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[DESCRIPTION]

[TITLE OF INVENTION]

METHOD FOR PROVIDING MULTI-SITE ORCHESTRATION IN PUBLIC
NETWORK FOR FACTORY AUTOMATION, ORCHESTRATOR, AND
COMMUNICATION SYSTEM

[TECHNICAL FIELD]

[0001]

The present invention relates to network orchestration for multi-site
orchestration for factory automation, especially to method for providing multi-site
orchestration in a public network for factory automation.

[BACKGROUND ART]
[0002]

Resources provisioning for the communication between multiple sites of a
factory or disseminated between different factories is adapted for the factory
automation. Usually, the resources provisioning is obtained from a public operator,
such as Public Land Mobile Network (PLMN), through the deployment of a
dedicated low cost network slice for factory automation communications.

[0003]

In the art, the multi-site orchestration is used to establish/release
communications in this network slice. This establishment and release of
communications is based on slice usage in terms of bandwidth and computational
resources usage metrics that are obtained from the PLMN.

[0004] '

In particular, a general resource provisioning problem has been presented as
a solution of three coordinated optimization problems. These optimization
problems are coordinated by the resources usage indication (routing/computation
resources) that are defined as slice costs. Detailed problems are defined in the
following;: |
[0005]

A. The slice owner optimization problem: where the slice throughput
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demand (in bandwidth) is obtained through utility maximization optimization
problem that uses the slice routing and congestion costs and computation usage
costs as parameters. The same utility function is used for the different sites.
[0006]

B. The cloud owner optimization problem: where the computation resources
that are needed to support the virtual functions (VNF) that are required for the
communication between the sites and the path between the different VNF as well
as the cloud usage costs is provided by the cloud owner. These resources are
proportional to PLMN slice bandwidth. This problem outputs the slice
computation costs to the slice owner optimization problem and uses the routing
and congestion costs as inputs.

[0007]

C. The network owner optimization problem: where the routing and the
slice costs are found by the network owner in order to route different flows for the
communication between the sites in the slice. This network owner optimization
problem obtains the slice congestion costs to inform the slice owner and cloud
provider of the capabilities of the network.

[0008]

The slice routing and congestion costs are provided by the solution of the
optimization problem (C) represent the possibility of the network to achieve the
slice owner demand requirements setup by the problem (A), the cloud owner
optimization requirements that are obtained by solving the problem (B). The costs
are high if the requirements are not achieved and the costs are low otherwise. The

“general view of multisite allocation in the state of the art as a solution to slice
resource allocation problem is summarized in Figure 1 illustrating a multi-site
orchestration architecture in the art.

[0009]

In the context shown in Figure 1, two sites, S1 and S2, from a company want

to communicate using a slice i of the public network PLMN, noted as P1 in Figure

‘1. The steps of this communication establishment are the following:
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[0010]

1) The multi-site orchestrator MO transmits to the software defined network
(SDN) controller, the bandwidth demand of the communication between sites S1
and S2. The demand is both in terms of throughput and latency.

[0011]

2) The SDN controller solves the slice routing problem for the
communication between the sites S1 and S2 and transmits routing decisions and
slice costs to the cloud controller CC and to the multi-site orchestrator MO, noted
as P2 in Figure 1. The slice costs transmitted by the SDN controller are essentially
related to the achievement of the throughput demand of the slice.

[0012] '

3) The cloud controller CC provision computation resources based on the
routing decisions of the SDN controller by the means of allocating virtual
functions for the slice in order to ensure the latency requirements of the slice, noted
as P3 in Figure 1. The cloud controller CC transmits the computation cost of the
slice, i.e. to what extent the latency requirement of the slice is fulfilled, noted as P4
in Figure 1. |
[0013]

4) The multi- site orchestrator MO receives the routing decisions and costs
(routing and computation costs) and adjusts the slice demands to adapt the best to
the current situation in the network, noted as P5 in Figure 1.

[0014]

Therefore, in the state of the art, virtual paths establishment and slice
resource provisioning are presented and applied for communication between the
sites, i.e. the problem is viewed as a periodic and reconfigurable slices design for
the multi-site operation based on the slice provided by the PLMN.

