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Executive summary

The overall aim for the Baltic LSC activities is developing and providing a platform for truly affordable
and easy to access LSC Environment for end-users to significantly increase capacities to create new
innovative data-intense and computation-intense products and services by a vast array of smaller actors
in the region.

BalticLSC Software Design document is based on work done within activities of the BalticLSC Work
Package 5 (WP5) - Design of the BalticLSC Admin Tool (A5.2), Design of the Computation Application
Language (A5.3), and Design of the BalticLSC Computation Tool (A5.4). It involves also workshops
and technical sessions with participation of external experts and led mainly by the project’s technology
partners from - Warsaw University of Technology (WUT), Institute of Mathematics and Computer Sci-
ence, University of Latvia (IMCS), RISE Research Institutes of Sweden AB (RISE). All workshops and
meetings (in-person and remote) are held during Q1-Q2-Q3-Q4 2019 and Q1-Q2-Q3-Q4 2020.

BalticLSC Software Design document contains technical design for BalticLSC Software. It is intended
to use by BalticLSC technology partners responsible for the development of BalticLSC Software.

www.balticlsc.eu 3|68 -
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1. Introduction

1.1 Objectives and scope

The objective of the document is to describe the design of the BalticLSC Software. The goal is to have
the BalticLSC Software design specification which is usable for the BalticLSC Software Development.
The technical documentation for the Computation Tool, Admin Tool, and CAL will consist of several
elements. It provides detailed structural models of the designed software tool - several component and
class models have been developed, reflecting the high-level componentization of software and low-level
solutions regarding each of the component internals. These models use well-established software design
principles, pertaining to software layering, communication between components and software develop-
ment frameworks.

Based on the component models, the behavioural models describe dynamics of interactions between and
within the computational components. This part of design base on the best practices and industry solu-
tions regarding patterns of interactions between components.

The document provides comprehensible and repeatable solutions to the requirements regarding defini-
tion and execution of LSC applications. For this purpose, it uses industry-standard - UML.

1.2 Relations to Other Documents

The current BalticLSC Software Design document provides the design specification of the BalticLSC
Software for requirements specified in the O3.3: BalticLSC Software User Requirements Specification.
It is the joint document for three outputs — 05.2B: BalticLSC Admin Tool Technical Documentation,
05.3B: Computation Application Language Manual, and O5.4B: BalticLSC Computation Tool Tech-
nical Documentation. We decided to have a single document which has complete design specification
for all three initially planned software parts — Admin Tool, CAL Language and Computation Tool. Since
all three parts are heavily interconnected, the design of software has been done (and still is being done)
simultaneously. Thus, we do not explicitly divide the design document into such three parts, but rather
we do split it according to the types of models used — firstly, we define the main components using
component model (UML Component and Class diagrams, see Chapters 2), secondly, we define the con-
ceptual classes of the BalticLSC Software using class model (UML Class diagrams, see Chapter 3), and
thirdly, we define the behaviour of the main components using behavioural model (UML Sequence,
UML Activity, and UML State diagrams, see Chapter 4). Rigorous description of abstract and concrete
syntax of Computation Application Language is done using metamodeling approach (See UML Class
diagram in Chapter 5) All models are constantly updated, and the “live” version of the design model is
maintained by Warsaw Technical University (WUT) as an UML model. It is publicly available in the
project’s website https://www.balticlsc.eu/model/

1.3 Intended Audience and Usage Guidelines

This Design specification is the Outputs 5.2B, 5.3B and 5.4B as described in the Baltic LSC Application
Form and intended for internal use within BalticLSC consortium as basis for future software develop-
ment activities as well as for reporting purposes for local First Level Control and Baltic Sea Region
Program. It is also meant for use by various stakeholders in the Baltic region, e.g., software innovator
SMEs, research groups, individual software developers and all interested in technical details of tools for
developing and executing LSC applications within large scale computation environments, to build com-
patible solutions and integrate their systems into the BalticLSC Network.

www.balticlsc.eu 6|68 n
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2. Component Model

This chapter contains the detailed structural model of the designed software tools, namely, the compo-
nent diagrams describe the main components and class diagrams describe the structure, API interfaces
and data-transfer objects (DTO) of these components. Structural models reflect the high-level compo-
nentization of software and low-level solutions regarding each of the component internals. Industry
standard - UML Component and UML Class diagrams have been used to provide comprehensible and
repeatable solutions.

Figure 1, Overview of the BalticLSC Software shows the main components of the BalticLSC Software.
They are:

Master Node is a software component which provides BalticLSC Software user interface via
FrontEnd: CAL Editor, App Store, Computation Cockpit, Data Shelf, Resource Shelf, Development
Shelf, and implements the main functionality of the BalticLSC Software via Master Node Backend:
computation application compilation and distribution to computation resources, computation application
management, user management and security, etc. Master node is securely accessed using web browser
from the client device. Communication between Frontend and Master Node Backend components is
done using REST protocols. Master Node Backend distributes the particular computations to the avail-
able computation resources.

Cluster Node is software component which is installed on the particular computation resource within
Kubernetes cluster. It allows execution of the particular computations, communication between compu-
tation modules and Master Node. The main components of the Cluster Node are: Batch Manager, Cluster
Proxy and Module Proxies. Actual computations are run within a particular Kubernetes namespace as
docker containers and we call them Job Instances.
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Figure 1, Overview of the BalticLSC Software

Next, the detailed models of both components of BalticLSC Software, namely, Master Node and Cluster
Node are described. The internal structure is described for each component using UML Component
diagrams. Next, each sub-component is described using set of UML class diagrams depicting classes,
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interfaces, their dependencies, generalizations and relations with other components. Several stereotypes
have been used:

GRPC controller — a class which is implemented as a provider of remote procedure call system
gPRC.

REST controller — a class which is implemented as a provider of web services using representational
state transfer (REST) system.

internal interface — an interface which describes the functionality provided by a software component.
GRPC proxy — a class which is implemented as a proxy service for GPRC controllers.

REST proxy — a class which is implemented as a proxy service for REST controllers.

API —a class which implements some functionality.

data transfer — a Data Transfer Object (DTO) class which describes structure of object used as re-
quest or response parameter by REST and GPRC controllers.

API controller —a class which is implemented as a provider of functionality.

data access — a Data Access Object (DAO) class which is used to access data stored in the relational
database.

trace — a dependency which traces a class in the component model (e.g., data transfer class) to the
class in the conceptual class model.

infrastructure — a class which provides access to the software infrastructure, e.g., relational database.

2.1 Cluster Node (Cluster)

Cluster Node software is installed in the Kubernetes (or Docker Swarm) cluster. The purpose of this
software is to allow Mater Node to manage the actual computations and provide resource usage statistics
for these computations using Baltic Node API (see Figure 2, Components of Cluster Node). There can
be multiple Cluster Nodes in the BalticLSC Network. Every cluster has a single Batch Manager in-
stalled. Cluster is a BalticLSC Platform software installed in the Kubernetes cluster which provides all
low-level functionality to the Batch Manager via Cluster Proxy API. Cluster manages Docker Con-
tainers — Job instances that provide Job API and use Tokens API implemented by Batch Manager to
communicate the state of the computations.

cmp Cluster Node /
£
BalcLSC MasterNode Backend
[
I N
|
BalticNod ] TBaIlilﬁewemPl

I E

r_*" Clusier Iampéﬂ L _«Ta_na_gi»_ _r;TI Jobinstance gl

Figure 2, Components of Cluster Node
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2.1.1 [05.4] Batch Manager

Batch Manager (see Figure 3) provides functionality to get statuses of jobs, finish jobs and job batches
(IBalticNode), consume batch and execution messages (tokens) to ensure execution of the task
ITokens). It is responsible for managing the node’s activities: managing
jobs assigned to the current node and managing availability of the whole node. It is also responsible for

(IMessageConsumer,

constant monitoring of the statuses of jobs, and signaling their status to the Master Node.

Baltic Sea Region
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Figure 3, Batch Manager
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2.1.2 [05.4] [05.2] Cluster Node Controllers and Proxies

class Cluster Node Controllers and meies/
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Figure 4, Cluster Node Controllers and Proxies
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2.1.3 [05.4] Cluster Node Data Transfer Objects

Figure 5 describes the DTO-s used to communicate between Job Instances and Batch Manager. Basi-
cally, they are messages containing lists of tokens to be executed or already executed, as well as ac-

knowledgment messages.

class Cluster Node DTOs
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Figure 5, Cluster Node DTO-s
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2.1.4 [05.4] Cluster

Cluster is a BalticLSC Platform software component accessed by BalticLSC Software using Cluster
Proxy API. It provides low-level operations with Kubernetes cluster, like, actual running of Docker
container, creating and purging workspace (namespace), getting resource usage statistics. Cluster is
responsible for management of containers within the Kubernetes cluster and monitoring of container
statuses.

class Cluster /
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AbortBatch{batchindanceld -shing) - shoit
StopJobfjobinstancellid dring) - short
StopBatchibatchinstanceld -dring) - short

GOTO:
BatchManager

R

A

«data access»

ClhusterProxyProxy

Startlob{build -BalticModule Build, batchindanceld -shing) - Liob

StartBatchipatchinstiancelid “sing, quota Resource Reservation, service Builds “List<Baltidd oduleBuild=) - short
GetCumentResourceUsagedbatchinstanceld “dning) - Dicionary<sinng, Resource Usage:

GetRangeResource Usage(batchingdanceld sting, dartTime DateTime, endTime ‘DateTime) - Dicionary=<sring, Resource Usage:=
AbortBatch{batchindanceld -shing) - shoit

SiopJobfjobinstancellid dring) - short

StopBatchibatchinstanceld -«ring) - short

Ry

% GOTO DataModel Builds

Cluster

«APb

ChsierProxyAP1
PrepareWorkspace(BatchlD sining, resourceQuota -ResourceQuota) - dring
RunBalticModulebatchlD :dring, moduleBuild :BalticModule Build) : XModuleAccessData
DisposeBalticModulefbatchliid -sing, modulelid -dring) - shing
PurgeWorkspacetatchUid sring) - sing
GetiWorkspaceStatidicspatchlid ~shing) - XWorkspace Statidics
GetCluderDesciption() : XClusterDescription

[

v
dinfaskuclire»
Cluster

Figure 6, Cluster Proxy API
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2.1.5 [05.4] Job Instance

Baltic Sea Region

Job Instance is a Docker container installed in the cluster by the Cluster Proxy and performing the actual
computations, according to the appropriate Computation Module’s code. Batch instance is a set of Job
Instances that work in the same cluster and the same workspace. Each Job Instance should implement
the Job API (Job Controller) (See Figure 8). It provides status of the job and allows to consume the
app execution token. On the other hand, a Job Instance should use the Tokens API to acknowledge the

Batch Manager about status changes.

class Node /

BatchExecutionMessage:
Baltic.DataModel.CALMessages::
BatchinstanceMessage

+

+

Batchinstancelnfo
+
+ JobInfos Dictionary<stiing,Joblnstancelnfo>
+ Tokel Dictior
+  Awaiting Jobs D y<string, Queue<JobExect
T
I
|
|
|
|
|
|
|
|
|
|
Vi

DepthLevel: int
Quota: ResourceReservation

Joblnstancelnfo

Handle: 1Job
Acceptslobs: bool
TokensReceived: long
TokensProcessed: long

P

ProducedTokensCounters: Dictionary<string,long>

Queueldentifiable|
Baltic.DataModel.CALMessages::
Message

+ MsgUid: string

i

Baltic.DataModel.CALMessages:
JobExecutionMessage

¥

+ BatchUid: string
+ JobUid: string

inQueues: Di ing,Queueld>

f

0\
Baltic.DataModel.CALMessages::
JoblnstanceMessage
& Tokens: Dictio Jlong>
+ Merge: bool
+ Split: bool
+ SystemJob: bool
+ IsMultitasing: bool
+ RequiredAccessTypes: List<string>
Figure 7, Job Instance
class Job ~
%l GOTO: CluserNode DTOs
AP
JohAPI
+ Pmoesl fim npuET ok e ) - shont
+ GuiStatus) - XobStatus
1
1
1
«REST contwdlers
JobComtraller
+ PrcesTdank m XingariTe - shoit
G
JobStateCache
-dataStore 1 dobsy)/1.” / 1, | -okens
JobTask
DataStoreProxy dataStore s -okens TokensProxy
+ StaiDataProcesing() - vid R .. ,
+ ChediataConnections): short |1 ~Zh] 1]+ Pull XOutpuT ) - shant
+_Add olenMesagesack X ola : chat
AP
Coniguatioatiandie TokensAPI
+ Pufl fim X Oupartl ) - shast
+ AT olenbusagesack-XToensAck) - shoit

Figure 8, Job Controller
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2.2 Master Node

Master Node is a central access point of the BalticLSC Network — its face and brain. It provides user
interface (via Frontend) and functionality (via Backend).

2.2.1 Master Node: Backend

The main components of the Backend are divided into two categories (see Figure 9) — grey boxes are
components which implement the BalticLSC Network functionality, but blue boxes are components for
the infrastructure — data registries and utilities.

The main components of the Backend are:

e [05.4] Task Manager allows to manage tasks and datasets.

e [05.2] Unit Manager allows to create and manage CAL applications and modules.
e [05.2] Network Manager allows to manage network resources.

e [05.4] Task Processor allows to run computation tasks.

e [05.4] Job Broker allows to distribute computations to network resources.

