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Introduction to AFDX networks b

AFDX (Avionics Full Duplex Switched Ethernet) is a
communications network defined in the ARINC-664, Part 7

standard:
e point to point full duplex Ethernet links (redundant)

e special purpose switches with preconfigured routing

e two main types of communication ports:

- Sampling Port: the arriving message overwrites the current
message stored in the buffer
- Queueing Port: the arriving message is appended to a FIFO queue

 UDP/IP protocol is used for transmission
e traffic regulation is made in transmission via Virtual Links
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Each virtual link (VL) is characterized by two parameters:

e the largest Ethernet frame (Lmax): a value in bytes that can be
transmitted on the VL

e the Bandwidth Allocation Gap (BAG):
- the minimum interval in milliseconds between Ethernet frames
transmitted on the VL
- a power of 2 value in the range [1,128]

Each virtual link has a FIFO queue for all the fragmented packets:

 the same VL can be shared by several ports, tasks or partitions
- It can cause a poor schedulability of the system

e there is no way to prioritize messages on a VL
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Maximum jitter
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The maximum allowed jitter on each VL at the output of the end
system should comply with both of the following formulas:

> ((20 + Lmax;) - 8)
i € {setofVLs}
Nb

MaxJitter <40us +

w

MaxJitter < 500us

* Ny, Is the speed of the Ethernet link in bits per second
e 40 us is the typical minimum fixed technological jitter
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Ethernet frame
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64 bytes
7 bytes 1 byte 6 bytes 6 bytes 2 bytes 46 bytes 4 bytes 12 bytes
Start S Type ; Frame
Destination | Source IP UDP AFDX Payload | Padding SN
F
Preamble | “HEC Address Address (0x800 Structure Structure 1 to 17 bytes 0to 16 1 Check | InterFrame Gap
Delimiter] IP V4) Seq
20 bytes 8 bytes
1518 bytes
7 bytes 1 byte 6 bytes 6 bytes 2 bytes 1500 bytes 4 bytes 12 bytes
Start . Type Frame
Destination | Source 1P UDP AFDX Payload SN
F
Preamble | - .11 Address Address (0x800 Structure Structure 1471 bytes 1 Check | InterFrame Gap
Delimiter IP V4) Seq
20 bytes 8 bytes
 Lmax should be in the interval [64,1518]
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Sub-Virtual Links
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A virtual link can be composed of a number of Sub-Virtual Links

Each Sub-VL has:
e a dedicated FIFO queue
e a round robin algorithm working over IP fragmented packets
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Latency in the transmission b

If fragmentation is not required and the messages are produced at
a frequency that is equal to or lower than the BAG of the VL.:

MaxLatency < BAG + MaxJitter + L

* [ ris the technological latency in the transmission (it should be
lower than 150us).

If fragmentation is required or messages are produced in bursts,
the latency for packet p (with p-1 packets waiting in the VL FIFO

queue):
MaxLatency(p) <p-BAG+ MaxJitter + L;

By: J. Javier Gutiérrez
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AFDX switch
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Transmissions to or from the switch are made using the full
capacity of the physical link

Packets are delivered in a store and forward way:
e the hardware latency of the switch should be taken into account

A new source of jitter appears in the FIFO queue where packets
should wait to be sent to the destination end system
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Latency in the reception
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Once a message is completely received, it is enqueued at the
corresponding AFDX port

e it could potentially overflow

The technological latency of the end system in reception, Lp,
should be lower than 150us
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The model is similar to the one for the analysis of tasks

We consider two types of messages:

e Synchronized:

- the release times of these messages are relative to a general and
common reference of time

- an offset to represent the interval between the start of the MAF
(Major Frame) and the earliest release of the message

 Non-synchronized: messages can be released at any time
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Modelling (cont'd)
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Different types of parameters to model AFDX communication:

* message stream parameters

- M,, Pi, Np,, N Mf?, P Npl , Nlb, Ti, @i, Ji, SOUI'CQ(G,'), Li, Lib
VL parameters

- BAG;j, Lmax;, SourcePorts(VL;), DestinationPorts(VL))

