for interface
csnp-interval Set CSNP interval in seconds

hel | o Add padding to I1S-1S hell o packets

hel | o-i nt erval Set Hello interval in nmilliseconds
hello-nmultiplier Set nmultiplier for Hello holding tine
metric Set default netric for circuit

priority Set priority for Designated Router el ection

Figure 7.11: IS-1S specifi c commands in interface confi guration mode

Holding Time in the IIH PDUs transmitted by the IS on the interface. The Holding Time
is set to the value of hello-interval in seconds multiplied by the value of hello-multiplier,
which is 3 by default.

The default metric for the circuit can be set with the command net r i ¢ and the priority for
becoming the LAN Designated IS with the command pri ority.
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8 Conclusions

IS-IS is unique among today’s routing protocols, because of its multiprotocol design. Inte-
grated routing of CLNS and IPv4 might not interest many, but IS-1S used as single routing
protocol for both IPv4 and IPv6 is a possibility not to be overlooked.

The differences between OSPFv3 and 1S-1S are not major, and the former is actually closer
to IS-IS than OSPFv2. As the addition of IPv6 support to IS-IS was easy to implement,
IS-1S was the first link state routing protocol that supports IPv6 inside the routers of biggest
vendors. Which of these protocols will be the major link state routing protocol for IPv6 in
the future, time will tell, but integrated 1S-1S might at least be of aid in the transition from
IPv4 to IPV6.

The goal of this thesis was to implement a version of IS-IS (IS1Sd) that supports the routing
of IPv4 and IPv6. The implementation was done as an open source project and had a chang-
ing number of developers from all over the world. 1SISd was implemented as a module for
the GNU Zebra routing software. It is not merged to official Zebra package yet, but exists
as a separate patch.

As of summer 2002 ISISd has been taking care of IPv6 routing on a FreeBSD workstation
that acts as a router between a production and a test network at the Institute of Communi-
cations Engineering of Tampere University of Technology.

62



References

[1]

[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

[11]
[12]

[13]
[14]

[15]

[16]

[17]

Open Source Development Network. SourceForge.net. ht t p: / / sour cef or ge.
net/.

D. Howe. Free On-Line Dictionary Of Computing. htt p: // wonbat . doc. i c.
ac. uk/ f ol doc/,1993.

R. Perlman. Interconnections: Bridges, Routers, Switches and Internetworking
Protocols. Addison-Wesley, 2000. Second edition.

Digital Equipment Corporation. DIGITAL Network Architecture - Routing Layer
Functional Specification, 1980.

RFC 1058; C. Hedrick. Routing Information Protocol, June 1988.

J. McQuillan et.al. The New Routing Algorithm for the Arpanet. IEEE Transactions
on Communications, May 1980.

R. Perlman. Fault-Tolerant Broadcast of Routing Information, December 1983.

ISO/IEC 10589. Intermediate System to Intermediate System Intra-Domain Route-
ing Exchange Protocol for use in Conjunction with the Protocol for Providing the
Connectionless-mode Network Service (ISO 8473), July 2000. Second edition.

RFC 2328; J. Moy. OSPF Version 2, April 1998.

RFC 1195; R. Callon. Use of OSI IS-IS for Routing in TCP/IP and Dual Environ-
ments, December 1990.

RFC 2080; G. Malkin. RIPng for IPv6, January 1997.

RFC 1723; G. Malkin. RIP Version 2 - Carrying Additional Information, November
1994,

RFC 2740; R. Coltun and D. Ferguson. OSPF for IPv6, December 1999.

C. E. Hopps. Routing IPv6 with IS-IS. draft-ietf-isis-ipv6-02.txt,
April 2001. Internet-draft, work in progress.

RFC 1771; Y. Rekhter and T. Li. A Border Gateway Protocol 4 (BGP-4), March
1995.

RFC 2858; R. Chandra, T. Bates, Y. Rekhter and D. Katz. Multiprotocol Extensions
for BGP-4, June 2000.

RFC 2545; P. Marques and F. Dupont. Use of BGP-4 Multiprotocol Extensions for
IPv6 Inter-Domain Routing, 1999.

63



[18]

[19]
[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]

ISO 8473. Protocol for Providing the Connectionless-Mode Network Service, March
1987.

RFC 791; J. Postel. Internet Protocol, September 1981.
ISO/IEC TR 9577. Protocol Identification in the network layer, 1990.

T. Li and R.J. Atkinson. IS-IS  Cryptographic Authentication.
draft-ietf-isis-hmac-03.txt, July 2001. Internet-draft, work in
progress.

RFC 2763; N. Shen and H. Smith. Dynamic Hostname Exchange Mechanism for
IS-1S, February 2000.

RFC 2973; D. Katz, R. Baley and J. Parker. 1S-1S Mesh Groups, October 2000.

RFC 2966; T. Przygienda, T. Li and H. Smit. Domain-wide Prefix Distribution with
Two-Level 1S-1S, October 2000.

RFC 2460; S. Deering and R. Hinden. Internet Protocol, Version 6 (IPv6) Specifi-
cation, December 1998.

H. Smith T. Li. IS-IS extensions for Traffic Engineering.
draft-ietf-isis-traffic-04.txt, August 2001. Internet-draft,
work in progress.

P. Christian. IS-IS Automatic Encapsulation.
draft-ietf-isis-auto-encap-01.txt, July 2002. Internet-draft,

work in progress.

K. Ishiguro. GNU Zebra routing software. ht t p: / / ww. zebr a. or g/, January
2001.

ISISd project. ISISd project homepage http://i si sd. sour cef orge. net,
May 2001

Free Software Foundation. GNU General Public License. htt p://ww. gnu.
org/ copyl eft/gpl. htm ,June 1991.

