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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
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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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 reproduce and verify scientific discoveries, details of pipelines need to be documented and shared,

including fhe protocol, procedures, or metadata associated with them. 11e more analysis Ste
more complicated a pipeline, the greater the need for a standardized mechanism of commuii
detailed cqmmunication helps ensure responsibility, reproducibility, and the ability to verify prot

provenan

This docurhent is inspired by the IEEE 2791-2020[1], which aims to improve communicgtion of bioi

protocols
regulator

Although IEEE 2791-2020 has a bioinformatics background and application areas, the concepts an
it expressdd are applicable to a broader field of scientific research. A mapping table is included i
showing the relationship between domains and fields in IEEE 2791-2020"and classes and attriby

document,

ISO/IEC 11
common f3
purposes.

This docu
ISO/IEC 11

about computable data are like a manifest describing all details related to input files, output fil

pipeline uj
among dif
replicabilit

In Clauses
specified

EXAMPLE

information, and promote interoperability.

nd data to facilitate bioinformatics workflow related exchange and\coemmunicatio
agencies, pharmaceutical companies, bioinformatics platform ,providers and reg

179-3 specifies the structure of a Metadata Registry (MDR) and provides a metamodel f
icilities. That metamodel is intended to be extended/by other parts of ISO/IEC 11179 f

ment provides a specification of the extensions to the registry metamodel sj
179-3 to enable the registration of metadata about computable data. Registration o

ed to process these files. The intent.is to facilitate efficient communication and inter
ferent platforms, industries, scietitists, and regulators and to improve reproduc

y.

| 6 and 7, this document.uses bold font to highlight terms which represent metadz:
y the metamodel.

Computable_Data\(see 7.2.2.1) is a class each instance of which models computable data.

bs and the
hication. A
ocol, track

hformatics
h between
searchers.
d methods
h Annex A,
ites in this

pr registry
or specific

ecified in
' metadata
ps, and the
bperability
bility and

Ita objects
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International Standard

ISO/IEC 11179-34:

2024(en)

Information technology — Metadata registries (MDR) —

Part 34:
Metamodel for computable data registration

1 Scop

This docu
ISO/IEC 11

The specif
provides t

L

ment provides a specification for an extension to a metadata registry (MDR){as"s
179-3, in which metadata that describe computable data can be registered.

cation in this document, together with the relevant clauses of the specificatiorin ISO/IH
e ability to record metadata about computable data.

2 Normative references

The follow}
requireme)
the latest ¢

ISO/IEC 1
common fd

3 Term
For the pui
ISO and IE
ISO O

IEC El

ing documents are referred to in the text in such a way that some or all of their content ¢
nts of this document. For dated references, only the editiorlcited applies. For undated
dition of the referenced document (including any amendments) applies.

1179-3, Information technology — Metadata registxies (MDR) — Part 3: Metamodel f
cilities
s and definitions

poses of this document, the terms andidefinitions given in I[SO/IEC 11179-3 and the folloy

C maintain terminology databagses for use in standardization at the following addresses:

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

ectropedia: available at https://www.electropedia.org/

3.1
computa
data that

3.2
pipeline
full set of

le data
re computed for the purpose of making the data reproducible

logically connected steps needed to transform input data into a result, for which or

becified in

C11179-3,

onstitutes
references,

or registry

wing apply.

D.

€ or more

oné&’data transformation step can be the input of one or more subsequent steps

outputs of

3.3

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
ORCID
PAV
UML
URI
URL

JavaScript Object Notation

Open Researcher and Contributor ID (see Reference [2])
Provenance, Authoring and Versioning (see Reference [3])
Unified Modeling Language (see References [4] and [5])
Uniform Resource Identifier

Uniform Resource Locator

5 Conformance

5.1 Ove

Conforma
“Degree

rview of conformance

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

0
from ISO/IEC 11179-3:2023.

5.2 Deg

5.2.1 Ge

The distin
simultane
interoper

a)
b) aresp

C) may s¢

A strictly
respect to

with respe

5.2.2 St

A strictly ¢

a)
b)

ree of conformance

neral

are no

shall s

us needs for interoperability and extensions. This document describes specifications th
ility. Extensions are motivated by needs of‘tisers, vendors, institutions, and industries,

directly specified by this document;
pcified and agreed to outside this dg¢ument;
brve as trial usage for future editions of this document.

conforming implementation can be limited in usefulness but is maximally interope
this document. A conforming implementation can be more useful but can be less int
ct to this document.

rictly conforming implementations
onformingimplementation:

uppertall mandatory, optional and conditional classes, attributes, datatypes and assoc

shall pot*Gse, test, access or probe for any extension features nor extensions to classes,

Conformance” is repeated here for convenience. The subsequent subclauses extend

tion between “strictly conforming” and “conforming” implementations is necessary to g

[he clause
| the rules

ddress the
ht promote
and:

rable with
broperable

iations;

attributes,

datatypes, associations or any combination thereof;

0

shall not recognize, 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)

© ISO/IEC 2024 - All rights reserved
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ses, attributes, datatypes, associations or any combination thereof;

combination thereof that are dependent on implementation-defined behaviour.

NOTE 1

NOTE 2

All strictly conforming implementations are also conforming implementations.

