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EOSC,
ECAS & Ophidia




The context: European Open Science Cloud

v' The European Open Science Cloud (EOSC) is an ambitious program will
offer a virtual environment with open and seamless services for storage,
management, analysis and re-use of research data, across borders and
scientifc disciplines by federating existing scientifc data infrastructures,
currently dispersed across disciplines and Member States.

v This programme will deliver an Open Data Science Environment that
federates existing scientific data infrastructures to offer European
science and technology researchers and practitioners seamless access to
services for storage, management, analysis and re-use of research data
presently restricted by geographic borders and scientific disciplines.

v EOSC-hub is a key infrastructural project in the EOSC landscape
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ENES Climate Analytics Service (ECAS)

v The ENES Climate Analytics Service
(ECAS), is a Thematic Services in EOSC-
hub to supports climate data analysis

v' Enable server-side analytics workflows for
Earth system researchers and beyond

v Induce cultural change: No more “download
and process at home”

v" Involved institutions: CMCC and DKRZ

ECAS builds on top of the Ophidia big data
analytics framework integrating components
from INDIGO-DataCloud, EUDAT and EGI
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The European Commission launched the European Open ScienceCloud
Initiative to capitalise on the data revolution. EOSC will provide European
science, industry and public authorities with world-class digital
infrastructure that bring state of the art computing and data storage
capacity to the fingertips of any scientists and engineer in the EU.

EOSC-hub receives funding from the EU’s Horizon 2020 research and innovation programme under grant agreement No. 777536.
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Ophidia: a scientific big data analytics framework

Ophidia (http://ophidia.cmcc.it) is a CMCC Foundation research
project addressing fast and big data challenges for eScience

It provides support for declarative, parallel, server-side data
analysis exploiting parallel computing techniques and database
approaches

It provides end-to-end mechanisms to support complex
experiments and large processing workflows on scientific
datacubes
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Data analytics requirements for Ophidia

Requirements and needs focus on:
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s Data subsetting

s Model intercomparison
s Multimodel means

s Massive data reduction
% Data transformation (through array-based primitives)

s Param. Sweep experiments (same task applied on a set of data)

s Climate change signal

< Maps generation B
< Ensemble analysis -

 Data analytics worflow support -

But also... et

<+ Performance -

% re-usability =

% extensibility -
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Ophidia in a nutshell

v Big data stack for scientific data analysis

v Features: time series analysis (array-based analysis), data subsetting (by
value/index), data aggregation, model intercomparison, OLAP, efc.

v Use of parallel operators and parallel I/0O
v Support for complex workflows / operational chains
v Extensible: simple API to support framework extensions like new operators
and array-based primitives
v currently 50+ operators and 100+ primitives provided
v Multiple interfaces available (WS-I, GSI/VOMS, OGC-WPS).

v/ Programmatic access via C and Python APIs

v Support for both batch & interactive data analysis




Big data and HPC convergence as a paradigm shift to large-

scale data analysis experiments

Volume, vatriety, velocity are key challenges for big data in general and eScience contexts too
High Performance Data Analytics solutions are becoming key to manage data analysis at scale

In-memory analytics can help reducing time to solution
Workflow management has to orchestrate millions of analytics jobs
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S. Fiore, A. D’Anca, C. Palazzo, I. Foster, D. N. Williams, G. Aloisio, “Ophidia: toward bigdata analytics for

eScience”, ICCS2013 Conference, Procedia Elsevier, Barcelona, June 5-7, 2013
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Server-side paradigm and the datacube abstraction
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+ metadataStandardName  [0..1]

+ datasetURI [0..1]: CharacterStr|
+ locale [0..*] : PT_Locale

wv'wﬁ
‘ Metadata provenance

--> https://ophidia.cmcc.1t:8443/162/169 (ROOT)
https://ophidia.cmcc.1t:8443/162/170 (oph_reduce)
L https://ophidia.cmcc.it:8443/162/171 (oph_merge)
https://ophidia.cmcc.1t:8443/162/172 (oph_aggregate2)

Ophidia framework: declarative,
parallel server-side processing

Through the oph_term the user can
send commands to the Ophidia

System

. https://ophidia.cmcc.1t:8443/162/173 (oph_rollup)
framework tO manlpUIate datasets metadata of the https://ophidia.cmcc.1t:8443/162/174 (oph_reduce)
i https://ophidia.cmcc.1t:8443/162/175 (oph_reduce)
datacube (s/ze, https://ophidia.cmcc.it:8443/162/176 (oph_aggregate)

distribution’ etc,) https://ophidia.cmcc.1t:8443/162/177 (oph_aggregate)

Three interaction modes:
Operators, Workflows, Python Apps
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Ophidia architecture 1.0

Storage model, primitive & operators




Ophidia Architecture (sw stack view)
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Storage model and chunks distribution
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Ophidia storage model

— The Ophidia storage model is a two-step based evolution of the star

schema to support scientific data management

— It relies on implicit (array-based) and explicit (tuple-based) dimensions

for specific representations of data
— The first step includes the support for array-based data
— The second step includes a key mapping related to a set of foreign keys

— The second step makes the Ophidia storage model and implementation

independent of the number of dimensions!




Storage model (dimension-independent) & implementation
Array-based support and hierarchical storage
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Fig 1.d
Fig 1.e I key based ROLAP implementation
Ophidia hierarchical storage model supporting n-dim arrays




Array-based primitives

Compute
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I ————Sssssssssss—————
Array based primitives (about 100)

« Ophidia provides a wide set of array-based primitives to perform data
summarization, sub-setting, predicates evaluation, statistical analysis,

compression, etc.
« Primitives come as plugins and are applied on a single datacube chunk (fragment)
« They are provided both for byte-oriented and bit-oriented arrays
« Primitives can be nested to get more complex functionalities
« Compression is a primitive too!

« New primitives can be easily integrated as additional plugins




Array based primitives: OPH_MATH (“SIGN”)

oph_math(measure, “OPH_SIGN”, "OPH_DOUBLE”)

mm{'om_mm_sm N”, “OPH_DOUBLE”)

TABELLAINPUT 3x 50 TABELLAOUTPUT 3x 50
D MEASURE D MEASURE
1 10,73 8,66 -7,83 11,2 -6,02| 1,95 8,70 1 1 1 1 1 -ﬂ 1 1
2 22,85 17,84 13,82 10,57 5,81 1,71 21,13 2 1 1 1 1 1 1 1
3 -19,89 -30,17 -24,95 -30,07 -25,4 -26,31 . 24,82 3 -1 -1 1 -1 -1 -1 1
Single chunk or fragment (inpuft) Single chunk or fragment (output)
1,50
1,00
0,50
Tabella di input
0,00 AL BRI
00 A\ 2
\/\/\/\/\/\ ,50 - 1,50
,00 \ h/\/ I\ -1,00 1 U 1,00
180 >]050
00
0 ] — D=2
— D= ﬁ T 1313437404346 49
00 — D= 1,50 L4
———ID=
1,00
00 /
,50 / ‘
0,00 e —1D=3

0,50

-1,00

1L 47 1013161922J52831343740434649

-1,50




Array-based primitives: OPH_MATH support

SQL@—J """"""""""""""""""""""""""""" @
query Ophldla

Ophidia math plugin typing
OPH_MATH_FUNCTION can be one
OPH_MATH_FUNCTION MACROS of the macros in the table below
OPH_MATH_ABS OPH_MATH_DEGREES OPH_MATH_RAND
OPH_MATH_ACOS OPH_MATH_EXP OPH_MATH_ROUND
OPH_MATH_ASIN OPH_MATH_FLOOR OPH_MATH_SIN
OPH_MATH_ATAN OPH_MATH_LN OPH_MATH_SIGN
OPH_MATH_CEIL OPH_MATH_LOG10 OPH_MATH_SQRT
OPH_MATH_COS OPH_MATH_LOG2 OPH_MATH_TAN
OPH_MATH_COT OPH_MATH_RADIANS




Array based primitives: OPH_BOXPLOT

oph_boxplot(measure, "OPH_DOUBLE”)

Single chunk or fragment (input) Single chunk or fragment (output)
INPUTTABLE 5 tuplesx 50 elements OUTPUTTABLE 5 tuplesx 5 elements (summary)
ID MEASURE ID | MEASURE
1 10,73/ 866/ 7,83 1120 602 195 925 16,11 - 870 1 1,95 8,64| 10,47| 11,87 16,11
2 22,85 17,84 21,82 1857 14,81 1871 1931 1983 . 2113 2 14,81 18,14| 19,93 21,66 24,35
d 1989 3017 2495 3007 2540 2631 2295 2318 .| 2482 = 19,89 22,74 24,24 2645 30,17
4 11,60 1249 1391 1353 948 1527 1305 14,17 . 11,66 4 6,87 10,99 12,85 14,28 16,93
5 13,94/ 1243/ 1795 1470 2041 1446 1537 18,00 .| 1830 5 9,23 13,87 1505 16,61 2041
Input table Output Table
35,00 35

30,00

30

25,00

A AAV "“l A'l‘ A'TV _ 25

M'"“WWN - T +

15,00

10

5,00

. LN/ 15 T I_i_l
= MR, = L = T

0,00

T
1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 D=1 D=2 ID=3 D=4 ID=5



Array based primitives: nesting feature

oph_boxplot(oph_subarray(oph_uncompress(measure), 1,18), "OPH_DOUBLE?”)

