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Background

Service Level Agreements (SLAs) are the formalization
of the characteristics of a service between a service
provider (SP) and a client.

Like any other agreement written using comprehensive
language, an SLA must be translated into a machine
language.

The SP is responsible at creating the SLA. For each
service, he defines its detailed parameters.

The consumer is the party who will use the service.
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Problem

Statement

-

 Absence of 5G
SLA Template
online

* Lack of models
to verify 5G
SLA correctness

and compliance

.

1. Propose an
SLA schema
template based
on International
Standards

2. Apply Event-B
modelling on
5G SLA slicing
scenario




Proposing 5G SLA Schema Structure

Building upon established international standards and industry-recognized metrics, we have
proposed and structured the critical 5G performance indicators and service quality parameters
necessary for SLA definition.

According to the ISO/IEC 19086-2:2018 standard, the minimal form of an SLA should clearly define
a set of properties:
» Parties that define the roles of the Service Provider, Consumer, and Supporting Party in the
SLA lifecycle.
* Terms that specify service expectations, security and data requirements, and conditions for
SLA termination.
* Obligations that outline responsibilities for service quality, audits, management, and billing
procedures.




Define Requirements Event-B Formalization
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An Overview of the Incremental 5G SLA Event-B Model
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Compliance Verification of 5G SLA using Event-B

Verification
Venficaton using real-world >
scenario framework

Animation
Animation using Pro-B

The StructureMachine forms the foundational layer
of the SLA model, defining key entities such as SLA
contracts, service definitions, and performance
metrics.

The second machine AddElementstoMetrics refines
the StructureMachine and models the integration of
various elements into an SLA framework.

The  CommunicationMachine  handles  the
communication and negotiation between clients and,
service providers, ensuring that SLA contracts g
proposed, accepted, and executed correctly.




5G Usecase & Events

Communication Events process

| Start —h

Execute SLA
Contract

Accepted
Receive , Search NFV | | Define SLA -
: » Collect Needs —» ,
Requirements Slices Contract
Modification Requested
Event Name Machine Description

Receive_Requirements

CommunicationMachine

SP receives requirements from
the client

Collect_Needs

CommunicationMachine

SP colletes the client’s needs

Search_NFV_Slices

CommunicationMachine

SP searches for matching awvail-
able NFV slices

Define_SLA_Contract

CommunicationMachine

SP proposes SLA contract

Verify SLA_Contract

CommunicationMachine

Client verifies the contracts then
cither: Accept_Contract cvent or
Reject_Contract cvent

Accept_Contract

CommunicationMachine

Client choose to accept the pro-

posed contract

Reject_Contract

CommunicationMachine

Client choose to reject the pro-
posed contract

Execute_ SLA_Contract

CommunicationMachine

Contracts execution begins

Finish_Contract

CommunicationMachine

Terminate the contract execution

AddContractTolistofContracts

StructureMachine

Add a new contract to the list of
available contracts




Verification: Proof-based Verification & Pro-B Anhimation

Proof-based Verification

* Proof obligations (POs) in Event-B are generated for multiple key reasons to ensure the
correctness and reliability of the model.

» Based on the event-B model's mathematical definition, it is simple to conduct
assessments that demonstrate the model's compliance with the formal constraints.

» The Rodin platform creates POs to achieve this objective.

Pro-B Animation

* The ProB animator checker plug-in further validates the proposed model.
» This animator allows for automated animation of model specifications.
» By analyzing different states, we can assess the correctness of the model's behavior.




Verification: Proof-based Verification & Pro-B Anhimation

[} (] myprojectsroain - SLA_Model_U1-06] 1cs.bum - Platrorm
mid 2:ad bR &> xf Q i® SHa e
[ Events X = B | @ Addelementsto X 5 = O [Ostate X [J LTL Counter-Example Zo/= B [OHistor X [ Event [JPrope = B
Checks v ' L S o) emmeme e %
e — ;{% 'L_D' o’ e - @act77 513_¥D_0f_f Name Value Previous value 1
I Event Parameter(s) @ct78 Service_Prc 5 o~ 5 " CommunicationMa AddElementst StructureMacl
- . @act79 Customer_Ne ntr {( 1»SLAContrac {(ReviewAudit1»SLAContrac e ST
» AddSer G erify_! _Contra
I » AddPenaltyClausesSubElements I @act80 Effective_l contractSLACoITacttate g 2 AddHeaderSubEle AddHeaderSu
)+ AddStakeholdersContent @act8l Expirarion ityRequirements {(Securi 1SL{(SecurityRequi 1St AddtakeholdersC AddStakehold
» AddHeaderSubElements I aind contractServiceDefinition {(ServiceDefinition1»SLACor {(ServiceDefinition1»SLACor AddPenaltyClause AddPenaltyCle
5 . AddServiceManag AddServiceMa
I SP_Receive_requirements (x4, rvi i i
I heboizieei Ne:ds (x4) SUNnE AdHCORERECE Exie contractSe: {(er 1t1-SLA{(Ser 1SLA e o e
s = b NF:/ o *«2) m I end ontr s {i keholders1»SLAContrac{(Stakeholders1»SLAContrac AddSecurityRequir AddSecurityRe
I Searc| ices (x elY; s
I s event AddContractStruc contracts {SLAContract1,SLAContract {SLAContract1,SLAContract AddPerformanceM AddPerforman
Define_ SLAZContract clliznep] end headers e oadsr] AddServiceDefiniti AddServiceDe
© Verify_SLA_Contract AddContractStruct AddContractS AddContractS
I » Accept_Contract (x2) cl1, SLAC... event AddServiceDefini penaltyClauses {PenaltyClauses1} {PenaltyClauses1} Define_SLA_Contr
@ Execute_Contract any serviceDef servi performanceMetrics {PerformanceMetrics1} {PerformanceMetrics1} Define_SLA_Contr
I Reject_contract SLAContract1 where Define_SLA_Contr
I @ Finish_Contract I @grdl serviceDef ¢ fgsassiipnces (Qesissyrancel) (Qa=0ssurancel) AddContract(SLAC AddContract AddContract
T EEE e e e e e @grd2 serviceType reviewAudits {ReviewAudit1} {ReviewAudit1} AddContract(SLAC AddContract AddContract
| Event-B Explorer X /£ Rodin Problems = 0 @ord3 serviceDesc securityRequirements {SecurityRequi 1} {SecurityRequi 1ts1} ::ag:f:l_Nl:vﬁshze
. " . " ’_Collect_Needs
3 AP
B & B &8 :TB * § @grd4 serviceCover serviceDefinitions {ServiceDefinition1} {ServiceDefinition1} SP_Receive_requir