. hardware parameters ;
- Nows L1 LTmins Y1ech Lrs L, LS
 Ethernet frame and protocol parameters
- OEtha OProt’ Nmin
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SENDING END SYSTEM RECEIVING END SYSTEM
| SWITCH |
| |
| |
| |
| |
CSend [ LVL LTr LSW LTr LRec I CReceive
| |
| |
AFDX APl | Fthemet Ethernet | A ppx ApI
Hardware Hardware |
Physical Links

e 5 steps in the communication process

e 2 contention points: queueing in the sending end system (Ly, )
and queueing in the switch (Lgy)
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AFDX in MAST-2
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 Processing Resources

- Network: AFDX_Link
- Network Switch: AFDX_ Switch

e Scheduling Policy

- AFDX Policy
 Scheduling Parameter

- AFDX Virtual_Link
 Schedulable Resource

- Communication_Channel

 Event Handler
- Message_Event Handler: Message Delivery, Message Fork
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AFDX in MAST-2: Network UC
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Processing Resonrce

’ Synchronization_Source

Speed_Factor:Float=1.0 0.1

Clock _Synchronization_Object

==enumetation== !
Transmision_Type

SIMPLEX Network N
pr RO Throughput: Throughput=0 > Oicar L 3,:: Driver
FULL_DUPLEX i = -
T 7
. Packed_Based_Hetwork AFDX_Link
Tranzmizzion_Kind: Transmizion_Type=HALF _DUPLEX Max_Packet_Size:Bit_ Count=h2XIMLIM
Mz _Blockirg: Mormalized _Execution_Time=0.0 Min_Packet_Size:Bit_Court=h48 kLI
Max_Packet_Size:Bit_Count=ha IR haz_HW_Tx_Latency: Time=hi2 XM
Min_Packel_Sicoe Bil_Coonl=hd &l i _Hh T Limlen sy, Tinne=hl s
A Avg HA Tx Latency: Time=ha XMk
T Mz _HW Rx Latency: Time=ha Xk
RTEP_Hetwork ) )
hin_HwW_Fx_Latency: Time=ha Ik
Mumber_Of_Stations: Positive=MAXIMUM Avg_HW_Rx_Latency: Time=MAXIMUR
Token_Delav: Time=0.0 Ethernet_Cwerhead:.Bit_Count=160
Failure_Timeout: Time=hl2<IhLR Protocol_Owerhead:Bit_Courd=376
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AFDX in MAST-2: Scheduling Policy pute

Schedufing Folicy

ff i ff i /A
Fixed_Priority_Policy AFDX_Policy T
Timetable_Driven -
v Pricrity=haXIMUM Partitior
text Switch:Mormalized _Execution_Time=0.0 ; i
wt_Switch:Mormalized _Execution_Time=0.0 +
zxt_Sweitch:Mormalized _Execution_Time=0.0 Timetable Driven Packet_Based Policy
Timetable_D
EDF_Policy FP_Packet_Based Policy
Worst Context_Switch:Mormali
zt_Context Switch:Mormalized _Execution_Time=0.0 M Priority: Priority=h2 Ik Ay Context_Switch:Mormalize
_Cottext_Switch:Mormalized_Execution_Time=0.0 hin_Priority: Priority=mIRIRLIR Best Context Switch Normalize
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AFDX in MAST-2: Scheduling Policy
(cont'd) UC

AFDX_Policy:
* messages are scheduled through virtual links

* messages are scheduled in FIFO order when they are originated
at an AFDX switch

This policy may only be assigned to a scheduler that has an
AFDX Link as its host
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pkg Madel_Elements ,)

Scheduling_Paramotoers

il

Intorruept Bazsoed PIrais ENF Based Params

Ceadline: Time=hL =L

Preazzsigned: Azzerion=MNo

Timotabie friver PIrams

Priority _HBased Params Roegource Rosorvalion Params

Priarity:Pricritsy=mIrd kL0 Preazsigned: Azserion=MNa

Preazsigned: Assertion=MNo

AFDX_Virtual_Link

Lz Bit_ Court=0
BAG Time=128
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0.1

