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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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Introduction

This document and ISO/IEC 21558-2 both pertain to the Future Network (FN), which is a broad concept
and has a wide application. The FNProxy technology introduced by ISO/IEC 21558-2 enables the
future network quality of service (FNQoS), which makes the FNQoS appear to be a mutual relationship
between intelligent FNProxies (i.e. harmonization between machines), not like the micro effect of
traditional QoS which depends on parameters.

The fact that FNProxy can promote the evolution of QoS to harmonize the process of networking. It
provides new forms of networking besides new concepts of QoS. This can lead to the emergence of new
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reference for developers to improve the calculation method.
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pxies have more extensive effects. Bi-S is necessary: a fundamental methodology, too
se and develop FNQoS systems.

document explains in detail the protocol mechanisms of FNProxy interaction
ectives: 1) the basic FNQoS system (BFS) 2) synthetic FNQoS system (SFS).

document stipulates that protocol mechanismstcan be used for all networks for t
pses, and also for generalized networks, such.as the implementation of semantic netw
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orking (AIEN) is recommended.

hctions or content interactions.

protocol mechanism specified in this document is applicable to ISO/IEC TR 2
C 21558-2.

[nternational Organization for Standardization (ISO) and the International Elec
hission (IEC) draw~attention to the fact that it is claimed that compliance with this dg
Ve the use of a patent.

hd [EC takeno position concerning the evidence, validity and scope of this patent righ

olderfthis patent right has assured ISO and IEC that he/she is willing to negotiate li
nable and non-discriminatory terms and conditions with applicants throughout the v

respe

the effective
interaction
s for service
calculation
s a starting

-S) between
|, and idea to

s from two

ransmission
ork protocol
bnce Enabled

ransmission

9181-8 and

trotechnical
cument may

o

rences under
vorld. In this

ct,‘the statement of the holder of this patent right is registered with ISO and IEC. Info

rmation may

be obtained from the patent database available at www.iso.org/patents or https://patents.iec.ch.

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights other than those in the patent database. ISO and IEC shall not be held responsible for
identifying any or all such patent rights.
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Telecommunications and information exchange between
systems — Future network protocols and mechanisms —

Part 2:
Proxy model-based quality of service

1 Scope
The goncept of this document considers the FNQoS related to the FNProxy based inISO/IEG

The grotocol mechanism given in this document supports both the interactiombetween tw
of a asic FNQoS system (BFS) and the interaction among multiple FNProxies in a synt
system (SFS).

2 ormative references

The following documents are referred to in the text in such a way that some or all of t
constfitutes requirements of this document. For dated references, only the edition cited
undafed references, the latest edition of the referenced{dpcument (including any amendme

ISO/IEC 21558-2, Telecommunications and information exchange between systems — Futur{
Architecture — Part 2: Proxy Model based Quality 6fService

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in ISO/IEC 21558-2 and {
apply

ISO apd [EC maintain terminology databases for use in standardization at the following ad

— IBO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 |Terms.and definitions

3.11

TR 29181-8.

ro FNProxies
hetic FNQoS

heir content
applies. For
nts) applies.

b Network —

he following

dresses:

servicédransition
FNPermpmmmeWmndmg-%m—

Note 1 to entry: FNProxy service transition must be based on the FNProxy’s own strategy and real-time

information.

Note 2 to entry: That the direction of service transition can also be determined by the inform

ation of Bi-Ss

(FNProxy link pairs) stored in the FNProxy Interaction Bridge (FIB) (3.1.2) of the FNQoS system. By default, the

transition direction is based on the information stored in FIB.

© ISO/IEC 2023 - All rights reserved
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3.1.2

FNProxy Interaction Bridge

FIB
linking path

of two FNProxies in SFS

Note 1 to entry: It includes logical paths to realize the interactive exchange of information between any two
FNProxies in a synthetic FNQoS system (SFS) consisting of bidirectional service (Bi-S) pairs by cascading.

3.1.3

FNProxy Link Mode

FLM

FNProxy linking template

Note 1 to enfry: It is used to normalizing the design, evaluation and calculation of binding, identific

registration,

synthetic FNQoS system (SFS).

Note 2 to ent

anagement, bidirectional service (Bi-S) and negotiation for different styles of FNProxy lin

: Several FLMs are listed in Annex D. When FLM is used by the designer, it meafsthat the tran

ation,
k in a

sition

direction of the FNProxy is not random but known in advance. The negotiation strategy (NS} of the FNProxyy will
set the requirement type percepting function of the perception engine of FNProxy to sleep.

3.1.4

FNProxy Prptocol Data Unit

FPDU

data unit ne¢ded by the interaction between two FNProxies in an FNQOS system

3.1.5

BFS Protocgl

BFSP

set of FPDU| fields, semantic changes and timing needed by all procedures supported by th¢ two
FNProxies of BFS

3.1.6

SFS Protocdl

SFSP

set of FPDU fields, semantic changes and.tinie sequence of all procedures among all FNProxies in 4 SFS
3.1.7

FNProxy Strategy

FNPS

predetermined response of FNProxy

Note 1 to enfry: It is for.Some important states or comprehensive effects of an FNQoS system based ¢n the
environment [of FNQoS-system, the characteristics and capability of the FNProxy, the target of the FNProxy
owner and the real-tinte’running status of the FNProxy.

Note 2 to entrly:<Phe FNProxy Strategy (response measures, scheme) and its solutions (sub schemes) are stored in
the FNProxy trategy Base (FQR)

3.1.8

procedure

interaction sequence between FNProxies to complete the special tasks in the FNQoS system

Note 1 to entry: The comprehensive effect of FNQoS system consists of several procedures dynamically. It is
generally expressed in the form of a sequence diagram.

3.2 Abbreviated terms

Al
AIEN

Artificial Intelligence

Artificial Intelligence Enabled Networking

© ISO/IEC 2023 - All rights reserved
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ALF Access Layer FNProxy

BFS Basic FNQoS System

BFSP BFS Protocol

Bi-S Bidirectional Service

BS Base Station

ES Execution Strategy

FIB FNProxy Interaction Bridge
FN Future Network

FPDU FNProxy Protocol Data Unit
FSB FNProxy Strategy Base

0SI Open System Interconnection
PDU Protocol Data Unit

QoS Quality of Service

SDO Standard Development Organization
SFS Synthetic FNQoS System

SFS SFS Protocol

UML Unified Modeling Language

4 Hrotocol mechanisms in BFS

4.1 |Description of BFS

In enjgineering implementation, UML should be used to express a specific FNQoS system, so as to
imprgve the system's ability to adapt to FN. Attention should be paid to specific QoS requifement in FN

environment, and ENProxies should be extracted for dynamic interactivity.

Variogus FNProxies interactions based on the Bi-S mentioned in ISO/IEC 21558-2 are distributed in
an FNNQoS_system. When these dynamic service FNProxies constitute an FNQoS system,|they can be

dividpd/inte BFS and SFS.

BFS is the smallest FNQoS system. There are only two FNProxies in BFS. Two FNProxies can interact
to form Bi-S. Its characteristics are: no matter whether there is Bi-S or not, when the two FNProxies
interact with each other, the FNProxies do not need to report the impact of FNProxies to the FNQoS

system, nor do they need to register or manage other operations.

