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From observation to data
management
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Integrated Carbon
Observation System

& More than 100 observation station R [ Data portal ]

in 12 EU countries

€ Data acquisition: [Atom. 1 [Ocean} [Eco-s 1 Lab
€Green gas

€Data maiagement [ @ @ @ @

€4 thematic centers Observatory network

@Via Data portal, users can also
| Legend

submit data results }:
¥ Atmospheric station
€ Governance

€L egal entity: European Research &
Infrastructure Consortium
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-~ Ocean shipping line




How ICOS manages data |COS‘
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ICOS data products

* Raw observational data (Level 0)
3007 For specialists; available on request
-« Near Real-Time data (Level 1)
For specialists; available on request
. . Mainly automated quality control & processing
| w; . Time delay & parameter scope varies

gl sl ¢ QA/QCied & aggregated data (Level 2)
X % { ‘“ g 0 Main data product — time series of 30-60 min means

Full parameter sets available

l b, Elaborated data (Level 3)
4; j e | Model calculation outputs (atmospheric & ecosystem)
r,\.;;& g | @ ) gl . .
sagee - Mainly contributed by ICOS data end users
|
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€ More than 4000 monitoring station
€ 10 key thematic services:

€ Seismology, Near-Fault
Observatories, GNSS Data and
Products, Volcano Observations
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Euro-Argo, European contribution to
the Argo program

€ The international Argo program was initiated in 1999

€ The Argo network is a global array of more than 3500 autonomous
instruments,

€ 12 European countries gathered in 2008 within the Euro-Argo project
@ European contribution to Argo by deploying 250 floats per year.




| Analysis and experimentation on
«fa ANaE Ecos%/stems P

Analysis and Experimentation on Ecosystems @

@€ Different platforms across
17 EU countries

@Open fields 109

€In house 45

@Data analysis 35

@Modelling platform 9
€ Food safety, agriculture
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Research infrastructure

€ Research infrastructures (RIs) are facilities, resources and services
used by the science community to conduct research and foster

Innovation.
@ Developed as single site, distributed or virtual (RI)
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(5) Life science(13) (7) (6) physics structure
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22 The life cycle of a Research
community
Infrastructure
Preparation Operational

ESFRI ESFRI ESFRI
ESh Roadmap Landmark Impact
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Data for science theme: motivation

Climate

changing Volcano

lution

—

é Data, services, workflows from multiple Q
domains L

* Upper space observing » Deep sea observing




Curation: quality control, annotation

Nearly real-time Data handling,

EP2S

EUROPEANPLATEQBSERVINGSYSTEM

‘, integrated
carbon
observafion
system
data LO 1 Vietadata

ICS-C
System A A A ) |CS.D
catalogue Software system Engine
Interoperability/compatibility Layer: ICS-APIs (wrappers)
TCSs
National
Ris




Data identification and citation
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Data cataloguing

Interoperable cataloguing?

ICOS stations .
@ Atmosphere e { 6750 flign® since July 2011 - Status 01/09/2015
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Processing, monitoring, diagnosis and
optimization
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How to optimize: data discovery, access, delivery and processing.
- a &
Tools: processing, monitoring, and
diagnosis, virtual research
environments




Data provenance

PROV-O?

7“

Ny
q ! \
N

" Provenance wb Provenance Provenance
00 !

7LTE{<\% /- .

.' leqraed ? > W
‘Q(OS A ® 6
bservali
I i A urope




Interoperability challenges

@€Diverse visions, different development agenda, and the lack of
common vocabulary make the data and functional components difficult
to be interoperable.



Reference model

€ISO: Open System Interconnection(OSI) Reference model

€ISO: Software engineering, Open Distributed Processing (ODP)
reference model

€@ OASIS: Service computing, Service Oriented Architecture (SOA)
CWIMC: Workflow Management Coalition reference model
€ Data curation: Digital Curation Center Reference Model



Reference model
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Reference model

€ The ENVRI Reference Model (RM), started in the former ENVRI project, is
an ongoing development of ENVRIplus that can be applied to the informatics
engineering design challenges faced by Rls.

« Based on the Open Distributed Process (RM-
ODP, ISO 10746).

