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ISO (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
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Introduction

This document defines a framework that enables initializing and controlling media processing in a
network. A network-based media processing (NBMP) source describes the requested media processing
and provides information about the nature and format of the media data. Based on that, an NBMP
workflow manager establishes the media processing workflow and informs the NBMP source that the
workflow is ready, and that media processing can start. The media source(s) can then start transmitting
their media to the network for processing.

An NBMP workflow can be understood as a connected graph of media processing tasks, each of which

performs a

operation of
workflow m
them as task

NBMP abstr
monitor the
programmin
task(s); and
However, it
exchanged b

Annex C pro}

Annex E pro

well-defined media processing operation. The workilow manager ensures the .Cd
the workflow by configuring and monitoring each task as well as the workflow oufput
hnager is responsible for the selection of the media processing functions and instant
5 based on the workflow description that is received from the NBMP source.

acts the underlying computing platform interactions to establish, l6ad;, instantiate
media processing entities that will run the media processing tasks. NBMP defines applic
o interfaces (APIs) between an NBMP source and workflow managéry workflow manage
an API to discover appropriate function(s). NBMP is media forfmat and protocol agn
identifies and signals the media, metadata and auxiliary{ ihformation formats for
ptween media source, the workflow manager and tasks.

Vides schema for identifying MPEG compatible functions.

ides an interface for managing function descriptions in function repository.
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Information technology — Coded representation of
immersive media —

Part 8:
Network-based media processing

1 Scope
The fetwork-based media processing lNBlWFl framework detines the intertaces inciudii

formj
netw
intell

nts and application programming interfaces (APIs) among the entities connected)th
brks for media processing. Users can access and configure their operations remetely
gent processing. This document describes and manages workflows to be applied to th

This process includes uploading of media data to the network, instantiation of thé media proc

and d
as we
meta
medi

-8:2020(E)

g both data
rough digital
for efficient,
e media data.
essing tasks,

onfiguration of the tasks. The framework enables dynamic creation of fitedia processi
11 as access to processed media data and metadata in real-time or in aydeferred way. T
Hata formats used between the media source, workflow manager,dnd media processing
h processing pipeline are also specified.

2 Normative references

The following documents are referred to in the text inisuch a way that some or all of t

const
unda

itutes requirements of this document. For datéd references, only the edition cited
fed references, the latest edition of the referenced document (including any amendme

1SO/I
in ISQ

IETF

[ETF
https

IETF
https

ISO/IEC 9899, Information technology — Programming languages — C

C 23001-7, Information technology~ MPEG systems technologies — Part 7: Common
base media file format files

RFC 3339:2002, Date and Tinte on the Internet: Timestamps, https://tools.ietf.org/htm

g pipelines,
e media and
v entities in a

heir content
applies. For
hts) applies.

encryption

|/rfc3339

RFC 3986:2005, Uniform Resource Identifier (URI): Generic Syntax,
//tools.ietf.org/html/rfc3986

RFC 7231, Hypertext Transfer Protocol (HTTP/1.1): Semantics and Content,
//tools.ietforg/html/rfc7231

IETF

RFC 6881:2011, The ‘Codecs’ and 'Profiles’ Parameters for “Bucket” Media Types

3 1

3.1

‘erms, definitions-and abbreviated terms
rms

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

© ISO/IEC 2020 - All rights reserved
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3.1.1

function description

FD

logical description of the details of a NBMP function including input and output description, media
processing, requirements, etc.

3.1.2

function description document
FDD

document containing function object

3.1.3
function object
FO
function desg¢ription in JSON format

3.14
function repository
storage plac¢ where NBMP function description are retrieved from by an NBMP workflow manager or
NBMP sourc

3.1.5
function resource
FR
REST resourge identified with a URL and containing a function description document

3.1.6
media processing entity
MPE
entity that ryns one or more media processing task(s)

3.1.7
media sink
entity that consumes the output of the NBMP-workflow through existing delivery methods

3.1.8
media sour¢e
entity that provides media contentto the NBMP workflow to be processed

3.19
NBMP function
implementation of a standalone and self-contained media processing operation and the corresponding
description of that operation

3.1.10
NBMP descriptor

a group of NBMP parameters which describe a set of related characteristics of workflow function or
task

3.1.11
NBMP parameter
variable expressing a characteristic of workflow, function or task

3.1.12
NBMP source
entity that describes media processing in the network

3.1.13

NBMP system

system for processing media across one or more processing entities in the network and consisting of
media source (s), a NBMP source, a NBMP workflow manager, a function repository, media processing
entity(ies) and media sink(s)

D

2 © ISO/IEC 2020 - All rights reserved
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3.1.14
NBMP workflow
graph of one or more connected task(s) that achieve the requested media processing

3.1.15

NBMP workflow manager

entity that provisions tasks and connects them to create, control, manage and monitor a complete
NBMP workflow based on a workflow description document

3.1.16
port

logic input and output endpoints by specifuving where the data comes in and out
) ol r r %4 r 4 (=]

3.1.17
port mapping
PM
data structure used to make references for NBMP function ports to the workflow input and putput
streams, especially to dynamic inputs and outputs

3.1.1B8
stream ID
uniqye string for identifying an input or output stream of workflow,/function/task

3.1.1P
supplementary information
metaflata or auxiliary information related to the media data

3.1.2p
task
runtime instance of NBMP function that gets executed inside a media processing entity

3.1.21
task description
logicdl description of the runtime details of a task, including input and output, requirementg,
configuration etc.

3.1.22
task description document
TDD
documnent containing task description object

3.1.23
task pbject
TO
task description in JSON format

3.1.24
task resource

TR

REST resource identified with an URL and containing task description document

3.1.25

workflow description

logical description of the details of the media processing including input and output description details,
requested media processing, requirements etc.

3.1.26

workflow description document

WDD

document containing workflow description object

© ISO/IEC 2020 - All rights reserved 3
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3.1.27

workflow object

wo

workflow description in JSON format

3.1.28

workflow resource

WR

REST resource identified with an URL and containing workflow description document

3.2 Abbreviated terms

API application programming interface
CPU central processing unit

DAG directed acyclic graph

DASH dynamic adaptive streaming over HTTP
GPU graphics processing unit

HTTP hyper-text transfer protocol

JSON JavaScript object notation

MMT MPEG media transport

NBMP network-based media processing
NVP name value pair

PCC point-cloud compression

RTP real-time transport protocol

TCP transmission centrol protocol

UDP user datagram protocol

URI uniform resource identifier

URL uniform resource locator

URN uniform resource name

XML eXtensible Markup Language

4 Conventions

The following naming convention apply in this document:

— Names comply to dash-case convention, i.e. words in a name are separated with -'.