The main infrastructure components are:

e [05.4] Diagram Registry stores CAL diagrams.

e [05.2] Unit Registry stores CAL apps and information on modules.

e [05.2] Task Registry stores task and dataset information.

e [05.2] Network Registry stores computation resource and cluster data.
e [05.4] MultiQueue provides message queue for computation execution.

www.balticlsc.eu 14 | 68 -
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2.2.1.1 [05.4] Diagram Registry

Figure 9, Components of Backend

Diagram Registry is a component which stores the CAL diagrams. Its purpose is to provide basic oper-
ations with diagrams — copy, create and access via IDiagram interface. Diagrams are the source for
translation to the CAL programs (in abstract syntax). Frontend, in particularly, the CAL Editor uses
CALEditorController to store updates to diagrams. XDiagram DTO is depicted in Figure 11,
Diagram DTO-s.
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class DiagramRegistry /

«intemal interface»
DataAccess::IDiagram

+ CopyDiagram(string) : string

+ CreateDiagram() : string

+ GetDiagram(string) : CALDiagram

I

| Baltic.DiagramRegistry
I

«data access»
DataAccess::DiagramDaolmpl

+ CopyDiagram(string) : string
+ CreateDiagram() : string

+ GetDiagram(string) : CALDiagram

v

«infrastructure»
Infrastructure::Relational DB

«REST controller»

Controllers::CALEditorController

UpdateElements(XDiagram) : void
DeleteElement(string) : void
DeletePort(string) : void

+ GetDiagram(string) : XDiagram

+ AddDiagram(XDiagram) : string

+ UpdateDiagram(string, XDiagram) : void

+ DeleteDiagram(string) : void

+ GetAllDiagrams() : XDiagram[]

+ AddBox(XBox) : string

+ UpdateBox(string, XBox) : void

+ DeleteBox(string) : void

+ AddLine(XLine) : string

+ UpdateLine(string, XLine) : void

+ DeleteLine(string) : void

+ UpdateC i XC ) : void
+ AddEl ist<XDi ) : string]
+

+

+

Figure 10, Diagram Registry

Baltic Sea Region

class Diagram DTOs /
«data transfer»
Models::
XDiagramElementLocation
+ height: int
«data transfer +  width: int «enumeration»
Models::XBox + xint Models::DiagramElementType
+ yoint
+ type: Di Type = Box Box
+boxes +location | 1 Line
1 Port
«data transfer»
Models::XDiagram «data transfer»
) ) Models::XConnectable «data transfer»
+ _id: sting +ports «data transfer» caa
o bt ety o— "] Models::XPort > ayle] XC — Models::XDiagramElement
+ name: string g _ + _id: string
+ type: DiagramElementType = Port - "
+ parentld: sting + type: DiagramElementType
+ diagramld: string
+ines\_* + data: string
+ elementTypeld: string
«data transfer»
Models::XLine /’
+ type: DiagramElementType = Line +compartments
+ startElement: string
+ endElement: string «dafa transfer» *
+ points: IEnumerable<int> Models::XCompartment
+ style: XLineStyle + _id: string
+ input: string
+ value: string
+ elementld: string
p «data transfer»
+ compartmentTypeld: strin
Py undsfmne- booylp 9 Models::XCompartmentStyle
+ style: XCompartmentStyle + align: string
«data transfer o llE ey
e + fontFamily: string
«data tandien XConneclabI:eSl le el [
~ Models: U JPE— + fontStyle: string
XDi 1 Style 0.1 Models:XLineEndStyle + fontvariant: sting
+ fill: sing / * : int
. up;-xcily' o 1 + shape: string + visible: bool
- +elementStyle +  stroke: strin + yint
+ stoke: stnn‘gv + gsring + |yex|: string
Y EIELBOLR it 1 «data transfer» [ 5 |+ radius int + listening: bool
o o o . :
. d;arf'fmosr‘;'v':gnabled_ - Py (1 CEEEUUITESE + height: int + perfectDrawEnabled: bool
. Eash_ i : " [EineTypearng + width: int + width: string
2 0.1 1| + fill: sting + height: string
+ perfectDrawEnabled: string + padding: int
+ listening: bool + placement: stiing

2.2.1.2 [05.4] Job Broker

Figure 11, Diagram DTO-s

Job broker is a component which is responsible for actual brokerage of jobs and batches. It starts, fin-
ishes, update statuses of jobs and batches. Job broker distributes computation tasks (jobs) to proper

computation resources.
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class JobBroker
Ballic Fagime TaskProcessor= | |5 aoT0 - Baitic. \p_faitc: \pil & coro:
TashProcessor TadPocesor «GRPC contrmllers ., BatchManager
C Service %2 GOTO: TaskManager
Conimllers and
Prmxes
Job Broker
- broker\|/1 -_jobBrokery|/1 Proxi e
«intemal inferface> + CreateCh A CCluder) - IBalticNode
g L + _CreateQuens Conaume tAcoe: ster -CQusdier) - 1GueveConsumer
+ Adivate. - jim =, isMewT olenSat boal) - dhert
+ Adlivate. ek -C. bm e, isewT oenSet -hood) - dwet \vi
+ CnnimﬂddlSlanpddmd diing, jobuenelds:Lis<Cuenekd=) - dhod
+ Jid -cking, i dFinOuene s Lig< Job>, i +od): shat ainiemal interface»
+ ﬁndljifmullmﬁl:ﬂmﬁnmlid ﬂlng, tashlkd -shing) - shoit 10msterNodefccessha
+  FinishJobinsancefobinsanceURd “diing, tasdKd ~shing, smpleob o) - shoilt + CreateCl A “CCludier) - IBalichiods
+ Ul “Fudl, - dhot + CreateCuensCl i “COuder) - I0ueveConsmmer
+ Up s N zstring) : short
A -_accessFactory 1
1
JobBoker
B nds IDicti ing Slim> fadOnly}
+  Activalelobbaich (ClobBaich, jm -JobindanceMesage, isNewTolenSat “boal) - shoit
+ mumﬁmm :ClobBatch, bm -Batchinsancebe sage, isNewT denSet ;bool) - dhoat
- ZJoablin be HatchExeoution, isNewT dkenSet Zbool) - boal F——" "™~
+ l‘ _ﬂd.dﬂng jobCh List<Queueld) - shoit \\§
+ Confim R -shimg, 1 Cuenes Lig<Queneld-, isNewingance Sbool) - dhart
- DetemineAcualResnalionsc -Lis <CCuec, range Range) - Dicdi CChuster, B aintemal intesfaces
+ FinishJobiE: Sid -shing, tadk)id -shing) - dhoit Halichode
+ FinishlotinsmoefjoblncianceUid -ding, kzdlid -diing. smgle.ob o) - hat Finish JobBalchflatch MsgUid -siring) - shod
+  JobBwdafy 1h r ANotwonb r T aski afi0l A actay, dmf 1Tk actory) : F:m' o "5" dngh: shoat
- LodindanceAccesjobinstanceUsd -siing, lnddnlock -shoit, label -dnng - dhaort o ﬁmd‘mngmwmmud_ﬂng shimt
Memgeﬂewuedﬁnsg ‘e ange) : shod Geifiatch JobStalussfbatchMsgUsd -sring) - L johSiatus-
_ Sl y<CCher >} - Lid<CCluder N ST
- Updats Full - st A
1+ Update Frull shot
+ ARd string)- shest |
T : - t
. I I |
- queue |/ -_tasRegisry \L1 |
= |
MessageProcessng «intemal interface»
«intemal interEaces NataAc cess= TashBrokemge _«GRPC preecys
+ MesageReceive dimsg -Messge) - shot
7 _
5 GOTO: MuliGuene - nstworRegisty |1 LA GOTO: TadRegisry ~_fadtory £ GOTO T ack Marager Controllars and
N . 5 nager ersal
«intemal interE «mtemal interfaces
DotaAc ce s s—INetwork Brok e Baliic Datahase Fufiies = :f;l GU[O BalchManager
o EEEE ) e L IData Mode EmpliFaclory
_‘J GOTO: NetwiiRegidry % GOTO: Database
Enlities

Figure 12, Job Broker
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2.2.1.3 [05.4] Multi Queue

Multi queue is a component which is responsible for communication between batch manager on the
cluster node and software components responsible for processing tasks and brokering jobs, namely,
the Task Processor and Job Broker. Communication is done using message queues tied to the task.

class MultiQue... /
; | coTO: TasPmcesr
2 GoTO:
Aobbmier TaskPrcesor
JobBroker
«intemal interaces
«intemal interfaces Cu L L, mg
Qu A B +  Adnowledge{msgUid ssbing, queve Queueld): shoil
+ oi IOueueCy i 20 ) - shoit +  AddCy amilyfid -Ck - shoit
+ CheciQueue{quene “Cueveld) - int
+ Engqueve(msg :Message): shoit
+ Regi ily -C predecesors " List<Queueld-) - short
1
T -
i Multi Queue
MulSQueue: MuliQueus MuliCueue:MsgQueveFamily
- _queueFamilies IDidionany<shing,List<MsgQueueFamily>> _ - QueueR
+  AcnowledgemsgUid ssiing, queue (Queueld) : short + Anowledge(msy ‘Message) - short
+  AddCueseFamilyjd ‘Queueld) - short + DishibuteTopMessages() - short
+  Cheddueuefqueue JQueueld) © int + Engueveqmsg ‘Message): short
+ Enqueue{msg ‘Message) - short == IsComplianifmsy ‘Message) - bool
+ RegisterConsumenqc IQueueConaumer, id ‘Gueueld) - short +  IsComplianifid :Queueld) - bool
+ i (Eamily :C: predecessors List<Queueld=) : shorit +  IsNamed(id ;Queueld) - bool
+ RunitasdidObject “Objedt) ° void +  MsgCQueneFamilyjd -Cueueld)
+ Regi qC1QueweCr i ) - short
+ Regi S{predecessor-Lis <0y }: short
 soro - SeledQuese{msg “Message) - MsgQueue
= o . id - SeledQueue(d ‘Queueld): MsgQueue
QueveNtengriadle] D oG
Ballic DatalModel CALE xecutable:: | , o UCZEIEENE T
Queueld | -_SUCCEssors 0.*
| -
+ Familyld: sting p - -Predecessors e —_queues  |Q
I
! e MuliQueue :MsgQueue
Reverse relationships - _allocated int
+ Allocatefsel ectedConsum ers ‘QueueConsumersHandie) - short
+ DelemineConsumerd) . QueueConsumersHamile
+ Enqueue{ms) ‘Message): shoit
FnumerRble -_seqStack + G i Seql ¥} - bool
Baliic DatalModed CAl Executable:: - igiItere CEgsack - Seq ) D
Seqokenstack 1 + Peel): Mesage
+ Regi - ICGueBeC 1): shoit
- messages + RemoveMsyimsg ‘Mesmge) - short
- seqTokens 0 5
Baltic_DatalMode LCALExecutable:: Queueblentifiable) -_consumersy, /0.
seqioken Baltic.DataModel. CAL
Message MulSQueue: QueueConsumers Handle
+ Counter int
+ LasiFailedConnedion. DateTime
T goTOo: + O es int
CAL Executable
+Hand\e/
<intemal interlaces
et wn0v o Msthod QueueAccess:1QueueConsumer
+ OnDemand + o ived{imsg - ) - short
+ OnEadhdnowledge
+ PredecessoBased

Figure 13, Multi Queue
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class Queueld /

Message

+ MsgUid: string

Queueldentifiable

+ TaskUid: string

IEnumerable
SeqTokenStack

oo+

Copy() : SeqTokenStack

Copy(depths :List<int>, smple :bool, depthLevel :int) : SeqTokenStack
FilterAndTrim(depths :List<int>, simple :bool, depthLevel :int) : SeqTokenStack
GetEnumerator() : IEnumerator<SeqToken>

«property»
+_Familyld() : string

Queueld

Familyld: string

+ o+ F H o FFF R E o+t

Copy() : Queueld

Copy(newFamilyld :string) : Queueld

Copy(targetDepth :int) : Queueld

NegativeTokenCopy() : Queueld

operator !=(gi1 :Queueld, gi2 :Queueld) : bool

operator ==(qil :Queueld, gi2 :Queueld) : bool

Parse(str :string) : Queueld

Queueld()

Queueld(qi :Queueld)

Queueld(qi :Queueld, targetDepth :int)

Queueld(msy :Message)

Queueld(tm :TokenMessage, batchUid :string, depths :List<int>, simple :bool, depthLevel :int)
Queueld(tm :TokenMessage, depths :List<int>, simple :bool, depthLevel :int, negated :bool)
Queueld(tokenQueue :Queueld, batch :CJobBatch, jobUid :string)

Queueld(tokenQueue :Queueld, batch :CJobBatch)

ToString() : string

R T S T

«property»

+

«indexer

+

0:
IsEmpty() : bool
operator I=(sis1 :SeqTokenStack, sts2 :SeqTokenStack) : bool
operator ==(sts1 :SeqTokenStack, sts2 :SeqTokenStack) : bool
Push(st :SeqToken) : void
RemoveAt( :int) : void
SeqTokenStack()
SeqTokenStack(sts :SeqTokenStack)
SeqTokenStack(seqTokens :List<SeqToken>)
SubsStack{index :int, count :int) : SeqTokenStack

i int) : SeqT

ToString() : string

Count() : int

this(index :int) : SeqToken

-_seqTokens\|/0..*

SeqToken

T

IsFinal: bool
+ No: long
SeqUid: string

T

Copy() : SeqToken

operator !=(st1 :SeqToken, st2 :SeqToken) : bool
operator 1 :SeqToken, st2 :SeqToken) : bool
SeqToken()

SeqToken(st :SeqToken)

ToString() : string

+oE o+

Figure 14, Queue Identifiable
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2.2.1.4 [05.2] Network Manager