€ Like the design of buildings, the RM decomposes the modelling
procedure for a complex distributed system into different viewpoints.

€ The RM promotes a standarc

vocabulary for describing ENVRIRM V'EWpo'ntS . iscmne
environmental research P
infrastructures and for Sy .-

modelling their | / — w

components and

d ' Design:
architecture from the | '"j?;;*v‘;j;'; ) g —emiF_ | Computational  How does
scientific, informational, oo ol @ Y "
computational, What s it EP. 5?1 e
engineering and ADout? e /
technology viewpoints. P

€ Current version: V2.1 oo ot args ( ENEineering (7 Technology )
H viewpoint viewpoint 5
http_'//en V[Il. eU/rm work together? - . = Implementation:

With what?



Approach: multi viewpoint
EU FP7 ENVRI; | PProdch:| P
modelling, aims at a common
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Implementation:
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1. Chen, Y, et al., (2013) A common reference model for environmental science research
infrastructures. In Proceedings of Envirolnfo2013.

2. Zhao. Z, et al., (2015) Open Information Linking for Environmental Research
Infrastructures. In the proceedings of IEEE eScience [ ]



EU FP7 ENVRI:
@ Understand
Common
challenges and
requirements

Approach: multi viewpoint
modelling, aims at a common
ontological framework
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Approach: RM guided system design
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Storage, compuhng, networking and other technologles
rovided by underlying e-Infrastructures (EGI, EUDAT, etc.)
Zhao, Z., et al. (2015) Reference Model Guided System Design and Implementation for Interoperable

Environmental Research Infrastructures, proceedings of IEEE eScience, 2015
[d0i:10.1109/eScience.2015.41]




Data for science theme knowledge base

€Discover reusable components among research infrastructures.
€Design new research infrastructures.
€ Optimise the evolutionary path. LT

PREFIX /wini.0il-e.net/ontology/oil-base.owl#>
PREFIX rm: <http://www.oil-e.net/ontology/envri-rm.owl#>

SELECT DISTINCT ?instance ?label ?description

WHERE {
" ) 2instance rdf:tvoe rmiResearchInfrastructure
X, ENVRI colaborationsnd o Ep— ENVRIY Knowladge Base query +

EUFSR e

INTEGRATED
1COS ‘ s 4 LTER
SYSTEM "
3 ENVRI+ Knowledge Base

This page acts as a ‘notebook for the different kinds of queries, directed towards the ENVRIplus Knowledge
Base (ENVRI+ KB), that are needed to support different types of activity. Sample queries can be directed to the
live knowledge base, and resuls displayed.

. T T T T T T T S BELE T FT ST ST TS T T T Query profiles
‘The following namespace declarations are prefixed to all queries:

PREFIX T3 .079/2000/01/rt-schema>
PREFIX p://www.0il-e.net/ontology/oil-base.owl#>
PREFIX tmi <hitp://une.o11-0.not/ontology envei-rn.on
PREFIX data: <http://www.envri.eu/community/data.owl#>

Scenario analysis
Problem

We want to be able to identify the research infrastructure components required to solve certain scientific problem
scenarios.

knowledge base

@ oil-e.vland00.uvalight.net
DenavioUrs n e SCNce View of ENVKI K (WIich GEScrioe many of (e most Dasic Use-cases wirin an i

N RI context) to identify the necessary actors, resources and computational operations associated with that
ew RIS e

—

requires operation  takes nformation action

It is possible to query these correspondences directly from ENVRI+ KB; from that starting point we can explore
ow best to explore the network of correspondences and also to provide instance data from actual Rls as
examples.

RI: how did other RIs RI: how should | New RI: What are the best |~
implement my missing upgrade my services? practices for meeting my
functionality? requirements?

Semantic description and reasoning tools

i
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Define the queries necessary to extract the RM components associated with specific behaviours.
X vame alive visualisation for exploring the information provided by such queries for demonstration

© o

Befine a model fo defining and extracting a complte architacture schem for supporting a given
behaviour.
Define a simple language for describing scenarios based on OIL-E concepts.