4 © ISO/IEC 2020 - All rights reserved
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Operations, resources, documents, descriptions and descriptors are identified by an upper-case

first letter. In these names, words after ‘-' start with an upper-case letter. All other letters are

lower-case.

these names.

— Parameter values are identified by “, e.g. ‘value’.

The n

5 (

5.1

The 1
consy
medi
by cd
progi
medi

capabilities for configtiring, managing and monitoring processing tasks. A media process

procg
to be

The N

_ ]QON nhjpr‘fc rnmp]y todash-case convention with all lower-case letters

Parameters and their values are identified by lower-case letters. No uppercase letter is used in

bllowing legends are used in tables:

cardinality: 1 = exactly one, 0-1 = zero or one, 0-N = zero or more, 1-N =one or mor

— P: parameter

0: object

N/A: not applicable

ange of “unsigned integer” is 0 to 253-1.

Dverview

General

letwork-based media processing (NBMP) framework enables the creators, service p

h processing entities in a network, as shown in Figure 1. It provides a method to describ
mposing a set of medid\processing functions that are accessible through NBMH

h data and the reldted metadata received from media sources or other tasks. M

ss applied to media and metadata input(s), producing media data and related metad
consumed by-a media sink or other media processing tasks.

[BMP framework is media format agnostic and supports any format of media content,

existi

ISO/IE€23008-1 (Reference [12]) and ISO/IEC 23009-1 (Reference [13]).

g MPEG codecs and MPEG formats such as ISO/IEC 13818-1 (Reference [10]), ISO/IH

roviders and

imers of digital media to describe media processing operations that are to be performed by the

e a workflow
application

amming interfaces (APls). A media processing entity (MPE) runs processing tasks applied on the

PE provides
ing task is a
nta output(s)

ncluding the
C 14496-12,

The NBMP framework supports the delivery over IP-based networks using common transport protocols
such as TCP, UDP, RTP (Reference [17]) and HTTP.

The NBMP framework also support the existing delivery methods such as streaming, file delivery, push-
based progressive download, hybrid delivery, multipath and heterogeneous network environments.

5.2

Architecture

NBMP specifies interfaces to create and control media processing workflows in the network. NBMP can
be splitinto a control plane and a media plane. The control plane covers the following APIs:

— Workflow API is used by NBMP source to create and control a media processing workflow.
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— Function discovery API provides the means for workflow manager and/or NBMP source to
discover media processing Functions that can be loaded as part of a media processing workflow.

— Task API is used by the workflow manager to configure and monitor a task at runtime.

On the media plane, NBMP defines the media formats, the metadata, and the supplementary information
formats between the NBMP source and the task, as well as between the tasks themselves.

The discovery of the NBMP workflow manager and function repository is out of scope.

The NBMP architecture is shown in Figure 1.
Function Flnction
discovery@PI déscription
A
NBMP workflow NBMP workflow Function P .
NBMPlsource | API manacer discovery API unction
— ) 8 N > repositgry
Workflow (Builds workflow/DAG, allocates tasks, Function descristlon
description runtime configuration/stream binding) P
A
NBMP | Task configuration,
reporting the current task status
Task
API . . q
Media processing entity (MPE) [
A 4
Task 1
. Media flow fESﬁﬁéGFEESE-I Y
Media|source [ R T - Task 2 Media flow _ Media sjnk
6 »
media
processing
[
Ruritime configuration/
stream/event binding control flow
—» data flgw
Figure 1 — NBMP reference architecture
5.3 NBMH workflow
5.3.1 General

The workflow manager receives a workflow description document from a NBMP source and builds a
workflow for requested media processing. This subclause describes how media processing functions are
selected, and then the corresponding tasks are configured and distributed to a set of media processing
entities as part of the workflow procedure.

5.3.2  Workflow processing model
This subclause describes the detailed processing model of the workflow manager.
Since the set of functions that are provided by a function repository can be read by an NBMP source, the

workflow description document can be composed in two different ways, based on use cases and actual
needs.
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a) The NBMP source requests the creation of a workflow using a set of functions in

the function

repository: with this type of workflow creation request, the NBMP source is responsible for
the selection of functions that are included in the workflow. In this case, the NBMP source

requests the creation of the workflow:

1) using a description of tasks by which the workflow is to be created;

2) specifying the connection map to define the connections of the inputs and outputs of tasks.
The details of the connection map can be found in subclause 8.5. When the workflow
manager receives the above information from NBMP source, it instantiates the tasks

fined in the

based on function names and connects the tasks according to what is d
connection map.
b) The NBMP source requests the creation of a workflow using a set of keywords
workflow manager constructs the workflow. In this case, the NBMP source may
of a set of functions to be inserted into the workflow, and requests the crg
workflow:

2) specifying the requirements of the workflow asing descriptors from T3
workflow description document (WDD).

When the workflow manager receives the above information from the NBMP source
the workflow by searching for appropriate_Functions using the keywords spe
processing descriptor. The workflow manager will then use the other descriptors in
description document to provision Tasks and connect them to create the final work}
The grocessing model of the workflow manager can be described using the following steps.

Discovery of available media processing functions:

by which the
hot be aware
ation of the

1) using a set of keywords by which the workflow manager-finds the appropriate functions;

ble 4 in the

it will create
rified in the
he workflow
How.

defined in

The NBMP function repository provides the function discovery interface as
subclause 7.4, to allow external entities to query for a media processing function tf
requested processing. The workflow manager has access to a directory service
searchable list ofimedia processing functions. The workflow manager can use the
the tasks in thesworkflow description document to find the appropriate functions fo
workflow.

