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Motivation
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Definitions

» An experiment is an activity aimed at addressing a specific scientific
problem.

» We formally describe such an experiment by means of the
NumericalExperiment which describes the experimental aim, and
is composed of a set of NumericalRequirements which need to be
met to address the experimental aim, these include any
spatio-temporal constraints (what domain is simulated, for how
long), forcing constraints (e.g. whether a historical or future
scenario is used for anthropogenic emissions of radiatively important
gases) etc.
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Motivation

[ 1o}

Definitions

» An experiment is an activity aimed at addressing a specific scientific
problem.

» We formally describe such an experiment by means of the
NumericalExperiment which describes the experimental aim, and
is composed of a set of NumericalRequirements which need to be
met to address the experimental aim, these include any
spatio-temporal constraints (what domain is simulated, for how
long), forcing constraints (e.g. whether a historical or future
scenario is used for anthropogenic emissions of radiatively important
gases) etc.

» A Simulation is a run of a configured Model which conforms to the
NumericalRequirements, runs on a Platform and produces output
Datasets.
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Big Picture Workflow

=T
( MIPs ,—design used by
~ —

define
supports conforming to Modelling Centres
R e ho confi
| Data 1 Internal who conligure
I Archive | Metadata
- 5

[Input Data &] Model Code]
Parameters

to produce

includes

RIS O built for

using to produce

Configured Model

publish to—(OutputData J ( Platform )

= National Centre for
Atmospheric Science A ten minute introduction to ES-DOC technology!

NATURAL ENVIRONMENT RESEARCH COUNCIL Bryan Lawrence - CEDA Vocabulary Meeting, March 1st, 2016



Motivation Components
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Issues

> Lots of different artefacts created by different individuals at different
stages in the workflow.

» Not at all amenable to the traditional “metadata” for “data”
paradigm CEDA is used to.

» More in common with the “provenance” work from the computer
science community, but

» Much less about automated annotation and more human content
generation.
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Solution - Documents

‘The complete set of CIM document types, that s, all classes which carry the
document metadata attributes.

Conformance Used (0 hold information about how simulations and ensemble

es-doc has notion of metexperimental requirements
. Dataset An Atomic Dataset deseription, that is the minimal set of
<<Documents>>, which

files with common publication characteristics.

T
. . Downscaling Description of the technigues and software used (o

» have their own authorship, downsal
Ensemble Parent_ description for set of runs conforming 0 a

identity and versioning. . Do bl ——

» have their own life-cycle. e P i S

requirements of a numerical experiment

> are linked to other documents. S P e e
post-processing).
> can be created in many ways, S P o il
and rendered using many i W s S e
formats. Currently es-doc o :“‘““‘".“‘. R

supports 2 X e i vl 2wl

documentation of the simulation workflow

Performance A formal set of criteria describing how a model performed
> html e
. Project An umbrella for a set of numerical experiments (€.g. a MIP)
> Jjson ScientificDomain A scientifically coherent realm of a numerical model

(typically modelled independently)

> python objects (|n two Simulation A simulation caried out as pat of an ensemble for a

numerical experiment

H H . SimulationPlan A plan to carry outa simulations for a numerical
different libraries) i

‘TemporalConstraint A constraint on the real time simulations need to represent
for a numerical experiment.

UberEnsemble An ensemble description that crosses multiple modelling.
groups
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CIM2 Schema

00000

es-doc infrastructure - all python

» All of the basic es-doc

X Personal
. . CMIP & Friends Desktop &
concepts are defined using ——A | Testing
python in a set of schema T/\I’
definitions using a besp.oke e notebook
esdoc-pythonic-formalism ”eﬁv‘f ecosystem |UML tools
(which is currently defined in Enginasring e [ nb-mp |
two joint sets of code and a Management <ﬂ
bunch of agreements, it needs esdoc-mp
a metamode). L
. g;zifmc Schema Definitions
» Two independent software et e -
. meta-model
stacks exploit those schema
(although there is some Do D (De)Coupling
two-way code which exists but exiStyet not implemented:
. NCAS D IPSL (formal l:l
is currently commented-out to stack: Es-doc) stack:
avoid dependency hell).
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CIM2 Schema
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Schema Definition Language: ComputePool Example

def compute_pool ():

~Homogeneous._pool_of_nodes_within_a_computing_machine._

return {
"type': 'class ',
"base None,
"is.abstract’: False,
"properties’: [
('name’, 'str’', '0.1°,
"Name_of..compute_pool.within_a.machine '),
('number_of_nodes’, 'int', '0.1",
"Number_of_nodes "),
('operating_system ', 'str’, '0.1',
'Operating._system '),
('cpu-type', 'str', '0.1",
'CPU-type "),
('model_number’, 'str', '0.1°",

"Model /Board._number/type "),
memory_per_node’, 'platform.storage.volume', '0.1°
'Memory._per_node '),

('accelerator_type’, 'str', '0.1",
'Type_of.accelerator '),
('compute_cores_per_node’, 'int', '0.1°,

