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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
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mmittee SC 32, Data management and interchange.

C 11179 the ability to register information about computable data.

fall parts in the ISO/IEC 11179 'series can be found on the ISO and IEC websites.
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Introduction

Significant scientific discoveries are increasingly achieved through complex and distributed computations
and data analyses. These computations and analyses always involve processing files through a series of
steps and transformations, usually called a pipeline or a workflow.

Data pipelines typically use multiple pieces of software, each of which typically has multiple versions
available, multiple input parameters, multiple outputs, and possibly platform-specific configurations. As
with experimental parameters in a laboratory protocol, small changes in computational parameters can

have a

large impact on the scientific validity of the results.

To ref
includ
more

detaild

provenance information, and promote interoperability.

Thisd
protod

reguldtory agencies, pharmaceutical companies, bioinformatics platform/providers and reseat

Althou
it expi
showi
docun

1SO/IR
comm

purpo
This

ISO/IE
about

pipelile used to process these files. The intent is to facilitate efficient communication and interoper

among
replicd

In Cla
specif

EXAM]

roduce and verify scientific discoveries, details of pipelines need to be documented and)s
ng the protocol, procedures, or metadata associated with them. The more analysis steps’a
complicated a pipeline, the greater the need for a standardized mechanism of communicat
bd communication helps ensure responsibility, reproducibility, and the ability to verify'protocol

pcument is inspired by the IEEE 2791-20200], which aims to improve communieation of bioinfor
ols and data to facilitate bioinformatics workflow related exchange and communication be

gh IEEE 2791-2020 has a bioinformatics background and application areas, the concepts and m
essed are applicable to a broader field of scientific research. A mapping table is included in An
g the relationship between domains and fields in IEEE 2791-2020-and classes and attributes
ent.

C11179-3 specifies the structure of a Metadata Registry (MDR) and provides a metamodel for r¢
pn facilities. That metamodel is intended to be extended<by other parts of ISO/IEC 11179 for s
Ses.

locument provides a specification of the extensions to the registry metamodel specif]
C 11179-3 to enable the registration of metadata about computable data. Registration of me
computable data are like a manifest describing all details related to input files, output files, a

different platforms, industries, scientists, and regulators and to improve reproducibilit
bility.

ises 6 and 7, this document uses bold font to highlight terms which represent metadata d
ed by the metamodel.

LE Computable_Data (see 7.2.2.1) is a class each instance of which models computable data.
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Information technology — Metadata registries (MDR) —

Part 34:
Metamodel for computable data registration

1 Scope

This document provides a specification for an extension to a metadata registry (MDR), as’ speci
ISO/IHC 11179-3, in which metadata that describe computable data can be registered.

The specification in this document, together with the relevant clauses of the specification in ISO/IEC 11
provides the ability to record metadata about computable data.

2 N
The fo

prmative references

llowing documents are referred to in the text in such a way that some or all of their content cons

requirements of this document. For dated references, only the edition-cited applies. For undated refej
the latlest edition of the referenced document (including any amendments) applies.

ISO/IHC 11179-3, Information technology — Metadata registries (MDR) — Part 3: Metamodel for r

comm

bn facilities

3 Terms and definitions

For th

e purposes of this document, the terms and definitions given in ISO/IEC 11179-3 and the following

[SO and IEC maintain terminology databases-for use in standardization at the following addresses:

— IS

D Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available athittps://www.electropedia.org/

3.1

comprtable data

datat

3.2
pipeli

at are computed:for'the purpose of making the data reproducible

ne

full set of logieally connected steps needed to transform input data into a result, for which one of

outpu

3.3

s of one data transformation step can be the input of one or more subsequent steps

ied in

179-3,

ritutes
ences,

pgistry

apply.

more

computation step
individual tool (or a well defined and reusable script) used in a pipeline (3.2) that can be executed sequentially
or in parallel with other computation steps

3.4

computation execution environment
information of the environment needed to execute a computation step (3.3) to the extent to which consistent
results are obtained when produced repeatedly, including platform, deployment, software configuration
and running applications, etc.

© ISO/IEC 2024 - All rights reserved
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4 Abbreviated terms

JSON JavaScript Object Notation

ORCID Open Researcher and Contributor ID (see Reference [2])

PAV Provenance, Authoring and Versioning (see Reference [3])

UML Unified Modeling Language (see References [4] and [5])

URI Uniform Resource Identifier

URL Uniform Resource Locator

5 Co¢nformance

5.1 Pverview of conformance

Confofmance rules for a Metadata Registry are specified in ISO/IEC 11179-3:2023, Clause 4. The [clause

“Degr¢e of Conformance” is repeated here for convenience. The subsequentssubclauses extend the rules

from ISO/IEC 11179-3:2023.

5.2 Pegree of conformance

5.2.1 | General

The digtinction between “strictly conforming” and “conforming” implementations is necessary to addr¢ss the

simultaneous needs for interoperability and extensions. This document describes specifications that prjomote

interoperability. Extensions are motivated by needs ofusers, vendors, institutions, and industries, and

a) arle not directly specified by this document;

b) arje specified and agreed to outside this do¢ument;

c¢) mpy serve as trial usage for future editions of this document.

A stri¢tly conforming implementation can be limited in usefulness but is maximally interoperable with

respeqt to this document. A conforming implementation can be more useful but can be less interoperable

with respect to this document:

5.2.2 | Strictly conforniing implementations

A stridtly conforming implementation:

a) shall suppertall mandatory, optional and conditional classes, attributes, datatypes and associatigns;

b) shall nat-use, test, access or probe for any extension features nor extensions to classes, attrjbutes,
ddtatypes, associations or any combination thereof;

c) shall notrecognize, nor act on, nor allow the production of classes, attributes, datatypes, associations or
any combination thereof that are dependent on any unspecified, undefined or implementation-defined
behaviour.

NOTE

5.2.3

The use of extensions to the metamodel can cause undefined behaviour.

Conforming implementations

A conforming implementation:

a) shall support all mandatory, optional and conditional classes, attributes, datatypes and associations;

© ISO/IEC 2024 - All rights reserved
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b) as permitted by the implementation, may use, test, access or probe for extension features or extensions

to

classes, attributes, datatypes, associations or any combination thereof;

¢) may recognize, act on or allow the production of classes, attributes, datatypes, associations or any
combination thereof that are dependent on implementation-defined behaviour.

NOTE1  Allstrictly conforming implementations are also conforming implementations.

NOTE 2  The use of extensions to the metamodel can cause undefined behaviour.

5.3 Conformance by feature

Confol
Clause
Clause
the cl3

A conf]
5.4

5.4.1

This
ISO/IK

— Computable data Registry: Implements Clause 7 of this doctiment, in addition to all provisions

B:

— Computable data Registry with mapping: Implemtents Clause 7 of this document, in addition

p1
5.4.2
Confor
— IS
— IS

5.5

An im

statenmpent stating:

a w

b) w

mance claims may be made to Clause 7 of this document, or to specific features within that
| 7 is also dependent upon one or more clauses of ISO/IEC 11179-3, so conformance to all\or |
| 7 shall be understood to imply conformance also to relevant provisions specified in,one’ or nj
uses in ISO/IEC 11179-3.

prmance statement shall specify exactly the features supported and not supporited.
Registry conformance

Standard registry profiles
document specifies the following standard profiles in% addition to those specifi
C 11179-3:2023, 4.4.2.

sic registry profile of ISO/IEC 11179-3:2023, 4.4.2;

ovisions of the Basic registry with mapping profile of ISO/IEC 11179-3:2023, 4.4.2.