The result of the interaction between two FNProxies is FHR. FHR is based on the technical
characteristics of Bi-S. See ISO/IEC 21558-2 for technical characteristics of Bi-S. See Annex A for the

quantitative method of FHR.

© ISO/IEC 2023 - All rights reserved
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4.2 General interactive nature for FHR

4.2.1 FNProxy pairing situations

This subclause describes the fundamental mechanism of FNProxy interactions for generating FHR
based on Bi-S.

The interaction between each pair of FNProxies in the FNQoS system can contribute to the
comprehensive effect of FNQoS system. See Annex A for details. The contribution made by each pair
of FNProxy interaction to the comprehensive effect of FNQoS system depends on whether each pair of
FNProxies has both requirements and a service.

Figure 1 shpws FNProxy A and FNProxy B in the FNQoS system. Both FNProxies can recei\if the
information|from the other FNProxy, but their requirements cannot be matched by other dppropriate
services, thg two FNProxies not form a Bi-S. Either way, both FNProxies record and saye each other's
management information.

The solid line indicates that FNProxy A sends a message to FNProxy B, and the dotted line indjcates
that FNProxy B cannot feed back to FNProxy A according to its own situation. Figure 1 is the two |quasi
interactive HNProxies without Bi-S.

FNProxy A >  FNProxy B
--— — —

Figure 1 — Two quasi interactive FNProeXies without Bi-S

Figure 2 shows the successful pairing of FNProxy A and ENProxy B under the condition of Bi-S effect.
Bi-S

FNProxy A | i p| FNProxyB

Figure 2 — Interaction FNProxy pairing success in FNQoS system

4.2.2 Actiye and passive functions of FNProxy

4.2.2.1 Active functions

When an FNProxy in atbFNQoS system perceives the environment requirements and knows that i does
not have thel capabilities to complete the requirements, it will forward the situation to other qualified
FNProxies according to its own strategy. The FNProxy's initiative is key. In this way it mimids the
natural abilifies,.of humans (i.e. belief, desire and intention).

Other FNProxies receive the information and responded to this FNProxy according to its strategy.

4.2.2.2 Passive functions

In the interface of any FNProxy, the capability and method for other FNProxies to query this FNProxy
should be exposed. It is called the INQUIRY method.

4.2.3 Interaction model of BFS with engines

According to ISO/IEC 21558-2, there are three engines (perception, negotiation and execution) in any
FNProxy. If an Al algorithm is involved in the three-engine runtime, it can invoke the function of the
intelligence resource domain in ISO/IEC 21558-2 and usage strategy. Designers of FNQoS system are
not required to study complex Al algorithms when dealing with various FNQoS scenarios.

4 © ISO/IEC 2023 - All rights reserved
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The application of Al algorithms should be perception first, then negotiation, and finally execution.
The three engines, which work in the following order, are the default configuration of the FNProxy: the
perception engine, the negotiation engine, and the execution engine. The process that three engines
execute in a sequence is called “the service cycle of FNProxy”.

Figure 3 shows a simplified FNProxy interaction model of BFS (two FNProxies are fnp1 and fnp2). Each
FNProxy contains the three engines to work together. Since there are only two FNProxies, the designer
will not consider the strategy of handling the transition, i.e. step c in the Figure 3 is represented by a
dotted line. When this figure is used to analyse SFS, i.e. when the number of interactive FNProxies is
more than or equal to three, FNProxies also transit services according to their execution strategy (ES).

There-is-also the strateg NProxy to generate arequ t—As-show gure 3 R1(ES1, E1),
R2(EP2, E2): the current execution value E1, E2 of FNProxy Al, FNProxy A2 is respectively converted
into the requirement value R1, R2 under execution strategy ES1, ES2.

O ement.—A

1 angl 12 show the interference received by FNProxy Al and A2 respectively.
C1 and C2 show the capability to represent A1 and A2 respectively.
RP1 fepresents the real-time preference perceived by FNProxy A1l.
PS1 and PS2 represent the perception strategies of FNProxy 1 and FNProxy 2 respectively,

The three small black dots marked in FNProxy A2 in Figure @jare called perception stfategy (PS1),
negotiation strategy (NS1) and execution strategy (ES1),*The strategy point indicatef where the
strat¢gy is placed by the developer. The interaction framework model of BFS in the Figiire 3 can be
adapted to complex application scenarios.

© ISO/IEC 2023 - All rights reserved 5
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FNProxy Al FNProxy A2

( Start ) ( Start )

Perceivin|

s Engine

Execution Engine
Requirenpent of FNProxy

Capabilit

Interfere
RP Real-timg
PS Perceivin
NS Negotiati
ES Executio
a  Judging v
b Ifthereq
¢ Ifthereq
d  After this

4.2.4 FPDU definition of BFS

P

N  Negotiating Engine
el

R

C

I

y of FNProxy

hce received

preference perceived

o strategy

g strategy

strategy

rhether FNProxy capability can-meet the perceived requirements.

pirements can be met, it will,be excuted.

uirements cannot be met, transit to another FNProxy based on negotiation strategy NS2.
requirement processing, continue to process the next requirements.

Figure 3.—~Interaction model of BFS with three engine characteristics

On the basi

of traditionat PDU, FPDU adds intelligent processing. The FNPTOXy Senses the co

ntext

change of FPDU in real time, and the FNQoS system can change the networking strategy in real time.
Both the traditional communication network and AIEN are formed based on the interaction and

cooperation

of FNProxies.

The service of one FNProxy processing the other in a pair of interactive FNProxies is not exactly the
same as the working service of OSI PDU processing between the lower layer and the upper. Many
fields of FPDU are obtained by this FNProxy, instead of being transferred from traditional inter-layer
processing. For example, target FNProxy number, this FNProxy requirements and FPDU style can be
obtained from the negotiation strategy, execution strategy, and domain name of this FNProxy. If the
requirements of this FNProxy cannot be perceived, there will be no FNProxy serving for this FNProxy.

Two FNProxies use BFS Protocol (BFSP) to interact.

© ISO/IEC 2023 - All rights reserved
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Although there are various forms of FNs involved, FPDU (FNProxy Protocol Data Unit) can be composed
of the following basic fields, which can meet the needs of interaction between two FNProxies. The
designer of FNQoS application system can inherit and expand these basic fields according to the actual
situation. The basic fields of FPDU are: this (Source) FNProxy number, the target FNProxy number, type
of FPDU, requirements of this FNProxy and capability of this FNProxy, as shown below. It is abbreviated
as: FPDU {Sn, GN, FS, Cap, Req}. The designer of FNQoS application system can inherit and expand these
basic fields according to the actual situation.

FPDU

{
SourceNumber; /SN

GoalNumber; /GN

FPDUStyle; /FS

Capability; /Cap

Requirement; /Req

J7

The semantics of the fields in FPDU are as follows:

Semantics of FPDU
{

SourceNumber: Source Number
/The value of this FNProxy's number
GoalNumber :Goal Number

/ In FNQoS systems with more than or equal to three FNProxes, the
goal number (GN) FNProxy of is generally consistent with the link
order of FLM. This is because the link order in FLM is fixedl in advance.
FLM records the corresponding GN that can be transferrjed when the
FNProxy in the FNQoS system fails to sign a contract.