Selection of media processing tasks to prepare the workflow:

When a request for media processing arrives from the NBMP source, the work

fu

the workflow description from the NBMP source, the workflow manager finds the

nat fulfils the
hat offers a
escription of

r the current

OW manager
kflow. Using
nctions from

the function repository needed to implement the workflow. This step depends on the information

for media processing from the NBMP source, such as the input and output descrip
description of the requested processing; and the information in other descriptors (as

tion, and the
documented

in Clause 8) for each function in the function directory. The mapping of the source requests to
appropriate media processing tasks to be included in the workflow is part of the implementation
ofthe NBMP in the network. To reference and link input sources with input port names and output
port names at the time of task creation, the input-ports and output-ports shall be used to make
references to the input streams. The architecture of the workflow manager interworking with the

function repository is shown in Figure 2.
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5.3.3 Tas
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processing €
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to connect and configute-all those instances as needed. This can be achieved in two different ways:

— the
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Task1 | ------mmmmmmmim Task n

Figure 2 — Workflow manager interworking with function repository

arch for appropriate functions that need to be instantiated ag’'fasks is performed H
ow manager using function discovery API. Alternatively,-the” workflow manager

ow manager can then compare the information for media‘processing from the sourcg
nt descriptors of each function.

guration of selected media processing tasks in the workflow:

he functions required to be included in the workflow are identified, the next step
Liate them as tasks and configure the tasks'so they can be added to the workflow. The ]
ow manager extracts the configuration\data from the media processing information red
he NBMP source and configures the/Corresponding tasks. The configuration of these ta
med using the task APIL.

k allocation and distribution

ntities as described*in subclause 5.3.2. In the case of computationally intensive 1
bquests, the workflow manager may set up multiple computational instances and distt
| among thosémultiple instances. In this case, the workflow manager takes the respons

workflow manager allocates the same task to multiple instances and provisions a

re the details of all functions in the function repository using function discovery API.

y the
may
The
with

is to
N\BMP
eived
sks is

v manager uses the workflow to perform processing deployment and configure the media

nedia
ibute
bility

load
Anism;

hcet to distribute the workload among those instances using a chosen scheduling mechz

— the workflow manager allocates different operations of the same task to different instances (e.g.,
parallel operations).

In both cases, the workflow manager is responsible for setting up the workflow paths between those
instances, so the required workload can be successfully realized. The workflow manager also configures
the tasks to push the processed media data/streams (or make them available through a pull mechanism)
to the next task in the workflow graph.

534 Wo

rkflow graph

When the workflow manager receives a workflow description document (WDD) from a NBMP source, it
performs selection of media processing functions to be inserted into the workflow as described in

© ISO/IEC 2020 - All rights re

served


https://iecnorm.com/api/?name=383ee4c2cd5b5e87b8faa6ed2f25c52b

ISO/IEC 23090-8:2020(E)

subclause 5.3.2. Once the list of tasks that need to be included in the workflow is compiled, the workflow
manager then connects those tasks to prepare the required workflow.

The Workflow Manager can generate a directed acyclic graph (DAG) from WDD. Figure 3 is an example
of a DAG. Each node of the DAG represents a processing task in the workflow. A link connecting one node
to the other node in the graph represents the transfer of output of the former node as input to the later
one. The details for input and output ports for a task are provided in the task’s general descriptor in
subclause 8.2. An NBMP workflow graph in general could have multiple inputs and outputs.

Output 1
Task 4 TaskGI i >

Input 1 Output 2
Task 1 » Task 3 | Task5 o Task 8 >

Output 3
Inpu} 2 »( Task 2 Task 7 i >

Figure 3 — Example of workflow directed acyclic graph (DAG)

5.4 |Relationship between logical definitions, data objects and REST resourceps

Figure 4 demonstrates the relationship between logical definitions, data objects and REST resources
used fn this document.

REST re¢sources Workflow Task Function
Resource (WR) Resource (TR) Resource (FR)
Task Function
Workflow Description Document (TDD) Description Document (FDD)

Description Document/(WDD)
JSON opjects

1 Task Object (TO) One Function Object (FO)
IWorkflow Object (WO)
A A A
Logicall items
Descriptions
Workflow Description (WD) Task Description (TD) Function Description (FD)
Descriptors . .
General Input Output Processing Requirement
Descriptor Descriptor Descriptor Descriptor Descriptor L

Parameters

Figure 4 — The relationship between different items in this document
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As shown in Figure 4, there is a one-to-one relationship between a logical description and the
corresponding data object, data document and REST resource. As shown in Figure 4:

a) NBMP logical items consist of parameters, descriptors and descriptions, all of which are defined
in this document.

b)

corresponding main descriptors as JSON (Reference [18]) objects.

c)
desc
resps

d) A wd

FDD

5.5 Descr
This subclay|
5.5.1 NB
The followin|
a) NBM
b) NBM

c) NBM
Each API hag
1) API(

2) APIq

3) API{

5.5.2 Cor

ription document (FDD) are documents containing single WO, single TO and sing

A workflow object (WO), task object (TO) and function object (FO) are realization of the

A workflow description document (WDD), task description document (TDD) and function

e FO,

ectively. These documents are JSON (Reference [18]) objects.

rkflow resource (WR), task resource (TR) and function resource (FR) are WDD; TDL
with valid URLs, respectively and therefore REST resources.

iption of the defined entities in this document
Se outlines the defined entities in this document.

MP APIs

API of Figure 1 are in the scope of this document:
workflow API
task API
function discovery API
the following aspects:
perations
equests
esponses

) tent format

The followinlg contentare in the scope of this document:

e) worK

, and

flow object (WO), task object (TO) and function object (FO) in JSON

f) workflow description document (WDD), task description document (TDD), and function
description document (FDD)

5.5.3
The followin
a) NBM

b) NBM

10

Definitions

g items are in the scope of this document:
P descriptions and descriptors

P parameters’ names, definitions, value ranges, and units
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5.5.4  Functional behaviour

The following entities have functional aspects that are in the scope of this document:
a) workflow manager
b) NBMP source
c) function repository

d) NBMP task

The fpllowing entities are not in the scope of this document:
1) MPE
2) media source

3) media sink

6 NBMP descriptions

6.1 |[NBMP function description (FD)
6.1.1 General

NBMP functions (FD) that are included in the function repository shall conform to this subclause.
6.1.2| Description

An NBMP function shall be described using a set of descriptors outlined in Table 1. The desgriptors are
definpd in Clause 8.

Table 1 — Function description (FD)

Descriptor Additional constraints Cardinality
Scheme None 0-1
Following parameters shall not be present:
Generatl — priority. 1
The parameter id shall be a valid URI according to ETF RFC 3986.
Input Following parameters shall not be present: 1
— stream-id.
Output Following parameters shall not be present: 1
— stream-id.
If the function is a function group, this descriptor shall contain a
connection-map object.
Processing 0-1
Following parameters shall not be present:
— start-time.
. In function description, only maximum or minimum values should be
Requirements e 0-1
specified.