Conformance labels
mance to the profiles specified in 5.4.1 may be claimed using the following labels, respectively
D/IEC 11179-34:2024 Computablejdata Registry;
D/IEC 11179-34:2024 Computable data Registry with mapping.

mplementation conformance statement (ICS)

plementation claiming conformance to this document shall include an implementation confor

hether it .eonforms or strictly conforms;

hich clauses are or are not supported;

Clause.
part of
ore of

cd  in

of the

to all

mance

g w

hatextensions, if any, are supported or used.

A stan

dard profile may be referenced, if applicable.

EXAMPLE Product Z strictly conforms to ISO/IEC 11179-34:2024 Computable data Registry.

5.6 Obligation

Properties and relationships specified in this document are one of: Mandatory, Conditional or Optional. The
obligation is not explicitly stated but is to be inferred from the multiplicity of the property or relationship,
and the presence or absence of a condition.

© ISO/IEC 2024 - All rights reserved
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For the purpose of conformance:

a) mandatory properties and relationships shall exist and shall conform to the provisions of this document;

b) anything specified as Conditional within this document shall be treated as Mandatory if the associated
condition is satisfied and shall otherwise be not present;

c) optional properties and relationships are not required to exist, but if they do exist, they shall conform to
the provisions of this document.

Such obligation is enforced if and only if the Registration Status of the associated registry items is Recorded

or hig

6 R

6.1

A met
the pr
of the

ISO/IE
turn w
busine
how r

her (see [SO/IEC 11179-3:2023,9.4.4.3 and ISO/IEC 11179-6:2023, 4.3.4)

elationship to ISO/IEC 11179-3

Metamodel for a metadata registry

hmodel is a model that describes other models. A metamodel provides a mechanism for underst4
bcise structure and components of the specified models, which are needed for the successful s
models by users, software facilities or both.

C 11179-3 uses a metamodel to describe the information model of a métadata registry. The regi
ill be used to describe and model other data, for example about-€nterprise, public administrat
ss applications. The registry metamodel is specified as a conceptual data model, i.e. one that des

accustomed to thinking of the information.

6.2

The cq
classe
Items,

6.3

Specification of the metamodel

nventions used in specifying the metamodel are'described in ISO/IEC 11179-3:2023, 5.3. Many
b specified in this document inherit from Iteni;which is specified in ISO/IEC 11179-3:2023, 6.4.
instances of these classes may be identified,¥egistered, administered, named, defined and clasj

[Use of UML class diagrams and textual description

This document uses both text and UML, _class diagrams to describe the metamodel. Both are normati

are inf
diagrd
consis
definit

A cong
While
endor

develd
compu

ended to be complementarysHowever, if a conflict exists between what is specified in the UM
ms and what is specified/ntext, the text takes precedence until a correction is made to makg
tent. Further, if a conflict-éxists between a formal definition and other normative text, the
ion takes precedenceuntil a correction is made to make them consistent.

olidated UML class-hierarchy is included as Annex B.

be any specific system environment, database management system, database design paradigm, §
pmentinethodology, data definition language, command language, system interface, user int
ting platform, or any technology required for implementation.

inding
haring

stry in
ion or
cribes

blevant information is structured in the natural world. In ether words, it is how the human mind is

of the
0.1. As
ified.

e and
|, class
b them
formal

the model diagirams are presented in UML class diagram notation, this document does not assume nor

ystem
brface,
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6.4 Package dependencies

1 1
Data_Set Item_Mapping
(ISO/IEC 11179-33) \ (ISO/IEC 11179-3)

) \ I
| \ |
[ \ |
| N |
| N |
| \ N

Computable_Data N Basic_and_Core
(this document) (ISO/IEC11179-3) [N
| N N
/ ’ | \ > N N
/ \
/ I \ AN
/ | \ N
/ | \
, / | \ A N
, — AN 1
v d Identification \\ Classification
/ (ISO/IEC 11179-3) N (ISO/IEC 11179-3)
/
\
7 P AN \
, < AN \
/ e N \
/ \
— - — 1 %
Registration Designation_and_Definition
(ISO/IEC 11179-3) (ISO/TEC 11179-3)
Figure 1 — Package dependencies
Figurd 1 illustrates the dependencies among the packages. The Computable_Data package is specified
docunjent. All the other packages are specified in ISO/IE€11179-3 and ISO/IEC 11179-33.

The lipes in Figure 1 illustrate dependencies in thedirection of the arrow. In order to implement a p3
that has dependencies, the packages on which itis dependent shall also be implemented. The dependencies
are of three types:

a)

b)

sybclassing from classes in another.package, e.g. Computable_Data (see 7.2.2.1) in the Compy
Data package is subclassed from the'Item class in the Basic and Core package (ISO/IEC 11179-3
6.4.2.1);

reflationship  between ~‘classes, e.g. Registered_Item in the Registration pjg

in this

ickage

table_
:2023,

ickage

(IFO/IEC 11179-3:2023,.94.1) has a relationship with Reference_Document in the Basic and Core

pdckage (ISO/IEC 1127943:2023, 6.3.8);

sdme attributessuse a predefined datatype or a class from another package as a datatype, e
sypporting_doecument attribute of the Supporting_Document (see 7.2.2.3) class in the Compy
Data package/(see Clause 7) uses the Reference_Document class of the Basic and Core packag
ISP/IEC 11179-3:2023, 6.3.8) as a datatype.

Confofmance options are specified in Clause 5 and standard conformance profiles in 5.4.

7

g. the
table_
e (see

Computable_Data package

7.1 Overview of the Computable_Data package

The Computable_Data package consists of a single metamodel region, the Computable_Data metamodel region.

© ISO/IEC 2024 - All rights reserved
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7.2 Computable_Data metamodel region

7.2.1 Overview of the Computable_Data metamodel region

Figure 2 shows the framework of the metamodel for the registration of metadata about computable data,
Figure 3 and Figure 4 show the detailed information of this metamodel.

computable_data_output

1.* Supporting_Document
Input_Output_Data computable_data_input
1"*
b
Data_Set_Distribution A,
> (fromISO/IEC 11179-33) 0.* 0.1
computable_data
Computable_Data p . N N
I T supporting_document
*
Pipeline 0.
computation_| computation_ comphtable_data_
step_input step_output error
0% 1.1 0.1 0..
Computable_Data_Erro
g.* 0.1 S
. pipeline_ 0%
omputation_Step 1. composition
0.* computable_ Review
data_pipeline
0"*
D. * 0
computation_step_ 0.1
parameter computation computable_data_
Computation_Step execution_environment 0.* review
Parameter 0.* computable_data_
contributor
. 1.*
. computation_step_
L. prerequisite 1.1 Contributor
Computation_Step_ Computation_Execution_ computat;(c);li_etxecutlon_
Prerequisite Envireninent P
O“*
{disjoint, incomplete}
0.* 0.* 0.*
5 D Individual_ Organizatiqn_
)t];:rrc'ia | atta_ 0.% Contributor Contributgr
ndpoin
coptputation_execution_ 1
eXternal_data_endpoint -
Execution_Script
Joftware_Prerequisite 0.* Environment_Variablg
ToTputation_execution_ - ) 0.*
software_prerequisite computation_execution_ -
- environment_variable

Figure 2 — Framework of computable data metamodel region

© ISO/IEC 2024 - All rights reserved
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1.*