Single chunk or fragment (input)

INPUTTABLE 5 tuplesx 50 elements

ID MEASURE
1 . 10,73
2 | 22,85
: | 19,89
4 . 11,6
5 : 13,9

8,66

17,8

30,17

12,49

12,43

783 11,2 6,02 1,95

21,82 18,57 14,81 1871
2495 30,07 2540 2631
13,91 13,53 9,48 1527
17,95 14,70 20,41 14,

16,11

19,83

23,18

14,17

18,

8,70

21,13

24,82

11,66

18,30

|

Ssubarray(measure, 1,18)

-
35,00

30,00

25,00

20,00

15,00

10,00

5,00

0,00

) Inputtable

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

35

30

25

20

15

10 +

Single chunk or fragment (output)

OUTPUTTABLE 5 tuplesx 5 elements (summary)
ID MEASURE

1 1,95 8,64/ 1047 11,87 16,11
2 14,81 18,14 19,93 21,66/ 24,35
3 19,89 22,74 24,24/ 26,45/ 30,17
4 6,87 10,99 12,85 14,28 16,93
i 5 9,23 13,87 15,05 16,61 2041
i

ID=2

ID=3 ID=4 ID=5



Array based primitives: oph_aggregate

oph_aggregate(measure,"oph_avg”) Single chunk or fragment (input)

INPUT TABLE 5 tuples x 360 elements
ID MEASURE
1 8,40 7,73 7,36 | 12,68 || 13,34 | 11,17 | 9,09 2,04 7,75
2 7,85 |110,71 7,23 5,14 4,68 2,61 9,17 8,50 6,57
3 6,40 3,48 0,44 2,81 6,16 2,01 3,61 3,83 5,88
4 560 | 468 | 554 | 584 || 547 || 537 || 530 || 7,24 3,06
5 3,55 |1 4,10 | 4,59 | 507 || 697 || 2,07 | 3,06 || 3,06 7,88

Y YV ¥V Y V¥ Y VY VY VY VY
Vertical aggregation

OUTPUT TABLE 1 tuple x 360 elements

Single chunk or

ID | MEASURE fragment (output)

1 | 6,25 | 5,35 l 5,00 I 557/ | 5,41 | | 511 |
Input table Output table
30,00 30,00
25,00 25,00
' 20,00 T 20,00
o em—=Seriel o
4 e
3 . -] 2
® 15,00 e=—Serie2 ® 15,00 4
o v
g' msserie3 E' m——Seriel
@ U
= 10,00 . = 10,00
——Seried
— i
5,00 Serie5 5,00
0,00 0,00
HOWLNDA O NDE MWL AN N MOS0 HONO N OULNDDEA NN NN NN MmO
HANNM T ONODNDOANMT N OO AN NWOMNNO A M HANMST OMN0OOOANMT N WVOWO O —=NTNONONWO =N M
A A A A A A AT NN AN NN NNAN®MN N Omon e A A A A A AT NN ANN NN NN mMm N MmN
Time series [days] Time series [days]
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Clustering Primitive

User Guides

Terminal Usage
PyOphidia
Operators Manual
Primitives Manual
Core Array
Selection
Arithmetic
Statistical
Transformation
Numerical Analysis
Mining
oph_ccluster_kcluster
Miscellaneous
Virtual File System
Massive Operations
Workflows Usage
Session Management
Time management
Examples

Appendix

oph_ccluster_kcluster

Description
Behaviour
It computes clusters from input data through the use of k-means or k-medians algorithms.
Parameters
* input measure type: Ophidia typing. Supported types are: 'oph_double’; ‘'oph_float’; 'oph_long’; ‘oph_int’; ‘'oph_short’; 'oph_byte".
 output measure type: Ophidia typing. Supported types are: ‘'oph_double’; ‘'oph_float’; ‘'oph_long’; ‘'oph_int’; ‘'oph_short’;
‘'oph_byte'.

* measure: input measures.

* k: number of requested clusters.

* method: clustering algorithm. Supported algorithms are:
o 'KMEANS' (default);
o 'KMEDIANS'.

¢ level: type of output. Supported outputs are:
o 'CENTROIDS": only centroid values for each cluster (spatial information is lost) (output is oph_double);
o 'LABELS" returns an integer between O and k-1 for each point according to found clusters (output is oph_int);
o 'ALL'(default): returns the centroid value of the corresponding cluster for each point (output is oph_double).

* npass: number of iterations for the EM algorithm. At each iteration means or medians are computed and there is a new cluster

assignment. With more iterations, results are more accurate. Default value is 1.
Return type
Binary-array.
Examples

Group data into 2 clusters, with 10 EM iterations, and return the centroid value for each input point.

oph_ccluster_kcluster('OPH_DOUBLE','OPH_DOUBLE',measure,2,'KMEANS’,10,"ALL")

Adding a new data mining primitive can ben done in several cases by basically developing a new primitive...

©



Analytics framework and operators
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The analytics framework: datacube operators

Data Operator

OPH_CONCATNC
OPH_DELETE
OPH_DUPLICATE
OPH_EXPLORECUBE
OPH_EXPORTNC

OPH_IMPORTNC

OPH_INTERCOMPARISON

OPH_INTERCUBE

OPH_MERGECUBES

OPH_PUBLISH
OPH_RANDCUBE
OPH_REDUCE
OPH_SCRIPT
OPH_SUBSET

Description

Concatenates a NetCDF file to a data cube.

Deletes a data cube.

Duplicates a data cube.

Shows the content of a data cube.

Exports a whole data cube into a single NetCDF file.
Creates new a data cube importing data from a
NetCDF file.

Generates the difference value-by-value between
two homogeneous data cubes.

It executes an operation between two data cubes
and returns a new data cube as result of the
specified operation applied element by element.
Merges the measures of n input data cubes creating
a new data cube with the union of the n measures.
Generates web pages representing the data stored
in the fragments.

Creates a new data cube with random data.

Applies a data reduction operation along one or
more implicit dimensions.

Executes a bash script.

Extracts a subset from a data cube using the values
of the dimensions.

Metadata Operator

OPH_CUBEELEMENTS
OPH_CUBEIO
OPH_CUBESCHEMA

OPH_CUBESIZE
OPH_FIND
OPH_LIST
OPH_LOGGINGBK
OPH_MAN

OPH_METADATA
OPH_OPERATORS_LIST

Description

Computes and displays the total number of
elements contained in a data cube.

Shows the provenance of a data cube.

Displays the metadata and dimension information
associated to a data cube.

Computes and displays the total size (on disk) of a
data cube.

Finds a data cube.

Displays the list of data cubes and containers
available.

Shows session and job information.

Shows a description about an operator or
primitive.

Manages metadata information.

Displays the list of available operators.

