Reproducible workflows
for big data with Python

Building reproducible workflows for earth

sciences
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©) metabuilder |4=2095 d=207s | last 17.06:16 | G

In [13]:

xs_sh_data =
xs_sp_data =

mv .merge(shear lnsp)
mv.merge(sp.lnsp)

mv.ploti(xs_view,
xs_sh_data.sh_cont,
xs_sp_data.sp_cont.
orog_graph)

out [13

Cross section of U component of wind 20181114 1200 siep 24 Expyer 0001
Cross section of U companent of wind 20181114 1200 step 24 Expyer 0001

f ecFlowllll (4.7.1) - (menu: User)

meta... local | avi | mdev

pikachu | cassio

make_build_dir  ecflow > ecgb > make_build_dir "él,',/,;l
——r | e > 1l
b var_summary Info | U manual | [T seript | 4 Job | Llowput | ? why | X Triggers | V= variables | @Ed\a‘l' : — i
» — =
e File: /t ploy. vers/ecfl tab.5062/metabuilder/suites/ecflow/ecflow/ecgb/ )
»[_make_build_dir] make_build_dirjob1 Size: 14 KB Modified: 2017-11-07 10:23:36 ArQ.ge ~
v | config Source: read from disk e N
| |build 4 #SBATCH --get-user-env Al T ?
b | test 5 #SBATCH --job-name=make_build_dir_ecgb A N
)» create_tarball @ 6 #SBATCH --output=/scratch/ma/deploy/ecf_out/ecflow-metab_5062/ecflow/ecgb/make_build | S -
- 7 #SBATCH --error=/scratch/ma/deploy/ect_out/ecflow-metab_5062/¢
| install & 8 #SBATCH —-uid=deploy Extracts temperature on 1000 hPa.
» | install_log 9 . fhome/ma/emos/.profile
> [ Iremove_write_perm - [BAED t = mv.read(data=g, param='t', level=1000)
» | Imodule_sync 11
b wipe build 12 # standard header o ) ) _
» Bl BES 13 set -e # stop the shell on first error Gets nearest gridpoint from each field for the selected location as a list.
ng - 14 set -u # fail when using an undefined varioble
4 xc A 15 set -x # echo script lines as they are executed g q
b lleap42 4 16 set -o pipefail # fail if any part of a shell pipeline fails & el & oromzrast gritmint(l, [Sil, =)
» | Isappb & 17 ELAPSED_TIMING_START=$SECONDS
b Blicca & 18 Gets valid date from the GRIB headers (it is computed from multiple keys) as a list of Python
» Elcch & ;: echo "HOST = §(hostname) datetime objects.
» [ |metview A (125) 21 # need at least one gsub for trimurti
» Miocal A (733) S d_val = mv.valid date(t)

Filter:
Node Status T

Type Trigger Label

A lection

Event

Prints the dates and values together.

for dd,vv in zip(d_val, t_val):

Iprodgen/cron/cron_monitor
recflowstest_local_actions/action1

queued task
suspended  task

print(*{} h --> {} K'.format(dd,vv))

2019-05-02 12:00:00 h --> 285.30157476703125 K

recflowrtest local_actions suspended . family e oon e o b e aataot
fecflow/set module new @ [RIERCICNN 25k 2010-05-03 00:00:00 h --> 281.2944030761719 K
Jecflowiregenerate @ complete  task date: Tue 7Nt 2010-05-03 06:00:00 h -- 280 .10874572753906 K
recflowflocalhost/intel/wipe_build  queued task o=

1SR NTE

Notifications: |Aborted )
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Metview

« ECMWEF’s workstation
software for retrieving,
processing and plotting
meteorological data
(UNIX, laptops to HPCs)

Interactive GUI plus
batch processing with
Python

Works with large or small
data sets

Open Source under
Apache Licence 2.0

Metview Is a co-operation
project with INPE (Brazil)

s
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Metview - uPlot

m soluf

File View Go Bookmarks History Tools Help
77 @ < 4 ®» courseprep

Al || bufr-weather-parameters-2018-09-04
vorticity.grib

E

vox100000  pressure axis  Cross

File View Animation Zoom Tools Help

B & e D ¥ Fitto Window | » Q»

ndy-xs-confbur—shading xs_title

xs legend

Eember 2011 12 UTC surface 10 metre U wind component.
Friday 16 December 20
[VT:Friday 16 December 2011 12 UTC surface 10 metre wind

