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(57) Abrege/Abstract:
The Invention relates to a method of routing virtual links In a frame-switching network comprising a plurality of source and/or
destination terminals of said frames, frame switches being connected together by physical connections, each virtual link being
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(57) Abrege(suite)/Abstract(continued):

defined, for a point-to-point type, by a path through said network between a source terminal and a destination terminal and, for a
multipoint type, by a pluralty of paths through said network between a source terminal on the one hand and a plurality of
destination terminals on the other hand. The method performs the routing of the links by minimizing at least one cost function over
a set of solutions satisfying at least one predetermined topological constraint.
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ABSTRACT OF TH.

ISCLOSURE

3
O

The invention relates to a process for routing

virtual links in a frame-switching network 1including a

1)

plurality of source and/or destination terminals o:
said frames, in which frame switches are connected to

5 one another by physical connections, with each virtual

link being defined, for a point-to-point type, Dy a
path through said network between a source termilnal and
a destination terminal, and, for a multipoint type, Dby

1

petween a

a plurality of paths through said network

N destlnation

| T

10 source terminal and a plurality o

terminals. The process performs the routing of links Dy

.

minimizing at least one cost function on a set ol

solutions satisfying at least one  predetermined
topological constraint.

15
Figure 2
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PROCESS FOR ROUTING VIRTUAL LINKS

IN A FRAME-SWITCHING NETWORK

Technical field

pr—

Thls 1nvention relates to the field of routing in

a frame-switching network and more specifically an AFDX

network.

Prior art

The Ethernet networks are the best known among

local networks. They can function under two modes that
are distinct but compatible with one another: a so-
called shared mode, in which a single physical medium
1S shared between the terminals, with random access and

detection of frame collisions, and a so-called switched

mode, 1n which the terminals exchange frames by means

of wvirtual connections, thus guaranteeing the absence

e

of collisions.

In a switched Ethernet network, each terminal,
source or destination, 1s connected individually to a

frame switch, and the switches are connected to one

another Dby physilical connections. More specifically,

p—

cach switch has a plurality of ports connected to the

ports ©f other switches or terminal couplers. A virtual

connection between a source terminal and a destination

terminal 1s defined as a path through the network

followed by the frames from the source terminal

intended for the destination terminal. Similarly, a

virtual connection 1s defined by the list of switches

through which these frames pass. For each switch

traversed, the frame switching 1s performed on the
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basis of the destination address, by means of a pre-

established switching table. This switching table 1s

ﬁ

very simple since 1t indicates, on the basis of the

switch input port and the frame destination address,

the corresponding output port.

Another well known example of a frame swiltching
network 1is the ATM network in which a virtual circuilt
connection (VCC) can be established 1n order to route

basic frames or cells between a source and destination

terminal.

We will use the term “wirtual link” to refter to a

level-2 end-to-end connection 1in a frame switching
network, such as a virtual connection 1n a swltched

Fthernet network or a virtual circult connection 1in an

ATM network. In a frame-switching network, the virtual
links are routed through the network, elther

administratively or by signalling with the control plan.

The routing of 1links consists of defining and
programming the switching tables of the wvarilous
switches of the network. In general, these switching
tables can be static (administrative routing) or

dynamic (routing by signalling).

In some cases, 1t 1s possible to obtain a certain

guarantee of service by virtual link. For example, 1in

an ATM network, the CBR (Constant Bit Rate) service

~lass enables a constant bandwidth and a minimum flow

rate to be reserved on the link. However, as the

switches can support only a given maximum flow rate,

this service guarantee 1mposes constraints on the

ﬁ

routing of links.
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Similarly, the AFDX (Avionics Full Duplex Switched

Ethernet) network, developed for aeronautical needs, 1s

a switched Ethernet network in which 1t 1s possible to

reserve a bandwidth by virtual link. More specifically,

each virtual link is associated with a minimum 1nterval

between frames as well as a maximum frame size.

Moreover, a maxlmum time of routing frames or a latency

time 1s guaranteed for each virtual 1link. Given that

the switches can ensure only a given flow rate per

pr——
=

output port, the guarantee ot virtual link

characteristics 1s agalin subject to routing constraints.

This invention applies preferably but not

—
-

exclusively to AFDX networks. A detailed description of

this network can be found 1in the document entitled
“"AFDX protocol tutorial”, available at the website
www.condoreng.com as well as 1n the patent application

—

FR-A-2832011 filed 1in the applicant’s name. Its maln

characteristics will simply be summarilized below.

As mentioned above, the AFDX network 1s based on a

switched Ethernet network. It 1s also a full-duplex

network, 1n which each terminal can simultaneously
transmit and receive frames on distinct virtual links.

The AFDX network 1s also deterministic, 1in the sense

that the virtual links have guaranteed characteristics

F
—

in terms of latency time, physical segregation of

streams, bandwidth and flow rate. Each virtual 1link

F

thus has a path reserved from end-to-end, of a time

fragmentation into transmission 1ntervals (called BAG

for Bandwidth Allocation Gap) and with a maximum frame

S—

slze. The frames are sent at the start of each

transmission interval with a predetermined “Jitter
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tolerance. Finally, the AFDX network 1s redundant, 1in

-

the sense that 1t 1s duplicated for 1reasons of

avallability.

The data 1s transmitted in the form of IP packets

5 encapsulated in Ethernet frames. By contrast with the

classic Ethernet switching (using the destination

thernet address), the frame switching on an AFDX

(7]

network uses a virtual 1link 1dentifier concatenated to

the frame header. When a switch receilves a frame at one

10 of 1ts 1nput ©ports, it reads the wvirtual 1ink

g— [} pre—
— —-—

1er and determines, on the basis of 1ts

1denti:

switching table, the output port(s) from which it

should be transmitted. The switches verify, during

flight, the integrity of the frames transmitted, but do

o
P—

15 not request retransmission 1f a frame 1s incorrect: the

frames detected as 1ncorrect are removed. The frames

carried on a virtual link are numbered in sequence. On

reception, the destination terminal verifies the

J—

integrity of the frame seqgquence.

20 FEach wvirtual 1link 1s one-way. It can be from only

one source terminal at a time, but can arrive at a

e

plurality of destinations. Virtual 1links in poilnt-to-

point mode, which serve only a single destination, are

distinguished from virtual 1links in multipoint mode,

25 which serve a plurality of destinations.

Flgure 1 diagrammatically shows an AFDX network

including terminals LRUl to LRU5S and frame switches SW1,

SW2. It can be seen that the virtual 1link VIL;

P

connecting terminal LRU3 to LRUZ 1s of the point-to-

30 point type while the wvirtual links VL, serving LRUZ and



SP30223 E

10

15

20

25

CA 02654969 2008-12-10
o

N

the

LRU3, and VL; serving LRU3 to LRUO are o

multipoilnt type.

Some virtual links are strongly dependent on one

another because they are involved 1n performing the

same function. For example, the wvirtual links from

different navigation sensors of an aircraft participate

in the same positioning function. Below, we will use

the term “functional bundle” or simply “bundle” to

pr—

refer to any set of wvirtual links, of the point-to-

point or multipoint type, participating 1n the same

function.

The frame-switching networks offering a service
guarantee, such as ATM and AFDX networks, require
routing constraints on the virtual links to be i1mposed.

