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Gen. 2 (Phoenix IP)

MAC layer only
VL-based, no ports
Proprietary loader

ARINC 664-p7
like RC traffic

Includes TTTech
and Honeywell IP

Custom ASICs
High-Inteqrity
end systems and
switches
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Gen. 3 (Pegasus |IP) m—)p

UDP/IP layers in
hardware
Port-based with
shared VLs
ARINC 615A
data loader

ARINC 664-p7
RC traffic

TTTech Chip-IP
and ASICs

Plastic package
with ceramic
planned (QML-V)
High-Inteqrity
switches only
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MAC layer only
VL-based, no ports
Proprietary loader

ARINC 664-p7
like RC traffic

Includes TTTech
and Honeywell IP

Custom ASICs
High-Inteqrity
end systems and
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Gen. 3 (Pegasus |IP) m—)p
We Are Using This

« UDPI/IP layers in
hardware

Port-based with
shared VLs
ARINC 615A
data loader

ARINC 664-p7
RC traffic

~+ TTTech Chip-IP

and ASICs

~ + Plastic package

with ceramic

planned (QML-V)
* High-Integrity

switches only
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TTE Dataflow Concept

m A TTEthernet network is composed of end systems and switches.
@ The end system contains the host and network controller (NIC).

OBC1 OBC 2 OBC 3

Partition ~ Partition Partition  Partition Partition  Partition Partition  Partition Partition  Partition ~Partition  Partition
s A B C D A B C D A B C D
User Partitions

(O (O (O

Platform Services Kernel / Executive Kernel / Executive

Kernel / Executive

TTE NIC TTE NIC

TTE NIC
Device Partitions Partition A Partition B Partition A Partition B Partition A Partition B
Dataports P1 P2 P3 P1 P2

P3 P1 P2 P3

Queues / Buffers

Physical Network TTEthernet Network

Partitioned Traffic Flows All links are

bidirectional
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TTE Dataflow Concept (ports) o AC

@ TTE dataports represent the end points for all communication.
m Ports are Sampling or Queuing, and use UDP, IPv4, or MAC layers.

OBC 1 OBC 2 OBC 3
Partition ~ Partition Partition  Partition Partition  Partition Partition  Partition Partition  Partition ~Partition  Partition
User Partitions A B ¢ D A B c D A B c D
oS oS oS oS (OS] oS
Platform Services Kernel / Executive Kernel / Executive Kernel / Executive
TTE NIC TTE NIC TTE NIC
Device Partitions Partition A Partition B Partition A Partition B Partition A Partition B
Dataports

@ P1 P2 P3 @ P2
|

|

|

|

Queues / Buffers

Buffers depend
on port type

Ports are
directional

TTEthernet Network

Partitioned Traffic Flows

Physical Network

TT means less
buffering needed
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TTE Dataflow Concept (VLS)

@ Ports are connected to one another by Virtual Links (VLS).
@ Virtual Links are logically point-to-point — one sender, N receivers.

OBC1 OBC 2 OBC 3

Partition  Partition ~Partition  Partition

Partition ~ Partition Partition  Partition Partition  Partition Partition  Partition
A B C D

User Partitions A B c D A B C D

(O (O (O

Kernel / Executive

Platform Services Kernel / Executive Kernel / Executive

TTE NIC TTE NIC TTE NIC

Partition A Partition B Partition A Partition B

Device Partitions Partition A Partition B

P1 P2 P3 P1 P2 P3

Dataports

Queues / Buffers

Trafficis TT, RC,
or static BE

Virtual Links
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TTE Dataflow Concept (VLS)

m Traffic from different VLs is multiplexed over the same cabling.
@ Logically the same as ARINC 429, except the “links” aren't real.

AlAA AAA

vvy

OBC 4

ARINC 429 TTE / ARINC 664
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TTE Dataflow Concept (partitions) s (ies

m Ports are grouped in device partitions (8 per end system).
m Different partitions can be accessed simultaneously — no mutexes.