Input_Output_Data

+uri: String [1:1]
+access_datetime: Datetime [0..1]
+creation_datetime: Datetime [0..1]

computable_data_output

computable_data_input

Data_Set_Distribution 0.* 0.1

+shal_checksum: String [0:1] —> (from ISO/IEC 11179-33)
Computable_Data
1.* 1.* +etag: String [0..1]
Pipeline +version: String [1..1]
computation_ computation_ +derived_from: String [0..1]
bu:p_iupuL step-outptt +ereated—datetime Patetime [01]
0.* 1.1 +modified_datetime: Datetime [0..1]
+obsolete_after_datetime: Datetime.[0.1]
o 01 +embargo_period: Datetime_Pefiod{0..1]
- - pipeline_ 0.* | +usability: Text [0:*]
Computation_Step composition +licence: Reference_Document [1..*]
+step_number: Integer [0..1] 0.% compu.tab.le_data_
+vgrsion: String [0..1] . pipeline
+pprpose: Text [0..1] 0.
o}* computation_step_
parameter computation_
execution_environment
Computation_Step_Parameter
+parameter: String [1..1] 0.*
+value: String [1..1]
1.1
Computation_Execution_ Execution_Script
computation_step_ Environment 0.* 1.* | +filename: String [0:1]
prerequisite +platform: String [1:1] computation_ +uri: String [1..1]
+script_driver: String [1..1] execution_script +access_datetime: Datetime [0..1]
1* " +shal_checksum: String [0:1]
Computation_Step_ 0.x| 0.* 0.
Prerequisite

+fijename: String [0:1]

+ufri: String [1..1]
+afcess_datetime: Datetime [0..1]
+shal_checksum: String [0:1]

computation_exécution_
external_datd_endpoint

External_Data_Endpoint 0.%

+ufl: String [1..1]

Figure 3 — Computable data metamodel region (1 of 2)

computation_execution_ Environment Variablle
environment_variable

+variable: String [1..1]
+value: String [1..1]

Software_Prerequisite

0.* +version: String [1..1]

+filename: String [0:1]

+uri: String [1..1]
+access_datetime: Datetime [0..1]
+shal_checksum: String [0:1]

computation_execution_
software_prerequisite

© ISO/IEC 2024 - All rights reserved
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0.* Computable_Data computable_data_error
From Figure 3 0.1
computable_data_ [ g I 0
supporting_document =
Computable_Data_Error
+type: String [1..1]
+detail: Text [1..1]
0.* 0.1
Supporting_Document computable_data_review
+dpetrentroterFext{0-H
+syipporting_document:
Reference_Document [1..1]
*
+afcess_datetime: Datetime [0..1] 0.
Review
+review_date: Date [0..1]
- +review_status: Review' Status [1..1]
<<enumeration>> 0.* . .
S - +reviewer_name: String [1..1]
Contribution . g I
+reviewer_contribution: Contribution [0..*]
“ajthoredBy” +reviewer_affiliation: Organization [0..*]
“cqntributedBy” +reviewer_emdil: String [0..*]
“crieatedAt” +reviewer_orcid: String [0..1]
"cEEatedBy" computable_data_ +reviewer_comment: Text [0..1]
“createdWith” contributor
“cyratedBy” :
“ddrivedFrom” Contributor
impportedBy +contributor_contribution: Contribution [0..*]
“inpportedFrom”
“ptovidedBy” 1.*
“rdtrievedBy”
“rgtrievedFrom”
“squrceAccessedBy” L
“sdurceAccessedAt” {disjoint, incomplete}
<<enumeration>>

Review_Status

“poposed”

“sgheduled”

“iplreview” Individual_Contributor Organization_Contributor
“approved” +contributor_affiliation: Organization [0..*] +organization: Organization [0..1]
“syspended” +contributor_email: String [0..1]

“rgjected” +contributor_orcid: String [0..1]

Figure 4 — Computable data metamodel region (2 of 2)

Examples of the registration of computable data using this metamodel are included in Annex C.
7.2.2 Classes in the Computable_Data metamodel region
7.2.2.1 Computable_Data class

7.2.2.1.1 Direct superclass

Computable_Data is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing instances to be
identified, registered, administered, named, defined and classified.

© ISO/IEC 2024 - All rights reserved
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7.2.2.1.2 Description of Computable_Data

Computable_Data is a class each instance of which models computable data, which are data that are
computed for the purpose of making the data reproducible.

7.2.2.1.3 Associations of Computable_Data

As a subclass of Item, Computable_Data inherits Item’s associations (see ISO/IEC 11179-3:2023, 6.4.2.1.2).
Computable_Data has the following additional associations:

— computable_data_pipeline (see 7.2.3.1);

— cqmputable_data_supporting_document (see7.2.3.2);
— cqmputable_data_error (see 7.2.3.3).

— cqmputable_data_contributor (see 7.2.3.4);

— cqmputable_data_review (see 7.2.3.5);

— cqmputable_data_input (see 7.2.3.6);

— cgmputable_data_output (see 7.2.3.7).

7.2.2.1.4 Attributes of Computable_Data

The atftributes of the Computable_Data class are specified in Tablel1.

Table 1 — Attributes of the Computable_Data class

Attribute name Multiplicity Datatype Description
etag 0.1 String Definition: a string-type, read-only value, gro-
(ISO/IEC 11179- tecting the computable data from internal pr
3:2023, 6.2111) external alterations without proper validation.
NOTE: See RFC7232[¢] section 2.3 for full dp-
scription.
versioh 1.1 String Definition: a version number which identif]es the
(ISO/IEC 11179- state of development of the computable data.
3:2023,6.2.11) In computable data versioning, a change affect-
ing the outcome of the computation should|be
deposited as a new computable data, not ad a
new version.
Changes that cannot affect the results of thle
computation can be incorporated into a nefv
version of the existing computable data.
deriveld_from 0.1 String Definition: the parent computable data thaf the
(ISO/IEC 11179- computable data are derived from.
3:2023,6.2.11) NOTE: If the computable data are derived ffom
another, this attribute will specify the pargnt
computable data, in the form of its identifigr.
created_datetime 0.1 Datetime Definition: date and time of the initial creation of
(ISO/IEC 11179- the computable data.
3:2023,6.2.3)
modified_datetime 0..1 Datetime Definition: date and time the computable data
(ISO/IEC 11179- was last modified.
3:2023,6.2.3)
obsolete_after_datetime |[0..1 Datetime Definition: expiration date and time of the com-
(ISO/IEC 11179- putable data.
3:2023, 6.2.3)

9
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Table 1 (continued)

Attribute name Multiplicity Datatype Description

embargo_period 0..1 Datetime_Period Definition: period during which the computable
(ISO/IEC 11179- data shall not be made public.
3:2023, 6.3.10)

usability 0.* Text Definition: description of the scientific use case
(ISO/IEC 11179- and function of the computable data.
3:2023,6.2.12)

licence 1.* Reference_Document | Definition: a document that provides licence
(ISO/IEC 11179- information related to the computable data.
3:2023, 6.3.8) NOTE: A public copyright licence (i.e. Créatjve

Commons Attribution 4.0 InternationdllZ)

that they (the author) have created.

used when an author wants to give©ther pgople
the right to share, use, and build tpen a work

S

7.2.2.]

Eachi
associ

7.2.2.]

7.2.2.]

Pipeline is a subclass of Item (see ISO/IEC 11179-3:2023,:64.2.1), allowing instances to be ider

regist

7.2.2.]

Pipeline is a class each instance of which models apipeline, a full set of logically connected steps nee

transf
one of

7.2.2.]