/ However, GN can also change in real time due to the following factors:
the corresponding procedure, the context content, the algprithm of the
special FNQoS system and the corresponding operators ysed.

EPDIL ]ny]n-ﬁpnl ] ny] Py

/When FPDUStyles are 0, 1, 2, 3 and 4, it means that FPDUStyles are
more suitable for management, operation, intelligence resource, user
and communication domains.

Capability:The FNProxy is given the maximum service capacity

/When the FNProxy provides services for multiple FNProxes, the per-
centage of the capability allocated to each requirement FNProxy can
be obtained according to the needs of the corresponding application
scenarios.

Requirement:Current Requirement of this FNProxy

© ISO/IEC 2023 - All rights reserved 7
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b

/It refers to the requirements put forward by the FNProxy to other FN-
Proxy according to the contract value and the FNProxy's own strategy

before the FNProxy executes the new contract.

/ The type and size of the requirements proposed by the FNProxy vary
according to the execution value and execution strategy of the FNProxy.

The subfield and semantics of requirement field are as follows:

The subfield and semantics of capability,field are as follows:

R H s
l\C\.iLlll CIIITCIIt

{

Type/ Semantics is the type of requirement

/ Generally, the requirement type is not directly related to the FN]
characteristics. The requirement type of the FNProxy depends d
effort of the owner of the FNProxy and the sgtrategy for it.

Value / Semantics is the value of requirement

/Value can be expressed either abstractly or concretely. When t}
quirement is abstract, the abstractexpression can give the engine
meaning result of specific techrology according to the scene.

7

Capability
{
Type /-Semantics is the type of capability

/Generally, the type of capability is directly related to the FNP1
characteristics, so that it can show the service capability of the FNP1
own characteristics.

Value/ Semantics is the value of capability

/Value can be expressed either abstractly or concretely. When t}
quirement is abstract, the abstract expression can give the engine
meaning result of specific technology according to the scene.

Proxy
n the

e re-
ering

oxy's
'0Xy'S

e re-
ering

I

4.2.5 Strategy processing scheme in FNProxy

The FNProxy strategy is the action plan that the FNProxy needs in order to be stimulated by the change
when the state of the FNProxy in FNQoS system changes in the life cycle. The default important state is
the output value of the execution engine, but it also encourages designers to develop complex important
states composed of multiple factors and the action plan that FNProxy must respond to.

The execution engine of the FNProxy is affected by the FNProxy's own characteristics, capability,
FNProxy owner and other factors. Any FNProxy will respond to el, e2 and en stimulation separately.
The response action plan is a sub strategy (scheme) that is pre-placed in the FNProxy strategy base
(FSB). The sub strategies are: scheme 1, scheme 2 and scheme n. As shown in Figure 4.

© ISO/IEC 2023 - All rights reserved
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Figure 4 — Frame of strategy processing scheme in ENProxy

FNProxy should be prepared by the designer in two ways: the.first is the response m
e FNProxy to the paired FNProxy according to the executiop-amount after the FNPro;
ormal service execution. Pairing FNProxies treat their tesponse value as their ow

e other hand, when the FNProxy fails to reach a contract through negotiation, the FNP
hfinished service to another FNProxy selected aCcording to its own situation.

Concept of the procedures in BFS

oncept of service effect of BFS can be whderstood as the sum of all the service pro
istomized to solve various requireinents based on the interaction between two F]
ffect of FNQoS system is shown by*all procedures, and each procedure includes a sj
pxy sequential messages as follows:

FNQoS system = {Procedure list}
Procedure = {Sequential message list}

ugh there are only two FNProxies in BFS, when the purpose and effect of the procedur
e two FNProxies-are different, the interaction protocols between the two FNProxies :
ent. No matter what kind of purpose and effect of procedure in BFS, the protocol

he so-called timing), the FPDU and its semantic change.

-2:2023(E)

easures sent
Ky completes
m perceived

roxy transits

cedures that
NProxies, i.e.
becific list of

bs supported
ire generally
of FNProxy

iction ineBES should include three elements: the change of execution dynamic state of procedures

kamiple, in two procedures in BFS, such as the procedure of "start an FNProxy" and t}

le procedure

n LND oo DR el £ 11 £41 LDRIL 1 AW iNa W PR J
Of qL Cly diITINITUOXY , UIC TrDUSLYIC TICIUS O LIIC T UU Call D I MIdITdZgCIIICIIL) U U

(Operation)

respectively. In addition, the FPDU of "start an FNProxy" procedure does not need extended fields, while
the FPDU of "query an FNProxy" procedure needs extended fields (see special_FPDU in 5.6) to indicate
that the query method is "INQUIRE", and the primitives and messages involved can be as follows:

Primitive:

Query (result, GN, Method)

Result: all methods and their functions of GN

GN: GoalNumber

Method: INQUIRE

© ISO/IEC 2023 - All rights reserved
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Message (Query)

{
“Method”: “INQUIRE”

}

The semantics of the field "Method" is to use the public method "INQUIRE" of FNProxy GN. The public
method can let the opposite FNProxy understand its own methods and capabilities.

After starting, the FNProxy can send a request message to query the other party at any time. In this

way, all the yrethodsamdcapabititiesof the other partyare kmownmatany time———————————— ]
Query (GN, INQUIRE);

There are four kinds of basic procedures in the BFS in Figure 5, Figure 6, Figure 7 and Eigure §. The
primitives and messages that be involved are the following:

Procedure 1| The two FNProxies start individually
Primitive 1: [nit (FNP owner’s Initial value)
Message 1 (Init)

{

“Method”: “initialize”

fnp1 fnp2
I I
| |

Init:Activation
Activation

|
|
—
Da—

|

Yee——

Interaction

i

Figure 5 — Procedure started by two FNProxies independently

Procedure 2: One awakens the other
Primitive 2:

INIT (FNP owner’s Initial value)
WAKE_FNPROXY (SN, GN)
Message 2 (INIT, WAKE_FNPROXY)
{

“Method”: “initialize”, “request”

10 © ISO/IEC 2023 - All rights reserved
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Figu

Prim

UPDA

Mess

«

working
tive 3:
TOP (GN)
TE (GN, SN)
hge 3 (STOP, UPDATE)
Method”: “Stop”, “Update”
fnpl fnp2
T T
| |
Stop(GN) R
’ -
Update(SN)

re 6 — Waking up the other party's procedureProcedure 3: Stopping'FNProxy service from

H (stop service)

Figure 7 — Procedure of stopping FNProxy serviece

Procedure 4: Calculating harmony degree

Primitive 4:

HARMONY_DEGREE (result, FNP1, FNP2)

Result: Harmony degree

© ISO/IEC 2023 - All rights reserved
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FNP1: FNP1’s information

FNP2: FNP2’s information

Message 4 (HARMONY_DEGREE)

{

“Method”: “Calculating”

4.2.7 Fun

The FNProx
distributed
operation a
system in m

The FNProx
and the exed
six domains

3
)
-
%
\

Update_to_fnp2(args1)

|
_Update_to_fnp1(args2)

Calculating Calculating
harmony harmony
degree(args1, args2) degrée(args2, args1)

Figure 8 — Procedure of calcitlating the harmony value of SFS

ction invoke descriptions to domains of FNQoS system

y should invoke the fumctions of the six functional domains (see ISO/IEC 215
in the FNQoS system., Generally, the functions of these three domains (manage
hd intelligent resources domain) are frequently-used functions supporting the F
pst cases. Somefunctions of these three domains are listed in Annex C for reference.