About 50 operators for data and
metadata processing




The analytics framework: “datacube” operators

INPUT DATA CUBE OUTPUT DATA CUBE
FRAGMENT1 — 10 TUPLE x 10 ELEMENTS FRAG1 10TUPLE x 1
REDUCE
ID MEASURE ID MEASURE
ALL MAX
1 1,95( || 8,64 || |10,47| .. ||1612 + > 16,11 OUTPUT (INPUT) DATA CUBE
5 1081 18,20 [ross | .. J[239]] . N .- FRAGMENT1 — 1 TUPLE x 10 ELEMENTS
D MEASURE
INPUT (OUTPUT) DATA CUBE
1/.| | 1,95 | 8,64 ‘ 10,47 | | 16,11 |
10 687 |[1099] [1285] .. ||1693f1 10 > 1693 FRAGMENT1 — 10 TUPLE x 10 ELEMENTS
D MEASURE
FRAGMENT2 — 1 TUPLE x 10 ELEMENTS
1 1,95 | 864 | 1047 | .. | 1611 SPLITby | p MEASURE
10 FRAG T
14,81 | 1814 | 19,93 | .. | 2435
AGAREGATE ALL MAX 2 14,81 | 1814 | 1993 | .. | 2435 v 1| 1 | ! | ! | ;
(MERGE by
10 FRAG)
10 687 | 1099 | 12,85 | .. | 1693
FRAGIJIENT1 — L TUPLE 3 10 ELEMENTS
FRAGMENT10 — 1 TUPLE x 10 ELEMENTS
ID MEASURE
A 4 Y ¥ A 4 1D MEASURE
1 I 14,81 ‘ 18,14 l 19,93 l l 24,35 ‘
10\‘” 6,87 | 10,99 | 12,85 ‘ | 16,93 |
OUTPUT DATA CUBE
INPUT DATA CUBE
FRAGMENT10 — 10 TUPLE x 10 ELEMENTS OUTPUT DATA CUBE
ID MEASURE
SUBSET FRAGMENT10 — 2 TUPLE x 10 ELEMENTS
1 1,95 | 8,64 | 10,47 16,11 Filter 1:2 D MEASURE
2 14,81 | 18,14 | 19,93 24,35 1 || 1,95 8,64 10,47 16,11
2 14,81 | 18,14 | 19,93 24,35
10 6,87 10,99 | 12,85 16,93
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The analytics framework: “data” operators

[37..4416] >> oph explorecube cube=http://127.0.0.1/ophidia/35/67;subset dims=lat|lon|time;subset filter=39:42|15:19|1:275;show time=yes;

[Request]:
operator=oph_explorecube;cube=http://127.0.0.1/0ophidia/35/67;subset dims=lat|lon|time;subset filter=39:42|15:19|1:275;show time=yes;sessionid=http://127.0.0.1/ophidia/sessions/z
74383780832141666641463737283924416/experiment; exec_mode=sync;ncores=1;cwd=/;

#iggfgiiZT.e.e.l/ophidia/sessions/374383789832141666641463737283924416/experiment?196#224

[Response] :

tos

+ + + +
| lat | lon | tos |
i 39.500000 | 15.000000 | 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20 i
| 39.500000 | 17.000000 | 287.3930604052, 206.827648340, 206, 5860595703, 785.0226710449, 208, 5754510662, 207, 3966700684, 295, B6ETLIET, 207, 206072754, 2957126464844 |
| 39.500000 | 15.000000 | 287.6920870683, 2670508117675, 26, 7896118164, 2670781555176, 206, 362067908, 297.6892629305, 2964709287109, 707, 6632385254, 296, 3415273926 |
| 46 500000 | 15.360000 | 1063600020125, 109600620425, 1000000030170, 1000000620130, 1.000000626120, 1006000020420, 1,000003620120, 1. 0606368220, 1,00636002420 |

| 40.500000 | 19.000000 | 287.4010009766, 286.7818298340, 286.4914245605, 286.7260742188, 288.3006286621, 292.1842346191, 296.0237731934, 297.2694702148, 295.9751892090 |
R L BT L L eI L ETTOeIet |
| 41.500000 | 15.000000 | 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20 |
el B L eEes |
| 41.500000 | 17.000000 | 286.5835876465, 286.0175781250, 285.7146911621, 285.9142761230, 287.4476623535, 291.1032104492, 294.7090454102, 296.0852355957, 294.7053222656 |
el B T |
| 41.500000 | 19.000000 | 286.9717712462, 286.3946838379, 286.0617675781, 286.1446228027, 287.6101989746, 291.2955017098, 295.2700195312, 296.5146179199, 295.3194274962 |
summary

Selected 9 rows out of 9




T
The analytics framework: “metadata” operators

[37..4416] >> oph_cubeio
[Request]:
sperator=oph_cubeio;session

[JobID]:
1ttp://127.0.08.1/ophidia/se

[Response] :
“ube Provenance

3635878484713707841401810319750387_6.jpeg

File Modifica Visualizza Immagine Vai Aiuto
- - @ ) /7= I =N
4u Precedente  ®p Successiva &) & & L D
DOI : hip//127.0.0.19/67
SOURCE : /home/oph-dev/Scrivaniatas_rcp85_CMCC-CM/rlilplias_rcp85.nc

oph_duplicate

DOI : baepe//127.0.0. 1990

M%ﬁ wm\ﬁ duplicate

| DOI : hup//127.0.0.19/71 | [ DOI : hup//127.0.0.19/78 | l DOI : hup//127.0.0.109/84 |

oph_merge  pph_duplicate bph_subset2

|
| http://127.0.0.1/0phidia/

“ube Provenance Graph
directed Graph DOT string :
Jigraph DG {

[shape=box]

e} [label="PID
1 [label="PID
2 [label="PID
3 [label="PID
4 [label="PID
5 [label="PID

[label="oph

[label="oph!

l DOL: hup//127.0.0.19/72

| DOI : hup//127.0.0. 19/85 l I DO : hupz/127.0.0.19/79 | | DOI : hitp//127.0.0. I~/87 l)()l hatp://127.0.0. IHN\ l)()l hip/127.0.0.15991 l)()l hp://127.0.0. Il')/‘)’

oph_subset

DOI : htp://127.0.0.15/86

DOI : httpe//127.0.0.19/80

ph_aggregate

\,wlm, <; /
DOI : hitp://127.0.0.19/73

oph_ nemmpum-m DOI hitp//127.0.0, INMX [)OI hitpe/127.0.0, l/*)ﬁ)ﬁ

S

DOI hip/127.0.0. IN/N

pph_reduce oph_intercomparison pph_intercube oph_intercube
DOI : hpe//127.0.0.19/81 DOI : htip//127.0.0.1/9/89 DOI : hup//127.0.0. 1997
oph_reduce pph_reduce oph_intercube
DOI : btpe//127.0,0. 197104 DOT : hepe//127.0.0.19/105 DOI : htp://127.0.0.1998
pph_intercube

DOI : http://127.0.0.1949

oph_duplicate \ oph_reduce

I DOI : hiipe/127.0.0. IN!llnl | DOI : bupe//127.0.0. 197103

pph_reduce

DO : hitp://127.0.0,19/101

oph_merge

DOI : hupe/127.0.0.19/102

’.e.a.1/ophidia/35/74;cwd=/(

63737283924416 - 0O X
tlp

Iy
li

L @ @ | £
@ & | &

PID : http://127.0.0. Vophidia/35/67
SOURCE : /repo/tos_01_2001-2002.nc

be oph_intercube

fophidia/35/70

i_reduce

fophidia/35/71

U

_merge

T

fophidiaf35/72

I_aggregale

fophidia/35/74

U

3/3

©



Pipelining analytics operators to reduce data

I FRAGMENT1 -
- —10n A Ideal path .
_| | FRAGMENT4 — 10”4 TUPLE x 1075 ELEMENTS e F_)___J\\ . L TUPLE x 1 ELEM.
1 - 10  FRAG64 - 1074 TUPLE x 1075 ELEMENTS 3"D base | N\, “0"D apex
— | cuboid ! 4 cuboid ‘D MEASURE
1, m® MEASURE e Vi
1 4 e [24,35 J
| 2 5 1 1,95 | 8,64 16,11
_]_ 5 || 1481 | 1814 | .. | 2435 I
| 1]
— ] “ee
1 1( | | AGGREGATE AlLL MAX
1074
64 6,87 | 10,99 16,93 | —]
, REDUCE ALL MAX Real path through FRAGMENT1 -
L 4 Ophidia operators 64 TUPLE x 1 ELEM.
CoAGMENTA_ 1000 |
| | FRAGMENT 64 — 1074 D ME/SURE
|71 | TYPLE x 1 ELEM. . MERGE ALL | |
| P | > 1 19,78
1 ID . 1 |
H (| 4 s FRAGMENT 4 — I I
1 1 | | FRAGMENT 64 - > 2 | 2257 |
H ] 3 == | ||_1TUPLE x 1 ELEM. -—— -
115 g
i ID MEASURE |
- —— {24,35 I > 64 24,35
IR x64 ‘ x1 - —
X64 e AGGREGATE ALL MAX