[0015] |

However, one drawback of the above-mentioned approach is the latency of

the orchestration, since the multisite orchestrator receives information from the

sites and determines the transmission policy between the different sites. In addition,
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back and forth signaling between the sites and the multisite orchestrator will also
introduce signaling overhead in the network.
[0016] |

Moreover, another drawback is that the multi-site orchestrator complexity in
the art is high, since the orchestrator in the art should also decide the transmission
strategy and the demand in terms of throughput and computation of the sites.
[0017] |

The invention aims to improve these drawbacks.

[SUMMARY OF INVENTION]
[0018] |

In this regard, according to one aspect of the invention, it is provided a
method for providing multi-site orchestration in a public network for factory
automation, wherein the public network provides communication and computing
functionality to a plurality sites which are configured to communicate with each
other by the means of network slice of the public network, the method comprising:

- building a multi-site orchestration model based on initial performance of
the communication between different sites;

- determining choreography opportunities between the different sites by
using the multi-site orchestration model, |

- triggering chorography between the different sites; and

- evaluating the performance of the chorography between the different sites
and updating the multi-site orchestration model.

[0019]

With such an arrangement, the present invention may combine the
centralized orchestration with distributed orchestration that relies on the distributed
provisioning of the edge cloud resources through the multi-site orchestrator a
model of the network that is maintained in the multi-site orchestrator, so as to
minimize the latency of the orchestration process.

[0020]

In an embodiment, before building the multi-site orchestration model, the
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method according to the present invention further comprises: initiating an initial
orchestration so as to identify a coarse initial model, based on which the multi-site
orchestration model is built. |

[0021]

Furthermore, the initial orchestration is a proportional faire orchestration,
with which each site communicates with its neighboring sites with the same data
packet bandwidth. |
[0022]

Moreover, the multi-site orchestration model contains a representation or
abstraction of sites and of the communication conditions between the sites.

[0023]

Alternatively, the multi-site orchestration model includes a graph which
contains nodes representing the sites and edges between pair of nodes representing
communication or processing capabilities between the nodes.

[0024]

Alternatively, the multi-site orchestration model includés a model for the
demand of the sites, for example, expressed in terms of utility of the
communication between the sites.

[0025]

Alternatively, the multi-site orchestration model includes a model for the
congestion of the communication between the sites, for example, expressed in
terms of congestion costs.

[0026]

Alternatively, wherein the multi-site orchestration model includes a site
ranking that is based on specific flow transmission that is based on a random walk
of packets between the sites and a stochastic matrix.

[0027]

Alternatively, the multi-site orchestration model includes a database of sites
adapte.d to perform orchestration with relevant attributes.
[0028]
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Alternatively, the initial performance of the public network is obtained by
periodic monitoring of network state, throughput, packet errors, and/or delay. In
addition, the step of determining choreography opportunities between different
sites by using the multi-site orchestration model is processed based on error
between predicted performance from the multi-site orchestration model and the
measured traffic performance or through topological criteria that are obtained from
the multi-site orchestration model.

[0029]

In this regard, in the present invention, a flexible mddel based multi-site
orchestration with reduced latency triggers orchestration in some conditions
determined from the network monitoring. Local orchestration is determined when
needed in order to minimize the latency and optimize the QoS of the orchestration.
These local choreographies are used to enrich the model used for multi-site
orchestration.

[0030] ,

In yet another embodiment, the step of triggering chorography between the
different sites comprises setting up an edge cloud between the different sites
participating to the choreography and starting to exchange information between the
different sites.

[0031]

In yet another embodiment, during the step of evaluating the performance of
the chorography between the different sites and updating the multi-site
orchestration model comprises monitoring the public network.

[0032]

The abovementioned alternative features can be combined with each other,
unless they are not compatible.
[0033]

According to another aspect of the invention, it is further provided an
orchestrator for providing multi-site orchestration in a public network for factory

automation, wherein the public network contains a plurality sites which are
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configured to communicate with each other by slice of the public network, being
configured to:

- build a multi-site orchestration model based on initial performance of the
public network;

- determine choreography opportunities between different sites by using the
multi-site orchestration model,;

- trigger chorography between the different sites; and

- evaluate the performance of the chorography between the different sites
and update the multi-site orchestration model.

[0034]

According to yet another aspect of the invention, it is further provided a
communication system for factory automation, comprising the above mentioned
orchestrator.