Moreover, on-board applications, in particular

aeronautical applications, reqgulire additional
precautions 1n turn usually resulting 1n routing

constralnts.

pp—

Until now, the routing of links in an AFDX network

p—

has been performed empirically. This type of routing

gr—
Sl

can be acceptable for a relatively small number of

-
u

virtual 1links. With the 1ncrease 1n complexity o:

aeronautical systems, the number of wvirtual links can
now reach several thousand. This invention 1s 1ntended
to provide a systematic and automatic routing process

that takes 1nto account all of the routing constraints

and enables the safety of use of the network to be

optimized.
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Description of the 1nvention

This invention 1s defilined by a process for routing
virtual links in a frame-switching network including a

plurality of frame source and/or destination terminals

connected to one another by physical connections, 1n

which each wvirtual link 1s defined, for a point-to-

polnt type, by a path through said network between a

source terminal and a destination terminal, and, for a

multipoint type, by a plurality of paths through said

lr—
—
b

network between a source terminal and a plurality o:

destination terminals. Salid process includes  the

following steps for at least one virtual link:
(a) selection, from a set of possible paths

between the source terminal and the destination

ﬁ

terminal(s), of a subset o©of paths satisfiying at least

one predetermined topological constraint;

-

(b) determination, among said subset, of a path

-

for a point-to-point virtual link, or of a plurality of

paths for a multipoint virtual 1link, minimizing at

least one given cost function;

(c) routing said virtual 1link according to the

path(s) thus determined.

According to a first alternative, when said
virtual link 1s a point-to-point 1link and the network
1s partitioned 1into distinct zones, sald topological
constraint 1s advantageously expressed as a constraint

[ ] e
—

prohibitling c¢rossing between zones 1f the switches

connected respectively to the source terminal and the
destination terminal belong to the same zone, and, 1n

the opposite case, as a constraint allowling a single
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crossing between zones belonging respectively to saild
source and destination terminals 1s applied. The

selection step can take 1into account additional

topological constraints of segregation and/or

collocation of paths possible with respect to virtual

links already routed or to be routed simultaneously

with said link or switches of said network.
Alternatively, or cumulatively, the selection step can
take into account additicnal topological constraints,

1n which each additional topological constraint

fr—

concerns a group of paths forming a set of virtual

links to be routed simultaneously, 1in which said group

r— p—

is made up of a plurality Ng, of sub-groups of said

paths, and said additional constraints express that, at

most, a number ng, of sub-groups such that 0<ng, <Ngg

can be invalidated, with a sub-group beilng 1invalidated

gt
—

if all of the paths belonging to it are affected by the

failure of the same switch of sailid network.

Said aforementioned cost function can be chosen tO

be equal to the number of switches traversed by a path.

According to a second alternative, when said

virtual link is of a multipoint type and the network 1s
partitioned into distinct zones, a constraint
prohibiting crossing between =zones 1s advantageously
applied to each possible path Dbetween saild source

ﬁ

terminal and a destination terminal of said 1link, 1t

the switches connected respectively to the source
terminal and to said destination terminal belong to the
same zone, and, 1in the opposite case, a constraint
allowing a single crossing between the zones belonging

respectively to sald source and destination terminals
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is applied. As mentioned above, 1t 1s possible to apply,

for each of the possible paths between sald source and

My

destination terminal of sald link, additional

topological constraints of segregation and/or

—_

5 collocation of these paths with respect to wvirtual

links already routed or to be routed simultaneously
wlth sald link Or switches. Alternatively, or
cumulatively, the selection step can take 1nto account
additional topological constraints, in which each

10 additional topological constraint concerns a group of

paths forming a set of wvirtual 1links to be routed

simultaneously, 1n which said group 1s made up of a

——

plurality ng of sub-groups of said paths, and said

additional constraint expresses that, at most, a number

1> n of sub-groups such  that Osng, <Ng ~can De

S8

ﬁ

invalidated, with a sub-group being 1invalidated 1f all

P
—

of the paths belonging to 1t are affected Dby the

—

falilure of the same switch of said network.

P
p—

The cost function can be equal to the number of

20 switches traversed by a path and will be minimized on

each set of possible paths between said source terminal

and a destination terminal of said 1link, 1n order to

provide at least one candidate path per destination

terminal. Advantageously, we comblnations of K

25 candidate paths are produced 1in which K 1s the number

S
——

of destination terminals of the 1link, and each

combination corresponds to a possible routing solution

of said multipoint link, and a second cost function 1s

minimized on the set of said possible solutions thus

30 obtalned. This second cost function evaluates, for each
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P

possible solution, the number of switches shared

between 1ts various constituent paths.

According to a third alternative, for at least one

group of links 1nvolved 1in performing the same function,

5 referred to as a bundle of 1links, each 1link being

polint-to-polnt and the network being partitioned 1into

distinct zones, a constraint prohilbiliting crossing

Jap—

between zones 1s applied, for each of the links of said

bundle, to each possible path between the source

10 terminal and the destination terminal of said link, 1f
the switches connected respectively to the source
terminal and to the destination terminal belong to the
same zone, and, 1n the opposite case, a constraint
allowing a silngle crossing between the zones belonging

15 respectively to said source and destination terminals
1s applied. As mentioned above, 1t 1s possible to apply,

for each wvirtual 1link and for each of the possible

paths between the source terminal and the destination

F

terminal of said link, additional topological

20 constraints of segregation and/or collocation of these
paths with respect to virtual links already routed or
to be routed simultaneously with said link or switches.
Alternatively, or cumulatively, the selection step can
take 1into account additional topological constraints,

25 1in  which each additional topological constraint

g

concerns a group of paths forming a set of wvirtual

links to be routed simultaneously, in which said group

— —

1s made up of a plurality Ny, of sub-groups of said

paths, and said additional constraints express that, at

30 most, a number n, of sub-groups such that O<ng, <N,

g

can be 1nvalidated, with a sub~-group being i1nvalidated
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1f all of the paths belonging to 1t are affected by the
fallure of the same switch of said network.
Said cost function can be chosen to be equal to
the number of switches traversed by a path and will be
5 minimlzed, for each of the 1links of said bundle, on

each set of possible paths between the source terminal
and the destination terminal of said 1link, in order to
provide at least one candidate path per  link.
Advantageously, combinations of N candidate paths where

F P

10 N 1s the number of links of said bundle are produced,

with each combination corresponding to a possible

P

routing solution of said bundle, and & third cost

function 1s minimized on the set of said possible

solutions thus obtained. The third cost function

~

15 evaluates, for each possible routing solution of the

bundle, the number of switches shared between the paths

of which said solution 1s the combination.

According to fourth alternative, for at least one

group of links 1nvolved 1n performling the same function,

o

20 referred to as a bundle of links, with each link being

of a multipoint type and the network beling partitioned

into distinct zones,

a constralint prohibiting crossing between zones 1s

pl—

applied, for each of the links of said bundle, to each

25 possible path between the source terminal and the

p—

destination terminal of said 1link, 1f the switches

connected respectively to the source terminal and to
the destination terminal belong to the same zone, and,

in the opposite case, a constraint allowing a single

30 crossing between the zones belonging respectively to

sald source and destination terminals 1s applied. As
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mentioned above, 1t 1s possible to apply, for each
virtual link and for each of the possible paths between
the source terminal and the destination terminal of
said link, additional topological constraints of
segregation and/or collocation of these paths with
respect to virtual links already routed or to be routed
simultaneously with said 1link or switches of said
network. Alternatively, or cumulatively, the selection
step can take 1nto account additional topological

constraints, 1n  which each additional topological

constraint concerns a group of paths forming a set of

virtual 1links to be routed simultaneocusly, 1in which

sald group 1s made up of a plurality hgg of sub-groups

of said paths, and said additional constraints express

that, at most, a number ng, OI sub-groups such that

O0sng <Ng, can Dbe invalidated, with a sub-group being

invalidated 1f all of the paths belonging to 1t are

pp—
p—

affected by the failure of the same switch of said

network.

Salid cost function can be chosen to be equal to

—

the number of switches traversed by a path and will be

y—

minimized, for each of the 1links of said bundle, on

cach set of possible paths between the source terminal

pr—

and the destination terminal of said link, in order to

provide at least one candilidate path per link and per

destination terminal. Advantageously, combinations of

Ki+Ky+...+Ky candidate paths where K;, 1<isN are the

ﬂ

numpbers of respective paths of the N links of said

bundle are produced, with each compblnation

corresponding to a possible routing solution of said
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bundle, and a fourth cost function 1s minimized on the

.
—

set of said possible solutions thus obtained. The

fourth cost function evaluates, for each possible

*

routing solution of the bundle, the number of switches

traversed by the links of the bundle corresponding to

thls solution.