OBC1 OBC 2 OBC 3

Partition ~ Partition Partition  Partition Partition  Partition Partition  Partition Partition  Partition ~Partition  Partition

User Partitions A = c D A B C D A B c D

(O (O (O

Platform Services Kernel / Executive Kernel / Executive Kernel / Executive

TTE NIC TTE NIC TTE NIC

Device Partitions Partition A Partition B Partition A Partition B Partition A Partition B

Dataports P1 P2 P3

Queues / Buffers

Virtual Links
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TTE Dataflow Concept (partitions) s (es

@ Device partitions can be mapped to the RTOS partitions.
@ Thus partitioning is end to end — from app = network - app.

OBC1 OBC 2 OBC 3

Partition  Partition  Partition | Partition Partition  Partition  Partition | Partition Partition  Partition  Partition | Partition

User Partitions A E c D A B C D A B c D

(O (O] (O (O] (O (O

Platform Services Kernel / Executive Kernel / Executive Kernel / Executive

TTE NIC TTE NIC TTE NIC

Device Partitions Partition A Partition B Partition A Partition B Partition A Partition B

Dataports P1 P2 P3 P1 P2 P3

Queues / Buffers

Virtual Links
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TTE CFS App

m The TTE application enables TTE communication in CFS.
@ Includes pre-compiled drivers for supported targets and OSs.
m Provides API to claim ports and send or receive messages.

File E Y
Manager 4
Onboard } I I
Software Time Executive Event Table
Bus Services Services Services Services

Inter-task Software Bus

| | } | N

Q C&DH App === Function Call Receives commands

. 1553 Bus Time Telemetry Command and generates telemetry.
O GN&C App - SB Messagmg Controller Manager Output Ingest 9 y
Q cFS App

© creApp
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TTE CFS App (design)

Port Mapping Tables:

+ Defines information needed
to access local ports.

— Types, direction, payload, etc.

» CFS apps claim ownership

of ports via the API.

ES Config. Tables:

 Defines end system
binary data resulting

from scheduling process.

‘ SB Messages

=P [Function Calls
| B | *
ﬁ

Input / Output
Interrupt

Andrew Loveless (NASA JSC/EV2)

Library Info:

» Sources: 22

* Headers: 26

« SLOC: 12,161

* OSs: Linux, VxXWorks

\Xenomai is planned.

IRQ

Handler

Libraries
and API

- Msain App6lnf0: Task
-~ « Sources:
ad TTE App - Headers: 13 + 8
Main Task * SLOC: 6,521 ¢ Waits on semaphore
Driver Info:

Prebuilt | OSs: Linux, VxWorks

— Xenomai is planned.
* Arch.: x86, PowerPC

Drivers

Commands:

* TTE_SEND_HK_MID
» TTE_CMD_MID

— TTE_NOOP_CC

— TTE_RESET_CC

— TTE_SEND_DIAG_CC

« Commands for table
config may be added
in the future.

Telemetry:

* TTE_HK_TLM_MID

— General state, status,
counters, etc.

* TTE_DIAG_TLM_MID

— Detailed port status
information.

TTE Network
Controller
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TTE CFS App (design)

Port Mapping Tables:

* Defines information needed

to access local ports.

— Types, direction, payload, etc.

» CFS apps claim ownership

Libraries
and API

Library Info:

* Sources: 22

* Headers: 26

« SLOC: 12,161

* OSs: Linux, VXWorks

of ports via the API.

ES Config. Tables:

 Defines end system
binary data resulting

from scheduling process.

‘ SB Messages

=P [Function Calls
| B | *
ﬁ

Input / Output
Interrupt
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9 H
N
N\

— Xenomai is planned.
. \
N\

\ IRQ
4 _ Handler
- Msaln App6lnf0: Task
-~ * Sources:
M TTE App - Headers: 13 + 8
Main Task * SLOC.: 6,521 i Waits on semaphore
Driver Info:

Prebuilt | OSs: Linux, VxWorks

— Xenomai is planned.
* Arch.: x86, PowerPC

Drivers

Commands:

» TTE_SEND_HK_MID

« TTE_CMD_MID

— TTE_NOOP_CC

— TTE_RESET_CC

— TTE_SEND_DIAG_CC

* Commands for table
config may be added
in the future.