Ophidia architecture 2.0

Workflows management, python
applications, in-memory analytics




T
fficient support for advanced analytics experiments

Downscaled GDP
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T
Architecture 2.0

e

REST , WS-I 0GC | GSI/VOMS I

Workflow support on the | | o QES»QBO_’ v o voarr e T vetow | ootcson

Manager X Engine Manager
server side

I Resource Manager

Compute nodes
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e
|
|
|

b t f k d | OPHIDIA Framework API OPHIDIA Framework API

e Wee n ra e Or an ] Ophidia Operators Ophidia Operators

|

I/O COI I Iponents | I Operator | Operator | Operator I Operator POPRPS | Operator I Operator | Operator I Operator
|
|
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|
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[ i .
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. . ] I L 1 |
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Workflow support

Extract minimum valu
oph_reduce

Extract minimum valu
oph_reduce

Extract maximum valu
oph_reduce

Evaluate max-min ran

Evaluate max-min ran
oph_intercomparison

oph_intercomparison

Extract minimum valu
oph_reduce

Extract maximum valu

Extract minimum valu
oph_reduce

Extract maximum valu
oph_reduce

Extract minimum valu
oph_reduce

Extract maximum valu
oph_reduce

oph_reduce

Evaluate max-min ran Evaluate max-min ran

oph_intercomparison

Evaluate max-min ran
oph_intercomparison

oph_intercomparison




From a user experiment to a scientific workflow

v A Data Analytics Workflow Modelling Language (DAWML) has been defined
v Extensible schema jointly defined with application-domain scientists

v The schema allows the definition of abstract workflows

® >

IMPORT SUBSETTING
[dim1, dim2, ..., dimN ]

O

=

INTERCUBE e
col ents

(comments)

o]

REDUCTION

[dim1, ..., dimN ] operation

EXPORT

(comments)

(aggregation set)

s

Model/Simulation output

) Mmoo >
- >
SUPERVISED
TASK MODEL REPOSITORY e File
% 1850...1859
2000...2005

C. Palazzo, A. Matriello, S. Fiore, A. D'Anca, D. Elia, Dean N. Williams, G. Aloisio, “A workflow-enabled big data
analytics software stack for escience”, HPCS 2015: 545-552 0




Workflow example IlI: fire danger analysis 60{;(’;0

OFIDIA main objective is to build a cross-border operational fire danger prevention
infrastructure that advances the ability of regional stakeholders across Apulia and loannina
Regions to detect and fight forest wildfires

VN T

N
: : (Relalive Humidity (RH) every 3 hours for 3 days
: : ‘ from T2M and D2M (dew point temperature)




Architecture 2.0: Ophidia Server & Workflow support

Workflow tasks -+ Front-end and security i-------"""" TTtTooooooooooooosooooooooooooooooooooon ]

Each task is associated OphidiaDB  J—— > @
to an Ophidia operator manager -
Request parser OphidiaDB
Request Multiple cube . Notification
.q ; Task selector P ' from the
validator ' management . framework
Notification

manager

Workflow Single cube
Task o
queue :l:l:l:l:l asKStarter submission

- Workflow engine !|---------=-=-=---f----------oo ' 771 Notification manager ' 1o\ards the

framework

Resource manager -

©



Single Cube Task

Execution of a data/metadata operator through a single declarative statement

Single Cube Task

OperatorA
Data

Metadata
info

OperatorB
Metadata

[ OPH_TERM ] >> oph_List level=3
[Request]

_List; level=3; ://121.0.0.1/

[JobID]:

http://127.6.0.1/sessions/

[Response]
opl

| T | PATH | DATACUBE DOT

| MEASURE | LEVEL |

SOURCE |

¢ | /home/oph-dev/cmips

http://127.0.0.1/9/58 | tas

c | /home/oph-dev/cmips | http://127.0.0. tas
/home/oph- tas
¢ | /home/oph- tas

/home/oph-

/home/oph-

/home/oph-

c | /home/oph-dev/cmips | http://127.0.0.

http://127.0.0.1/9,

http://127.0.0. 1/

/home/oph- dev/Scrivania/tas_historical_CMCC-CH/rlilpl/tas_hist.nc

http://127.6.0. 1/

http://127.0.0.1/9,

http://127.0.0.1/9,

File Modifica Visualizza Cerca Terminale Aiuto

[ OPH_TERM ] >> oph_cubeio cube=http://127.0.0.1/1/7;branch=children;

[Request]:

operator=oph_cubeio; cube=http: //127.0.0.1/1/7;branch=children; sessionid=http: //127.0.0. 1/sessions/36286 19837327544763014
00839363774752/document ; exec_mode=interactive ; cwd=/home/oph-dev;

[JobID]:
http://127.0.0. 1/sessions/36.

4752/document#8

36286198373275447630140083936377475:

File Modifica Visualizza Immagine Vai Aiuto

@r » QLAY | &~

[Response]
Cube Provenance

| INPUT CUBE | OPERATION | OUTPUT CUBE

duplicate | ‘oph_duplicate \oph_duplicate
-1
http://127.0.0.1/1/7 | oph_duplicate |

| DOI : http://127.0.0.1/1/8 | ‘ DOI : http://127.0.0.1/1/18 |

Cube Provenance Graph

Directed Graph DOT string : foph_duplicate

digraph DG {

node  [shape=box]

0 [label="DOI : http://127.0.0.1/1/7\n"] ne

1 DOI : http://127.0.0.1/1/8\n"]

2 DOI : http://127.0.0.1/1/19\n"] 467 x 304 pixels 19.4kB 100% 717
3 DOI : http://127.0.0.1/1/18\n"]

0->1 oph_duplicate* ]

0->3 oph_duplicate* ]

1->2 oph_duplicate* ]

}

e
€linage File : 362861983732754476301400839363774752_8 [ —

[Request] :

operator=oph_explorecube; cube=http://127.0.0.1/9/67;limit_filte
32525683838441401638378235930/document ;exec_mode=interactive; c

[JobID]:
http://127.0.0.1/sessions/

[ opH_TERM ] >>[]

oph-dev@ophidiadevel:~ _ox

!

oph_cubeio cube=DOI;branch=children

[ OPH_TERM ] >> oph_explorecube cube=http://127.0.0.1/9/67;limit_filter=10;show_id=yes;show_index=yes;subset_dims=time;subset_filter=281:282;

0; show_id=yes; show_index=yes;subset_dims=time;subset_filter=281:282;session:
home/oph-dev ;

1401 ”

ument#6

[Response] :
tas

| 10 | lat | INDEX OF lat | lon

| INDEX OF lon | tas |

1 | -89.427084 | 1

-89.427084

-89.427084
-89.427084
-89.427084

-89.427084

-89.427084

-89.427084

9 -89.427084

10 | -89.427084

-

0.000000 | 1 224.7158966064

6.750000 | 10 224.8018341064

oph_list level=3

Selected 10 rows out of 115200

oph_explorecube cube=DOlI.



Multiple cubes task

Execution of the same data operator over a group of data cubes through
a single declarative statement

Multiple cubes tasks can be used:
to import a large number of datasets into the Ophidia platform

to process a large set of data cubes with similar properties
Multiple Cubes Task

|‘ OperatorA kl
OperatorA

"
"

Filter [ file=*.nc; ]

Data cubes to be processed by a multiple cubes operator can be selected by
applying a set of filters 0

uiop
|

104




Analytics workflows support and interfaces
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Analytics workflows support and interfaces

Workflow Management

This group includes a number of flow control operators that could be used within an Ophidia workflow to implement complex data
processing in batch mode. In particular, they implement several advanced features: setting of run-time variables, iterative and parallel
interface, selection interface, interactive workflows, interleaving workflows, etc.

NAME DESCRIPTION

OPH_ELSE Start the last sub-block of a selection block “if".
OPH_ELSEIF Start a new sub-block of a selection block "if".
OPH_ENDFOR Close a loop "for”.

OPH_ENDIF Close a selection block "if".

OPH_FOR Implement a loop “for”.

OPH_IF Open a "if" selection block.

OPH_INPUT It sends commands or data to an interactive task.
OPH_SET Set a parameter in the workflow environment.
OPH_WAIT Wait until an event occurs.




