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Project Research -
From federated approach to IMA, AFDX and
TTEthernet

Federated approach IMA approach
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e Integrate several « Integrated Modular Avionics (IMA)
software functions  Functional modules
e Non-transparent « Cabinet equipment
fault propagation « “virtual backplane"
e Hard maintenance

4 DTU IMM Analysis and Optimization of TTEthernet-based Safety Critical Embedded Systems September 2010

Radoslav Hristov Todorov, s080990



=
—
—

Project Research -
From federated approach to IMA, AFDX and

TTEthernet
AFDX Networks
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Project Research -

i

From federated approach to IMA, AFDX and

TTEthernet

AFDX Networks TTEthernet Netwokrs

e Connect different equipment e The same as AFDX newtorks plus

e Allows different design topologies Time-Triggered (TT)

e Based on well-known Ethernet and Best-effort (BE) messages
technology /traffic classes

e Utilize asynchronous and
synchronous communication

e Fault-tolerant capabilities

e Global time

e Special Time-Triggered (TT)
Ethernet switches

e Capabilities for system-level
partitioning and distributed
computing

e Rate-Constrained (RC) messages
communication
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Problem Formulation -
Hardware architecture

i

CPIOM Module
/LRU/ IOM

are presented by
End Systems
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Problem Formulation - L NELN omy
Basic Notations v, |2 |50 =

V1
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[SWi1-5wz2 ! .
:J ; Virtual link
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SW2-5W3

V1,V2,V3 SW3

[ Zms-Lms

Sender End
System

Sw2 [

Output Port

Switch

Receiver End
System
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Problem Formulation -
Design Considerations

BAG (Bandwidth
Allocation Gap)-

. minimum
:

interval between

< BAG >< BAG >< BAG » two frames
Smax -
maximum
allowed length
of a frame -

« BAG >t BAG > BAG »

Interconnect
P
LEGEND:
. AFDX Communication port
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Problem Formulation -
Traffic Integration
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Problem Formulation -
Given

e Given:
1. The described architectures so far
2. An application that has:
e Time-Triggered (TT) messages
e Rate-Constrained (RC) messages
e Given Constraints:
1. Time-Triggered (TT) /static/ messages take precedence
2. Time-Triggered (TT) traffic is set offline
3. Time-Triggered (TT) messages setup consists from:

< T;D; S,../ S,i,s start-uptime >[€

4. Rate-Constrained (RC) messages setup consists from

< T = BAG; S S... > |€

max’/
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Problem Formulation -
Determinate

i

Additional aspects:
- it could be an AFDX

network (only RC
mesages)

e We are interested in the produced "end-to-end” delays

o We define Scenario I and II for the problem formulation:

— Scenario I is related to a case where the Time-Triggered (TT)
messages are already defined (the problem is how to define them
as a table of Time-Triggered constraints) and is required to be done
optimizations for the Rate-Constrained (RC) messages. ‘1’

— Scenario II is related again to optimization of Rate-Constrained
(RQC) traffic but in this case the parameters related to them are
optimized
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Problem Formulation -
Goals

i

e To avoid packet loss i.e. none of the switches buffers will overflow

e To minimize the end-to-end delay messages, which is necessary to
maintain the deterministic nature of the AFDX networks

e To integrate and test the results with networks carrying mixed traffic
(Rate-Constrained (RC) and Time-Triggered (TT) messages).

Even the hardware
design allows enormous

buffering, the second
problem still has to be
solved
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Methods
for calculations of
End-to-end delays

i

Method name Advantages Disadvantages References

Grouping technique | Decreases the end- | Covers only Private case in
to-end delays for dedicated scenarios [26]

specific scenarios depending on the
configuration
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Methods
for calculations of
End-to-end delays (2)

Method name Advantages Disadvantages References

i

Stochastic network | Improves some of | Considered as hard [23], [24]
calculus the disadvantages | to understand

of the Network due the complexity

Calculus approach | of the theory

* Optimization approach
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Methods
for calculations of
End-to-end delays (3)

i

Method name Advantages Disadvantages References

Stochastic network | Enables priorities The results are not [18]
calculus with to be set comparable

priority for the traffic flows | with those of any
assignments* other method

Selected

approach
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Trajectory Approach

What the approach is calculating?