K. Ishiguro. FTP site of Zebra. ft p: //ft p. zebra. or g/ pub/ zebr a.
Cisco Systems. Cisco I0S. http://www.cisco.com/warp/public/732/jump.shtml.

K. Kylheku. Kazlib. http://users.footprints. net/~kaz/kazlib.
htm .

64



Appendix A - Code snippets

In this appendix the source code of the following functions is shown:

e isis_handl e_pdu()
parse_tlvs()
add_t1v()

tlv_add _area_addrs()
isis _dr_elect()
add_to_pat hs()
isis_run_spf()

isis route create()
isis route validate()

Thei si s_handl e_pdu() isacommon wrapper for all IS-IS PDUs. It performs basic
validity checks to the received PDU and passes it to function specific to the type of the
PDU.

/*

* PDU Di spat cher

*/

i nt

i sis_handl e _pdu (struct isis circuit *circuit, u_char *ssnpa)

struct isis fixed hdr *hdr;
struct esis_fixed_hdr *eS|s hdr ;

int retval =1 SIS K

/*
* Let’s first read data fromstreamto the header
*/
hdr = (struct isis_fixed_hdr*) STREAM DATA(circuit->rcv_stream;

if ((hdr->idrp !'=1S010589 ISIS) && (hdr->idrp != |1S0542 ESI S)){
zlog_warn ("Not an IS-1S or ES-1S packet |DRP=%®©2x", hdr->idrp);
return | SIS ERROR;

}

/* now we need to know if this is an | SO 9542 packet and
*/take real good care of it, waaa!
*
if (hdr->i drp == | S542_ESI S) {
esi s_hdr (struct esis_fixed _hdr*) STREAM DATA(circuit->rcv_stream;
stream_ set _getp (circuit->rcv_stream ESI'S FI XED HDR LEN);
/* FI XME: Need to do some acceptence tests */
/* exanple length... */
switch (esi s_hdr->pdu_type) {
case ESH PDU:
/* FI XVE */
br eak;
case | SH_PDU:
retval = process_is _hello (circuit);
br eak;
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defaul t:
return | SIS ERROR,

return retval;
} else {

stream set _getp (circuit->rcv_stream |1SIS FI XED HDR LEN);
}

/*
* and then process it
*/
if (hdr->length < 1SIS MN MU _FI XED HDR _LEN) {
zlog_err ("Fixed header length = %", hdr->length);
return | SIS ERROR

if (hdr->versionl != 1)
zl og_warn ("Unsupported ISIS version %", hdr->versionl);
return | SI'S_ WARNI NG,

}
/[* either 6 or 0 */
if ((hdr->id_len | ISIS SYSIDLEN) !'=1SIS SYS ID LEN
zlog_err ("IDFieldLengthM smatch: ID Length field in a received PDU %, "
"while the paraneter for this ISis %", hdr->id_|en,
SIS SYS ID LEN);
return | SIS ERROR
}

if (hdr->version2 != 1)
zl og_warn ("Unsupported ISIS version %", hdr->version2);
return | SI'S_ WARNI NG,

* either 3 or 0 */
f ((hdr->nax_area_addrs | isis->max_area_addrs) != isis->max_area_addrs) {
zl og_err (" maxi mumAr eaAddr essesM smat ch: maxi numAr eaAdresses in a "
"received PDU %u while the paraneter for this ISis %",
hdr - >nmax_area_addrs, isis->nmax_area_addrs);
return | SIS ERROR

}
/
i

}

switch (hdr->pdu_type) {
case L1 _LAN HELLGC

retval = process |lan _hello (I1SIS LEVELL1, circuit, ssnpa);
br eak;

case L2_LAN HELLO
retval = process_lan_hello (ISIS LEVEL2, circuit, ssnpa);
br eak;

case P2P_HELLO
retval = process_p2p _hello (circuit);
br eak;

case L1_LI NK_STATE:
retval = process_Isp (ISIS LEVEL1, circuit, ssnpa);
br eak;

case L2_LINK STATE:
retval = process Isp (I1SIS LEVEL2, circuit, ssnpa);

br eak;

case L1_COWPLETE_SEQ NUM
retval = process_csnp (I SIS LEVEL1, circuit, ssnpa);
br eak;

case L2_COWPLETE_SEQ NUM
retval = process _csnp (ISIS LEVEL2, circuit, ssnpa);
br eak;

case L1_PARTI AL_SEQ NUM
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Letvi\l = process_psnp (I SIS LEVEL1, circuit, ssnpa);
reak;
case L2_PARTI AL_SEQ NUM
retval = process _psnp (I1SIS LEVEL2, circuit, ssnpa);
br eak;
def aul t:
return | SIS ERROR;

return retval;
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The variable part of received 1S-1S PDUs is handled by a single function par se_t | vs().

The encountered TLVs are saved into the st ruct t | vs if the caller has so requested by

setting flags in the expect ed corresponding those TLVS.

/*

* Parses the tlvs found in the variant |ength part of the PDU
is interested in.