In all of the alternatives above, said network

zones are, for example, supplied by 1ndependent power

supply sources.

Finally, regardless of the alternative, we will

i, 1
—

advantageously minimlze a fi1fth cost function

P
—

evaluating the traffic load of the most heavily loaded

g
—

switch of the network, on the set of the routing

p—

solutions obtained by minimizing one of the second,

third or fourth cost functions.

The invention also relates to a computer program

including software means sultable for 1mplementing the

steps of the process defined above, when 1t 1s run on a

computer.

Brief description of the drawings

)

- Figure 1 diagrammatically shows an example of

AFDX networks;

- Figure 2 diagrammatically shows an organizatlio-

nal chart of the virtual link routing method according

pr—

to an embodiment of the invention;

L]

- Figures 3A to 3E show a mechanism for minimizing

cost functions in the case of a multipoint virtual link;

- Figure 4 shows an example of routing for a

polnt-to-polnt virtual link;
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—
pr—

- Figure 5 shows an example of routing for a

I

multipoint virtual link;

ﬁ
—

- Figure 6 shows an example of routing for a

bundle of point-to-point virtual links;

1)

- Figure 7 shows an example of routing for a

bundle of multipoint virtual links;

- Figure 8 shows an example of a group of paths

forming virtual links, subject to a relaxed segregation

constraint;

- Figure 9 shows an example of routing of virtual

links under a relaxed segregation constrailnt;

- Figures 10A and 10B respectively show an

acceptable routing configuration and an unacceptable

routing configuration.

#

Detailed description of specific embodiments

The basic idea of the invention 1s to perform the

routing of a virtual link by selecting from among the

possible paths, those that meet a predetermined

topological constraint or a plurality of predetermined

topological constraints, then of selecting from among

those, the one(s) that minimize a predetermined cost

function.

the routing

S

Figure 2 shows the principle O
process according to the invention.
Said process uses, at the 1nput:

- a file 210 describing the topology of the

network, namely  the end nodes (terminals), the

switching nodes and the physical connections Dpetween

the nodes;
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- a file 220 giving the status of the network,

namely the capacities of the ports of the switches, and

the virtual links already routed wlth their

characteristics;

- a file 230 giving the characteristics of the

virtual 1link{s) to be routed. EFEach wvirtual 1link 1is

-

described therein by the 1dentifiers of the switches

connected respectively to the source terminal and to
the destination terminal (polnt-to-point mode) or to
the destination terminals (multipoint mode), the

F

duration of the transmission interval (BAG) and the

Rk

maximum length of the frames on the link, the possible

belonging to a functional bundle and, as the case may

o

be, the i1dentifier of the bundle;

- a file 240 stating topological constraints,

which will be described 1n detail below.

The algorithm involves, 1n a first step 250, the

selection of paths between the source terminal and the

destination terminal that satisfy a constraint or a

plurality of topological constraints i1ndicated in 240.

The algorithm involves, 1n a second step 260, the

ﬁ

minimization of a cost function or the minimization of

—

/e

a plurality of cost functions, successively or jointly.

For the purposes of Jjoint minimization, as detailed

below, a composite cost function 1is created as a linear

P and

combination of the aforementioned cost functions, with

the weighting coefficients being chosen so as to

—

reflect the relative 1importance of the costs 1n the

routing choilce. Alternatively, the cost functions are

minimized one after another 1n order of decreasing

priority, with each minimization being performed on the
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subset of solutions provided by  the preceding

minimization step.

If the minimization of the cost function(s) gives

fp—

a plurality of equivalent solutions, one solution 1s

chosen arbitrarily from them. The solution at the end

of 260 provides the path (poilint-to-polint mode) or the
paths (multipoint mode) enabling the virtual link to be

routed. In step 270, the status file of the network 220

is updated. The algorithm proceeds 1iteratively until

depletion of the virtual links to be routed.

In 280, 1t 1s wverified that all of the virtual

links are routed, and, 1if they are, according to an

—

embodiment, a step of verifying the determinism of the

network is performed in 290. This step 1s managed Dby an

algorithm called “network <calculus” known <from the

prior art, for example the article of Jean-Yves Le

Boudec entitled “Application of network calculus to

IH 1ﬁ

guaranteed service networks”, published i1n IEEE Trans.

- 0O

on Information Theory, Vol. 44, n~ 3, May 1998. This

-y

algorithm <calculates, on the basis of a traffic

envelope at all of the points of the network, the

latency terminals and the sizes of the queues for each

F

element of the network. The determinism 1s guaranteed

P

— —~

for a bounded latency and a correct sizing of the

.

queues for each element of the network.

Finally, the switching tables o©of the frame

switches are wupdated in 295. These switching tables

P
-

unequivocally set the routing of the 1links on the

network.
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The routing process can be 1mplemented a first

time when the network 1s activated and/or each time a

virtual link must be modified or added.
The topological constraints mentioned above are of

5 two distinct types: absolute constraints and relative

constraints.

J—
—

The absolute constraints weigh on the routing of a

=

virtual 1link independently of the presence of other

links on the network. For example, 1n the case o0of an

10 AFDX network on board an aircraft, the “left” and

“right” “sides” of the network, corresponding to the

“left” and “right” sides of the airplane, are supplied

- —

by different supply buses. So that the failure of one

power supply does not endanger the entire network, the

15 following topological constralnts are 1mposed:

- g virtual link from a source terminal located on

#

one side of the network and leading to a destination

terminal located on the opposite side can cross the

—

border separating the two sides of the network only

L~

20 once. If the virtual 1link 1s of the multipoint type,

the constraint is applied to each path forming the link;

- a virtual link from a source terminal located on

one side of the network and serving a destilination

terminal located on the same si1ide cannot c¢cross the

25 border separating the two sides of the network.

This rule 1is easily generalized to the case 1in
which the network can be partitioned 1nto any plurality

of distinct zones, on the condition that any terminal

i

vl

of a zone can serve any terminal of another zone

30 without passing through a third zone. The various zones

of the network are, for example, supplied by
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lndependent power  supply  sources. The 1ntra-zone
virtual links are routed within the zone 1n qguestion,

while the 1nter-zone virtual 1links <c¢cross the border

separating said zones only once, Wwlthout passing

through a third zone.

Other absolute topological constraints can be

established, such as collocation or segregation with an

element of the network. By this, we mean that 1t can be

specified that the virtual 1link necessarily passes

through a given element of the network (for example, a
switch or a physical connection), or, on the contrary,

that 1t necessarily avoids this element. Collocation

P

with a plurality of elements of the network 1s

considered to be capable of leading to unequivocal

routing of the wvirtual 1link. The wvirtual link 1s then

A\

said to be “fixed”.
The relative topological constraints concern the
virtual links with one another. Thus, 1t 1s possible to

establish collocation or segregation constraints

between virtual links. By this, we mean that 1t can be

specified that two virtual links must pass through the

same switches of the network, or, on the contrary, that

they must not share any common switch. The relative

topological constraints may concern different virtual

Jp—

links of the same functional bundle, 1n which case the

constraint presented 1s a segregation constraint. They

can also concern virtual 1links belonging to distinct

functional bundles. In both cases, the topological

.

constraints on collocation/segregation of a virtual

l1ink can be expressed with regard to 1links already
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routed or links to be routed simultaneously with said

link.
It 1S possible that relative topological

constraints expressed in terms of collocation and/or
segregation are too strict to enable a routing solution
to be obtained. In this case, some, or even all, of

these constraints are relaxed, as indicated below.

F

A set of virtual links 1s considered, 1in which the

R—

routing 1S performed simultaneously, as thelr

individual independent routing cannot be envisaged.

Fach of these wvirtual links generally 1ncludes one

(point-to-point 1link) or more (multipoint link) path{(s).