» Inthe CLIPC project, processing chains for data analysis
are being implemented with Ophidia to compute climate
indicators

* First set of indicators includes: TNn, TNx, TXn, TXx
* Inputfiles: 12GBs (TasMin & TasMax)
» TNx = max of the min temperatures
» TXx = max of the max temperatures

* Parallel approach
» Inter-parallelism & Intra-parallelism

Comnsinfim Kl
oty
o or




Workflow example IlI: fire danger analysis
Runtime Execution
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https://www.youtube.com/watch?v=vxbYF1Zhpuc&feature=youtu.be Q




Workflow example Ill: multi-model analytics
woiso -oaiscions ClOU-enabled, distributed multi-model analytics experiment

2016 [EEE Intumational Confereance oo Big Data (Big Dat)

» _ o Big Data Challenges, Research,
Distributed and cloud-based multi-model analytics experiments on large volumes of . .
climate change data in the Earth System Grid Federation eco-system and TeCh n0|og I es N the Earth and
Planetary Sciences

A workshop to be held Monday December 5th at the 2016 IEEE International Big Data Conference

S. Fiore', M. Plocienmik®, C. Doutrizw’, C. Palazzo', J. Boutte®, T. Zok? D. Elia', M. Owsiak®, A. D'Anca’,
Z. Shaheen’, B Brumo*, MF@M‘MWGB@MSIBW R Barbera'?, M. David', G. Donvito®,
D. N. Williams®, V. Anantharsj®, DSalmmm‘andGAlmm”

‘Ewo—MethlunnmCmmClmmmChanga Foundation (CMCC,), Traly

“Ttalian National Instimte of Nuclear Physics (INFN), Ialy M Lawrence Livermore st P
SUniversitat Politécnica de Valéncia (UPV), Spain National Laboratory f QPSNC P

6 University of Catania, Italy o ot
hm&memw&mmpm (:v.— ¥

i cruss EU diverse ity of scienti analyse General
fhre ESGF ses (LN ORNL and CMCO) md mecomral e oy o e ©  ESGF Nodes OAK RIDGE
process serves improv : ) . INDIGO FGEngine - National Laboratory crrm

comprehensive Earth System Models s rapidly leading 1o o o 00 maboen . maime e A first experiment across sites was demonstrated at the 1st
“heing procesing. syt vivmasaion. prsevsin Slomu B et peie, el INDIGO Review, November 2016 in Bologna
o - =2 - ~ o cycle. ] .
mgwmmta%@ﬁmﬁsmmw& T T Lt Strong synergy with the.ESGF cwTt Roadmap.
feerted dets st ol 3 ke s of 8 Lol e o e = ml e © - INternational collaboration across the Atlantic

Drodachon el sppor o S & dscovery, oweng e das mals i e CMIP e wheres Secin S. Fiore, M. Pldciennik, et al.: Distributed and cloud-based multi-model
analytics experiments on large volumes of climate change data in the Earth
$78.1-4673-9005- 7N GA3L 00 QNG ETR - System Grid Federation eco-system. BigData 2016: 2911-2918 0




High-level view of the multi-model ,,precipitation
trend analysis” experiment

Single model precipitation trend analysis

APPLY
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o

INDIGO - DataCloud

CMIPS5 scientific data analysis workflow in ESGF 4

B Lawrence Livermore
National Laboratory

O  ESGF Nodes %() AK RIDGE
. INDIGO FGEngine + Kepler National Laboratory crmc

Centro Euro-Mediterraneo
sui Cambiamenti Climatici




( :2 ) The paradigm shift proposed & exploited in INDIGO-
INDIGO - DataCloud D at a C I ou d
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Behind the scene: workflow JSON representation

[ ophrpm@ophidiarpm:~/workflow X ‘ ophrpm@ophidiarpm:~/workflow X

"name": "Loop on tasmin and tasmax cubes",
"operator": "oph_for",

"arguments": [ "name=cube","counter=1:2", "values=${1}|${2}", "parallel=yes" ]

"name": "Compute operation over time",
"operator": "oph_reduce2",
"arguments": [

"cube=@{cube}",

"dim=time",

"concept_level=M", Compute operation ov
"midnight=00", oph_reduce2
"operation=$3",

"container=tmp"
1,
"dependencies": [

{ "task": "Loop on tasmin and tasmax cubes" }

1

"name": "Conversion from Kelvin to Celsius degrees",

"operator": "oph_apply",

"arguments": [
"query=oph_sum_scalar('oph float', 'oph float',Kmeasure,-273.15)"

Conversion from Kelv
oph_apply
1,
"dependencies": [{
"tas '"Compute operation over time",
single"

"name": op for subset months", Loop for subset mont
"operator "oph_for", ’
"arguments": [ "name=index","counter=1:12", "values=Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct| e oph_for
"dependencies": [ { "task":"Conversion from Kelvin to Celsius degrees", "type": "single" } ]

"name": "Subset on i-month",
"operator": "oph_subset",

"arguments [

"subset dims=time",

"subset filter=&index:12:end" Subset on i-month
1, oph_subset

"dependencies": [

--More--(65%)

Youtube video: https.//www.youtube.com/watch?v=PTZkw60YCNU



T
Workflow submission

ophrpm@ophidiarpm:~/devel/oph-client/res ’ ophrpm@ophidiarpm:~/workflow

./Tind_loop.json http://193.204.199.174/0phidia/29/2046 http://193.204.199.174/0phidia/30/2047 max
[JobID]:
http://193.204.199.174/ophidia/sessions/376699238311302232511449455166146380/experiment?247#3144

view 247
[247] ./Tind loop.json http://193.204.199.174/0ophidia/29/2046 http://193.204.199.174/0ophidia/30/2047 max [http://193.204.199.174/ophidia/sessions/376699238311302
232511449455166146380/experiment?247#3144]

[Response]:
Workflow Status

OPH_STATUS_COMPLETED

Workflow Progress

TOTAL NUMBER OF TASKS

82

OPH JOB ID SESSION CODE WORKFL PARENT MA | TASK NAME EXIT STATUS
Ow ID RKER ID

http://193.204.199.174/0ophidia/sessions/37669923831130 37669923831130223251 Loop on tasmin and tasmax OPH_STATUS _
2232511449455166146380/experiment?247#3145 1449455166146380 COMPLETED

http://193.204.199.174/ophidia/sessions/37669923831130 37669923831130223251 Compute operation over ti OPH_STATUS _
2232511449455166146380/experiment?247#3146 1449455166146380 me (1) COMPLETED

http://193.204.199.174/0ophidia/sessions/37669923831130 37669923831130223251 Compute operation over ti OPH_STATUS _
2232511449455166146380/experiment?247#3147 1449455166146380 COMPLETED

http://193.204.199.174/ophidia/sessions/37669923831130 37669923831130223251 Conversion from Kelvin to OPH_STATUS _
2232511449455166146380/experiment?247#3148 1449455166146380 Celsius degrees (1) COMPLETED

http://193.204.199.174/ophidia/sessions/37669923831130 37669923831130223251 | | Conversion from Kelvin to OPH_STATUS _
2232511449455166146380/experiment?247#3149 1449455166146380 Celsius degrees (2) COMPLETED




Programmatic access through the PyOphidia class

v" PyOphidia provides a Python interface to submit commands to the Ophidia Server and to

retrieve/deserialize the results
v" Two classes implemented:

v' Client class: connect to the server, navigate into the ophidia file system, submit

workflows, manage sessions, etc.

v Cube class: manipulate cubes (reduce, subset, operations between cubes,

intercomparison, etc.), get information on cubes (schema, dimensions, metadata, etc.)

class Cube():
"""Cube(container='-"', cwd=None, exp_dim='auto', host_partition='auto', imp_dim='auto', measure=None, src_path=None, cdd=None, compressed='no’',

leap_year=0, month_lengths='31,28,31,30,31,30,31,31,30,31,30,31', run='yes', units='d', vocabulary='-', description='-', schedule=0,
pid=None, check_grid='no', display=False) -> obj

or Cube(pid=None) -> obj ©0® /“iome x)/ = Onticia Python APIand I x 2

. C f ipynb =
Attributes: = — - =

pid: cube PID _,Jupyter Ophidia Python API and IPython Last Checkpoint: 2 minutes ago (unsaved changes) A

creation_date: creation date of the cube File  Edit View Inset Cell Kemel Help # |Python3 O

measure: name of the variable imported into the cube + % @B 4 v > B C Coe 4 Cell Toolbar:  None

measure_type: measure data type var2 = [float(x) for x in res['response'][0][ 'objcontent'][0][ rowvalues'][1][2].split(", ")]

level: number of operations between the original imported cube and the actual cube b = (R 2 e B L L T e T s PP el

................ Prepare also the time/x axis:

source_file: parent of the actual cube

rastxcube: number of hosts associated Wlth the cube In [10): time = [i+]1 for i im range(len(res['response’][0]['objcontent'][0]['rowvalues'][0][2].8plit(", ")))]
dbmsxhost: number of DBMS instances on each host . . nine:
inally, plot the 3 time series inline:
dbxdbms: number of databases for each DBMS
f number of fragments for each database In [11): plot(time, varl,

'ro-")
: number of rows for each fragment e e i)

plot(time, var3,

ow: number of elements for each row show()

: 'yes' for a compressed cube, 'no' otherwise 1000
size: size of the cube

nelements: total number of elements 1T

dim_info: list of dict with information on each cube dimension

€00

Class Attributes: w0
client: instance of class Client through which it is possible to submit all requests

20

In [ 3: |




PyOphidia release

u Search projects Q Help Donate  Login  Register

PyOphidia 1.6.0 P

p1'p install PyOphid‘ia 1) Last released: About 6 days ago

Python bindings for the Ophidia Data Analytics Platform

Navigation Project description
PyOphidia is a GPLv3-licensed Python package for interacting with the Ophidia framework.
) Release history Itis an alternative to Oph_Term, the Ophidia no-GUI interpreter component, and a convenient way to submit

SOAP HTTPS requests to an Ophidia server or to develop your own application using Python.

