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Overview

Two systems implemented for ForCES
A ForCES Router system, which includes

• A ForCES protocol middleware
that acts as a protocol stack and complies with almost all 
ForCES protocol specifications and FE model definitions

• A User Operation Management (UOM)
that provides graphical management for router resources 
based on ForCES FE model definitions 

• A TML based on TCP/UDP
• Adapters supporting third-party entities like routing protocol 

stacks, SNMP agent, etc
A sub-system for ForCES interop test
• Based on the ForCES protocol middleware 
• SCTP TML  implemented



Implementation environment

Operation system:  developed isolated from OSs
Can run on Linux, vxWorks, etc

Language: C
Code amount

ForCES protocol middleware: about 25,000 lines, excluding notes 
and blanks.
User Operation Management (UOM): about 30,000 lines
SCTP TML: about 3000 lines



Implementation Results on ForCES Protocol

Protocol
Mechanism

YExecute‐until‐failure

YHeartbeats

YNCommand Pipelining

YBatching

YDurability

YIsolation

YConsistency

YAtomicity Implemented
but not fully
tested 

Transaction

Y
Continue‐execute‐on‐

failure

YExecute all‐or‐none

Execution

Note
Planning to 
Implement

ImplementedItems



Main 
Header

Protocol
Messages

Note
Planning to
Implement

ImplementedItems

YTransaction
YAtomic
YExecution Mode
YPriority
YAcknowledge

Flags
YCorrelator
YHeartBeat
YPacket Redirect
YEvent Notification
YQuery Response
YQuery
YConfiguration Response
YConfiguration
YAssociation TearDown
YAssociation Setup Response
YAssociation Setup



TLVs

Note
Planning to 
Implement

ImplementedItems

YRedirect Data TLV
YResult TLV
YMetadata TLV
YILV
YSparseData
YFullData

Implemented
but not fully
tested 

YKeyInfo TLV

YPathData TLV
YOperation TLV
YLFBSelector TLV

Y
Association TearDown

Reason TLV

YAssociation Setup Result TLV
YRedirect TLV



Operation 
Types 
Supported

Note
Planning to 
Implement

ImplementedItems

YTRComp
YCommit Response

Implemented but 
not fully tested 

YCommit
YReport
YGet Prop Response
YGet Response
YGet Prop
YGet
YDel Response
YDel
YSet Prop Response
YSet Response
YSet Prop
YSet



Implementation Results on ForCES Model

Model
Features

Nfloat64
Nfloat32
Nfloat16
Noctetstring[N]
Ybyte[N]
Ystring
Ystring[N]
Yboolean
Yuint64
Nint64
Yuint32
Yint32
Nuint16
Nint16
Yuchar

Here, types “not 
implemented” actually 
means the types are 
still not used yet in 
current LFBs . It’s easy 
to apply these types 
when we need them.  

Nchar
Basic Atomic Types

Note
Planning to 
Implement

ImplementedItems



DataTypes
Created

CoreLFBs

Model
Features

Note
Planning to
Implement

ImplementedItems

YLFBLinkType
YLFBSelectorType

Y
FEConfiguredeighborTyp

e

YFEStateValues
YSupportedLFBType
YPortGroupLimitType
YLFBAdjacencyLimit Type

Model Data Types
YNFEHACapab

YCEFailoverPolicy Values
YFERestarPolicy Values
YFEHIBPolicy Values
YCEHBPolicy Values

Protocol Data Types
YFEProtocolLFB
YFEObjectLFB
YArrays
Ystructs

Compound Types



Components
Created

Note
Planning to
Implement

ImplementedItems

YFENeighbors
YFEState
YFEModel
YFEVendor
YFEID
YFEName
YLFBSelectors
YLFBTopology

Model Components
YNLastCEID
YNFERestartPolicy

YCEFTI
YCEFailoverPolicy

YNBackupCEs
YCEID
YFEHI
YFEHBPolicy
YCEHDI
YCEHBPolicy
YMulticastFEIDs
YFEID
YCurrentRunningVersion

Protocol Components



YRedirectSink
YRedirectTap

YScheduler
YQueue

YIPv4NextHopApplicator
YEther/encap

YIPv4Validor
YIPv4UcastLPM with main 

components 
implemente
d

YEtherPort

LFBs

YEtherDecap

Protocol EventsEvents 
created YNPrimaryCEDown

Capabilities
created

Note
Planning to 
Implement

ImplementedItems

YMetaClassifier

YSupportedLFBs
YModifiableLFBTopology

Model Capabilities
YNHACapabilities

YSupportableVersions
Protocol Capabilities



Implementation Results on (SCTP) TML

YLow priority (6702)

Messaging:
High Priority

YAssociation Setup

Y
Association Setup 

Response
YAssociation Teardown
YConfig
YConfig Response
YQuery
YQuery Response

YMedium priority (6701)
YHigh priority (6700)

Implemented for 
Interop test

TML Priority Ports

Note
Planning to 
Implement

ImplementedItems



YNIpsec
Security Feature

YHeartbeats
YPacket Redirect

Messaging: 
Low Priority

YEvent Notification

Implemented for 
Interop test

Messaging:
Medium Priority

Note
Planning to
Implement

ImplementedItems



Thanks!