* Caller tells with flags in "expected" which TLV' s it
*/
i nt

parse_tlvs (char *areatag, u_char *stream int size, u_int32_t *expected

u_int32_t *found, struct tlvs *tlvs)

u_char type, |ength;
struct | an_neigh *| an_nei ;
struct area_addr *ar ea_addr;
struct is_neigh *is_nei
struct te_is_neigh *te is_nei
struct es_neigh *es_nei
struct Isp_entry *| sp_entry;
struct in_addr *i pv4_addr;
struct ipv4 _reachability *i pv4_reach

struct te_ipvd_reachability *te_ipvd_reach

#i fdef HAVE_| PV6
struct in6_addr *i pv6_addr;
struct ipv6_reachability *i pv6_reach
i nt prefix_octets;
#endi f /* HAVE_I PV6 */
u_char vi rtual
i nt value_len, retval = ISIS K
u_char *pnt = stream
*found = 0;

menset (tlvs, 0, sizeof (struct tlvs));

while (pnt < stream + size - 2) {

type = *pnt;
[ength = *(pnt+1);
pnt += 2,

val ue len = 0;
if ( pnt + length > stream + size )

zlog_warn ("ISIS-TLV (%): TLV (type %, length %) exceeds packet

"boundari es", areatag, type, length);
retval = | SIS WARNI NG,
br eak;

}
switch (type) {
case AREA ADDRESSES:

[* 4------- F - E - Homm - - Fo-m - R
* Address Length

[ S F - E - E - Fo-m - - R
* Area Address

[ S F - E - E - Ho-m - § R
* .

*/.

*found | = TLVFLAG _AREA_ADDRS
#i f def EXTREME_TLV_DEBUG
zlog_info ("TLV Area Adresses len %", |ength);
#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG AREA ADDRS) {
while (length > value |len) {
area_addr = (struct area_addr*)pnt;
val ue | en += area_addr->addr_len + 1;
pnt += area_addr->addr_len + 1;
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if (!'tlvs->area_addrs) tlvs->area_addrs = list_new ();
| istnode_add (tlvs->area_addrs, area_addr);

} else {
pnt += | ength;

br eak;

case | S_NEI GHBOURS:
*found | = TLVFLAG_ | S_NEI GHS;
#i f def EXTREME_TLV_DEBUG
zlog_info ("I'SIS-TLV (%): IS Neighbours |ength %",
ar eat ag,
| engt h);
#endi f /* EXTREME _TLV_DEBUG */
if (TLVFLAG IS NEI GHS & *expected) {

[* +------- [ oo - - B S, B I B S, o m o -
* Virtual Flag

E SRS S B S S e RN S Fom e
*/

virtual = *pnt; /* FIXME: what is the use for this? */

pnt ++;

val ue | en ++;
[* 4------- F - E - E - Fo-m - - - R F - Fo-m -
* 0 | I/E | Default Metric

[ SR E - E - E - Fo-m - - - R oo oo - R
* S | I/E | Del ay Metric

f SR B - E - E - Fo-mm - - - R, oo oo - R,
* S | I/E | Expense Metric

R SR E - E - E - Fo-m - - - R, oo oo - R
* S | I/E | Error Metric

[ SR E - E - Homm - - Ho-m - - - R, oo oo - R
* Nei ghbour D

T
* .

*/.

while (length > value_len) {
is_nei = (struct is_neigh*)pnt;
value_len += 4 + ISIS SYS ID LEN + 1;
pnt += 4 + | SIS SYS ID LEN + 1;
if (!tlvs->is_neighs) tlvs->is_neighs = list_new ();
Iistnode_add (tlvs->is_neighs, is_nei);

} else {
pnt += | ength;

br eak;

cas
/

TE_| S_NEI GHBOURS:

e

*

*

T
*

*

*

*

*
/
*found | = TLVFLAG TE_ | S_NEI GHS;
#i f def EXTREME_TLV_DEBUG
zlog_info ("I'SIS-TLV (%) : Extended IS Nei ghbours Iength %",
ar eat ag,
| engt h);
#endi f /* EXTREME _TLV_DEBUG */
if (TLVFLAG TE_ | S_NEI GHS & *expected) {
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while (length > value_ |len) {

te is nei = (struct te_Is_neigh*)pnt;
val ue_len += 11;
pnt += 11;

/* FIXME - subtlvs are handl ed here, for now we skip */
value len += te_is _nei->sub tlvs | ength;
pnt += te_is_nei->sub_tlvs_length;

f (Itlvs->te is neighs) tlvs->te is neighs = list_new ();
i st

i
listnode_add (tlvs->te_ is neighs, te is _nei);

} else {
pnt += | ength;

br eak;

[* +------- B S, B S, B S, B S, S [ S, o m o -
* 0 | I/E | Default Metric

E SRS S S S S TR S Fom e e
* S | I/E | Del ay Metric

E SRS S S S S TR S Fom e
* S | I/E | Expense Metric

E SRS S S S S TR S Fom e e
* S | I/E | Error Metric

E SRS S S B S TR S Fom e e
* Nei ghbour D

L
* Nei ghbour 1D

L
* .

*/.

#i f def EXTREME_TLV_DEBUG
zlog_info ("ISIS-TLV (%): ES Neighbours length %",
ar eat ag,
[ ength);
#endi f /* EXTREME_TLV_DEBUG */
*found | = TLVFLAG ES_NEI GHS;
if (*expected & TLVFLAG ES_NEI GHS) {

es_nei = (struct es_nei gh*)pnt;
val ue |l en += 4;
pnt += 4;

while (length > value_len) {
I* FIXME FI XME FIXME - add to the list */
/* sys_id->d = pnt;*/

value_len += I SIS SYS ID LEN

pnt += I SIS SYS ID LEN

/* if (!es_nei->neigh_ids) es_nei->neigh ids = sysid;*/
}
if (!tlvs->es _neighs) tlvs->es neighs = list_new ();
i stnode_add (tlvs->es_neighs, es_nei);
} else {

pnt += | ength;
br eak;

case LAN_NEI GHBOURS:

[* 4------- F - E - E - Fo-m - - - R F - R,
* LAN Address

[ R R Fommm o Foommo - Fommm oo +o-m oo R B I
*

*/

*found | = TLVFLAG_LAN_NEI GHS;
#i f def EXTREME_TLV_DEBUG
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zlog_info ("ISIS-TLV (%): LAN Neigbours length %",
ar eat ag,
[ engt h);
#endi f /* EXTREME_TLV_DEBUG */
i f (TLVFLAG LAN NEI GHS & *expected) {
whil e (Iength > val ue_len) {
| an_nei (struct |an_nei gh*)pnt;
if (!tIvs->Ian_neighs) tlvs->lan_neighs = list_new ();
I istnode_add (tlvs->lan_neighs, |lan_nei);
val ue | en += ETH ALEN
pnt += ETH ALEN;

} else {
pnt += | ength;

br eak;

case PADDI NG
#i f def EXTREME_TLV_DEBUG
zlog_info ("TLV padding %", |ength);
#endi f /* EXTREME_TLV_DEBUG */
pnt += |l ength;

br eak;
case LSP_ENTRI ES:

[* 4------- F - E - E - Fo-m - - A, oo - - R +

* Renalnlng L|fet|ne | 2

[ SR F - B T I TN A, F - R, +

* LSP ID | id+2
[ S F - E - E - Fo-m - - R, F - Fo-m oo +

* LSP Sequence Nurnber | <A0>4
[ SR F - B T T U A, F - R, +
* Checksum | 2
[ S F - E - E - Ho-m - - - A, F - R, +
*/

#i f def EXTREME_TLV_DEBUG
zlog_info ("LSP Entries length %",
ar eat ag,
[ ength);
#endi f /* EXTREME_TLV_DEBUG */
*found | = TLVFLAG LSP_ENTRI ES;
i f (TLVFLAG LSP_ENTRIES & *expected) {
whi | e (Iength > val ue_l en) {
| sp_entry = (struct |sp_entry*)pnt;
value_len += 10 + I SIS_SYS | D LEN,
pnt += 10 + ISIS_SYS ID LEN,
if ('tlvs->lsp _entries) tlvs->lsp entries = list_new ();
listnode_add (tlvs->lsp_entries, |sp_entry);

} else {
pnt += | ength;
br eak;
case CHECKSUM
[* +------- B S, B S, B S B B S, B SN +
* 16 bit ertcher CHECKSUM
[ S oo mm o - - o mm oo - B S, B S, S [ S, oo o - +
* .
*/.

*found | = TLVFLAG_CHECKSUM
#i f def EXTREME_TLV_DEBUG
zlog_ info ("1SIS-TLV (%): Checksum | ength %",
ar eat ag,
| engt h);
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#endi f /* EXTREME _TLV_DEBUG */
if (*expected & TLVFLAG CHECKSUM ({
tlvs->checksum = (struct checksunt)pnt;

}
pnt += | ength;

br eak;
case PROTOCOLS_ SUPPORTED:
[* +------- B S, B S, B S, B S, S B S, o m o - +
* NLPI D
[ SR E E Fomm e - Fommm - R Fomm o R +
* .
*/ '

*found | = TLVFLAG_NLPI D;
#i f def EXTREME_TLV_DEBUG
zlog_info ("I'SIS-TLV (%): Protocols Supported | ength %d",
ar eat ag,
| engt h);
#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG NLPI D) ({
tlvs->nlpids = (struct nlpids*)(pnt-1);

}
pnt += | ength;

br eak;
case | Pv4_ADDR
[* +------- B S, oo mm oo - B S, B S, S B S, oo o -
* 4+ I P version 4 address
[ S B S, B S, B S, o mm oo S B S, o m o -
* .
* [

*found | = TLVFLAG | Pv4_ADDR;

#i f def EXTREME_TLV_DEBUG
zlog_info ("I'SIS-TLV (%) : | Pv4 Address length %",

ar eat ag,
| engt h);
#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG | PV4_ADDR) {
while (length > value_len) {

i pv4_addr = (struct in_addr*)pnt;
zlog_info ("ISIS-TLV (%) : |P ADDR %, pnt %", areatag,

inet_ntoa (*ipv4_addr), pnt);

if ('tlvs->ipvd_addrs) tlvs->ipv4_addrs = list_new();
listnode_add (tlvs->ipv4_addrs, ipv4_addr);

val ue_len += 4;

pnt += 4;

} else {
pnt += | ength;

br eak;

case AUTH_I NFO
zlog_info ("ISIS-TLV (%): 1S 1S Authentication Information",

areat ag) ;
zlog_info (" -- Unsupported as of yet");

pnt += |l ength;
br eak;

case DYNAM C_HOSTNAME
*found | = TLVFLAG_DYN_HOSTNAME;

#i f def EXTREME_TLV_DEBUG
zlog_info ("I'SIS-TLV (%) : Dynanic Hostnane | ength %",

ar eat ag,
| engt h);
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#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG DYN_HOSTNAME) {
/* the length is also included in the pointed struct */
tlvs->hostname = (struct hostnane*)(pnt - 1);

}
pnt += |l ength;

br eak;

case TE_ROUTER I D
T +
* o+ Router ID + 4
L T VU +
* [

*found | = TLVFLAG TE_ROUTER_I D
#i f def EXTREME_TLV_DEBUG
zlog_info ("I'SIS-TLV (%): TE Router |D %",
ar eat ag,
| engt h);
#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG TE_ROUTER_ID) {
tlvs->router_id = (struct te_router_id*)(pnt);

pnt += | ength;

br eak;

case | PV4_| NT_REACHABI LI TY:
[* +------- oo mm o - - B S, B S, B S, S [ S, o m o - +
* 0 | I/E | Default Metric | 1
* oo oo S S S S RS S Fom e +
* S | I/E | Del ay Metric | 1
E SRS S S S S e RN S Fom e +
* S | I/E | Expense Metric | 1
E SRS S B S S e RN S Fom e +
* S | I/E | Error Metric | 1
E SRS S S S S e RN S Fomm e +
* i p address | 4
e +
* addr ess nmask | 4
e +
* .
*/.