Asas
has th

— Cd

— pipeline_compe@stion (see 7.2.3.8).

7.2.2.]

None.

.5 Constraint on Computable_Data

htion of the parent Item class shall be instantiated.
P Pipeline class

2.1 Direct superclass

bred, administered, named, defined and classified.

p.2  Description of Pipeline

brm input data into a result, for which,the output of one data transformation step can be the if
more subsequent steps.

2.3 Associations of Pipeline

ibclass of Item, Pipelinednherits Item’s associations (see ISO/IEC 11179-3:2023, 6.4.2.1.2). Pi
e following additional associations:

mputable_data_pipeline (see 7.2.3.1);

.4 Attributes of Pipeline

hstance of the Computable_Data class shall only exist if at least one instafice of the item_designation

tified,

ded to
iput of

beline

7.2.2.3 Supporting Document class

7.2.2.3.1 Direct superclass

Supporting_Document is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing instances to be
identified, registered, administered, named, defined and classified.

© ISO/IEC 2024 - All rights reserved
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7.2.2.3.2 Description of Supporting_Document

Supporting_Document is a class each instance of which models a supporting document, which might be a
specification document, schema document or other reference document that provides specific information

related to computable data.

7.2.2.3.3 Associations of Supporting_Document

As a subclass of Item, Supporting_Document inherits Item’s associations (see ISO/IEC 11179-3:2023,
6.4.2.1.2). Supporting_Document has the following additional association:

— Cd

mputable_data_supporting_document (se€ /.2.3.2).

7.2.2.3.4 Attributes of Supporting_Document

The afitributes of the Supporting_Document class are specified in Table 2.

Table 2 — Attributes of the Supporting_Document class

Attribute name

Multiplicity

Datatype

Description

docuny

ent_role

0.1

Text
(ISO/IEC 11179-3:2023,
6.2.12)

Definitionsdéscription of the role of
supporiting document.

the

suppofting_document 1.1 Reference_Document |Definition: a document that provideg
(ISO/IEC 11179-3:20235specific information related to computable
6.3.8) data.

access datetime 0.1 Datetime Definition: date and time the documént
(ISO/IEC 11179+~3:2023, |was accessed when it was used as a gup-
6.2.3) porting document during the procesk the

computable data are produced.
7.2.2.4 Computable_Data_Error class
7.2.2.4.1 Direct superclass

Comp
identif

7.2.2.4

Comp
algorit
a pipe

ine.

ntable_Data_Error is a subclass’of Item (ISO/IEC 11179-3:2023, 6.4.2.1), allowing instanceg
ied, registered, administered, named, defined and classified.

1.2 Description of Computable_Data_Error

ntable_Data_ErrerZs a class each instance of which models an error, which can be an empirica
hmic error or some other type of error during the process by which computable data are produ

to be

error,
ced by

The empirical €rror contains empirically determined values such as limits of detectability, false pogitives,

false 1
multig

egatives, statistical confidence of outcomes, etc. This can be measured by running the algorit
le data samples of the usability domain or through the use of carefully designed in-silico data.

hm on

The a

gorithmic error 15 descriptive of errors that originate by fuzziness of the aigorithms, driven by

stochastic processes, in dynamically parallelized multi-threaded executions, or in machine learning
methodologies where the state of the machine can affect the outcome. This can be measured by taking a
random subset of the data and re-running the analysis, or using some rigorous mathematical modeling of
the accumulated errors and providing confidence values.
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7.2.2.4.3 Associations of Computable_Data_Error

As a subclass of Item, Computable_Data_Error inherits Item’s associations (see ISO/IEC 11179-3:2023,
6.4.2.1.2). Computable_Data_Error has the following additional association:

— computable_data_error (see 7.2.3.3).

7.2.2.4.4 Attributes of Computable_Data_Error

The attributes of the Computable_Data_Error class are specified in Table 3.

Table 3 — Attributes of the Computable_Data_Error class

Attribute Multiplicity Datatype Description
npme

type 1.1 String Definition: the type of the computable data error.
(ISO/IEC11179- |Example: algorithmic error, empirical errdr;,-etc.

3:2023, 6.2.11)
detail 1.1 Text Definition: free text of detailed description of the computable
(ISO/IEC 11179- |data error.
3:2023,6.2.12)

7.2.2.5 Contributor class

7.2.2.5.1 Direct superclass

Contrjbutor is a subclass of Item (ISO/IEC 11179-3:2023,,6:4.2.1), allowing instances to be identified,
regist¢red, administered, named, defined and classified.

7.2.2.5.2 Description of Contributor

Contrjbutor is a class each instance of which”models a contributor, an entity that contribuftes to
compytable data.

A conffributor can be a person, an organization, a software or a location, etc.

7.2.2.5.3 Associations of Contributor

As a jubclass of Item, Contributor inherits Item’s associations (see ISO/IEC 11179-3:2023, 6.4)2.1.2).
Contrjbutor has the followingadditional association:

— cqmputable_data-centributor (see 7.2.3.4).

7.2.2.5.4 Attributes of Contributor

The atitributes-of the Contributor class are specified in Table 4.

Table 4 — Attributes of the Contributor class

Attribute name Multiplicity Datatype Description

Contribution Definition: description of the type of contribution

contributor_contribution 0. (7.2.4.1) according to PAV ontology!3l.

7.2.2.5.5 Constraint on Contributor

Each instance of the Contributor class shall only exist if at least one instance of the item_designation
association of the parent Item class shall be instantiated.

© ISO/IEC 2024 - All rights reserved
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Individual_Contributor class

7.2.2.6.1 Direct superclass

Individual_Contributor is a subclass of Contributor (see 7.2.2.5), which in turn is a subclass of Item (see
[SO/IEC 11179-3:2023, 6.4.2.1), allowing instances to be identified, registered, administered, named, defined
and classified.

7.2.2.6.2 Description of Individual_Contributor

Individual Contributor is a class each instance of which models an individual contributor, a persgn that

contriputes to computable data.

7.2.2.6.3 Associations of Individual_Contributor

As a
ISO/IE

7.2.2.6.4 Attributes of Individual_Contributor

The attributes of the Individual_Contributor class are specified in Table 5«

Table 5 — Attributes of the Individual_Contributor class

subclass of Item and Contributor, Individual_Contributor inherits Item’s)dssociationf (see
C 11179-3:2023, 6.4.2.1.2) and Contributor’s associations (see 7.2.2.5.3).

3:2023, 6.2:11)

Attribute name Multiplicity Datatype Description
contributor affiliation 0.* 8;%7?&23331719_ Definition: organization the individual contriputor
B "’ 3:2023, 6.3.3) is‘affiliated with.
contributor email 0.1 ?Itgé)l;?EC 11179+ Definition: the email address of the individual

contributor.

contri

butor_orcid

0.1

String
(ISOAIEC 11179-
3:2023,6.2.11)

Definition: a persistent digital identifier for a
person (the individual contributor) registered in

ORCID.

7.2.2.

7.2.2.
Organ

(see I
define

7.2.2.

Organ

organ

/.1 Direct superclass

f  Organization_Contributor class

/.2 DesScription of Organization_Contributor

ization_Contributor-is a subclass of Contributor (see 7.2.2.5), which in turn is a subclass of Item
O/IEC 11179-3:2023, 6.4.2.1), allowing instances to be identified, registered, administered, famed,
d and classified.

ization_Contributor is a class each instance of which models an organization contribufor, an
Zation that contributes to computable data.

