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MORPHEMIC projects aims to simplify
Cloud application modelling
and continuously optimize and morph

the deployment model to take advantage

of beneficial Cloud capabillities



&/ Cloud Applications context

« MORPHEMIC is an extension of the MELODIC multi-cloud platform and is a
single universal platform that facilitates and optimizes deployment and
management of applications cross-cloud.

» Cloud Applications can have variable resource demand >

* Reactive to changing execution context ¢
* Balance of cost — performance — experience

« MORPHEMIC will provide the ability to optimally adapt in a reactive
manner the form/architecture and deployment plan of a given
application based on the application requirements and the current context.

- This project has received funding from the European Union 's Horizon 2020 research and innovation progra MADEAVAILABLEUNDER J HE:EELIPSE PUBLIC LICENSE 2.0 (EPL-2.0)
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" MORPHEMIC Consortium
12 partners from 7 countries are developing

N the innovative MORPHEMIC platform, which
will provide a unique way of adapting and
optimizing cloud computing applications for
future specialized hardware configurations
like GPUs, TPUs, Al chips, FPGA, HPC.

IS-Wireless

MORPHEMIC Project
N Tksi https://www.morphemic.cloud/
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Overview

* This talk describes the MORPHEMIC CAMEL Designer tool responsible of
the Cloud Application Modelling and Execution Language (CAMEL) design
for the modelling Environment Modelio.

« CAMEL Designer is an open source module for graphically creating, editing
and exporting CAMEL Models in XMI format

Il s roicct nas received funding from the European Union 's Horizon 2020 research and innovation progra MADEAYAILABLFUNDERJ HF B¢ IPSE PUBLIC LICENSE 2.0 (EPL-2.0) R wwwmorphemic.cloud




&/ Cloud Application Modeling with the CAMEL
Designer

* The MORPHEMIC CAMEL @ ”
o . Modelio
Designer tool is responsible of the con | g Movelio Moche deployedin _ f—
. . S ™ seeses | FEEER > » Modelio Core
Cloud Application Modelling and » Modelio Module API » Maodelio GUI
. » Metamodel! Infrastructure
Execution Language (CAMEL) [r ® UML Metamodel
design for the modelling implement
Environment Modelio.
* CAMEL Designer is an open- /X camel Designer Mocie ~/fur Camel DSL
source module for graphicall ® UML Profile for Camel invoke
grap y » Commands (model management) [~ — — ~ T » : game: EW”’ Model
i iti i = = e | w0 Diagram tools amel Farser
creating, editing and exporting e e 2 Camel Sarialzer
CAMEL Models in XMl format.
= € modelio
Modelio SOFTEAM
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MORPHEMIC

Modelio

Software and System Engineering

» UML editor with 25 years’ history
* Systems Engineering
" Requirements,
= SysML
" Impact Analysis
" Traceability features
" MARTE, UTP2
" TOGAF, BPMN
* Code generation
* Documentation

* Available under
open source at
Modelio.orq

@ CoProject - Modelio felre =S
Fle Edit Configuration MDA Views Help
& [H O & search - Re R BN £ (£ Modelio pers...
Diagrams | 2, UML 53\ = 01 "Coproject 5 -8
g 3 = | J
BEed0®t il @Qee|@BEN TR L & @kl EH|4
1 DeploymentData P ~ T -
@ CoProject I3 Select L]
roject Generation {7} Marquee TTaskView (™) :‘
1) CoProject Compilation = 2 h =
CoProject Dowygen docum| || & Clossmodel 05| M g nanage Windows | | |
© Interface T 7 L "
e | ] -
£3 Windows || & Component ... 1 4{
7 Win32Types || = Instance model +Task() @ jpaite - sting|
= - +Aftribute:CDC[1.1] = -
3 TaskWindows | STt o D
a: +displayTitle: strir = | [£) T BT h
a: +Attribute : CDC B .
> +task: Task [1] I+ 3
€0 +TaskWindows() * File Type: Class body b=
€0 +TaskWindows(va, * Class: Taskiindows
ou +operator =(value nf:
oy +~T:
00 +getDisplayTitle(:
00 +gethttribute(: CT //class header file
o0 +getTask(): Task #include "MyPlanner/GUI/Windows/TaskWindows.hxx"
- ITaskView (from Gl - ,
R Pe—— v
58 Description of ‘TaskWindows' 22 = B[ Audit (3 Element 52 [T Annotations| = B8 outline | Symbol (£ Co+ =8
5 Descript L ymbol g
This class s used to graphically represent Task Closs | Value BEBREN
data. It renders:
- task information L A, Property | Value
- task status \isibitty piblic Classkind} _ Cr+Class
- resources Abstract O E No code [
Primitive ] Ces na.
Active 0 Is struct
Can beinherited 4 Summary  Task visualization window
Rock O Docume... This class s used to araphically repr..
Main ] s