Telemetry:

* TTE_HK_TLM_MID

— General state, status,
counters, etc.

* TTE_DIAG_TLM_MID

— Detailed port status
information.

TTE Network
Controller
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SCH _TT CFS App

m SCH_TT is a drop-in replacement for the standard SCH scheduler.

@ Drives the FSW execution according to scheduled interrupts.
@ Aligns the task scheduling with the TT message scheduling.

File l £
Manager Scheduler sends ‘
wakeup messages. »
\
\

< v N
nboar )
Models I I I I I
Software Time Executive Event Table
Bus Services Services Services Services

Inter-task Software Bus

1 Voo N
Q C&DH App === Function Call Receives commands
O GN&C App == SB Messaging MZ:;ger Tfj'imttfy C‘?{%“;;“d and generates telemetry.
Q cFS App
O cFE App

1
1
1
1
v
~
‘NN
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)  |nterrupt

Local messages are aligned
across the network = eliminates
effect of drifting local clocks.

Message Tables:

» Defines contents of software
bus messages to send during
scheduled activities.

’g

. SLOC: 6,127 ’
Uses API to register interrupts, claim
ports, and send/receive messages.

-

Waits on semaphores to
step through schedule table.

Main App Info: ¢
* Sources: 7 4

« Headers: 18 / Schedule Tables:

 Defines activities to
perform periodically.

» Organized into major
and minor frames.

Scheduled Messages:
* Wakeup and housekeeping
request messages defined

in message table.

Commands:
* SCH_TT_SEND_HK_MID

* SCH_TT_CMD_MID

— SCH_TT_NOOP_CC

— SCH_TT_RESET_CC

— SCH_TT_ENABLE_ENTRY_CC
— SCH_TT_DISABLE_ENTRY_CC

Telemetry:
* SCH_TT_HK_TLM_MID
— General state, minor

!

‘ — SCH_TT_ENABLE_GROUP_CC
SB Messages — _ _ .
J — SCH_TT_DISABLE_GROUP_CC frame, major frame,
=P Function Calls SCH_TT_MODE_ENABLE_CC virtual time, etc.
== |nput/Output SCH_TT_MODE_DISABLE_CC | :
CFS Major Frame = TTE

Communication Cycle
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Telemetry Example

FIFO: cmd SCH_TT_MODE_ENABLE_CC
Command: destination = defaultComman|

echoPacke
FIFO: cmd SCH_TT_MODE

418 Command: destination i

419 echoPacket: 18d1c000

18d1c00000010006

FNARIF €
demo_cmd_mal

Dero Main Conwand Page
2017 Andrew Loveless (ISC/EWZ}

L0189 timStatic: Telemetry

GEMERAL

Dero Main Telewstry Page
2017 Andrew Loveless (JSC/EWZ)

FCC L [Aitech SPO]

SCH_TT Housekeepirz

Charge 1705 TP
Change SCH Group 0x2

FCC L [Aitech SPO]

Charge FCC 1 TP

Config/TO Cammands

192,188.0.6

192,168.0.50

SCH_TT Connands

[ Hetwork Connect.

Enable Procsssing

[Enable Dutput

Disable Processing

[[Acauire Telemstry

FCC 2 [Aitech SPO]

Change FCC 2 IF

Config/TO Commands

192,168,0,5

Enable Grodp
Dissble Group

SCH_TT Conmands

[ Network Connect

Ensble Processing

[ Enable Dutput

Tisable Processing

[[Aosuire Telemstry

TTE Houseksep ing

Enable Group
Disable Group

State Vector Ox1f State Vector Oxi7fFa
Processing Made 1 Conmand Caunter 198
Conmand Counter 1 Connand Error Counter O
Conmand Error Counter O

Local Tine 10591

Minor Frane 30

Majar Frane 200

FCC 2 [Aitech SPO]