7.2.2.7.3 Associations of Organization_Contributor

As a subclass of Item and Contributor, Organization_Contributor inherits Item’s associations (see
ISO/IEC 11179-3:2023, 6.4.2.1.2) and Contributor’s associations (see 7.2.2.5.3).

7.2.2.7.4 Attributes of Organization_Contributor

The attributes of the Organization_Contributor class are specified in Table 6.
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Table 6 — Attributes of the Organization_Contributor class

Attribute name Multiplicity Datatype Description
Organization N - .
o Definition: organization that contributes to com-
organization 0.1 gggélgE% 13131)79- putable data.

7.2.2.8 Review class

7.2.2.8.1 Direct superclass

Review is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing instances to be identified,
regist¢red, administered, named, defined and classified.

7.2.2.8.2 Description of Review

Review is a class each instance of which models a review, which associates a reviewer and a descripfion of

the st

7.2.2.8.3 Associations of Review

tus of computable data in the review process.

As a sybclass of Item, Review inherits Item’s associations (see ISO/IEC 14179-3:2023, 6.4.2.1.2). Reviéw has

the fo

owing additional association:

7.2.2.8.4 Attributes of Review

cgmputable_data_review (see 7.2.3.5).

The attributes of the Review class are specified in Table @

Table 7 — Attributes of the Review class

Attribute name Multiplicity Datatype Description
review_date 0.1 Date Definition: date of the review.
{SO/IEC 11179-3:2023,
6.2.4)
review_status 1.1 Review_Status (7.2.4.2) | Definition: current verification status in the
review process of the computable data.
String
reviewer_name 1:1 (ISO/IEC 11179-3:2023, |Definition: the name of the reviewer.
6.2.11)
reviewer_contributiens/ | 0..* Contribution(7.2.4.1) Deflmt_lon: description of tl;e type of contribution
according to PAV ontologyl3l.
reviewer affilideion 0. * Organization (ISO/IEC |Definition: organization the reviewer is aff]liated
- - 11179-3:2023, 6.3.3) with.
String
reviewer email 0.* (ISO/IEC 11179-3:2023, |Definition: the email address of the reviewgr.
6.2.11)
String . L e
reviewer orcid 0.1 (ISO/TEC 11179-3:2023, Definition: a persistent d1_g1tal ldgntlfler for a
person (the reviewer) registered in ORCID.
6.2.11)
reviewer_comment 0..1 Text Definition: optional free text comment by a

(ISO/IEC 11179-3:2023,
6.2.12)

reviewer.
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7.2.2.9 Computation_Step class

7.2.2.9.1 Direct superclass

Computation_Step is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing instances to be
identified, registered, administered, named, defined and classified.

7.2.2.9.2 Description of Computation_Step

Computation_Step is a class each instance of which models a computation step, which is an individual tool

(ora

70]ll defined and reusable eripf) usedina pipp]inp and can bhe executed qunpnfinlly orin pnr;ﬂlpl with

other fomputation steps.

7.2.2.9.3 Associations of Computation_Step

As a syibclass of Item, Computation_Step inherits Item’s associations (see ISO/IEC 11179»3:2023, 6.4
Compptation_Step has the following additional associations:

— pipeline_compositon (see 7.2.3.8);

— cqmputation_step_input (see 7.2.3.9);

— cqmputation_step_output (see 7.2.3.10);

— cgmputation_execution_environment (see 7.2.3.11);

— cqmputation_step_prerequisite (see 7.2.3.16);

— cqmputation_step_parameter (see 7.2.3.17).

7.2.2.9.4 Attributes of Computation_Step

The attributes of the Computation_Step class are'$pecified in Table 8.

Table 8 — Attributes of the Computation_Step class

2.1.2).

Attribute
npme

Multiplicity

Datatype

Description

step_number

0.1

Integer
(1Se/IEC 11179-
372023, 6.2.5)

Definition: non-negative integer value representing the p
tion of the computation step in a one-dimensional repres
tion of the pipeline.

While this document does not mandate any particular nu
bering schema, it is best practice to pick the most logicall

intuitive numbering system, and to keep numbering unique

(i.e. do not repeat step numbers), such that each step has
own, unique integer. For example, a user may run one ste

the same time as another step or analysis. In a case wher¢ each

step pulls output from the same step, the steps may be st

and step #4, instead of number both as #3. The fact that they

pull from the output of the same step (#2) can be detecte

Dsi-
bnta-

m_
y

ts
D at

ep #3,

l from

an association to the same instance of Computation_Step_Pre-

requisite class.
Gaps are allowed (e.g. step 20 follows step 10).

version

0.1

String
(ISO/IEC 11179-
3:2023,6.2.11)

Definition: version of the computation step used.

purpose

0.1

Text
(ISO/IEC 11179-
3:2023, 6.2.12)

Definition: description of the specific purpose of the computa-

tion step.
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7.2.2.9.5 Constraint on Computation_Step

Each instance of the Computation_Step class shall only exist if atleast one instance of the item_designation
association of the parent Item class shall be instantiated.

7.2.2.10 Input_Output_Data class

7.2.2.10.1 Direct superclass

Input_Output_Data is a subclass of Data_Set_Distribution (see ISO/IEC 11179-33:2023, 7.2.2.5), which in
-3 ingi i ifi istered,

turni
admi

7.2.2.

Input

7.2.2.]

As a s
ISO/IH
7.2.2.5

— Cd
— Cd
— Cd

— Cd

7.2.2.]

The at
Desig

istered, named, defined and classified.

0.2 Description of Input_Output_Data

[Output_Data is a class each instance of which models input or output data of a computation st{

0.3 Associations of Input_Output_Data

ubclass of Item and Data_Set_Distribution, Input_Output_Data inhérits Item’s associatior
C 11179-3:2023, 6.4.2.1.2) and Data_Set_Distribution’s associations(see ISO/IEC 11179-33
.3). Input_Output_Data has the following additional associations;

mputable_data_input (see 7.2.3.6);
mputable_data_output (see 7.2.3.7);
mputation_step_input (see 7.2.3.9);

mputation_step_output (see 7.2.3.10).

0.4 Attributes of Input_Output_Data

tributes of the Input_Output_Data class)are specified in Table 9, The filename can be specified
hation.sign of the parent Item.

Table 9 —-Attributes of the Input_Output_Data class

.

s (see
12023,

using

Attr

ibute name | Multiplicity Datatype Description

uri

String
1.1 (ISO/IEC 11179-  |Definition: URI of the data.
3:2023,6.2.11)

access

| datetime Q.1 Datetime Definition: date and time the data was accessed wherj
(ISO/IEC 11179- |was used as input to the computation step.
3:2023, 6.2.3)

t

—

creati

n_datetime |0..1 Datetime Definition: date and time the data was created.
(ISO/IEC 11179-
3:2023, 6.2.3)

shal_checksum U:1 String Detinition: SHAT checksum of the data.

(ISO/IEC 11179-
3:2023,6.2.11)

7.2.2.11 Computation_Execution_Environment class

7.2.2.11.1 Direct superclass

Computation_Execution_Environment is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing

instan

ces to be identified, registered, administered, named, defined and classified.
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7.2.2.11.2 Description of Computation_Execution_Environment

Computation_Execution_Environment is a class each instance of which models a computation execution
environment, and through its associations clearly describes the information about the environment needed
to execute a computation step to the extent to which consistent results are obtained when produced
repeatedly.

The information about the environment includes the platform, deployment, software configuration and
running applications, etc.