Commercial version at https://www.modeliosoft.com/en/
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Modelio Development Process (1/2)

* Create the new concepts

Metaciass> Aetaciass> Aetaciass>
* By extending UML Metamodel acade ==sc ] pEm=pom=ri
* Requires A A Fy
* UML/Modelio Knowledge
* Concepts Metamodel/Examples Tk il e
* Allow new concepts creation/modification
®* Commands for creation, T
* Views and tools for creation, SEreohpes <<Streotpes
CamelModel RequirementModel
* Property pages for editing.
Il s roicct nas received funding from the European Union's Horizon 2020 research and innovation prograAPEAYAILMBIEUNRER 135644 PSE PUBLIC LICENSE 2.0 (EPL-2.0) _
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Modelio Development Process (2/2)

#] platform:/resource/parent/camel/model/camel.ecore
v @ camel
» flm Import
» B mms
w fi core
5 iz Ecore
» Maodel -» Feature
B CamelModel -> Model
Action -» Feature
Application -» Feature

* Create customs commands

TESTS / melodic

@

Source

° & LayerType
Im port/export 1® I master -+ melodic / TesiCases / FCR / FCRnew.camel NamedElement
e Feature -> MamedElement
—_— . . (&) Sourca view Dmlopreviuus HiSIOFy - Contributors - Attribute - NamedEl Em ent
» Facilitated by existing: i QualityAttibute > Atibute
a MeasurableAttribute -» QualityAttribute

o [T 00 [0 00 00 m¢ 00 00 00 00

eployment

= Ecore

DeploymentinstanceModel -» DeploymentiModel
DeploymentMoedel -» Model

deployment ployment{
e CAMEL DSL
) req RppRequirementSet
req Req
script configurat: ponentAppConf iguration(
download 'm -rf ~/melodic &6 mkdir ~/melodic && cd ~/melodi
install

[ ] Exam Ies 11 configure ‘mkdir ~/test? & sudo ~/melodic/FCRAPP,
. 1 start 'printenv >»> ~/meledic/env.txt & ~/melodic/FCRRPP.sh

<
v v v

(£ <o ([
(I [0 [0 [0 [0 [0 [0 (00 00 00 00 00 &

DeploymentTypeModel -> DeploymentModel
Component -> Feature

WOWE W

A v

provided cemmunication CompenentAppPort port 8027 SoftwareCom ponent -» Component
VM -» Component

RequirementSet -» Feature

required communication ComponentPortDbReq port 3306 mandatory

softuare Component LB |
[MetaDatalodel . MELODICMetadataschena . UtilityNotions. utilityRelat >

requirements LBRequirementSet

-]

Configuration -» Feature

script configurat ponentLBConfiguration{ 3

" o Communication -> ComponentRelation
2. download 'sudo service tomcat7 stop && m -rf ~/load balance
24 install 'printenv >> ~/lcad balancer/lb install env.tat' y

configure 'printenv >> ~/load balancer/lb_config_env.txt &s

CommunicationPort -» Feature
ProvidedCommunication -> CommunicationPort
RequiredCommunication -»> CommunicationPort
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CAMEL Designer in the Modelio Modeling Tool

* A model explorer shows the
hierarchy of the persisted model
elements and allows to create,
delete and copy/paste other
model elements

» A set of tools is provided for
each diagram to allow the user
to modify the model such as
adding new elements,
properties, dependencies or just Properties
customizing the visual
appearance of the elements
illustrated in the diagram

Diagram

10
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Designer

Ej P

Create matrs.