SCH_TT Housekesping TTE Housekeeping

State Vectar 0x1F State Vector Oxi7FFa
Processing Mods 1 Connand Counter 198
Connand Caunter 6 Connend Error Counter O
Connand Ervor Counter O

Local Time 10591

Minar Frane Ed

Major Frane 200
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DATAPORT NAME
ES1_COTS_MAC_PHYL_TH
ES1_COTS_MAC_PHYZ_TH
ES1_COTS_MAC_PHYZ_TH
ES1_%¥L100_SCH_SYNC_SEND
ES1_¥L101_ACAKS_FO_TEST_RESUL TS_SEND
ES1_%L102_ACAKWS_DE_DIAG_DATA_SEND
ES1_¥L103_PPA_HYDE_OUTPUT_SEND
ES1_%¥L104_ACAKS_FIR_OUTPUT_SEMD
ES1_%¥L130_TLM_COMBIMED_SEND
ES1_COTS_MAC_PHY1 R
ES1_V¥LHOO_SCH_SYNC_RECY
ES1_VLH30_TLM_COMBINED_RECY
ES1_¥L406_AMPS_MBSUL_DATA_RECY
ES1_%¥L407_AMPS_MBSUZ2_DIATA_RECY
ES1_%¥L408_AMPS_PDUL_DATA_RECY
ES1_VL409_AMPS_POLZ_DATA_RECY
ES1_YL505_PPA_TLM_REPLAY_RECY

TATAPORT HAME
ESd_COTS_MAC_PHY1_TH
ES4_COTS_MAC_PHYZ_TH
ES4_COTS_MAC_PHYZ_TH
ESd_YL400_SCH_SYHC_SEND
ESd_YL406_AMPS_MBSUI1_DATA_SEND
ES4_YL407_AMPS_MBSUZ_DATA_SEND
ES4_YL408_AMPS_PDU1_DATA_SEND
ES4_¥1409_AMPS_PDU2_DATA_SEND
ESd_¥L411_APC_COMBINED_SEND

ES4_WL422_ACAWS_DE_DIAG_DATA_WOTED_SEND
ESd_¥L423_PPA_HVDE_OUTPUT_VOTED_SEND
ES4_¥L424_ACAWS_FIR_OUTPUT_VOTED_SEND
ESd_¥1431_TLM_COMBINED_SEND
ESd_COTS_MAC_PHYL_RH
ES4_YLHOD_SCH_SVNC_RECY
ESd_YL¥30_TLM_COMBINED_RECY
ESd_YL101_ACAWS_FD_TEST_RESULTS_RECY
ESd_YLL102_ACAWS_DE_DIAG_DATA_RECY
ESd_YL103_PPA_HYDE_OUTPUT_RECY
ESd_¥L104_ACAWS_F IR_DUTPUT_RECY
ES4_YL201_ACAWS_FO_TEST_RESULTS_RECY
ESd_YL202_ACAWS_DE_DNTAG_DATA_RECY
ES4_WL203_PPA_HYDE_OUTPUT_RECY
ES4_YL204_ACAWS_F IR_OUTPUT_RECY
ESd_YL301_ACAWS_FD_TEST_RESULTS_RECY
ES4_YL202_ACAWS_DE_DNTAG_DATA_RECY
ESd_YL303_PPA_HYDE_OUTPUT_RECY
ES4_YL304_ACAWS_F IR_DUTPUT_RECY
ES4_YL512_APC_COMBINED_RECY
ESd_YLA10_AMPS_COMMANDS_RECY

ESd_YLd21 ACAWS_FD_TEST_RESULTS_VOTED_SEND

DIRECTION
Output
Output
Output
Output,
Output
Output
Output
Output
Output
Input
Trput.
Trput.
Trput,
Input
Input
Trput.
Trput.