& Download files It runs on Python 2.7, 3.3, 3.4 and 3.5, has no Python dependencies and is pure-Python code. It requires a

running Ophidia instance for client-server interactions. The latest PyOphidia version (v1.6.0) is compatible with
Ophidia v1.3.0.
Project links
It provides 2 main modules:
A Homepage . . . . .
o client.py: generic low level class to submit any type of requests (simple tasks and workflows), using SSL
and SOAP with the client ophsubmit.py;

Statistics e cube.py: high level cube-oriented class to interact directly with cubes, with several methods wrapping the
operators.

View statistics for this project via

Libraries.io, or by using Google .

BigQuery Installation

https://pypi.org/project/PyOphidia/ @



T
PyOphidia applications: Jupyter notebooks

Import PyOphidia and connect to server instance

In [ ]: from PyOphidia import cube, client
cube.Cube.setclient(read_env=True)

Import data and extract a single time series

In [ ]: mycube = cube.Cube.importnc(src_path='/public/data/tos_01_2001-2002.nc',measure='tos’',imp dim='time', ncores=5)
mycube2 = mycube.subset2(subset dims="lat|lon",subset filter="0:1|0:1",ncores=5)
data = mycube2.export_ array()

Plot time series

In [ ]: import matplotlib.pyplot as plt
y = data[ 'measure'][0][ 'values'][0][:]
x = data[ 'dimension'][2][ 'values'][:]
plt.figure(figsize=(11, 3), dpi=100)
plt.plot(x, y)

plt.ylabel(data[ 'measure'][0][ 'name'] + " (degK)")
plt.xlabel("Days since 2001/01/01")

plt.title('Sea Surface Temperature (point 0.5, 1)')
plt.show()

Convert from Kelvin to Celsius degrees

In [ ]: mycube3 = mycube2.apply(query="oph_sum scalar('OPH_FLOAT', 'OPH_FLOAT',measure,-273.15)",description="celsius")
data = mycube3.export_array()

Plot time series

In [ ]: y = data[ 'measure'][0][ 'values'][0][:]
x = data[ 'dimension'][2][ 'values'][:]
plt.figure(figsize=(11, 3), dpi=100)
plt.plot(x, y)

plt.ylabel(data[ 'measure'][0][ 'name'] + " (degC)")
plt.xlabel("Days since 2001/01/01")

— plt.title('Sea Surface Temperature (point 0.5, 1)')
plt.show()



T
Native Ophidia I/O server

The 1/0 server provides a native solution for the scientific domain
applications. The requirements for the Ophidia I/O server are:

* run data analytics tasks in-memory taking advantage of the lower
latency

* binary array-oriented engine to efficiently process scientific
multidimensional data

* interact directly with the storage layer to exploit data locality
* exploit parallelism at the array-level

* NoSQL approach based on key-value store providing a declarative
query language (SQL-like)

* guarantee extensibility and interoperability of the 1/O server to
support multiple storage back-ends

C




Experimental results (in-memory I/O server)

EFFICIENCY

1,20

1,00

0,80

0,40

0,20

0,00

Execution time is measured by scaling up the number of parallel tasks

Two metrics are evaluated:

» efficiency (speedup/computational resources)

* throughput (data

REDUCE ALL MAXIMUM

processed/time unit)

128,00 CORES EXECUTION EFFICIENCY THROUGHPUT
A | NUMBER  TIME [s] (:78)]
" j}<: ------------------------ 200 5 1 388,50 1,00 0,97
N o
/ D IR 2 197,51 0,98 1,90
8,00 %
o 4 97,96 0,99 3,83
/ 200 E 8 49,52 0,98 7,57
""" & 1,00 16 25,39 0,96 14,77
L2 4 s 1 m e s 32 13,22 0,92 28,36
COMPUTE CORES NUMBER 64 7’ 11 0,85 52’72
=8=EFFICIENCY =f=THROUGHPUT
128 4,29 0,71 87,47

3D dataset, 375GB, 2.1M time series, 24K elements each (50 Billions elements)
8 nodes, 16 cores each, 128 cores in total
Max computation over time dimension, 2D result (map)

With 128 cores it is around 30x faster than MySQL I/0 engine!
Full benchmark is ongoing on the Athena Cluster at CMCC SCC




ECASLab in the
EOSC-hub context




T
ECASLab: a user-oriented environment for data
analysis and visualization

v/ ECASLab is an integrated scientific environment for scientific data management

v It provides a ready-to-use multi-node ECAS (ENES Climate Analytics Service) to perform
data analytics on scientific datasets

v/ Currently setup at at CMCC (Italy) and DKRZ (Germany)

v It integrates data, analysis and visualization tools in a user-friendly environment
accessible with light-weight clients (i.e. a desktop bash-like client and a web GUI)

v It exposes a JupyterHub service to create, execute and share Jupyter notebooks (Python-
based) supporting live-code and visualization

v/ File system navigation, file editing, upload and download supported via web

v Released on May 2017, with an initial set of services:
v Simple quick start & registration form available
v JupyterHub, OPeNDAP/THREDDS/IDV, ECAS Terminal
v/ Monitoring system based on Grafana
v/ Besides PyOphidia Several Python libraries available for analysis & visualization
v Workflow IDE (alpha release)

©




ECASLab in a nutshell

et e i
map.drawparallels(np.arange( -90, 90,30),labels=[1,0,0,0])
map.drawmeridians(np.arange(-180,180,30),labels=[0,0,0,1])
%, y = map(*np.meshgrid(lon,lat))

clevs = np.arange(265,310,0.5)

cnplot = map.contourf(x,y,var,clevs,cmap=plt.cm.jet)

plt.title('Temperature (deg K)')

plt.show()
Temperature (deg K)
=] 3055
. =
60°N "\J’K ) — ~ é‘: : Py P <
V] ] R 301.0
i
~ ,
ES
2965
30°N -,
i 2920
. P
-
o Sty = 2875
\
P 283.0
27855

274.0

269.5

: Ju pytel‘ Aggregated_map Last Checkpoint: an hour ago (unsaved changes) ﬁ Control Panel | Logout -
~Ju pyter‘ Control Panel  Logout
File  Edit View Inset  Cell  Kernel  Help Trusted | Python2 O
+ x 4+ v ¥ B C  Makd i@
@b arconn Files Running Clusters

Files browsjng .

Select items to perform actions on them.

- B Name 4 Last Modified 4
0O datd 10 days ago
O notebooks 10 days ago
[ workflows 10 days ago

B infrastructure Metrics

o 30°E 60°E 90°E 120°E

ECAS Terminal

LOAD AVERAGE - m sm LOAD AVERAGE - 15m

Z Jupyter

RAM used SWAP used

Warning: There is no session to resume

Resuming last session...

Getting list of Ophidia operators XML files from "ht
rators_xml/"... Done.

Downloading necessary files... Done.

Remote XML files: 67 - Downloaded XML files: 67 - Re

Oph_Term - the Ophidia shell, version 1.0.0

Copyright (C) 2012-2017 CMCC Foundation - www.cmcc. i
This program comes with ABSOLUTELY NO WARRANTY; for
This is free software, and you are welcome to redist
under certain conditions; type “conditions' for dets

Welcome to Oph_Term !

‘Monitoring

Use the power of the Ophidia framework right from yc#
If you are going to use Oph_Term for the first time an
to get you started, just try entering "help

[OPH_TERM] >> oph_list]]

Quick Start

OphidiaLab provides two different ways to get access to its scientific eco-system: JupyterHub and Ophidia client.