) 69 & O ©)| speed -

Metview - uPlot

1112 UTG surface Mean sea leve

Q_A__ &

/10 metre V wind component
55

9 |El|®)

Frames Layers & Data

& v
onScript, line 0:9 [RYGERETEgA] v
‘4 »
| Metadata | | Values

Statistics (for datai®

Points 38893

Minimum 1.96526

Maximum 385912

Average 139198

Stdev 6.06414

skewness 0.955976  ——
: yo O x

Kurtosis 0.736
Histogram (for data 0]

6

5
‘ B
a

i
loor200 |*
f sw'ﬁhim.py - “home‘glaphics/cgi‘metview‘gallevy"stolmju_a‘
File Edit View Insert Program Settings Help
B a5 06vES |
11 import metview as mv 1 ! |
12 ., . 16 dﬁ! PythonScript, line 0:1 ~ 1 E |
13 # read grib forecasts fields BT Cortour Rade CoTBOr It = = =
14 g = mv.read("joachim surf.grib") feverco IS 18[00
15 ; - A _—
16 # define isoline shading for windgust Wheel [l o C L ‘%Jf
17 wgust_shade = mv.mcont ( Green: [0 |*| Satwration: 255 |
18 legend = non", { Blue: |76 |3 Lightness: \J
19 contour — o g ' Opacity: = 255 ||
20 contour_level_selection_type = W]evyel list", 2 =
21 contour_ level list = [20.26,38]; , \ HTML [#00004c
22 contour_label = Woffn ; [ | MyViews] g | Macro: "RGB(ODOO0,0.0DOD,OJDOD)' g -
: Lo Yo PRPEQU TR, IGOE. DY — awll 5 4 e > ‘ ) )
Program finished (OK) :3.756 s [Finished at 09:52:52] L22,C24 | oK H Cancel |
2
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High level APl means less change in workflow ﬂV

* Example 1: load (gridded) GRIB and In [1]: <dmport metview as mv
(scattered) BUFR files, filter the BUFR
data, then compute the difference t2m_grib = mv.read('t2m_grib.grib")
. bs_3day = mv.read('obs_3day.bufr'
- ECMWEF has changed both its GRIB R s e
and BUFR decoding/encoding libraries t2m_gpt = mv.obsfilter(
(GRIBEX/BUFRDC -> ecCodes) data = obs_3day,
. : : parameter = 'airTemperatureAt2M',
Direct users of these libraries had to output = 'geopoints'
change a lot of code )

» Users of Metview had little or nothing to
change

diff = t2m_grib - t2m_gpt

— The Metview developers did the work!

— Scientists’ scripts can better define the
workflow rather than get into details about
file formats

o
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Another case - regridding In [ ]: import metview as mv A

# read pressure level data
g = mv.read("avg_tuv.grib")

« Example 2: filter and regrid GRIB fields
onto a 0.5x0.5 degree grid and plot a
zonal mean section # filter u (zonal wind component) and t

horizontal_axis
vertical_axis

horiz_axis,
vertical_axis)

] u = mv.read(data=g, param='u', grid=[0.5,0.5])
« Works regardless of number of fields t = mv.read(data=g, param='t', grid=[0.5,0.5])
* ECMWEF has changed its interpolation # scale temperature to celsius
library (emoslib -> MIR) t = t - 273.16
* USEI'.S of Metview (and MARS) had # define averaging area - one half of the Nort
nothing to change area = [90,-90,0,90] #N,W,S,E
T‘,ZLT”IW“’]”[‘”W&’%_ # define average view for zonal mean
) ' ‘ view = mv.maverageview(
top_level = 50,
bottom_level = 1000,
vertical_scaling = "log",
area = area,
direction = "ew",