. Integrate the work into an ENVRI+ KB explorer tool.

on

Demo

We can use the following query to extract properties of the 'add metadata' information action:

SELECT ?property Zproperty_label ?object ?object_label
RE {

sy dfs:subClassOf [owl 2property;
(owl:someValuesFrom |owl:hasValue) 2object].
OPTIONAL { ?property rdfs:label ?property label }.

http://oil-e.vlan400.uvalight.net/ SIS

For behaviour extraction, we want fo define a new super property in OIL-E (in the linking layer) to collect all
ion and involves actor, and present a similar level

relevant properties linked to behaviours, e.g. requires




Current challenges:

1) Operational challenges: AAl, deployment,
maintenance

2) Science support challenges: effective
VREs, discovery, optimization

3) Sustainability challenges: software
upkeep, long term contracts for service
provisioning?
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Quality critical data processingon &

virtualized infrastructures

Software workbench for
time critical self adaptive
cloud applications.
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Resource providers

Zhao, Z., et al.,(2015), A software workbench for interactive, time critical and highly self-
adaptive cloud applications (SWITCH), Cluster, Cloud and Grid Computing)



Data applications with critical time
constraints

ﬁ Unique National System for

++2+.. Emergency calls (112)

|

IP Gateway Database $ ) —

server / Public
= pa— ('}
PBX

Call operators

Sensors RTU ;
Simulation/

predication

34

Disaster early warning system



Key time constraints

Processing

Sensors RTU

-

Unique National System for
Emergency calls (112)

Waiting
time



A simple taxonomy

Quality-critical application

Speed-critical application Real-time application Near real-time application

/ / N

AlE Perfg;n;ﬁlgacteio?‘omputmg Soft real-time application Firm real-time application Hard real-time application

Z.Zhao et al., 2016, Time critical requirements and technical considerations for advanced support
environments for data-intensive research, International workshop on IT4RIs, in the context of RTSS,
Porto, Portugal. [https://doi.org/10.5281/zenodo.204756]



Why network aware application optimization

@€ Time critical applications are often distributed and require networked
environments

€ Network is often a bottleneck besides computation
€ System level optimization is crucial to guarantee the time constraints

@€However, it requires vertical optimization from application to
network:

@not only programmable interfaces of network, but also effective
programming and optimization models

37



Virtual infrastructure planning

Notification
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From application to VM

@ Problem: how to select virtual machines based on quality of service,
time constraints (deadlines), total budget and other constraints?

€ Related work: scheduling (e.g., workflow in Grid [Yu 2008, Wang 2017])
@Best effort scheduling

€ Immediate scheduling
€ List scheduling (batch, dependency, cluster and duplication)

€QoS aware scheduling
@ Deadline aware
€ Budget aware
@Approach: extended from QoS aware (both deadline and
budget) scheduling, but for multiple deadlines

39



From application logic to virtual infrastructure
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From application logic to virtual infrastructure

TIL cmercencyents i
e 8 R —
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1 Application scenario to workflow VSwitch
with time constraints
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From application logic to virtual infrastructure
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Critical path

Earliest Start Time Earliest Finish Time
(EST) (EFT)

Latest Start Time (LST) Latest Finish Time

I C
Critical path: node, ( EST,=LST, and

al 1 b1 i~ i

LST, LFT
ST LF P
B T,

I LST LFT
I e e

0 0

‘_—__---___-__

Deadline= T,



Results

€ Wang, J., Taal, A., Martin, P., Hu Y., Zhou, H.,
Pang, J., de Laat, C., Zhao, Z. (*), (2017)

Planning Virtual Infrastructures for Time Critica §

Applications with Multiple Deadline Constraints
International journal of Future Generation
Computer System
[d0i:10.1016/j.future.2017.02.001]

€ Wang, J., de Laat, C., and Zhao, Z. (2017) Qo
Aware Virtual SDN Network Planning, |FIP/IEE

International Symposium on Integrated Networ
Management, Lisbon, Portugal, May 8-12, 201

Cost

90

80 -
70 -
60 -

50

30 7

120
100
80

60
40 -

20

Results of 16 nodes

= MEPA

e=@u=|C.pCP

° ok ° CP|
1/ 2|3 4|5 1‘2‘3 4‘5‘1‘2 3 4 5‘1‘2 3‘4 s‘
1111‘1 2‘2‘ 2‘2 3‘3333‘4‘4 4‘44‘

In/out degree
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Provisioning virtual infrastructure

VSwitch




Why need multiple data centers?

llllll

predication

VSwitch




2)
3)

4)
5)

Why need multiple data centers?