F includes thiree engines that can work together: the perception engine, negotiation e
ution enginhe. Each engine of each FNProxy in the FNQoS system will use the functic
in real-time according to the FNProxy strategies and requirements.

58-2)
ment,
NQoS

ngine
ns in

In an FNQoS

system, the cooperation mechanism among the engines in all FNProxies should b

e the

same. Wher
information,

4] 41 - 1 1 - - 41 LAD 1 I 4 4]
LIIT LI TT TIEIIHITS  WUTLK, T4AUIL TISIHIT T UIT TINT'TUX Yy WUI'RS dULLUTUILIG TU T 1TTU

combined with the FNProxy capabilities and strategies.

ived

The intelligence level of FNProxies should depend on the intelligence level of the function of the
intelligent resource domain. If the FNProxy can access the intelligent resources in the cloud through the
application network (such as the Internet) realized by the communication domain function.

5 Protoc

ol mechanisms in SFS

5.1 Description of SFS

The mechanism of multi FNProxy interaction protocol in BFS is based on the interaction mechanism
between two FNProxies in SFS.

12
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SFS means that there are more than or equal to 3 FNProxies in the FNQoS system. Its characteristics
are: there be multiple Bi-S pairs, and the FNProxy needs to report its information to the SFS.

When the SFS is composed of a mixture of FLMs as shown in Annex D, it is necessary to implement the
link path between any two FNProxies. The FLMs in Annex D are used to service transition path fixed
when service is not meet.

No matter how the SFS is implemented whether with central or distributed computation, designers
should set the maximum number of FNPoxies in SFS by combining the characteristics of FNPoxies and
calculating the memory size of nodes. In addition, the fixed FNProxy links of FLM should be used to

achieve multi-FNProxy harmony (MFHR). As long as the value of MFHR is high, the service transition
and information npﬂafn timewould be reduced in SES

5.2 |[Operations by using operator in SFS

b number of
vill be better

In th
FNPr

e SFS, the interaction mechanism becomes complicated due to the increase of th
pxy pairs. In this case, the effect of improving the specific target achieve@dby the SFS v

than
of th
betw

that of the BFS. This constitutes the MFHR. MFHR is realized by multiple FNProxies v
se FLMs of FIB. FIB is a logical path or channel to realize the interactive exchange of
ben FNProxies in SFS. As shown in Figure 9. The component software or hardware that

the ipteraction of multiple FNProxies can be regarded as the bridge/between related FN

softw
FNPr

e

In or
amor]

The
inter

NProxy A <«

are or hardware of this component is implemented based.an FNProxy. If there is no |
pxies, the FIB does not exist.

FNProxy A

Bi-S T FNProxy Interaction J

vith the help
information
can support
rroxies. The
ink for these

us

[o]

FNP B
roxy °

FNProxy D o 1

—

NProxy B

o

B J—

Strong QoS effects

!

FNProxy C

Figure'9 — Synthetic FNQoS system (SFS) with FIB
der to facilitate the unification of the design and evaluation methods of various S
g FNProxies shaiild be solidified into some special FLMs, as shown in Annex D.

basis of multiple FNProxy interactions is that a single Bi-S can support a pair ¢
hctionss'and the Bi-S technical characteristics. Based on Bi-S, FNProxies in SFS

synchronously.

The

nalvsis to FIB should atleast include:

IS, the links

f FNProxies
can interact

a) The dynamic/fixed interaction mechanism of FIB through FNProxies, i.e.,the interaction between
FNProxies supported by multiple Bi-S pairs.

b) The method of FNProxy operating FIB, that should adopt modular idea and be realized by operators.

Analyse the universal interaction model or abstract operation symbol of calculation between FNProxies,
as shown in Figure 10.

© ISO/IEC 2023 - All rights reserved
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For examplg
comprehens
can focus o
system and

Similarly, in
any FNProxy

The basic ca

14

(FNProx
(FNProx
(FNProx
(FNProx
Self-Opd

Bi-S: "(F
FNProxjy

;{tdeveloping operation process of the negotiator to reduce the complexity of the F

Figure 10 — FNProxy Interaction Bridge (FIB) among multi-FNProxies

, when negotiating between FNProxy 1 and FNProxy 3 in¢/Eigure 10, the follg
ble formal mathematical operator (see ISO/IEC 21558-2) can\be expressed (the deg

s development costs):
(FNProxy 1) Operator (FNProxy 3).€volute to:
(FNProxy 1) Negotiator (FNProxy 3)

the FNQoS system, the binding, identification, registration, and Bi-S operations bet]
' A and any FNProxy B, even FNProxy Aperating on itself can also be written as follg

y A) Binder (FNProxy B)

y A) Identifier (FNProxy B)
y A) Registry (FNProxy B)
y A) Bi-S (FNProxy B)
rator (FNProxy A)

culation meaning of operators Bi-S, binder, identifier and registry should be as follow

NProxy A)Bi-S (FNProxy B)" refers to comparing the type and size between FNProxy
' B respectively.

wing
igner
NQoS

ween
WS:

S.

A and

For exarn

hple, the result of the operator can be defined as the enumerator {(0, 0), (0, 1), (1, 0), (

1, 1)}.

When the formula "(FNProxy A) Bi-S (FNProxy B)" is operated, if the value of the formula is (0, 1),
then it means that FNProxy A has no ability to serve FNProxy B, but FNProxy B has the ability to
serve FNProxy A.

"(FNProxy A) Binder (FNProxy B)" refers to both FNProxy A and FNProxy B have fixed service
requirements, that is: they do not participate in the possible dynamic service transition activities in
dynamic perception in the SFS.

Identifier: (FNProxy A) Identifier (FNProxy B) refers to the technical process of identity
determination between FNProxy A and FNProxy B. The calculation result of this operator is the
current information and state of the two FNProxes if the identities of both parties are proved to be

valid.
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Registry: (FNProxy A) Registry (FNProxy B) refers to two parties registering their own information
with each other in the case of no central FNProxy in SFS.

Negotiator: (FNProxy A) Negotiator (FNProxy B) refers to the operator in which two FNProxes sign
contracts with each other according to their own strategies after Bi-S operation in SFS.

Self-Operator: Self-Operator (FNProxy A) refers to each FNProxy has its own process of variation.

The actual meaning and application effect of each operator can be customized according to the actual
needs of the specific FNQoS system. BFSP is used in operator operation. See Annex B.