"Number_of _CPU_cores._per_node '),
accelerators_per_node ' "int', '0.1",
"Number_of_accelerator_units_on_a.node '),
description’, 'shared.cimtext', '0.1°,
'Textural_description._of_pool '),
interconnect’, 'str', '0.1",
"Interconnect._used '),

I
“derived ' : [

ComputePool

+name: str [0.1]
+number_of_nodes: int [0.1]

+operating_system: str [0.1]

+cpu_type: str [0.1]

+model_number: str [0.1]

+memory_per_node: platform StorageVolume [0.1]
“+accelerator_type: str [0.1]
“+compute_cores_per_node: int [0.1]
+accelerators_per_node: int [0.1]

+description: shared Cimtext [0.1]

+interconnect: str [0.1]

+otal_cores()
+total_memory()

Homaogeneous pool of nodes within a computing machine.

name Name of compute ool within a machine
number_of_nodes Number of nodes

operating_system Operating system

cpu_type CPU type

model_number Model/Board number/type

memory_per_node Memory per node
accelerator_type Type of accelerator
compute_cores_per_node Number of CPU cores per node
accelerators_per_node  Number of accelerator units on a node
description Textural description of pool

interconnect Interconnect used

('total_cores’,
('total_-memory ',

compute_cores_per_node_s_.number_of_
"memory_per_node._*_number_of_nodes '

ComputePool
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CIM2 Schem:
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Notebook uses pythonic definitions on the fly

X None/ComputePool/compute_pools UNREGISTERED

example_enum.py. name: Sea lce Domain o RESCHEEEL]

volume_units():

Appropriate storage volune units MRS

number_of_nodes

book - /Users/BNL28/Codefesdoc2/cimNB

Help |

¥
t I = Documents
‘aigabytes (1000°3)"), [ RCRtE A
‘Terabytes (10004)'), u New Machine |
‘Petabytes (10005)'), [ECIOCTY Machine
)
model_number — e vams [

*Pebibytes (1024%5)'),

oioytes (102006 ),
(Scagevokme)

accelerator_type

compute_cores_per_node

it »
insttion e ——
doscription [Nome | (2| &
model_number 2
accelerators_per_node
vendor Eo—— |
ce » ety E
Pt None 7 e
when used [Nong
interconnect & ||| mnerseg™ [None ;
B Noe &
[ Save ComputePool |  ¢fjQuit| [ Delete|  [1{jHelp compute_pools [iome .
Compacresl B 2
None/StorageVolume/memory_per_node =
‘ Roose | goancel | storage_pools. [None — 7| &
online_c
volume (Onisissace) [None 4

meta '— »
units e [Vt 2| &

StorageVolul

ff= Machine [ Save Machine |  fjauit|  § Delete|  fjHelp

Coumn z (RT3

(but the notebook doesn’t render the documents yet, waiting on pyesdoc integration for that)
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CIM2 packages - DRS example

Drs
Publication
Dataset
/)Al frequency \ realm
0.1
Drs Drs
Atomic Frequency RcDa]rsms
Dataset Types
1.1 ensembleimemgelr geographical_constraint "\ temporal_constraint
) . 0.1
Drs Drs Drs
E bl G hical Temporal
Identifier Indicato Identifier
ol operator o1 suffix
Drs Drs
Geographical Time
Operators Suffixes

i dspckoss
Rectangles = Classes;
Tabs = Enumerations

(The DRS package will change when DRS and
file attributes are finalised by the WIP!)
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CIM2 packages - DRS example

Drs
Publication
Dataset
ol ﬁ‘equency1 realm
Drs Drs :
Atomic Frequency R?allsms
Dataset Types
1.1 ensembleimemgelr geographical_constraint "\ temporal_cor
Drs Drs Drs
E bl G hical Temporal
Identifier Indicato Identifier
ol operator o1 suffix
Drs Drs
Geographical Time
Operators Suffixes

cim drs package

Rectangles = Classes;
Tabs = Enumerations

(The DRS package will change when DRS and
file attributes are finalised by the WIP!)
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1.1 ensemble_member | geographical _constraint
0.1

DrsEnsembleldentifier
+realisation_number: int [1.1]

+initialisation_method_number: int [1.1]
+perturbation_number: int [1.1]

+variable_name: str [1.1]
+mip_table: str [1.1]
constraints

DrsGeographicallndicator
+spatial_domain: tr [0.1]
-rbounding_box: str [0.1]

DrsPublicationDataset

insttute: sr [1.1]
+model: str [1.1]
+experiment: str [1.1]

+version_number: int (0.1]

frequency
0.1
DrsFrequencyTypes

realm
0.1

subhr
monClim
fx

temporal_constraint
0.1
DrsTemporalldentifier

start ste [1.1]
+end: str [0.1]

operator
0.1 [P

DrsGeographicalOperators.
zonalavg,
Ind-zonalavg

cim2 drs package

suffix

0.1

-
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CIM2 Schema
0000

CIM2 packages - The complete set
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ExperimentalRelaionshps
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DevelopmentPah
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science
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designing
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DocReference

DocumentTypes
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Calendar ExemalDocumen

shared-time,

[E——— Gy Koo
f— New EET—— h d
Mcine Ju— = share
Nikaon ST ———
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data

StorageVolume Pia

B
B
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B
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tensions

Conservation
Properties

grid_exl?nll grid_type algorithms

ON
Algorithm

properties

(some minor changes are still underway)
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Motivation Components CIN hema CIM2 Extensions
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Specialised Extensions

In CMIP5 (CIM1.X) we had “scientific vocabularies” which controlled the

properties of some specfic classes.