DIRECTION
Output
Output
Output
Output
Outaut,
Output
Output
Output
Output
Output
Output
Output
Outut
Output
Input
Trput.
Trput.
Tnput,
Input
Trput.
Trput.
Trpt,
Input
Input
Trput.
Trput.
Input,
Input
Trput.
Trput.
Tnput,

PORT TYPE
MAC_RAH
MAC_RAH
MAC_RAH
TIP_COM
IP_COM
IP_COM
IP_COM
TP_COM
TP_COM
MAC_RAH
IP_COM
IP_COM
TIP_COM
IP_COM
IP_COM
IP_COM
TP_COM

PORT TYPE
MAC_RAK
MAC_RAK
HAC_RAK
IP_COM
IP_COM
IP_COM
IP_COM
IP_COM
IP_COM
IP_COM
IP_COM
IP_CoM
IP_COM
IP_COM
MAC_RAK
IP_COM
IP_COM
IP_COM
IP_COM
IP_COM
IP_CoM
IP_COM
IP_COM
IP_COM
IP_COM

IP_COM

IP_COM
IP_COM

PORT MODE
Oueuing
Ousuing
Queuing
ueuing
Queuing
Ousuing
Queuing
Queuing
ueuing
Oueuing
Sampling
Queuing
ueuing
Queuing
Ousuing
Queuing

fueuing

TASK MNAME

SEMNT MSGS RECY MSGS SENT ERR
o 0

0 0000 C 0000000000000 00000000OROD00
C 00000000000 O0CO000000YW000000 D00
© 5000000000000 O00000000000606000

RECY ERR

C 0000 C o000 C0C00O000C00000C000D0 00

RECY CHAM RECY DROP
0

C 00000000000 0CO000C00000O000S 0000
C 0000 C 0000000000000 00000000OC D00

TIME LAST SENT

13:09:15 ns3534 us:504

TIME LAST RECY

PORT MODE
Oueuing
Oueuing
Oueuing
Queuing
Oueuing
Oueuing
Oueuing
Queuing
Oueuing
Oueuing
Oueuing
Queuing
Oueuing
Oueuing
Oueuing
Sampling
Queuing
Oueuing
Oueuing
Oueuing
Queuing
Oueuing
Oueuing
Oueuing
Oueuing
Queuing
Oueuing
Oueuing
Oueuing
Queuing
Oueuing

TTTADT

oA TanT

SEMT MSGS RECY MSGS  SENT ERR

5 5000000000000 00000000000000Mm00O
C 0000 C 0000000000 NOCO00000C00000 00
C0 0000000000000 000CC00000O0000 0000

RECV ERR

5 5000000000000 000000000000000000

RECY CHAM RECY DROP

C 0000 o 0000000000000 0000C00000 00
C o 00T o000 O00000000000000000800D0G

TIME LAST SENT

13:19:42 ms:B29 us:527
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- demo_cmd_main

Dero Main Conwand Page

P (17 Ancrew Loveless (JSC/EW2Y
GEMERAL

Charge 1705 TP
Change SCH Group

FCC L [Aitech SPO]

Charge FCC 1 TP

Network Conmest
Enable Output,
Acquire Telsmetry

Hetuork Conmect
Enable Outpot

Actuire Tslemetry

Dero Main Telewstry Page
2017 Andrew Loveless (ISC/EW2)

FCC L [Aitech SPO]

SCH_TT Housskeeping TTE Housekseping

Tisable Group

Enble Processing
Disable Processing
Enable Group
Disable Groue

I —

State Vector Ox1f

Minor Frame

Major Frane

State Vector Ox17fFa
Processing Made 1 Connand Counter 198
Connand Counter 1 Conmand Error Counter O
Conmand Ervor Counter O
Local Tine 10591
Minor Frane 0
Major Frane 200

FCC 2 [Aitech SPO]

SCH_TT Housekesping TTE Housekeeping

State Vectar Ox1f State Vector 0xi7FFa
Processing Mods 1 Connand Counter 198
Connand Counter 6 Conmend Error Counter O
Connand Ervor Counter O
Local Time 10591

TATAPORT HAME

DATAPORT NAME

demo_tte_fccl

DIRECTION PORT TYPE PORT MODE TASK MNAME SEMNT MSGS RECY MSGS SENT ERR  RECY ERR

Deno Main Telemetry Page
2017 Andrew Loveless {(JSCAEVZ)