For Bi-S operators, such as for hybrid FLMs in FNQoS systems, the link path between any two FNProxies
are ifnplicitly established during the transition of FNProxy to the next FNProxy. Figure 11 shows the
procgss of three consecutive transitions (A->B, B->C and C->D). Once the FNQoS system)is'funning, any
two FNProxies (for example, FNProxy A and FNProxy D) have implicitly realized theyoperafion effect of
threq transitions in “A Bi-S D”. If necessary, special management software can be designed to extract
the link path (A -> B -> C -> D) through multiple FNProxies in FLB.

Bi-S

peration effect of a A Bi-S DA above Equal to thea A Bi-S BA{2)B Bi-S CA and a C Bi-s D
Bi-S

~t

FNProxy A FNProxy [

< >

( A below

FNProxy A

Bi-S

1

FNProxy B
Bi-S

FNProxy C

FNProxy 1

Figure 11 — Path of FIB linked by Bi-Ss under multi-FNProxy

5.3 |Service transition by ENProxy strategy or FLM

5.3.1 Description of FE:M for FIB

Ther
choos
FLB t

developers for their own FNQoS systems.

The §

b are three FLMs~specified: centralized, fully distributed, and hierarchical modes
e to use whehnimplementing a particular FNQoS system, as shown in Annex D. People
echnical documents based on but not limited to the three FLMs in Annex D that ca

FS should record the necessary information of the FLM, including the type, struct

, which can
can develop
h be used by

ure, and the

numh

er.of real-time FNProxies of the FLM, as well as the detailed log of each FNProxy's W

york. The log

contents include any FNProxy in the FNQoS system, the necessary state information of all activities
from activation (from start-FNQoS system to stop the FNQoS system). This state information should
include service transition paths and changing history of requirements (services).

5.3.2 FNProxy strategy or FLM determining the service transition

Any FNProxy in SFS needs other FNProxy’s services on its FLM: Any FNProxy of the SFS in Figure 12 has
the same work principle and steps. For example, FNProxy A1 includes the following steps: the perception
engine P1in FNProxy A1l processes the received real-time interference I1 and real-time preference RP1,
then after the processing of negotiation engine N1 and execution engine E1, FNProxy Al generates the
requirement R1 of FNProxy A1l according to the execution value E1 and strategy S1. The meaning of
FNProxy personification is: FNProxy A1l's E1 means that FNProxy A1 has paid consumption or expense
for E1; FNProxy A1l hopes to get a reward for R1.
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Which FNProxy in FLM serves the requirement R1 generated by FNProxy A1 in SFS depends not only on
the above steps of generating R1, but also on the FLM adopted by FNQoS system.

As shown in the dotted line with arrow on the left from R1 to P2 in Figure 12, the type of requirement
R1 is consistent with the type of capability of FNProxy A2, i.e. FNProxy A2 serves FNProxy A1l. Since P1
of FNProxy Al is R2 of FNProxy A2, both FNProxy A2 and FNProxy A1 serve each other. This constitutes
the Bi-S case. The service effect or harmony degree between FNProxy A2 and FNProxy Al with Bi-S is
higher than that without Bi-S.

As shown in the dotted line with an arrow on the right from R1 to Pn in Figure 12, FNProxy An serves
FNProxy Al. Because of service transmon the number of FNProxies in FNQOS system 1s 1ncreased from
2 to 3. FNPr
has been set
other words

by the de51gner in advance to be con51stent w1th the type of requlrement R1 at thls time. In
FNProxy An is preset to serve FNProxy A1l in advance.

The implemg¢ntation mechanism of FNProxy link of FLM is not specified.

Whether thd FNProxy An in SFS can serve the requirements generated by FNProxy-A1 depends dn the

uncertainty |of the calculation results of the internal dynamic operation steps of ENProxy Al and the
FNProxy linking mechanism of FLM adopted by FNProxy An. The dynamic working process of fthese
mechanismsg, together with their FPDU fields and field contents, supportséthe protocol of interdction
between FNProxies.
_ ~ " N
s \
FNProxy A2 \ FNProxy An
Start | Start
== , [~ === |
| |
P2 @ | I In Pn| N ‘
| |
BER Lo e
iESZ( /7 iESn‘
— [0 / / L — ?\;\4
AN ~ / AN \\\
N NN
~N A / .
R2() .
Rh(

Figure 12— FNProxy strategy or FLM determining the service transition

5.4

Sequ

5.4.1 General description of sequence diagram to SFS

From the perspective of FNProxy owner, observer of SFS and other roles, this subclause expounds some
basic sequence technologies that can be involved in multi-FNProxy interaction. This can be used as a
reference to design appropriate FIB details and to improve the comprehensive effect of the SFS. Multi
SFSes are referenced in Annex E.

Figure 13 shows the sequence diagram related to the SFS. Figure 13 shows the sequence overview
diagrams of related FNProxies observed from the perspective of owner of FNProxy fnp-1 during the
operation of SFS.

The development of a unified FNProxy naming method is recommended.
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Although the whole picture of the interaction of the protocol mechanism of all FNProxies is not seen, it
is understood from the perspective of one FNProxy.

5.4.2 Main elements in the sequence diagram

5.4.2.1 Timing

In SFS, FNProxy fnp-1, fnp-2, fnp-n and fnp-m stimulate each other according to the link mode of
predeterminate FLM they use to form this SFS with predeterminate dynamic characteristics. It also
includes the dynamic characteristics stimulated by the FNProxy's predetermined strategy.

The sequence diagram overview of SFS shown in Figure 13 mainly shows the activity relat
other] FNProxies from the perspective of working process of FNProxy fnp-1.
a) The start of fnp-1 includes the personalized start of perception engine, negotiatior
ecution engine.
b) The three engines then repeatedly perform the tasks in sequence. When'the perceived
type is a new type, it will be transited to FNProxy fnp-m; if it is not,a new type, buf
pable enough, it will be transited to fnp-n; if it is within the scope’of fnp-1, it will be
fhp-1.

When the FNProxy fnp-1 is executed, which fnp-1 should be dsked for requirements is r
FLM of the SFS and the execution strategy ES1 in Figure 12. By default, fnp-1 requires FLM
a fixdd FNProxy. However, if the execution strategy ES1 of fnip-1 is different from FLM, it i
trangit to FLM’s other FNProxy.

If fnp
fnp-1
fnp-1
Anne

-1 perceives that the requirement comes fromFNProxy fnp-2, and the execution st
requires that the FNProxy serving fnp-1 is\also fnp-2 (i.e. the requirement of fnp-2
, then the FHR value of SFS composed of FNProxy fnp-1 and fnp-2 can be very high,
X G.

The t
close

hree engines are closely related to"FNProxy fnp-1. The three engines working indep
y combined to form FNProxy fip-1.

The 1
and ¢

oles that interact with the.SFS are: fnp-1 owner user, SFS observer user and party of "
nvironment change”. These roles can interact directly with the SFS.

5.4.2{2 Transition strategy of negotiation

When requirements-are a new type, either it will not be able to reach a contract, or it c
FNPrpxy fnp-m{This depends on the negotiation strategy of the FNProxy.

When the requirements are not of a new type and the contract/capability is insufficient, {
will fot/be.able to reach a contract, or it can transit to FNProxy fnp-n. This depends on thg

ionship with

engine and

requirement
fnp-1 is not
executed by

blated to the
to transit to
s possible to

ategy ES1 of
comes from
as shown in

endently are

requirement

hn transit to

hen it either
p negotiation

strat¢gy of the FNProxy.