Model_Flegrant

Mame: [dertifier

Schedulable Regource

Scheduler

Scheduling_Parameters

Scheduling Parametors

Scheduler

1

Thread Communication_Channel

Synchronization_Parameters

Synpchronization _Parameotors

0.1

Virtual_Schedulable_Resource

1 Rezource_Reservation_Params

Virteal Resoxrce Params

DEFAULT COMMUHICATION CHAHHEL: Communication Channel E

Mame = Default_Communication_Channel

Virtual_Communication_Channel

1 | Resource_Reservation_Params

Virtual Comm_Channel Params
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AFDX in MAST-2: Schedulable UC
Resource (cont'd)
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DEFAULT_COMMUNICATION_CHANNEL.:

e used for communications through AFDX links when the
message is originated at an AFDX switch

* the implicit scheduling policy is FIFO ordering for the messages
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AFDX in MAST-2: Switch UNIVERSIDAD

It is capable of delivering messages arriving at an input port to one
or more output ports

The delivery operations are specified through special-purpose
message event handlers

MAST does not require to define the network topology (it is implicit
in the end-to-end-flow)

It is assumed a shared memory switch in which messages do not
need to be copied

Contention occurs when several messages need to be sent to the
same output port, in which case a queue is used at the output port
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AFDX in MAST-2: Switch (cont'd)
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Processing _Hesource

0.
-/ Clock_Synchronization_Object
Speed_FactorFloat=1.0 Synchronization_Source |

i

Motwaork Switch

« Regular_Switch

Max_Fixed Fork_Lastency:Mo-malized Execution_Time=0.0

Avwg_ Fixed_Fork_Lstency:Momalized_Execution_Time=0.0
Min_Fixed_Fork_Latency:Mornalized_Execution_Time=0.0
Max_“ariable_Fork_Latency:Mormalized_Execution_Time=0.0
Avg_ Wariable_Fork_Latency:Mormalized_Execution_Time=0.0 AFDX_Switch

Min_“ariable_Fork_Latency:Mormalized _Execution_Time=0.0

Max_Delivery_Latency:Mormalized_Execution_Time=0.0
Avg Delivery Latency:Mormalized_Execution_Time=0.0

Win_Delivery L astency: Marmaized_Execution_Time=0.0

i

Notwork Router

Regular_Router

Max_Fixed Branch_LatencyMormalized_Execution_Time=0.0 ]

Avg_Fixed Branch_Latency:Mormalized_Execution_Time=0.0

Min_Fixed_Branch_Latency:Mormalized_Execution_Time=0.0
Max_“ariable_Branch_Latenzy:Mormalized_Execution_Time=0.0
Awvg Nariable_Branch_Latenzy:Mormalized_Execution_Time=0.0

Min_“ariable_Branch_Latency: Mormalized _Execution_Time=0.0
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AFDX in MAST-2:
Message_Event_Handler
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Eront_Handier

]

Notwork_Switch ,J NMessaqge_Fvent_Handier
Swvitch
i) Fi
1
| Message_Fork =i Event
==gnumeration=:= Input_Everit
Delivery_Policy_Type -
Cutput_Event_List
SCAN 1
I— Message_Delivery
RAEOM Input_Everit
1
Cutput_Evert
" . |
MNetwork_Router 1 {redefines Switch} Message_Branch
witch Input_Ewvert
Delivery _Paolicy:Delivery _Policy _Type=RANDOM 1.
Cutput_Event_List

* IOUtpm_Weigm_List
==primitives=
Float
(from Root:: Component Yiew::Primitive_Types)
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ﬁle sending a message through a
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CPU1 SWITCH

Message

4 R N )
Task1 » M1 —» MD1 —» M2 » Task2
Step: Step: Message E_H: Step: Step:
Regular_P AFDX Link Switch AFDX Link Regular_P
Thread Comm_Chan Default_C_C Thread
Fixed_P_P AFDX Polic FIFO Fixed_P_P
(_edPP )L y J\ Fxed PP

GRUPO DE COMPUTADORES Y TIEMPO REAL

UNIVERSIDAD DE CANTABRIA

By: J. Javier Gutiérrez
8/feb/11

23




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