Create dement »
Modeler Mocide: »

CamelDesigner

Creste Camel Model
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v & CamelModel
v @ ConstraintModel
Constraint Model Diagram
v @ Data Model
G Data Model Diagram
v @ Deployment Model
Container
Container1
Container2
G} Deployment Type Model Diagram
v ® Execution Model
B Execution Model Diagram
v @ Location Model
Region
3 Cloud Location
[ Location Model Diagram
v @ Metadata Model
G Metadata Model Diagram
v @ Metric Model
@ Metric Template
@ Metric Variable
@ Row Metric
B} Metric Type Model Diagram
v O Organisation Model
@ Organisation
@ Model Resource Filter
@ Cloud Credentials
@ Cloud Provider
@ Data Resource Fiter
@ Cloud Providert
@ Cloud Credentialst
@ Cloud Provider2
@ Cloud Credentials2
B Organisation Model Diagram
v @ Requirement Model
@ Location Requirement
@ Provider Requirement
Horizontal Scale Requirement

@ Optimisation Requirement
@ Location Requirement1

@ 05 Requirement

@ Vertical Scale Requirement
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G Requirement Model Diagram
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A,
" MORPHEMIC Use Cases & Applications

* MORPHEMIC project & Modelio CAMEL Designer tools currently are aiming at
offering the achieved results to all data and computation intensive organisations
in need for the optimization of their existing cloud architecture and resources.

* The developed module & the whole Morphemic platform will be applied in
the next months to MORPHEMIC project’s use cases

* |ICON’s Computational Fluid Dynamics (CFD) products and expert services that support
engineering analysis for a wide range of applications in the Automotive, Aerospace, Buildings,
Health, Energy, Motorsport, Consumer Products and Space,

* |S-Wireless (ISW) use cases showing a 5G software defined base station and
* Lausanne University Hospital (CHUV) e-brain science and neuroimaging tools use cases.
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vy
Use Case Example

» |S-Wireless has the ambition to deploy and adaptively provision its use-case
application, exploiting 5G Software-defined Radio Access Networks (RAN),

in cloud and hybrid (cloud & edge) environments.

» The generic requirements are the following:
* the location of all components should be determined on a regional/country level granularity
(e.g. deployment should be done in Poland)
* each component has the requirements of 5 as minimum number of cores and 2 as the number of GBs
for the RAM
* the application average availability should be at least 99.999%

_ www.morphemic.cloud
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MORPHEMIC Exam ple (1/3) A Cloud RAN can

comprise three main units
) on which the different
Fichier Edition Configuration Vues Aide prOtOCOIS are distributed:

% B QEEeOEEe s a B
i - e - s the Radio Unit (RU)
- T “% comprising low-level
7 o ©  protocols, the Distributed

-1 —iEy Unit (DU) comprising

v CamelModel

"B CamelModel Diagram - i nte rmed i atE' I eve I
v '@ Deployment Model = CO"f'g‘"»g g cucr O 3 DU o = cuuw O
"CL Deployment Type Model Diagram xaQa :+CU_CP_Script_...:i_< +CU_Script_config y———>01 +CU_UP_Script_... p rOtOCO I S and the and the
K- GlobalRegs EN

P Ge—i

ufommun:.v. ST T T il 1 Central Unit (CU)
.® - comprising high-level
V‘!"Cr;?:iliéiscirip:c?r:ie; (Artifact) - & m prOtOCOIS. The CU Unit Can