7.2.2.11.3 Associations of Computation_Execution_Environment

As a|subclass of Item, Computation_Execution_Environment inherits Item’s associations (see
ISO/IHC 11179-3:2023, 6.4.2.1.2). Computation_Execution_Environment has the following. addjtional
associptions:

— cqmputation_execution_environment (see 7.2.3.11);

— cqmputation_execution_script (see 7.2.3.12);

— cqmputation_execution_software_prerequisite (see 7.2.3.13);
— cqmputation_execution_environment_variable (see 7.2.3.14);

— cqmputation_execution_external_data_endpoint (see 7.2.3.15)¢

7.2.2.11.4 Attributes of Computation_Execution_Environment

The atitributes of the Computation_Execution_Environmentclass are specified in Table 10.

Table 10 — Attributes of the Computdtion_Execution_Environment class

Attripute name | Multiplicity Datatype Description

platform 1.1 String Definition: designation of an existing platform where this
(ISO/IEC 11179+ computation step was executed with a particular deplqy-
3:2023, 6.2:11) ment of this platform.
A platform can be a scientific platform such as Galaxy qr
HIVE or it can be a software package or apps that inclufles
multiple algorithms and software.

script]driver 1.1 String Definition: the mechanism to run an executable that cajn be
(ISO/IEC 11179- launched to perform a sequence of commands described in
3:2023,6.2.11) the script. e.g. “manual”, “shell”.

7.2.2.12 Execution{Script class

7.2.2.12.1 Direct superclass

Execution_Script is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing instances|to be
identified) registered, administered, named, defined and classified.

7.2.2.12.2 Description of Execution_Script

Execution_Script is a class each instance of which models a script object. Script was used to perform
computations. Script can be a script object, a computational service, or any other type of script.
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7.2.2.12.3 Associations of Execution_Script

As a subclass of Item, Execution_Script inherits Item’s associations (see ISO/IEC 11179-3:2023, 6.4.2.1.2).
Execution_Script has the following additional associations:

— CO

mputation_execution_script (see 7.2.3.12).

7.2.2.12.4 Attributes of Execution_Script

The attributes of the Execution_Script class are specified in Table 11.

Table 11 — Attributes of the Execution_Script class

Attripute name | Multiplicity Datatype Description

filenagne 0..1 String Definition: file name of the script.

(1SO/IEC 11179-
3:2023, 6.2.11)

uri 1.1 String Definition: URI of the script.
(ISO/IEC 11179-
3:2023,6.2.11)
access datetime |0..1 Datetime Definition: date and time the\script was accessed when| it
(ISO/IEC 11179- was used for the computation execution.
3:2023, 6.2.3)
shal_g¢hecksum [0..1 String Definition: SHA1 chécksum of the script.

(I1SO/IEC 11179-
3:2023, 6.2.11)

7.2.2.13 Software_Prerequisite class

7.2.2.13.1 Direct superclass

Softwpre_Prerequisite is a subclass of Item (sée 1SO/IEC 11179-3:2023, 6.4.2.1), allowing instance

identif

7.2.2.
Softw
minim
7.2.2.

As a 9
6.4.2.1

— Cd

7.2.2.

ied, registered, administered, named, defined and classified.

| 3.2 Description of Software_Prerequisite

are_Prerequisite is a classteach instance of which models a software prerequisite, which
al necessary software or fool needed to successfully execute the computation.

| 3.3 Associationsof Software_Prerequisite

ubclass of Item;-Software_Prerequisite inherits Item’s associations (see ISO/IEC 11179-3
.2). Software_Prerequisite has the following additional association:

mputation_execution_software_prerequisite (see 7.2.3.13).

| 34" Attributes of Software_Prerequisite

E to be

is the

:2023,

The at

tributes of the Software_Prerequisite class are specified in Table 12.
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Table 12 — Attributes of the Software_Prerequisite class

Attribute name | Multiplicity Datatype Description

version 1.1 String Definition: version of the software.
(ISO/IEC 11179-
3:2023,6.2.11)

filename 0.1 String Definition: file name of the software.
(ISO/IEC 11179-
3:2023,6.2.11)

uri 1.1 String Definition: URI of the software.
(ISO/IEC 11179-
3:2023,6.2.11)

access datetime |0..1 Datetime Definition: date and time the software was accessed/when it
(ISO/IEC 11179- was used to execute the computation.
3:2023, 6.2.3)

shal_ghecksum 0.1 String Definition: SHA1 checksum of the softwane.

(ISO/IEC 11179-
3:2023,6.2.11)

7.2.2.13.5 Constraint on Software_Prerequisite

Each 'Ilstance of the Software_Prerequisite class shall only exist if at:least one instance of the|item_
designation association of the parent Item class shall be instantiateds

7.2.2.14 Environment_Variable class

7.2.2.14.1 Direct superclass

Envirpnment_Variable is a subclass of Item (see ISQ/IEC 11179-3:2023, 6.4.2.1), allowing instance$ to be
identified, registered, administered, named, defined.and classified.

7.2.2.14.2 Description of Environment_Varijable

Envirpnment_Variable is a class each instance of which models a variable that is useful to configyre the
execufion environment on the target platform.

7.2.2.14.3 Associations of Environment_Variable

As a gubclass of Item, Envirenment_Variable inherits Item’s associations (see ISO/IEC 11179-3:2023,
6.4.2.1.2). Environment Variable has the following additional association:

— cqmputation_execution_environment_variable (see 7.2.3.14).

7.2.2.14.4 Attributes of Environment_Variable

The atitributes of the Environment_Variable class are specified in Table 13.

Table 13— -Attributes of the Enviromment_Variableclass
Attribute Multiplicity Datatype Description
name
variable 1.1 String Definition: specific variable for the computation execution

(ISO/IEC 11179- environment.
3:2023, 6.2.11)

value 1.1 String Definition: variable value for the computation execution envi-
(ISO/IEC 11179- ronment.
3:2023,6.2.11)
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7.2.2.15 External_Data_Endpoint class

7.2.2.15.1 Direct superclass

External_Data_Endpoint is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing instances to be
identified, registered, administered, named, defined and classified.

7.2.2.15.2 Description of External_Data_Endpoint

External_Data_Endpoint is a class each instance of which models an external data endpoint, which is
minimal necessary domain Qpprifir‘ external data sources accessed in order to Qll{‘{‘PQQﬁl”y execute the

compytation.

7.2.2.15.3 Associations of External_Data_Endpoint

As a gubclass of Item, External_Data_Endpoint inherits Item’s associations (see ISO/IEC 11179-3:2023,
6.4.2.1.2). External_Data_Endpoint has the following additional association:

— cqmputation_execution_external_data_endpoint (see 7.2.3.15).

7.2.2.15.4 Attributes of External_Data_Endpoint

The attributes of the External_Data_Endpoint class are specified in Table 14.

Table 14 — Attributes of the External_Data_Endpoint class

Attribute Multiplicity Datatype Description
npme

url 1.1 String Definitién: The URL for the endpoint to be accessed.
(ISO/IEC 11179-
3:2023,6.2.11)

7.2.2.15.5 Constraint on External_Data_Endpoint

Each irstance of the External_Data_Endpoint class shall only exist if at least one instance of the|item_
designation association of the parent'Itém class shall be instantiated.

7.2.2.16 Computation_Step_Prerequisite class

7.2.2.16.1 Direct superelass

Compputation_Step_Prerequisite is a subclass of Item (see ISO/IEC 11179-3:2023, 6.4.2.1), allowing
instanjces to be idefitified, registered, administered, named, defined and classified.

