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Software & Knowledge Engineering ?

...and anyway, how is this all related?
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Roughly, it boils down to...

...moving from here to there

evislon 5172

1000's lines of code Up to millions of computing units
Centralized system Worldwide distribution
Client-server connections Heterogeneous components
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Need for storage capacity

« High Energy Physics
- TBs of data generated per second as the output
of the Large Hadron Collider
 Life Sciences
- Large-scale data distribution (radiology centers)
- Human genome sequencing: from 3 B$ to 1 k$
In 12 years
« Astronomy, Astrophysics and Earth Sciences
- Astronomical data, multi-spectral images
- (Gaia satellite to produce 10s of PBs of data
« Social networks
- 100 Billions mails + 100 Millions tweets daily
- In the next 2 hours, 80 years worth of ) |
video will be uploaded in youtube ,f
- Environmental Sciences
- All biosphere data

* Industry
- PBs of data acquired by jet sensors per hour of
flight = -
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Need for computing power

« Data analysis needs proportional to the amount of datz
collected

- Commonly, the volume of processed data is many times the
volume of raw input data

 Increasing use of computer simulation

- In silico experiments: faster, cheaper “pre-experimentation”
- Prototypes design and testing
- Modeling and assistance to understanding of complex proce

 New approaches to data analysis

- Blind search and brute force computing
- Mining correlations out of wealths of data
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Why so much software complexity?

« Amount of data acquired is growing exponentially with

- Doubles evefy 18 mont All exponential, yet not equal
- EBs of data generated yedyly§TBs), ZBs total (POIBs)
- More data stored in theAagt 10\years than in the rest of histo

» [Storage capaci ing exponentially with time

- Doubles evely 2 yeafs So what is wrong?
| Number df transistars/on chip is §yrowing exponentially
with tim
- Doubjes everly 18 montps ), hold true for 40 yeas

Netwgrk bandwidth is growing expoxentially with time

- Infernet backbone bandwidth doubles e}\/ery 6 mpnths
| Not to confuse with processing power

Not to confuse with access rate

+

What about software development?
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The end of sequential computing

« CPU performance increase slows down
- Moore's Law still applies wwmmm

to transistors - ./
- CPUs power consumption™ Intel CPU Trends .
reached acceptable limitS g, | tscwees:intel Wikipedia, K. Olukotun) y

around 2002

- Frequency suddenly
capped as a consequence

- ILP (Instruction Level
Parallelism = capability to *
process multiple
instructions per clock bit)
faces chip complexity e = bl

1,000

10

limitations s

0 | |

1970 1975 1980 1985 1990 1995 2000 2005 2010
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The end of sequential computing

» Multiply execution units om0 et

\ Mem. cache \
- Doubling CPU execution units (hyperthreadlngzipe“”e; CPU controller]
- 15-30% performance increase it 4] (unit 2| [Registers
- GPU execution units (GPGPU) CPU  Interfaces
° I I \ Mem. cache \
1 OOS CO mpUtIng un ItS \Pipelined CPU controllerﬂ GPU Ms;nglscteé?:e
« Very application-dependent performance | JJExee, |-
v Y it 1]
ot oo Registers . -
» Multiple cores on chip
— | Interfaces |
O ne C P U ’ Seve ra | cores I Sharedlevel2/3cache 777777777777777777777777 \
— SO me Sh arin g j\LeveI 1 (lzlache Level 1 clzlache \Level 1 cI:Iache
. 3 _controller | controller controller ||
« Memory caches (with coherency) S E)ﬁs E)ﬁs
* Shared-memory (through cache) TGt TGz Cares |

 Inter-cores message passing
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The end of humanly manageable data sets

« Large and distributed data sets

- 1000s to millions of files, distributed over hundreds of places
- Cannot be handled manually
- Cannot be visualized

* The need to link data
- Every data is digital
- Data becomes openly accessible over the Web
- Data entries may be correlated to any other, worldwide

* The need to reuse data

- Secondary use in contexts for which data was not acquired
becomes common

- Data preservation needs commonly reach decades

- Detailed data description is vital for secondary use
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Heterogeneity and mobility

* Heterogeneity in computing resources
- Mainframes, workstations, laptops, smartphones, specialized
SEensors...

* Heterogeneity in data sources
- Data acquired in many different contexts, using different
encoding, file formats, data models...
« Smart devices widely available
- Increasing number of smart/ interconnected devices:
Smartphones, high-tech devices (e.g. camera), everyday obj
(e.g. fridge)internet of Things
» Ever higher mobility
- Ubiquitous access to network and high-level functionality
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Software Engineering ?

« Taming software complexity
- Distributed / parallel programming complexity

- Heterogeneity
- Adaptability

« Taming distributed infrastructures complexity

- Large scale, distributed
- Heterogeneity

« Improve performance and reliability
« Man-Machine interaction
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Knowledge Engineering ?

« Taming data complexity
- Data heterogeneity
- Data volume
* Mining data
- Data classification & identification
- Finding needles in haystacks

« Semantic data

- Describing and linking data
- Inferring new knowledge from known data
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Software AND Knowledge Engineering ?

Large-scale
Distributed
Systems

Resources
Heterogeneity
and mobility

)

Ubiquitous
Computing

Distributed
Computing

Big Data

A
@Data analysis
y - Data description N
| Large ~ Provenance Complex
- Datasets =~ - Datasets
Université
gégina Antipolis
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Software AND Knowledge Engineering ?