=

ES1-SW1
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i

ZMS-LMS

SW2 SW2-3W3

e The approach is based on the analysis of the worst-case scenario for a
packet on the basis of its trajectory through the nodes in the network.

e It considers the longest calculated busy period of a message

(i.e. all other possible transmissions before the current one or in other
words a period of time in which there is at least one message for
smission before the current one in the output buffer of a switch.).
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Trajectory Approach

What the approach is calculating?

e In the terms of the example the situation can be presented as the
following:

es? time

NEN Busy Period

NI
’ a1\m // /

ES-SW;4

SW;-SW, \
ESs
a W3
1

SWo-SW3

esll

ESq

ES.,

ESas

- Evaluated VL packet

Busy period packet against the eveluated VL
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Trajectory Approach

What the approach is calculating?

e Actually, in real the delays are smaller values and almost never reach
their peaks:

a,"d time

ES, O

ES2

BT

E
sW
Aifswii=2 Bplest=1

ES:-5W, 2 E I - sw?
T Pew T2
af{swﬂ)ﬂ\waﬁg 1
3

| 1 |
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3
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ESqy !

ES:
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-Eu luated VL packet
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Trajectory Approach

What the approach is calculating?

e The approach is called “Trajectory” because describes the delay of the
messages per its trajectory according the figure:

Shorter Busy

Period

thrrme

1 | [ ey |

[ @ [ | e@ |

pih-1)

| fin-1) | [ ey ||

| ] \ [ ety | | m |

Where f(N)- the first packet processed in the busy period in node N and
p(N-1) the first packet processed between f(N) and the packet in which
re interested
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Prelimenary Formula for calculation of the ==
Rate-Constrained (RC) message
de|ays Latency

in the
destination
me — T‘:?frn, _I_ LDprrn —I_ SDFI)_m _I_ Ii/DQm —I_ T’F éystem
4 \ ’
/ Transportation costs. WDp, = Y  WDg, (Sk)
Total end-to-end delay More specifically: Skenbeen
of message F,, LDp, =nbl,, xL Transmission delay
in switches output polts.
Latency of the source | Mores specifically:

end system. More Transmission delay WDr, (Sk) Itfﬂéhc?u(tjebaty |
specifically: in switches. More bort bu?fer S
specifically: :

To, =to+to+ts

SDp, = nbsy, x (‘S'Fpm /R)
T, contains time for
obtaining data,
fragmentation of it and
sending costs

Where Sg,,, is the size of
the message and R the The real
capacity of the link problem
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Classification of the virtual links
in the system

e Example system: @

V,—{ E5 oW, | SW--SWe |+ Vi Ve
SW1 Vi Vz
—{swesw ] SW4 SW,ES
—ES75W | SWSW, —
A - ]

Vi, Ve [ SWsESe -

SW3

@—‘ Va ViV W [(SWrEs;
Vy——ES:SW; | \ VsV Va 3-"9@
Sw2 Z5W; Vb .
« - Direct Influence
= . V&’VT‘M
Virtual Link T —
that is

V, - Indirect Influence
examinated

« - Examinated Virtual Link

e How V, is influenced by the rest of the/he virtual links in te
end-to-end delay?

Indirect

Output port

that has influence by

Vs

contention
problem
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Classification of the virtual links
in the system

e There are 2(or 3) classes of virtual links:

— Direct Influence (DI) virtual links — paths or partial paths which share
at least one output buffer

— Indirect Influence (II) virtual links — paths or partial path which do
not share output buffers with but share at least one output buffer
with a Direct Influence (DI)or Indirect Influence (II) path.

- No Influence - paths or partial paths which cannot be classified as
either Direct Influence (DI) or Indirect Influence paths.

