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Large-scale climate analysis

Complexity of the analysis leads to the need for end-to-end workflow support

o Typical approaches (mostly based on bash-like scripts) requires climate scientists to
take care of implement and replicate workflow-like control logic

o Analyses can require the execution of tens/hundreds of analytics operators
o Efficient orchestration of the tasks is critical
o Parallelism must be handled both at intra-task and inter-task level

o Task failure should also be considered

Workflows can represent a way to define portable and re-usable analyses
(targeting FAIR principles)
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Analytics workflows

Ophidia supports the execution of complex workflows of operators.

o Defines a JSON representation for the workflow DAG specification

o Supports different constructs: dependencies; massive tasks; iterative (group of) tasks;
parallel (group of) tasks; flow and error control

SCOCS
CELe®
<==>
C. Palazzo, A. Mariello, S. Fiore, A. D’Anca, D. Elia, D. N. Williams, G. Aloisio, “A Workflow-Enabled Big Data Analytics Software Stack for eScience”,
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Ophidia architecture: front-end layer
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Ophidia Terminal

The Ophidia Terminal, a CLI bash-like client for the Ophidia HPDA Framework:

o [Executing interactive data analytics sessions;

o Submit batch data analytics tasks of workflows;

o Experiment and operators debugging;
o File system exploration and environment management.

[11..4495] >> oph list level=2;

[Request]:

operator=oph list;path=;level=2;sessionid=http://127.0.0.1/ophidia/sessions/1112
38695229505952271558621818154495/experiment ; exec_mode=sync;cdd=/;

[JobID]:
http://127.0.0.1/ophidia/sessions/111238695229505952271558621818154495/experiment?2#45

[Response]:
Ophidia Filesystem: /

====+
DESCRIPTION |

| T | PATH
===+
| £ | testFolder/

+—+— +




The Ophidia Server

The workflow management system Client
. |
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Analytics Workflow Schema

Ophidia workflows schema:

o based on JSON representation for requests/responses

o defines application-level semantic and syntactic rules

o models scientific computations as DAG

Main supported abstractions:

O

O

O

Shared properties
Flow/data dependencies
Simple/massive tasks

Iterative (group of) tasks

©)

©)

©)

Parallel (group of) tasks
Flow and error control

Interleaving and interactive tasks




Behind the scene: workflow JSON representation

e 1
ophrpm@ophidiarpm:~/workflow ophrpm@ophidiarpm:~/workflow

"tasks": [

{

"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",
"midnight=00",
"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)"
1,
"dependencies": [{
"task": "Compute operation over time",
"type": "single"
1

"name": "Loop for subset months",

"operator": "oph_for",

"arguments": [ "name=index","counter=1:12", "values=Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct|Nov|Dec", "parallel=yes" 1],
"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"
1,
"dependencies": [

--More--(65%)




Behind the scene: workflow JSON representation

ophrpm@ophidiarpm:~/workflow ophrpm@ophidiarpm:~/workflow

"tasks": [
{
"name": "Loop on tasmin and tasmax cubes",
"operator": "oph_for", -
"arguments": [ "name=cube","counter=1:2", "values=${1}|${2}", "parallel=yes" ]
},
1
"name": "Compute operation over time",
"operator": "oph_reduce2",
"arguments": [
"cube=@{cube}",
"dim=time",
"concept_ level=M", Compute o
"midnight=00", !
"operation=$3",
"container=tmp"
1,
"dependencies": [
{ "task": "Loop on tasmin and tasmax cubes" }
]
"name": "Conversion from Kelvin to Celsius degrees"
"operator": "oph_apply"” Conversion from Kelv
"arguments": [ i
"query=oph_sum_scalar('oph float','oph float',measure,-273.15)" - oph_apply
1,
"dependencies": [{
"task": "Compute operation over time"
"type": "single"
1
}.
1 for o
"name": "Loop for subset months" - Loop for subset mont
" w. o " oph_for
operator": "oph_for
"arguments": [ "name=index","counter=1:12", "values= Jan|Feb|Mar|Apr|May[Jun|Jul|Aug|Sep|0ct[Nov|Dec "parallel=y,|
"dependencies": [ { "task":"Conversion from Kelvin to Celsius degrees", "type": "single"
},
1
"name": "Subset on i-month",
"operator": "oph_subset",

"arguments": [

"subset_dims=time",

"subset filter=&index:12:end"
1,

"dependencies": [

--More--(65%)




