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Multi-layer path finding is a problem. | will not give an answer to that, but | will show that
there is a problem, and give you both an information and a data model to use.
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This is our network. It’s an example based on a practical problem in the GLIF about 2004.
Hybrid: different technologies/layers. Different adaptations between layers. Not all available.
Question for the network engineers in the audience: please find the shortest working path
from University of lllinois at Chicago to Charles University in Prague.



can adapt GE

University in STS-24.c
of lllinois at Girpsih -
Chicago & Jabit Ethernet
Si(c::l.ighi Univerzita
\tago Karlova v
Praze
O
OC-192 210 CE
(22 free) (87 free)
UKLight
London CESNET
: h
0C192 o
can adapt GE in (38 free) 2x 0C192 can adapt GE
STS-24c or STS-3¢-7v (63 free) in STS-3¢-7v

dinsdag 18 september 2007

This is our network. It’s an example based on a practical problem in the GLIF about 2004.
Hybrid: different technologies/layers. Different adaptations between layers. Not all available.
Question for the network engineers in the audience: please find the shortest working path
from University of lllinois at Chicago to Charles University in Prague.
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First attempt: shortest path if you consider this as a graph.
Link constraints don’t work: every path is available.
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We need to take adaptation into account: StarLight and CESNET us different adaptations of GE
in STS channels.
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This is the shortest path through this network. You can not just consider one layer in this
example: Quebec and Amsterdam do not even know about SDH. NetherLight does not
understand Ethernet. Adaptations are important.

We need a new “Dijkstra”.



Create a computer-readable
network description, that provides
enough information for path
finding in multi-layer networks

Goal
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3 tasks ahead: make model, make syntax, make software.



The Modelling Process

Network
Elements

Functional
Elements
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<ndl:Device rdf:about="#Forcel0">
<ndl:haslnterface rdf:resource=
"#ForcelO:te6/0"/>
</ndl:Device>

<ndl:Interface rdf:about="#Force10:te6/0">
<rdfs:label>te6/0</rdfs:label>
<ndl:capacity>1.25E6</ndl:capacity>
<ndlconf:multiplex>
<ndlcap:adaptation rdf:resource=
"#Tagged-Ethernet-in-Ethernet"/>
<ndlconf:serverPropertyValue
rdf:resource="#MTU-1500byte"/>
</ndlconf:multiplex>
<ndlconf:hasChannel>
<ndlconf:Channel rdf:about=
"#Forcel0:te6/0:vlan4">
<ndleth:hasVlan>4</ndleth:hasVlan>
<ndlconf:switchedTo rdf:resource=
"#Forcel0:gi5/1:vlan7"/>
</ndlconf:Channel>
</ndlconf:hasChannel>
</ndl:Interface>
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Let’s remind about the theory of modelling.

- Network elements: physical device

- Map to functional elements (e.g. G.805 elements)
- Rewrite that in a concise, but compact syntax (e.g. NDL)




can adapt GE
INn STS-24c¢

O0C-192
(22 free)

210D
(87 free)

OC192
can adapt GE in (38 free) 2x OC-192
STS-24.c or STS-3¢-7v (63 free)

can adapt GE
in STS-3¢-7v

dinsdag 18 september 2007

Task 1: Model (GMPLS + G.805): next few slides



Switching matrix A devices switches data
based on:

@® The source interface

® One or more labels

Example label types:
@® Ethernet VLAN

@ SONET STS Channel
® Wavelength (M)

¢

For example, all data from
channel 31 of interface 2 is
forwarded to channel 28 of
interface 4.

Channels
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Core of a device is a switching matrix. Typically, every connected link is split (demuxed) into

multiple channels, each of which is connected to the switching matrix.
Any property that is used to make a switching decision is a label type.
GMPLS concept.
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G.805. Let’s go back to our second attempt and examine the adaptation incompatibilities.
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SONET Ethernet & SONET
End switch with SONET SONET switch with End
host Ethernet intf. switch switch Ethernet intf. host
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We use G.805 functional elements for our information model.

subnetwork, connection points (few per interface), adaptation (+termination) functions, links,
link connections, subnetwork connections (configuration), network connections.