Network manager is responsible for managing all the computation clusters and nodes within the net-
work. It allows the user to register, edit and manage the available resources.

class NetworkManager Controll... /

BalticLSC.Frontend::MasterNodeFrontend

T
|
|

vV

Controller

«REST controller»
Controllers::NetworkManagerController

+ CreateCluster(XCluster) : string

+ FindClusters(XClusterQuery) : IEnumerable<XCluster>

+ I (XCIt Query) : XBatch>
+ GetCluster(string) : XCluster
¥
+
+

GetMachine(string) : XMachine
GetUserClusters() : IEnumerable<XCluster>
UpdateCluster(XCluster) : void

+ UpdateClusterStatus(string, string) : void

+Network\|/ 1

«intemal interface»

DataAccess::INetw orkManagement
CreateCluster(CCluster) : string
FindClusters(ClusterQuery) : IEnumerable<CCluster>

irce(ClL Query) : Batch>

GetCluster(string) : CCluster
GetMachine(string) : CMachine
GetUserClusters(string) : IEnumerable<CCluster>
UpdateCluster(CCluster) : void
UpdateClusterStatus(string, string) : void

b b+ o+ o+ o+

Figure 15, Network Manager Controllers

class Computation Resource DTOs /

adata transkers adata ransfers adala tansf__ «data ransf__ . «dala transfers
Models= Madels— Models= Model—XCluster| _ +Machines| Models=XMackine
XCh Query XCh XClmsterQuery - 0.~
v /
", ,‘/ \ /
wiraces ejtréce» «trar‘.e» «t;ace»

N v

InstantiableExecution
Balic DataModel Fxe caion— lhlrll}! ]
BatchiExecelion Adfribules subjed to further
maidifications..
%2 cOTO: CompuationExecution % coT0: cComputationRemures
Figure 16, Network Manager DTO-s
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2.2.1.5 [05.2] Network Registry
Network registry stores the information on clusters and machines. It provides options to search for
clusters with matching resources.

class NetworkRegis... /

jﬂ GOTO: NetworlManages|
Controllers Networihdanager

j‘:"‘_»l GOTO: JobBroler «mntemal inferfaces
DataAccess—iNetworkManagement

JobBroker

CreateClugerfduder :CCluster): siing
5 n Update Clugtercluder -CClusder) - void
«intemal interface» UpdateCluderStatusiclugefd -shing, dabus:ding) : void
DataAccess=IN FindCluders{cquery “ClustesQuery) - IEnumerable <CClusies>

GellsiCludesfusellid dnng) - IEnumemable<CCluster
GaiClusterfcludelid -shing) - OClusiar

Geldachine{machineUid -shing) : Chiadhine
GeilBalch ol Cuery) - IE <CHalch>

+ ingC :l i ) - List<CClugter=
+ GetClngerdudeiid “shing) - CClustar

P

é
L

CrateClugerfduder :CCluster) - dnng
Update Clugterduder -CCluser) - void
Upsdate Cl UG -diming, dtabus :dnng) - woid

ingCli R icnRange) - Lig<CCluder>

FindClugders{query “ClusterCueny) - IEnumemble <CCluder>
GetUsiCludesfuserlid siing) - IEnumemable-<CCluder-
GeiClugefcludelid shing) - OClusar

GetMachine{madhineUid :dring) : Chiadhine

GetBaicheFoReswines| “ClugerBaichCuery) - IF <CHalch>

e
FE

Y 5
«infagrudure»
Babc_ Database_F;

Figure 17, Network Registry
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2.2.1.6 [05.4] Task Manager

Task manager is responsible for managing tasks, as requested by the users. It also includes translation
of CAL diagrams to the abstract syntax and further to CAL. Executable language (it is done upon
the first request to run the app release). Task manager is also responsible for management of the users
dataset information (but not the datasets themselves).

class TaskManager /

Conirofier)  COTO: Fromiend Bulfic Engine Unilanager= | |l GOTO:Unilasager
SFEST aminlicn Uniffie vianager

CandraieracTask Manages Condroll er 2l cOTO: Tak Mamager
Praies

Task Manager _ trandation

e p—

cAL
+ O TR i
T [ —
I skManager
+ Wifiske i, por ursal el i~ sy + Tonedale Cinguan () - vaid
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+ UpdeieAdiveTasdStales) - short
et Wl ) ©
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I
|
I
I
I
I
I
I
I
I
I
I
i
I
I
I
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- — AT du sy Wlingeam, brler LiohEmies, e TchmdBrdemge)
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- mwmmmumgammm shodt
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Figure 18, Task Manager
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class Task Manager Controllers and Proxies /
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Figure 19, Task Manager Controller and Proxies
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class Computation Execution DTOs /
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Figure 20, Computation Execution DTO-s

class Data Shelf DTOs
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Figure 21, Data Shelf DTO-s
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2.2.1.7 [05.4] Task Processor

Task processor is responsible for execution of computation tasks. It interprets CAL Executable pro-

Interreg

Baltic Sea Region

grams and receives messages from batch managers within clusters. Task processor determines the
need for job to be done and sends all the jobs for actual execution to the Job Broker.

class TaskProcessor
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Figure 22, Task Processor
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2.2.1.8 [05.2] Task Registry

Task registry stores the information on computation tasks. It includes information on execution of
tasks — details on batches, jobs and used resources.
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Figure 23, Task Registry
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2.2.1.9 [05.2] Unit Manager

Unit manager is responsible for managing computation units, both applications and modules. It allows
creating and editing meta-information on computation units (but not “code” of the units). Unit man-

ager is responsible for managing App-Store and user’s App-Shelf.

Figure 25, Unit Manager Controllers
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Figure 26, Unit Manager DTO-s
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Figure 27, Unit Registry
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2.2.2 Master Node: Frontend

Frontend provides user interface to the various actors of the BalticLSC Network. Frontend is split in
several components:

[05.2] Administrator Cockpit is a component for user interactions for BalticLSC network
administration, e.g., user management, computation resource supervision, etc.

[05.2] Resource Shelf is a component for user interactions for management of the computa-
tion resources and clusters.

[05.2] [05.4] Development Shelf is a component for user interactions for management of the
developed Computation Applications and Computation Modules.

[05.4] CAL Editor is a component for editing, validating, and debugging CAL Applications
in a graphical way.

[05.2] App Store is a component for user interactions for obtaining computation application
releases and information on them.

[05.2] Data Shelf is a component for user interactions for dataset management.

[05.4] Computation Cockpit is a component for user interactions for managing (running)
computation tasks.
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Figure 9. Component Diagram for the FrontEnd
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3. Class Model

Class model describes the main concepts of the BalticLSC Software. Concepts are depicted using
UML Class diagrams. These diagrams are used to generate classes for the actual software components.
The classes are divided in logical packages each describing some aspects of the BalticLSC Software.
These aspects are:

e [05.2] User accounts — classes describe users and artifacts which belong or are related to the
user.

e [05.3] CAL —classes describe Computation Application Language.

e [05.4] CAL Executable — classes describe CAL Executable language.

e [05.4] CAL Messages — classes describe communication messages (token messages, job and
batch execution messages, job, and batch instance messages) and queues which are used to
handle them.

e [05.4] Diagram — classes describe the diagram structure used to depict the CAL programs.

e [05.4] Execution — classes describe task execution records. This includes task, batch, and ser-
vice execution instances.

e [05.2] Resources — classes describe clusters and resources within BalticLSC Network.
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3.1 [05.2] User Accounts

UserAccount class represents user accounts of BalticLSC Software. Each user account has:

e ComputationUnitRelease instances linked by Toolbox association —toolbox - com-
putation unit releases used in the user’s CAL Programs as Unit Calls.

e ComputationUnitRelease instances linked by AppShelf association — computation
unit releases which can be used to start a new computation task.

e ComputationUnit instances which have AuthorUid set to the user’s Uid — computa-
tions units developed by the user.

e TaskDataSet instances linked by DataShelf association — user’s owned datasets which
can be passed to computation tasks.

e CTask instances linked by Computations association — user’s-initiated tasks.

class ComputationAccounts /
UnitDe s ripHor & coro-on ReleaseDesciipor
+  ShorDesciplion: shing +Desciptor [, nome DaleTane
+  LomgDesoipbon: shing + Desoplion: sking
+ Keywonls List<shing= +  IOpenSouce: bool
e g +Releases [\ o » 0.0 0.+ + UsageCountes: lung
+Toolbox - +AppShelf -
1 +Descriptor
+Unit
+Ratings | . |% eoTo: cALExeaimbie
Unititating Baltic. CALE
CDaiaSet
+ Walve: int
+ Comment shing + Yalves shing
I
I
I +Data 1 +AccesData 0.1
DevelopmentShel 4
<> Aulhodld I
I
+User 1 \"/ +Developers|0..* +UnitUsers 0..* { o1 01
UserAccount [ win Sot
+ Uit siing +Ouner  +Datashelf T Mk shing
M - + Name: sking
° B loE ] + Type: Datal
+ Passwonl: sking 1 P s:'.l:im— Lr
Stah ISt - DataShuchae
: i o +  Muliplicily: Chulliplcihy
+ Access Access] ype
+Owner | 1 0
0.1 +Accounts
+Details 1 0.*
L Organisation
UserExiension +BillingInformatior” 01|+ Uitk sring
+ Name shing + HName: shing
s g BillingEntry %‘1‘ + ESupplier bool
+ RolemOmanisalion shing PRrTp— + Details sking
: g::! .::lj + Type BilingType * +BillingInformation wouner | 1
- shiing + Dedior _
+ Addiess shing i il siing
+  Cownlry. shing
+  Language: sking +ResourceShelf | *
+ Preferences siing * +Computations
|% coro:
CompulalionReswaces
i coTo: cALExecutabie
Types Quesies
UnitQuery
Balic. Types=| |Baltic.D: Types=| |Baitic. Types=| |Baltic.D Types=
AccountStatus UserRole =pmpetys
+  AllUnits( - bool
Created EmdUser Inflow Account +  sAppD - bool
Adive Developer Oulflow CrediCand +  FillesBylsS envice() - bool
Inadive Suppler Duplex PayPal +  ESenice() - bool
Banned i BEk + OniylLasdiRelease() - bool
Suspended Supervisr +  HEnTookox(): bool
+  UsedUid{) - shimg
+  AuthodUid]) - shing
AlUnits - rebum both Apps and Module?
I1sApp - if not AllUnits, eehum either Appsor Modules
FillerBylsSewvice - if not 1ISApp, retum only non-ewice 2
IsSewice - ¥ FulterBy lsSevice - relum either sevices or egular

Figure 28, User Accounts
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3.2 [05.3] Computation Units and Computation Application Language (CAL)

These classes describe CAL and computation units which are being orchestrated using it. Detailed de-
scription of the language can be found in Chapter 5.

The central piece of the BalticLSC Software is computation unit (see ComputationUnit class).
There are two types of computation units — computation applications (ComputationApplica-
tion class) and computation modules (ComputationModule class). Computation module is the
atomic element of the computation unit — it is a Docker image that perform a computation with de-
fined input and output. Computation module can be run on appropriate computation resource within
any BalticLSC computation cluster. Computation applications are composed of other computation
units, both modules and applications.

class CAL /

Credlenia P aameier

+ EnwimnnmenfaiableMame: siring [0_1]
+ AomeGedendislNames sting [0_1]
+  DelHGredentialValue: sring[0_1]

+Cradentis|Parsmaters | 0..°

1 | Each Release for a LiniL has fo presenve
- —— _
add addilional requre dweak” and "provided”

pestys.
+ Name{) : sring
+Peramaters | ° + Binding) : Datalinding
+ Typef - DainType
+ Shwhie) : DalaStuchee
+  DataMultiplicityl) - GNultiplicity
+ TokenMuiplicity]) - Ghlultiplicity|

NameOwPathc sring
DefaufVale: sing

4 Armzs]) - AmeaType

21+
+
+ Type UnitPammType
- + EManadsioy bool 1 *Declared
+ LAt shing -
+ Tam shring
[
+ Name: shing scan +Pins | xpmpestys
A .
<>
p 21+ Binding - Dalafi nding
+ Typel):DataType
+  Sinmtuef) : DataStnhure
Datafim +  Dbald uHiplicityd) - CMultiplicity
Uitk siri <1 2 iplicityl) - iplind
ik = + - AnreesT|
-~ +Incoming +Target| + TokenNoc Ineg Am==d 1""2
o i +Group
apiD pestys 0.1
+ Mg - alving =
+Outgoing sSource |+ Bindingd : Dakafinding o
+ Typed): DalaType e g
0.1 N e + Depths Lig<int>
+ Diakakiin Nipliciby) - Cllieiiplicity
+ T pli i ipiics
+ Acceas): <l
Tmpes N
Bl —
— W'AcEmType' has emply hen| ey
Unilftele ase States: DataT ypes where kSkudksed = kue has only el = e
children maked Lhe same_ AR "non-gudured” ears. e ‘*“,"_' e
Created =0 DaiaT ypes cannod have "Skuchure” field selin e e D p AT ire ks iRy problem dames
Submitted =1 oy nisined in the Vakies' ek ("dredE
Appowed =2 - olhenwise il contaim a reference (findied’).
3 H
Removed =4 types
Halic. dypes ype.
Balfe Datal callel Typer s —Ae cessTy
I — L4 L Bl DataM calel Types:-|
Ballic Dot clel Types=| [+ ESinmieed N List<siring> + AcmeSchema: shing e X2
+ Porenitid: dhing + PuihSchemac dring -
+ Siocagelfilt hing jriame: shing
+ Paenilid: sting

Weak=0 2
Stimag = 1 l% 3
wmrum eralinn. e / serumerions

[rr—— L5 CalFype «dypes Il*l)ﬂ*!- e Types:

- Bl Types= TP UniParamTypr
RequindSimag =0 i n <3 WVariable =0
Requiniiak =1 + Mame- shing - Single = 0 Conlig =1
e + Ve sring + DataSchema: shing Mutipie = 1 iy :ﬂz
ProvitedExdemal = 3 + EBuiltin: bool L i 2

Figure 29, CAL Class Model (Metamodel)

The computation unit becomes usable in the moment when its first release is created (see class Com-
putationUnitRelease). Unit might have several releases, and, actually, computation applica-
tions use the particular release and not the unit itself. What an application release does, is described
using CAL in a diagram (see class CALDiagram).
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3.3 [05.4] CAL Executable Language

CAL Executable language is an intermediate language which describes the process of execution of com-
putation application on lower level of details — executable program. CAL Executable task contains in-
formation on jobs and batches containing jobs needed to perform the computation task. CAL operates
on higher level of abstraction hiding these complex details from the user.