*found | = TLVFLAG_| PV4_| NT_REACHABI LI TY;
#i f def EXTREME_TLV_DEBUG
zlog_info ("ISIS-TLV (%): |1Pv4 internal Reachability length %",
ar eat ag,
[ ength);
#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG | PV4_| NT_REACHABI LI TY) {
while (length > val ue_l en)
i pv4_reach = (struct ipv4_reachability*)pnt;
if ('tlvs->ipvd_ int _reachs) tlvs->ipvd int _reachs = list_new);
i stnode_add (tlvs->ipv4d_int_reachs, ipv4_reach);
val ue len += 12;

pnt += 12;

}
el se {

pnt += | ength;
br eak;

case | PV4_EXT_REACHABI LI TY:

[* 4------- - E - Fomm - - Fo-m - - R Hom oo - R, +
* 0 | I/E | Default Metric | 1
[ S E - E - E - Fo-m - - - AR, oo oo - R +



* S | I/E | Delay N@tr|c | 1
L S Fommm o Fomm e e iR Fomm oo Fommmm - +
* S | I/E | Expense thr|c | 1
S S Fomm oo Fomm o e Tl S SR Fomm oo Fommm - +
* S | I/E | Error N@tr|c | 1
L S Fomm oo Fommm e Fommm e Fomm oo - S Fomm oo Fommm - +
* i p address | 4
o +
* address mask | 4
e +
* .

*/.

*found | = TLVFLAG TE_| PV4_REACHABI LI TY;
#i f def EXTREME_TLV_DEBUG
zlog_info ("ISIS-TLV (%): |Pv4 external Reachability length %",
ar eat ag,
[ ength);
#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG TE_| PV4_REACHABI LI TY) ({
while (length > value len) {
i pv4_reach = (struct ipv4_reachability*)pnt;
if ('tlvs->ipvd ext reachs) tlvs->ipvd ext reachs = list_new);
i stnode_add (tlvs->i pv4d_ext_reachs, ipv4_reach);
val ue len += 12;

pnt += 12;
}
el se {
pnt += | ength;
br eak;
case TE_| PV4A_REACHABI LI TY:

[* 4------- F - E - E - Fo-m - - - A, oo oo - R +
* TE Metric | 4
R SR F - E - Homm - - Fo-m - - - AR Homm - - E R +
*| UD | sTLV? | Prefix Mask Len | 1
[ S R - E - E - Fo-m - - - A, F - E R, +
* Prefix | 0-4
£ +
* sub tlvs |
T +
* .

*/.

*found | = TLVFLAG TE_I PV4_REACHABI LI TY;
#i f def EXTREME_TLV_DEBUG
zlog_info ("I'SIS-TLV (%) : |1Pv4 extended Reachability length %",
ar eat ag,
| engt h);
#endi f /* EXTRENE_TLV_DEBUG */

if (*expected & TLVFLAG TE_| PV4_REACHABI LI TY) {
while (length > value len) {
te_ipv4 _reach = (struct te_ipv4 reachability*)pnt;
if (!tlvs->te_ipvd_reachs) tlvs->te_ipvd_reachs = list_new);
|istnode_add (tlvs->te ipv4 reachs, te_ ipv4 reach);
/* this trickery is permtable since no subtlvs are defined */
value len += 5 + ((te_ipv4_reach->control & Ox3F) ?
((((te_ipv4d_reach->control & 0x3F)-1)>>3)+1) : 0);
pnt += 5 + ((te_ipv4d_reach->control & Ox3F) ?
) ((((te_ipvd_reach->control & O0x3F)-1)>>3)+1) : 0);
el se {

pnt += | ength;
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br eak;

#i fdef HAVE_| PV6
case | PV6_ADDR

[* +------- B S, B S, B S, B S, S [ S, o m o - +

* 4+ I P version 6 address + 16
[ S B S, B S, B S, o mm o - S B S, o m o - +

* .

*/.

*found | = TLVFLAG_| PV6_ADDR
#i f def EXTREME_TLV_DEBUG
zlog_info ("ISIS-TLV (%) : | Pv6 Address length %",
ar eat ag,
| engt h);
#endi f /* EXTREME_TLV_DEBUG */
if (*expected & TLVFLAG | PV6_ADDR) ({
while (length > value_|len) {
i pv6_addr = (struct in6_addr*)pnt;
it (!tlvs->ipv6_addrs) tlvs->ipv6_addrs = |list_new);
i stnode_add (tlvs->ipv6_addrs, ipv6_addr);
val ue_l en += 16;

pnt += 16;
} else {
pnt += | ength;
br eak;
case | PV6_REACHABI LI TY:
[* 4------- F - E - E - Fo-m - - A, Hom o - - - R, +
* Default Metric | 4
[ S F - E - E - Fo-m - - - A, oo e - R, +
* Control Informantion
E +
* | Pv6 Prefix Length [--+
E +
* | Pv6 Prefix | <-+
e +
*/
*found | = TLVFLAG | PV6_REACHABI LI TY;
if (*expected & TLVFLAG | PV6_REACHABI LI TY) {

while (length > value len) {
i pv6_reach = (struct ipv6_reachability*)pnt;
prefix_octets = ((ipv6_reach->prefix _len + 7) / 8);
value len += prefix_octets + 6;
pnt += prefix_octets + 6;
/* FI XME: sub-tlvs */
if (!tlvs->ipv6_reachs) tlvs->ipv6_reachs = list_new();
Iistnode_add (tlvs->i pv6_reachs, ipv6_reach);