In addition, we use the label concept of GMPLS (not explained in presentation).




Subnetwork with 433
connection points

Device

switchingCapability — LabelType
Can switch, but not change label.
E.g. from STS 31 of interface 2 to
STS 31 of interface 4.

swappingCapability — LabelType
Can change label.
E.g. from STS 31 of interface 2 to
STS 28 of interface 4.

Interface

hasLabel — Label

Channel Identifier

switchedTo — Interface
A subnetwork connection
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mapping device —-> subnetwork
Explain switching and swapping!




Interfaces:

A\. Ethernet interface
(over UTP)
(Adapts in STS-3¢-7v)

3. OC-192 interface

C. OC-48 interface
(over fiber)

D. OC-192 interface
(over DWDM at
1552.52nm over fiber)

0“. ‘ )
Ethernet layer

l—~— —- STS layer

s ) DLical Carrier layer

_ambda layer
DWDM layer

JTP-layer
fiber layer

A

®
| .
(External)
Adaptations

\ )

Y
Y
7
V
@
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Examples of mapping interface -> functional elements (connection points and adaptation

functions)




Interfaces:

A\. Ethernet interface
(over UTP)
(Adapts in STS-3¢-7v)

. OC-192 interface

3
C. OC-48 interface
(over fiber)

D. OC-192 interface
(over DWDM at
D 1552.52nm over fiber)

(External) Ethernet layer

Adaptation STS layer

N Optical Carrier layer

_ambda layer
DOWDAMA | |:\/nr

I TP layer
fiber layer
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Examples of mapping interface -> functional elements (connection points and adaptation

functions)



\ / Adaptation

[TT]

Label/  Multiplexing

Adaptation
\ T 7 Inverse
/ Multiplexing
Adaptation
00000

Adaptation

rdf:ID — URI
clientLayer — Layer
serverLayer — Layer
labels — LabelSet
allowed/available labels
clientLayerCount — integer
>1 for multiplexing.
serverLayerCount — integer
1 by default.
>1 for inverse multiplexing.
clientCapacity — float

provided max. capacity in Bytes/s
to the client layer.

serverCapacity — float
required min. capacity in Bytes/s
per channel from the client layer.

serverPropertyValues — PropertyValues
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Example of adaptation: Ethernet over UTP, or Ethernet over Fiber.
Example of multiplexing: different data streams, each in a separate wavelength.
Example of inverse multiplexing: Ethernet in multiple STS timeslots.




Techology Specific Schemas
7

MAC Control

MAC
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Reason to separate technology schemas from other schemas: we want to allow changes to

the schema.

It is not clear how much simplification we allow in the schema. Here is an example of a model
with lots of details. Left: LAN PHY, Right: WAN PHY Ethernet



Techology Specific Schemas

LAN PHY WAN PHY

Ajuo JaAp| yulpjpQq

Medium Medium
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More simple description of same layers.

Reason to for me describe networks: describe incompatibilities for path finding, so | don’t
need more info. Perhaps someone else may.



Create a computer-readable
network description, that provides
enough information for path

viti-layer network- )
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So we completed task 1, the modelling. Next up: step 2: syntax.



Different Subtopics

® Topology
(existing NDL schema)

@ Layer specification
Definition of different Layers
Layer, LabelType, Adaptation

@ Device capabilities
Configurable Interfaces,
switching & swapping capability.

© Device configuration
Internal connections, available
labels (e.qg. free VC-4 channels)

© Domain abstraction ...
© Path Requests ...

[ @ IP schema
@® Ethernet schema
® ATM schema

@ SONET/SDH

SC

® Fi

SC

schema
® WDM schema
® Physical layer

nema
ber bundle

1€Mma
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Each subtopic got it’s own schema. We have 4 basic schemas (nhot mentioned: physical

properties, re-use CIM).
In addition, we have 6 layer-specific schema.

Capability: needed for path finding; Configuration: needed for fault isolation.