7.2.2.16.2 Description of Computation_Step_Prerequisite

Compptation_Step_Prerequisite is a class each instance of which models a necessary package or refource

neede8{forrunningatook

7.2.2.16.3 Associations of Computation_Step_Prerequisite

As a subclass of Item, Computation_Step_Prerequisite inherits Item’s associations (see
ISO/IEC 11179-3:2023, 6.4.2.1.2). Computation_Step_Prerequisite has the following additional association:

— computation_step_prerequisite (see 7.2.3.16).
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7.2.2.16.4 Attributes of Computation_Step_Prerequisite

The attributes of the Computation_Step_Prerequisite class are specified in Table 15.

Table 15 — Attributes of the Computation_Step_Prerequisite class

Attribute name | Multiplicity Datatype Description

filename 0..1 String Definition: file name of the package or resource.

(ISO/IEC 11179-
3:2023, 6.2.11)

uri 1.1 String npﬁniﬁnn-”Rlnfpnrkngpnrrpcnnrrp
(ISO/IEC 11179-
3:2023,6.2.11)
accesg datetime |[0..1 Datetime Definition: date and time the package or resourcerwas fic-
(ISO/IEC 11179- cessed when it was used for running the topl.
3:2023, 6.2.3)
shal_ghecksum |[0..1 String Definition: SHA1 checksum of the package or resource,

(ISO/IEC 11179-
3:2023, 6.2.11)

7.2.2.17 Computation_Step_Parameter class

7.2.2.17.1 Direct superclass

Compptation_Step_Parameter is a subclass of Item (see ISO/IEC11179-3:2023, 6.4.2.1), allowing ins
to be identified, registered, administered, named, defined and ‘€lassified.

7.2.2.17.2 Description of Computation_Step_Parameter

Compputation_Step_Parameter is a class each instance of which models an optional parameter custot

the co

NOTE

7.2.2.

Asasy
6.4.2.1

— Cd

7.2.2.
The at

mputational flow which can affect the outputof the computation step.

Parameters can be custom to each kind.of analysis and are tied to a particular pipeline implementat

| 7.3 Associations of Computation_Step_Parameter

bclass of [tem, Computation\Step_Parameterinherits Item’s associations (see ISO/IEC11179-3
.2). Computation_Step_Parameter has the following additional association:

mputation_step_parameter (see 7.2.3.17).

| 7.4 Attributes 0f Computation_Step_Parameter

tributes ofithe Computation_Step_Parameter class are specified in Table 16.

Table 16 — Attributes of the Computation_Step_Parameter class

fances

mizing

ion.

:2023,

Attribute Multiplicity Datatype Description
name

parameter 1.1 String Definition: specific variable for the computation step.
(ISO/IEC 11179-
3:2023, 6.2.11)

value 1.1 String Definition: value (non-default)of the parameter.
(ISO/IEC 11179-
3:2023, 6.2.11)
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7.2.3 Associations in the Computable_Data metamodel region

7.2.3.1 computable_data_pipeline association

The computable_data_pipeline association records the binding of one instance of the Pipeline class (see
7.2.2.2) to zero, one or more instances of the Computable_Data class (see 7.2.2.1).

This association registers the pipeline used for the generation of computable data.

7.2.3.2 computable_data_supporting_document association

The cpmputable_data_supporting_document association records the binding of zero, one er| more
instanices of the Supporting_Document class (see 7.2.2.3) to zero, one or more instances of the Compujtable_
Data dlass (see 7.2.2.1).

This gssociation registers the supporting documents of computable data, which are Jused to ppovide
specification, validation schema, ontology, or other supporting information for the computable data.

7.2.3.3 computable_data_error association

The cpmputable_data_error association records the binding of zero, ené/or more instances jof the
Compputable_Data_Error class (see 7.2.2.4) to zero or one instance of the' Computable_Data clags (see
7.2.2.1)).

This association registers an error with computable data during,the-process by which they are prqduced
by thd pipeline, which can be used to determine what range of input returns outputs that are witljin the
tolerance level and therefore can be used to optimize algorithrmy

7.2.3.4 computable_data_contributor association

The cpmputable_data_contributor association records the binding of one or more instances jof the
Contrjbutor class (see 7.2.2.5) to zero, one or moréjinstances of the Computable_Data class (see 7.2.2.1).

This apsociation registers the contributor(s) £6.the computable data.

7.2.3.5 computable_data_review association

The cqmputable_data_review association records the binding of zero, one or more instances of the Review
class (pee 7.2.2.8) to zero or one(instance of the Computable_Data class (see 7.2.2.1).

This apsociation registers the review(s) of the computable data.

7.2.3.6 computable data_input association

The cqmputabletdata_input association records the binding of one or more instances of the Input_Ofitput_
Data dlass (seé\7)2.2.10) to zero, one or more instances of the Computable_Data class (see 7.2.2.1).

This apso€iation registers the input data to computable data.

7.2.3.7 computable_data_output association

The computable_data_output association records the binding of one or more instances of the Input_
Output_Data class (see 7.2.2.10) to zero or one instance of the Computable_Data class (see 7.2.2.1).

This association registers the output data of computable data.

7.2.3.8 pipeline_composition association

The pipeline_compositon association records the binding of one or more instances of the Computation_
Step class (see 7.2.2.9) to zero, one or more instances of the Pipeline class (see 7.2.2.2).
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This association registers the inclusion of one or more computation steps in a pipeline.

7.2.3.9 computation_step_input association

The computation_step_input association records the binding of one or more instances of the Input_
Output_Data class (see 7.2.2.10) to zero, one or more instances of the Computation_Step class (see 7.2.2.9).

This association registers the input data to a computation step.

7.2.3.10 computation_step_output association

The ¢
Outpy

This a

7.2.3.]

The ¢
Comp
Comp

This a

Accurj

7.2.3.
The ¢

Execution_Script class (see 7.2.2.12) to zero, one qr'‘more instances of the Computation_Exec

Envir

This a

7.2.3.

The ¢
more
Comp

This a

7.2.3.

The ¢
more
Comp

This a

bmputation_step_output association records the binding of one or more instances of the
t_Data class (see 7.2.2.10) to zero or one instance of the Computation_Step class (see 7.2.2.9).

Ksociation registers the output data of a computation step.

|1 computation_execution_environment association

omputation_execution_environment association records the binding 'ef ‘one instance
ntation_Execution_Environment class (see 7.2.2.11) to zero, one, Ory more instances
ntation_Step class (see 7.2.2.9).

ssociation registers the execution environment of a computation step:

ite computation execution environment description will facilitaté the reproducibility of computabl|

|2 computation_execution_script association

pmputation_execution_script association recordsithe binding of one or more instances

pbnment class (see 7.2.2.11).

ksociation registers the script of a computation execution.

|3 computation_execution_softwatie_prerequisite association

pmputation_execution_softwaré_prerequisite association records the binding of zero,
nstances of the Software_Rrerequisite class (see 7.2.2.13) to zero, one or more instances
ntation_Execution_Envirenment class (see 7.2.2.11).

ssociation registers the necessary software or tool needed for a computation execution.

|4 computatioh-execution_environment_variable association

pmputation<execution_environment_variable association records the binding of zero,
nstances of the Environment_Variable class (see 7.2.2.14) to zero, one or more instances
ntation-Execution_Environment class (see 7.2.2.11).

nput_

bf the
bf the

e data.

of the

ntion_

ne or
of the

ne or
of the

Ksoclation registers the environment variable of a computation execution.