e Our next task is to research how far Indirect Influence (II) is important
for the analysis and how much impact it has on the end-to-end delays.
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Classification of the virtual links
in the system
e Virtual link V,; has the first message from all virtual links ready for
transmission
time - time
ES, ESy
\| \ \
SW,-ES, N[ 3 | SW,-ES; 1 3
SW,-ES, 2 SW,-ES, / / ‘{ 2]
[/
ESE ESZ
Case Al Caze B:
Virtual Link V, is the first emited one. V;
simply depends on the arrival of the message
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Classification of the virtual links
in the system
e Virtual link V, has the first message from all virtual links ready for
transmission
time - time -
ES, ES,
SW1-ES; \ [+ 3 SW-ES; \ 3 Y 1 ]
SW,-ESy 2 SW;-ESs [] 2
ES: ES; / ,
s Case D:
Virtual Link V, is the first emited one. V;
depends on the arrival of the message from
V, in Case C
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Classification of the virtual links
in the system
e Virtual link V5 has the first message from all virtual links ready for
transmission
time - time -
ES, ESy
SW,-ES, ]{ 3\ 1] SW,-ES; [ 3 [ 11]
SW;-ES, / IE 2] SW;-ES. \ 2
ES; / \ ES;
Casa E: Casze F:
Virtual Link V5 is the first emited one and any
firther investigation is not required
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Classification of the virtual links
in the system

e The Indirect Influence (II) can
exist on multiple levels 2

|

Indirect Influence (112)

Indirect Influence (II1)

VWx — Examinated Virtual Link

D1 — Direct Influence

11 - Indirect Influence (Level 1)

Direct Influence (DI)

112 - Indirect Influence (Level 2)
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TrajeCtory ApproaCh rlast; Wast, ;0
Short description of the formula R; = Elé_ii(ﬁ-‘i_i“ O —t) ==
in one slide _
t+ J;
Wit = 2. ; EJ) x C;
JE[1n];i#iPiNP;# i
T (% T p?' =+ 1|'Lﬂm.r
Processing time from dFSt case nS'-to-
packets crossing €rd response time
virtual link offany messhge
frdm virtual {ink 7
Processing time for Processingltime for
longest packet of virtual link \v; packet
virtual links 7 |
, | | ) Delays
gy = min(Shazt = Wi — sHEe ) — T 4 ST 4 05 from path
CF =C; = Sma:f/(R

DTU IMM

28

Analysis and Optimization of TTEthernet-based Safety Critical Embedded Systems
Radoslav Hristov Todorov, s080990

September 2010



=
—_
—

i

Enhancement to
the Trajectory Approach

Including of Indirect Influence (II) virtual links

e Until now all the experiments were conducted with virtual links that have
only Direct Influence (DI) crossing virtual links:

Sy

SW'I SW1-8w2
5 EE]
o .
V1
VS_@ - I N SW3-EST1
r@ Swa V3 : Ijvwzvs @,_‘

V.
[ roweswe] V2
S \7zsws )

V; and V, are influenced

ELESTEMS '—‘
<
é)

%)
=
w

ZMS-LMS

va

ES44-SW4

<
@
‘ﬁ

indirectly by V,
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Enhancement to
the Trajectory Approach

Including of Time-Triggered (TT) messages

i

e Until now all the experiments were conducted with virtual links that have
only Rate-Constrained (RC) messages:

3 - Time-Triggered (TT) @:‘1 (s
message is predefined | sw1  [SSm mva @
g
&

and 1 - Rate- @\j{@
Constrained (RC) vive

message has to wait

~EE sws
W1,V2V3

a4 as

Swz2 /

TT capable device

—y3— TT virtual link
V5 - Time-Triggered
(TT) messages
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Results -
Trajectory Approach
e Several tests were conductuted
e In the report are presented two test cases
— Case Study 1:
T . m@
SW1 S W VL Siae | BAG
@ V1V2 o V1@ i 3000 500
P ivave ] SW3 Vy 2000 500
@ d ) Vi 1000 | 500
V2 iesseme] @
SW2 SW2-sw3
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Results

Trajectory Approach -
Extenstion with Time-Triggered (TT) messages

- Case Study 1A:

T ‘L
SW1 SW1SWZ V3
: ]

VL Smazx BAG

2
:
w@ " 3000 500
SW3E-EST1 |—|
500

’—* Swesws)  SW3 Vs 2000
V1,V2,V3 SWaEs22 i—‘

TT capable device

—w3—— TT virtual link

Predefined
time slots

32 DTU IMM Analysis and Optimization of TTEthernet-based Safety Critical Embedded Systems September 2010
Radoslav Hristov Todorov, s080990



=
—_
—

Results
Trajectory Approach

i

- Case Study 2:

rm_ SW3 S,

VL1
Swswi | Ruiar)
wi—gesrer|  swi - fsweswy ] VLIV VA VS rowsswr]  SwW4 L swasw | SESTI

