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At the time of a firmware update,

| want to move data flows on the device to
another path.




As communication quality gets wrong,
| want to use another path.




Network
Visualization and Control




Network
Visualization and Control
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Network Virtualization
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Multi-Layer
Multi-Vendor ¥ Virtualization

Multi-Domain



Relationship



+ Inheritance

e issociatinn  WEAK ref. LogicalNetwork {D}
: Network Specification Version 2.41.0 —— % Association wi reference -
- DMTF Networks Working Group Aggregation (See Networks Model (Collections))
Updated : 16 May 2014 w Aggregation with WEAK reference
Composition Aggregation IPAddressRange {D}
1,2: Overview % Equivalenttec 0. n (See Networks Model (Collections))
3 : Network Systems
4 ; Network Collections *
5 6,7.8 : Protocol Endpoints (1,2,3,4) Page 28 : Topology BGPCluster MemberOf Collection
9 : Routing and Forwarding Page 29 : 802.3ad Link Aggregation (See Networks Model (BGP)) Collection
: Routes Page 30 : NAT (See Core Model)
: :IEES A Filtor Entri :age g; .33: |-| iSCSII (E1,Z} | BGPPeerGroup A
: Filtering and Filter Entries age 33 : Channel Extender -
: Buffer Pools (Network Resources) Page 34 : Redirection (See Networks Model (BGFP)) CollectionOfMSEs
: SNMP Page 35 : MediaRedirection (See Core Model)
: OSPF Page 36 : ConfigurationServices BufferPool
Page 16,17 : BGP (1,2) Page 37,38,39 : Dependency (1,2,3)
Page 18,19 : Switching and Bridging (1,2) Page 40 : Hosted Dependency Hierarchy (See Networks Model (Buffers)) SystemSpecificCollection
Page 20 : QoS Page 41 : Association Hierarchy See Core Model
Page 21,22 : QoS Conditioning Services (1,2)  Page 42,43 : Aggregation Hierarchy (1,2) ( )
Page 23 : IPSec Page 44 : MemberOfCollection
Page 24 : VLAN Page 45 : Deprecated VLAN RangeOfiPAddresses EnabledLogicalElement
Page 25,26 : MPLS(1,2) Page 46,47 : Deprecated Associations (1,2) (See Networks Model (Collections))
Page 27 : Network Policy (See Core Model)
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Service SAPDependency i r HostedAccessPoint
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ServiceComponent Service Service, Access—* ServiceAccessPoint System LogicalDevice * (Sszm_qh;ﬂ@_
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Dependency + PortOn
* A w ok lt SAPSAP * A 1 *Ah Device
Dependency LogicalPort *
HostedService (See Device model)
VI ANService {D} NetworkService {0} VLAN {D}
(See Networks Model (See Networks Model (See Networks Model
(Deprecated VLAN)) (Systems) (Deprecated VLAN)) *
AdminDemain * gg;t:::ed
QoSService RouteCalcuationService ProtocolEndpoint (See Core Model)
(See Networks Model — — (See Networks Model
{QoS)) {Routing & Forwarding)) (See Core and Networks
Model (Protocol
Endpoints}) | AutonomousSystem |
(o Ntk Mocid | — (Gon etk Mo (See Networs
ee Networl ode ee Networks Mode - - Model (Systems
(SNMP)) (Routing & Forwarding)) SNMPCommunityStrings (Systems))
LI (See Networks Model c terSyet
omputerSystem
SourceRoutingService TransparentBridgingService (SNMP)) S Sp ; o
(See Networks Model (See Networks Model (See System Model)
(Switching & Bridging)) (Switching & Bridging))
SwitchService SpanningTreeService
(See Networks Model (See Networks Model
(Switching & Bridging)) (Switching & Bridging)) * DMTF CIM




A Mass of Specificati

makes applications

— Complicated, and  -—'

— Non-Reuseable.