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

5.3 Conformance by feature

as permitted by the implementation, may use, test, access or probe for extension features or extensions

may recognize, act on or allow the production of classes, attributes, datatypes, associations or any

Conformance claims may be made to Clause 7 of this document, or to specific features within that clause.

Clause 7 i
Clause 7 s
the clauses

A conform

5.4 Reg

also dependent upon one or more clauses of ISO/IEC 11179-3, so conformance to al
nall be understood to imply conformance also to relevant provisions specified in 6ne
in ISO/IEC 11179-3.

hnce statement shall specify exactly the features supported and not supported.

stry conformance

5.4.1 Standard registry profiles

This doctiment specifies the following standard profiles in\_addition to those sp

ISO/IEC 11179-3:2023, 4.4.2.

— Compptable data Registry: Implements Clause 7 of thisddocument, in addition to all provis
Basic fegistry profile of ISO/IEC 11179-3:2023, 4.4.2;

— Compptable data Registry with mapping: Implemments Clause 7 of this document, in add
provigions of the Basic registry with mapping profile of ISO/IEC 11179-3:2023, 4.4.2.

5.4.2 Clnformance labels

Conformance to the profiles specified in 5.4:1 may be claimed using the following labels, respecti

— ISO/IHC 11179-34:2024 Computable.data Registry;

— ISO/IHC 11179-34:2024 Computable data Registry with mapping.

5.5 Impllementation conformance statement (ICS)

An implenjentation claiming conformance to this document shall include an implementation co

statementstating:

a) wheth

er it conforms or strictly conforms;

b) which

or part of
or more of

bcified in

ions of the

ition to all

rely:

hformance

clduses are or are not supported;

c¢) what extensions, if any, are supported or used.

A standard 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)
condit

9

ion is satisfied and shall otherwise be not present;

the provisions of this document.

anything specified as Conditional within this document shall be treated as Mandatory if the associated

optional properties and relationships are not required to exist, but if they do exist, they shall conform to

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

or higher (

see ISO/IEC 11179-3:2023, 9.4.4.3 and ISO/IEC 11179-6:2023, 4.3.4).

6 Relationship to ISO/IEC 11179-3

6.1 Met

A metamo
the precisg

of the models by users, software facilities or both.

ISO/IEC 11
turn will b
business a
how relevs
accustoms

6.2 Spe

The conve
classes sp¢
Items, inst

6.3 Use

amodel for a metadata registry

el is a model that describes other models. A metamodel provides a mechanism for und
e structure and components of the specified models, which are needed-for the success

179-3 uses a metamodel to describe the information model of asnetadata registry. The
e used to describe and model other data, for example about éntérprise, public admini
pplications. The registry metamodel is specified as a conceptual data model, i.e. one tha
int information is structured in the natural world. In ethetr words, it is how the hum
d to thinking of the information.

Cification of the metamodel

htions used in specifying the metamodel aredescribed in ISO/IEC 11179-3:2023, 5.3. ¥
cified in this document inherit from Iltem{cwhich is specified in ISO/IEC 11179-3:2023,
hnces of these classes may be identified, vegistered, administered, named, defined and

of UML class diagrams and textual description

brstanding
Ful sharing

registry in
stration or
[ describes
an mind is

[any of the
6.4.2.1. As
classified.

This docuinent uses both text and UMli-class diagrams to describe the metamodel. Both are norjnative and

are intend
diagrams

consistent
definition

A consolid

While the
endorse an
developmg

bd to be complementary-"However, if a conflict exists between what is specified in the

Further, if a conflict exists between a formal definition and other normative text,
Fakes precedence until a correction is made to make them consistent.

hted UML class hierarchy is included as Annex B.

model diagrams are presented in UML class diagram notation, this document does not 3
y spetific system environment, database management system, database design paradig
nt’methodology, data definition language, command language, system interface, usej

UML class

ind what is specified in‘text, the text takes precedence until a correction is made to fake them

the formal

ssume nor
rm, system
interface,

platform, or any technology required for implementation.

computin
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4


https://iecnorm.com/api/?name=eca32cd393e01fc006d158758a0ea06b

ISO/IEC 11179-34:2024(en)

6.4 Package dependencies

Figure 1l
document,

The lines i
that has d¢
are of thre

a) subcla
Data g
6.4.2.1

b) relatid
(ISO/1
packa

c) some
suppad
Data [
ISO/IH

1

Data_Set
(ISO/IEC 11179-33)

1

7N
|
|
|
|

|

Item_Mapping
(ISO/IEC 11179-3)

Computable_Data
(this document)

N2

Basic_and_Core
(ISO/IEC 11179-3)

/1 N N

Registration
(ISO/IEC 11179-3)

e types:

);
nship

between

| \ N
X N
/ ! N
/ | ~ N
4 |
/ 7 I ) >
, — AN 1
Vi d Identification \\ Classification
/ (ISO/IEC 11179-3) \ (ISO/IE€ 11179-3)
/ - \
/ - N
, 7 AN N \
/ e N \
/ \
/ \

Designation/and_Definition
(ISQYIEC 11179-3)

Figure 1 — Package dependencies

classes,

e.g.