7.2.3.15 computation_execution_external_data_endpoint association

The computation_execution_external_data_endpoint association records the binding of zero, one or
more instances of the External_Data_Endpoint class (see 7.2.2.15) to zero, one or more instances of the
Computation_Execution_Environment class (see 7.2.2.11).

This association registers the external data endpoint of a computation execution.
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7.2.3.16 computation_step_prerequisite association

The computation_step_prerequisite association records the binding of one or more instances of the
Computation_Step_Prerequisite class (see 7.2.2.16) to zero, one or more instances of the Computation_

Step class (see 7.2.2.9).

This association registers the necessary package or resource for running a computation step.

7.2.3.17 computation_step_parameter association

The computation_step_parameter association records the binding of zero, one or more instances of the

Comp
class (|

This a
7.2.4
7.2.4.

Contr

The va

cee 7.2.2.9).

ksociation registers the parameter of a computation step.
Datatypes in the Computable_Data metamodel region

|  Contribution enumerated class

lues of the Contribution enumerated class are specified in Table 17.

Table 17 — Values in the Contribution.enumerated class

itation_Step_Farameter class (see /.42.2.1/) T0 Zero, one or more imnstances or the Lomputatlon_Step

bution is an enumerated class. This enumerated class is used as the datatype for the contribution
attribyite of Contributor class (see 7.2.2.5) and Review class (see 7.2.2.8).

Value Description

“authqredBy” Indicates an agent that originated or gave existence to the computable data.

“contrfbutedBy” Indicates an agent that provided any sort of help in conceiving the computabld data.

“creatpdAt” Indicates the geo-location of the agents when creating the computable data.

“creatpdBy” Indicates an agent primary responsible for making the computable data reprefenta-
tion.

“createdWith” Indicates a.soffware or tool used by the creator when making the computable[data.

“curatpdBy” Indicates an'agent responsible for shaping the expression in an appropriate format.

“derivedFrom” Indicates a different resource that the computable data are derived from.
Ifithe computable data have the same content as the other resource, but have §imply
beén transcribed to fit a different model (like XML -> RDF), use “importedFrom”. If
the computable data were simply retrieved, use “retrievedFrom”. If the content of
the computable data has however been further refined or modified, “derivedFrom”
should be used.

“importedBy” Indicates an entity responsible for importing the computable data.

“impoftedFrom” Indicates an original source of imported computable data.
NOTE Import means that the content has been preserved, but transcribed s¢me-
how, for instance to fit a different representation model by converting formatg.

“providedBy” Indicates an original provider of the resource the computable data was retrieyed,
imported-ordertvedtrom-

“retrievedBy” Indicates an entity responsible for retrieving the computable data from an external
source.

“retrievedFrom” Indicates a URI where the computable data have been retrieved from.
NOTE Retrieval indicates that the computable data have the same representation
as the original resource.

“sourceAccessedBy” Indicates an entity that accessed or consulted (but did not retrieve, import or derive
from) the computable data.

“sourceAccessedAt” Indicates a URI where the source was accessed or consulted (but not retrieved,

imported or derived from).
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7.2.4.2 Review_Status enumerated class

Review_Status is an enumerated class. This enumerated class is used as the datatype for the review_status
attribute of Review class (see 7.2.2.8).

The values of the Review_Status enumerated class are specified in Table 18.

Table 18 — Values in the Review_Status enumerated class

Value Description
“proposed” Indicates that the computable data has been submitted, and review is proposed.
“scheduled” Indicates that the computable data has been submitted, and review is scheduled.
“in-reyiew” Indicates that the computable data has been submitted, and verification(is Under-

way.

“apprqved” Indicates that the computable data has been verified and reviewed:
“suspgnded” Indicates that the computable data that was once valid is no lehger considered valid.
“rejected” Indicates that the computable data has been removed or rejected.
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Annex A
(informative)

Mapping between IEEE 2791-2020 and this document

Table A.1 shows the mapping between IEEE 2791-2020 and this document.
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Annex B
(normative)

Consolidated Class Hierarchy

Figure B.1 shows all classes specified in this document, or referenced from other parts of the ISO/IEC 11179
series, that participate in a class hierarchy. Classes that do not participate in a class hierarchy are not shown.

Item
(Basic_and_Core)

A

{disjoint, incomplete}

Computable_Data Pipeline
(Computable_Data) (Computable_Data)

Data_Set_Distribution

(Data_Set) Computation_Step
% (Coniputable_Data)
Input_Output_Data
(Computable_Data) Computation_Step_
Prerequisite
Computation_Execution_ (Computable_Data)
Environment

(Computable_Data)

Computation_Step_
Parameter
(Computable_Data)

Execution_Script
(Computable_Data)

Supporting_Document
(Computable_Data)

Software_Prerequisite
(Computable_Datat)

Contributor
(Computable_Data)

Environment_Variable
(Computable_Data)

{disjoint, incomplete}

External_Data_Endpoint
(Computable_Data)

Othersubclasses of ltem [\
are(specified in other Individual_Contributor Organization_Contributor

documents and may be (Computable_Data) (Computable_Data)

added as extensions

Computable_Data_Error Review
(Computable_Data) (Computable_Data)

Figure B.1 — Consolidated Class Hierarchy

Standards or implementations which extend the metamodel in this document may extend this class
hierarchy.
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Annex C
(informative)

Examples of computable data registration

C.1 Overview

Two e}
regist

data i earth science.

kamples of the registration of computable data are provided in this Annex. The first example’sho
Fation of computable data in bioinformatics. The second example shows the registration of comp

ws the
utable

C.2 Computable data example in bioinformatics
C.2.1| Overview of the example
In thig example computable data are taken from the following website (accessed on 3 November 2021):
https:[/github.com/biocompute-objects/HIVE metagenomics/blob/mastér/HIVE metagenomics.json]!8
The cdmputable data are represented in JSON format. The code is.as follows:
{
"bco id": "https://github.com/biocompute-objectsAHFVE metagenomics/blob/master/HIVE
metag¢nomics.json",
"¢hecksum": "ECD541AEOF61AAAAAIFAC14B2B08ABEL8F610E1IAA4677D54E89B292550F5058A",
"lbco spec _version" : "https://w3id.org/biocempute/spec/v1.2",
"provenance domain": {
"name": "Healthy human fecal metagen@mic diversity",
"version": "1.0.0",
"review": [
{
"status": "approved"/
"reviewer commenty: WApproved by GW staff.",
"reviewer": {
"name": "Charles Hadley King",
"affiligtien": "George Washington University",
"email{™: ~"hadley king@gwu.edu",
"conkribution": ["curatedBy"],

"ogpodid": "https://orcid.org/0000-0003-1409-4549"

}
1,
"obsoletel after" : "2118-09-26T14:43:43-0400",
"embargd" : {
"S¥art time": "2000-09-26T14:43:43-0400",
Yend time": "2000-09-26T14:43:45-0400"
™

“created": "2018-11-29T11:29:08-0500",

"modiried : "ZUI8-11-30T11l:29:08-0500,
"contributors": [
{
"name": "Charles Hadley King",
"affiliation": "George Washington University",
"email": "hadley king@gwu.edu",
"contribution": ["createdBy", "curatedBy", "authoredBy"],

"orcid": "https://orcid.org/0000-0003-1409-4549"

"name": "Raja Mazumder",
"affiliation": "George Washington University",
"email": "mazumder@gwu.edu",
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