© ISO/IEC 2020 - All rights reserved 11
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Descriptor Additional constraints Cardinality

Configuration None 0-1
Following parameters shall not be present:
Client-Assistance — Measurement-collection-list; 0-1
— Source-assistance-information.
Assertion None 0-1
Variahles None 0-1
-9
Events None q/Qd/l
Secutlity None O 0-1
N

6.1.3

6.1.3.1 G

A function g
contained fu
manager to i
i.e.aDAG of

6.1.3.2 E

Figure 5 givg

xample

Function group

eneral

Foup is a special function that is defined as a set of
nctions in a function group are designed to work t
ntegrate them as described in a workflow. A functi

onnected functions. In addition to the graph, a fu

NS

N

s an example of a function group t

shown is limjted to 30fps, but the input video 18 60fps.

Upscaler

(max 30fps)

f%&l%ls and their connections

n group also suggests the configut
parameters for each of the tasks instantiated out of the fungtion group.

performs upscaling of a video. The upscaler fur

<
Vv

Q/Q
O\\
The
kflow
tflow,
ation

ther, which allows the wor]
roup is described as a sub-worl}j

ction

HD@60fps

Upscaler

(max 30fps)

Figure 5 — Example of a function

group

In Figure 5, a decode/splitter function is instantiated to prepare the content for upscaling based on the
requirements and constraints of the following upscaler functions. A muxer/encode function is then used

12
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to re-multiplex the upscaled videos into a single output stream. A joint configuration is suggested by the
function group description. An additional synchronization metadata stream may be generated by the
splitter/mapper and propagated down to the muxer through the upscalers to ensure that the
synchronization and frame order is not lost.

6.1.3.3

Requirements

The function group shall be described with a function description from Table 1 with the additional

constraints of Table 2.

Table 2 — Additional function group constraints

Descriptor Additional constraints
General Parameter is-group shall be set to ‘true’.
Processing Object connection-map shall be present.
Any ddditional restrictions for each function in a function group and¢ports of a function group shall be

provided by the corresponding connection-map and functionsrestrictions objects ir

processing

descrjiptor (subclause 8.5).
6.2 |NBMP task description (TD)
6.2.1] General
An NBMP task shall be described according to subclause 6.2.
6.2.2| Description
A NBMP task shall be described usinga set of descriptors outlined in Table 3. The descriptorfs are defined
in Clquse 8.
Table 3 — Task description (TD)
Descriptor Additional constraints Cardinality
Scheme None 0-1
The workflow manager shall assign actual stream IDs and
General . 1
creates necessary ports if needed.
Input None 1
Output None 1
Following parameters shall not be present:
Processing — keywords; 1
— function-restrictions;
— connection-map.
Requirements The parameter typical-delay specifies the delay requirements 0-1
for Task.
Configuration None 0-1

© ISO/IEC 2020 - All rights reserved
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Descriptor Additional constraints Cardinality
Startup-Delay None 0-1
Client-Assistance None 0-1
Failover None 0-1
Monitoring None 0-1
Assertion None 0-1
Reporting None 0+1
Notification None 0-1
Seclrity None 0-1
Acknowledge None 0-1

6.2.2 Task lifecycle

An NBMP task transitions through different states at different points of its execution. This subdlause
describes the lifecycle of a task as shown in Figure 6.

. . onStop / onCompletion
onTaskConfiguration

onlnstantiation

onTaskConfiguration
onErrorHandling
enfermination

onReset

o

Figure 6 — Task lifecycle

onStart running

onTaskConfiguration

QnTerri
destroyed

onTermination

onError

: 5 3 L. 1-1if 1 £o11
The differentstatesinthe-task nrecycre-are-astonows:

— instantiated: A task is in an instantiated state when it is instantiated by the workflow manager
through the services of the infrastructure manager as represented using the onlnstantiation
transition. When the task is configured (as represented using onTaskConfiguration transition),
its state changes to the idle state. Alternatively, if the task is terminated (as represented using the
onTermination), it moves to the destroyed state.

— idle: When the task is in an instantiated state and the workflow manager performs a task
configuration (as represented using the onTaskConfiguration transition), the task moves to idle
state. In the idle state, the task is configured with the required processing. When the task is started
(as represented using the onStart transition), the task moves to the running state. Alternatively,
in the idle state, the task can be re-configured and stay in the idle state. In idle state, if the task is
terminated (as represented using the onTermination transition), the task moves to destroy state.
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In idle state, if the task is reset (as represented using the onReset transition), the task moves to
instantiated state.

running: While the task is in an idle state, and it is started (using the onStart transition), the task
moves from idle state to running state. In running state, the task assigned to the media processing
entity is processing data that it receives from either the previous task in the workflow or the
NBMP source. Alternatively, in running state, if the workflow manager performs reconfiguration
of the task (as represented using the onTaskConfiguration transition), and if the reconfiguration
results in processing reconfiguration with execution on current media/metadata streams to the

task, then the task stays in running state. In the running state, if the task is

stopped (as

rnprncpnfpd ncing the anfnp frnncih'nn) ar r‘nmp]pfpd (ac rnprncpnfnd ncing the o
transition), the task moves to the idle state. In the running state, if the task encoun
(as represented using the onError transition), the task moves to error state, Finall
state, if the task is terminated (as represented using onTermination transition), it
destroyed state.

error: The task is in error state when the task encounters an error.and’cannot procg
data or metadata. Upon handling the error (as represented usingthe.onErrorHandlin
the task moves back to the idle state. Alternatively, while in €rror state, and the tag
represented using onReset transition), the task moves to instantiated state. Finally, i
if the task is terminated, the task moves to the destroyed state.

destroyed: The task is in the destroyed state when the task is terminated by t
manager. The task can be disposed of and cannetbe re-used.

hsk’s state may be reflected in the general deseriptor’s ‘state’ parameter.
of the above transitions except the onError transition occurs by a task operation
flow manager, as outlined in subclausé, 10.3. The OnError transition occurs due to a tz
changes.
NBMP workflow description (WD)

General
vorkflow description’ (WD) is passed from the NBMP source to the workflow mana
ibes details such;-as input and output data, required functions and other requirenm
flow.

Description

MPworkflow shall be described using a set of descriptors outlined in Table 4. The desc

Completion
fers an error
y, in running
moves to the

ss the media
g transition),
k is reset (as
h error state,

he workflow

initiated by
sk’s internal

per. The WD
ents for the

riptors are

defin

g Fall 0
CU 11T UIdausStT O.