I}

All of the paths forming these virtual links,

F

hereinafter referred to as a group of virtual 1inks,

can be partitioned into sub-groups, with a path being

capable of belonging to a plurality of sub-groups.

ﬁ
—

Generally, a sub-group corresponds to an 1nstance oI

the function provided by said set of virtual 1links. In

other words, the various sub-groups represent a certailn

)

degree of redundancy for the performance of a single

function.

)

If h@g is the number of sub-groups of the group of

paths, a relaxed segregation constraint 1s 1imposed on

said set of virtual links, according to which at most

N sub-groups among Ny , with 0=<ng,a<NgG , can be

58

invalidated by the failure of a switch. The case n%fzo

corresponds to the specific situation 1n which no

F
—

invalidated sub-group 1is tolerated. By failure of a

switch, we mean eilther an erroneous or absent switch,

or a corruption of switched frames. By invalidated sub-
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groups, we mean a sub-group of which all o©of the paths

ph—

are affected by the failure of the same switch.

It 1s understood that a relaxed segregation

constraint provides more flexibllity than a segregation

constralint insofar as 1t takes into account the

redundancy of the network and 1s not applied in an

undifferentiated manner to all of the paths forming a

virtual link.

P

Examples of relaxed segregation constraints are

provided in the appendix.

As described above, after having selected a subset

of possible candidates satisfying the aforementioned

topologlical constraints, the routing algorithm searches

among the possible candidates for the one(s) that

minimize (s) one or more cost functions.

A first cost function considered is the number of

switches traversed Dy the virtual link. More

specifically, 1f the link i1s of the point-to-point type

1t 1s sought to minimize the number of switches

traversed Dby this 1link. If the 1link 1s of the

multipoint type, the minimization concerns the number

P

of switches traversed for each of the paths forming the

gr—

link. A small number of switches traversed enables the

probabllity of a failure of the virtual link or of each

path forming said link to be reduced.

A second cost function concerns the multipoint

virtual links. It is defined as the number of switches

common to the paths forming a multipoint link.

P
-

A third cost function concerns the bundles of

g

links. It 1s defined as the number of switches common

to the virtual links belonging to the same bundle.
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The minimization of the second or the third cost

function

enables, depending on the case, the

pr—

probability of a joint failure of the paths of the same

virtual link or of the virtual links of the same bundle

to be reduced.

A fourth cost function also concerns the bundles

of 1inks.

This 1s defined as the total number of

swltches traversed by all of the wvirtual links of the

same bundle.

A fi:

P

of the output port of the most heavily loaded switch of

fth cost function 1s defined as the flow rate

”

the network. The minimization of this function 1s

S_—

intended to optimize the distribution of the traffic

load within the network.

These examples of cost functions are 1n no way

limiting

insofar as they are 1intended in particular to guantify

Other cost functions can be considered,

p

the 1mpact of the failure of an element or a plurality

pr—

ﬁ

of elements of the network.

-

The successive minimization of cost functions can

g

lead to a set of sub-optimal solutions. According to an

alternative embodiment, a linear combination of cost

function

P
fp—

coefficients reflecting the relative 1importance of

S

1s produced Py means of welighting

f—
p—

these functions 1in the routing, and the new cost

function

possible

thus produced 1s minimized on the set of

solutions. Similarly, the new cost function

f—

can pe produced as a product of the cost functions, in

which each one 1s assigned an exponent reflecting its

relative importance in the routing.
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Figures 3A to 3E show the mechanism for minimizing

cost functions 1n the case of a multipoint virtual link.

The virtual 1link to be routed comes from the

source terminal E; and serves the destination terminals

R; and R;. It 1s assumed that the paths satisfying the

topological constraints have been pre—éelected. The

minimlzation of the first cost function 1s performed by

ﬁ

searching among each of the possible paths connecting

E; to Ry and E; to R,, those that traverse the minimum

numper of switches. In this case, the minimum number is

3 for the path E;-R; as well as for the path E;-R,. The

optimal solutions are shown 1in figures 3A to 3D.

However, 1t 1s noted that the solution shown in figure

3E 1s not optimal: 1indeed, 1t minimizes the number of

swilitches on the entire virtual 1link, but not on each of
1ts constituent paths (the path connecting E;-R, has a

cost of 4).

F

The minimization of the second cost function means

that, among the four previous solutions, those shown in

Cigures 3A, 3B and 3D are kept. Indeed, for those, the

| S

-

numpber o0f switches common between the two paths 1is

_—

equal to 1, while it 1is equal to 2 for that in figure

3C.

P

The minimization of the fifth cost function makes

1t possible to decide between the three solutions kept

1n the previous step. By default, the solution chosen

1s chosen arbitrarily from the remaining solutions.

The routing problem amounts to a problem of

minimlizing a cost function/ cost functions under

constraints. Advantageously, the cost functions under

-

constralnts are expressed 1in the form of linear
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inequalities and the cost functions are  linear

expressions of decision variables. The minimization can

then be performed using the simplex algorithm. It 1s

noted that the simplex algorithm enables a problem of

the followling type to be solved:

Argmin(b'x) with Ax>c and x>0 (1)

X

ﬁ

T : . .
where b 1s the vector representing a linear form (cost

function), X 1s the vector of the decision wvariables

(positive), A represents the constraint matrix and ¢

1S a constant vector.

In practice, the routing algorithm has, at the

P

input, the list of switches, noted SS and, for each

palir of source and destination terminals, the list of

paths making it possible to go from the first to the

second, with each path being described by an ordered

list of switches through which it passes. Below PP

will denote the 1list of paths 1ndexed. Advantageously,

f—

PP will previously have been reduced to a 1list of

paths already satisfying certain absolute topological

constraints, for example  those relating to  the

partition 1nto 1ndependent zones.

Then, the matrices C,C.,C,C are produced, with

the first three having dimensions FPxS§ and the last

having dimensions PxS5xS§S where P 1is the total number

o —
-

of paths indexed in the file and § 1is the total number

of switches of the network, with the elements o0of these

matrices being defined by:

P

c,,(p,sw)y=1 if sw belongs to the path p and c (p,sw)=0 if

"

not;
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c(pysw)=1 1f sw 1is the first switch of p and c (p,sw)=0

Ja—

1T not;

ﬁ

co(p,sw)=1 1f sw 1is the last switch of p and ¢ (p,sw)=0

1f not;

’ — 1 o ) 1 ) '
Cpss{(P>SWy,swp) =1 1f sw, and sw, are successive switches of

*

the path p and cpg(p,swy,swy)=0 1f not;

where p 1s the 1dentifier of a path between the two

pp—
o

terminals and where sw, sw,, sw, are the identifiers of

switches of the network.

To simplify  the routing algorithm, 1t 1S
considered that any virtual 1link 1is part of a

functional bundle, which bundle can be reduced as

)

necessary to a single 1link. FF denotes the 1list of

functional bundles.

A bundle f of FF is determined by its attributes:

-~ f.profile indicates whether the bundle [ contains

a single virtual link ( f.profile=1) or not ( f.profile=0) ;

ﬁ

- f.wocs gives the list identifiers of the virtual

links belonging to the bundle.

A virtual link v/ of a bundle f 1is defined by its

attributes:

- vl.f gives the identifier of the bundle to which

the link belongs;

—

- vicost indicates the cost in terms of traffic on

the virtual 1link; this cost can be expressed in terms

of traffic on the wvirtual 1link; this cost can be

expressed, for example, as a function of  the

transmission interval and maximum frame length pair;
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- wvilrted 1indicates whether the 1link has already
been routed (virted =1) or not (virted =0);

-  vitxsw gives the identifier of the switch
connected to the source terminal;

- vlrxsw gives the 1dentifier of the switch
connected to the destination terminal (point-to-point
link) o©or the 1dentifiers or switches respectively
connected to the destination terminals (multipoint
link).

A path b forming a virtual link v/ is defined by
1ts attributes:

- byl identifier of the wvirtual link to which it
belongs;

- bswDest identifier of the switch connected to the
destination terminal served by sald path.