Registered_Item in the
EC 11179-3:2023;-9:4.1) has a relationship with Reference_Document in the Basi¢ and Core
be (ISO/IEC 11179=3:2023, 6.3.8);

Registration

ustrates the dependencies among the packages. The Computable_Data package is speciffied in this
All the other packages are specified in ISO/EC11179-3 and ISO/IEC 11179-33.

h Figure 1 illustrate dependencies in the“direction of the arrow. In order to implement a package

ppendencies, the packages on which it\is dependent shall also be implemented. The dependencies

ssing from classes in anothexr package, e.g. Computable_Data (see 7.2.2.1) in the Cgmputable_
ackage is subclassed from the Item class in the Basic and Core package (ISO/IEC 111{79-3:2023,

package

attributessuse a predefined datatype or a class from another package as a datatype, e.g. the
rting_document attribute of the Supporting_Document (see 7.2.2.3) class in the Cqmputable_
ackage-(see Clause 7) uses the Reference_Document class of the Basic and Core package (see
C21179-3:2023, 6.3.8) as a datatype.

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

7 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"*
*
Data Set Distribution 0.
> (fromISO/IEC 11179-33) 0.* 0.1
computable_data
Computable_Data p . N \
T = supporting_document
*
Pipeline 0.
fomputation_| computation_ comjitable_data_
step_input step_output error
0.% 1.1 0.2 0.*
Computable_Datal Error
0.* 0.1 S
pipeline_ O*
omputation_Step 1. composition
0.* computable_ Review
data_pipeline
0"*
0.* 0.*
computation_step_ 0.1
parameter computation computable_djta_
Computation_Step execution_environinent 0.* review
Parameter 0.* computable_data_
contributor
. 1.*
. romputation_step_
L. prerequisite 11 Contributor
Computation_Step_ Computation_Exegution_ computat;(c);li_etxecutlon_
Prerequisite Environiment P
0“*
{disjoint, incomplete}
0.* 0.* 0.*
Individual_ Organization_
Ext];:rr(’iai_.l)atta_ 0.% Contributor Confributor
ndpoin
computation_execution_ 1
external_data_endpoint -
Execution_Script
Software_Prerequisite 0.* Environment_Variable
computation_execution_ N N 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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computable_data_output

1.*
Input_Output_Data 1%
+uri: String [1:1] computable_data_input
+access_datetime: Datetime [0..1]
+creation_datetime: Datetime [0..1] 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]
step_input step_output +created_datetime: Datetime [0..1]
0.* 1.1 +modified_datetime: Datetime [0..1]
TU‘U)U}CLC_deCl_L‘ldLCLilllC. DdLULilllU [0..1]
0% 01 +embargo_period: Datetime_Period|[0..1]
- - pipeline_ 0.* | +usability: Text [0:*]
Computation_Step composition +licence: Reference_Documernt [1..%
+step_nymber: Integer [0..1] 0.% compu.tab.le_data_
+versionf String [0..1] . pipeline
+purposp: Text [0..1] 0.
0. 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: Datetimg [0..1]
1. +shal_checksum: String [0:]1]

Computation_Step_
Prerequisite

0“*

+filenange: String [0:1]

+uri: Strjing [1..1]
+access|datetime: Datetime [0..1]
+shal_clhecksum: String [0:1]

Exterpal_Data_Endpoint

0.*

computation_execution_
external_data._endpoint

0.* 0.*

computation_execution_
environment_variable

Environment_Vjariable

0.*

+variable: String|[1..1]
+value: String [141]

Software_Prerequisite

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

+url: String [1..1]

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

computation_execution_
software_prerequisite

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

0.1]

© ISO/IEC 2024 - All rights reserved
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0.* Computable_Data computable_data_error
computable_data_ [From Figure 3] 01 "
supporting_document 0.
Computable_Data_Error
+type: String [1..1]
+detail: Text [1..1]
0.* 0.1
Supporting_Document computable_data_review
+document_role: Text [0..1]
+supporting_document:
Referenge—bocumert [1..1]
+access_atetime: Datetime [0..1] 0.x
Review
+review_date: Date [0..1]
- +review_status: Review_Status [1..1]
= numgrat?on» 0.* +reviewer_name: String’[1..1]
ontribution . N L
+reviewer_contribution: Contribution [(..*]
“authoregdBy” +reviewer_affiliation: Organization [0..*
“contribyitedBy” +reviewer_email: String [0..*]
“createdAt” +reviewer.orcid: String [0..1]
“createdBy” computable_data_ +reviewer_comment: Text [0..1]
“createdWith” contributor
“curatedBy” :
“derivedFrom” Contributor
‘importgdBy” +contributor_contribution: Contribution [0..*]
“importddFrom”
“providedBy” 1.*
“retrievgdBy”
“retrievgdFrom”

“sourceAccessedBy”

“sourcefccessedAt” {disjoint, incomplete}

<<gnumeration>>
R¢view_Status

“proposgd”

“scheduled”

“in-revielw” Individual_Contributor Organization_Contribufor
“approvgd” +contributor_affiliation: Organization [0..*] +organization: Organization [0..1]
“suspended” +contributor_email: String [0..1]

“rejected” +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);

— computable_data_supporting_document (see7.2.3.2);

— computable_data_error (see 7.2.3.3).
— computable_data_contributor (see 7.2.3.4);
— computable_data_review (see 7.2.3.5);

— computable_data_input (see 7.2.3.6);

— computable_data_output (see 7.2.3.7).
7.2.2.1.4 | Attributes of Computable_Data
The attribyites of the Computable_Data class are specified in Table T.
Table 1 — Attributes of the Computable_Data class
Attribute name Multiplicity Datatype Description
etag 0.1 String Definition: a string-type, read-only value, pro-

(ISO/IEC 1.2179- tecting the computable data from intefnal or

3:2023, 62.11) external alterations without proper vglidation.
NOTE: See RFC7232[¢] section 2.3 for fjull de-
scription.

version 1.1 String Definition: a version number which id¢ntifies 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 shiould be
deposited as a new computable data, rjot as a
new version.