Table 4 — Workflow description (WD)

Descriptor Additional constraints Cardinality
Scheme None 0-1
Following parameters shall not be present:
General — input-ports; 1
— output-ports;
— lis-group.
Repository None 0-1
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Descriptor Additional constraints Cardinality
Input None 1
Output None 1
Following parameter shall not be present:
Processing 1
— url
Requirepents The parameter typical-delay specifies the end-to-end delay 0.1
requirements for the worktlow.
Client-Asgistance None 0-1
Failoyer None 0-1
Following parameter shall not be present:
Monitqring 0-1
— variable.
Assertion None 0-1
Reportting None 0-1
Notificption None 0-1
Acknowledge None 0-1
Secufity None 0-1
Cardinality: [l= exactly one, 0-1= zero or one

6.3.3

Wolrkflow lifecycle

Figure 7 desgribes a workflow’s lifecycle:

h the

16

— instgntiated: A workflow is put in an instantiated state by the workflow manager throug

services of infrastructure manager (as represented using onlnstantiation transition). When the
workflow isiconfigured (as represented using onWorkflowConfig transition), the workflow
moves to the idle state. Alternatively, if the workflow is terminated (as represented [using
onTgrimination transition) while in this state, it moves to the destroyed state.

idle: When the workflow is in an instantiated state and the workflow manager performs
workflow configuration (as represented using onWorkflowConfig transition), the workflow
moves to the idle state. In idle state, media processing entities have been setup (through the help
of the infrastructure manager) and the tasks running in the MPEs are provisioned and configured.
When the workflow is started (as represented using onStart transition), the workflow moves to
running state. Alternatively, in the idle state the workflow can be re-configured. In this case, it
stays in idle state waiting for media data or metadata to arrive. In the idle state, if the workflow
is terminated (as represented using onTermination transition), the workflow moves to the
destroyed state. In idle state, if the workflow is reset (as represented using onReset transition),
the workflow moves to the instantiated state.

running: While the workflow is in the idle state, and it is started (using onStart transition), the
workflow moves from the idle state to the running state. In the running state, the data from the
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NBMP Source is processed by the MPEs in the workflow. Alternatively, in running state if the
workflow manager performs reconfiguration of the workflow (as represented using
onWorkflowConfig transition), and if the reconfiguration results in processing reconfiguration
with execution on current media/metadata streams, then the workflow stays in running state. In
running state, if the workflow is stopped (as represented using onStop transition), or the
processing is completed (as represented using onComplete transition), the workflow moves to
the idle state. In running state, if the workflow encounters an error (as represented using onError
transition), the workflow moves to error state. Finally, in running state, if the workflow is
terminated (as represented using onTermination transition), it moves to the destroyed state.

— error: The workflow is in error state when the workflow encounters an error and cannot

continue with workflow processing. Upon handling the error (as repriesgented using
onErrorHandling transition), the workflow moves back to the idle state. Alternatiyely, while in
error state, the workflow is reset (as represented using onReset transition)land the workflow
moves to instantiated state. Finally, in the error state if the workflow is terminated, the workflow
moves to the destroyed state.

— Destroy: The workflow is in destroy state when the workflow- isiterminated by the workflow
manager. The workflow will need to be instantiated for it to bé -used again.

. onStop
onWorkflowConfig

onlnstantiation

onTerminatation
onReset

destroyed onStart

_
‘*‘\

onTermination

running

nWorkflowConfig

onErrorHandling()
onTermination

onError

Figure 7 — Workflow lifecycle

Each jof the above transitions except the onError transition occurs by a workflow operation|initiated by
NBMP source, as)outlined in subclause 10.1. The OnError transition occurs due to a workflow’s internal
state|changes!

7 l’IBMP interfaces

7.1 General
Different entities of the NBMP system such as the NBMP source, workflow manager and the media
processing entities require APIs to invoke and answer media service requests. This clause describes the
set of APIs supported by the NBMP system. These APIs are:

a) Workflow APIs: Between the NBMP source and workflow manager.

b) Task APIs: Between the workflow manager and media processing tasks.

c) Function discovery APIs: Between the workflow manager/NBMP source and function
repository.
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In response to any request over a NBMP API, when the response’s body includes one or more
descriptions, acknowledgement descriptor may be added to descriptions and descriptors of the
response as the following:

1) If the description or descriptor is not fulfilled, not supported or partially accommodated (as
defined in Table 45), one or more acknowledge Descriptors may be included in descriptions
(and descriptors) to signal the status.

2) Ifadescription or descriptor does not include an acknowledge descriptor, then it is considered
fulfilled.

3) Any description may contain at most one acknowledge descriptor.
4) Any descriptor may contain at most one acknowledge descriptor.

When a description or descriptor is fulfilled, it means that all the parameters of that descriptipn or
descriptor has been fulfilled (resource allocated satisfying those parameters).

Acknowledge descriptor is intended to be used to signal fulfilment of a request. Therefore, the content
of an acknowledge is only meaningful when it is included in a response. However, any request oyer an
NBMP API gtill may contain an item which includes acknowledge descriptors. The receiving entity shall
ignore thesg descriptors during the processing of the item. The recejving entity shall remove or update
those descrjptors in the response, reflecting the latest status of included parameters.

7.2 Workflow APIs
7.2.1  General

As shown inthe NBMP architecture diagram in Figure 1, the NBMP source uses the NBMP workflow API
to communitate with the workflow manager far, configuring and controlling media processing in the
network.
When the NBMP source sends a request to'the workflow manager by including a workflow resource|(WR)
in a workflow API’s operation, the workflow manager parses the WR, the included WDD arlled its
descriptors, |and takes the appropriate actions according to the requested API operation. Then, it
acknowledggés the request with&a-response.

In this subclause, a workfloew API’s resources and operations are defined.

7.2.2 Workflow resources

A workflow resource (WR) is used for various workflow API operations.

The WRis a REST [REST] resource, which shall contain exactly one workflow description document
(WDD).