FCC 1 [Aitech SPO]

SCH_TT Housekeeping TTE Housekeeping

RECY CHAM RECY DROP  TIME LAST SEMT

TIME LAST RECY

State Vector Qw1 State Vector O 17FFa
Processing Mode 1 Command Counter 193
Canmnatd Counter 1 Canmatcd Error Counter o]
Canmnztd Error Counter 8]

Lacal Time 10591

Minor Frams 30

Ma jor Frame 200
FCC 2 [Aitech SFO] ERR
SCH_TT Housekeeping TTE Housekeeping

State Vector O 1f State Vector 0= 17FFa
Processing Mode 1 Command Counter 193
Canmnatd Counter =] Canmatdd Error Counter o]
Camnsnd Error Counter o]

Local Time 10591

Minor Frame 30

Ma jor Frame 200

RECY CHAM RECY DROP  TIME LAST SENT

TIME LAST RECY

Andrew Loveless (NASA JSC/EV2
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demo_tte_fccl
DATAPORT NAME DIRECTION PORT THPE FORT MODE TASK MAME SENT MSGS RECYV MSGS SENT ERR  RECY ERR  RECV CHAN RECY DROF  TIME LAST SENT TIME LAST RECY

faultComnan

17.418 Command: destination’ il demo_cmd_main - o x

| DATAPDRT HAME DIRECTION PORT TYPE FORT MODE TASK MAME SEMT MSGS RECY MSGS SEMT ERR  RECY ERR  RECY CHAM RECY DROP TIME LAST SEMT

ES4_COTS_MAC_PHY1_TH Output. MAC _RAK Husuing - 4] 0 4] 4] 4] 4] --
ES4_COTS_MAC_PHYZ_TH Output. MAC _RAK Husuing - 4] 0 4] 4] 4] 4] --
ES4_COTS_MAC_PHYZ_TH Output. MAC_RAK Lusuing - 4] o] 4] ¢] ¢] ¢] -
ES4_YL400_SCH_SYHC_SEMD Output. IP_COM Hueuing SCH_TT 4] 0 4] 4] 4] 4] 13:19:42 mz:829
ES4_¥L406_AMPS_MESUL_DATA_SEMD Output. IP_COM Husuing -= 4] 0 4] 4] 4] 4] --
ES4_VL407_AMPS_MESUZ2_DATA_SEMD Output. IP_COM Husuing -= 4] 0 4] 4] 4] 4] --
ES4_YL408_AMPS_PTU1_DATA_SENMD Output. IP_COM Husuing -= 4] 0 4] 4] 4] 4] --
ES4_YL409_AMPS_PTOUZ_DATA_SEMD Output. IF_COM Husuing -= ¢] O ¢] ¢] ¢] ¢] --
ES4_WL411_APC_COMBIMED_SEMD Output. IP_COM Cueuing -= 4] 0 4] 4] 4] 4] -=
ES4_VL421_ACAWS_FI_TEST_RESULTS_VOTED_SEMD Output. IP_COM Husuing -= 4] 0 4] 4] 4] 4] --
ES4_¥L422_ACAWS_DE_DIAG_DATA_VOTED_SEMD Output. IP_COM Husuing -= 4] 0 4] 4] 4] 4] --
ES4_YL423_PPA_HYDE_OUTPUT_VOTED_SEMD Output. IP_COM Husuing - 4] 0 4] 4] 4] 4] --
ES4_YL424_ACAWS_FIR_OUTPUT_YOTED_SEMD Output. IF_COM Lusuing - 4] o] 4] ¢] ¢] ¢] --
ES4_WL421_TLM_COMEIMED_SEMD Output. IP_COM Oueuing -= 4] 0 4] 4] 4] 4] -=
ES4_COTS_MAC_PHY1_RX Irput. MAC _RAK Husuing - 4] 0 4] 4] 4] 4] --