Changes that cannot affect the results|of the

computation can be incorporated intofa new

version of the existing computable datj.
derived_from 0.1 String Definition: the parent computable data that the

(ISO/IEC 11179- computable data are derived from.

3:2023, 6.2.11) NOTE: If the computable data are deriyed from
another, this attribute will specify the parent
computable data, in the form of its identifier.

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)

© ISO/IEC 2024 - All rights reserved
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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. Creative
CommonsAttribution4-0-tnternationglZ])is
used when an author wants to give other people
the right to share, use, and buildupen fa work
that they (the author) have created.
7.2.2.1.5 | Constraint on Computable_Data

Each insta

association of the parent Item class shall be instantiated.

7.2.2.2

7.2.2.2.1

Pipeline i
registered

7.2.2.2.2
Pipeline i

transform
one or mot

7.2.2.2.3

As a subcl
has the fol

— computable_data_pipeline (see 7.2.3.1);

— pipeli

7.2.2.2.4

Pipeline class

hce of the Computable_Data class shall only exist if at least one instance of the item_de¢

Direct superclass

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

Description of Pipeline

a class each instance of which models a’pipeline, a full set of logically connected stepq
input data into a result, for which the output of one data transformation step can be t
e subsequent steps.

Associations of Pipeline

iss of Item, Pipeline inherits Item’s associations (see ISO/IEC 11179-3:2023, 6.4.2.1.2
owing additional associations:

ne_compastion (see 7.2.3.8).

Attributes of Pipeline

rsignation

identified,

needed to
he input of

. Pipeline

None.

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:

— computable_data_supporting_document (see 7.2.3.2).

7.2.2.3.4

The attrib

Attributes of Supporting Document

Table 2 — Attributes of the Supporting_Document class

ites of the Supporting_Document class are specified in Table 2.

Attribute name

Multiplicity

Datatype

Description

document _jrole

0.1

Text

(ISO/IEC 11179-3:2023,

Definition; description of the ro
suppofting document.

e of the

(ISO/IEC 1117973+2023,

6.2.3)

6.2.12)

supporting document 1.1 Reference_Document |Definition: a document that proyides
(ISO/IEC 11179-3:2023, [specific information related to Jomputable
6.3.8) data.

access_datgtime 0.1 Datetime Definition: date and time the document

was accessed when it was used
porting document during the pr
computable data are produced.

hs a sup-
ocess the

7.2.2.4 (omputable_Data_Error class

7.2.2.4.1

Computal]
identified,

7.2.2.4.2
Computal]

a pipeline.

The empirifical €rror contains empirically determined values such as limits of detectability, falsg

false negat

Direct superclass

le_Data_Error is a subclass-of Item (ISO/IEC 11179-3:2023, 6.4.2.1), allowing instalnces to be

registered, administered, named, defined and classified.

Description of Computable_Data_Error

le_Data_Erroris a class each instance of which models an error, which can be an empi
algorithmilc error or some other type of error during the process by which computable data are pj

[rical error,
oduced by

positives,

ives; statistical confidence of outcomes, etc. This can be measured by running the algorithm on

: + 1 il ) R | - | 1] I 11 | - A - L A |
multiple datasamptesof theusabitity domaimror througthrthe use of carefulty desigmed-i=siticodta.

The algorithmic error is descriptive of errors that originate by fuzziness of the algorithms, 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.

© ISO/IEC 2024 - All rights reserved
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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).

7.2.2.44

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
name

type 1.1 String Definition: the type of the computable data error.
(ISO/IEC 11179-  |Example: algorithmic error, empirical erroretc.
3:2023, 6.2.11)

detail 1.1 Text Definition: free text of detailed desgription 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

Contributpr is a subclass of Item (ISO/IEC 11179-3:2023;~6.4.2.1), allowing instances to be |identified,

registered} administered, named, defined and classified.

7.2.2.5.2 | Description of Contributor

Contributor is a class each instance of which” models a contributor, an entity that contributes to

computa

kile data.
A contribuftor can be a person, an organization, a software or a location, etc.

7.2.2.5.3

As a subc
Contribut|

Associations of Contributor

ass of Item, Contributor inherits Item’s associations (see ISO/IEC 11179-3:2023,
pr has the followinigradditional association:

— computable_data_contributor (see 7.2.3.4).

7.2.2.5.4

The attrib

Attributes of Contributor

1tes of the Contributor class are specified in Table 4.

6.4.2.1.2).

Table 4 — Attributes of the Contributor class

Attribute name Multiplicity Datatype Description
. R 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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7.2.2.6 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 person that
contributes to computable data.