Another case - retrieval and regridding

t2m = mv.retrieve
type = "fe",

 MARS retrieval requests that worked 30 1 o "
evtype = "sfc",

years ago should work today param = "2tn,

* Regridding techniques may have date = -5,
changed (improved) step = 72,
grid = [0.5,0.5]
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ecFlow

« Workflow management software developed at ECMWF (Open Source,
Apache licence) e @ T

File PFanels Refresh Servers Tools Help
€ metabuilder A=209s d=207s  |ast: 17:06:16 q = OL L 'Z' % ? 4V Q is @ Y A
Eili am»i ET daploy_ci 3142 daploy_test 5054 nightly 1_ad 3ed2 | 9 ode 5 ofd % | local | avi | mdev a .

Do | ? Why | VVariables | £8)Senriog  {SNodslop  Z Zombiss | T Sutsfiter (D Temelne B Severlosd € Semings

Log file: /hama/maldeplogfechiow_serverfecowmelab 3142 ectlog Server: depley_ci_3147 Hest: ecowmelab Port: 3142 Size: 2 MB Seurce: wad fiom disk at S— -z
2150121 10:24:08 View mode: |Duration

pikachu | cassio odorir  metabui...,marsflow

Fuila @[ 7 Tasks | 7 Changes [ LA M e 4] Stat 7352920002018 = | End]01:2715 21-4an 2018 -

ecﬂow> ecgb) make_build_dir
Fatn First submitid duration in peried First actwa duration in period .

T : e var_summary | @info | WManual | L Script | % Job | Eloutput | ? why | I Triggers | V= Variables | [# Edit |>

4
Iscalabilityfeop_devignu S3build dhZim W0s JO%( 3 glt SICS
dbibap_desdgnu 63 ze ou) = - - File: fhome/ma/deploy/servers/ecflow-metab.5062/metabuilder/suites/ecflow/ecflowsecgb/
»[_make build_dir

ffs/ccticray 85build
ibemosikop_tevrus3tid ! make_build_dirjob1 Size: 14 KB Modified: 2017-11-07 10:23:36 A A Q&2
config Source: read from disk

faccodesikap_devignu 63/build
feccadesiop_devignu 3 python3fbuld 4
Mransitxop_dewignu 53build .
eyl » | build 4 #SBATCH --get-user-env |=
b test 5 #SBATCH —-job-naome=make_build_dir_ecgb
|> create tarball @ 6 #SBATCH —-output=/scratch/ma/deploy/ecf_out/ecflow-metab_5062/ecflow/ecgb/make_build |
- T #SBATCH --error=/scratch/ma/deploy/ecf_out/ecflow-metaob_5062/ecflow/ecgb/make_build_d
8
9

Jecflowleop_devibuid
lifsiccalcray B5/buid b
Imirfbxop_devignu 3/build
Jadh_apiflxop_devignu B3/buid
fifsicebicray 85/buid
3 metvevilegfouikd

ifsteapézigny canuia ¥ install & .
83) 4~ Vechuild/bap_dev == complete| I‘scals:hilﬂvﬂgngug’:m 5‘gfbuld . HSBATCH --uid= I'.'."QID 1 oy

inliit fciIxop fecowlagbuild 4 install |0g ;

e scalabiltlceticray 87fould — _ . /home/ma/emos/.profile

o o TSl A ¥ remove_write_perm 18| #!/bin/ksh

fest AD Jecflowileapd2/gnu 83build ll

. Iscalabilyfccugnu 63w b module_sync

- /scalabilityfccbi B1fbuild . . #

wipe_sre PLCoREAh o/ T > wipe_build 12 # standard header
Iscalablitisapd 2ignu 63 - 13 set -e # stop the shell on first error
Iscalabilitylcetinel 18buld X 3 |){g A . . . - .
iscaiabilyiccaitray STl a1 J0%1] E i 14 set -u # foil when using on undefined variable
J/scalabilityaap4 2/clang S0build Tds L0%[1] m 52: |} } |¥r. A o . .