[0035]

In this regard, the present invention proposes a cognitive model based multi-
site orchestration where the multi-site orchestrator maintains a model of the
orchestration process between the different sites of the factory based on the
received throughputs, latency, packet error rates or other various network radio
metrics. These metrics are obtained through a continuous monitoring of the
communication through the slice provided by the network. In other words, in the
present invention, the multi-site orchestrator determines orchestration opportunities
and local orchestration (choreography) opportunities and trigger in order to
minimize the latency and improve the QoS of the system. The choreography step
enrich the multi-site orchestration model.

[0036]

Therefore, compared with standard model based orchestration in the art, the
present invention provides more flexibility, since it can start with a coarse model
and adjust the model in order Ito improve the orchestration performance and reduce
its overall signaling and complexity.

[BRIEF DESCRIPTION OF DRAWINGS]
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[0037]

Other features and advantages of the present invention will appear in the
description hereinafter, in reference to the appended drawings, where:
[0038]

[Fig. 1] |

Figure 1 illustrates a multi-site orchestration architecture in the art.
[Fig. 2]

Figure 2 illustrates a multi-site orchestration architecture according to the
present invention.
[Fig. 3]

Figure 3 is a flowchart of an illustrative method according to the invention.
[DESCRIPTION OF EMBODIMENTS]

[0039]

Figure 2 shows a multi-site orchestration architecture according to the
present invention. In the scenario of Figure 2, a multi-site orchestrator MO 1s
adjusting the communication bandwidth between different sites S1, S2, and S3 (for
example between sites S1 and S2) in a network slice provided by a SDN controller
of a given PLMN network and relying on the computatio_h resources that are
deployed closely to each site through an edge cloud or a multi- access edge
communication platform.

[0040]

| Each site of the multi-site orchestrator domain defines a local utility
function Ui that represents the gain it will have from requesting from the network
the throughput ri over the slice the network is providing.

[0041]

The utility function is adjusted based on the slice congestion cost “such that
the throughput requested for the site i is adjuSted based on the overall gain
(variation of the gain with respect to the throughput variation minus the throughput
cost).

[0042]
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The multi-site orchestrator MO has the objective to maximize the overall
gain of the system, i.e. the sum of the utilities in the network by balancing the
bandwidth between the different sites without the indication of each site to site
congestion cost but rather the indication combined congestion costs for the
different sites.

[0043]

In this regard, the multi-site orchestrator MO decides based on a model of
the network of the bandwidth balancing between the different sites, wherein the
model will detailed hereinafter. The present invention intends to perform the
bandwidth balancing iteratively by starting with proportional fair bandwidth
balancing, and identify from this step the relevant model parameters for the
orchestration, wherein a subset of the model parameters need to be updated
through local orchestration and trigger the local orchestration (choreography) for
the models parameters identification. |
[0044]

Therefore, in general, the present invention proposes a solution including the
following features:

[0045]

- The multi-site orchestrator builds a model for the orchestration between the
sites. In particular, the multi-site orchestrator MO evaluates the model by
monitoring different KPIs of the public network and/or the cloud for the
orchestration. In addition, the multi-site orchestration determines opportunities for
service choreogréphy based on the KPIs of the PLMN. The opportunity for
orchestration is for example a sufficient radio and/or service level KPIs in order to
perform local distributed orchestration between sites, i.e. service choreography.
[0046]

- The performance of the model based orchestration is evaluated by the
means of monitoring of the orchestration performance in order to identify the
subset of the model parameters to be updated. The monitoring of the network

consists of tracking KPIs that maybe:
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[0047]

Service related KPIs such as the fulfilment of the orchestration service level
requirements or the SLA service level agreement; are used for the evaluation of the
orchestration performance.

[0048]

Radio level or transport level KPIs are used for the performance evaluation
of the orchestration such as packet error rate performance, end to end latency, jitter
performance, ...etc.

[0049]

- The multi- site orchestrator triggers service choreography between the sites
when the performance of the orchestration is low or when an opportunity for
service choreography is detected. The orchestrator triggers distributed
orchestration between the sites by exchanging information, signalling and by
provisioning computational resources through containers. The service chorography
is performed between the sites and is used to improve the orchestration model.
[0050]

Detailed steps according to the method of the present invention are now
described by referring to Figure 3, which is a flowchart of an illustrative method
according to the invention.