Behind the scene: workflow JSON representation

ophrpm@ophidiarpm:~/workflow ophrpm@ophidiarpm:~/workflow

Wiaoclen, T

{

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

"operator": "oph_for",

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

{
—PI "name": "Compute operation over time",l

oA e v o L ey
"arguments": [
"cube=@{cube}",

"g;ﬂzzlﬁelével—M" Compute operation ov
Wi EDLE. S oph_reduce2
midnight=00", - -
"operation=$3",

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

{ "task": "Loop on tasmin and tasmax cubes" }
]
{
"name": "Conversion from Kelvin to Celsius degrees"
toperator"a "oph_apply" Conversion from Kelv
"arguments": [ oph_apply
"query=oph_sum_scalar('oph_float', 'oph_float',Kmeasure,-273.15)"
1
"dependencies": [{
"task": "Compute operation over time"
"type": "single"
1
1
{
"name": "Loop for subset months",
"operator": "oph_for",
"arguments": [ "name=index","counter=1:12", "values= Jan|Feb|Mar|Apr|May[Jun|Jul|Aug|Sep|0ct[Nov|Dec "parallel=y,
"dependencies": [ { "task":"Conversion from Kelvin to Celsius degrees", "type": "single"
5
{
"name": "Subset on i-month",
"operator": "oph_subset",

"arguments": [
"subset_dims=time"
"subset filter=&index:12:end"

1,
"dependencies": [

--More--(65%)




Workflow status monitoring

Extract maximum valu Extract minimum valu

Extract minimum valu

oph_reduce oph_reduce

oph_reduce

Evaluate max-min ran Evaluate max-min ran

oph_intercomparison oph_intercomparison

Extract minimum valu
oph_reduce

Extract maximum valu
oph_reduce

Extract minimum valu Extract maximum valu Extract minimum valu

oph_reduce

Extract maximum valu

oph_reduce

oph_reduce oph_reduce

Evaluate max-min ran Evaluate max-min ran

oph_intercomparison

Evaluate max-min ran

oph_intercomparison oph_intercomparison




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

[Response]:
Workflow Status

OPH_STATUS_COMPLETED

Workflow Progress

NUMBER OF COMPLETED TASKS TOTAL NUMBER OF TASKS

! !
| 82 | 82

P—— 4

Workflow Task List

| OPH JOB ID | SESSION CODE | WORKFL | MARKE | PARENT MA | TASK NAME | TYP | EXIT STATUS |
[ | | OWID | RID | RKER ID | | E | [
| http://193.204.199.174/ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3145 | 3144 | Loop on tasmin and tasmax | SIM | OPH STATUS |
| 2232511449455166146380/experiment?247#3145 | 1449455166146380 | [ [ | cubes | PLE | COMPLETED |
R T Pttt [-soececaoioaeiaeee SPERRTE J--oe-e J-ooeoeeenes [oceeoo e T EESTOREETes |
| http://193.204.199.174/ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3146 | 3144 | Compute operation over ti | SIM | OPH STATUS |
| 2232511449455166146380/experiment?2474#3146 | 1449455166146380 [ [ [ | me (1) | PLE | COMPLETED |
R ettt -ooececeoioaeeaaee ESPERRtE |--oeee J-coeoeeenes [ oeseoeocii e T EESTCREPeCer |
| http://193.204.199.174/ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3147 | 3144 | Compute operation over ti | SIM | OPH STATUS |
| 2232511449455166146380/experiment?24743147 | 1449455166146380 [ [ [ | me (2) | PLE | COMPLETED |
R et -ooececeoooneeaeee SPEREEE |--oe-e |-ooeoeoenes [-ooereoeoeeaoiaae T EESTORERRTRE |
| http://193.204.199.174/ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3148 | 3144 | Conversion from Kelvin to | SIM | OPH STATUS |
| 2232511449455166146380/experiment?247#3148 | 1449455166146380 [ [ [ | Celsius degrees (1) | PLE | COMPLETED |
o oo oo -soececeoioe oo |-ooeoene |--oe- |-ooeoeoenes R ORI CR SRR RO TS Rt EESTERERTRE |
| http://193.204.199.174/ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3149 | 3144 | Conversion from Kelvin to | SIM | OPH STATUS |

| 2232511449455166146380/experiment?247#3149 | 1449455166146380 | | | | Celsius degrees (2) | PLE | COMPLETED |



./Tind_loop.json http://193.204.199.174/0phidia/29/2046 http://193.204.199.174/0phidia/30/2047 max