5.4.2.3 Startup of the SFS itself

The third party (observation of SFS) sends the message to start SFS.

The owner of fnp-1 sends the start message and starts its three engines. The owner of other FNProxies

also sends out to start their own FNProxies.

5.4.2.4 Engine operation

For the sake of realize the normal operation of FNProxy fnp-1, the perception engine, negotiation engine

and execution engine work in sequence.

© ISO/IEC 2023 - All rights reserved

17


https://iecnorm.com/api/?name=91fd9e0e682a38e9f302d0ef03ddb576

ISO/IEC 21559-2:2023(E)

5.4.2.5 SFS output contribution

FNProxy fnp-1 reports the information data of the current engines to the observer when it runs
repeatedly. At the same time, SFS calculates the value of contribution rate of each FNProxy in real time
(see Annex A).

5.4.2.6 SFS stop operation

The SFS can stop the operation only when SFS observer or FNProxy fnp-1 sends a message to terminate
the operation.

5.5 Narra

5.5.1 Gen

The FNQoS §
aspects:

a) when th
system |

b) the dyn3
FNProxjy

The a) be 4
combination

tive of Al dynamically enabling interaction

bral

ystem has the dynamic property of an Al enabling effect. It is caused by the following two

e FNProxy link topology of FLM changes over time, the comprehensive effect of FNQoS

vill change dynamically;

mic adaptive process of FNQoS system caused by the dynamic perception of engine of each

<

ddressed by SDO setting relevant technical documents, while the b) be addressged in

with practical scenarios.
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Figure 13 — Sequence overview diagram from fnp-1 aspect of SFS

5.5.2 Dynamism caused by FNProxy link topology change

This is better suited to developing dynamic Al enablement effects for point-to-point (end-to-end)
communication when there are only a pair of FNProxies of simple link topologies.

© ISO/IEC 2023 - All rights reserved
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When it is an interactive mechanism among multiple FNProxies, it is more applicable to base Al on a
wide range of interconnection system applications. Using AIEN method can develop more new network
forms, even dynamic semantic networking based on semantics.

The dynamic effect of FNProxy link in FNQoS system is aimed at MFHR, which is similar to the dynamic
interaction effect of social crowd. See Annex F.

5.5.3 Dynamism by driving the external environment

The FNProxy perceiving the external dynamism of environment triggers the dynamism of the FNQoS
system. That include:

a) Transiti
but also

b) When F

should fi
dynamig(

FNQoS.
In the FNQo

brings dynamic changes to the link topology of FLM.

NProxy senses that the context changes the FPDU field of FNProxy in FLM'in-real ti

bn of FNProxy service not only changes the number of FNProxy links in the FNQoS‘system,

me, it

brm a dynamic process according to its own strategy. The result of proeessing can lgad to
changes of dynamic links, and corresponding processing methods should be reserv¢d for

S system, the Al dynamically enabling interaction makes it pgssible for some FNPioxies

to be served multiple times. FNProxies in the FNQoS system are required to participate in myltiple

services, so that the FNQoS system is trying to achieve the best possible-service effect. See Annex [G.

5.6 General framework of SFSP

This subclayse resolves the 12 FNQoS requirements listed in‘the second half of ISO/IEC 21558-2:

2023,

Figure 7 (titled architectural model and supported FN requirements) and provides a unified framgwork

for FNProxy

By extractipg the corresponding FNProxes from“the FNQoS requirements and referring t

framework 1
be solved.

The general
— the nam

— the nam|

— the namg table of FNProxes participating in the interaction in the Procedure;
— the protpcol name6f£FNProxy interaction;
— the spedial fields required by the FNQoS protocol;

— the meahitg’of each field;

based FNQoS protocol generation.

hethod, the problem of customizatigfrof QoS protocols in FNs and traditional network

protocol framework of FNQa§S requirements includes the following aspects:

e of FNQoS system;

of a Procedure insthe FNQoS system;

b the
s can

— the time sequence generated by the method function of the domain or a group of operators.

Framework of SFSP

{
FNQoS s

Procedu

ystem_name,

re_Name;

Names_of FNProxies_involved;

Protocol_Name;

Special_FPDU;

20
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Semantics of Special_FPDU;

Timing based on special_FPDU;
I

This FNQoS protocol framework implies the following:

— the FNQoS system contains multiple Procedures;

— each Procedure contains multiple FNProxy interactions;

— t

action effect.

FNQg
the c

{
H

K
}
The f

Featu
work

The 1
show

wedifferentinleractionformsofthese ENProxy constitute the special protocslolinter

S protocol refers to the synthesis of these special protocols. The effect of FNQoS.sysf
mprehensive effect of these special protocols in work.

Amo;[f them, special_FPDU is an extension of FPDU field for FNQoS requirements.

ecial_FPDU

PDU;

pature field list is extracted from the following.aspects by the designer's experience.

re_Field_List = {FNQoS requirement name, list of key technology problems to be s
ing environment scope, list of objectives{list of working parameters}.

eference method steps of customizing'the protocol to improve FNQoS for special requ
n in the Figure 14.

eature_Field_List; / feature field list of Future Networkirequirements to improve QoS.

em refers to

Namely:

olved, list of

rements are

© ISO/IEC 2023 - All rights reserved

21


https://iecnorm.com/api/?name=91fd9e0e682a38e9f302d0ef03ddb576

ISO/IEC 21559-2:2023(E)

Start
-According to the specific
requirements of FN, the method of
improving QoS is customized

y

Extracting N-FNProxes in
requirement environment

Initialization of each FNProxy's capability,
perception, negotiation and execution strategy

Determining M-pair Bi-S based on
requirement analysis

v

Set M-sets (special PPDU) for
M-pair Bi-S

:

Developing N sets of application scenarios
through FNProxy interaction

v
. v

Software implementation of functions related to FNProxy are summarized
FNProxy and their interaction as corresponding special operators

[s the effect of improving No

QoS satisfactory?

v v

Determination of Determination of
special FPDU special operators

| ¢ |

End
-this is a method to meet the specific
requirements of FN's QoS improvement

Key

N  The number of FNProxies in FNQoS system. Each FNProxy has the ability to provide services for specific
FNProxy, and also has the ability to put forward requirements to other FNProxy.
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M  Thenumber of pairs of FNProxies serving each other in N FNProxies. These pairs of FNProxies will be considered
to form the FLM of the SFS. When N is 2, SFS becomes BFS.

Figure 14 — Methods of improving the QoS of FN by customization of requirements

The method described in Figure 14 is not limited to more than 12 FNQoS requirements mentioned in
ISO/IEC TR 29181-8, but can follow this general FNQoS protocol framework. See Annex H for details of
the generation process of FNQoS protocol of each FN requirement.
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Annex A
(informative)

resentation reference of FNProxy collaboration effects

ral

This annex includes two reference methods of evaluation calculation of FNProxy collaboratien e
to the FNQo$ system. The former can be used for rapid deployment, while the latter needs td.adju

impact facto

A.2
Definition

The Vect rd
system. The

That is:

Vect gy pd

Bx = (ax
where

Vectpypy

Ay

Here, the el]
multiple dim

a). Basic FN

Therer are ipterdctions between two FNProxies in BFS. In case of: each providing only one servicg.

value according to the characteristics of the FNQoS system.