[0051]

As shown in Figure 3, an exemplary embodiment of the method according to
the present invention comprises the following steps:
[0052]

Step 0: INITIAL ORCHESTRATION STEP
[0053]

Prior to model building step, the multi-site orchestrator niay start with an
optional initial orchestration step, so as to identify a coarse initial model for the
multi-site orchestrator.

[0054]

The initial orchestration may be given by proportional fair orchestration
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where the multi-site orchestrator knows the capacity C bits/second of the slice
provided by the PLMN and triggers each of the N sites of the network to
communicate by transmitting data packets with bandwidth =C/N. Each site
communicates with its neighbouring sites with the same data packet bandwidth.
[0055] .

Step 1: BUILDING A MULTI-SITE ORCHESTRATION MODEL
[0056]

Based on the initial orchestration step, a representation or a model of the
~ sites and of the communication conditions between the different sites is built in the
multi-site orchestrator in this step.

[0057]

This representation may include:
[0058]

- A graph (directed or undirected) where the nodes of the graph represent the
sites of the factory and the edges between any paii‘ of nodes represent the
communication/processing capabilities between the nodes. The
communication/processing capabilities between the sites S1 and S2 can be defined,
for example, in terms of: |
[0059]

o The packets throughput of the communication r;, expressed as the
number of packets transmitted per time unit.
[0060]

o The bit throughput of the communication b, ; expressed as the
number of bits transmitted per time unit.
[0061]

o The latency of the communication t,; » expressed in seconds per
communication a number of N packets.
[0062]

o Processing capabilities p; , that represents the amount of

computation resources available in the path between the nodes S1 and S2. We take
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the assumption that the processing capabilities are related to the throughput |
capabilities as 712 = “"i2 where wis the amount of processing needed to process a
packet of data.

[0063]

- A model for the demand of the sites expressed in terms of differential
utility function. For example, the utility of the communication between the site S1
and the site S2 is expressed as U; = Uj(r;2)- Ua(r; 2) where the function U,
represents the gain for transmitting the throughput r; ; to the node 2 and the
function U, represent the gain from receiving the throughput r; ; from the site S2.
Both gains are depending on the service between S1 and S2.

[0064]
The utility function may be the same function for the sites or a function that

varies from one site to another. The utility function may be alpha fair utility

r(l—a)

vry=- (l-a)

function that is parameterized by the parameter ¢ as the following:

if @>1land V(M =108(") for ¢ = 0, wherein r is the ongoing packet throughput
from the node. '
[0065]

- A model for the congestion of the communication between the different
sites. The model is expressed as congestion costs A that may be as a function of
the packet error rate (PER) of the transmission between the sites and/or the packet
throughput between the nodes. If the PER is high, the congestion cost is high and
if the PER is low, the congestion cost is low. If thé throughput is low, the
congestion cost is high and if the throughput is high, the congestion cost is low.
The congestion cost may also include the latency of the transmission that models
the packets lost during the transmission between the different sites. |
[0066]

- A communication between the different sites is modelled as a random walk
and a stochastic matrix S is defined. The matrix element S, is expressed as the

proportion of the ongoing traffic from the node 1, i.e. S;,=1/d(1) where d(1) is the



WO 2021/199708 » PCT/JP2021/005133
13

number of the nodes with which the node 1 is able to communicate. It is here
assumed that the site S1 is communicating with the site S2 with probability S; ».
[0067]

- From the random walk matrix, a transition matrix G that is parameterized
by two parameters B:m where the parameter Z € [0.1] describes the correlation
between the current multisite communication and a multisite communication
described as pure random walk between the sites. The parameter n controls the
communication attempts to sites not included in the walk from the node 1. The
element Gj ; is given by the following Gia =P+ (-4 )(l/n).

[0068]

- A database of sites which are able to perform orchestration with the
relevant attributes. In the case, the site S1 determines locally from the received
traffic, the relevant parameters of the communication with its neighboring sites as
well as the processing capabilities of the neighboring sites and register to the
database with the determined attributes. This database will be used by the multi-
site orchestrator MO to perform orchestration through the provisioning of
resources. for the communications between the different sites. This orchestration is
based on the attributes of the registered sites in the database. Web based
representational state transfer REST framework for application interface (API)
signaling optimization may be used to reduce the signaling overhead between the
sites and the multi- site orchestrator.