Network Description

806

1 glifdemo.rdf

53

~~

2| <ndl:Device rdf:about="http://uqam.ca/#QuebecEthernetDevice">
<rdfs:label>Quebec</rdfs:label>
<ndl:hasInterface rdf:resource="http://uqam.ca/#ifl-eth"/>

56 <ndl:hasInterface rdf:resource="http://ugam.ca/#ifl-utp"/>
57 0| kk/ndl:Device>
Technology 58
59 &2 <ndl:Interface rdf:about="http://uqam.ca/#ifl-utp">
= = 60 <rdf:type rdf:resource="http://www.science.uva.nl/research/sne/ndl
Descrlphon 61 <!-- Static UTP Interface -->
62 <rdfs: 1abe1>;f;mg§p</rdfs label>
x 63 <ng adJo rdf:resource="http://canarie.ca/#ifla-utp" />
®006 64 <copper:base-T>
o 65 & - ace rdf:about="http://uqam.ca/#ifl-eth">
29 |<!-- TWISTED PAIR LAYER --> 66 xdf:type rdf:resource="http://www.science.uva.nl/research
30 67 M -- Static Ethernet Interface -->
31| <rdfs:Class rdf:about="http://www. 68 <Qdfs:label>If1l-eth</rdfs:label>
32 <rdfs:isDefinedBy rdf:resource 690 </ndl¥nterface>
33 <rdfs:label xml:lang="en">UTP< 70C </copper:bgse-T>
34 <rdfs:comment xml:lang="en">Ne 71 J|</ndl:Interfacl
35 <rdf:type rdf:resource="http:/ 72
36 <rdfs:subClassOf rdf:resource= 73 ia|<ndl:Device rdf§about="http://canarie.ca/#CANetDevice">
37 <rdfs:subClassO0f rdf:resource= /4 <rdfs:labelQ CA*net</rdfs:label>
38 19/ </rdfs:Class> 75 <ndl:hasIntdyface rdf:resource="http://canarie.ca/#ifla-eth"/>
39 76 <ndl:hasIntegface rdf:resource="http://canarie.ca/#ifla-utp"/>
40 52l <rdfs:Class rdf:about="http://www. 77 <ndl:hasInteRface rdf:resource="http://canarie.ca/#iflb-eth"/>
41 <rdfs:isDefinedBy rdf:resource 78 <ndl:hasIntefface rdf:resource="http://canarie.ca/#iflb-vc4"/> -\
42 <rdfs:label xml:lang="en">Shie /9 <ndl:hasInterface rdf:resource="http://canarie.ca/#iflc-vc4"/> A
43 <rdfs:comment xml:lang="en">Th 80 <ndl:hasInter§ace rdf:resource="http://canarie.ca/#if2-fiber"/>- |v
44 | </rdfs:Class> - )< >
45 Line: 57 Column: 1 XM : (v Soft Tabs: 4 s+ — v y/
46 (2| <layer:AdaptationProperty rdf:a@I="http://www.science.uva. nl/research/sne/ndl/copper#base
47 <rdfs:isDefinedBy rdf:resource="http:// W —_ <ymnv] 9oLz />
48 <rdfs:label xml:lang="en">base- T</rdfs.1abe1>
49 <rdfs:comment xml:lang="en">Adaptation of Ethernet into a UTP cable. This includes the all base-T Ett
50 <rdf:type rdf:resource="http://www.w3.0rqg/1999/02/22-rdf-syntax-ns#Property"/>
51 <rdfs:range rdf:resource="http://www.science.uva.nl/research/sne/ndl#ConnectionPoint"/>
52 <rdfs:range rdf:resource="http://www.science.uva.nl/research/sne/ndl/ethernet#EthernetNetworkElement"
53 <rdfs:domain rdf:resource="http://www.science.uva.nl/research/sne/ndl#ConnectionPoint"/>
54 <rdfs:domain rdf:resource="http://www.science.uva.nl/research/sne/ndl/copper#TwistedPairNetworkElemer\®
55 <layer:clientCount rdf:datatype="http://www.w3.0rqg/2001/XMLSchema#integer">1</layer:clientCount>
56 <layer:serverCount rdf:datatype="http://www.w3.0rg/2001/XMLSchema#integer">1</layer:serverCount> »
57 3| </layer:AdaptationProperty> =
£EO =1 assarmel avemanr rAf . abhautabhtdbn. S hnst reosanen anun nl /.-sz.-pu lenmanlndl /loathavrnatrdltrhanrnatbAMatiinrlceC] amand ! /o X
e )< i»
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Every domain publishes its own data. RDF allows domains to link to each other.
Publication can be (semi-)static, or using webservice.