In addition, GG denotes the list of groups of
paths forming virtual 1links subject to a relaxed
segregation constraint. Each group g of GG 1s defined
by:

- an attribute gsgkrrmax indicating the maximum
acceptable number of subgroups 1nvalidated 1n the
group;

- the list of its subgroups g.sglisr.

Finally, SG denotes the list of  subgroups
relating to the various groups of GG . Each subgroup sg

of SG 1s defined by:

- an attribute sg.group 1indicating the group to which

1t belongs;

- the list sgpathlist of paths forming this subgroup.
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The following decision varliables are also

introduced, all with positive values:

- leath[vl,p] is equal to 1 if the path p forms the

virtual link v/ and is equal to 0 if not. It 1s noted

that a path p forms v/ if this path leaves the switch

connected to the terminal vitxsw and arrives at one of

+the switches of virxsw;

— lerSw[vl,steSr,sw] is equal to 1 1f the path

forming the virtual link v/ ending with swDest passes

through the switch sw and is equal to 0 1if not;

p—

- VlBrPerSw[vl,Sw] is equal to the number of paths

forming the virtual link v/ passing through the switch

SW ;

i

- comBrSw[vZ,sw] is equal to 1 1if a plurality o

b

paths forming the wvirtual 1link v/ pass through the

switch sw;

- vlSw[vl,sw] is equal to 1 if the wvirtual 1link VI

P

passes through the switch sw and 1s equal to 0 1f not;

- fvlPerSw|f,sw| is equal to the number of virtual

links of the functional bundle f passing through the

switch sw;

F
p—

- comew[f,sw] is equal to 1 1if a plurality of

virtual links of the functional bundle f pass through

the switch sw and is equal to 0 1f not;

p—
Pl

- fSW[f,sw] is equal to 1 if one of the wvirtual

links of the functional bundle [ passes through <the

P

switch sw and 1is equal to 0O 1f not;
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— vlSwa[vl,Swj,st] is egual to the number of paths

forming the virtual link v/ passing successively

through the switches swy,sw»;

- VISW[VZ,SW],SWQ] is equal to 1 1if there 1s a path

forming the virtual 1link v/ passing successively
through the switches swy,swy;

- trszt[sw;,swz] is the sum of trsztPast[swl,Swz] and the

traffic cost between the switches swy,swyp cumulated on

ﬁ

the current subset of virtual 1links to be routed;

- ﬁxvl[swl,swz] is equal to 1 i1f there 1s a virtual

link already routed from said current subset, passing

successively through the switches swy and swp , and 1s

equal to 0 if not;

— SgSw[sg,sw] is equal to 1 1if the switch sw 1s

common to all of the paths forming the subgroup sg and

is egqual to 0 1f not.

The basic constraint that is imposed on a solution

(or candidate virtual link) is that the path(s) forming

t+he solution come from the source terminal and end(s)

at the destination terminal, 1.e.:

Vi eFF, Vvie f.ocs; VpePP

vlPath[vl, p|< ¢, (p,vlixsw) and vlPathv/, pl< chs( p,sw) (2)
SWEVL.rxsw

g,

and that, for each destination terminal of the virtual

link, there be a single constituent path from the

source terminal, 1.e.:

Vf eFF; Vvle focs, Vswevlirxsw,

Z vIP ath[vl : P]Cls (p, sw)cgs (p,vitxsw) =1 (3)
pePP
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Most of the absolute topological constralnts are

capable of the same formalism. The remalning

constraints are taken into account, as 1ndicated above,

by restricting the set PP from the start.

The relative topologilcal constraints can also be

expressed on the basis of the aforementioned decision

P

variables 1in the form of linear 1neqguallties or

equalities. Thus, for each set Il of constituent paths
to be segregated, 1.e. not capable of sharing any
common switch, the segregation constraint 1s expressed
Py :

Vsw eSS ; ZVIBrSW[b.vZ,b.SWDest,Sw]S1 (4)
bell

Cand

Similarly, for a set Il of constituent paths to Dbe

subjected to a collocation constraint, 1.e. that must

pass through the same switches:

VsweSS ; Vb ,by ell ;
vIBrSw]by.vl, by.swDest, sw|= vIBrSw/|b, .vl, by .swDest, Sw] (5)

Of course, the constraints must be verified for

F

all of the segregation and collocation 1instances to be

taken into account, each instance beiling associated with

a determined set 1I.

Alternatively, 1f relaxed segregation constraints

are used, for any group ge€GG , there will be paths

forming virtual links, subject to such a constraint:

Vsw eSS, ngSw[Sg,sw]S g.sghkrrmax (57 )

sgeg.sglist
Sg.group=g
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in which the decision variable SgSw[Sg,Sw] 1s defined by

the following constraints:

- (Q + 1) + (Q + 1).SgSw[Sg, SW] < Z lerSw[b.vl b.swDest, SW] —Card (Sg. paz‘hlisr)

besg.pathlist
5 and
Z vIBrSw|b.vi, b.swDest, sw|-Card(sg. pathlist)+1< 0.sgSwsg, sw]
besg.pathlist
(27 7)
with Q= Max (Card(sg.pathlisz‘)) :
sgeSG
10 The expressions (5’’) i1ndeed mean:
SgSw[Sg, Sw] =1 if
Z lerSw[b.vl ,b.swDest, SW] > Card(sg.pathlist)
besg.pathlist
and

SgSW[Sg,SW] =0 1f not.
15
The cost functions are also expressed on the basis

of the aforementioned decision varilables.

For example, the first cost function C(F; intended

to independently minimize the number of switches

20 traversed by the paths forming a virtual 1link can be

expressed by:

CF=Y Y > vIPathvl, pleard(p) (6)
feFEkvie f.ocs pesPP

where card(p) 1s the cardinality of the numbered list p,

p—

25 in other words the number of switches traversed by the

path p.
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It 1is possible to mathematically show that the

second cost function, intended to minimize the number

of switches common to the wvarious paths o©of each

So—

multipoint virtual link can be expressed Dby:

CFy= Y > > comBrSwlv/,sw) (7)

f €FF vie f.ocs sweSS
f.profile=1

Similarly, the third cost function, 1ntended to

—

minimize the number of switches common to the virtual

—

links of a single functional bundle can be written:

Chy = Zcomt’Sw[f, sw] (8)

feFF
f.profile=0

sweSS

It is also possible to show that the fourth cost

function, intended to minimize the number of switches

traversed by links of a functional bundle can simply be

expressed by:

CF4= Y fSw[f,sw] (9)

The fifth cost function 1s 1ntended to route the

virtual links so as to pass through the switches with

the lightest loads. It is possible to determine, on the

basis of the status file of the network and the links

to be routed, the traffic cost between two adjacent

switches. The term “adjacent switches” 1s used here to

refer to switches swy,swy, connected by a direct physical

link. More specifically, 1t 1s first determined, for

cach of any pairs of adjacent switches swy,swp, whether
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there is at least one virtual link passing successilvely
through them:
Vf e FF; Vvl e f.ocs; Vswy,swy €885;

vlSwa[vl , SWy, SWh ] = Z leath[vl : p]cpss ( DsSWy,SW» ) (10)
pePP
5
The decision varlable VISW[VZ,SWI,SWZ] 1s expressed as
a function ot VlSWNb[VZ,SWl,SW;,] by means of the followiling
linear constraints:
Vi e FF; Vvl € f.ocs; Vswy,swy €88; ‘
10 vlSw[vl , SW,, SW, ] < vlSwa[vl  SWr, SW, |
’VlSWNb[vl,Swl ,Swz] <(P+ l)vlSw[vl,swl,Swz] (11)
This set of linear constrailnts i1ndeed means:
vlSw[vl SWLswy |= 0 if vISWND|VI, sw;, sw, |=0
15 VlSW[VZ,SWI,Swz]=1 1f VlSWNb[vl,sw],swz]Zl (12)