[0069]

The refreshment of the data base is performed by local orchestration
between the different sites. |
[0070]

The above mentioned models can be applied alone or in combination.The
multi-site orchestration model is therefore built, noted as N2 in Figure 2, at the
multi-site orchestrator MO from the periodic monitoring of the network state,
throughput, packet errors, delay, ..., etc, noted as N1 in Figure 2, and is used for

the multi-site orchestration MO in order to reduce the signalling between the
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network and the different sites. In addition, reliability of the model may be
evaluated locally at the multi-site orchestrator MO by checking the error between
the predicted communication profile between the sites and the actual measured
performance during network monitoring periods.

[0071]

Step 2: DETERMINE CHOROGRAPHY OPPORTUNITIES
[0072]

Accordingly, the multi-site orchestrator determines the opportunities for
choreography based on the error between predicted performance from the model
(such as predicted throughput of the communication between the sites S1 and S2)
and the measured traffic performance during the network monitoring periods or
through topological criteria that are obtained from specific properties of the multi-
site orchestration model or through a combination between error based triggering
and topological based triggering.

[0073] ,

The error is, for example, collected into an error matrix that is obtained as a
function of the throughput errors PER and delay estimation errors, and various
other network performance indicators that are monitored during the choreography.
[0074]

In particular, the choreography opportunities may be defined when the
following is achieved:

[0075] .

- The choreography is triggered for sites Sland S2, if the error e,  is above
an error threshold that is pre-configured in the multi-site orchestrator MO.
[0076] |

- The choreography is triggered for sites S1 and S2, if the total error for the
sites is above a threshold and at least one of the performanbe indicators
(throughput, latency, packet error rates are below a threshold).

[0077] ' ’
Alternatively, the choreography may be triggered between the sites S1 and
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S2 when the following topology criteria are realized:
[0078]

- The choreography is triggered for sites S1 and S2, if the sites S1 and S2 are
having high degrees in the graph; the degree of a node S1 of the graph is defined as
the number of neighboring sites with which the site S1 is able to communicate.
High degree nodes in the graph are nodes with degree above a threshold.

[0079]

- The choreography is triggered for sites S1 and S2, if the sites S1 and S2 are
contributing to a high number of communication paths between any two sites in
the network; In this case, the choreography between the sites S1 and S2 is |
triggered if the nodes S1 and S2 are having high centrality in the network. The
high centrality is defined as a centrality above a threshold.

[0080]

- The nodes are ranked with respect to the transition matrix G and the
choreography is triggered for sites S1 and S2, if the ranks of the sites S1 and S2 are
below a threshold; The ranking considered in this option is for example, the
eigenvalue of the matrix G corresponding to the node or the eigen-vector
corresponding to some specific eigenvalue of the matrix G.

[0081]

- The choreography is triggered for sites S1 and S2, if the sites S1 and S2 are
contributing to a routing tree from another site in the multi- site deployment and
their relative congestion cost 412 increased. The relative congestion 42 cost is
defined as the routing cost for the communication between the sites S1 and S2.
[0082]

Step 3: TRIGGER MULTI-SITE CHOREOGRAPHY
[0083]

Afterwards, the multi-site choreography, noted as N4 in Figure 2, may be
triggered by the multi-site orchestrator MO through the following signaling:

[0084]
- The sites S1 and S2 perform choreography, when the sites receive an



WO 2021/199708 PCT/JP2021/005133
16

explicit control message for triggering the multi-site chorography from the
orchestrator. This message may include the IP addresses of the sites that are
contributing to the choreography and the QoS parameters of the virtual network
that is used for the communication between the sites in the choreography step;
[0085]

- The transition matrix G is updated by reducing the parameter B and the
ranking is updated for the network at the orchestrator, the ranks are transmitted to
the sites S1 and S2, noted N3 in Figure 2. The sites decide to perform
choreography if their rank is below a threshold. The choreography is performed
between the sites with similar lower ranks;

[0086]
- The utility function of the sites S1 and S2 is updated by the orchestrator at

each site so that the choreography is performed as the following. The parameter &

of the utility functions is reduced and the throughput of the communication

i
between the different sites is set to 2 ~ ()“ﬁ where gE is the last estimation of
the congestion cost for the communication between the sites S1 and S2.