Thus, the CTask class describes the computation task (it conforms to the particular computation appli-
cation release). Task consists of batches (class CTJobBatch) which in turn consist of jobs (class CJob)
and needed services (class CService). Jobs conforms to the particular computation module and
batches are needed to group them into job groups to be executed on the single computation pod.

Inputs and outputs — data tokens - are described by CDataToken class.

class CALExecutable 7

+Task

+Batches

+Services +Parameters 0. +Data| 0.1 +AccessData | 0.1

(Pammeter

+ NameOwPalic shing
+ Walue :llng + Valies shing
+ Type: UnitParamil ype

+CredentialParameters 0.%
L

| Balic. CAlL =CY P |

I conneded to CDataTolen, then it isinjeded
Trom outsde (8 g fom the Fonl-emd)

Figure 30, CAL Executable Language Class Model
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3.4 [05.4] CAL Messages

CAL Messages classes describe the messages used to communicate between computation batches,
jobs, batch instances and job instances. It includes also passing token messages. Message queues are
used for this purpose.

class CALMessag...
Messages
Queveldentfiable | |1 :
i eoto Enumerable Seqloken
- Cueueld -_seqTokens q
+ TadRd sing +QueueSeqStack SeqlokenStack -
- K ">+ SeqUit ding
1 0% [+ Ne long
Ry . + IsFinal: bool
+ Famil - sl
+TokenSeqStack | 1
2| coTo: cALEwcutable
TokenMessage
Baliic DataModeLCAl Fxecwiable—
Message . + TokenMo: long +DataSet CDataSet
+ MsgUid shing + PinName: dgnng o =
+ Accesd yps~ shing 0.1 g q |+ Values snng
+ TargetAccesType: dhing
+ Sendeilid snng
JobF xecuionlMessage
BatchixecwoaMessage
+ BatchUid sning N Gid
+ Joblid dnng - Batch ng
+ RequmdPinCususs Didionary<dring OQususld> | . R TS eI
BatchUid in Job/BaichExeculionMesge is | 4
used for aealing queue names, despile
‘% being the same for all Job/BatchExeculions
JoblestamceMessage
+ PrwidedPinT olens Didionary<ding long>
+ Merge: bool BatchinstanceMessage
+ Split bool -
+ SydemJok: bool o D"""'!‘“E“" Nt S
+ I|ddulitading bool + Ouda: RessurceRessnvalion
+ RequiredAccesTypes Lid<dring
% coro: Build ! *SeniceBuilds o= Balchld: shing, Moduleld: sring -
UBIEdensons - added in the Gipc mesage
HalficModateBuid B .
Descrk + Batchld dring ResomrceRequest
g tipton +ConfigFiles + Moduleld dning +Resources =
+ Data: sting [————————<@»{ + Image: shing o ————————+ Cpus int
+ MountPath- shing 0.7 + Envi i Dictii ing, sing> 1 [+ Memowy: in
+ Command dning
T + G dA Li ing:
| + Scope: NetwmkScope
v
PimsConlig +Gpus|1
+PortMappings| 0 * +Volumes | 4 »
+ PinMame: dnng
GpuRegeest
+ PinType: Databinding PorMapping Volamellescripion
+ AccessType: shing + Type: siing
+ AccessCredential: dring + ContaineiPoit uint + Size: int + Cuaniity: int
+ DataMultiplicty: Chultiplicity + PublishedPot uink + SiwageClass diing
+ TolenMultiplicity. Chiulliplicity + Protocol: CommProtocol + MountPath: shing
Types N
«snumerations «snumenations
Baliic DetaModeL Types= Baléc DataModel Types=
CommProtocol Netwosk Scope
Tep=0 Winlspace =
Udp=1 Cluster=1
Public =2

Figure 31, CAL Messages and Queues
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class Queueld /

Message

+ MsgUid: sting

Queueldentifiable

A

+ Tasid: sting

«property»
+ Familyld( : sting

Queueld

¥

Familyld: stiing

T

Queueld()
Queueld(gi :Queueld)

Queueld(gi :Queueld, targetDepth :int)

Queueld(msg :Message)

Queueld(tm :TokenMessage, batchUid :string, depths :List<int>, simple :bool, depthLevel :int)
Queueld(tm :TokenMessage, depths List<int>, smple :bool, depthLevel :int, negated :bool)
Queueld(tokenQueue :Queueld, batch :ClobBatch, jobUid :string)

Queueld(tokenQueue :Queueld, batch :CJobBatch)

Parse(str :string) : Queueld

operator ==(qi1 :Queueld, qi2 :Queueld) : bool

operator I=(qi1 :Queueld, qi2 :Queueld) : bool

Copy() : Queueld

Copy(newFamilyld :string) : Queueld

NegativeTokenCopy() : Queueld

Copy(targetDepth :int) : Queueld

ToString() : sting

+QueueSeqStack

1

IEnumerable
SeqTokenStack
+ sl :SeqTokenStack sts2 :SeqTokenStack) : bool
+ operator I=(stsl :SeqTokenStack, Sts2 :SeqTokenStack) : bool
+ SeqTokenStack)
+ SeqTokenStack(sts :SeqTokenStack)
+ SeqTokenStack(seqTokens List<SeqToken>)
+ Push(st :SeqToken) : void
+ RemoveAL( :int) : void
+ 1sEmpty() : bool
+ Copy() : SeqTokenStack
+  Copy(depths :List<int>, smple :bool, depthLevel :int) : SeqTokenStack
+  SubStackindex :int, count :int) : SeqTokenStack
+ SubStackindex :int) : SeqTokenStack
+ FilterAndTrim(depths :List<int>, simple :bool, depthLevel :int) : SeqTokenStack
+ GetEnumerator() : IEnumerator<SeqToken>
+ ToString() : string
- GetEnumerator() : IEnumerator
«indexer»
+ this(index int) : SeqToken
«property»

+_Count(: int

~_seqTokens \|/0.

SeqToken

¥

Sequid: string
No: long
IsFinal: bool

+ o+

SeqToken()
SeqToken(st :SeqToken)

operator ==(st1 :SeqToken, 2 :SeqToken) : bool
operator I=(st1 :SeqToken, st2 :SeqToken) : bool
Copy() : SeqToken

ToString() : sting

S

Figure 32, Queueld
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3.5 [05.4] Diagram

These classes describes the graphical diagrams (see class CALDiagram) and its elements used to depict
the CAL programs. The main elements of diagrams are ports (class Port), boxes (class Box), and Lines
(class Line). All elements might contain also compartments (class Compartment) —textual elements.

class Diagram /
CALDiagram 1% eovo: caL
@ . Mame siing -
+ UAd: string
+Ports * +Boxes Tx
+Pors +Parent
Box

Port E >

1
/ +Lines|”

+StartElement +Q0utgoing
ConnectableE lement Line
1 0.1
+ Dala: Dicliomany-<string, sting=>
Ly S | EndElement +Incoming
~)
1 0.1
Compartment
= - - +Companments Element
+ ype: sting —
+ Input shing = ‘+ Ele!ner_lType: sting
+  UNd: shing 1 [+ Uid: shing
+ Value: shing

Figure 33, CAL Diagram Class Model
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CAL Execution classes hold execution records of the CAL programs. Every task, batch and job can be
traced to its execution record — TaskExecution, BatchExecution and JobExecution class
instances contain information on actual execution.

class ComputationExecution

Balic NataModeLCAI —

UniiParameter

+Declaration

0.1
% coro:ca

CPararmeter
UnitCallParameter

" +CustomParameters

TaskParameters

e

TasMame: dnng

Prigwity. ink

ClusizsAllocalion: UnitStrengih
Clusiziliid shing
ResuvedCredits float
AuxSimageCredis foal
Idnvaie: bool

+Parameters

0.1
1

ResomceReservaion +Cluder

+ CPUs mt Enuvrmerable

+ GPUs int Balic DataMode L CAl Messages=
SeqlokenStack

B ey int +AdualReszrvation il

+ Siomge inl 1

1 +SeqStack
1 1
+MinRe servation 01 +Batchlngances
+MaxResevation 0." L’E G(Fﬂ:hd.
Siatel mn
BatchiFxecufion e

0.1

Execufionfecord

+ Siatus CompuiationSiatus
+ Start DakeTime
+ Finish: DateTime

BatchMsgUid: sring
Datalransier. float
StwageFinide DateTims
EdimatedCredits float
ConamedCredits foat
ConsmeBioageCedis foat | 1

.

+BatchExecution

| coro:
StateMadhine

JobExecwiion

+ JobMsglid sking

0.7 1

N

‘ +ResenvationRange

TaskExecuiion

+ ConmmedCrdis float
+ Isfechived bool

+Execution

+Task

+Baiches

I_li:l

0.1

+SupportedRe source Range

+DerivedReservationRange

% coto:
CAL

[ coro: cALEmanable
0.1

+JobExecutions

+ Pmgess g

+ Edimaledlime: float

+ TolendReceived long
+ TokendPweesed long

+SenviceExecutions

+BatchExecutions +BatchExecution + Nole: dnng
*BatchExecution +Executions | 0.7 0.1 0.7
0-1 +CumentExecution
Resourcelsage +JobExecutions
+ TimeStamp DaieTime +Jobingtances
jigtiind Fomm =3 0.1] #nstange
0.1 + Value: float 0.7
+Usage | * +Job pobinstance
+ | Uid dring
1 + Completed bool

0.+

SesviceFxecuion

+lJoblngances

+ Uxt dEng

4 +Batch

+SewviceExecutions

+Service|1

+Batch

« +Services

+Job
0.1

+Job

Cuesies

JobStates

Types
_| (Baléc.DataModel Types=
n-rﬁmnnujyps_ =
CPUTime = 0
Idle =0 e =
Woding =1 GPUTlme_—17
— MemoryTime = 2

Completed =2 -

L SiageTime =3
Failed =3 Tromdiar — 4
Rejeded =4 s e
Abmied =5
Neglecied =6 .
Schedued=7 CPUTime in GHz * =k
Unbnoran =8 GPUTime in GHz * sk

ylime in GB * sek
SiorageTime in GB * =2k
DalaTranderin GB

+ JobiPmoges]) - long
+  Jotingdancelkd{) - shing

+ Statug]) - ComputationSials

UsageQuery

TashQuery

FulllchStates

apupilys
+ TolensReceived] : long
+ TolensdPmeesed] - long

aprupelys

Applhd]) : ding
Userhd] - Seing
Privity]) - int
IPrivae]) - bool
Indude Anchived) - bool

- Lisk<Ca
Starlowerl imit() - DateTime
StaUpperlimit() - DateTime
Finishl ewesl imit{) - DateTime

e

FinsshUppesd amit) - Dale Tims

Figure 34, CAL Execution Class Model
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3.7 [05.2] Resources

Resources in the BalticLSC Network are provided as particular machines (class CMachine) within
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computation clusters (class CCluster).

class ComputationResources /

& soTo:
-

Baltic Sea Region

+ Summarnyvalue int

% coro:caL

+Benchmark Benchmark

+ Name: shing

+Resourceshelf TONNE | atic DataModeLAcc ounts ClusterManifest
. 1 Organisasion —
+ LocalSlomage: List<swing>
+Manifest| + LanThroughput sing
7|+ WanThioughput: siiing
CMachine & soro.
+Machines |+ Ui shing ComputationExecutio
R L LIt strin n Baltic DataModeLExeculion::
0 |+ BPUS Listestiing T e )
+ Memory Lis<sting>
+Cluster +Batchinstances | + BalchMsgUid sting
+ DataTrander foat
L 0.7 + SilomgeFinish: DateTime
. + EslimatedCredits Soal
+ ConsumedCredits float
Uid - not a Guid + ComumedStorageCredits fioat
ExeculionRecord lﬁaj GOTO:
+Performance - c xecution
TaskExecition
Clusteridetric 0.*

+Unit
+ Type: BenchmakType 1

Types Queries
«enumesations <emnumerations «enumerations
Baltic DataModeL Types::| [Balic_DataModel Wpes::| (Balfic DataModel Wpes:: ClusterBachQuery ClusterQuery
ClusterPrivacy ClusterStatus. BenchmarkType
+ ClustenAd sting + OwnerUid: siing
Private =D Adive =D Computation = 0
Assesed =1 Inaclive = 1 DataTransier= 1
Public = 2 Withdrawing = 2 Secuity = 2
ClusterDescripion ClusterNode
+ Clusteild: shing +Nodes |+ Mame: dring +Capacity
+ Pojedid: ding ———————+ Os ding Lo
+ ClugeiStatus shing 07|+ osmage: shing 1 -
+ Archilecure: siing + Cpus int
+ KemelVersion shing + EphemeralSloage: int
+ OmhesdmtorType: shing +Allocatable Memory™ int
+ OmhestatoiVerdon: string 1t Gpus int
+ GpuType: siing + Pods int
+ Unschedulable: bool
+ NodeStalus siring
+Limit 1 +UsedLimit 1
1 1
ResourceQuota
+ CpuRequest int
o (EpTULIE [T WorkspaceQuota
+ MemoyRegquest: int Module Workspace Quot
+ Memoylimit int - — auola - cpus int
+ PerdstenfvolumeClaims int v CELECLEE ) + Balchid. shing <@ T 1|+ Memory: int
+ SlomgeRequest int +  Moduleld: siing + Slomge int
+ GpuRequed: int + Gpus it

Figure 35, Network Resources Class Model
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4. Behaviour Model

The behaviour model contains the detailed description of BalticLSC Software functions. The UML Use
Case diagrams are used to list the functions and UML Sequence and UML Activity diagrams are used
for detailed design of functions. They show which components are involved, what the sequence of calls
to the API methods is and what the dataflow between components is.