Geo-locations of sensors
Insufficient resources of a single
data centre

Resilient purpose: some
components may fail

SLA for the application

Etc.




Approaches

publicKeyPath: /Users/zh9
userName: zh9314
topologies:
- topology:
cloudProvider: EC2
- topology: zh_b
cloudProvider: EC2
connections:
- name: linkX
source:
component_name: zh_a.nodeB
port: p3
netmask: 255.255.255.0
address: 192.168.10.10
target:
component_name: zh_b.nodeA
port: pl
netmask: 255.255.255.0
address: 192.168.10.12
bandwidth: 10000000
latency: 200

/.ssh/id_dsa.pub

zh_all.yml

@ Standardized Multi-level Infrastructure Description

components:
- name: nodeA
type: switch/compute
nodetype: t2.medium
0Stype: "Ubuntu 14.04"
domain: "ec2.us-east-1.amazonaws.com"
script: /Users/zh9314/SWITCH_Provision/topology/tl/script/install.sh
installation: /Users/zh9314/SWITCH_Provision/topology/tl/installation/Server
public_address: TBD
ethernet_port:
- name: p2
connection_name: cl.source
- name: nodeB
type: switch/compute
nodetype: t2.medium
0Stype: "Ubuntu 14.04"
domain: "ec2.us-east-1.amazonaws.com"
script: /Users/zh9314/SWITCH_Provision/topology/tl/script/install.sh
installation: /Users/zh9314/SWITCH_Provision/topology/tl/installation/Client
public_address: TBD
ethernet_port:
- port_name: p2
connection_name: cl.target
- port_name: p3
subnet_name: sl
address: 192.168.10.10
subnets:
-~ name: sl
subnet: 192.168.10.0
netmask: 255.255.255.0
connections:
- name: cl
source:
component_name: nodeA
port_name: pl
netmask: 255.255.255.0
address: 192.168.3.11
target:
component_name: nodeB
port_name: p2
netmask: 255.255.255.0
address: 192.168.3.12
bandwidth: 10000000
latency: 200

zh_a.yml

48



How it works
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Approaches

@€ Connection methods

@NAT based

@ Tunnel based

3 Public N
Slice A Network Slice B
Dst: rIP2 Dst: uIPb Dst: ulPo Dst: rIPy Dst: rIP2
Internal VM1 Src: rTP1 VMa Src: rIPa Src: uIPa Src: ulPa VMb Src: rIP1 VM2 Internal
[APL T P2 7IPa 7?7 1IPa ulPo 7?]‘1}5’1\ 71P1 r1P>
ethx ethl linkeA ethl etho linkx | ethO ethl liikB ethl ethx
Public
Network
Shce A Dst: uIPo lS)StE “gl‘ Dst: 1P Shce B
Src: 71Pa g : I.[ IE’ Src: ulPa
Dst: r1P2 S St: rIPz Dst: rIP2
Internal VM1 Src: rIP1 re. i Src: rIP1 VM2 Internal
. _HE ulPa ulPy 1Py
—— T N e M — L I
ethx ethl linkX cthl i




Basic idea

Topologyorigin * Partition the original topology
” into sub-topologies.

. —— v Partition

* Provision them from different
Topolo Topology:
potogy potosy datacenters or Clouds.
; Modify ,L
O TSI, AT AR o S| AT, AT T e T, AT e |

 Make the network connection

|
| transparent to provision networked
|
|

| Thread, | Thread: Thread infrastructure.
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Provisioned
~ 51
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Evaluation Results
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International Conference on CLOUD (CLOUD) 2016, San Francisco US.