7.2.2.6.3 | Associations of Individual_Contributor

As a subglass of Item and Contributor, Individual_Contributor inherits Item'’s.’associations (see
ISO/IEC 114179-3:2023, 6.4.2.1.2) and Contributor’s associations (see 7.2.2.5.3).

7.2.2.6.4 | Attributes of Individual_Contributor

The attribyites of the Individual_Contributor class are specified in Table 5/

Table 5 — Attributes of the Individual_Contributor class

Attripute name Multiplicity Datatype Description
Organization o - o .
contributo} affiliation 0.* (ISO/IEC 11179- !)efil;llponaorgahmzatlon the individual cpntributor
3:2023, 6.3.3) isaffiliated with.
String e . N
contributof email 0.1 (ISO/IEC 11179 Defm}gon. the email address of the indiyidual
3:2023, 6:211) contributor.
String Definition: a persistent digital identifier for a
contributof_orcid 0.1 (ISOAEC 11179- person (the individual contributor) regigtered in
3:2023,6.2.11) ORCID.

7.2.2.7 OQrganization_Contributerclass

Direct superclass

Organization_Contributop is a subclass of Contributor (see 7.2.2.5), which in turn is a subcldss of Item
(see ISO/IEC 11179-3:2023, 6.4.2.1), allowing instances to be identified, registered, administered, named,

ributes to computable data.

Organizatiet ibutor, an

organization that cont

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.

© ISO/IEC 2024 - All rights reserved
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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,

registered

7.2.2.8.2

Review is
the status

7.2.2.8.3

As a subclg
the follow

comp

7.2.2.8.4

The attrib

18}
]ltable_data_review (see 7.2.3.5).

administered, named, defined and classified:
Description of Review

a class each instance of which models a review, which associates a reviewerand a des
pf computable data in the review process.

Associations of Review

ss of Item, Review inherits Item’s associations (see ISO/IEC 11%79-3:2023, 6.4.2.1.2). R
g additional association:

Attributes of Review

ites of the Review class are specified in Table'Z:

Table 7 — Attributes of the Review class

cription of

eview has

Attribite name Multiplicity Datatype Description
review_datle 0.1 Date Definition: date of the review.
(ISQ/IEC 11179-3:2023,
6.2.4)
review_stafus 1.1 Review_Status (7.2.4.2) | Definition: current verification status |n the
review process of the computable data|
String
reviewer_name 1.4 (ISO/IEC 11179-3:2023, |Definition: the name of the reviewer.
6.2.11)
reviewer_cpntributien< | 0..* Contribution(7.2.4.1) Deflmt_lon: description of tl;e type of cntribution
according to PAV ontologyl3l.
. W Organization (ISO/IEC |Definition: organization the reviewer is affiliated
*
reviewer affiliation 0. 11179-3:2023,6.3.3) | with.
I String
reviewer_email 0.* (ISO/IEC 11179-3:2023, |Definition: the email address of the reviewer.
6.2.11)
String . C o
reviewer orcid 0.1 (ISO/TEC 11179-3:2023, Definition: a persistent d1_g1tal ldgntlfler fora
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, |reviewer.
6.2.12)

© ISO/IEC 2024 - All rights reserved
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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
(or a well defined and reusable script) used in a pipeline and can be executed sequentially or in parallel with
other computation steps.

7.2.2.9.3

As a subcla
Computat

pipeli

Associations of Computation_Step

ss of Item, Computation_Step inherits Item’s associations (see ISO/IEC 11179-3:2023
jon_Step has the following additional associations:

ne_compositon (see 7.2.3.8);

comp

comp

7.2.2.94

The attrib

tation_step_input (see 7.2.3.9);

tation_step_parameter (see 7.2.3.17).

computation_step_output (see 7.2.3.10);
comptitation_execution_environment (see 7.2.3.11);

computation_step_prerequisite (see 7.2.3.16);

Attributes of Computation_Step

1tes of the Computation_Step class are'specified in Table 8.

Table 8 — Attributes of the Computation_Step class

6.4.2.1.2).

Attribute Multiplicity Datatype Description
name
step_numbler |0..1 Integer Definition: non-negative integer value representing the posi-
(ISO/IEC 11179- tion of the computation step in a one-dimensional representa-
3:2023, 6.2.5) tion of the pipeline.
While this document does not mandate any particulgr num-
bering schema, it is best practice to pick the most loglically
intuitive numbering system, and to keep numbering unique
(i.e. do not repeat step numbers), such that each step|has its
own, unique integer. For example, a user may run on¢ step at
the same time as another step or analysis. In a case Where each
step pulls output from the same step, the steps may be step #3,
and step #4, instead of number both as #3. The fact that they
pull from the output of the same step (#2) can be detected 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 Definition: version of the computation step used.
(ISO/IEC 11179-
3:2023, 6.2.11)
purpose 0..1 Text Definition: description of the specific purpose of the computa-
(ISO/IEC 11179- tion step.
3:2023, 6.2.12)
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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
turn 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.

7.2.2.10.2

Description of Input_Output_Data

Input_Output_Data is a class each instance of which models input or output data of a coniputation step.

7.2.2.10.3

As a subcl

ISO/IEC 1
7.2.2.5.3).

comp

comp

7.2.2.10.4

The attrib
Designati

Associations of Input_Output_Data

table_data_input (see 7.2.3.6);

comptitable_data_output (see 7.2.3.7);
compuitation_step_input (see 7.2.3.9);

tation_step_output (see 7.2.3.10).