Similarly, the decision variable ﬁXVl[SW],SW2] is

expressed as a function of the sum Zv]Sw[vl,sw,,swz] Dy

feFF

vief .ocs
vl.rted=0

means of the following linear constralnts:

20  Vf eFF; Vvle f.ocs; Vswy,swy €88;

fixv{sw,,sw, ] < Z vISw|vl,sw,, sw, ]

feFF
vie f .ocs
vil,rted =0

Z VISW[VI, SW,, SW, ] <M + l)ﬁxvl[sw,,swz]

feFF
vie f.ocs
vl.rted=0

(13)
with M = F.max(Card(f.ocs)) where F = Card(FF)

1 eFF
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ﬁ

This set of linear constrailnts i1ndeed means:

ﬁxvl[sw,,swz] =0 1if Z vlSw[vl, SW,, SW, ] =0

feFF
vief .ocs
vi.rted=0

')

ﬁxvl[51v,,5w*2]:l if ZV]SW[VZ,SWI,SWB]ZI

feFF
vie f.ocs
vi.rted =0

(14)
5
The traffic cost o©of the output port of sw
connected to sw, , 1s then evaluated for any palr of
adjacent switches:
Vswy,swy € 88;
10
trfCst|sw,, sw, |= trfCstPast|sw,, sw, |+ Z (vi.cost)VISw(vI,sw,,sw, )
feFF
vief .ocs
vi_rted=0

(15)

t 1)

fic cost between the

where trsztPast[swj,Swz] 1s the tra:

fr—

15 switches swy,swp , 1.e. at the output port OI s

pr—

connected to sw, , cumulated over all of the virtual

links already routed.

In other words, the <calculation of the traffic

cost is performed on the links already routed (virted=1)

20 and on the 1links to be routed (vl.rted=0) . The wvalue

trsztPast[swl,Swz] is initialized by that of the traffic

P

cost induced by the fixed wvirtual 1links, 1.e. of which

the routing 1is unequivocal. It can be stored 1in the

status file of the network.

h

ifth cost function 1s then expressed as

25 The

i
{

follows:




SP30223 EA CA 02654969 2008-12-10
32

CF, = S%I?}?;)és S(trsztw [SW],Ssz (10)

by imposing the linear constraints:

Vswy,swy €88,

trfCstw[sw,, sw, |- trfCst[sw,, sw, | > M (fixvi[sw, sw, |- 1)
trsztW[Sw,,Swz]S trfCst|sw,,sw, |

trfCstw(sw,, sw, | < Mfixvl[sw,,sw, |

trfCstlsw,, sw, |<Mm (17)

10
with M = F.max(Card(f.ocs)) max (vi.cost)

f €FF feFF

x[ef ocs

This set of linear constraints indeed means, for

ﬁ

any pair of switches sw,sw,:

t)

15 triCstw [SW,,SWQ] = trszt[sw,,swz] 1f ﬁxvl[sw,,Sw2 |=1

P
—

tI'fCStW[SW],SWZ] =0 if ﬁxvl[swl,swz] =0

(18)

This makes 1t possible to consider, in the

20 decision varilable trsztw[sw,,swz] , only the contribution

of the virtual links to be routed and, among these,

only those that pass through swysw).

If it 1is desired to perform a joilnt minimlzation

R—

of the cost functions, a new function CF=ZaiCE- 1s

25 produced, a linear combination of the functions CF

r-'ﬂ"

with the weighting <coefficients 0<q;<1 . This 1s

ultimately the search for the minimum cost function CF
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that gives the optimal routing solution 1in the form of

decision values. If a plurality of optimal solutions
exist 1n the above sense, one of them 1s chosen
arbitrarily.

5 Alternatively, the cost functions can be minimized

one after the other, in order of decreasing priority,

with each one being on the subset of solutions provided

by the previous minimization step. In thils embodiment,
constraints can be taken 1into account Dbetween the

10 minimization steps.
Whether it is by joint or successive mlnimization

of the cost functions, the overall optimization on the

el

p—

set FF can lead to very long calculation times 1f the

.

numpber of virtual links 1s high.

15 Advantageously, this set 1s then partitioned 1nto
independent subsets wlth the lowest cardinality

possible, and the relative topologlcal constrailnts and

g

the minimization of the cost functions are applied only

-
—

within each subset. Given that the wvirtual links of a

20 single functional bundle cannot be routed 1ndependently,

cach subset 1s necessarily formed by one or more

bundles. The routing algorithm 1s applied 1n seguence

to said subsets.

It should be noted however that the independence

25 of the subsets can be uncomplete. Thus, the

R ana and

y—t—

minimisation of the cost function C(Fs 1n principle

- —

involves all of the virtual links to be routed. In this

case, the subsets of wvirtual 1links with the least

y—

routing freedom are preferred, for example those of

30 which the 1links will 1n principle Dbe shorter, with
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these subsets being treated in priority by the routing

Drocess.

Routing examples according to the 1invention will

be provided below for an on-board network. In these
5 examples, the cost functions are minimlzed successively.
The routing unit considered 1s 1n thils <case the

functional bundle, with a virtual 1link belng considered

to be a bundle with a single link.

Jr—
P

Figure 4 diagrammatically shows an example of

10 routing of a point-to-point virtual link (or a one-link

bundle), between a source terminal E; and a destination

terminal Rj.
In step 410, the basic constraint 1i1s applied 1in

order to determine the possible paths Dbetween the

15 source terminal and the destination tTerminal.

In step 420, the relative topological constraints

are applied, taking into account wvirtual 1links that

o

have already been routed, 1f they exist, then, 1in 430,

i1t 1s determined whether the terminals are on the same

—

20 side of the network. If this 1s the case, 1in 435, a

non-crossing (intra-zone routing) constralnt 1s applied,

g—
—

and the cost function C(CF 1s minimized on the set of

possible solutions by the previous constralnts. However,

b

if the terminals are not on the same si1de of the

e

25 network, 1in 437, a crossing (one single 1nter-zone

crossing) constraint is applied, and, as for the first

case, the cost function CF; is minimized on the set of

possible solutions.

If steps 435 or 437 do not provide a single

30 routing solution, the  process 18 continued Dby

minimizing, in 440, the <cost function C(f5 on the
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remaining solutions. The status file of the network 1s
updated 1in 450.

Figure 5 diagrammatically shows an example of
routing a multipoint virtual link (or one-link bundle),

y——

between a source terminal E; and a plurality K of

destination terminals Ry, R, .., Rk.

For cach palr of termilnals (E+1, Ry) , 1in

510,,5105,..,510x, the basic constraint 1s applied so as

T

to keep only the possible paths Dbetween E; and

Ri,Ro, .., Rk.
In 52041,5205, .., 520k, the relative topological

constraints are applied 1ndividually to the wvarious

paths, taking into account links already routed.

In each of the K sets of possible paths, the cost

functions  (H are minimized individually, in

5301, 5302,..,5301{, respectively.

—

Then, 1in 540, all of the combinations of paths

given by 530:,530,,..,530k, are produced, respectively.

A set of possible routing solutions for the wvirtual

link 1n question 1s thus obtained.

In 550, the cost function (CFf, is then minimized on

the set of these possible solutions.

If step 550 does not provide a single solution, in

N

560, the cost function C(CF4 1s minimized on the set o:

remalning solutions.

If step 560 still does not provide a single

g

solution, the cost function C(CF5 is minimized 1n 570 on

.
—

the set of remaining solutions, and the status file o:

the network 1s updated 1in 580.

Figure ©6 diagrammatilically shows an example of

p—

routing of a bundle of N point-to-point virtual links.

Rt
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QH

Fach link 1s from a source termlnal E; and serves a

| -

destination terminal R;, 1<i=sN.

fo—

For each pair of terminals (E;,R;) 1n 610;, the

paslic constrailnt 1s applied so as to keep only the

raths possible between E; and R;.