Refenence calculation method based on real time contributionrate

presents the vector formed by the state of each FNProxy of\all FNProxies in the F
value of the state can usually be the service, capability, atteibUtion, parameter of FNP

0XYy :ﬁx ,x=1,2,3,--

a,) ,n=1,2,3,

| »dx2,Ax3, " Uxp

- isavector formed by the state of each FNProxy in the FNQoS system. The Vectgy

can also can be indicated as f3, ;

is the sequence number (1,2,3,---) of FNProxy in FNQoS system;

is the stdte value of the x-th FNProxy at time i.

lipsis indicates.that there be multiple FNProxies in an FNQoS system, every FNProx]
ensions.

QoS.system (BFS)

ffects
5t the

NQoS
[ OXY.

Proxy,

y has

Definition 1The state value of two FNProxies at the initial time 0 is:

T
BX—SOZ(axl_sO 'axz_so)

In order to facilitate, here the (ay; 50,052 50 )T can be understood as FNProxy capability value in

practical application.

Definition 2

The state value of two FNProxies at time i is two elements of vector. State value at state i (ay; ,0y7 o !

can be understood as real services.

24
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That is

B

, T
Xx_si :(axl_si 'ax2_si)

So that, each FNProxy's contribution rate and weight to the BFS at time [ can be expressed as followings.

Contr

hfxl -

ibution rate of FNProxy 1 to the BFS at time i:

a1 so—axq sl

”axl_sO ||

Conti

Conty

V\’hfxl = 2
D llay; o —ax_sill
Jj=1
Contribution rate of FNProxy 2 to the BFS at time i related to\the weight:

thxZ = 2
ZIIan_SO —axj _si||
j=1
Harmony value/ degree of the BFS at time i:

H
b). §
Ther

hleZ -

ibution rate of FNProxy 2 to the BFS at time i:

_ ||ax2_50 _ax2_si “

||ax2_50 |

ibution rate of FNProxy 1 to the BFS at time i related to the weight:

lax1_so —ax1_si ll

H axZ_sO _ax2_si H

2
[ — thin hfy;

j=1
ynthetic FNQoS

b are interactions among n FNProxies in SFS, in case of each providing only one servic

© ISO/IEC 2023 - All rights reserved
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The state information of FNProxy in initial time (recording FNProxy capability):

T
Bx_s0=(ay1 50,9%2 50,»%xn_s0)

FNProxy state information at time i:

Bx_si=(

T
axl_si 'ax2_si '""axn_si)

The contribution rate of FNProxy j to the SFS at time i:

xj_s0 — 9xj_si ll

th] =

The contribd

”an_SO ||

tion rate of FNProxy j to the SFS at time i related to the weights:

”axj_sO _axj_si “

thXj = "

N
y

]
The harmon

L”axj_so —axj _si||
=1
y value/ degree of the SFS at time i is:

hfyj *hfyj

A.3 Referrence method based on statistics and’dimension weight of the FNProxy

According t
customize F
FNProxies e3
be the same,
When the th
correction c
FNQoS syste

b) Theimp

Definition: ifnpact factor. The/impact factor of FNQoS is called as IQS.

That is:

Ny
N, kN,

g

b the actual requirements of information systems in different fields, developer
NQoS system based on the harmoniaus effect of FNProxy interaction. Since the numl
ktracted from different fields, the centent of FNProxies, and the interaction protocol w
the impact factor of the harmony effect should be set according to the application scel
e number of success negotiatiens and transitions is different during the interactio
pefficient is further set for. the impact factor, so that the harmony measurement of the
m can be more consistentywith the requirements.

act factor of the FNQOS system during FNProxy interaction

¥ (Ng>0,N3 >0)

5 can
ber of
1l not
hario.
h, the
field

where

Ny
Ny kN;

26

is impact factor according the various field;

oy

is in FNQoS System, FNProxy interact dynamically with each other, the number of

successful negotiations;
is the number of FNProxies in the FNQoS system;

is the number of FNProxy service transitions in FNQoS system;
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Ny is in FNQoS system, the number of successful negotiations that can be reached after
only one negotiation;

k is correction factor of FNProxy service transitions times in FNQoS System;
. N

Y is y= 4,

N,

It is called correction coefficient, it can have different values according to the actual
situation in FNQoS system:;

0 isthe maximumvalue nFrnmp]pYirv of ENProxy ]inl(ing fnp]ngv environment in FNQoS
system for a specific field based on statistics and experiments;

¢ is value of complexity of FNProxy linking toplogy environmernt|in FNQoS system.
When the FNProxy linking toplogy environment is difficult to reach a contract, it can
take any value greater than zero and less than 6, thatis 0 <% 6; When [the FNProxy
linking toplogy environment is so ideal that it is easy to feach a contradt, it can take
any value greater than 0, thatis o > 0.

When N, = 0, the impact factor of FNQoS is 0.

<

b). T
The d

~

wher

b

/

L oy (N, >0)
2
he quantized value of FNQoS

uantized value of FNQoS is called the degree of harmony, that is

nw
QSZ%WX,FLZB,%"
x=1 zwhfx

x=1

e x is the sequence number of FNProxy in FNQoS system.

Vhen N; = 0, it indicates that no FNProxy service transitions-occurred, the impact facfor of FNQoS

© ISO/IEC 2023 - All rights reserved
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By _si : The specific state vector of FNProxy x in state i,1=1, 2, 3, ---

T
Bx_si :<ax1_si WAy 9Ax3 0Oxq 0 Axs 0Oxe o lxn )

BX_S]- : The specific state vector of FNProxy x in statej,j=1, 2, 3, -

T
Bx_sj :(axl_sj Wy sjrUx3_sjrAx4_sjr19x5_sj1Ax6_sj» 1 Uxn_sj )

Weight matrix
wg, 0 0 0 0 O 0

0O wp 0 O 0 O 0

0 0o w3 O 0 O 0

0 o 0 wy O O 0

0 0o O 0 wg O 0

0 0o 0 0 0 wg 0

0o o o0 0 0 0 - w,
where, wy, Wy, w3, wy, ws, wg, -+, w,, represent the weight of each’ dimension of the FNProxy v
respectively] their values depend on the FNQoS system situation)
”Wﬁx_si -WBy s || is the size of state transition vector of\the FNProxy x, to some extent, it can r

the extent of

> s

The contribd

FNProxy service transitions, the size of itiis proportional to the FNQoS.

si—WhBx g || is the sum of all FNPxoxy services.

tion rate of FNProxy x in FNQoS system is

/Vﬁx_si _Wﬁx_sj ”

|
3!

X=

In FNQoS sy

hf, =

[WB, i -WB, gl

stem, the contribution rate of each FNProxy can be expressed as hfy, hf,, hfs, -+, hf,

Whf, =

ector

flect

where wy

ﬁkvAJ
kN D!

represents the weight of FNProxy x contribution rate

Whe,

Normalization of FNProxy x weight is B

Z thX
x=1

noow
h
The contribution rate of all FNProxies in FNQoS system is Z%hfx .