Attributes of Input_Output_Data

ass of Item and Data_Set_Distribution, Input_Output_Data inherits Item’s associ
179-3:2023, 6.4.2.1.2) and Data_Set_Distribution’s associations, (see ISO/IEC 11179-33:2023,
nput_Output_Data has the following additional associations:

Table 9 — Attributes of the Input_Output_Data class

htions (see

ites of the Input_Output_Data classare specified in Table 9, The filename can be spedified using
bn.sign of the parent Item.

(ISO/IEC 11179-

3:2023,6.2.11)

Attribute name | Multiplicity Datatype Description

String

uri 1..1 (ISO/IEC 11179- Definition: URI of the data.
3:2023,6.2.11)

access_datgtime 0.1 Datetime Definition: date and time the data was accessed When it
(ISO/IEC 11179- |was used as input to the computation step.
3:2023, 6.2.3)

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

shal_checksum 0:1 String Definition: SHA1 checksum of the data.

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
instances 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/IEC 1[1179-3:2023, 6.4.2.1.2). Computation_Execution_Environment has the following
associations:

— computation_execution_environment (see 7.2.3.11);

— computation_execution_script (see 7.2.3.12);

— computation_execution_software_prerequisite (see 7.2.3.13);

— computation_execution_environment_variable (see 7.2.3.14);

— comp

7.2.2.11.4

The attrib

tation_execution_external_data_endpoint (see 7.2.3.15)(

Attributes of Computation_Execution_Environment

ites of the Computation_Execution_Environmehnticlass are specified in Table 10.

Table 10 — Attributes of the Computation_Execution_Environment class

additional

Attribute

name | Multiplicity

Datatype

Description

platform

1.1

String
(ISO/IEC 11179+
3:2023, 6.2:11)

ment of this platform.

Definition: designation of an existing platform wh
computation step was executed with a particular dleploy-

A platform can be a scientific platform such as Gal
HIVE or it can be a software package or apps that i
multiple algorithms and software.

bre this

hXy Or
ncludes

script_drivi

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

Definition: the mechanism to run an executable th|
launched to perform a sequence of commands des
the script. e.g. “manual”, “shell”.

At can be
rribed in

7.2.2.12 Execution{Seript class

7.2.2.12.1

Direct superclass

Chz

ICA/IDC 11170 2,909
AU S s a4 J.ZUZT

. . "
UVvv 1116 ITIStd

1ces to be

Executio

P Ll £ I L
_JCI llJt IS5 d SuvutllidsSos Ul ItTIin LDCC

IJU/ 1L

7 .
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:

— computation_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

Attributelname | Multiplicity Datatype Description
filename 0..1 String Definition: file name of the script.
(ISO/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_datgtime |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_checjsum [0..1 String Definition: SHA1 checksum of the script.
(ISO/IEC 11179-
3:2023,6.2.11)
7.2.2.13 Software_Prerequisite class
7.2.2.13.1| Direct superclass
Software |Prerequisite is a subclass of Item (sée 1SO/IEC 11179-3:2023, 6.4.2.1), allowing instgnces to be
identified, [registered, administered, named, defined and classified.
7.2.2.13.2| Description of Software_Prerequisite
Software |Prerequisite is a class each instance of which models a software prerequisite, which is the

minimal n

7.2.2.13.3

As a subc
6.4.2.1.2).

bcessary software or tool needed to successfully execute the computation.

Associations of' Software_Prerequisite

ass of Item; Software_Prerequisite inherits Item’s associations (see ISO/IEC 111
SoftwareyPrerequisite has the following additional association:

— computation_execution_software_prerequisite (see 7.2.3.13).

79-3:2023,

7.2.2.13.4 Attributes of Software_Prerequisite

The attributes of the Software_Prerequisite class are specified in Table 12.

© ISO/IEC 2024 - All rights reserved

18


https://iecnorm.com/api/?name=eca32cd393e01fc006d158758a0ea06b

ISO/IEC 11179-34:2024(en)

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_dat

Datetime
(ISO/IEC 11179-
3:2023, 6.2.3)

Defimition: date and time the Soitware was access
was used to execute the computation.

elime U..

d when it

shal_checK

sum (0.1 String Definition: SHA1 checksum of the software.

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

7.2.2.13.5

Each instg

designation association of the parent Item class shall be instantiated;

7.2.2.14 Environment_Variable class

7.2.2.14.1

Environment_Variable is a subclass of Item (see ISQAEC 11179-3:2023, 6.4.2.1), allowing inst4

identified,

7.2.2.14.2

Environment_Variable is a class each instance of which models a variable that is useful to corx

execution

7.2.2.14.3

As a subc
6.4.2.1.2).

— computation_execution_environment_variable (see 7.2.3.14).

7.2.2.14.4

The attrib

Constraint on Software_Prerequisite

nce of the Software_Prerequisite class shall only exist if dt/least one instance of]

Direct superclass

registered, administered, named, defined@nd classified.

Description of Environment_Variable

environment on the target platform.