Steps ©20;, ©30;, and 0640 are equivalent to steps

020y, 530y, 540 except that, 1n 640, all of the possible

,ﬁ

routing solutions are obtained for the bundle of links.

Then, 1in 650, the cost function C(F; 1s minimized

on the set of possible solutions.

It step ©50 does not provide a single solution, in

0660, the cost function C(CFy 1is minimized on the set of

remalinling solutions.

If step o660 sti1ll does not provide a single

—

solution, the cost function C(CFf5 1s minimized in 670 on

—
and

the set of remaining solutions, and the status file of

the network 1s updated 1in 680.

Figure / diagrammatically shows an example of

F F

routing of a bundle of N multipoint wvirtual links. It

1s assumed that each virtual 1link VIL; 1is from a source

terminal E; and serves K; destination terminals R;y, with

1<isN and 1<k<K;.

In 710; the basic constraint 1is applied for all of

F

the pairs of terminals (E;,Rix), 1<k=2K; then in 720; the

relative topological constraints are applied, as 1in

figure 5.

At the end of 720;, Kj sets Pijx of possible paths

are opbtained to form the virtual link VIL; with a set Py

peing relative to a given pair (E;i, Riyx).
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In step /30;, the cost function CF is minimized

ﬁ #'-
fp—

on each of these sets, as in steps 530; to 530 of

“igure 5.

| —

i
o

In step /40, all of the possible combinations of

ﬁ

all of the paths kept; 1n step 730; are produced, with

the understanding that, for each combination, only one

path per pailr (E;j,Rix) 1is selected. Each combination
thus corresponds to K;+K;+...+Ky paths kept. Thus, a set

—
—

of possible routing solutions is obtained for the

various virtual links VI;, 1i.e. a set of possible

routing solutions of the bundle.

The remainder of the organizational chart is

ldentical to that of figure 6, and steps /50, 760, 770

and /80 are respectively identical to those shown in

000, 06060, ©70 and 680.
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NDIX

APP.

The relaxed segregation constraints generally

concern a group of paths forming virtual links to be

routed simultaneously.

ﬁ

In figure 8, such a group of paths 1s shown

symbolically.
It 1s assumed that three virtual links VI, Vi, Via

are to Dbe routed simultaneously, and that their

constituent paths are:

1 2 3 4

VL1={P1>P13P1»P1 j7
1 2 3l

VZQ:{ADZapz:«p?.J;

1 2
Vig :{P3,p3}f

In the example shown, the group GG of paths

subjected to the relaxed segregation constraint 1is

partitioned into Ngo =4 subgroups

1 ] 2 2 2.3 1
Sg1:{vlapz}rsg2= 1,p2},sg3={p2,pl}, Sg4={P3}°

The relaxed segregation constralnt 1s expressed by

a maximum number ng, <Ny of subgroups capable of being

invalidated Dby the failure of a single switch (for

example, the failure of a switch will affect paths

pll,pé de sg; ). In other words, at least N ~ gy

subgroups must each contain at least one path not

corrupted by the failure of a switch.
An example of the application of a relaxed

segregation constraint 1s provided below. The routing
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o~

of virtual links between the flight management systems

(FMS) and the flight control and guidance unit (FCGU)

are considered. The first are classically responsible

for assisting the pilot 1n navigation and flight

management operations. The second calculate guidance

and flight control orders.

We wilill assume that the aircratt includes two MS
systems and four FCGU calculators, with eacn FMS system
being at the source of a (multipoint) wvirtual 1ink

intended for the four FCGU calculators, as shown 1n

figure 9. The architecture shown 1s of the Y“cross-

check” type: each FCGU calculator receives flight

parameters from the two FMS systems and performs a

comparlison. If the parameters received by a single

-

calculator differ, the calculator 1ndicates an error

and does not perform the processing on the parameter.

The safety reqguirements requlre that an error on a

parameter not remaln undetected by more than one

calculator. a denotes the parameter, or even a frame of

such parameters, transmitted by the FMS systems,

%
assumed to be correct, and a denotes an 1ncorrect

parameter, or even an incorrect frame of parameters,

received by a FCGU calculator, 1n which the error 1is

due to the faillure of a switch.

As shown 1n figures 10A and 10B, a calculator may

F

not detect an error 1n the case of bilateral corruption

(case of FCGU;p 1n figure 10A and FCGU;x and FCGU,z in

figure 10B), when the two 1ncorrect

parameters/incorrect frames are identical. This

sltuation must not occur for more than one calculator.

Thus, the situation shown 1n figure 10A (a single
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undetected error) 1is acceptable, while that 1n figure

10B (two undetected errors) 1s not.

H

The group GG 1s considered to be made up of paths

forming two virtual links to be routed:

1 2 3 4
VLF{PlaPlaplapl}

y 1 2 3 4
Vi = {ADZ»pZapZapZ,

S ol

and the group GG 1s partitioned into as many subgroups

as there are FCGU calculators, i.e. sg1,58,,8¢3,8¢4 , with

each subgroup containing the two paths from the FMS

for the calculator considered. It 1s

systems 1intended

then required that the failure of a switch invalidates

no more than one subgroup (n%le) among the {4 (}ﬁg:=4).

This relaxed segregation constraint makes it possible

Lo ensure that no more than one FCGU calculator misses

pr—

diagnosing an error due to a failure of a switch of the

network.
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CLAIMS

1. Process for routing virtual links 1n a frame-

switching network including source and destination

pr—
—

terminals ot

salid frames, 1n which frame switches are

connected to one another by physical connections, with

cach virtual link being defined, for a point-to-point
tyvpe, by a path through said network between a source
terminal among said source terminals and a destination
terminal among sald destination terminals, and, for a

pr—

multipoint type, by a plurality of paths through said

frame-switching network between a source terminal among

F

said source terminals and a plurality of destination

terminals among said destination terminals, wherein the

process, for at least one wvirtual Llink, includes the

following steps:

(a) selection, from a set of possible paths

between the source terminal and the degtination

g—

terminal (g), in case of a virtual link of the point-to-

g—

point type, or the plurality of destination terminals,

T~

in case of a wvirtual 1link of the multipoint type, a

i

subset of paths satisfying at least one predetermined

yp—
aad

topological constraint, belonging Lo a set of

predetermined topological constraints, said set being

 —

constituted of absolute topological constraints and

relative topological constraints, absolute topological

pr—
o

constraints weighing on the routing of said virtual

gy

1inks 1independently of other wvirtual 1links 1n the

frame-switching network, and relative topological

constraints concerning the virtual 1links with one

another;
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(b) determination, among sald subset, of a path

gr—

for a point-to-point wvirtual link, or of a plurality of

paths for a multipoint wvirtual link, minimizing at
least one gilven cost function;

(c) routing said wvirtual 1ink according to the

—

path or the plurality of paths thus determined.

2. Routing process according to claim 1, wherein,

with said wvirtual link being a point-to-point link and

the frame-switchling network being partitioned 1nto
distinct zZones, the at least one  predetermined

topological constraint 1s a constraint prohibiting

crossing between zones 1f the switches connected
regpectively to the source terminal and the destination
terminal belong to the same zone, and, 1f not, 1s a
constraint allowing a single c¢rossing between zones

belonging respectively to said source and destination

terminals.

3. Routing process according to c¢laim 1 or 2,

wherein the selection step (a) takes 1nto account

additional topological constraints of segregation

and/or collocation of paths possible with respect to

virtual 1 1nks already routed or Lo be routed

g

simultaneously with said 1link or switches of said

frame-switching network.

4. Routing process according to c¢laim 1 or 2,
wherein  the selection step takes 1nto account

additional topological constraints, in which each

—

additional topological constraint concerns a group OfL
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paths forming a set of wvirtual 1links to be routed

simultaneously, 1n which salid group 1is made up of a

F

plurality WN;, of sub-groups of said paths, and said

additional topological constraints express that, at

—

most, a number ng, of sub-groups such that 0Osng, <N,

can be 1nvalidated, with a sub-group being invalidated

ph—

1f all of the paths belonging to i1t are affected by the

failure of the same sgswitch o0of said frame-switching

network.