" 15 set -x # echo script lines ags they ore executed

I » gtwy_» an_» main_» w12 > an_» ddvar_» uptraj_1_»ifsmin__ Teoeo L 16 set -o pipefail # foil if any part of a shell pipeline faoils

Filter: SELECT node WHERE (aborted or active) b RIEESLSEER I CRR RIS SESUNES
Node ~  Status T  Type Trigger Label Event Meter Status changed = ig echo "HOST = $(hostname)"
wab/gtwx/andlag [EErEE family 2017-Nov-09 08:33:00 -
Iwab/gtwx/an SR ariy 2017-Nov-09 08:33:00 | | 75) i 21 # need at least one gsub for trimurti
Iwab/gba & _family infopsc: 'cch’ 2017-Nov-02 08:33.00 | 22 ) =
[wabJ/gtwv/an/main/lwi 2/ar/4dve active  task 2017-Nov-09 08:47:00 hd |8 ’
Iwab/gtwv/an/main/iw1 2/an/4dvz | active family 2017-Nov-09 08:47:00 .
Iwab/gbwv/an/main/hwi 2/an/Adv:  active family |odb == complete and vardata = 2017-Nov-09 08:33:00
Jwab/gbwelan/main/iwi 2/an active family |!wab!gtwwan!ob5!\w‘\2 == cor 2017-Nov-09 08:33:00 L
wab/gta/an/main/ha 2 active family 2017-Nov-09 07:54:00 Status T Type Trigger Label Event Meter Status changed =
Jwab/gbww/an/main/lw00/fcong/n | active task |getperssST = complete AND iinfo: M step: 120 2017-Nov-09 07:54:00 | [fitor queued task 2017-Nov-07 21:08
et e . o nnemmoesceoe Tladion] | suspended  task 2017-Nov-07 16:24
Notifications: suspended  family 2017-MNov-07 16:2¢
fecflow/set_module_new complete task 2017-Nov-07 16:24
lecflow/regenerate & complete task date: Tue 7N 2017-Nov-07 16:24

p__\ fecflow/localhostintel/wipe_build  gueued task |insta|l_lcg = ccmplete| 2017-MNov-07 16:2<
T ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATH Notifications: [Abortedd




The Metabuilder

* A set of Python scripts that
generate ecFlow suites to build,
test and deploy our software
packages

 Default scripts for each task, but
can be overridden by each
package

« Package maintainers can deploy
their own packages in isolation
‘manually’ with the metabuilder

* But automation is better for a
reproducible workflow!

< ECMWF
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F

File
| deploy_master_5062 |A=1.00h d=59:00s q a

Panels Refresh Servers Tools Help

deploy_master &062

-metabuilder & --
- atlas_bundle & --
-(fdb| & --

deploy master 5062

[ifs] & --
-libemos_bundle
-mars_client_config
-mars_compare
- metview  python
- mir_bundle | & --

-|boost| & --

eccodes

branch: 2.13.1
regenerate -

set module _new
set master tag

—

Cca

defined in suite metview

CMAKE_VARS -DBUFR_
ECF_HOME /home/m
ECF_IMCLUDE /home/m
GITREPO %GIT_RE
GITREPO_METWIEW_BUNDLE %GIT_RH
GIT_TAG SMETVL

GIT_TAG_METWVIEW_BUNDLE release

(i)info | WiManual | ? why @ & Triggers | V= Variables | i Nodelog | Z Zo
?.|mewiew
Name * Value

[[@ Editvariable - ecFlowlii(4.| = x |

. . bu
Node to modify: metview

Node path: metabuilder//metview [
Variable type: user variable g

pu

Name: |METVIEW_VERSION

KSH_EXTRACT_PACKAGE_VERSION “cd %SR{ Value: 5.7.1] n.
METWVIEW_GIT_TAG HMETVI
METVIEW_PYTHOMN_VERSIOM 13.0
n
MODULE_CLEANUP "module Cancel H Save ] u
o em ke — 4 I
[eer -
centos?y -
ecgb| |--
leap42 --

gnu.B3 --

gnu.73--

intel 17|~

cray.85|--

cray.86|--

cray.87 |+|var_summary --
- git_srcs|--

- make_build_dir|--
- config|--

-build -

Htest)--

install -
-install_pythan|--
- post_install --
install_check/|--
-install_log -
Hremave_write_perm|--
-module _sync|--
-wipe_ build --
-wipe_src--

N




Running modes
* The Metabuilder very much uses the git
branches and tags of our packages
— Relies on us using the ‘gitflow’ workflow
* ‘ClI’ mode — continuous integration

— runs every day

— builds the development branches of all our packages
routinely to test for errors introduced that day

* ‘Release CI' mode

— tests the release branches

— do this for a few days before a ‘synchronised release’
* Deployment mode

— use the version tags on the master branches

— tags should not be moved!