Associations of Envirenment_Variable

ass of Item, Environment_Variable inherits Item’s associations (see ISO/IEC 111
Environment_Variable has the following additional association:

Attributes of Environment_Variable

the item_

nces to be

ifigure the

79-3:2023,

ites’of the Environment_Variable class are specified in Table 13.

Table 13 — Attributes of the Environment_Variable class

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 specific external data sources accessed in order to successfully execute the
computation.

7.2.2.15.3| Associations of External_Data_Endpoint

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

— computation_execution_external_data_endpoint (see 7.2.3.15).

7.2.2.15.4{ Attributes of External_Data_Endpoint

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

Table 14 — Attributes of the External_Data_Endpoint class

Attribute Multiplicity Datatype Description
name

url 1.1 String Definjtion: 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 inst:lnce of the External_Data_Endpoint class shall only exist if at least one instance of| the item_
designation association of the parentItem class shall be instantiated.

7.2.2.16 Computation_Step_Prerequisite class

7.2.2.16.1| Direct superclass

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

7.2.2.16.2| Description of Computation_Step_Prerequisite

Computation_Step_Prerequisite is a class each instance of which models a necessary package or resource
needed for running a tool.

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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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 Definition: URI of package or resource.
(ISO/IEC 11179-
3:2023-6-2141H

access_datgtime |[0..1 Datetime Definition: date and time the package or resouncéwas ac-
(ISO/IEC 11179- cessed when it was used for running the tool.
3:2023,6.2.3)

shal_checksum |[0..1 String Definition: SHA1 checksum of the package or resofirce.
(ISO/IEC 11179-
3:2023,6.2.11)

7.2.2.17 Computation_Step_Parameter class

7.2.2.17.1| Direct superclass

Computatjion_Step_Parameter is a subclass of Item (see ISO/IEC-}1179-3:2023, 6.4.2.1), allowing instances

to be ident

7.2.2.17.2

Computat]
the compu

NOTE

7.2.2.17.3

Asasubcla
6.4.2.1.2).

7.2.2.17.4

The attrib

comptitation_step_patameter (see 7.2.3.17).

ified, registered, administered, named, defined and{classified.

Description of Computation_Step_Parameter

kational flow which can affect the output.of the computation step.

Parameters can be custom to each kind©f analysis and are tied to a particular pipeline implem{

Associations of Computation Step_Parameter

ss of [tem, Computation_Step_Parameterinherits Item’s associations (see ISO/IEC 111
Computation_Step_Parameter has the following additional association:

Attributes‘of Computation_Step_Parameter

ites of the Computation_Step_Parameter class are specified in Table 16.

Table 16 — Attributes of the Computation_Step_Parameter class

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)

© ISO/IEC 2024 - All rights reserved
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sociations in the Computable_Data metamodel region

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 computable data supportlng document association records the bmdmg of zero, one or more

instances
Data class

This asso
specificati

7.2.3.3

The comp
Computal]
7.2.2.1).

This assod

by the pip
tolerance |

7.2.34 ¢

The comp
Contribut

This assoc

7.2.3.5

The comp
class (see

This assoc

7.2.3.6 ¢

The compt
Data class

vel and therefore can be used to optimize algorithmn.

T.2.2.8) to zero or one instance of the Computable_Data class (see 7.2.2.1).

(see 7.2.2.1).

iation registers the supporting documents of computable data, which arefused
bn, validation schema, ontology, or other supporting information for the computable d3

omputable_data_error association

utable_data_error association records the binding of zero, one*or more instan
le_Data_Error class (see 7.2.2.4) to zero or one instance of the’Computable_Data

iation registers an error with computable data during tlie’process by which they arsg
bline, which can be used to determine what range of input returns outputs that are

omputable_data_contributor association

utable_data_contributor association records the binding of one or more instan
pr class (see 7.2.2.5) to zero, one or moré.instances of the Computable_Data class (see

ation registers the contributor(s)t&’the computable data.

omputable_data_review association

itable_data_review association records the binding of zero, one or more instances of t

ation registers the)review(s) of the computable data.

omputabledata_input association

hitable_data_input association records the binding of one or more instances of the Inpu
(seé 7)2.2.10) to zero, one or more instances of the Computable_Data class (see 7.2.2.1

pmputable_

[0 provide
ta.

ces of the
class (see

produced
within the

ces of the
7.2.2.1).

he Review

t_Output_
).

This assoc

7.2.3.7

43 Y o e doto & aolla Jdos
dlliUuIlll CleLCl o LIIT lll}JuL udid tU LUllllJLlLClUlC udatd.

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 computation_step_output association records the binding of one or more instances of the Input_

Output_D

ata class (cnp 722 1(1) tozerooroneinstance of the (‘nmpnfnfinn_prp class (cpn 72 ')j)

This assoc

7.2.3.11 ¢

ation registers the output data of a computation step.

omputation_execution_environment association

The computation_execution_environment association records the binding “of “one instar
Computation_Execution_Environment class (see 7.2.2.11) to zero, one_ or ‘more instang
Computatjion_Step class (see 7.2.2.9).

This assocjation registers the execution environment of a computation step«

Accurate cpmputation execution environment description will facilitatethe reproducibility of compt

7.2.3.12 ¢omputation_execution_script association

ce of the
es of the

table data.