5. Routing process according to claim 2, 3 or 4,

gr—

wherein sald cost function 18 the number of switches

traversed by a path.

6. Routing process according to claim 1, wherein,

—

with said wvirtual link being of a multipoint type and

the frame-switching network being partitioned into

distinct  zones, a constraint prohibiting crossing

between zones 1s applied to each possible path between

sald source termlinal and a destination terminal of said

link, 1f the switches connected respectively to the

source terminal and to said destination terminal belong

pein.

to the same zone, and, 1f not, a constraint allowlng a

single Crossing between the zones belonging

respectively to said source and destination terminals

1s applied.

7. Routing process according to claim 6, wherein,

e
fp—

for each of the possible paths between said source and

gr—

destination terminal of said link, additional

topological constraints of segregation and/or
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collocation of these paths are applied with respect to

virtual links already routed or to be routed

simultaneously with said link or switches.

8. Routing process according to claim 6, wherein

the selection step takes 1nto account additional

topological <constraints, 1n which each additioconal
topological constraint concerns a group of paths
forming a set of wvirtual links to be routed

simultaneously, 1n which said group 1s made up of a

d— —

plurality A@g of sub-groups of said paths, and each

additional constraint expresses that, at most, a number

pr—

of sub-groups such that U=ng,

4

S '<ﬁ@g can be

invalidated, with a sub-group being invalidated 1f all

of the paths belonging to 1t are atffected by the

portie N d

failure of the same switch of said frame-switching

network.

9. Routing process according to claim 6, 7 or 8

wherein said cost function 1s the number of switches
traversed by a path, and is minimized on each set ot
possible paths between said source terminal and a

gl

destination terminal of sgaid link, 1n order to provide

at least one candidate path per desgtination terminal.

10. Routing process according to claim 9 wherein

e

combinations of K candidate paths are produced 1n which

p— -

K is the number of desgstination terminals of the 1link,

and each combination corresponds to a possible routing

gr—

solution of said multipoint virtual link, and a second
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r—

cost function 1s minimized on a set of said possible

solutions thus obtained.

11. Routing process according to claim 10, wherein

the second cost function evaluates, for each possible

solution, the number of switches shared between 1ts

varlious constiltuent paths.

12. Routing process according to claim 1, wherein,

for at least one group of links 1nvolved 1n performing

a same function, referred to as a bundle of links, each

link being point-to-point and the frame-switching

network beiling partitioned 1nto distinct zones, a

constraint prohibiting c¢rossing pbetween  zones 1S

pr—

applied, for each of the links of said bundle, to each

possible path between the source terminal and the

y— r—
—

destination terminal of said 1link, 1f the switches

connected respectively to the source terminal and to

the destination terminal belong to the same zone, and,

)

if not, a constraint allowing a single crossing between
the zones Dbelonging respectively to said source and

destination terminals 1s applied.

13. Routing process according to clalm 12, whereln,

—

for each wvirtual 1link and for each of the possible

paths between the source terminal and the destination

terminal of sald link, additional topological

—— —
- d

constraints of segregation and/or collocation of these

paths are applied with respect to virtual links already

routed or to be routed simultaneously with said link or

awltches.
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14, Routing process according to claim 12, wherein

the selection step takes 1into account additional

topological constraints, in which each additional

topological constraint concerns a group of paths

forming a  set of wvirtual links to Dbe routed

simultaneously, 1n which said group 1s made up of a

plurality A&g of sub-groups of said paths, and said

additional topological constraints express that, at

d

gpr—

most, a number #ng, of sub-groups such that 0=<n, <N

can be 1nvalidated, with a sub-group being invalidated

1f all of the paths belonging to 1t are affected by the

-~

gp—

failure of the same switch of said frame-switching

network.

15. Routing process according to claim 12, 13 or

14, wherein sald cost function 1s the number of

switches traversed by a path and 1s minimized, for each

of the links of said bundle, on each set of possible

vaths between the source terminal and the destination

pr—

terminal of said link, 1n order to provide at least one

candidate path per link.

16. Routing process according to claim 15, wherein

combinations of N candidate paths where N 1s the number

pr— r—

of links of said bundle are produced, with each

combination corresponding to a possible routing

pr—

solution of said bundle, and a third cost function 1s

minimized on the set of sailid possible solutions thus

obtained.
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17. Routing process according to claim 16, wherein

the third cost function evaluates, for each possible

r—

routing solution of the bundle, the number of switches

.

shared between the paths of which said solution 1s the

5 combilination.

18. Routing process according to claim 1, wherein,

for at least one group of links involved i1in performing

gr—

a same function, referred to as a bundle of links, with

10 each 1link being of a multipoint type and the frame-
switching network being partitioned into distinct zones,
a constrailnt pronibiting crossing between zones 1s

F o

applied, for each of the links of said bundle, to each

possible path between the source terminal and the

— ) —
—

15 destination terminal of said 1link, 1f the sgswitches

connected respectively to the source terminal and to

the destination terminal belong to the same zone, and,
if not, a constraint allowlng a single crossing between

the zones Dbelonging respectively to said source and

20 destination terminals 1s applied.

19. Routing process according to claim 18, wherein,

r—

for each virtual 1link and for each of the possible

paths between the source terminal and the destination

phr—
pr—

25 terminal of sald 1ink, additional topological

—

constraints of segregation and/or collocation of these

paths are applied with respect to virtual links already

routed or to be routed simultaneously with said link or

pr—

switches of said frame-switching network.

30
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20. Routing process according to claim 18, wherein
the selection step takes 1nto account additional
topological constraints, in which each additional

topological constraint concerns a group of paths

gre—
p—

forming a  set of wvirtual links to be routed

simultaneously, 1n which said group 1s made up of a

plurality Ny, of sub-groups of said paths, and said

additional topological constraints express that, at

pr—

most, a number ng, of sub-groups such that 0=ng, <N,

can be 1nvalidated, with a sub-group being invalidated

yp—
Sd

1f all of the paths belonging to 1t are affected by the

F

failure of the same switch of said frame-switching

network.

21. Routing process according to claim 18, 19 or

20, wherein said cost function 18 the number of

switches traversed by a path and will be minimized, for

each of the links of said bundle, on each set ot
possible paths between the source terminal and the
destination terminal of said link, 1n order to provide
at least one candidate path per 1link and per

destination terminal.

22 . Routing process according to claim 21, wherein

g

combinations of K;+K,+...+Ky candidate paths where Kj,

1<1iSN are the numbers of respective paths of the N

F

links of sald bundle are  produced, wlith  each

combination corresponding Lo a possible rout 1ng

pr—

solution of said bundle, and a fourth cost function 1is

y—

minimized on a set of said possible routing solutions

thus obtained.
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23. Routing process according to claim 22, wherein

the fourth cost function evaluates, for each possible

routing solution of the bundle,

g

the number of switches

traversed by the links of the bundle corresponding toO

thig solution.

24 . Routing process according to one of claims 2,

6, 12 or 18, wherein said frame-swiltching network zones

are supplied by independent power supply sources.

25. Routing process according to claim 10, wherein

-
e

function evaluatin

a fifth cost

the most heavily loaded switch

—
s

fic load ot

g the tra:

of the frame-switching

ﬁ

network is minimized, on a set of the routing solutions

obtained by minimizing the second cost function.

26. Routing process according to claim 16, wherein

—
r—

fifth cost function evaluatin

&l

the most heavily loaded switch

—
p—

fic load of

g the tra:

of the frame-switching

network 1s minimized, on a set O

obtained by minimizing the third

f the routing solutions

cost function.

27. Routing process according to claim 22, whereiln

— !

a fifth cost function evaluatin

the most heavily loaded switch

network is minimized, on a set o:

g the traffic load ot

of the frame-switching

F

- the routing solutions

obtained by minimizing the fourth cost function.
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