4.1 Actors

As it has already been identified in 03.3 BalticLSC Software User Requirements Specification the main
BalticLSC Software users can be divided into four categories: end-user, supplier (resource provider),
developer and administrator:

Name

End-user (App user)

Description

End-users are using BalticLSC Environment to perform large scale computing
with provided ready-to-use applications they can find in the BalticLSC
Appstore. They are paying for used computing resources and applications with
credits purchased at BalticLSC Environment. End-users use the functionality de-
scribed in Section 4.2, Computation Application Usage.

Name

Supplier (Resource provider)

Description

Suppliers provide computing resources to the BalticLSC Network. In exchange,
they receive credits from end-users for computations performed on provided re-
sources. Suppliers use the functionality described in Section 4.4, Computation
Resource Management.

Name

Developer

Description

Developers provide applications and modules to the BalticLSC AppStore. In ex-
change for use of their applications and modules, they receive credits from the
end-users. Developers use the functionality described in Section 4.3, Computa-
tion Application Development.

Name

Administrator

Description

Administrators manage computing resources within the BalticLSC Network.
Administrators are also responsible for approving new resource providers, new
modules, and applications for the BalticLSC Environment. Administrators use
functionality described in Sections 4.3 Computation Application Development
and 4.5 Computation Application Supervision.

www.balticlsc.eu

=




| 1. I
ot il
it BalticLsC interreg

4.2 Computation Application Usage

This section describes the functionality (see Figure 36) used by the end-users (app users). It includes
functionality to browse computation applications in the App-Store, add applications to computation
cockpit, run computation tasks, and manage user owned datasets.

uc Computation Application Usage /

seq
_I seq
«lnvokzasm

«lnvokes» «mvoI\ES»

«|nv0loes»

(CII‘IVOkES»

«invokes»

«invokes»

spriority3 \_ _ _ _ _ _ _ _ _ o __=
Show Data Sheif «invokes DTN ER
Aop ier B =
-z
apriority 2s =7 «invokes»
Show App Store

«invokess_ _ — = -——a «invdl@e\m

L=~ ’ \\ (CinVDkeS)"—‘-"‘\___
(cln\cokeso C(II‘IVO!(ESD Rate App
/% QN
Update App Remove App from
Release Seleclio App Shelf

Figure 36, Computation Application Usage

End-users use three main groups of functions and there are three main components in the Front-end for
that:

1. Computation Cockpit — runs computation tasks.
Initiate Computation Task
Insert Data Sets to Computation Task
Show Computation Cockpit
Show Computation Task Details
Archive Computation Task
Abort Computation Task
2. App Store allows access to apps.
Show App Store
Add App to App Shelf
Show App Details
Update App Release Selection
e. Remove App from App Shelf
3. [05.2] Data Shelf — allows to register user’s datasets.
a. Show Data Shelf
b. Create Data Set
c. Update Data Set

o o0 o

oo o
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4.2.1 [05.4] Computation Task Execution

This Section contains the design of task execution.

Design of main user interactions is depicted in Figure 37, Figure 38, Figure 39, Figure 40
sd meracton

% . T ontrolle -App! ontroller 1Uni ITasManagemen «REST controller»
‘DatashelfController

:App User
|

T T T T
I I I I I
1show comp. cockpit() | | |

| |

T
Findu :UnitQuery) :List<Ct elease>

1

|

FindTass(query :TaskQuery) Tase }
] ]

L

i
i

i

I

i

i

i

Initiate Computation Task I

i

[ i I
i

i

i

i

i

i

i

i

Insert Data Sets to Computation Task |

Figure 37, User Interaction - Show Computation Cockpit

sd Interaction /
% :MasterNodeFrontend :TaskManagerControlle [ITaskManager ITaskManagemen :IUnitProcessing
:App User

| T T T T T

| | | | | |

| select app release() ! | | | |

| | | |

I I I |

GetClustersForAppRel appReleaseUid:string) :IEnumerable<XClusters> | |

| | |

| | |

| | |

| | |

| | |

| | | |

__________ | | | |

< | | | |

T | | | |

initiate task() | | | | |

| | | |

I I I |

InitiateTask(releaseUid :string, par :XTaskParameters) :string | |

| | |

Initiate T Jid :string, par :Taé@ar;amelers) :string : :

>
'
g GetUnitRelease(releaseUid :string) :ComputationUnitRelease . :
L
e Fomm -
| StoreTask(task : !

CTasq i

___________ |

<--—-—-—-—-—-—-- |

| |

| | |

| | |

< ——————— — — | | |

L | | |

! | | |

GetTask(taskUid :string) :XT.ask | | |

| | |

| | |

| | |

<-——------q | | |

= | | |

| | | |

| | | |

| | | |

| | | |

ref
Insert Data Sets to Computation Task

T T T T

| | | |

| | | |

__________ | | | |

< | | | |

T T | | | |

| | | | | |

| | | | | |

Figure 38, User Interaction - Initiate Task
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sd Interaction /
% [ (IS trolle] [TasiManager ITasanagemen| ITasProcessor ITasProcessing IMessageProcessifig “1JobBroker [ I [ [ ]
| | | I L
I T T T T T T T T T T T
| | | i i i i i i i i i
[pnerdata_y, - oaas (tasiUid inuid a | | | | | | | | |
wts) njsoaaSatastid 0t i, 1 } } } } } } } }
InjectDataSet(taskUid :string, pinUid ‘string, ds :CDataSet) | | | | | | | |
SeTastasuid sing): | ! ! ! ! | | |
CTas I I I I I | |
‘ ’< ,,,,,,,, | | | | | | |
I I I I I I I
{DataSet(ds :CDataSet, dataTokenUid string) ! ! ! ! ! ! !
hort i i i i i i i
f<mmmmeee : : : : : : :
PutTolenMessage(im TokenMessage) | | | | | i i
["short ! ! | | | |
H I I L | | |
loop until processed / | | | | | | | |
" 1 ‘ RequiredTolen(ym T ClobBatch } } } }
i i i i i
I I I I I
I I I I I
I I I I I
I I I I I
T T I I I
! y CoobBatch, bm i ! ! |
| short T . ' |
| ! ! | CheckQ ting) |
! ! ! i 5 Lis<cCluser | ™
I I I I I
! ! } ’ sing, msy :
i i i short i i s
I I I i Jid slmg‘, exec B }
I | | short
! <= m oo et e ﬂ | i |
I I I I I I
I} I} I} I} I I I
loop until processed /| | o1 okentm T ool | ! 1 1 1
I I I I I I
} GetlobForRequiredToken(im ‘TolenMessage) Clob } } } } }
I I I I I I
; etiobBatchRgTolentm TokenMesage) ClobBatch ! ! ! ! !
I I I I I I
| G (job :CJob, tastid sring) :ClobBatch | | | | |
I I I I I I
I I I I I I
! CheckQueue(queueName :sting) ! ! ! ! !
| [_sor i S| | | | |
T T T T I I I
i b(baich CoobBateh, jm shon ! ! | i
! ; ' sting, msg !
i | i o i i =
i string, msg T | I I I I
I stlnﬂ T g ] I I I I
fe e et | | | | | |
< i 7 i i i i i i
St | T | | | | | | | |
| b I I I I I I I I I
L L | | | | | | | | | |
T T I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
Figure 39, User Interaction - Insert Data Sets
sd Interaction /
% :MasterNodeFrontend| :TaskManagerControlle ITaskManagemen
:App User
| I I I
| | | |
| show task | | |
[T details) > id i ' !
€ GetTask(taskUid :string) : |
XTask |
<----——-—-——-"—-—-"—-=--- |
|
i i
loop / | |
GetResourceUsage(query :XUsageQuery) : : :
IEnumerable<XResourceUsﬁge>—>|—| |
|
GetResourceUsage(query :UsageQuery) : |
IEnumerable<ResourceUsage
<< - —————————————————
< — - |
1
| |
<o | |
T T | |
| | | |
| | | |
1 1 1 1

Figure 40, User Interaction - Show Task Details

Design of the main functions needed to actually execute the computation task and performed by Bal-
ticLSC Software is depicted in Figure 41, Figure 42, Figure 43, Figure 44, Figure 45, Figure 46. We
use UML Sequence diagrams to show the sequence of operations performed by BalticLSC Software

components.
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sd Message handii... /

‘TaskProcessor

T

|
AckMessages(XAckRequest, ServerCallContext) :
.

e Updat

‘JobBroker

string>, string)
short >

FinishJobExecution(string, string) :short

set tokensReceived/Processed|

UpdateJobExecution(JobExecution) :short

‘TaskBrokerageDaolmp

T
|
|
|
|
|
|
|
|
|
|
|

- FinishJobExecution(string) :short

currentExecution = null

f not multitasking

SetCurrentExecution(string,

< -U

string) :short

ConfirmJobStart(XConfirmJobRequest, Servercallcomex‘t) :Task<ResponseStatus>

:short ""
I
I
I
I

tokensReceived/Processed = 0

L
|
|
|
|
|
|
|
|
|
1

ConfirmJobStart(string, List<Queueld>, bool) :short

L.

JobExecution

SetCurrentExecution(string, string) :short

Figure 41, Handling Job Execution Messages

i
|
|
|
|
|
LH
|
|
|
}
|
|
|
|
i
o
|
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UpdateJobExecution(e) :short

[non-single job]

|
FinishJob anguid :short |

Queue
‘TaskProcessor {TaskBrokerage :JobBroker Queue _queue :BatchManager
sing
T T T T T T
| i | I I |
| ActivateJob(CJobBatch, sting, JobinstanceMessage) : | | | |
t ‘l ] | | |
| o | | |
| Add Jid, jobUid, je) :short | | !
:34— | | |
‘ Enqueue(obMsg1) :short _ | } }
| L ‘j | |
} } } } RunQueue() }
| | | | i i 0 !
| | | | ot |
| | | | >
| | | |
I I I I OBt
| | | | obMsgl
| i i i JobMsy Instance :Job
| | | | Startdob()
| | | I | N N A i
| | | |
'
! ! ! ConfirmJobStart(taskUid, instanceUid, reqPinQueues, isNewinstance) :short T
| I T |
| | |
i Pl i o !
| [isNepinstance == true] | (sarted) L }
! ! ! !
| ?‘7 | | |
| | | |
| ] | | |
| | L | |
1 1 loop L1 | ! |
} } _/ ) :short } |
|
| | | |
| | ] | |
| | T | |
| | | | |
| I UpdateJobExecution(e) :short | | |
i i RunQueue() i !
| | ] | L | |
I I I I ) 1 |
| | | | . > |
| | | | |
| | | | -1 (not ready) |
| | | | [C--—----=TT T 1
| | | | |
| | | | wait | |
| | | | | > |
| | | | o |
I I I I short I |
| | | | | |
| | | | | |
| | | | | |
! ! ! ! RunQueue ! |
‘ ‘ ‘ ‘ ] Fencueue ‘ !
| | | | | |
| | | | | |
} } } } TokenMessageReceived(tMsg) : } }
| | | | 1 ProcessTokenMessage(xiMs) : |
| | | | sh
| | | | |_| o
| | | | ] |
| | | | | |
| | T T T T
I I alt I I I |
| | | | TokenMessageReceived(tMessage) : |
| | [single job] | | e 9 ( 9¢) ! !
| | | | |
! ! ! ! ProcessTokenMessage(Msg) 1 |
| | | | =]
| | | | |
| | t |
| | | X
| | |
| < |
| t |
| | |
| | I
| |
| |
I I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|

|
|
L i i
! ! ConfirmJobStart(obMsg2) :short
| |
bl ) s‘mn} }
[ 1 |
UpdateJobExecution(je) :short i i
i 7 1 1
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
Figure 42, Starting Job
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sd Closing job executio... /
:TaskProcessor _queue :ITaskProcessing :JobBroker :BatchManager ITaskBrokerage
:IMessageProcessing
T T T T T T
| | | | | |
| | | | | |
| | | | | |
! | ctesagesimesnges jobnsanceio: ! ! !
[ | short ] ] = I
T | | | |
joop | | | | |
[foreach message] i i i i i
Jid :string, queue :Queueld) :short } } } }
| | | |
T | | | |
| | | | |
| | | | |
L I I I I
] ] I I I I
B I I I I I
[foreafH token in job] i i i i |
CheckQueue(queue ‘Queueld)int | i i i i
| | | |
| | | |
T | | | |
l | | | |
F|n|§\JabExecuuo:onhlnsanceU\d :string, taskUid .sn'ng) :short o Finish :M sting) sshort }
| | ﬂ |
< — e e e qj I
I | I I
I I I I |
I I I I |
[Pt | | | | |
[no mdre executions] | | | | i
Fi Jid :string, taskUid :string, smpleJob :bool) :short o Finish Jid string) sshort }
T i
| | ﬂ |
et E L PRt Femmmm e — fmmm————————— qj |
U | | | |
I | | I | |
I I I I I |
I I I I I I
I I I I I I
I I I I I I
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
I I I I I I
I I I I I I
I I I I I I
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
I I I I I I
I I I I I I
Figure 43. Closing Job
sd Starting JobBatches and Jobs /
:IBalticServer :BatchManager :ClusterProxyAPI
T T T
| | |
BatchMessageReceived(BatchinstanceMessage) : . ! |
[slhon !
| PrepareWorkspace(BatchID :string, resoyrceQuota :ResourceQuota) :string
>
| Lg
I <-— """ TTTTToo- ‘LJ
Confim}BatchStan(batcthgUid :string, jobQueuelds :List<?ueueld>) |
|
|
| |
JoblInstanceMessageReceived(jim :JobInstanceMessage) : |
short L !
|
| RunBalticModul 1D :string, moduleBuild :BalticModuIeBuiId)I:XModuIeAccessData
| >
| te0 :JobAPI
create
| =
| < ———————————————— =
'
ConfirmJobStart(instanceUid :string, requiredPinQueues :List<|QueueId>. isNewlnstance :bool) | :
! I
! I
| | |
TokenMessageReceived(tm :TokenMessage) : : | |
short ! |
T ProcessT okenMessage(tm :XInputTokenMessage) : !
I short I
| I |
| | |
| | |
| | |
| | |
| | |
: : PutTokenMessage(tm :TokenMessage, requiredMsgUid :string, finalMsg :bool) :short
I O ]
! ! ! :
D¢