An SDN Framework for Heterogeneous Networks

ODENOS




Abstraction



Abstract Model
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Network Model
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Network component

A

S

Stores modeled objects




Driver component

OpenFlowDriver

R
l Abstracts actual network
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OpenFlow
Network
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Application component

LearningSwitch

Controls actual network by
pcrating modeled objects

~ OpenFlowDriver

v

OpenFlow
Network
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LearningSwitch Application

LearningSwitch

PACKET IN !
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Controlling Single OpenFlow switch

LearningSwitch

object

Flow object

OpenFlowDriver
|

|
I FLOW_MOD
|
\ 4

25



Controlling Multiple OpenFlow switches

LearningSwitch
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OpenFlowDriver
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Controlling Multiple OpenFlow switches

Needs to add
LearningSwitch path calculation
OpenFlowDriver
N

I
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Converting modeled objects
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How to convert?




Topology

\

\ 1. Aggregates multiple
‘ nodes to single node.
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Topology

\ 1. Aggregates multiple
\ nodes to single node.
2. Copies outer ports

A,’Iggregato\r 3: Discards inner ports
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Flow

Expands the flow
by path calculation
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Reuse of Applications

LearningSwitch

| Path
LearningSwitch calculation
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Logic Components
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Driver

Logic
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Network Visualization for
Heterogeneous Networks
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Overlay Control
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Cause Analysis by Drilled-Down Operation



Multi-layer and Multi-domain
Network Control
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Conclusion

* ODENOS : An SDN framework for heterogeneous
network orchestration

— Possible to build reusable network orchestrator easily

— Flexible end-to-end control of multi-layer and multi-
domain network

* Open source software, distributed on GitHub
now!

— Support Java and python
— https://github.com/o3project/odenos
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Creating Components

S curl http://localhost:10080/systemmanager/components -X POST -d
{"type": "LearningSwitch", "id": "learning sw1"}

S curl http://localhost:10080/systemmanager/components -X POST -d
‘{"type": "NetworkComponent", "id": "network1"Y

S curl http://localhost:10080/systemmanager/components -X POST -d LearningSwitch
{"type": "OpenFlowDriver", "id": "driver1"}

OpenFlowDriver

|
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Connecting Components

S curl http://localhost:10080/systemmanager/components -X POST -d
{"type": "LearningSwitch", "id": "learning sw1"}

S curl http://localhost:10080/systemmanager/components -X POST -d
‘{"type": "NetworkComponent", "id": "network1"Y

S curl http://localhost:10080/systemmanager/components -X POST -d
{"type": "OpenFlowDriver", "id": "driver1"}

S curl http://localhost:10080/systemmanager/connections -X POST -d

Y{"connection_type": "original",
"source_id": " ", "destination_id":"network1"}’

S curl http://localhost:10080/systemmanager/connections -X POST -d

Y"connection_type": "original",
"source_id": “driver1", "destination_id":"network1"}'

LearningSwitch

OpenFlowDriver




.lmplementation of LearningSwitch Application

class LearningSwitch extends Logic {

network.addInPacketAddedListener (
new InPacketAddedListener () {

public void processEvent (final InPacketAdded msg) {
// Receives a packet

InPacket pkt = network.getPacket (msg.id()) ;

// MAC Learning
inPort = fdb.put(pkt.srcMacAddr (), pkt.inPort())

LearningSwitch

// If the MAC has been learned, creates Flow
outPort = fdb.get (pkt.dstMacAddr()) ;
if (outPort != NULL) {
network.putFlow (
Util.createlL2Flow (pkt, outPort)) ;

// Sends a packet
network.postOutPacket ( OpenFIowDriver
Util.createOutPacket (pkt, outPort)) -
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Slicer : A Logic Component

LearningSwitch LearningSwitch LearningSwitch

Slice Condition:

vlan10 = network1l
vlan20 = network2
vlan30 = network3

LearningSwitch

(Red) Flow for vlan10

- (Yellow) Flow for vlan 20
- (Green) Flow for vlan 30

OpenFlowDriver




Slicer : A Logic Component

LearningSwitch LearningSwitch2 LearningSwitch3

= = =
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OpenFlowDriver

LearningSwitch

OpenFlowDriver




Q. Can | expand models or operators?

A. Yes, it's possible.




Network Model

Packet oper_status UP/DOWN

max_bandwidth 1000 Mbps




Inheritance

Overrides necessary
methods




Topology
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|_Data center

LV ERIEY o e nflow_nw_fed_view

Transport network |
Flow failure

® Multi-layer topology visualization from
logical network instances

®Inter-layer correlation mapping through
operators

®Trouble shooting, failure analysis, etc.