[JobID]:
http://193.204.199.174/0phidia/session5/376699238311302232511449455166146380/experimen1?247#3144I

[247] ./Tind_TtoopTTsov ttp://193.204.199.174/0phidia/29/2046 http://193.204.199.174/0phidia/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 | MARKE | PARENT MA | TASK NAME | TYP | EXIT STATUS |
[ [ | OWID | RID | RKER ID | | E | [
| http://193.204.199.174/0ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3145 | 3144 Loop on tasmin and tasmax SIM OPH_STATUS_ |
| 2232511449455166146380/experiment?247#3145 | 1449455166146380 | | | cubes PLE COMPLETED |
R T et R s J-zeeeee |--oe- R B Tttt ot Metin EETCEETE L

| http://193.204.199.174/0ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3146 | 3144 Compute operation over ti SIM OPH_STATUS_ |
| 2232511449455166146380/experiment?247#3146 | 1449455166146380 | | | me (1) PLE COMPLETED |
R et R s J-zoenee |-oe-e R B Tt e Wi EETREEEI et |
| http://193.204.199.174/0ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3147 | 3144 Compute operation over ti SIM OPH_STATUS_ |
| 2232511449455166146380/experiment?247#3147 | 1449455166146380 | | | me (2) PLE COMPLETED |
e [-orooeeeoeoaooee |-zooeee- |--o--- R B TR ARDILOIRE R ELLit ERSIERERtE T |
| http://193.204.199.174/0ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3148 | 3144 Conversion from Kelvin to SIM OPH_STATUS_ |
| 2232511449455166146380/experiment?247#3148 | 1449455166146380 | | | Celsius degrees (1) PLE COMPLETED |
ot R s |-zooee |--o--- R B TR I TeT ot RLtit! ERSIEEEEt Tt |
| http://193.204.199.174/0ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3149 | 3144 Conversion from Kelvin to SIM OPH_STATUS_ |

| 2232511449455166146380/experiment?247#3149 | 1449455166146380 | | | Celsius degrees (2) PLE COMPLETED |




Workflow submission

x ’ophrpm@ophidiarpm:~/workﬂow

-

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

./Tind_loop.json http://193.204.199.174/0phidia/29/2046 http://193.204.199.174/0phidia/30/2047 max
[JobID]:

http://193.204.199.174/0ophidia/sessions/376699238311302232511449455166146380/experiment|?247#3144

Miﬁiiliﬂil
[247] ./Tind7Mttp://193.204.199.174/ophidia/29/2046 http://193.204.199.174/0ophidia/30/2047 max
232511449455166146380/experiment?247#3144]

[

[http://193.204.199.174/ophidia/sessions/376699238311302

g§

Conversion from Kelvin to OPH_STATUS |
Celsius degrees (1) COMPLETED
e [-eemersmony cremormnerrnorancasnorneredonsne bnoranar srare |
http://193.204.199.174/ophidia/sessions/37669923831130 37669923831130223251 | 247 Conversion from Kelvin to OPH_STATUS _ |
2232511449455166146380/experiment?247#3149 1449455166146380 Celsius degrees (2) COMPLETED

0
e

gEsssmesseenenes

http://193.204.199.174/ophidia/sessions/37669923831130 | 37669923831130223251 | 247 | 3148
2232511449455166146380/experiment?247#3148 1449455166146380
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Analytics workflows constructs

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.




lterative Interface

AT DEFINITION TIME

Allows to repeat the execution of a block of
workflow tasks over different input data or

over the result of the previous iteration.

Selection interface operators:
o OPH_FOR
o OPH_ENDFOR

The statement can be used in nested fashion

{
“name”: "Beginloop on months”,
"operator”: "oph_for",
"arguments”:

[
"name=index”,
"counter=1:12",

b

“values=Jan|Feb|Mar|Apr|May|Jun[Jul|Aug|Sep|Oct|Nov|Dec”

.
.
.
.
/
.