Python NDL Toolkit

® Input of network and technology descriptions in

NDL/RDF
@ Partial RDF sc

@ Input of networ
or OSPF)

€

T4

< C

€5C

DASEr

‘iptions from-devices (CHE FCE]

@ TL1, CLI, OSPF parsers
(Similar to SARA Per| TL1 toolkit, only in Python)

© Output to NDL/RDF
@ Output to DOT (Graphviz)
@ Path Walk (existing connections)

@ Path Find (available connections)
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Now we can make network descriptions. (Step 2 is done).
Next up, step 3: Make software to do something useful with it.
Available for download. (BSD-license)
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This is our network. It’s an example based on a practical problem in the GLIF about 2004.
Hybrid: different technologies/layers. Different adaptations between layers. Not all available.
Question for the network engineers in the audience: please find the shortest working path
from University of lllinois at Chicago to Charles University in Prague.
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1. model



Path Find Algorithm
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Graph of logical interfaces (each colour is a different layer).

Diamond shapes are switch matrices (subnetworks in G.805).

Labels are adaptations functions. Labels are not represented in this visualization.



% pathfind.py PFAvailable

Using breadth first search algorithm to find a path from Quebec ifl to Amsterdam if8

Starting point

Link to

Adaptation GE in 24 STS
Through SONET switch
Adaptation STS in 0C-192
Link to

De-adaptation STS in 0C-192
Through SONET switch
Adaptation STS in 0C-192
Link to
0C-192
24 STS
switch
21 STS
0C-192
Link to
De-adaptation STS in 0C-192
Through SONET switch
Adaptation STS in 0C-192
Link to

De-adaptation STS in 0C-192
Through SONET switch
Adaptation STS in 0C-192
Link to

De-adaptation STS in 0C-192
Through SONET switch
De-adaptation GE in 21 STS
Link to

De-adaptation STS in
De-adaptation GE in
Through Ethernet
Adaptation GE in
Adaptation STS in

UIC
StarLight
StarLight
StarLight
StarLight
NetherLight
NetherLight
NetherLight
NetherLight
UKLight
UKLight
UKLight
UKLight
UKLight
UKLight
StarLight
StarLight
StarLight
StarLight
NetherLight
NetherLight
NetherLight
NetherLight
CESNET
CESNET
CESNET
CESNET

CUni

ifl
ifl
ifl
if4
if4
if4
if4
if3
if3
1f3
if3
1f3
12
12
if2
12
12
if4
if4
if4
if4
1f6
if6
1f6
if6
1f8
1f8
1f8

Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet
Ethernet

over
over
over
over
over
over
over
over
over

over
over
over
over
over
over
over
over
over
over
over
over
over

STS
STS
STS
STS
STS
STS
STS
STS
STS

STS
STS
STS
STS
STS
STS
STS
STS
STS
STS
STS
STS
STS

over
over

over

over

over

over

over
over

over
over

0C-192
0C-192

0C-192

0C-192

0C-192

0C-192

0C-192
0C-192

0C-192
0C-192
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Result of path finding algorithm



Path Finding

Ethernet @ Feth
3c-7v
SONET layer 63 (Fsrs

Breadth first search
algorithm

(by F. Dijkstra, UvA)

Ethernet @ ﬁeth Deth

24c¢ stack Boac ———2—2——@ / e @

Modified E.W. Dijkstra
(by F. Kuipers, TU Delft)