— build, test and deploy

o
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¥ |Maagics A (119)

* | metview A (163)

~branch: 5.7.0
¥ regenerate v
|~ set_module new

2% develop v

29 release/5.7.0 v

® 570 v




Synchronised release

 Every couple of months we do a co-ordinated
‘'synchronised release’ of all our software
packages

* The Metabuilder’s code and configuration are
stored in git, so we tag it after each
‘synchronised release’

* The idea is that we could recreate any given
synchronised release

* E.g. we get a new platform on which we want to
Install the stable versions of all our packages

< ECMWF
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

qt_version = '5.,12
valgrind_version =

ecbuild version =
eccodes _version =

eccodes_python_version =

L3

.19.0"
L0

F

'3.14.0'

'3.1.0'
'2.14.0"
'0.9.3"

atlas version = '0
mir_wversion = "'1.3
odb_wversion = '"1.|
odb_api_version =

odb_tools version

magics_version =

magics_python_ver;
metview_version =
metview_python_ve

ecSDK / metabuilder

Commits

29 master v

Branches Tags

Enter a tag name

¥ 2019.10.0
¥ 2019.07.0
¥ 2019.05.0




Summary

* Using high-level APIs clarify
workflows and can help
reproducibility over time

— Should ideally be fairly agnostic as
to size of data

an_depar (K}

Dae
S5 METOP-A SN

ws|
Ties FE

me 0
A CIannsl: 5 Param: Th 09

fg_depar (K)

* Version tracking is important

« User workflow and machine 3
workflow are linked

= =

Do | 2 vy Vvt | 6 Semctg i asang 2 Zomion | ¥ Sue it @ e

emosiiop_sevrucshus

ctsitycail 18buks n
panicesa 53buis 7r on

AN Par: msl Lev: 0 (sfc) Valid: 2012-09-21 06
AN Par: pv Lev: 320 (pf) valid: 2012-09-21 06
4 i) o

10 100 0 %

Run: 20190116 1200 UTC Step: 6 h Lat: 5 Lon: 0

mv.plotiarea_view

mv read(data = sp. 1d
mv.mvl_geoline(*line

ifsmi

Trigger Label

Event

Meter

Status changed

- I twv > an_» main_» lw12 » an_» 4dvar » uptraj_1
Y Q u eS t I O n S ’? Filter: SELECT node WHERE (aborted or active)
n Node « Status T Type
fwab/gtwx/an/lag _ family
Swab/gtwx/an _ family
Swab/gbwx A _ family

< ECMWF

infopsc: 'cch’

getpersSST == complete AND linfo:

sl qmanefanimariw 27arrde: I PO = |
Jwab/gtwy/an/main/lw12/an/ 4dvz | active family
Awab/gtwv/an/main/iwl 2/an/4dvz |active family [@
Jwab/gtwy/an/main/lw12/an active family [@
fwab/gtwv/an/main/iwi 2 active family

fwab/gtwyv/an/main/lw00/fclong/n | active task

2017-Nov-09 08:33:00
2017-Nov-09 08:33:00
2017-Nov-09 08:33:00
2017-Nov-09 08:47:00
2017-Nov-09 08:47:00
2017-Nov-09 08:33:00
2017-Nov-09 08:33:00
2017-Nov-09 07:54:00
2017-Nov-09 07:54:00
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view with logarithmic vertical coordinates in pressure between 1015 and 80 hPa.

mv mxsectview(

ine

top_level = 86
vertical_scaling = "log"

iction we will overlay the computed wind shear with the wind speed and also want to plot the orography along the section line. First, w