\

Workflow iterative interface documentation: http://ophidia.cmcc.it/documentation/users/workflow/workflow for.html

AT RUNTIME



http://ophidia.cmcc.it/documentation/users/workflow/workflow_for.html

Parallel Interface

Extension of the OPH_FOR interface for parallel AT DEFINITION TI\ME

H H H cgin loop on months
(concurrent) execution of the loop iterations.
{
"name”: "Begin loop on months”,
"operator”: “oph_for”,
'arguments': Extract a month
[ oph_subsct
"name=index”,
"counter=1:12",
“values=Jan|Feb|Mar|Apr|May|Jun]Jul|Aug|Sep|Oct|Nov|Dec”
]
}
AT RUNTIME

Extract a month (12)
oph_subset

Extract a month (11)
oph_subset

Extract a month (10)
oph_subset

Extract a month (9)
oph_subset

Extract a month (8)
oph_subset

Extract a month (7)
oph_subset

Extract a month (6)
oph_subset

Extract a month (5)
oph_subset

Extract a month (4)
oph_subset

Extract a month (3)
oph_subset

Extract a month (2)
oph_subset

Extract a month (1)
oph_subset

Workflow parallel interface documentation: http://ophidia.cmcc.it/documentation/users/workflow/workflow for.html#parallel-interface O


http://ophidia.cmcc.it/documentation/users/workflow/workflow_for.html

Selection Interface

Enables the workflow manager to
dynamically execute a block of
tasks based on boolean conditions
evaluated at run-time.

Selection interface operators:
o OPH_IF

o OPH_ELSEIF

o OPH_ELSE

o OPH_ENDIF

AT DEFINITION TIME

Import and subset da
oph_importnc

Selection block end
oph_endif

AT RUNTIME

Import and subset da
oph_importnc

ELSE block >
oph_clse
e
. =

IF block Selection block end

oph_if

oph_endif

Workflow selection interface documentation: http://ophidia.cmcc.it/documentation/users/workflow/workflow if.html



http://ophidia.cmcc.it/documentation/users/workflow/workflow_if.html
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Workflow error handling

DEFINED AT GLOBAL WORKFLOW
In case of very large workflow executions errors in LEVEL

one of more tasks are likely.

"name”: "Example5”,

"author™: "Foo",

"abstract™: "Simple workflow with automatic repetition
"exec_mode": "sync’,

"ncores™: "1°,

L "cube”: "http://hostname/1/1",

o break: the workflow is interrupted “on_error": "repeat2’,

"tasks":

Supported behaviours in case of task failure:

o Skip: the task is skipped and execution continues
on the descendant tasks DEFINED AT TASK LEVEL (precedence)

o continue: the task and all depending task will be {
ignored, while other task will be executed

"name”: "Extract maximum value®,
“operator”: "oph_reduce”,
"arguments”: [ "operation=max” ],

o repeat N:the task is re-executed N times "on_error": "repeat 5"

Workflow error handling documentation: http://ophidia.cmcc.it/documentation/users/workflow/workflow advanced.html#handling-task-errors Q



http://ophidia.cmcc.it/documentation/users/workflow/workflow_advanced.html

Efficient support for advanced analytics experiments
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Workflow example I: climate indicators processing

i

SST (monthly) mean, anomaly, climatological mean

Dataset time range: 1991-2010
7062 nc files

350GB of input data C\

87 tasks performed Climate .Illpp(:'
12x51MB + 2x12GB of output files

monthly sea surface temperature anomaly
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A. D’Anca, et al., “On the Use of In-memory Analytics Workflows to Compute eScience Indicators from Large Climate Datasets,” 2017
17th IEEE/ACM Int. Symposium on Cluster, Cloud and Grid Computing (CCGRID), pp. 1035-1043
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Workflow example II: climate indicators processing

Snow off

Snow on/off — Length of snow season g
(single workflow for 3 indicators) - : ’/éa;: e
o Dataset time range: 1979-2012 W | e i
o 6341 nc files [T NG T T T NP A
o 50 GB of input data o ‘\.-7 \~"v\ : (7 ) (-
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Workflow example lll: Multi-model experiment design

Precipitation Trend Analysis use case implemented as an Ophidia workflow
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Workflow example lll: Multi-model experiment design

Precipitation Trend Analysis use case implemented as an Ophidia workflow

Single model precipitation trend analysis
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Workflow example lll: Multi-model experiment design

Precipitation Trend Analysis use case implemented as an Ophidia workflow , A
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Multi-model experiment input data

ESGF' is a coordinated multiagency, international collaboration
of institutions that continually develop, deploy, and maintain
software needed to facilitate and empower the study of climate.
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Multi-model experiment implementation & execution

JSON implementation of the workflow

{

},

""name": "90th percentile JJA Historical",
"operator": "oph_reduce2",
"arguments": [

"operation=quantile",

"dim=time",

"concept_level=y",

"order=${5}"