Figure 44, Token Circulation - Starting Job Batches
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sd Finalising Jobs and JobBatches /

:IBalticServer :BatchManager :ClusterProxyAPI :JobAPI
T T T T
| | I |
: ! PutToker n :Toker ge, requiredMsgUid :string, finalMsg :bool) :short!
| _PutTokenMessage(tm :TokenMessage) : | |

short :

'
AckTokenMessages(msgUids :List<string>, senderUid :string) :short
|

4

'
AckMessage(msgUids :Dictionary<string, string>, status :FuIIJobIS:a\us) :
short

|
FinishJobInstance(jobInstanceUid :string) :short |
L

DisposeBalticModule(batchUid :s(nng.lmoduleum :string) :string
>

? e T

ConfirmJoblnstanceFinish(jobInstanceUid: string)
h

|
FinishJobBatch(batchMsgUid :string) :short__ |

Figure 45, Token Circulation - Finalising Jobs

sd Job Behavior /

“JobAPI “JobController ‘DataStoreProxy ’ “JobTask TokensAP!
T T T
| ProcessTokenMessage(tm) : | i
CheckToken() |
CheckDataConnections) : |
e ___ _com

T
I
I
I
I
I
I
I
short !
I
I
I
I
I
I
I
I

alt
[comuptpd token] The token data is ot readable and the module cannot send a
o _ negative ACK message. Batch Manager has o send a negativ
comupted-token ACK to the Master Node.
i
|
I The data store could not be contacted. The Batch Manager /
} Queue should repeat (until timeout / count no.).
T 1
nauthorised || conn X | |
| ACKT, badd - The data set in the token contains wrongfinsufficient data to
H short H g connect to the data store (eg. wrong login/password, wrong
[T< ~~ “okbad-dataset ™~~~ | | | path). The Batch Manager should not repeat computations.
T | | |
el o e b [ -
I i i i
[conn == 04 | StartDataProcessing() | |
! | | |
i T T
! B i i
¢]<* ****** KT [finished || failed] } : DoProcessData() }
| T | |
| | : :
| | alt i i
| | i PuTokenMessage(tm) |
i i [esult==0 | I N e ]
| | | T
| | | [finished]:AckT okenMessages(ackol : |
| | | lshor
| | ]
i i Tt B I 1
| | |
! ! AckTokenMessages(failed-data-processing) : ! Processing has failed due to wrong data in the data set. The
i i Fsnort Batch Manager should not repeat computations.
i i T T
1 1 H H

Figure 46, Job Behavior

Next, we provide UML Activity diagrams which explain in detail how the central activity of the Bal-
ticLSC Environment is performed — starting and closing jobs (computations). See Figure 47, Figure
48, Figure 49.
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act Starting /
PutTokenMessage
called
Check that this is
a batch message
Job ready to start? ‘
[ves] ‘
Batch ready to
start?
[nq]
[Message for
[Message for “copy-in" job]
[no] “normal” job] [Message fo
[else] "copy-out" job
[yes]
Negate the token no
negative (from copying job) Create
Start batch
- [no]
Create
Start job "copy-in"
message
Create and start all ‘
obs if needed
[Batch was started OR
"Copy" job for the current
token was started]
/b
Put message to a
queue
ActivityFinal
Figure 47, Starting Job
act Closing j /
Closing instance(s) of a job: Closing a token queue:
when all "incoming” queues are closed (.. tokens when all "producer” job instances are closed and all
are also "balanced"; received == processed) messages were acknowledged
AckMessage
called ‘ ________ when thisiscalled, the calling job
instance isin a "balanced" state
Queue states:
Check current AckMessage in the "empty" - no messagesin the queue
queue state curent queue “not empty” - the queue has some messages, either those currently
being processed (reserved, to be acknowledged) or waiting to be
[queue not empty]
[queue empty]
Check the current
queue complies with
one of the
MasksToRemov e
- Put <queue, job instances> to the
[queue not compliant] EmptyQueuesToJobLookup
[queue compliant]
«recurrent»
CloseJob(queue name, job
instance)
Figure 48, Closing Jobs
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act CloseJob /

ClospJob

Close the current queue

Check if this was the last
input queue not yet closed
for the current job instance

[last queue]

Check if the current job
is single

output queues

Generate MaskToRemov e for
output token number, from input
queue

on input (next job), is "single" (has one
provided single pin)

[not last queue]

foreach token number from

Check if the job with this token number I

Close the current
job instance

[current job is not a single job]

Close all job
instances

[current job is a single job]

end foreach

«recurrent»
name, job i

Close.

)

[not all instances closed AND
job isnot single]

Determine job
instances

based on the

Shorten the queue mask
dleJobLooku.

[all instances closed OR
job issingle]

Check if all other job instances
of this job are closed

[next job issingle]

es compliant
y added mask

Find all queu

with the new;

[next job is not single] Add the new queue mask to

the MasksToRemov e list

Next, we add UML State Machi

Figure 49, Closing Job

ne diagrams depicting how states of tasks, batches and jobs changes

over time. See Figure 50, Figure 51, Figure 52.

stm StateMachi... /

InitiateTask

StartBatch [Cannot find
compatible Node]

Rejected

Aborted
AbortTask AbortTask \AbonTaSk
- [[Data Sets not ready
StartBatch Working for a working batch] Neglected

>

InsertDataSet [Neglected
batch can start working]

-

[Data Setsnot ready & \
no batch working]

UnexpectedFailureEvent

N

“

StartBatch [Cannot find

y)atible Node]

[All batches finished]

Completed

Figure 50, Task Status State Diagram
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stm StateMachi... /

Aborted

N\ AbortTask AbortTask
ConfirmBatchStart
ActivateJobBatch

[Data Sets not ready
Working for the batch] Neglected

InsertDataSet [The batch
can start working]

ActivateJobBatch [Cannot
find compatible Node]

[Batch finished] UnexpectedFailureEvent

Rejected Completed Failed

Figure 51, Batch Status State Diagram

stm StateMachi... /

Scheduled
—j

JobBroker.ConfirmJobStart

StartJob .

/ Opefrating \
AckMessage [TokensReceived ==

Working TokensProcessed] Completed

)

[Job.GetStatus == Idle (not

enough data)] [Job.GetStatus == Working || (Job.GetStatus ==

Unknown && TokensReceived >
TokensProcessed)]

Idle

UnexpectedFailureEvent

Aborted

Figure 52, Job Status State Diagram
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4.2.2 [05.2] App Store Functions
This Section contains the design of relatively simple app store functions.

sd Interaction /

X

:App User
|

|
| showapp
store() ’

par /FindApps(query :XUnitQuery) :I;Enumerable<X00mputationUnit>

:MasterNodeFrontend

:AppStoreControlle :lUnitManagement

FindUnits(query :UnitQuery) :List<ComputationUnit>

X

:App User
|

|
| add app to shelf() >l

AddAppToShelf(releaseUid :string) |

AddUnitToShelf(releaseUid :string, userUid :string, toToolbox :bool}

s Add App to App Shelf

|

|

<- -7 |

T T |

| | |

| | |

Figure 53, User Interaction - Show App Store
sd Interaction /
:MasterNodeFrontend :AppStoreControllen] :lUnitManagemen

short

Figure 54, User Interaction - Add App Too App Shelf
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4.3 [05.2] [05.4] Computation Application Development

This section describes the functionality (see Figure 55Figure 36) used by the developers. It includes
functionality to create computation applications out of readymade modules, and to create modules it-
self.

uc Computation Application Developm... /

G =

E 3 N 7l
Dev elaper \\ /
«invofes» «involes
\ 0 T
\ / _“invokes»
5 w=q G = -
__________ |
- «invokes» 1 N
priaity3s O\ T~ - | RN
Create Computatian | «invokes» T |
/ «invokes» |
Applcation - N ~ - | :
«in vnke/s» ,f/ \ I Validate Computation
n \ ! Module
Z// ; \ «invokes»
cinvokes» \\ i
A / 1
apriority 3= N ‘
_ fl «invokes» : «invokes»
Module / \ | s
% 3§ s
apriority 2=

|r_5,l =q Create Unit Release/— —  _
«invokes»

Figure 55, Computation Application Development

Developer use such main functions:

1. [05.2] Show Development Shelf — manages own computation units and browse readymade
units of other developers.

2. [05.2] Create Computation Application and Create Computation Module — creates computa-
tion units.
3. [05.4] Edit Application Diagram — builds CAL programs.
4. [05.2] Create Unit Release — creates computation unit releases.
5. [05.2] Update Unit Properties and Update Unit Release Properties — edits unit properties.
6. [05.4] Update Toolbox — manages toolbox.
sd Interaction /
Q :MasterNodeFrontend «interface» «interface» :IDiagram
X :DevelopmentControlle :IUnitManagemen
:Developer

I
|
create app() | :
|
|

| T
| |
| |
LIJ |
|
| CreateApp(name :string) :string |
| -t |
| CreateDiagram() :string |
| T ._
| <---—-——-—-——-"—-—-——=- t-—-—-—-—-———————— =
| |
: CreateApp(name :string, diagramuUid :string, userUid :string) :string :
: e :
I <---—-—————-—-—--- I
| | |
| | | |
h [ [ [
L] | | |
| | |
I I I

Figure 56, User Interaction - Create Computation Application
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sd Interaction /
% :MasterNodeFrontend: :DevelopmentController :CALEditorController :IUnitManagement «REST controller
:DataShelfController
:Developer
I T T T
I I I I
| open diagram() | : :
1
GetUnit(unitUid :string) : ] ]
XComputationUnitCrude’ GetUnit(unitUid :string) :C
T
_——— .:. _———
<———— === |
par GetDiagram(diagramUid: string) :XCALDiagram o !
t >
R ﬂ
GetToolboxUnits() :IEnumerah|e<XU|nilRelease> : H
> ! !
FindUnitReleases(query :UnitQuery) :ListComputationUnitRelease>
: >
e bl ______
[l
I
L R R i
GetAvailableDataTypes() :List<XDataType> | H
I I
I
g
<

qup_/
edit diagram() .3_/
[

nove element]

XDiagram) N

[Wpdate compartment]

I
UpdateCompartment(id :string, delta :XCompartment)
T

[

reate line] | T
AddElements(elements :List<XDiagramElement>) :string 1
I
I

-4--H

Figure 57, User Interaction - Edit Application Diagram
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sd Interaction /
% :MasterNodeFrontend :DevelopmentControlle :IlUnitManagemen
:Developer
| I I I
| | | |
| show dev. | | |
shelf() FindUnits(XUnitQuery) :Lis<XComputatifnUnit> :
-
|

FindUnits(UnitQuery) :List<ComputationUnit>

<_ ________________

GetUserUnits() :List<XComputationUnit>

<_ ________________

Lo -

GetToolboxUnits() :ListxXComputationUnitRelease>

<_ ________________
ref q -
Create Computation Application |
| | | |
1 1
e Create Unit Release |
| | [ [
| |
LEf Edit Application Diagram |
T T
| |
_________ | |
< | |
T | |
| | | |
| | | |
| | | |
1 1 1 1
Figure 58, User Interaction - Show Development Shelf
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sd Interaction /

% :MasterNodeFrontend :DevelopmentControlle| :lUnitDevManager| :IlUnitManagement {ICALTranslation

:Developer
|

T
| create release() |
1 1

alt . N
CreateAppRelease(appLIJid :string, version :string) :strling

|
CreateAppF ppuid :string, vers'or|1 :string) :string

B

GetUnit(unitUid :string) :ComputationUnit

[application]

e ——————_——

CopyDiagram(diagramUid :string) :string

e ——————_——

I
CreateAppRelease(version :string, diagramuUid :string) :ComputationApplicationRelease
L

'
AddReleaseToUnit(unitUid :string, release :ComputationUnitRelease) :string |

< __________

T

< |

________ i T |
[module] duleRel oduleUid :string, version :string, Y;AML string) :string : :
AddR ToUnit(unitUid :string, rélease :ComputationUnitReleése) :string :
| |
__________ A |
< 1 |
l l
< - | | |
l l l l
<———=—— 1 1 1 1
L] L | | | |
| | | | | |

Figure 59, User Interaction - Create Unit Release
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4.4 Computation Resource Management

uc Computation Resource Managem... /

«priority 3»
Create new CClustey

Safely deactiv ate

/7 CCluster
Supplier 7
pp , _
«invokes» - /?\
/ -
_ - “«invokes» |
- |
- |
«priority 3» «priority 4» :
Show Resource Shelf T T T ——~=——==3 Update CCluster I
«invokes» :
details «invokes»
|
|
AN
N /7\ |
/ «invokes» S I I
\
«invokes» // \ ) S II :
«invokes»™ _ «invokes» -
~ i e

N
N\ | '//

«priority 4»
Submit CCluster << - _

. -~
«invokes»

«priority 4»

Show CCluster details

Show execution
history for CCluster

«invokes»

Figure 60, Computation Resource Management

4.5 Computation Resource Supervision

uc Computation Resource Supervisi... /

Execute
periodic/random
benchmarks

«priority 4»
Update CCluster
status

/- , «priority 4»
Administrator «inyokes» Show CCluster O
/ details
/ -7
va - -
_— =~ “«invokes» |
-

«priority 3»
Show Global
Resource Shelf

i Time Daemon

~
~
~

Figure 61, Computation Resource Supervision

«invokes»™
~

«invokes»
1
I
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5. [05.3] Computation Application Language (CAL)

This Chapter describes the Computation Application Language (CAL) - main concepts, abstract and
concrete syntaxes, and semantics. The CAL metamodel (See Figure 62, CAL Metamodel as UML
Class diagram is used to denote main classes of CAL and its surroundings. It corresponds to the Out-

put 5.3B.