The WR shall be in one of the following formats: JSON.
7.2.3  Workflow API operations

The workflow API is used by the NBMP source to manage workflows through a workflow manager. The
workflow manager shall support the workflow API operations shown in Table 5.
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Table 5 — Workflow API operations

Request resource

Operation Description requirements Response requirements
If successful, shall include:
1) HTTP status code 201
2) Response’s body with updated WR
including:
a) Avalue for General descriptor’s Id
h) IIpdated information including
WR including information endpoint informatioh where to send
needed to create a media data, metadatfa, and other
workflow information
ClleateWorkflow Vggili‘fc]i ?N If failed, shall include:
1) HTTP status codes 4xx of 5xx
The general descriptor’sid | 2) Optienally, response’s body with updated
shall not be included in WR signalling failed desgriptors or
this request parameters
The response may include ar) HTTP status
code 3xx. A new request may be made using
the redirection information ih the HTTP
header.
If accepted, but the workflow is not created
immediately, shall include:
1) HTTP status code 202
2) HTTP header Retry-After: HTTP-date /
delay-seconds, in which HTTP-date
/delay recommends the flate or delay in
seconds (as defined by RFC 7231) to get
WR using operation RetrfieveWorkflow.
Response’s body with updat¢d WR including
a value for General descriptopr’s id
If successful, shall include:
1) HTTP status code 201
2) Response’s body with ugdated WR
including:
a) General descriptor’s|id identical to
the one in the requept
b) Updated information including
emdpointinformmation where to send
Updated WR with identical media data, metadata, and other
Update an general’s id, previously information
UpdateWorkflow existing received in
workflow CreateWorkflow’s If failed, shall include:

response

1) HTTP status codes 4xx 0

r 5xx

2) Optionally, response’s body with updated
WR signalling failed descriptors or

parameters

If accepted, but the workflow response is not

ready yet, shall include:
1) HTTP status code 202

2) HTTP header Retry-After: HTTP-date /
delay-seconds, in which HTTP-date

© ISO/IEC 2020 - All rights reserved
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Operation

Description

Request resource
requirements

Response requirements

/delay recommends the date or delay in
seconds (as defined by RFC 7231) to get
WR using operation RetrieveWorkflow.

Response’s body with updated WR including

a value for general descriptor’s id

WR with identical

If successful, shall include: HTTP sta
200

tus code

Terminate an | general’s id, previously If failed, shall include:
DeleteWorkflow existing received in
workflow CreateWorkflow’s 1) HTTP status codes 4xx or.5Xx
response 2) Optionally, response’s body with updated
P WR signalling failed-descriptors pr
parameters
If successful, shalhinelude:
1) HTTP status/code 201
WR with identical 2) Response’s body with updated WR
. Retrievean | general’s id, previously including: o
RetrieveWorkflow existing received in a) ZGeneral descriptor’s identical to the
workflow CreateWorkflow’s one in the request
response b) Updated information including
endpoint information wherd to send
media data, metadata, and other
information
If failed, shall include:
1) HTTP status codes 4xx or 5xx
2) Optionally, response’s body with updated
WR signalling failed descriptors pr
parameters
If accepted, but the workflow response is not
ready yet, shall include:
1) HTTP status code 202
HTTP header Retry-After: HTTP-dat¢ / delay-
seconds, in which HTTP-date /delay
recommends the date or delay in secpnds (as
defined by RFC 7231) to get WR using
operation RetrieveWorkflow
The included WDD in any response should include one "link™ object, including a "ref” with value "selt” and

a URL according to IETF RFC 3986 indicating the location of the WDD.

7.3 Task APIs

7.3.1 General

The task API defines the interfaces for configuration of media processing tasks by the workflow manager,
after the resources for the task are allocated in MPE. This subclause defines these API's operations and
resources.

7.3.2 Taskresource

A task resource (TR) is used for various task API operations.
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The TR is a REST resource that shall contain exactly one task description document (TDD).

The TR shall be in one of the following formats: JSON.

7.3.3

Task API operations

This subclause defines task API operations. The workflow manager uses the task API operations to
configure and control a task. Task API operations are defined in Table 6.

Table 6 — Task configuration API

change the state
of task from
running to ‘idle’
state

1) HTTP status codes 4xx or 5xx

Operation Description Request Response requirements
parameters
If successful, i.e. after task is instantiated|to ‘idle’ state,
shall include:
1) HTTP status code 201
2) Response’s bodywith updated TR influding:
a) Avalue fof General descriptor’s 1d
b) Updateddnformation including endpoint
information where to send medih data,
. TR including the méetadata, and other information
providing the nf ion f
task a n ormat;on or If failed;ji:e. if task is not instantiated to ‘iflle’ state, shall
configuration task configuration | ihclide:
CrlateTask | for media General 1) " HTTP status codes 4)'<x or 5xx
gztoe(;el\s/lsfir];g descriptor’s id 2) thlonfilly, response’s body with updated TR
shall not be signalling failed descriptors or pararl\eters
resources are . oS
allocated included inthis If accepted, but task is not created immedliately, shall
request. include:
1) HTTP status code 202
2) HTTP header Retry-After: HTTP-date / delay-
seconds, in which HTTP-date /delay recommends
the date or delay in seconds (as defined by
RFC 7231) to get TR using operation [UpdateTask.
Response’s body with updated TR includ|ng a value for
General descriptor’s id
If successful, i.e. the new configuration is|in effect, shall
include:
gpda‘Fed TR With' 1) HTTP status code 201
¥dent1ca.l general’s | 2y Response’s body with updated TR influding:
id, previously a) General descriptor’s id identical o the one in the
I CLCiVCd ill request
CreateTask’s b) Updated information including endpoint
dif y response information where to send media data,
modify task’s metadata, and other information
UpdateTask configuration NOTE A
parameter is .If failed, i.e. the new configuration did not occur, shall
added here to include:

2) Response’s body with updated TR signalling failed

descriptors or parameters

If accepted, but task is not created immediately, shall

include:

1) HTTP status code 202
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Operation Description Request Response requirements
parameters
2) HTTP header Retry-After: HTTP-date / delay-
seconds, in which HTTP-date /delay recommends the
date or delay in seconds (as defined by RFC 7231) to
get TR using operation UpdateTask.
Response’s body with updated TR including a value for
General descriptor’s id
If successful, i.e. was able to retrieve the current
conliguration, shall imclude:
1) HTTP status code 200
o _ 2) Response’s body with updated TR in¢luding:
TR Wlth, 1c.1ent1cal a) General descriptor’s id identicabto the ope in the
retrieve task gene.ral sid, request
GetTask configuration previously b) Updated report descriptors'which were Included
. . received in in the request
information , q
CreateTask’s
response If failed, i.e. was not ableto.rétrieve the current
configuration, shall include:
1) HTTP status codes 4xx or 5xx
Response’s bodywith updated TR signalling failed
descriptors{or parameters
If succéssfil, i.e. after destroying task, shall includle:
TR with identical
general’s id, 1) <~HTTP status code 200
DeleteTask request to previously [ffailed, i.e. not be able to destroy Task, shall inclhde:
destroy task received in
CreateTask’s 1) HTTP status codes 4xx or 5xx
response 2) Response’s body with updated TR signalling failed
descriptors or parameters

The included TDD in any response shoiild include one “link” object, including a “ref” with value “self” and

a URL according to IETF RFC 3986 indicating the location of the TDD.
7.4 Functjon discovery APIs
7.4.1  General

Function didcoyvéry*API is used by the workflow manager and NBMP source for discovery of NBMP
functions supperted by a platform. As shown in Figure 1, these functions are catalogued in a furction
repository using NBMP function description (FDJ.

