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® Programmable Networks Paradigm [1] B e

A Active Networks [late 1990s]

I Networks where devices can perform custom computation on packets
i Followed models such as

A packet capsules and

A programmable network devices
I Offered contributions such as service composition and demultiplexing
I Examples include: ANTS (Java), SwitchWare (Scripting), NetScrip, etc.

A Control & Data Plane separation [early 2000s]
I Speedier innovation due to control- and data-plane decoupling
I Enable network-wide view which made it easier to infer network behavior
I Examples include RCP, ForCES, PCE, Tempest, but also to some degree EPC

A OpenFlow and Network Operating Systems (NOSSs) [late 2000s]

I Defines a standard interface between the control- and the data-plane that builds
on existing hardware without needs for customization

I NOSs such as Onix, ONOS, etc. were introduced to provide an abstraction layer
between network state awareness and control logic

I Introduction of distributed-state management for logically-centralized control
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a SDN Layers and Architecture Terminology [2] BE
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* ITU-T Y.3300 and ONF TNR-502 B e

[
:
|
} hcamm A[]p]ltafl{)ll la}el Management Application plane
I
|

T — SDN application (= 0)

Application-control

- interface
Application support . E/ A-CPI: Application-controller plane interface

Controller plane

Management |.
functions bl

. . 055
Abstraction Resource-control Ln

interface E\ D-CPI: Data-controller plane interface
e e e e e e e e Data plane

Control support e Network element (= 1)
Resource layer

SDM controller

|
|
i
i Orchestration SDN control layer
|
|
|
|
I

Data transport and processing

Y.3300(14)_F11-1

Source: ITU Y.3300 Source: ONF TN$D2
Network management is everything you don't know how to do.

If you knew how to do it, you would have put it in the base system, and then
you wouldn't have called it network management.
¢Dave Oran, Cisco Fellow
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- RFC 7426 Applications: ALIEN HAL [3] [ <7 [

Application Plane

Application Plane

¥
“4 Network Service Abstraction Layer (NSAL)

= = = - S o e e g =TT e s o - s g e I, sazd
IService Interface Service Interface T Service Interface Service Interface

ﬂ

Control Plane Mangement Plane
Control Plane Management Plane

Control Abstraction Management Abstraction OpenFlow

Layer (CAL) Layer (MAL)

NETCONF

I

Control Interface Management Interface
IControl Interface Management Interface 8

«

»

5 HAL

Network Device Abstraction Layer (DAL)

Network Devices

ALIEN Devices
Forwarding Plane Operational Plane

Source: [1]

FEDERATED TEST-BEDS FOR LARGE-SCALE INFRASTRUCTURE EXPERIMENTS



e RFC 7426 Applications: Toy Example (1/2) [ .
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* RFC 7426 Applications: Toy Example (2/2) 7 [
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y RFC 7426 Applications: CLAS [ .
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Source: Layered approach to NFV control
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. RFC 7426 Applications: SDN-enabled NFV 7 [
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Source: NFV architecture evolution [5]
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