} else {
pnt += | ength;

br eak;
#endif /* HAVE | PV6 */

case WAY3_HELLO

T +

* Adj acency state | 1

e +

* Ext ended Local Circuit ID | 4

e +

* Nei ghbor System ID (If known) | 0-8
* (probably 6)

£ +



* Nei ghbor Local Circuit ID (If known)
*/+ ---------------------------------------------------------------
*found | = TLVFLAG 3WAY_HELLG,
if (*expected & TLVFLAG 3WAY_HELLO) {
while (length > value |len) {
[* FIXVE: make this work */

/* Adj acency State (one octet):
0 =1Up
1 =1Initializing
2 = Down

Ext ended Local Circuit ID (four octets)
Nei ghbor System ID if known (zero to eight octets)
Nei ghbor Extended Local Circuit ID (four octets, if Neighbor
System I D is present) */
pnt += | ength;

} else {
pnt += | ength;

br eak;
defaul t:

zlog_warn ("I1SIS-TLV (%) : unsupported TLV type %l, length %",
ar eat ag,
type,
| engt h);

retval = | SI'S_ WARNI NG,

pnt += | ength;

br eak;

}
}
return retval;

}

The writing of TLVs is performed by different functions for each TLV type. Each of the
functions utilizes the function add_t | v(). Below writing of Area Addresses TLV is
shown.

i nt
add_tlv (u_char tag, u_char len, u_char *value, struct stream *strean

{

if (STREAM SI ZE (strean) - streamget putp (stream) < len + 2) {
zlog_warn ("No roomfor TLV of type %", tag);
return | SIS WARNI NG

streamputc (stream tag); /* TAG */
stream putc (stream len); [* LENGIH */
stream put (stream value, (int)len); /* VALUE */

#i f def EXTREME_DEBUG

zlog_info ("Added TLV % len %", tag, |en);
#endi f /* EXTREME DEBUG */

return I SIS _OK;
}
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i nt

tlv_add area_addrs (struct list *area_addrs, struct stream *strean)
{

struct |istnode *node;

struct area_addr *area_addr

u_char val ue [255];
u_char *pos = val ue;

for (node = |isthead (area_addrs); node; nextnode (node)) {
area_addr = getdata (node);
if (pos - value + area_addr->addr | en > 255)
goto err;
*pos = area_addr->addr _|en
pos ++;
nmencpy (pos, area_addr->area_addr, (int)area_addr->addr_|en);
pos += area_addr->addr _| en

}
return add_tlv (AREA ADDRESSES, pos - val ue, value, stream

err:
zl og_warn ("t I _add_area_addrs(): TLV |l onger than 255");
return | SI'S_ WARNI NG,

}

The election of LAN DIS is performed by the functioni si s_dr _el ect (). The func-
tion first finds a candidate for the LAN DIS from the adjacencies on the circuit and then

compares its priority to the priority of the IS itself.
i nt
isis_dr_elect (struct isis_circuit *circuit, int level)
{

struct hash *adj db;
struct |istnode *node;
struct isis_adjacency *adj, *adj _dr = NULL

struct list *list = list_new ();
u_char own_prio, biggest _prio = 0;
int cnp_res, retval = ISIS K

own_prio = circuit->u.bc.priority[level-1];
adjdb = circuit->u.bc.adjdb[level - 1];

i f(!adjdb) {
zlog_warn ("isis_dr_elect() adjdb == NULL");
retval = ISIS RNI NG
list_delete (list);
goto out;

}
hash_iterate (adjdb,
(void (*) (struct hash_backet *, void *))
isis_adj build up list, list);
/*
* Loop the adjacencies and find the one with the biggest priority
*
/
for (node = listhead (list); node; nextnode (node)) {
adj = getdata (node);
/* clear flag for show output */
adj->dis_record[level-1].dis = 1SIS IS NOT_D S;
adj ->dis_record[l evel -1] .1 ast_dis_change = time(NULL);
if (adj->prio[level-1] > biggest_prio) {
bi ggest _prio = adj->prio[level-1];
adj _dr = adj;
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} else if (adj->prio[level-1] == biggest_prio) {
/*

* Conparison of MACs breaks a tie
*/
if (adj_dr) {
cnp_res = nencnp (adj _dr->snpa, adj->snpa, ETH ALEN)
if (cnmp_res < 0) {
adj _dr = adj;

}
if (cnp_res == 0)
zlog_warn ("isis_dr_elect(): nultiple adjacencies with sane SNPA");
} else {
adj _dr = adj;

}

?f/g!adj_dr) {

* Could not find the DR - neans we are alone and thus the DR

*/
if (!circuit->u.bc.is_dr[level - 1]) {
list delete (list);
[ist = NULL;
return isis_dr_commence (circuit, level);
goto out;
.
* Now we have the DR adjacency, conpare it to self
*/
if (adj_dr->prio[level-1] < own_prio || (adj_dr->prio[level-1] == own_prio &&
mencnp (adj _dr->snpa, circuit->u.bc.snpa
ETH ALEN) < 0)) {
if ('circuit->u.bc.is_dr[level - 1]) {
/*
* W are the DR -> comence
*/

list delete (list);
return isis_dr_comence (circuit, level);