This subclause specifies the function discovery API operations, queries and responses.

7.4.2  Function discovery queries

A discovery query is used to discover one or more functions in a function repository by the properties
described in the query. A query string is used to describe these properties.

The query string shall conform to IETF RFC 3986:2005, Section 3.4. It shall consist of a set of key-value
pairs, separated by a single ‘&’ character. In each key-value pair, the key and value shall be separated by
a single ‘=’ character.
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Any value in a key-value pair in a Function Discovery query string may include wildcard expression

syntax as indicated in Table 7.

Table 7 — Wildcard expression characters

Character Expression
* matches zero or more characters
default character
A el 4L 1 - - £ 1
IIIACLCIITS U1IT chlllllllls Ul vdiuc
$ matches the end of value

As shown in Table 7, wildcard **’ is the default case, therefore any inquires.with ‘foo=bar
returh all functions in the repository with their ‘foo’ parameter value having a substring
functjons with the exact match value of ‘bar’, the value pair ‘foo="bar$’shall be included

string.

p

Tabld 8 lists the supported keys in the query string.

Table 8 — Function query’s keys

pair, would
bar’. To find
in the query

Descriptor and parameter used for matching
Query keys Descriptor Parameter
id general id
name general name
description general description
brand general mpeg-compatibility
keywords processing keywords

7.4.3| Function discovery API operations

A function-discovery API operation is used by the NBMP source or the workflow manager to

availdblefunctions in a function repository. The API operations are defined in Table 9

discover the
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Table 9 — Function discovery API operations

Operation Description Request parameters Response
Query string shall If successful, shall include:
include the key-value | 4y yppp o106 code 200
pairs describing the ) . .
. . 1) Response’s body including a
desired properties of : -
: collection of FDDs listing all
the target function. . . .
accessible functions of repository
with the matching values per key
DiscoverHfunctions dlscover.a set If failed, shall include:
of functions Q tri hall b
uery S. rings ? K © 1) HTTP status codes 4xx 0¥ 5XX
empty, i.e. only ‘7 added
to the end of function If the search is performed -and no
Repository’s URL when | function is found, theresponse shall be
itis required to considered successfulyand an empty
discover all functions of | collection shall be included in the
repository. body.
If successful, shall include:
1) , HFTP status code 200
discover all 2}~ Response’s body including a
functions in collection of FDDs listing functi¢ns
the function | Query string shall O_f repository. that belong to the
DiscoverFur]ctionsInGro repository | include the group’sid of given Group id
up thatbelong to | the group for whichithe | [f fajled, shall include:
the given function list is Sought
function 1) HTTP status codes 4xx or 5xx
group If no function is found in repository,
the response shall be considered
successful and an empty collection
shall be included in the body.
If successful, shall include:
1) HTTP status code 200
2) Response’s body including a list of
discover all | Query string shall F}roup Ids that the given functiop
) function include the function’s id is a member of
DiscoverGrqupsOfFunct .
o groups thata | of the function for If failed, shall include:
given function | which function group
belongs to information is sought 1) HTTP status codes 4xx or 5xx
If no function is found in repository,
theTesponse statt-be considered
successful and an empty list shall be
included in the body.

The discovery operations of Table 11 shall be performed with HTTP GET method.

Each included FDD in any response should include one “link” object, including a “ref” with value “self”

and a URL according to IETF RFC 3986 indicating the location of the FDD.

In every included FDD in any response, each function descriptor object (FDO) should include one “link”
object, including a “ref” with value “self” and a URL according to IETF RFC 3986 indicating the location of

each FDO.

24
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All NBMP API operations described shall be implemented with HTTP 1.1.
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Table 10 defines HTTP methods which shall be used for each NBMP API operation.

Table 10 — HTTP methods for each API

API Operation HTTP method
CreateWorkflow POST
UpdateWorkflow PATCH
NBMP workflow API DeleteWorkflow DELETE
RetrieveWorkflow GET
GetReports GET
CreateTask POST
UpdateTask PATCH
NBMP task API
GetTask GET
DeleteTask DELETE
DiscoverFunctions GET
NBMP function discovery API DiscoverFunctionsInGroup GET
DiscoverGroupsOfFunction GET
The HTTP ‘Content-Type’ header shall be according to Annex D.
8 NBMP descriptors
8.1 (Scheme descriptor
8.1.1f General

Table 11 — Scheme descriptor

Parameter name Type Cardinality
uri P 1
defined according to the scheme P 1-N
identified by ‘uri’
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The URN ‘urn:mpeg:mpegi:nbmp:2020’ is assigned to this document, i.e. any description with this

URN as its scheme’s uri value, shall conform to this document.

This descriptor may be used inside any other descriptor to carry parameters of a different scheme. These
parameters shall be included in the scheme descriptor as shown in Table 11. As shown in Table 11,
additional parameter can be added to this descriptor. The name, definition, unit and range of each new

parameter is defined by the URI owner.

8.1.2 ]SO

N schema

"title": "Sch

"type": "ob]

"required":
"uri"

1

"propertieq":

"uri": {

"type": "

“format”

eme Descriptor Schema”,

ect”,

—

tring",

“uri"

26
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8.2 General descriptor

8.2.1

General

ISO/IEC 23090-8:2020(E)

This descriptor provides general details about the underlying resource as shown in Table 12.

The i
NBM
data{

Table 12 — General descriptor

Parameter name Type Cardinality
id p 1
name P 1
description P 1
rank P 0-1
mpeg-compatibility P 0-1
published-time P 0-1
priority p 0-1
execution-time P 0-1
input-ports Atray of object 1
output-ports Array of object 1
is-group P 0-1
state P 1

hput-ports and output-ports objects specify the endpoints where the data is commu
P sources to tasks; and between tasks; and from tasks to NBMP sinks. The concrete p
ormats associated-with the ports are specified by the input and output descriptors.