JUPYREr  Time_series_ exiraction s rcoon: 2 oo b g B e

Jupyter supports interactive data science and scientific
computing. s)¢)xTe
OphidiaLab includes a JupyterHub installation and, thanks to
the Jupyter Notebooks, scientists can create and share
documents that contain live code, equations, visualizations
and explanatory text.

The JupyterHub interface is available here*.

After you login, open "Quick Start.ipynb” notebook available \ N
under the quickstart/ folder in your home to get started with v
OphidiaLab environment capabilities. : N 3

QuickStart

The Ophidia Terminal is a robust, comprehensive, and user-
friendly Ophidia client, developed with characteristics similar
to the bash shell present in almost all Unix-like environments.
Please have a look at the online available documentation to
learn more about the basic functionalities of the Ophidia
terminal as well as some advanced features useful for more
skilled users.

Two short guides (basic, advanced) in pdf format are also
available.

*Please note that for security reasons, the access to our
JupyterHub instance is restricted to authorised users only and
needs an additional step after the registration process.

Several examples of real-world usage of the terminal are also
available on the Ophidia website tutorial section.

The latest client RPM for CentOS7 is available here.

The related DEB package can be downloaded from here.

Once installed you can simply run:

Jusr/local/ophidia/oph-terminal/binfoph_term -H
ophidialab.cmcc.it -u <username> -p <password> -P 11732




-]
ECASLab: Jupyter user local folder

: J u pyter Control Panel Logout
Files Running Clusters
Select items to perform actions on them. Upload | New~
(@] ~ B Name 4  Last Modified 4
O O cuprc 7 months ago
J O data 4 days ago
L) O INDIGO 9 months ago
[J [ notebooks 3 days ago
[J [ quickstart 4 days ago
O [ workflows 4 days ago
(3 40194790141576332765151204120421191 3_9266.svg 5 minutes ago




ECASLab: Jupyter notebooks

: Jupyter Time_series_extraction (read only) @ ControlPanel | Logout

File  Edit View Inset Cell  Kerel  Help Not Trusted @ |Python2 ©

+ xx & B 4 ¥ M H C Markdown B

Import PyOphidia and connect to server instance

In [ ]: from PyOphidia import cube, client
cube.Cube.setclient(read_env=True)

Import data and extract a single time series

In [ ]: mycube = cube.Cube.importnc(src_path='/public/data/tos_01_2001-2002.nc',measure='tos',imp_dim='time',ncores=5)
mycube2 = mycube.subset2(subset_dims="lat|lon",subset_filter="0:1|0:1",ncores=5)
data = mycube2.export array()

Plot time series

In [ ]: import matplotlib.pyplot as plt
y = data[ 'measure'][0]['values'][0][:]
x = data[ 'dimension'][2][ 'values'][:]
plt.figure(figsize=(11, 3), dpi=100)
plt.plot(x, y)

plt.ylabel(data[ 'measure'][0][ 'name'] + " (degK)")
plt.xlabel("Days since 2001/01/01")

plt.title('Sea Surface Temperature (point 0.5, 1)')
plt.show()

Convert from Kelvin to Celsius degrees

In [ ]: mycube3 = mycube2.apply(query="oph sum_ scalar('OPH_FLOAT', 'OPH_FLOAT',measure,-273.15)",description="celsius")
data = mycube3.export_array()

Plot time series

In [ ]: y = data['measure'][0][ 'values'][0][:]
x = data[ 'dimension'][2][ 'values'][:]
plt.figure(figsize=(11, 3), dpi=100)
plt.plot(x, y)

plt.ylabel (data[ 'measure'][0][ 'name'] + " (degC)")



ECASLab: ECAS Terminal (from Jupyter)

.JUpyter Control Panel Logout

tos_01_2001-2002.nc | https://ophidialab.cmcc.it/ophidia/2017/260995 | celsius

+===t=====================4================================================{=============+

Execution time: 0.11 seconds

[40..1913] >> oph_

oph_aggregate oph_duplicate oph_if oph_manage_session oph_rollup
oph_aggregate2 oph_else oph_importfits oph_merge oph_script
oph_apply oph_elseif oph_importnc oph_mergecubes oph_search
oph_cancel oph_endfor oph_importnc2 oph_mergecubes2 oph_service
oph_cluster oph_endif oph_importnc4 oph_metadata oph_set
oph_concatnc oph_explorecube oph_importnc5 oph_movecontainer oph_showgrid
oph_containerschema oph_explorenc oph_importncé oph_operators_list oph_split
oph_createcontainer oph_exportfits oph_importsac oph_permute oph_subset
oph_cubeelements oph_exportnc oph_input oph_primitives_list oph_subset2
oph_cubeio oph_exportnc2 oph_instances oph_publish oph_tasks
oph_cubeschema oph_folder oph_intercube oph_randcube oph_unpublish
oph_cubesize oph_for oph_list oph_reduce oph_wait
oph_delete oph_fs oph_log_info oph_reduce2

oph_deletecontainer oph_get_config oph_loggingbk oph_restorecontainer

oph_drilldown oph_hierarchy oph_man oph_resume

[40..1913] >> oph_cube

oph_cubeelements oph_cubeio oph_cubeschema oph_cubesize

[40..1913] >> oph cubeschema

[Request]:
operator=oph_cubeschema;sessionid=https://ophidialab.cmcc.it/ophidia/sessions/401947901415763327651512041204211913/experiment;exec_n
ode=sync;cube=https://ophidialab.cmcc.it/ophidia/2017/260995;cwd=/;cdd=/home/sfiore;host_partition=test;

[JobID] :
https://ophidialab.cmcc.it/ophidia/sessions/401947901415763327651512041204211913/experiment?241#9269

[Response] :

+========== ==============================4==================={========j============={======{===================4o===========4
PID CREATION DATE MEASUR MEASURE TYP LEVE NUMBER OF FRAGMEN SOURCE FIL
E E L TS E

+============================================+===================+========t=============+======+===================+============+

lab.cmcc.it/ophidia/2017/26 | 2018-06-25 03:15: | tos |
30

==s=ss==4ss==== === == L

D B T T g T T B T e s T T P
DESCRIP | HOST x DBMS x DATABASES x | FRAGMENTS x DA | ROWS x FRA | ELEMENTS COMPRES | CUBE S | UN | NUMBER OF EL
TION CUBE HOST DBMS GMENT x ROW IZE

+=========4 =====4m===== === === E=s=msssssodos===== T TN =4 ===

| celsius | 1 | 1 | 1 | 1 | 1 | 24 | no

+=========+=========t=========+=============+================+============+===========+=========+========+====+==============+

Dimension Information

+======¢=== =4======{===========t==============={======={=======t==============+

| NAME | TYPE | SIZE | HIERARCHY | CONCEPT LEVEL | ARRAY | LEVEL | LATTICE NAME |

+======t========+======+===========t+===============+=======+=======+==============+

double 1 oph_base cell

double oph_base cell

======t{========t+======t===========+t==========

Execution time: 0.12 seconds
[40..1913] >>




ECASLab: Grafana monitoring interfac

v' Based on grafana

G Infrastructure Metrics

LOAD AVERAGE - 1m

LOAD AVERAGE - 5m

min

o NN

Last 5 minutes

LOAD AVERAGE - 15m

5
0
18:49 1850 18:46 1847 1848 18:49 1850
max current min max current
T 7 - oph01 3 s 5
] 8 oph-02 3 6 6
4 7 - oph-03 3 5 5
1 1 — oph-server 11 1
SWAP used
- SWAP oph-01
SWAP oph-02
- SWAP oph-03
- SWAP cph-server
1846 1847 1848 1849 1850
DISK USAGE nodo 3 DISK USAGE server
values values
705005368 - free 4764188

v" It also supports application-

level monitoring (for wf)

