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MOTIVATION

» Existing data plane code of various networking vendors has value which has been created over
a long period of time.

« Defining (re-writing ) the complete data plane in P4, which would involve compiler backend
changes and changing the existing local control planes’ south-bound interface to P4Runtime) for
all the features, which are currently supported by vendors’ routers and switches, would require
significant development and testing efforts.

« Customers may not want to assume complete ownership of control plane. They may not either
be equipped (read resource constraints) or do not want to handle/rewrite P4 enabled control
plane (even if vendors are willing to provide P4 programmable data plane) for features which are
already available from vendors’ existing field-proven control-plane and data-plane code.
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NETWORK DEVICE PROGRAMMABILITY

Data Plane

Control Plane
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NETWORK DEVICE PROGRAMMABILITY

CLI/ SNMP / NETCONF / gNMI / gNOl /
OPENCONFIG /STREAMING TELEMETRY

Control Plane JET
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AFl

Advanced Forwarding Interface

Juniper



AFI SYSTEM

AFl System Layers

AFI

AFT/Merchant SDK

Forwarding ASIC

) ]

| 7

NNNNNNNN

© 2018 Juniper Networks



AFI HIGH LEVEL ARCHITECTURE

JUNOS External NOS
AFI Client AFI Client

sweabeuepy

Drivers

FIB Tables
Custom/Merchant Silicon
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ADVANCED FORWARDING INTERFACE

AFI (Advanced Forwarding Interface) is Juniper’s approach of modeling the
forwarding plane of networking devices. AFI defines data plane as graph of

potential operations (AF| Objects) to be performed by packet forwarding engine
(PFE) on the packet.

AFI Sandbox
port H AFI Object +—4> port
port } |AFI Object}—| AFI Object}—— port
| port 1} [AFT oObject} [ port |
| port } [_port |
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AFI OBJECTS

——= AFI Object B

AFI Object A

false — —

AFI Object A AFI Object B true | G

next

——| AFI Object C

An AF| object can reference
other AFI objects A conditional if-else AFI object
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SWITCH STATEMENT AFI MODEL

switch (var) {

case A:
/* fall through */

case B:
statements (s);
break; /* optional */

default /* Optional */
statements (s);

afi-field

case_mached

afi-op

var

A

afi-indexed-list

R

afi-op

afi-indexed-lis

Statements for
default case

Statements for case B
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AFI SANDBOX

AFI defines a sandbox as a section of forwarding topology graph. A sandbox is
small virtual container which can be programmed via AFI.

8 AFI Sandbox )
afi-port afi-port
afi-port afi-port
afi-port afi-port
afi-port afi-port
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AFI SANDBOXES CHAINING/NESTING/SLICING

AFI defines a sandbox as a section of forwarding topology graph. A sandbox is

small virtual container which can be programmed via AFI.

afi-sandbox

afi-port | afi-sandbox

[ afi-port

afi-port

afi-port
I afi-sandbox

afi-sandbox A

afi-sandbox B

/

AFl Sandbox
---- afi-port afi-port ----|
---- afi-port afi-port ----|
AFl Sandbox
---- afi-port afi-port ----|
---1 afi-port afi-port [---
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AFI SANDBOXES

JUNOS sandbox

JP4Agent

P4 Runtime

\4

Stratum

AFI

AFT/SDK

1

P4 Sandbox

SONiC/SAIl
A Object
APP_DB <«—— Library
P4 API
o
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[
g : Object
ASIC_DB <—j Library Orchestration Agent
o~ API
sairedis
sswsyncd
SAl
SAIl Sandbox
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P4 IN JUNIPER

P4 is a great language to have conversations with our customers and partners. In
P4, customers can articulate intent of feature which they want Juniper to implement
in our forwarding plane. P4 compiler and JP4Agent translates that intent, written in
P4, to data plane of Juniper’s routing and switching platforms.

Merchant Silicon:
Support of P4 on the
platforms which Juniper
builds using merchant
silicon.

Fixed Function ASICs:

ZX
P4 can be used to program
our fixed pipeline ASICs

based platform

TRIO/PENTA:
With TRIO, full potential of
P4 can be realized.
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P4/STRATUM IN JUNIPER

S—gG—B6—

switch.p4 P4 Compiler p4info switch.blob

SDN Controller

Data Plane Pipeline /

Switch Management FIB Management

OpenConfig/gNMI/gNOI P4 Runtime

JUNOS/Stratum

JP4Agent

Switch

Custom / Merchant Silicon
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P4/STRATUM IN JUNIPER: JPAAGENT

5 |

fabric.blob P4 Runtime

Stratum

JP4Agent

AF Toolkit Merchant SDK
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JET (JUNIPER EXTENSION TOOLKIT)

JET Application

JET Application
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TRANSPONDER USE CASE
ACX6360

erational
Commands el
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P4Runtime
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FLEXIBLE TUNNELS

Routing Engine
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FRROUTING ON JUNIPER'S ADVANCED FORWARDING
INTERFACE

https://forums.juniper.net/t5/Industry-Solutions-and-Trends/FRRouting-on-Juniper-s-Advanced-Forwarding-
Interface/ba-p/318708
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JUNIPER AND STRATUM

Juniper P4 Compiler

\N Q Q
Frontend Midend Backend (=]

fabric.p4 fabric.blob p4info

AR P4 Runtime

Stratum P4 Runtime Server

JP4Agent AFI
AFISwitch MerchantSDK
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AFI AND JP4AGENT ON GITHUB

® © ® () Juniper/AFI: AFI (Advanced Fo. X + ® © ® () Juniper/JPaAgent: Juniper's P X+

< C ([ @& GitHub, Inc. [US] | https://github.com/Juniper/AFI %) d O | ® 2 <« C @ GitHub, Inc. [US] | https://github.com/Juniper/JP4Agent * a0 m [CHN-]

Pullrequests Issues Marketplace Explore Pullrequests Issues Marketplace Explore

[J Juniper / AFI @unwatch~ 22 Hstar 23 YFork 8 B Juniper / JP4Agent @ uUnwatch~ 22 * Unstar 7 YFork 3
<> Code Issues 3 Pull requests 2 Projects 0 Wiki Insights Settings <> Code Issues 0 Pull requests 0 Projects 0 Wik Insights Settings
AFI (Advanced Forwarding Interface) is Juniper’s Data Plane Programming Interface which provides Juniper internal and third Edit Juniper's P4 Runtime server implementation. Edit

party developers with ability to control and manage forwarding path in the data planes of Juniper’s platforms.
Manage topics

Manage topics

® 90 commits ¥ 1branch © 0 releases +#'1 environment 22 4 contributors s Apache-2.0
® 11 commits 1 branch © 0 releases 41 environment 22 2 contributors s Apache-2.0
Branch: master v New pull request Create newfile | Upload files Find file
i G Cretann e | Upod s | Fnaie
README.md b
" sksodhi Adding contact Latest commit 1a14408 on Jan 8
3
i docs Updated documentation 2 years ago
) ) . Note: Use of this software is governed by an Apache 2.0 license, and can be found in the “LICENSE" file.
B example-clients example-clients: fix inverted arguments ayear ago
i tools/docker Waiting at right spot ayear ago JP4Agent (Juniper P4 Agent)
) LICENSE Initial publish 2years ago Juniper's P4 Runtime server implementation.
E) README.md Adding contact 11 months ago
README.md ’

Pa Runtime

Note: Use of this software is governed by an Apache 2.0 license, and can be found in the “LICENSE" file.

AFI (Advanced Forwarding Interface)
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THANKS
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