[0087]

STEP4: LOCAL ORCHESTRATION (MULTI-SITE CHOREOGRAPHY)
AND UPDATE MULTI-SITE ORCHESTRATION MODEL
[0088]

The orchestrator MO setups edge clouds in the different sites participating to
the local orchestration and a virtual network for the communication between the
different edge clouds. The edge clouds are coordinated through edge cloud
container based technology. The sites that are participating to local orchestration
start to exchange information at a throughput defined as following:

[0089]
- The parameter € of the utility of the sites is reduced and the throughput of

1
the communication between the different sites is set to 2~ (’11’2) “where A2 is the

last estimation of the congestion cost for the communication between the sites S1 |
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and s2;
[0090]

- The parameter @ of the utility of the sites is reduced and the throughput of

|
the communication between the different sites is set to 2~ (11’2); where %12 is the
last estimation of the congestion cost for the communication between the sites 1
and 2, if the reliability of the congestion cost 425 low.

[0091]

- The throughput is reduced from its current value into a degraded
throughput value that is provided by the MNO or selected autonomously by the
sites S1 and S2.

[0092]

In the meantime, the multi-site orchestrator MO is monitoring the
performance of the communication between the two sites, noted as N5 in Figure 2.
In particular, the multi- site orchestrator decides eventually during its monitoring
period to adjust the local utilities of the sites and stores the last value of the utility
functions. For example, in case the monitoring is based on the transition matrix G,
the orchestrator updates the value of the matrix S with the new parameters as the
number of neighbors with good throughput/latency performance m ;. In this case
S1 2= m;o/d(1).

[0093]

The model/database of the multi-site orchestrator is updated with the
parameter learned during the local orchestration, noted as N6 in Figure 2.

[0094]

In order to further explain the present invention, hereinafter we will describe
some embodiments using the method mentioned above.
[0095]

Assuming a multi-site orchestration scenario of N sites, wherein each site
optimizes its own utility function and the multi- site orchestration is the operation

of the maximization of the sum of the utility functions of the sites. The sites are



WO 2021/199708 _ PCT/JP2021/005133
18

using the same network slice for the communication and the maximum throughput
or bandwidth allocated to the network slice, 1.e. slice capacity is C.
[0096]

The utility function determines the throughput demand of each site, i.e. the
bandwidth needed for communications and the bandwidth needed for processing
for a given service. It is assumed that there is a proportionality relation between the
bandwidth demand of the site and the processing capabilities of virtual functions in
the site.

[0097]

In this embodiment, the multi-site orchestration that we propose is based on
strategies for the adjustment of the throughput for the communications between the
different sites and adjustment of the demands in order to minimize the
communication outage and optimize the bandwidth usage in the slice.

[0098]

The utility functions are modelled as alpha fair utility functions that

expresses the site demands in terms of the bandwidth needed for communication as

the following function of the throughput of the site r;

(1-ay)
Ui(r) = =)
. l

[0099]

The parameter alpha adjusts the demand with respect to the throughput and
the overall multi-site orchestration problem is seen as network utility function
maximization with multiple demand parameters.

[0100]

The general multi-site orchestration problem is given as:
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[0101]

The variables Aj; are the routing variables of the network, i.e. the
contribution of the communication between the site i and j to the traffic over the
network slice and ri; is the throughput of the communication between the site 1 and
the site j .

[0102]
Including the congestion cost 4 for the network slice we have the following

global Lagrangian formulation

[0103]

Each local orchestrator is solving the following local Lagrangian problem

"N (1-a;)
Z un
j=1

maxl =——u 1 ¥

[0104]

The solution to this local Lagrangian problem is given as
1

e

a;

[0105]

This means that each site adjusts its throughput by considering routing .
parameters A;; and slice cost parameter 4. The invention proposes a simplified
multi-site orchestration where dominant routing parameter is identified in each site
as

Al = exp (maxj (log(Ai,j))).
[0106]
The site adjusts its throughput af:

= (A4}) «.
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[0107]
Assuming the sites are using the full capacity of the slice, each slice will

transmit with the following throughput

1

* AE a; .
Tl’ = (C ZiA;) .
[0108]

The throughput between the site i and j is provided by the following relation
1

1 A\ «
= e )™
b N( 2iAj

[0109]

According to the present invention, the dominant routing is estimated or
determined from the model and adjusting the throughput with respect to the costs
as described previously.