87
3c-7v stack B3ac7v 22 @ 38 @
= 23
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http://ndl.uva.netherlight.nl
http://ndl.uva.netherlight.nl

Basics Concepts

® Adaptation stacks
® Switch matrix
® Switching and swapping

® Labels

® Multiplexing (potential interfaces)




Advanced Concepts

® Optional vs. compulsory labels

® Ingress/egress label (packet switching)
® Internal labels (Untagged Ethernet)

® Internal adaptation stack

® Inverse multiplexing (> 1 server layer)
® Multicast switching

® Broadcast switching - emc




Interfaces

~ Static Interface ~ Potential Interface
Fixed interface. Can not be Abstract interface. 0, 1 or many of
changed in any way. these interface can be configured.
laser at 1310 nm "It is possible to create Tagged

- Configurable Interface Eifieimel chonnels!
Interface always exists, but can <~ Instantiated Interface
still be configured. Instantiation of a Potential Interface.
tunable laser Configured timeslot on VC-4 layer.

Potential Interface(s) _
O  Static Interface Potential Interface

O  Configurable Interface

Configurable Interface(s) Configurable Interface

Potential Interface Instantiated Interface Interface
(when instantiated)

Static Interface Static Interface Configurable Interface
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Semantic Challenges

X linkTo Y, but not Y linkTo X means:

@ 23 unidirectional link
@ only X is configured, Y is not (but X would accept data from Y).

Which of the connection points below is configured (admin up/link
up), and is there a fiber?

egress ingress

<1 <]
ingress egress
connection point link connection connection point
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Semantic Challenges

What does a Potential or Available configuration mean:

@ !Is it technically possible? Possible without breaking other

connections ?
If so, what does “breaking” mean? What if | reconfigure the other switch

connection? Is that broken?

@ Is it administratively possible?

We distinguish between actual (is configured/static), potential and
available
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Semantic Challenges

If a layer has a label, does it have to exists for an actual

Interface?
@ The Ethernet label is the VLAN (IEE 802.1Q) label.

@ Itis only embedded in the data itself for Ethernet over Ethernet
(Tagged Ethernet).

@ For untagged Ethernet, it is used for switching within a switch matrix
@® An untagged channel can have different “label” at each end.

Our solution: we use the "empty label” as concept, but still sometimes it MUST be
empty, sometimes it MUST NOT be empty

We only use the IEEE 802.1Q label as the actual label (in the GMPLS sense),
and the VLAN tag as an “internal label”, for switching only.

-

- [
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Logical Challenges

|\\

Give me all “switchTo” means:

Depends on:
@ Question: do you want Actual/Potential/Available switchTo?

@® \What kind of interfaces are we talking about: Static/Configurable/
Potential/Instantiated
Do we return one or two switchTo for a Potential and Instantiated
interface?

@ \What type of switch matrix, if any: None (patch panel)/Unicast/
Multicast/Broadcast

@ dCan the switch matrix convert between labels (switching &
swapping)
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Logical Challenges

When is a switchTo (subnetwork conncetion) in use?

@ We can re-use a connection at a lower layer, as long as the labels are
different on higher layers (different channels).

Example:

Ethernet A -> Cneed to go to E and F:
® A->E:10Gb/s LAN PHY

® E->F:.10 Gb/s WAN PHY

® F->C 1Gb/s

How/when to detect that this is not
possible due to a conflict at OXCd?
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Logical Challenges

For a path, 4 channels over the same client layer are
required:

® A. Must have label in set {3,4}

@ B. Must have label in set {3,4}

@® C. Must have label in set {3}

@ D. Must have label in set {4-11}

How to detect this is not possible? If we sequentially pick a label for
each channel, we may get a false negative.
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Practical Challenges

MAC Control
MAC
10 GigE Reconsiliation Sublayer (RS)
XGXS XGMII XGXS
P y
XGX XAUI XGXS
< > l
I XGMII PCS
PCS
PMA PMA

—

Medium Me
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Thank You