Mi—‘
VL3 VL4 VLS VL3, VL4, WL

VLA
[ SWISWE
@ \_@ _ VL5— SWi-swa sSw8 SWEESS
@1Qm@ FM SW7 ] m@
SW2-8W3

VI {EESW| G2 ‘
—{ESEST Lo vie L2
\‘_ILZ
Q@ SW6 @'@@

VL5
@_‘ SN SWA0-SWT
@—‘ SW10
A SWI-SWi0 | T0-SWi T VL3
VL2 vLZ
L —{Eszeme|  SW9 VL3, VL4
11-ES33
vLd
LIM SW11 ]

VL Smaz | BAG

¥ 4000 60

Vs 4000 360

Va 4000 560

¥y 4000 60

Ve 4000 360
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Implementation of
the Trajectory Approach

based on the formula and case study 1

A, ; vV, V, -

V,
SW, O O
SW, O O

ES @

Ai,j v1 V3
V,

SW; O SW,
SW, O SW,
SW; @ SW;

Ai; Vi Vs
Vs

Message =iy
calculations follow SW,
the same formula

SW;

Time-Triggered
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Implementation of
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the Trajectory Approach

next to the Holistic

for every V; do
for h = first; to last; do
if h # last; then
calculate S,,42 = '["1"’;.?5“ —t+CP + Lnaa
end if
if h = last; then
calculate R = '[-'1"2'!_{;5'54 —t4+C :‘ with the last S,,,,. values
R* = R + [AditionalCost]
end if
end for

end for

for every V; do

Ri_ _ C;’ngressEndS’ystem + L

maxr
for h = first; to last; do
if 3V, N\Vi:V; € b:V; [ Spr then
V = locate next time slot between two T'T messages enough to

transfer all >°._ Avivien +C h

repeat
locate next time slot between two T'T messages
: h
until V.= 37,y viiv,en G5
Rf"‘ = V
end if
end if
h
Ri+ = Z =YV Vi;V;eh CJ'
Ri* = ('v:?. B Lmam
end for

end for
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Results
Trajectory Approach

i

— Case Study 1:

250
VL Holistic Trajectory
Vi 234 198 200
Vo 214 198
150 -
Va 128 112
W Holistic
100 - B Trajectory
50
0
V1 W2 W3

e With the term “holistic" we refer to a method for calculating the entire
st-case response times incurred in transmission of a message from a
al link assuming the worst-case
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Results

Trajectory Approach
Extenstion with Time-Triggered (TT) messages

- Case Study 1A:

250
VL Holistic Trajectory
Vi 234 198 200
Va 214 198
1 1 30 1 1) 150 7
= — i B Holistic
100 B Trajectory
The same results 50 -
were achieved.
. . 0 -

There is no t which v va V3

can change the

results

s as ds as
N " s Tl sl
Additionaly:
BAG; BAG;
37 DTU IMM Analysis and Optimization of TTEthernet-based Safety Critical Embedded Systems September 2010

Radoslav Hristov Todorov, s080990



=
—
=

G=D
Results ==
Trajectory Approach
- Case Study 2:
200
VL |H olistic Trajectory 00
1 400 384 500
Va 280 280 c00
V3 752 752 400 - m Holistic
Vi 752 752 100 - ™ Trajectary
Vy 616 626 200 -
100 A
ﬂ T T T T 1
Wl V2 W3 V4 Vs
e With the term “holistic" we refer to a method for calculating the entire
st-case response times incurred in transmission of a message from a
al link assuming the worst-case
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Conclusion
Possible extensions

e Influence of the computation time inside the end nodes. An end node is
usually subject to contention from several logical partitions that have to
cooperate over the usage of the single resource CPU

e Intercommunication between different synchronization domains in these
networks. As previously explained, the topology could be complex, and
this calls for additional assumptions for the calculations of the worst-case
response times

e Best-Effort (BE) traffic with the rest of the ongoing traffic (Rate-
Constrained (RC) and Time-Triggered (TT) traffic). A quantitative or
quality method should be developed which can show or predict the trends
of the behaviour of this traffic class.
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Thank you for your time!
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Radoslav Todorov
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