Encble Output Disable Nocessing

Aceuire Tslemetry | | Enabls Gro

Disable Grou

iR e 0 v e e s
= demo 2 - 5 | demo tte -
Dero Main Telewetry Pad TATAPORT HAME DIRECTION PORT TYPE PORT MODE TASK NAME SEMT MSGS RECY MSGS SEMT ERR  RECV ERR  RECV CHAM RECY DROP  TIME LAST SENT TIME LAST REC!
2017 fndrew Lovelsss ¢JSC. 3 ESd_COTS_MAC_PHY1_TH Outout, MAC_RAK Hueuing e 0 o o 0 o 0 e
ES4_COTS_MAC_PHYZ_TH Output MAC_RAK Queuing e 0 Qa o0 0 Qa 0 e
FCC 1 [Aitech SPO] ES4_COTS_MAC_PHY3_TH Output MAC_RAW Queuing o 0 o ] 0 o o -
ESd_¥L400_SCH_SYNC_SEND Output, IP_COM Queuing SCH_TT 6 o e} 0 o L] 13:19:42 ns:829
ESd_YL406_AMPS_MBSUI1_DATA_SEND Outout, IP_COM Hueuing . 0 o o 0 o 0 .
ES4_¥L407_AMPS_MBSUZ_DATA_SEND Output IP_COM Queuing e 0 Q o 0 Q el e
ESd_WL408_AMPS_PDU1_DATA_SEND Output IP_COM Queuing o 0 o ] 0 o o -
ES4_¥1409_AMPS_PDU2_DATA_SEND Output, IP_COM Queuing = 0 o e} 0 o L] =
ESd_¥L411_APC_COMBINED_SEND Outpout, IP_COM Aueuing . 0 o el 0 o el .
ESd_¥Ld21 ACAWS_FD_TEST_RESULTS_VOTED_SEND Output IP_COM Queuing e 0 Q o 0 Q el e
ES4_WL422_ACAWS_DE_DIAG_DATA_WOTED_SEND Output IP_COM Queuing e 0 Qa o0 0 Qa 0 e
ES4_¥L423_PPA_HYDE_OUTPUT_VOTED_SEND Output IP_COM Queuing o 0 o ] 0 o o -
ES4_YL424_ACAWS_FIR_OUTPUT_VOTED_SEND Outout, IP_COM Aueuing o 0 o el 0 o el -
ES4_¥1431_TLM_COMBINED_SEND Outout, IP_COM Hueuing e 0 o o 0 o 0 e
FCC 2 [Aitech SFO] ESd_COTS_MAC_PHYL_RH Input MAC_RAK Queuing - 0 Q o 0 Q el e
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App Avalilability

Both planned to be open
source, but are not yet.

@ Both are fully documented.
» Doxygen used for all sources.

m So far only tested on non-
partitioned operating systems.

e Linux, RTLinux, VxWorks.

@ Currently only supports
PowerPC and x86 targets.

Andrew Loveless (NASA JSC/EV2)

€ > file:/f/fhome/ev-dev-01/Projects/Phase3_janl7-sepl7/cfs
ATime-Triggered Ethernet Application for CFS
Main Page Related Pages Modules Data Structures

File List

Globals

File List

Here is a list of all documented files with brief descriptions:
mission_incitie_mission_cfg.h [code]
mission_incitie perfids.h [code]

platform_incicommonlite msgids.h [code]
platform_incicommonl/tte platform cfg common.h [code]
platform_incilinuxicommon/tte platform_cfg.h [code]

platform_inc/linuxicommeonl/tie_platform_incs.h [code]

public_incitte_api.h [code]

public_incitte_api_irq.h [code]
public_incitte_api_port.h [code]
public_incitie_api_retval.h [code]

public_incftte api_start.h [code]

public_incitte api utils.h [code]
srcitte-apilsrcitte_api irg.c [code]
srcitte-apilsrcitte api port.c [code]

srcitte-apilsrcltte api start.c [code]

srcitte-apilsrcltte_api utils.c [code]
srcitte-applinc/ite_app.h [code]

srcitte-applinclite cmds.h [code]

srcitte-applinclite events.h [code]
srcitte-applinclite interface.h [code]

srcitte-applinc/tte_msg.h [code]
srcitte-applinclite msgdefs.h [code]
srcitte-appiincltte gueue.h [code]

srcitte-applinclite retval.h [code]

srcitte-applincltte state.h [code]
srcitte-applinclite thl.h [code]

srcitte-applinclite tbidefs.h [code]

srcitte-applinclite verify.h [code]

srcitte-applinclite version.h [code]

srcitte-appisrcltte_app.c [code]
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Directories Q-