5.1 Surroundings

Baltic Sea Region

Computations within BalticLSC Network is being caried out by computation units (class Computa-
tionUnit). There are two different kinds of computation units — applications (class Computa-
tionApplication)and modules (class ComputationModule).
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Computation module is the atomic element of the computation — it is a Docker image which implements
the JobAPT interface (see Figure 8, Job Controller) and communicates with the batch manager using
TokensAPI interface. They are developed by the module developers and are the building blocks for
computation applications. Basically, computation application consists of calls to the computation mod-
ules and other computation applications. CAL is used to denote the computation application in a graph-
ical way, thus, every computation application has a diagram (class CALDiagram) attached to it (mod-
ules does not have).

Computation unit is useable for the CAL application if the unit has a release (class Computa-
tionUnitRelease). Computation unit release is a fixed state of the computation unit which is exe-
cutable within BalticLSC Environment. Computation unit may have several releases and every non-
deprecated release is usable for construction of computation application.

5.2 CAL Program

CAL program describes the computation of a particular release of computation application. Thus, in
abstract syntax we do not distinguish between CAL program and computation application release. In the
metamodel CAL program corresponds to the ComputationApplicationRelease class.

5.2.1 ComputationApplicationRelease class

Brief overview. Computation application release contains all CAL elements: declared pins, unit calls
and data flows. It corresponds to a single diagram in the concrete syntax of CAL.

Generalizations. It is specialized from ComputationUnitRelease class.
Attributes.

[inh] Name: string — specifies the name of the release.

[inh] Uid: string — specifies the GUID of the release.

[inh] Status: UnitReleaseStatus — specifies the status of the release. May be, Created=0, Submitted=1,
Approved=2, Deprecated=3 and Removed=4.

[inh] Version: string — specifies the version of the release.

DiagramUid: string — specifies the GUID of the corresponding diagram.

Associations.

[inh] Descriptor [1] — additional (non-essential for the execution) information on the release.
[inh] Unit [1] — unit the release belongs to.

[inh] DeclaredPins [*] —list of declared data pins for the release.

[inh] SupportedResourcesRange [0..1] — the range of resources (CPU, RAM, etc. ...) the release is ca-
pable to operate.

[inh] Parameters [*] — list of parameters for the release.
Calls [*] — list of unit calls owned by the release.
Flows [*] — list of data flows owned by the release.

Concrete Syntax. Computation application release is depicted as a diagram.

5.2.2 ComputationUnitRelease class

Brief overview. Computation unit release is an abstraction of both computation application and module
releases. In the CAL program the calls are made to unit releases without distinction between modules
and applications. The CAL program developer can even not know which kind of unit is used.

Attributes.
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Name: string — specifies the name of the release.
Uid: string — specifies the GUID of the release.

Status: UnitReleaseStatus — specifies the status of the release. May be, Created=0, Submitted=1, Ap-
proved=2, Deprecated=3 and Removed=4.

Version: string — specifies the version of the release.

Associations.

Descriptor [1] — additional (non-essential for the execution) information on the release.
Unit [1] — unit the release belongs to.

DeclaredPins [*] —list of declared data pins for the release.

SupportedResourcesRange [0..1] — the range of resources (CPU, RAM, etc. ...) the release is capable
to operate.

Parameters [*] — list of parameters for the release.

5.2.3 DeclaredDataPin class

Brief overview. Declared data pins declare datasets required and provided by computation unit. Data
pin defines data type (e.g., JSON, XML, Image, etc. ...), structure (for structured data types), and access
type (e.g., MongoDB, FTP) of the dataset. Data multiplicity can be defined too — it means that dataset
might consist of single item or it might be a list of items. Token multiplicity defines whether a data pin
requires or provides single or multiple tokens. Declared data pins of the computation application are
part of the CAL program (while declared pins of the modules are not).

Generalizations. It is specialized from DataPin class.
Attributes.

[inh] Name: string — specifies the name of the data pin.
[inh] Uid: string — specifies the GUID of the data pin.
[inh] TokenNo: long — specifies a token number.

[inh] Binding: DataBinding — specifies the data binding for the data pin. Binding might be Re-
quiredStrong=0, RequiredWeak=1, Provided=2, ProvidedExternal. Required data pins defines datasets
that are consumed, provided — produced. Strong data pins define mandatory datasets, weak — optional.

[inh] Type: DataType — specifies type of the dataset, e.g., JSON, XML, Image, etc.

[inh] Structure: DataStructure — specifies the data structure, in fact, data schema of the dataset, if the
data type is structured.

[inh] DataMultiplicity: CMultiplicity — specifies the multiplicity of data items in the dataset. It might
be Single=0, Multiple=1.

[inh] TokenMultiplicity: CMultiplicity — specifies the multiplicity of tokens consumed or produced by
the data pin. It might be Single=0, Multiple=1.

[inh] Access: AccessType — specifies way to access dataset, e.g., MongoDB, FTP, etc. ...
Associations.

[inh] Incoming [0..1] — incoming data flow. Required declared data pins (Binding = Required\Weak or
RequiredStrong) may not have incoming data flows.

[inh] Outgoing [0..1] — outgoing data flow. Provided declared data pins (Binding = Provided) may not
have outgoing data flows.
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Req S Token S Data Req M Token S Data  Req S Token M Data Req M Token M Data

= 2 LI W»

Prv S Token S Data Prv M Token $ Data Prv S Token M Data Prv M Token M Data

= >l A A

Figure 63, Notation of declared pins depending on their properties. Req - required, S - single, M - mul-
tiple, Token - token multiplicity, Data - data multiplicity.

Concrete Syntax. Declared data pins are defined differently for computation modules and computation
applications. Pins of the modules are defined using conventional GUI within the BalticLSC Computa-
tion Tool. However, declared pins for applications are defined within CAL programs using graphical
notation — rectangle. The shape of the rectangle is determined by attribute values. The upper part of
Figure 63, Notation of declared pins depending on their properties. Req - required, S - single, M - mul-
tiple, Token - token multiplicity, Data - data multiplicity. contains required declared data pins, while
lower part contains provided data pins of an application. They are distinguished by placement of black
rectangle — required data pin has it on the left side, provided data pin has it on the right side. Data
multiplicity is depicted by number of triangles — single has one, multiple has three. Token multiplicity
is depicted by the colour of the triangles — single has white, multiple has dark. The name of the declared
data pin is depicted above the rectangle.

5.2.4 UnitCall class

Brief overview. Unit call is used to invoke of a computation unit — start a particular computation step
within the whole computation. Unit calls have data pins which denote data sets received as input and
output of the computation. Unit calls are part of a CAL program.

Attributes.
Name: string — name of the unit call.

Strength: UnitStrength —unit calls might be Weak=0 or Strong=1. Strong unit calls require all underly-
ing computations to be computed within single pod. Weak unit calls do not set any restrictions on
computations.

Associations.
Unit [1] — computation unit which is invoked by the unit call.

Pins [*] — computed data pins owned by the unit call. They are copies of the data pins declared by the
invoked unit that can be slightly configured according to the needs of current computation.

ParameterValues [*] — values of the unit parameters declared by the invoked computation unit.

Concrete Syntax. Unit calls are depicted as rounded rectangles. Figure 64, Notation of unit calls.
Strong unit call on the left, weak unit call on the rightcontains two unit calls. Upper part of the unit
call contains unit call’s name, the lower part the name of the invoked computation unit release which
consists of unit’s name and release version. Data pins owned by the unit call are placed on the left and
right of the unit call. Required on the left, provided on the right. The strength of the unit call is de-
noted by outline shape of the rectangle — strong unit calls have solid line, weak — dashed.
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ReqPin| Strong Unit Call Name | PrvPin ReqPin IF Weak Unit Call Name Y prvPin

Computation Unit Name Computation Unit Name '
Release Version Release Version
.

Figure 64, Notation of unit calls. Strong unit call on the left, weak unit call on the right

5.2.5 ComputedDataPin class

Brief overview. Computed data pins are not independent CAL elements. Although, computed data
pins are part of the CAL program. As the name suggests, the computed data pins are derived from the
declaration of the computation unit release a particular unit call is invoking. When unit call is placed
in the CAL program, the unit call has computed pins with the same properties as invoked computation
release’s declared pins. Basically, computed pins represent declared pins in the context of the unit call.
Computed data pins are used as places where incoming and outgoing data flows are connected to the
unit call. There are just few possibilities to configure computed data pins — one can name pins more
appropriate for the computation and set the pin group and depth for more complicated parallel pro-
cessing cases.

Generalizations. It is specialized from DataPin class.
Attributes.

[inh] Name: string — specifies the name of the data pin.
[inh] Uid: string — specifies the GUID of the data pin.
[inh] TokenNo: long — specifies a token number.

[inh] Binding: DataBinding — specifies the data binding for the data pin. Binding might be Re-
quiredStrong=0, RequiredWeak=1, Provided=2, ProvidedExternal. Required data pins defines datasets
that are consumed, provided — produced. Strong data pins define mandatory datasets, weak — optional.

[inh] Type: DataType — specifies type of the dataset, e.g., JSON, XML, Image, etc.

[inh] Structure: DataStructure — specifies the data structure, in fact, data schema of the dataset, if the
data type is structured.

[inh] DataMultiplicity: CMultiplicity — specifies the multiplicity of data items in the dataset. It might
be Single=0, Multiple=1.

[inh] TokenMultiplicity: CMultiplicity — specifies the multiplicity of tokens consumed or produced by
the data pin. It might be Single=0, Multiple=1.

[inh] Access: AccessType — specifies way to access dataset, e.g., MongoDB, FTP, etc. ...
Associations.

[inh] Incoming [0..1] — incoming data flow. Provided computed data pins (Binding = RequiredWeak
or RequiredStrong) may not have incoming data flows.

[inh] Outgoing [0..1] — outgoing data flow. Required computed data pins (Binding = Provided or Pro-
videdExternal) may not have incoming data flows.

Call [1] — unit call which owns the computed pin.
Group [0..1] — pin group the computed pin belongs to.
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Req$s cu Prvss
Computation Unit
Name Version
ReqSM PrvMs
RegqMs PrvsMm
RegMM PrvMM

Figure 65, Notation of computed data pins attached to the call unit. Req — required, Prv — provided, two last letters provide
the data and token multiplicity accordingly. S — single, M — multiple.

Concrete Syntax. Computed pins are depicted as rectangles pinned to the unit call box (See Figure
65, Notation of computed data pins attached to the call unit. Req — required, Prv — provided, two last
letters provide the data and token multiplicity accordingly. S — single, M — multiple.). There is no dis-
tinction between required and provided data pins except the placement regarding the unit call’s box —
required are on the left, provided on the right. Notion of other properties of computed pins is identical
to the notion of declared data pins. Data multiplicity is depicted by number of triangles — single has
one, multiple has three. Token multiplicity is depicted by the colour of the triangles — single has white,
multiple has dark. The name of the declared data pin is depicted above the rectangle.

5.2.6 DataPin class

Brief overview. Data pin is an abstraction of declared and computed data pins. It holds most of attributes
and associations of both types of pins. Data pins may be connected by the dataflows. Every data pin
might have just one data flow connected to it. Declared pins represents input and output of the CAL
program (which is computation application as well). Required declared pins start the data flow and pro-
vided declared data pins end. Computed pins do it as well, but they act in an opposite way — required
computed pins end the part of dataflow delivering data tokens to the computation unit, but provided
computed pins starts the part of dataflow receiving computed data tokens from the computation unit.

Generalizations. It has specializations to DeclaredDataPin and ComputedDataPin classes.
Attributes.

Name: string — specifies the name of the data pin.