[0110]

In this embodiment, an exemplary method according to the present invention
contains the following steps:
[0111]

1. The multi-site orchestrator initiates an orchestration with the
parameter % =1,i.e. training sequences and a schedule, which is the order in which
the packets are sent from one site to the other sites of the multi-site deployment, is
used to identify the orchestration model {Af’f} . The dominant routing for each site is
obtained from the measured throughputs of the communications between the
different sites.

[0112]

2. Congestion cost is obtained from the measured throughput for the
different sites at the multisite orchestrator.
[0113] |

3. The m_ulti-Site orchestrator selects the set of sites with maximum
routing value A; and sets the throughput of the sites to r;". If the congestion cost is

increased or some site are in outage, the multi-site triggers local orchestration to



WO 2021/199708 ‘ PCT/JP2021/005133
21

update the model between a specific pairs of nodes that are having the nodes with
dominant routing A; .
[0114]

4. Local choreography updates the estimation of {A'Ff} and go to step
2. o
[0115]

Alternatively, in another embodiment, the invention proposes to adjust the
site demands in order to maximize the local 1agrangian relation described
previously. The demands are described by the parameter, described by the
parameter «; iteratively by the means of the following relation where k is defining
the iteration index:

k-1

k _ a;
a; = 1+ log(Ak—1)+log(A4})

[0116]
The throughput between the site i and j is provided by the following relation
1

1 A\ o«
nj=% (C ZiAf) .
[0117]

The slice congestion cost is updated such as to optimize the slice capacity by

the following
=21+ 8(E3 A, - ),

where § is the step for updating the congestion cost or slice usage. This updating
step may be either fixed or adaptive. For the fixed step case, the same step is
maintained for all the congestion cost update while in adaptive step one may
reduce the step § when the rate of the increase of the slice congestion cost is high.
[0118]

 Inthis regard, the multi-site orchestration in this alternative embodiment
according to the present invention contains the following steps:

[0119]

1. The multi-site orchestrator initiates an orchestration with the
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parameter % = I J1.e. training sequences and a schedule is used to identify the
orchestration model {A"’f} . The dominant routing for each site is obtained from the
measured throughputs of the communications between the different sites. The
initial congestion cost is set to C and the sites are not communicating.

[0120]

2. Initial congestion cost is obtained from the measured throughput for
the different sites at the multisite orchestrator.
[0121]

3. The multi-site orchestrator selects the set of sites with maximum
routing value A} and each site set its demand a the relation above and determine
the throughput between the sites i and j by the relation provided above.

[0122]

4. The orchestrator updates the congestion costs with the relation
above.
[0123]
' 5. Local choreography updates the estimation of {A'?f} and go to step
(2). '

[0124]

In summary, the present invention proposes a cognitive model based multi-
site orchestration which contains the following features:
[0125]

- Monitoring the performance of the PLMN and build a multi-site
orchestration model for the multi-site orchestration (service or radio orchestration);
[0126] '

- Determining from the model the distributed orchestration or choreography
opportunities between the sites and triggering chorography between the different
sites;

[0127]

- Using the choreography to update the multi-site orchestration model.
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[0128]

Therefore, the present invention is its flexibility since its takes into account
the partial information obtained from the PLMN/and or the cloud network.
Therefore, the orchestration objective is optimized and the overall reduction of the
orchestration complexity is reduced. In addition, the present invention also
reduces the latency of the multi-site orchestration and the signalling overhead with
the public network.

[0129]

Moreover, is known to those skilled in the art, the aforementioned example
architectures described above, according to the present invention, can be
implemented in niany ways, such as program instructions for execution by a
processor, as software modules, microcode, as computer program product on
computer readable media, as logic circuits, as application specific integrated
circuits, as firmware, etc. The embodiments of the invention can téke the form of
an entirely hardware embodiment, an entirely software embodiment or an
embodiment containing both hardware and software elements. In a preferred
embodiment, the invention is implemented in software, which includes but is not
limited to firmware, resident software, microcode, etc.