! I

> © Variables
> < Invariants

-mm_———l

v Proof Obligations
GA INITIALISATION/inv12/INV
&A INITIALISATION/inv13/INV
@ INITIALISATION/inv14/INV
@ INITIALISATION/inv15/INV

then
@actl Cov_Of_Serv_

@grd2 latencyTarge
@grd3 latencyMax €
@grd4 latencyMethc
@grd5 throughputDc
@grd6é throughputUr
@grd7 throughputMe
@grd8 availability

serviceManagements
slaContractStates

{ServiceManagement1} {ServiceManagement1}

2 2]

Availabilty_Measurement_Methc {(AvailabiltyMeasurementMe {(AvailabiltyMeasurementMe

Availabilty_Target_of_Perf_Met {(.

Target1»Perform {(. iltyTarget1»Perform

Availaibility_Guarantee_of_Perf_{(AvailaibilityGuarantee1»Pe {(AvailaibilityGuarantee1-Pe

Certifications_of_Seq_Req

Compliance_Description_of_Se {(Ct

{(Certifications1»SecurityRe {(Certifications1»SecurityRe
iption1S {(C:

DescriptionTng

INITIALISATION
SETUP_CONTEXT

INITIALISATIO INITIALISATIO

> (@ ServiceDefinitionContext @act2 Desc_0f_Ser\ initialised stat
5. @) ServiceManagementContent @act3 Serv_Typ_Of stakeholders {Stakeholders1} {Stakeholders1} nltie e ste
> (@ slaContext end v AddElementstoMetrics
> (@ stakeholdersContent Acessibility_of_Perf_Met {(Acessibility1=Performance {(Acessibility1»Performance
> (@ AddElementstoMetrics event AddPerformanceMe Activation_Time_of_Perf_Met _{(ActivationTimelnPerformai {(ActivationTimel-Performai
> (@ CommunicationMachine any perfMet latencyl o ” - -
v (@ StructureMachine where il _Freq y_of_S{( requency+ {(Aut equency
@grdl perfMet € pe Authentication_Method_of_Seq {(Autt hod1~Se {(Aut \Method1-Se

Compliance_Standard_of_Seq_ {(ComplianceStandard1~Sec {(ComplianceStandard1~Sec
Conditions_Of_C _ol {(ConditionsOfC: ions {(ConditionsOfC i

2 INITIALISATION/inv16/INV
@2 INITIALISATION/inv17/INV
@ INITIALISATION/inv18/INV

I @grdl0 reliability
I 4 INITIALISATION/inv19/INV
.

@grdll reliability
@grdl2 uptime € Ug
@grdl3 availabilit
@grdl4 accessibili
@grdl5 activationl
@ard16 scalahility

Conditions_Of_Terminations_of {(ConditionsOfTerminations” {(ConditionsOfTerminations”
Costs_Charging_Methods_of_S {(CostsChargingMethods1»¢ {(CostsChargingMethods1n$
r mOusts_oimOury_jWews mmm  (@@wets] i

Invariants ok nt errors detected: II

?,A INITIALISATION/inv20/INV
(,A INITIALISATION/inv21/INV
(,"‘ AddContract/inv12/INV
<N - .

* Noevei

I @grd9 availability

Statusltem




Conclusion
&

Future Work

Since there is absence of online 5G SLA template, we
have proposed and structured the critical 5G performance
indicators and service quality parameters necessary for
SLA definition, built upon established international
standards and industry-recognized metrics.

We acheived to verify our results through Event-B
formalization.

Future research may focus on improving scalability and
automation to handle complex, dynamic network slicing
scenarios. Integrating machine learning with formal
methods could enable adaptive SLA monitoring,
strengthening real-time compliance in 5G systems
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