The computation_execution_script association records{the binding of one or more instances of the

Execution _Script class (see 7.2.2.12) to zero, one or<more instances of the Computation_R

Environ

This assoc

7.2.3.13 ¢

The comyp
more inst3
Computat

This assoc

7.2.3.14 ¢

The comp
more inst
Computat]

ent class (see 7.2.2.11).

ation registers the script of a computation execution.

omputation_execution_software! prerequisite association

utation_execution_software_prerequisite association records the binding of ze
inces of the Software_Prerequisite class (see 7.2.2.13) to zero, one or more instar
ion_Execution_Environment class (see 7.2.2.11).

ation registers thenecessary software or tool needed for a computation execution.

omputation.execution_environment_variable association

utation.execution_environment_variable association records the binding of ze
inces of the Environment_Variable class (see 7.2.2.14) to zero, one or more instar
ioly Execution_Environment class (see 7.2.2.11).

xecution_

r0, one or
iIces of the

"0, one or
ces of the

This assoc

iation 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

Computat

This assoc

ion_Execution_Environment class (see 7.2.2.11).

iation 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
Computation_Step_Parameter class (see 7.2.2.17) to zero, one or more instances of the Computation_Step

class (see 7.2.2.9).

This assocjation registers the parameter of a computation step.

7.2.4 Dgtatypes in the Computable_Data metamodel region

7.2.4.1 (ontribution enumerated class

Contributjon is an enumerated class. This enumerated class is used as the.datatype for the coptribution
attribute df Contributor class (see 7.2.2.5) and Review class (see 7.2.2.8),

The valueq of the Contribution enumerated class are specified in Table 17.

Table 17 — Values in the Contribution@enumerated class

Value Description
“authoredBy” Indicates an agent that origiftatéd or gave existence to the computable data.
“contributgdBy” Indicates an agent that provided any sort of help in conceiving the computable data.
“created At Indicates the geo-location of the agents when creating the computable data.
“createdBy|” Indicates an agent.primary responsible for making the computable data representa-

tion.

“createdW{th”

Indicates a spftware or tool used by the creator when making the computjable data.

“curatedBy

Indicates.an agent responsible for shaping the expression in an appropriate format.

“derivedFrpm

Indigates a different resource that the computable data are derived from.

If the computable data have the same content as the other resource, but h
been transcribed to fit a different model (like XML -> RDF), use “importe

the computable data were simply retrieved, use “retrievedFrom”. If the cdntent of

the computable data has however been further refined or modified, “deri
should be used.

ave simply
HFrom”. If

vedFrom”

]

“importedBy

Indicates an entity responsible for importing the computable data.

»

“importedfrom

Indicates an original source of imported computable data.
NOTE Import means that the content has been preserved, but transcrib

how, for instance to fit a different representation model by converting forjmats.

ed some-

“providedBy” Indicates an original provider of the resource the computable data was retrieved,
imported or derived from.

“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-review Indicates that the computable data has been submitted, and verification if under-

way.

“approved’ Indicates that the computable data has been verified and reviewed)
“suspended” Indicates that the computable data that was once valid is no lengér considered valid.
“rejected” Indicates that the computable data has been removed or rejected.

© ISO/IEC 2024 - All rights reserved
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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.

ltem
(Basic_and_Core)

A

{disjoint, incomplete}

Computable_Data Pipeline
(Computable_Data) (Computable_Data)

Data_Set_Distribution

(Data_Set) Computation_Step
% (Computable_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)

dther’subclasses of tem [\
ake-specified-irother Individual-Contributer OF =

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

rview

les of the registration of computable data are pravided in this Annex. The first example shows the

registratiqg
data in eaf]

C.2 Computable data example in bioinformatics

C.2.1 Overview of the example

In this exa

https://git

n of computable data in bioinformatics. The second example shows the registration ofi¢
th science.

Inple computable data are taken from the following website (accessed on 3 November 2

hub.com/biocompute-objects/HIVE metagenomics/blob/master/HIVE metagenomics

omputable

021):

isonl(8l

The compy

{
"bco
metagenom
"chec
"bco
"prov

"
"

table data are represented in JSON format. The code is as follows:

d": "https://github.com/biocompute-objectsHIVE metagenomics/blob/master/HI
i cs.json",

ksum": "ECD541AEOF61AAAAAIFAC14B2B0O8ABE13FG10E1IAA4677D54E89B292550F5058A",
spec_version" "https://w3id.org/biocdmpute/spec/v1.2",

bnance _domain": {

hame": "Healthy human fecal metagemomic diversity",
rersion": "1.0.0",
Feview": [
{
"status": "approved!./
"reviewer comment!; "Approved by GW staff.",
"reviewer": {
"name": "GCharxles Hadley King",
"affiliation": "George Washington University",
"email"™s "hadley king@gwu.edu",
"congribution": ["curatedBy"],
"orerd": "https://orcid.org/0000-0003-1409-4549"

}

pbsolete_after" "2118-09-26T14:43:43-0400",

"embargo™ {
Ysfart time": "2000-09-26T14:43:43-0400",
Yend time": "2000-09-26T14:43:45-0400"
by
"created": "2018-11-29T11:29:08-0500",
"modified": "2018-11-30T11:29:08-0500",
"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"
br
{
"name": "Raja Mazumder",
"affiliation": "George Washington University",
"email": "mazumder@gwu.edu",
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