[0130]

Furthermore, the embodiments of the invention can take the form of a
computer program product accessible from a computer-usable or computer-
readable medium providing program code for use by or in connection with a
computer, processing device, or any instruction execution system. For the purposes
of this description, a computer-usable or computer readable medium can be any
apparatus that can contain, store, communicate, or transport the program for use by
or in connection with the instruction execution system, apparatus, or device. The
medium can be electronic, magnetic, optical, or a semiconductor system (or
apparatus or device). Examples of a computer-readable medium include, but are
not limited to, a semiconductor or solid state memory, magnetic tape, a removable

computer diskette, a RAM, a read-only memory (ROM), a rigid magnetic disk, an
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optical disk, etc. Current examples of optical disks include compact disk-read-only
memory (CD-ROM), compact disk-read/write (CD-R/W) and DVD.
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[CLAIMS]
[Claim 1]

A method for providing multi-site orchestration in a public network for
factory automation, wherein the public network provides communication and
computing functionality to a plurality of sites which are configured to
communicate with each other by means of slice of the public network, the method
comprising:

building a multi-site orchestration model based on initial performance of
communication between different sites;

determining choreography opportunities between the different sites by using
the multi-site orchestration model;

triggering chorography between the different sites; and

evaluating performance of the chorography between the different sites and
updating the multi-site orchestration model.

[Claim 2]

The method according to claim 1, wherein, before building the multi-site
orchestration model, the method further comprises:

initiating an initial orchestration so as to identify a coarse initial model,
based on which the multi-site orchestration model is built.

[Claim 3]

, The method according to claim 2, wherein, the initial orchestration is a
proportional faire orchestration, with which each site communicates with its
neighboring sites with a same data packet bandwidth.

[Claim 4]

The method according to claim 1, wherein the multi-site orchestration model
contains a representation of sites and of communication conditions between the
sites.

[Claim 5]
The method according to claim 1, wherein the multi-site orchestration model

includes a graph which contains nodes representing the sites and edges between
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any pair of nodes, the edges representing communication or processing capabilities
between the nodes.
[Claim 6]

The method according to claim 1, wherein the multi-site orchestration model
includes a model for demand of the sites expressed in terms of utility of the
communication between the sites.

[Claim7]

The method according to claim 1, wherein the multi-site orchestration model
includes a model for congestion of the communication between the sites expressed
in terms of congestion costs.

[Claim 8]

The method according to claim 1, wherein the multi-site orchestration model
includes a site ranking that is based on specific flow transmission that is based on
random walk of packets between the sites and a stochastic matrix.

[Claim 9]

The method according to claim 1, wherein the multi-site orchestration model
includes a database of sites adapted to perform orchestration with relevant
attributes.

[Claim 10]

The method according to claim 1, wherein initial performance of the public
network is obtained by periodic monitoring of network state, throughput, packet
errors, and/or delay.

[Claim 11]

The method according to claim 10, wherein the determining choreography
opportunities between the different sites by using the multi-site orchestration
model is processed based on error between predicted performance from the multi-
site orchestration model and measured traffic performance or through topological
criteria that are obtained from the multi-site orchestration model.

[Claim 12]

The method according to claim 1, wherein the triggering chorography



WO 2021/199708 PCT/JP2021/005133
27

between the different sites comprises setting up an edge cloud between the
different sites participating to the choreography and starting to exchange
information between the different sites.

[Claim 13]

The method according to claim 1, wherein the evaluating the performance of
the chorography between the different sites and updating the multi-site
orchestration model comprises monitoring the public network. |
[Claim 14]

An orchestrator for providing multi-site orchestration in a public network for
factory automation, wherein the public network provides communication and
computing functionality to a plurality of sites which are configured to
communicate with each other by slice of the public network, being configured to:

build a multi-site orchestration model based on initial performance of the
public network;

determine choreography opportunities between different sites by using the
multi-site orchestration model,

trigger chorography between the different sites; and

evaluate performance of the chorography between the different sites and
update the multi-site orchestration model.

[Claim 15]
A communication system for factory automation, comprising the

orchestrator according to claim 14.
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