+

D ML At be also separated into the

_ Notes et contraintes “ ) ==
v /A Camel Designer A = [§l

Z v de groupe e o control (CP) and user
= @t plane (UP) such that the
respective parts, i.e., CU-
o — CP and CU-UP can be
it : independently managed
and deployed. comprising

high-level protocols.
E

[Tl Elément
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" Example (2/3)
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DU_CU_CP_COMREQ o

J+ Throughput : double o,
_* Latency : double -

DU_CU_UP_COMREQ @@ {this >= 0.99999}
+ Throughput : double &

+ Latency : double - AvgAvailContext )

RES
+ RAM : integer
+ CORES : integer

The application’s CAMEL model specify the
constraint on average application availability to
be at least 99.999%.

15/06/2021 El
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The requirement model
includes two link
requirements covering
the quality of
communication
between DU and CU-CP
as well as between DU
and CU-UP. Each
communication
requirement involves the
specification of two
attributes that define
the respective
constraints on
communication latency
and throughput.
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= Example (3/3)

Snippet of application's CAMEL model
covering the requirement, metric and
constraint domains, each component
has the requirements of 5 as minimum
number of cores and 2 as the number
of GBs for the RAM

The communication-specific requirements concern the

quality of the communication between pairs of components:

« The latency between DU and CU-CP should be at most 5
(milliseconds) while the throughput at least 0.1 Gbps for
both directions of communication.

* The latency between DU and CU-UP should be at most 1
(millisecond) while the throughput at least 4 Gbps for
both communication directions .

is project has received funding from the European Union's Horizon 2020 research and innovation prograMDEAYALABIFUNDER I HE 54 IPSE PUBLIC LICENSE 2.0 (EPL-2.0)

requirement model ReqModel {
link requirement DU_CU_CP_COMREQ {

attribute Throughput
[MetaDataModel.MELODICMetadataSchema.ApplicationPlacementModel.laaS.Network
Entity.Network.NetworkQoS.hasTxput] : double 0.1

attribute Latency
[MetaDataMeodel. MELODICMetadataSchema. ApplicationPlacementModel.laas.Network
Entity.Network.NetworkQoS.hasLatency] : double 5.0

link requirement DU CU UP COMREQ]

attribute Throughput
[MetaDataModel. MELODICMetadataSchema. ApplicationPlacementModel.laas.Network
Entity.Network.NetworkQoS.hasTxput] : double 4.0

attribute Latency
[MetaDataModel. MELODICMetadataSchema.ApplicationPlacementModel.laas.Network

_Entity,Network,NetworkQoS.haslatencyl : double 1.0
}

resource requirement RES{
attribute RAM
[MetaDataModel. MELODICMetadataSchema. ApplicationPlacementModel.laas.Cloud.V
MFlavor.hasRAM] : int 2 TrafficSimulationUF.CRMUnitModel.GigaBytes
attribute CORES
[MetaDataModel.MELODICMetadataSchema.ApplicationPlacementModel.laas.Processi
ng.CPU.hasMinNumberofCores] :int 5
i
location requirement PL [Locations.PL]
sl o| AvailSLO constraint ConstrModel. AvailConstr
¥
metric type model MetrModel{
composite metric context AvgAvailContext{
metric MetricTemplateCamelModel.MetricTemplateModel. AverageAvailability
grouping global

}
constraint model ConstriModel{
metric constraint AvailConstr : [ MetrModel.AvgAvailContext] »= 0.99939
i
1



& Cloud Application Modeling with the CAMEL

Designer

« The MORPHEMIC CAMEL Designer tool, Cloud
Application Modelling and Execution Language (CAMEL) IS
avalable for Modelio 4.1 on Modelio R&D GitHub at
https://github.com/Modelio-R-D/CamelDesigner

- Modelio Open-source Community and environnent are
available at modelio.org

Modelio SORF-!-E:&!:'__
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Thanks!!
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