Uid: string — specifies the GUID of the data pin.

TokenNo: long — specifies a token number.

Binding: DataBinding — specifies the data binding for the data pin. Binding might be Re-
quiredStrong=0, RequiredWeak=1, Provided=2, ProvidedExternal. Required data pins defines datasets
that are consumed, provided — produced. Strong data pins define mandatory datasets, weak — optional.

Type: DataType — specifies type of the dataset, e.g., JSON, XML, Image, etc.

Structure: DataStructure — specifies the data structure, in fact, data schema of the dataset, if the data
type is structured.

DataMultiplicity: CMultiplicity — specifies the multiplicity of data items in the dataset. It might be
Single=0, Multiple=1.

TokenMultiplicity: CMultiplicity — specifies the multiplicity of tokens consumed or produced by the
data pin. It might be Single=0, Multiple=1.

Access: AccessType — specifies way to access dataset, e.g., MongoDB, FTP, etc. ...
Associations.
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Incoming [0..1] — incoming data flow. Required declared data pins and provided computed data pins
may not have incoming data flows.

Outgoing [0..1] — outgoing data flow. Provided declared data pins and required computed data pins
may not have outgoing data flows.

5.2.7 DataFlow class

Brief overview. Data flows are used to depict the transition of data tokens between data pins. Data
flow connects exactly two data pins.

Associations.
Target [1] — data pin which consumes data tokens.
Source [1] — data pin which produces data tokens.

Constraints. Data flow may connect data pins with compatible data types and the same access type.
Depending on data pin class (Decl. — declared, Comp. — computed) and binding (Reg. — required, Prv.
— provided) the data flow is allowed accordingly to this table:

To | Decl. Req. | Decl. Prv. | Comp. Req. | Comp. Prv.
From
Decl. Req. No Yes Yes No
Decl. Prv. No No No No
Comp. Reg. No No No No
Comp. Prv. No Yes Yes No

Concrete Syntax. Data flows are depicted as arrows. They must connect two data pins. (See Figure
66, Simple example of CAL program - two declared pins, a unit call with two computed pins, and two
data flows.

Input Pin ReqPin| Unit Call ] PrvPin Qutput Pin

Computation Unit Name
Release Version

Figure 66, Simple example of CAL program - two declared pins, a unit call with two computed pins, and two data flows.

5.3 CAL Types

There are several enumerations and classes used by CAL elements to describe the particular property.
Enumerations (UnitReleaseStatus, UnitStrength, DataBinding, CMultiplicity) has
been introduced in the previous sections and they have fixed lists of possible values. However, there are
several classes which describes undisclosed lists with possible values for CAL element properties. They
are DataType, AccessType, DataStructure.

5.3.1 CalType class
Brief overview. CAL type is an abstraction of the values of data types, access types and data structures.

Generalizations. It has specializations to DataType, AccessType and DataStructure
classes.

Attributes.
Name: string — specifies the name of the CAL type.
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Uid: string — specifies the GUID of the CAL type.
Version: string — specifies a version of the CAL type.

IsBuiltIn: bool — specifies if the CAL type has a built-in support in the BalticLSC Environment. It al-
lows copying data to the cluster where computation executes, and a module can access it within the
same pod.

5.3.2 DataType class

Brief overview. Data type is allowed value for the dataset and data pin property Type. It describes a
particular type of data, and its version. E.g., JSON, XML, Image. Data types are used as constraints on
data flows allowing transitions from and to pins of the compatible data type. Data types are also used to
match data pins with datasets when starting the computation tasks.

Generalizations. It is specialized from CalType class.
Attributes.

[inh] Name: string — specifies the name of the data type.
[inh] Uid: string — specifies the GUID of the data type.
[inh] Version: string — specifies a version of the data type.

[inh] IsBuiltin: bool — specifies if the data type has a built-in support in the BalticLSC Environment. It
allows copying data to the cluster where computation executes, and a module can access it within the
same pod.

isStructured: bool — specifies whether this type is structured. E.g., for XML data the data schema
might be denoted for data pin or dataset.

CompatibleAccessTypeUids: List<string> - list of compatible access types.

ParentUid: string — specifies the parent data type of the given type. Thus, data types make hierarchy,
and it is possible to specify more general data type, e.g., Image, rather than more specific JPG.

5.3.3 DataStructure class

Brief overview. Data structure is allowed value for the dataset and data pin property Structure. It
describes a particular structure of data, and its version. Data structures, basically, are data schemas that
defines the structure of data using the means available for the data type, e.g., JSON Schema may be used
for JSON data.

Generalizations. It is specialized from CalType class.
Attributes.

[inh] Name: string — specifies the name of the data structure.
[inh] Uid: string — specifies the GUID of the data structure.
[inh] Version: string — specifies a version of the data structure.

[inh] IsBuiltin: bool — specifies if the data structure has a built-in support in the BalticLSC Environ-
ment.

DataSchema: string — specifies the data schema of the data structure. Schema itself might be coded ac-
cordingly to the data type it is applied, e.g., JSON Schema may be used for JSON data.

5.3.4 AccessType class

Brief overview. Access type is allowed value for the dataset and data pin property Access. It describes
a type of access to the data, and its version. Type of access is a technology or protocol used to access
data, e.g., FTP protocol might be used to access images.

Generalizations. It is specialized from CalType class.
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Attributes.

[inh] Name: string — specifies the name of the access type.
[inh] Uid: string — specifies the GUID of the access type.
[inh] Version: string — specifies a version of the access type.

[inh] IsBuiltin: bool — specifies if the access type has a built-in support in the BalticLSC Environment.
It allows copying data to the cluster where computation executes, and a module can access it within the
same pod.

AccessSchema: string — specifies the access schema of the access type. It is a JSON Schema that de-
scribes what access information is needed to access type, e.g., host, username and password are needed
to access FTP server.

PathSchema: string — specifies where within the given resource is the dataset located. E.g., folder for
FTP server or collection for MongoDB database.

StorageUid: string — specifies GUID of the storage.

ParentUid: string — specifies the parent access type of the given type. Thus, access types make hierar-
chy, and it is possible to specify more general access type, e.g., NoSQL database, rather than more
specific MongoDB.

5.4 CAL Semantics and Examples

In this section we present the semantics of CAL through describing two basic mechanisms.

1. Functioning of Computation Module instances that results from the execution of Unit Calls.
2. Functioning of the Computation Engine that manages execution of the Computation Applica-
tion Release program graph.

This semantics is illustrated by using example Computation Module definitions and simple CAL ap-
plications.

5.4.1 Execution of Computation Modules through Unit Calls

A Computation Module is a self-contained piece of software that performs a well-defined computation
algorithm. It operates on Data Sets, like files, folders, database collections, database tables etc. Access
to these Data Sets is communicated using Data Tokens passed through Data Pins. Data Pins of type
“input” accept Data Tokens that point to Data Sets provided by other modules or directly by the user.
Data Pins of type “output” deliver Data Tokens that point to Data Sets provided by the current module.

Computation Modules should have many (at least one) input pins and can have many (maybe none)
output pins. The case when there are no output pins is reserved for special modules that can communicate
directly with data stores outside of the BalticLSC system. Execution of a Computation Module within a
CAL program is denoted by a Unit Call associated with the module. The module starts its operations (a
module instance is created) when it receives a Data Token on every of its input pins. When the module
finishes its computations (all or part), it sends a Data Token on a specific output pin.

s A
o Param;s Image Separator Rﬁo
G >
o Image o
2 3%0
\_ Y,

Figure 67 Example Computation Module with “single” Data Pins

This behavior is illustrated in Figure 67. The module (“Image Separator”) receives two tokens (de-
noted as “1” and “2”) on its input pins (named “Params” and “Image”’). When it finishes processing
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(executing a computation algorithm), it sends three tokens (denoted as “3”, “4” and “5”) to its output
pins (named “R”, “G” and “B”).

The module in Figure 67 contains only “single” Data Pins. Such pins assume that only one token is
passed through them for each execution of a computation algorithm. For instance, the example “Image
Separator” accepts one “Image” token with an associated “Params” token. Then it processes this single
image and produces one resulting token for each of the three image components (“R”, “G” and “B”).

Data Pins can be also defined as “multiple”. This can pertain to “data multiplicity” or “token multiplic-
ity”. Pins with multiple data, accept or produce tokens that refer to data collections (e.g., folders vs.
single files). Pins with multiple tokens accept or produce sequences of tokens within a single computa-
tion execution. A computation module with pins of the “multiple” kind is illustrated in Figure 68. The
“Image Tokenizer” accepts a single token (denoted as “1”) that refers to a collection (a folder with image
files, cf. data multiplicity). Then, it produces multiple tokens (denoted as “2-1" and “2-2”, cf. token
multiplicity) that refer to individual image files. Note that pins can be “multiple” both for data and for
tokens.

Pin types:

- “single”
Image f ] ' ! )
- “multiple token

o Folder Image Tokenizer m 2 2 t i
§ - “multiple data”

§ - “mult. data & token”

Figure 68 Example Computation Module with “multiple” Data Pins

Considering configuration and multiplicity of input and output pins, we can distinguish several reference
module types. These types can be combined into hybrid types (e.g., splitter-joiner).

Simple processor (one single input, one single output)

Data separator (one single input, many single outputs)

Data splitter (one single input, at least one token-multiple output)
Data joiner (many single inputs, one single output)

Data merger (at least one token-multiple input, one single output)

5.4.2 Management of Computation Application Release execution

Execution of Computation Modules within a Computation Application Release is managed by a Com-
putation Engine that operates according to the rules described below. We will illustrate these rules with
simple examples.

The first example is a very simple program, shown in Figure 69. The program contains a single Unit
Call, which, according to the language syntax, contains two compartments. The first compartment con-
tains the call name (here: “detector”, it can be any name that identifies this particular call). The second
compartment contains the name of a particular Computation Module, selected from the list of available
modules, that is called by this call (here: Face Detector).

-

~
Input Photos input detector output  Output Photos

Face Detector H

" J

Figure 69 Simple CAL application with one Module Call and two External Data Pins

The Module Call in Figure 69 contains two “single” Data Pins (“input” and “output”), where their mean-
ing was explained in the previous chapter. Apart from this, the program contains two Declared Data
Pins (“Input Photos” and “Output Photos”). These pins refer to some data sources external to the exe-
cution environment. When the application is executed, the user can select specific credentials and loca-
tion (e.g., URL) where these data sources are situated.
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Pins are connected through Data Flows denoted with arrows. Note, that in our first example, a “multi-
ple data” pin (“Input Photos”) is connected to a “single” pin (“input”). This means that the execution
engine will process several data items (e.g., files) stored in a collection (e.g., a folder). For each such
data item, a separate instance of the Face Detection module will be started. Each such instance will re-
ceive a token with a reference to a single data item (file) in the collection (folder). This means that the
engine will possibly execute several instances of the Face Detector module in parallel, each processing
a single data item (here: a photo file).

When any of the Face Detector module instances finishes processing its input data item, it sends a to-
ken to its “output” pin. This token will then be passed to the “Output Photos” pin. Note that the “Out-
put Photos” is a “multiple data” pin, just like the “Input Photos” pin. This means that the data item will
be sent to a collection (folder). In summary, the program in Figure 69 takes a single folder placed on
some server managed by the user. It then sends photo files from that folder to several instances of the
Face Detector module that run in parallel. While each of the module instances finish, the results of
their work are placed in some (perhaps other) folder provided by the user.

Another, more complex CAL program is shown in Figure 70. The files in the “Input Images” folder
Input Images Output Images

- output
—— ~ edger R —
separator channel 1 ] Image Edger channel 1 joiner
input \_

Image Channel E_ Image Channel
Separator Joiner

channel 2 e output channel 2
~] J edger G

i — Image Edger

Image channel 3 input \_ channel 3 image

e output
\ ) ~ edger B \ /

]
input\_ Image Edger JA

Figure 70 More complex CAL application with several Module Calls

are sent to several “Image Channel Separator” module instances that run in parallel. Each such in-
stance takes an “image” on its input and produces three images, sending three tokens — one on each of
its output pins (“channel 1-3”). Each of these three images are in turn processed by a separate instance
of the “Image Edger” module. When three “edger” instances finish their work, their “output” tokens
are passed to an instance of the “Image Channel Joiner” module. This module takes the three “chan-
nel” images (produced by the “edgers”), combines them into a single image and sends a token on its
output (the “image” pin). All the images produced by the instances of the “Image channel Joiner”
module are then stored in the folder determined by the “Output Image” pin.

It should be noted that the program in Figure 70 can cause execution of many module instances in par-
allel. For example, let’s consider running the application with 10 images stored in the “Input Images”
folder. This will result in parallel execution of up to 10 instances of “Image Channel Separator”, 30
instances of “Image Edger” and 10 instances of “Image Channel Joiner”. Depending on the computa-
tion complexity and processing time for individual photos, it might happen that some instances of “Im-
age channel Joiner” might start (and even finish) their tasks, while some of the instances of “Image
Channel Separator” will still work. Also, it should be noted that the CAL execution engine will
properly handle all the tokens flowing within the system. This means for instance, that the “channel”
tokens for a single image will be separated and then joined appropriately, preventing from “mixing”
tokens that “belong” to the same initial image.
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6. Conclusion

The main objective of the document is to describe the design for BalticLSC Software. The design spec-
ification is a “live” document, and it is updated during the process of software design and development.
The main work is the addition of the necessary details to the behavioural and data models according to
the work plan of the agile design and development process.

This document is the main source of the information for the ongoing activities A6.2 Implementation of
the BalticLSC Software to ensure the match between design and developed software.
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