In CIM2, we have specialisations of the main science classes.

v, ETE
‘science.detail’

Key properties of long wave radiation sinulation in atmosphere’,

‘cmlpB atmos. rad. lw.props',

‘Key properties of Long Wave Radiation Simulation',
‘select’

*scheme’,

*from_vocab': 'cmip6.atmos. rad. lw.props.schene. version,

‘with_cardinality': '@.N'

}
‘properties’
[(*long_wave_radiation_timestep','int 1
‘timestep (s) of long-wave timestep in radiation’),
(‘Morcrette based','bool','1.
'Is LW radlatim\ scheme based on Morcrette method?'),

('RRTM based", 'bool
'Is LW radiation scheme based on RRTN )
(*number_of_spectral_intervals®, 'int', "
"Number of spectral intervals used in long wave radiation'),

1

<ScienceContext>

z:ScienceContext
+name: str [1.1]
+id: st [1.1]
+context: str [1.1]

+content: shared Cimiext [0.1]

str(01]

+from_vocaby str [0.1]

it canlinaity: s SelctonCardnaliy (0.1

s

properties which

s dlined i e sublss. Howerer, thossproperiesmus bt a
type  which is selected from the classmap (that . s

andard "non-es-doc” types)

name “The name of this process/algorithm/sub-process/detail

id Identifier for this collection of properties

context Scientific context for which this description is provided

content Firee text description of process detail (if required).

select Name of property to be selected from vocab

from_vocab Name of an enumeration voeabulary of possible detail
options

with_cardinality Required cardinality of selection from vocabulary

detail_selection

List of choices from the vocabulary of possible detailed
options

Detail

National Centre for
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Motivation

CIM2 Extensions

00

Radiation example expanded

£ ail
econtent: shred Cimext[0.1]
et [0.1]
+ftom_vocab: i [0.1]

w iy science SelectonCardinaliy [0.1]
detail_scecton: st [ON]
OcoanTimesteppingProps
socean_sime_sep: it [1.1]

atmos_radiation

‘Sub-processes

consirants

wilh_cardinaliy: (value=1.1)
from._vocabs {value=cmipS ocean imestep frame diural cycletypes 001
content: {valuesProperic of time stepping in occan)

Sub-processes algorithms

GHG_variables

algorithms

sw_cloud_variables

: value=cmipt occan timesip frame imestepping props detis)
seect: {valueescherne)

Tong_wave

details
(cmips comrained version of science ProcessDetail)
Coment Free text descrption o procen detal (1 requied)
slect Name of propery o be slected from vocsb
fom_vocab Name of an cnumeration vocabulry of possible detil

with_candinlity - Recuird cardinaliy of selction from vocabulary

detilselecton List of chicesfram the vocabulary of possbl detailed
options.

name “The name o his processalgorthmsub-processidetsil
i Weniiier for this collction of propertcs
cantext Scienii conextforwhich this desription i provided

cmip6 (from atmosphere)
acen_time_siep Ocean e s in seconds

OceanTimesteppingProps

(All these figures autogenerated from the definitions.)
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Everything else (which is much more)

©

Sustained effort by Mark Greenslade (IPSL) to ensure that the CIM2
developments will be supportable within the es-doc website and
toolchain. Key components will include (but not be limited to):

1.

esdoc-py-client: python tools for creating and manipulating documents (and other things)

2. esdoc-shell: command line shell tools for es-doc
3. esdoc-web: software for the esdoc website.

4.
5
6

esdoc-mp: the “canonical” meta-programming framework

. esdoc-api: web service APl in support of ES-DOC eco-system

. esdoc-js-client: tool for calling esdoc from javascript

Also major effort by Allyn Treshansky (NOAA):

1.

esdoc-questionnaire: tooling for creating documents using a traditional questionnaire
technique.

It's worth noting that the Met Office and others will use the
esdoc-py-client to directly create CIM2 documents from their workflow
metadata database.
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Summary

References

Notebook and CIM2

» https://bitbucket.org/
bnlawrence/esdoc-nb/

» CIM2: In esdoc_nb/mp/
core/schema/, moving to it's
own package on github next
week (I hope).

esdoc toolchain

» Code: https:
//github.com/ES-DOC/

» Actual working website:
https://es-doc.org
(CMIP5 metadata mainly)

Lots of activity on slack (ncas-talk.slack.com) in the esdoc channel.

(Health warning: the notebook and scripts currently don't install
properly. Some work on python packaging and paths required.)

oe
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