]
"&ependencies”: [

{ "task": "Subset JJA Historical", "type": "single" }
1

"name": "Linear regression Historical", 1
"operator": "oph_apply", ]
"arguments": [ 1

"query=oph_gsl_fit_linear_coeff(measure)", 1

"measure_type=auto" 1
1, 1
"dependencies": [ &

{ "task": "90th percentile JJA Historical", "type": "single" }
] 1

"name": "Import Type Selection Scenario", /
"operator": "oph_if", b
"arguments": [ "condition=${10}" 1,
"dependencies": [

{ "task": "loop_model" }

1
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Multi-model experiment implementation & execution

JSON implementation of the workflow

{

3,

———

B & 4

"name": "90th|

"operator": '

"arguments':
"operatio
"dim=time]
"concept_]
"order=${

’
""dependencies|

{ "task":
1

"name": "Ling|
"operator": '
"arguments':

""query=op|

"measure_]
1,
"dependencies

{ "task":
]

"name": "Impo|
"operator": '
"arguments':
"dependencies

{ "task"
1
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Two approaches for the implementation

File Edit View Insert Cell Kernel Widgets Help Notebook saved = Trusted | Python2 O

B+ x @B 4~ ¢ MWRn B C B Coke =

In [35]: def merge_results(single model_cubes, my client):
cube.Cube.client = my client
cubesList = '|'.join(single_model_cubes)
merged_cube = cube.Cube.mergecubes2(cubes=cubesList, dim='new dim', description='ensemble 1
return merged cube.pid

def final reduce(in_cube_pid, operation, my client):
cube.Cube.client = my client
cube_input = cube.Cube(pid = in_cube pid)
cube output = cube_input.reduce2(operation=operation, dim='new dim', ncores=1, nthreads=4)
session_code = cube.Cube.client.session.split('/")
cube_output.exportnc2(force='yes', output name=operation, output_path='/INDIGO/precip_trenc
return cube_output

In [34]: %%time
single_model cubes = []

1 #For each model
Slngle for 1 in list of models:
model

#Compute trend analysis on historical dataset
analysis

hist_cube_pid = delayed(historical scenario_function)(l, 'historical', myClient)

#Compute trend analysis on RCP dataset

scenario_cube_pid = delayed(historical_scenario_function)(l, 'scenario', myClient)
#Compare trend from historical and RCP

model cube = delayed(single_model calculation)(1l, hist cube pid, scenario_cube pid, myClie:
single_model_cubes.append(model_cube)

|merqed_cube_pid = delayed(merge results)(single_model_cubes, myClient)

stats = ['avg', 'max', 'min', 'var', 'std']

stat_cubes = []

for s in stats:

stat_cube = delayed(final_ reduce) (merged cube_pid, s, myClient)
stat_cubes.append(stat_cube)

Multi-model
statistical
analysis

final result = compute(*stat_cubes)

"name": "90th percentile JJA Historical",

"arguments"'
"operation=quantile",
"dim=time",
"concept_level=y",
"order=${5}"
]l
"dependencies": [
{ "task": "Subset JJA Historical", "type": "single" }
1

"name": "Linear regression Historical",

"operator”: "oph_apply",

"arguments": [
"query=oph_gsl_fit_linear_coeff(measure)",
""measure_type=auto"

I,
"dependencies": [

{ "task": "90th percentile JJA Historical", "type": "single" }
]

"name": "Import Type Selection Scenario",
"operator”: "oph_if",
"arguments": [ "condition=${10}" 1],
"dependencies": [

{ "task": "loop_model" }
1

Approach

Workflow SS - SI* Batch

Notebook

SS - MI* Interactive

Library ExecTime

Ophida WF ~ JSON  ~170s (1.35x)

PyOphidia Python ~230s

"S8S: Server Side; Sl: Single Interaction, MI: Multiple Interactions




e
What have we learned so far?

Complex climate data analysis requires workflow support

The Ophidia HPDA framework provides workflow management features:
= Target large-scale analysis and parallel execution of tasks
=  Support for different constructs and workflow resiliency

= |ntegrated job orchestration, management and monitoring features

Real case studies can be effectively modeled as (complex) workflows composed of
hundreds of tasks

Next: Demo and hands-on of Ophidia workflows

C,
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Thank you!

Questions?

More about Ophidia?
Ophidia website: http://ophidia.cmcc.it
GitHub repo: https./github.com/OphidiaBigData
Contact: ophidia-info [at] cmcc.it

Twitter channel: https://twitter.com/OphidiaBigData
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