20 0
M
. .
It provides real-time :
N
s i — -
- i 0
1846 1847 1848 1849 18:50 846 1847 848
. .
monitoring of the ECA
- Oph-01 0 16 13 - 0ph01
oph-02 0 16 12 oph-02
— oph-03 [T 13 — oph-03
— ophserver 0o 4 3 — ophserver
cluster
RAM used
28 0
- RAM 0ph-01
. . -
/ RAM oph-02
sed internally by admins
. = RAM oph-server
s 06
1 g
{5 Application Metrics Last 5 minutes “ o
Row title 02
Workflows progress ratio Task per workflow
— o
- CLIPC_Lenght of snow season #136 - CLIPC_Lenght of snow season #136 18:49 18:50
®
600
- 500
. DISK USAGE nodo 2
A <
300
«
206 values
: - free 848528500 - free
20
100
° o
1846 1847 1848 1849 1850 1846 1847 1848 1849 1850
Row title
Tasks Cores running
8 10
60
30
50 ! |
& |
|
| L
@«
2
0 »
° o
184530 184500 184630 1RA700 184730 1S4R00 148 184900 184530  1RSG00
min max current °
= pending 0 w2 0 184530 184600 184630 184700 184730 1B4B00 184R30 184300 184930  1RS000
running o 4 0

min max current




Looking forward

Workflow IDE and Server-side machine
learning




ECASLab and the analytics workflow IDE

Ophidia analytics IDE Hi edistante! ~ Logout

i@ Code Monitoring  MyWorkflows  Upload workflow

Ophidia analytics IDE Hi edistante!  Logout _

2 Ophidia Server
Editor  Code MyWorkflows ~ Upload workflow

Hiedistante! Logout

—t—

a

1

8

$2
CMCC-CM
$3
-90:90/0:360
$4
1970_2000

$5
2070_2100
$6

1360x180

Your workflow has been successfully submitted



Easy and automated generation of JSON code

Admiistaton O
Duarnyss O
D mputtpet @
Metadata L
Miscelaneoss O
Virtal e System O
Workfiow Management O

"name”: “dtr anomaly”,
"author": "CMCC",

"abstract”: "This workflow computes the anomaly of DTR (Diurnal Temperature Range) index with respect to past values. It works on two input files (tasmin/tasmax variable): $1 is
ncores, $2 is the model, $3 is spatial filter (lat|lon ranges), $4 is the first time filter (historical), $5 is the second time filter (scenario), $6 is the grid of output map using the

format r<lon>x<lat> (e.g. r360x180), i.e. a global regular lon/lat grid (this parameter is optional and by default the lon/lat grid of input file is adopted).”,
"eud”: "/“' " " wer : "
Connection to Ophidia Server "ncores™: "${1}", name": "Time reduction RCP",
Server* ":n_:x:f : "oph_delete”, "operator‘": uoph reduceZ",
ophidalab ccc k v asks - " =
: [ arguments™:

pont* (
um o v "name”: "Init", [
Usermame "operator”: “t[wh_set", "operation=avg",

ey "arguments”: O r T ——
. B “key=missingvalue”, dim=time",
— : “value=1.e420" "concept_level=1",
_— v P

b "description=Monthly Averages RCP",

 scwesergs {

"name": "Create Work Contail
L “operator™: "oph_createconti

"arguments”: [
"container=dtr",
"dim=1at|lon|time",
"dim_type=double|dol
"hierarchy=oph_base
"compressed=no”,
"ncores=1",
"base_time=1850-01-(
"calendar=standard”
"units=s"

B
"on_error”: "skip"

i

{
"name”: "Import TX RCP",
"operator”: “"oph_importnc”,
"arguments”:

"src_path=/data/cmi|
"measure=tasmax",
"base_time=1850-01-(
"units=d",

"missingvalue=@{missingvalue}"

3
"dependencies": [
{ "task": "Evaluate DTR RCP", "type": "single" }

"name": "Time reduction Historical",
"operator": "oph_reduce2",
"arguments":
[
"operation=avg",
"dim=time",
"concept_level=M",
"description=Monthly Averages Historical",
"missingvalue=@{missingvalue}"
1
"dependencies": [
{ "task": "Evaluate DTR Historical", "type": "single" }

.

"name": "Loop on months", \

"operator”: "oph_for",

"arguments": [ 0 P H FO R
"key=month", -
"counter=1:12",

"parallel=yes"

3
"dependencies": [
{ "task": "Time reduction RCP" },
{ "task": "Time reduction Historical" } ‘

b

W — i — -
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Long Short-Term Memory Network for Time Series Prediction

® We modeled the time series as a
supervised learning problem, that
is, as a sequence of inputs and
outputs.

At each stage, the network
receives as input the n values in
the past from a time t. The output
is h nodes representing the values
in the future.

Time

Network Output

 The goal of the network is to learn
the mapping from the input to the
OUtpUt. Output

 Hopefully, the LSTM is able to e
capture some kind of temporal
dependence in order to get better
predictions.

Output

Network




Ophidia Primitives For LSTM: Training

 The algorithm has been divided in two phases: one for training and one for
test/prediction.

The primitive for the training task:

s

oph_lstm(input OPH.TYPE, output_OPH_TYPE, measure,
dim_in, dim_out, n_h_layers, n_h_neurons, [dropout],
[learning_rate], [unrolled_len], [minibatch_size],

[max_epoch])

\

It can be run in a SQL statement or in the OPH_APPLY operator.

After the training phase, the resulting neural network with updated parameters
is saved as a binary array in a datacube. It can then be reused in the test phase.

The primitive for the test/prediction:

oph_lstm predict (input OPH_TYPE, output_OPH_TYPE,

measure_a, measureb, test)




LSTM for the SANIFS Use Case
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Useful resources and
final remarks




e
Ophidia documentation and social/multimedia content

Safari File Edit View History Bookmarks Window p pgthon 3 search
® 006
» Package Index > PyOphidia > 1.2.1

@ [0 ophidia.cmcc.it/documentation/users /operators

& [ ShinyStat™ ...one account Apple ¥ Sky GO eBay Yaho it g PyOphidia 1.2.1
Browse packages Login
Package submission Python bindings for the Ophidia Data Analytics Platform Register

M M List trove classifiers Lost Login?
p I I q List packages PyOphidia is a GPLv3-licensed Python package for interacting to the Ophidia platform. LostLogine ‘

RSS (latest 40 updates) Use OpenlD ~
RSS (newest 40 packages) Itis an alternative to Oph_Term, the no-GUI interpreter component bundled with Ophidia, and a convenient way to submit Login with Google >
Python 3 Packages SOAP HTTPS requests to an Ophidia server or to develop your own client using Python.
PYP! Tutorial EEX
PyPI Security It runs on Python 2.6, 2.7, and 3.4, has no dependencies and is pure-Python. Nothing to report
PyPI Support

load
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Data Analytics Terminal : using aliases

by Ophidia

1yearago * 10 views

In this video we show how to create a new alias and how to successfully use it in a command
launched through the Data Analytics Terminal.

X History
© Watch Later

PLAYLISTS
= Playlist session the user was connected to, as well
= Data Analytics Terminal

Data Analytics Terminal : using environment variables

by Ophidia

1year ago * 15 views

In this video we show how to create a new environment variable and how to successfully use
it in a command launched through the Data Analytics Terminal.
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Popular on YouTube

D

&) Music

R4 Sports

L Gaming Data Analytics Terminal : switching between sessions to epricit.
by Ophidia

1year ago * 24 views
This video introduces the concept of sessions and shows how to switch between them from
within the Data Analytics Terminal.

© Browse channels
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© YouTube Red
_@ Ophidia uploaded a video Jbe as the di
) Data Analytics Terminal : autocompletion feature
by Ophidia
1year ago * 22 views
In this video we show how to exploit the autocompletion feature of the Data Analytics dreturnsan

Terminal to speed-up the user typing speed.

ﬂ%\ Ophidia uploaded a video

OPH_MERGECUBES It merges the measures of ninput datacubes with the same fragmentation structure and creates a newd
atacube with the union of the n measures. 68



5
Useful Resources

Website: https://ophidia.cmcc.it

 Doc : http://ophidia.cmcc.it/documentation

« The Ophidia code is available on GitHub under GPLv3 license at
https.//qithub.com/OphidiaBigData

« RPMs are also available for CentOS6 at the following repo:
http.//download.ophidia.cmcc.it/rom

 Youtube Channel
https://www.youtube.com/user/OphidiaBigData/

* A Virtual Machine Image (OVA format) is also available at
https.//download.ophidia.cmcc.it/vmi_desktop/ to get started in a few minutes
with Ophidia

)
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Conclusions

v/ ECAS represents the community evolution of Ophidia and is a key thematic
service in the context of the EOSC-hub

v OLAP approach for big data — multidimensional data model

v Multiple use cases for data analysis in different domains have been implemented
v It provides access via CLI (end-users) and API (devel users)

v Programmatic access via C and Python APIs

v Several deployment scenarios tested in cloud and HPC environments

v Strong workflow support and in-memory analytics

v Programmable interface to develop machine learning algorithms
v Preliminary results on this topic are promising
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