TTE header file for mission-specific configuration
TTE header file for performance IDs

TTE header file for command and telemetry
message IDs

TTE header file for configuration common to all
platforms

Platform-specific configuration header for PC-Linux
05

Includes TTE driver header files for PC-Linux OS

Public TTE API header file for use by CFS
applications

Header file for public driver interrupt handling API

Header file for public driver TX/RX API

TTE header file for public application retumn codes 1

Header file for public API startup and status
functions

Header file for public driver utilities API
Source file for public driver interrupt handling API
Source file for public driver TX/RX API

Source file for public API startup and status
functions

Source file for public driver utilities API
Public TTE app header file for use by the cFE

TTE header file for functions used for SB message
processing

Header file of all event IDs used by the TTE app
Header file for internal user interface management

TTE header file for command and telemetry
message structures

TTE header file for command codes and other
message definitions

TTE header file for message queue used for
inter-task communication

TTE header file for internal application return codes

TTE app header file for interface with internal app
state

Public TTE app header file for table interface
functions

Definitions used for the TTE application tables

Static compile-time checks of TTE app
configuration

TTE application version information

Main application source file for the TTE application
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Network Scheduling

Knowledge Needed:

aprwh e

Physical properties of devices / platforms
Physical interconnect between platforms
Message flows and timing properties
Interrupt types and timing requirements
Port to device partition mapping

TTE Network Description (XML):

1. Network properties — e.g. sync, links, planes
2. Device properties — e.g. dataports, partitions
3. Virtual Links — e.qg. periodicity, payload sizes

l

TTE Toolchain (TTTech):

» Converts network description to
device-specific configurations

.hex and .bin image files

Andrew Loveless (NASA JSC/EV2)

» Converts device configurations to

Viva

llllll Undeflned data EEEEEEEESN
exchange format

Flight Software Scheduling

Knowledge Needed:

1. Task assignment to platforms and partitions
2. Timing requirements for task execution
3. Message structure and packet formats

v v
SysML Model

TTE Toolchain (NASA):

Converts .hex images to CFS

v
CCDD

Project
Database

Command & Data Dictionary

CFS Tables for
SCH_TT App

end system config tables
Converts device configs and
network description to CFS
port mapping tables.

CFS Tables for TTE App
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Integrating with Other Buses

TTEthernet
| 1
Switch Switch Switch \ h
A B C D
GW GW
/ \ N\
% ﬁ < / \ Z | ow ;sz
< 2 \"i )] %)
|
A B " C D
Router Router Router Router
] /
112 3 1 2 3 1 2 3 1 2 3
- SpW / SpW-RT SpW-RT SpW-RT
SpW/ SpW U P P + External Sync + External Sync

Steiner, Wilfried, “Towards Autonomous Time-Triggered Ethernet”,
Workshop on Spacecraft Flight Software, Pasadena, CA, 2010.
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TTE Hardware Status

@ TTTech developing space ASIC
for switches and end systems.

* Testing plastic ASIC on the boards now.
» Ceramic samples scheduled for Feb. 2018.

 Fully qualified ceramic (QML-V)
planned for Q3/2018.

m SEPHY targeting rad-hard PHY
prototype for Dec. 2017.
» Will perform network-level testing.
« Electrical testing will have already been done.
@ Tlisin final development of DP83561R
rad-tolerant PHY in ceramic.
 First samples available in Q1/2018.

@ Focus now is on 100/1000Base-T.
« Some plans for Base-CX down the line.

TTE-End System
Controller

Ethernet Ports MDIO
3xRGMII/RMII
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® Questions?
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