" RAINBAW "\ Distributed
Computing
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Pole GLC = MinD + MODALIS + RAINBOW + Wimmics
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« Context-aware applications
« High adaptability, hot reconfigurability
« Software-hardware components assembly
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» SKkills

- Classification, clustering, association..

If xxx & yyyy then A
If xxx || = zzzz then %
Université
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Decision making

« Learning, Prediction

Prior Knowledge

Prediction
? A
> or
*
Unkown Data
H_niversité W ' .
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Application e

Canc~la [

* Image search eng

Conseil : Essayez d'entrer un mot descriptif dans le champ de recherche.

Taille de limage :
3456 = 2304

Aucune autre taille dimage trouvée.
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Methods and domains

* Methods  Domains

- Evolutionary Algorithms - Text mining

- Decision Trees and Random - Vision/Image/Robotic
Forests - Health

- Support Vector Machines - Hydrology

- Multi-Agent Systems - Biology

- Boosting - Transportation

- Neural networks - Sensor Networks

- Galois Lattice - Chemistry (Perfumes)

- Nalve Bayes - Cognition
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. . &
Socio-semantic networks wrm
I

« Combining formal semantics and social semantics ont
Web
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Large-Scale Distributed Systems M&0ALIS

Workers

» Distributed systems
- Cluster Computing
- Grid Computing
- Cloud Computing

1.,__

S | Size of the infrastructure today:
| - > 22 000 registered users

> 300 sites

> 330 000 CPU cores

> 230 PB disk + 170 PB tape
> 40 M jobs jobs/month




Research themes M&DALIS

« Software architectures

- Composition and evolution
- Variability: software product lines

» Large-scale distributed computing
- Performance optimization
- Reliability

« Data-driven applications

- Scientific workflows
- Semantic data representation
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Distributed biomedical data stores M#0ALIS

« Data federation through distributed querying

P

t]"f' Client

@ Query-based access to data

Federator
(query decomposition, planning & results federation)

/ Mediator
Site 1 - (ETL or query rewriting)

T R
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Ontology-based data model M#0ALS

' i C tual
Medical domain ontology oncep Ta

(reference mOdeI) Dataset proc

Data querying o
Boundary
surface based
segmentation

Region based -
Affine

segmentation g _
registration  no L affine
Client Bounda_ry surface registratiol
V and region based .
segmentation Ricid i <
igi affine
Query-based@access to data Brain / regigtralion non-rigid
Data segmentation / registration |
E Federator ] a“gnment Tissues M dalit
: segmentation ono modality
@ Remote sub-queries @ g ] rigid registration
e ST ) [ B Subcortical Mt
-  Mediator = Sj segmentation Multi modality aff
ey | | ealator | iqi i i
Site 1 Site 2 Lesion rigid coregistration r
| | | | segmentation Mono modality
affine non-rigic
registration
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| Ic &
Data query & federation engine [M#0ALIS u‘m!m

miCs

« KGRAM (Knowledge Graph Abstract Machine) Semant
query engine

Query engine ) Q ( Data producer )
query language Query | AL | Query | s | Query |
i parsing [ evaluation | .'L rewriting -—-—-—-ffff_q_%_._

ative dota

(L

i 3 n

J’ﬁj @ [ Data matching | Data  |«—1—
AKG I &ﬁhﬂi"g Ji . i3 transforming ) Data source
b A -

l AKG

{AQL' Abstract Query Language J
ARG: Abstract Knowledge Graph e AM abstract machine

 Distributed Query Processing engine
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Distributed Query Processing

- KGRAM query processing

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

. Asynchronous execut|on

Interface

KGRAM core @ J J JJ

o NN
#1 x //
Data source i /
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Software and Knowledge Engineering

" RAINBAW "\ Distributed
Computing
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GLC ecosystem

from Bachelors to PhD

KNOWLEDGE
EMNGINEERING

SOFTWARE
ENGINEERING

(College, Bachelor,
Masters, Engineering
school) ; Masters

specializations ; ...

Thematic
Research
Groups

Teaching
Programs

Dissemination Center of
and Expertise and

Exploitation Platforms

International scientific W  collaborative
. . R&D, Industrial
communications at and Academic
Projects
the highest level,
standardization,

technology transfer to

in-situ, in vitro and in-silico

T experiments, field testing ;
17 externally funded research .
Prototypes, Business

projects (national research

i solutions
rt- nd in r
5t _t ups and industry . agency, government, EU and
majors = . . :
lS]igi\:iaAntipolis % L m‘ter'natloc n,zal’ Zmd: qutry) , - Mediterranean days, March 2014 29



National and international collaborations

Greenland
Ieelmnd ’
Aussia
Canada
’ ” ne ’ Kazakhstan Mongolia
nited States
North et
v : Chna South Korea
Atlantic Afghanistan
Ocean 29" iran ; -
Algeria Libys Egypt : Pakiztan X
: s
Mexico * _.,?:m; India *
- Tl
Mal MigEr Sudan
Chad
zuela Nigeiia Ethiopia ’
- .
$ Eu-project - e Conay Kenya
_ ge 3 Indonesia Papua New
, Project ¢ Brazil ARTAnNIS i
Pery Angola
® Coliaboration e C
0 F— Mamibia Madagascar Indian *
{ Co-direction - South Bolywans Ocean Ausfialia
I:'I-':l Action Atlantic
0 cean Eﬁlllth
i
? Co-tutelle s
Argentia
® Platiorm et co-tutelles
§ Project et co-directions
{/ Other / No value
Université i ) ) ) .
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