QoS and geo-location aware provision

60,
iR AN AN A A At
140/
S1IO——@
120 Tz@+@
Data Analysis =00
Processin Server
Cloud g5 : And Storage '
: PR
_ Ch :
. Provision —
< -I\;Ia.na.. -e " i onin, U 10 2 30 40 50 60
g Prov1s1on1ng Ping request(count

Region DC
Bad A Good Access /\
a CCESS L] [N A
Netmork Netwrk g' VAR VA
Data Acquisition 7 P : \/
@ l-] Developer
- : ‘ : : B m“éasuriné‘everyt‘;nsecun‘ds(lﬂ)a
Data Collector Data Collector
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Failure recovery

https://www.youtube.com/watch?v=GluSZT7wQME
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Deploy components on virtual infrastructure

€ Fetch components from remote repository
€ Deploy the component
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Deploy components on virtual infrastructure

€Fetch components from remote
repository

€ Deploy the component —

Table 1. Comparison of transmission time and installation time in different locations

Docker Image|Image Size| Boston Rack |Washington Rack| Houston Rack
Ty : 40.8s5(£2.2s) | Ty : 27.0s(£1.58) [T : 20.3s(F1.5) /

T; : 6.3s5(4+0.58) | T; : 6.4s(£0.4s) | T; : 6.3s(%0.6s)
Ty : 58.7s(£2.58) | Ty : 38.95(£2.65) [T : 29.25(11.8s)
T; : 9.35(£0.7s) | T; : 9.1s(£0.5s) | T; : 9.35(%0.6s)
Ty :122.45(43.08)| T : 81.08(£3.4s) | Ty : 60.95(+1.9s)
T; : 15.48(£0.5s) | T; : 15.7s(40.8s) | T; : 15.55(£0.85)
Ty : 132.25(43.18)| T : 87.58(£3.4s) | Ty : 65.7s(+2.35)
T; : 17.15(40.9s) | T; : 17.35(40.7s) | T; : 17.45(£0.65)

ubuntu 400Mb

nginx 576 Mb

mongodb 1200Mb

cassandra 1296 Mb




Bandwidth is the bottleneck

€ How to meet the deployment deadlines?
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Bandwidth is the bottleneck

€ Schedule network
€ Optimize the utilization
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EDF + network scheduling for deployment

Scheduling options?

€ FIFO: All the deployment requests are scheduled by the arrive time of the request in a
sequential way.

@ PARALLEL: All the deployment requests are scheduled immediately after arrival in a
parallel way.

@€ EDF: All the deployment requests are scheduled by the EDF algorithm in a sequential
way.

@ Bandwidth aware EDF: including network bandwidth in the EDF scheduling

Total deployment time (S)

Number of schedulable requests
o [ N w » w o

Configuration A Configuration B Configuration A Configuration B

Bandwidth configuration Bandwidth configuration

Hu, Y., Wang, J., Zhou, H., Martin, P, Taal, A., de Laat, C., and Zhao, Z.(2017) Deadline-aware
Deployment for Time Critical Applications in Clouds has been accepted for presentation at the Euro-
Par 2017 Conference in Santiago de Compostela



Abstract
infrastructure

Workbench

Time critical cloud applications
Interactive

Self-adaptive

Dev-Prov-Ops

Application & QoS

requirements

10

Monitoring, and
Autonomous sysyem
adaptation

Vir. Runtime Env.

. SLA
\\__ Resource providers



= ~= Multi view GUI

- * Program application logic + virtual
= infrastructure
et £ e = Integration with DRIP/ASAP for provisioning

and runtime control

Clients
(SIDE/ASAP or others)

Resource providers



Outline

€ Infrastructures for data centric research
€ Infrastructure interoperability
€ Time critical cloud applications

€Summary



Summary

€ The interoperability among big data infrastructures is crucial for system
level of sciences

€It is very challenging to guarantee the deadlines of the time critical cloud
applications

€ There are increasing number of time critical applications identified from
industrial and scientific computing domains

€ Meta-heuristic approaches are playing important role in optimizing
resource allocation and task scheduling for time critical applications;

Dynamic Real-time Infrastructure Planner (DRIP) can automate the
planning, provision and deployment of time critical cloud applications

€ From software engineering point of view, time critical application oriented
application-infrastructure programming and control models are needed
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