} else {
/* ok we have found the DIS - lets nmark the adjacency */
/* set flag for show output */
adj _dr->dis_record[level - 1].dis = 1SIS IS DS
adj _dr->dis _record[level - 1].last_dis change = time(NULL);
/* now | oop through a second tine to check if there has been a D S change
* if yes rotate the history | og
*
/
for (node = listhead (list); node; nextnode (node)) {
adj = getdata (node);
i sis_check_dr_change(adj, |evel);

}

/*

* W are not DR - if we were -> resign
*/

if (circuit->u.bc.is_dr[level - 1]) {

list delete (list);
return isis_dr_resign (circuit, level);
}
}

out:
if (list)
list delete (list);
return retval
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The i sis_run_spf () function takes care of running the Dijkstra algorithm. First
it pre-loads the TENT database and then processes it in a loop adding vertices
to the PATH database when appropriate. The add_to_pat hs() function calls
i sis_route_create() for vertices that contain IPv4 or IPv6 address reachability in-

formation.

voi d

add to paths (struct isis _spftree *spftree, struct isis_vertex *vertex,
struct isis_area *area)

{

#i f def EXTREME_DEBUG
u_char buff[BUFSI Z] ;
#endi f /* EXTREME_DEBUG */
i stnode_add (spftree->paths, vertex);

#i f def EXTREME_DEBUG
zlog_info ("ISIS-Spf: added % % depth %l dist % to PATHS"
vtype2string(vertex->type), vid2string(vertex, buff),
vertex->depth, vertex->d_N);
#endi f /* EXTREME_DEBUG */
if (vertex->type > VIYPE_ES) {
if (listcount(vertex->Adj_N) > 0)
isis route create ((struct prefix *)&vertex->N. prefix,
vertex->d_N, vertex->depth, vertex->Adj N, area);
el se if (isis->debugs & DEBUG SPF_EVENTS)
zlog_info ("1SIS-Spf: no adjacencies do not install route");

return;

i nt

isis_run_spf (struct isis _area *area, int level, int famly)
int retval = SIS OK

struct |istnode *node;

struct isis_vertex *vertex;

struct isis_spftree *spftree = NULL;
u char Isp_ id[ISIS SYS IDLEN + 2];
struct isis_lsp *Isp;

if (famly == AF_I NET)
spftree = area->spftree[level - 1];
#i fdef HAVE_| PV6
else if (famly == AF_| NET6)
spftree = area->spftree6[level - 1];
#endi f

assert (spftree);

/*
* C.2.5 Step O
*/
init_spt (spftree);
/[ * */
isis_spf_add self (spftree, area, |evel);
/* b) */
retval = isis_spf_preload tent (spftree, area, level, fanily)
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/*
* C. 2.7 Step 2
*/
if (listcount (spftree->tents) == 0) {
zlog_warn ("I1SIS-Spf: TENT is empty");
spftree->lastrun = tine (NULL);
return retval

while (listcount (spftree->tents) > 0) {

node = listhead (spftree->tents);

vertex = getdata (node);

/* Remove fromtent list */

list _delete node (spftree->tents, node);

if (isis_find_vertex (spftree->paths, vertex->N.id, vertex->type))
conti nue;

add_to_paths (spftree, vertex, area);

if (vertex->type == VIYPE PSEUDO | S ||

vertex->type == VTYPE_NONPSEUDO | S) {

mencpy (lsp_id, vertex->N.id, ISIS SYS ID LEN + 1);
LSP_FRAGMVENT(I sp_id) = 0;

| sp = I sp_search (lsp_id, area->lspdb[level - 1]);
if (Isp) {
if (LSP_PSEUDO ID (Isp_id)) {
i sis_spf_process_pseudo_lsp (spftree, |sp, vertex->d_N,

vertex->depth, fanmly);

} else {
i sis_spf_process_|lsp (spftree, Isp, vertex->d_N, vertex->depth,
famly);
} else {

zlog_warn ("1SIS-Spf: No LSP found for %", rawl spid_print (lsp_id));

}
}

thread_add event (naster, isis route validate, area, 0);

spftree->lastrun = time (NULL);
spftree->pending = 0;
if (level == 1)
spftree->t_spf_periodic = thread_add_tiner (master,
isis_run_spf |1, area
isis jitter
(PERI QDI C_SPF _| NTERVAL, 10));
el se
spftree->t_spf_periodic = thread_add_tiner (master,
isis run_spf |2, area
isis_jitter

(PERTODI C_SPF_I NTERVAL, 10));

return retval
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The routes are inserted to the area’s route table by the functioni si s_route_create().
The function creates a routing entry and checks if a similar entry exists. If there already
exists a route to the given prefix, the routes are compared. The comparison is based on the
cost of the route. If the routes have the same cost the next hop lists are merged.

struct isis_route_info *

isis route create (struct prefix *prefix, u_int32_t cost, u_int32 t depth,
struct list *adjacencies, struct isis_area *area)

{

struct route_node *route_node;

struct isis_route_info *rinfo_new, *rinfo_old, *route_info = NULL;
u_char buf f[BUFSI Z] ;

u_char famly;

famly = prefix->fanily;
/* for debugs */
prefix2str (prefix, buff, BUFSIZ);

rinfo_new = isis_route_info_new (cost, depth, fam |y, adjacencies);
if (!rinfo_new) {
zlog_err ("ISISRe (%): isis_route_create: out of nermory!",
area->area_tag);
return NULL;