28

x=1
2 Wiy,
x=1
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Bi-S operator Example between two FNProxies with C++

B.1 General

Thelj:)llowing codes follow the programming languages in ISO/IEC 14882. It describes hpw to design
the Bji-S operator for the FNQoS system to achieve C++ polymorphic operations of dbstract interfaces
under different QoS FNProxies. Polymorphic operations can be used to the main proc¢éss of negotiation,
bindipg, identification, registration and administration of FNProxy pairs with Bi-S¢

B.2 [FNProxy virtual function for overload

dlass FNProxy { virtual interface(); }

B.3 [FNProxy_A and FNProxy_B inherits from FNProxy

class FNProxy_A: public FNProxy
{/*overload
virtual interface () { /*FNRroxy_A's all methods };
J7
class FNProxy_B: publie-FNProxy
{/* overload

virtual interface (){/*FNProxy_B‘s all methods };

b

B.4 |Maintaining the globe Bi-S operator in FNQoS system

The following functions can be used to the main process of negotiating, binding, identification,
regisfration, and management of FNProxy pairs with Bi-S.

void Bi-S(FNProxy *a, FNProxy *b)
{
a->interface();/*
b->interface();/*

function(); /*negotiating, binding, identification, registration, and management of
Bi-S pairs.

}
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Figure B.1 §
registered i

effects.

30

/* start FNQoS system
void main (){
FNProxy_A a; FNProxy_B b;

FNProxy *p_a=&a, *p_b=&b;

Bi-S(p_a, p_b);
}

»
o

No
Yes

FNproxy Register

Bi-S of FNQOS
system

No
Success Bi-S?
Yes

Store data
information

Y

Interaction
amofg FNProxies

!

hows the reference flow of an FNProxy that adopt the Bi-S operator whem)it’is newly
hto the FNQoS system and makes contributions to the FNQoS comprehensjve behavior

End |
A

Solution result
data base

A

Store intéraction
resilt data

Greater than
historical
effect?

Record the
result

i

Solution
optimization
certer

Evalution standard
of FNQoS

A

Data management

No Sucessful certer
fTteraction? T
Yes
Store time of
Information No

update complete

interation among
FNProxies

Figure B.1 — Flow chart of FNProxy registering in FNQoS system
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Any FNProxy should have:

a)

b)

c).

The method and function description in Table C.1 can be used when’designing specifiq

negotiation and execution engines.

The f
funct

ISO/IEC 21559-2:2023(E)

Annex C
(informative)

Methods for the domains

depending on the situation.

inctions of FNProxy domain are designed and placed in.each FNProxy. Table C.1 show
ions of the other five domains.

Table C.1 — Reference methods for’the FNProxy related domains

an be set to

Hequirement type base: can be stored locally or in the associated cloud server that can be remotely

lgorithm base: the algorithm base can be used by three engines. At theyvery least, if can be used
fpr the analysis and processing of requirement data types by FNProxy perception engi

nes.

perception,

s the general

Method namef Description Possiblg domains
Inquire FNProxyinformation. The information Ma Ub cc 0d e
INQUIRE includes service FNProxy’s all methods and capa-
bility andiso'on. This method is Open, Required to
all FNProxies.
GET-REAL-INFORMATION Get €he real IQS information from FNQoS system Vv v oV
SET-INITIAL TYPE Set initial type of perception v oV N
SET-CAPABILITY Set FNProxy capability for service v v
SET-EXECUTION Set service parameters for execution v o
Get-SEPARABILITY-MEASURE Get Classification separability measure of require- v v v
ment type
PERJEPTION TYPE&VALUE Get type&value of requirement | environment v v oV
TRANSIT-TO-FNPm Transit to fnp-m FNProxy which there is new type v v VY
NEGQTIATION Negotiate with fnp-x v v VY
TRANSIFTO FNPR Eir,lispi: to fnp-n FNProxy that It can complete the v VY

a

b

C

d

e

f

M: management
U: user

C: communication
O: operation

[: intelligence resource

The method names listed below be selected and used by designers in making of specific FNQoS systems based on the
scenario.

Add-Service,

Remove-Service, Add-Requirement,
Strategy, Edit-Strategy, Get-Services, Get-Requirements, Get-Negotiations, Get-Execution, Update-Value, Get-Knowledge,
Set-Knowledge, Set-Strategy, Set-Capability, Inference, Get-Negotiations-Nums, Get-Run-Strategy-Nums, Get- Capability,
Get-Num-Transiton, Get-Harmony-Degree, Get- Capability -Change-Num, Calculate-Data-FNQoS, Storage-type-Date, Data-
Al-Analysis.

Remove-Requirement,

Edit-Requirement, Add-Strategy,

Remove-

© ISO/IEC 2023 - All rights reserved
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Table C.1 (continued)

Method namef Description Possible domains
UPDATE CONTRACT& EXECU-  Update fnp-x contract & execution information V v oY
TION
UPDATE FNP1 Update fnp-1 information from FNQoS system v v

a  M:management
b U:user
¢ C: communication

d  0:operation

¢ I:intelliggnce resource

f The methpd names listed below be selected and used by designers in making of specific FNQoS systems.baséd ¢n the
scenario.

Add-Service, |[Remove-Service, Add-Requirement, Remove-Requirement, Edit-Requirement, Add:Strategy, Remove-
Strategy, Edit{Strategy, Get-Services, Get-Requirements, Get-Negotiations, Get-Execution, Update;Value, Get-Know]edge,
Set-Knowledgg, Set-Strategy, Set-Capability, Inference, Get-Negotiations-Nums, Get-Run-Strategy-Nums, Get- Capapility,
Get-Num-Tranpiton, Get-Harmony-Degree, Get- Capability -Change-Num, Calculate-Data-FNQoS,)Storage-type-Date,|Data-
Al-Analysis.
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FNProxy Link Modes (FLMs) for SFS

General

Thos
as FN

No m|
deter
with
strat

D.2
The d

b FLMs in Figure D.1, Figure D.2 and Figure D.3 can be referenced, also the mix of then
Proxy linking with Bi-S in SFS.

atter which FLM is suitable for SFS, the working strategies of each FNProxy's’engine
mined by the goal of FNQoS system. When FNQoS works, although the,¥NProxy 1
FLM, each FNProxy can be set to corresponding working (perception, hegotiation an
pogies when it is started.

Centralized FLM
entralized FLM is equivalent to FIB and shown in Figurée D.1.

FNProxy A FNProxy B

FNPI‘OXY F FNProxy C

FNProxy E FNProxy D

Figure D.1 — Concentrative FLM

-2:2023(E)

can be used

s in FLM are
nk complies
d execution)

D.3

The full distribute FLM is shown in Figure D.2.
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FNProxy A

FNProxy B

FNProxy F < > FNProxy C
\ N /
FNProxy E FNProxy D

Figure D.2 — Full distributed FLM

D.4 Hierarchical FLM
The hierarchjical FLM is shown in Figure D.3.
FNProxy A
FNProxy B FNProxy C
FNProxy D FNProxy E FNProxy F FNProxy G

Figure D.3 — Hierarchical FLM
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