}

if (famly == AF_I NET)
route_node = route_node_get (area->route_table, prefix);
fdef HAVE_I PV6
else if (famly == AF_| NET6)
route_node = route node_get (area->route_table6, prefix);
#endi f /* HAVE | PV6 */
el se
return NULL;
rinf o_oI d = route_node->i nfo;
if (!rinfo_old) {
if (isis->debugs & DEBUG RTE_EVENTS)
zlog_info ("ISIS-Rie (%) route created: %", area->area_tag, buff);
SET_FLAG(rinfo_new >flag, |SIS_ ROUTE_FLAG ACTI VE);
route_node->info = rinfo_new,
return rinfo_new,

4i

}

if (isis->debugs & DEBUG RTE_EVENTS)
zlog_info ("ISIS-Rte (%) route already exists: %", area->area_tag,
if (isis_route_info_same (rinfo_new, rinfo_old, famly)) {
f i s->debugs & DEBUG RTE_EVENTS)

o——
_‘Q(ﬂ

_route_info_delete (rinfo_new);
e info = rinfo_old;
e if (isis_route_info_sanme_attrib (rinfo_new, rinfo_old)) {
merge the nexthop lists */
(i sis->debugs & DEBUG RTE_EVENTYS)
zlog_ info ("ISIS-Rte (%) route changed (sane attribs): %",
area->area_tag, buff);
#i f def EXTREME_DEBUG
zlog_info ("Ad nexthops");
next hops6_print (rinfo_ol d->nexthops6);
zl og_i nfo ("New nexthops");
next hops6_print (rinfo_new >nexthops6);
#endi f /* EXTREME_DEBUG */
isis_route_info_nmerge (rinfo_new, rinfo_old, fanmly);
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isis_route_info_delete (rinfo_new);
route_info = rinfo_old;
} else {
if (isis_route_info prefer_new (rinfo _new, rinfo old)) {
if (isis->debugs & DEBUG RTE_EVENTS)
zlog_ info ("ISIS-Rte (%) route changed: %", area->area_tag, buff);
isis_route_info_delete (rinfo_old);
route_info = rinfo_new,
} else {
if (isis->debugs & DEBUG RTE_EVENTS)
zlog_ info ("ISIS-Re (%) route rejected: %", area->area_tag, buff);
isis_route_info_delete (rinfo_new);
route_info = rinfo_old,
}
}

SET_FLAG (route_info->flag, |SIS ROUTE FLAG ACTI VE)
route_node->info = route_info;

return route_info;

The thread for i si s_rout e_val i dat e() is scheduled to be executed soon after the
Dijkstra algorithm. The functions inspects the routes of the area and calls the function
zebra_rout e_updat e() which in turn informs the Zebra daemon of the changes in
the route table.

i nt
isis_route validate (struct thread *thread)

struct isis_area *area
struct route table *table;
struct route_node *rode;
struct isis_route_ info *rlnfo
u_char buf f[BUFSI Z] ;
#i fdef HAVE_| PV6
i nt védone = O;
#endi f
area = THREAD ARG (thread);
tabl e = area->route_table;
#i f def HAVE | PV6
agai n:
#endi f
for (rode = route_top (table); rode; rode = route_next (rode)) {
if (rode->info == NULL)
conti nue;
rinfo = rode->i nfo;

i f (isis->debugs & DEBUG RTE_EVENTS)
prefix2str (& ode->p, buff, BUFSIZ);
zlog_info ("ISIS-Rte (%): route validate: % % %",
area- >area_t ag,
(CHECK_FLAG (rinfo->flag, |SIS_ROUTE_FLAG ZEBRA SYNC) ?

"sync’ ed": "nosync"),
(CHECK_FLAG (rinfo->flag, |SIS ROUTE_FLAG ACTIVE) ?
"active": "inactive"), buff);
}
i sis_zebra_ route_update (& ode->p, rinfo);
i f ('CHECK FLAG (rinfo->flag, |SIS ROUTE FLAG ACTI VE))
isis_route_del ete (& ode->p, area->route_table);
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}
#i f def HAVE | PV6
if (v6done)
return I SIS _COK;
tabl e = area->route_tabl e6;
vbédone = 1;
got o agai n;
#endi f

return I SIS _OK;
}
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Appendix B - Files of ISISd

Filename Lines | Content

dict.[ch] 1640 | the Kazlib red-black tree
isis_adjacency.[ch] | 632 | the adjacency database
isis_circuit.[ch] 2301 | circuit related routines

isis_common.h 56 | common definitions for all the modules
isis_constants.h 151 | some constants used in the implementation
isis_csm.[ch] 233 | circuit state machine
isis_dr.[ch] 419 | LAN DIS routines
isis_dynhn.[ch] 165 | dynamic hostname cache
isis_events.[ch] 381 | event wrapper for events such as system type change

isis_flags.[ch] 129 | implementation of SRM and SSN flags
isis_Isp.[ch] 2428 | LSP database and LSP generation routines
isis_main.c 328 | the main() routine
isis_misc.[ch] 521 | miscellaneous helper routines
isis_network.[ch] 659 | OSI Layer 2 network 1/0
isis_pdu.[ch] 2534 | handling of IS-IS PDUs

isis_route.[ch] 667 | handling of routes
isis_spf.[ch] 1343 | the SPT algorithm
isis_tlv.[ch] 1258 | processing of TLVs
isis_zebra.[ch] 607 | interface to Zebra
isisd.[ch] 2003 | top level datastuctures and related routines
iso_checksum.[ch] | 221 | implementation of the Fletcher cheksum
total 18676
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