Table 13 — input-port and output-port object

nicated from
rotocols and

Parameter name Type Cardinality
port-name p 1
bind 0 1

The bind object specifies how to associate a port name to a stream, either input or output. For NBMP
functions, they provide static information about the port names and their binding data formats and
protocols. For NBMP tasks, they provide information about the needs for connections between ports and
input and output streams by NBMP workflow manager.
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Table 14 — bind object

Parameter name Type Cardinality
stream-id P 0-1
name P 1
keywords Array of string 0-1

The Table 1
respectively

8.2.2 ]JSON schema

b= il - b b | b b= b h - b eardan - 1 1 o4 d 9 5
Paldllititl s U UITIITPpUtTpurts diid Output=pulits UUJTLLS AI'T UTIHHIITU I SUDCIdUusSt 7.7 dl I,

"type": "ob]
"required":
"id", "na

"input-p

"id": {

"type":

"name":

"type":

"propertieq":

ect",

—

'string"

'string

“title": "General Descriptor Schema",

ne", "description”,

brts","output-ports”, "state"

"type":

"rank": {

"description”: {

"string"

"minimum": 0

"type": "integer",

28
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"mpeg-compatibility": {
"type": "string",
“format": "uri",

"pattenrProperties":{

"additionalProperties": false

"published-time": {
"type": "string",

"format": "date-time"

"priority": {

"type": "number"

"input-ports": {
"type": "array",
"minltems": 1,
"uniqueltends”: true,

"itetns™ {

"Aurnsmnanmnantnbimnagt [ ngt -
e e g Pty g

Netrinatl
g7

"type™: "object”,
"required": ["port-name”, "bind"],
"properties": {

“port-name": {

"type": "string"

"bind": {

© ISO/IEC 2020 - All rights reserved
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"type": "object",
“required": ["stream_id", "name"],
"properties": {

"stream-id": {

"type": "string"

"npme": {

"kype": "string"

~

bywords": {

"kype": "array",
"Mminltems": 1,
"biniqueltems”: true,
"ltems": {

"type": "string"

"output-ports": {
"type": "array"”,
"minltems": 1,
"uniqueltems": true,
"items": {

"type": "object",

30
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“required": ["port-name”, "bind"],
"properties™: {
"port-name": {

"type": "string"

"hind!-
=

"type": "object",
"required": ["stream_id", "name"],
"properties™: {

"stream-id": {

"type": "string"

"name": {

"type": "string"

"keywords": {
"type": "array",
"minltems": 1,
"uniqueltems™ true,
"itens™ {

"type": "string"
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"type":

"is-group™: {

"boolean",

"default": false

"state": {
"type”: rstrag-
}
}
}
8.3 Input(descriptor

8.3.1 General

This descrip

for provides the parameters of the underlying resoutce’s inputs as shown in Table 13.

Table 13 — Input descriptor

Name Type Cardinality
media-parameters array of object 0-1*
metadata-parameters array of object 0-1*

*

[his descriptor shall contain-atleast one of the above objects.

The input dd

inputs, as sh

scriptor consists of two arrays of objects: one for the media inputs and one for metphdata
bwn in Table 14-and Table 15 respectively.

Table 14 — Input media-parameters objects

Name Type Cardinality

stream-id P 1
name p 1
keywords P 1
mime-type p 1

video-format P 0-1
audio-format P 0-1
image-format P 0-1

32
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Name Type Cardinality
codec-type P 0-1
protocol P 1
throughput P 0-1
buffersize P 0-1

eaching-server-urt P t

Table 15 — Input metadata-parameters objects

Name Type Cardinality
stream-id P 1
name p 1
keywords P 1
mime-type p 1
codec-type P 0-1
protocol P 1
max-size P 0-1
min-interval P 0-1
caching-sexver-url P 0-1
scheme-uri P 0-1

The schema-uripefers to a metadata-dictionary object that consists of a set of parameter-val
paratheters’.iamies, data types and value ranges are defined by the metadata scheme owner.

8.3.2| <JSON schema

[ue pairs. The

"title": "Input Descriptor Schema",
"type": "object",
"anyOf": [

{"required": ["'media-parameters"]},

{"required": ["metadata-parameters"]}
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"properties”: {
"media-parameters": {
"type": "array",

"minltems": 0,

"uniqueltems -true,
"items":
"type":['object",

“requirgd": [

"propetfties": {

"stream-id": {

"typg": "string"
1
"nameg": {
"typg": "string"
L
"keywprds": {

"type": "array",

"minftems": il

“stream-id", "name”, "keywords", "mime-type", "data-type", "protocol”,"caching-séwef-url"

"uniqueltems™: true,
"items": {

"type": "string"

"mime-type": {

"type": "string"

34
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"video-format™: {

"$ref": "#/configuration/parameters"”

"audio-format": {

NEaf M oo ot on oo aatarc!
> g 7 S 7T

"image-format": {

"$ref": "#/configuration/parameters"

"protocol" : {

"type": "string"

“throughput": {
"type": "integer”,

"minimum": 0

"buffersize": {
"type": "integér",

"minimag™: 0

"caching-server-url™: {
"type": "string",

“format": "uri"

"metadata-parameters": {
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"type": "array",

"items": {

"type": "object",
"minltems": O,

"uniqueltems": true,

"requi ad ["ctragm id" "nama" "Laovauarde! "mima tung! "nratacalt]
CI T T T J T DA SO o 17

"properties™: {

"strepm-id": {
"type": "string"

L

"nanpe": {
"tygpe": "string"

L

"keyyvords": {
"type": "array",

mihltems": 1,

unjqueltems": true,

"itens": {
"kype": "string"
}
L
"max-size": {

"type": "integer”,

"minimum": 0

"min-interval": {

"type": "integer”,

"minimum": 0
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"caching-server-url": {

"type": "string"

"mime-type": {

"codec-type": {

"type": "string"
L
"protocol™: {
"type": "string"
L

"scheme-uri": {
"type": "string",

"format": "uri"
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8.3.3 General

This descriptor provides the parameters of the underlying resource’s outputs as shown in Table 16.

Table 16 — Output descriptor

Name Type Cardinality
media-parameters array of object 0-1*
metadata-parameters array of object 0-1*
* This descriptor shall contain at least one of the above objects.
The output descriptor consists of two arrays of objects: one for the media outputs andyone for metadata
outputs, as shown in Table 17 and Table 18 respectively.
Table 17 — Output media-parameters objects
Name Type Cardinality

stream-id P 1
name P 1
keywords P 1
mime-type p 1

video-format p 0-1
audio-format p 0-1
image-format P 0-1

codec-type P 0-1
protecol P 1

throughput P 0-1

buffersize P 0-1
caching-server-url P 1

Table 18 — Output metadata parameters objects

Name Type Cardinality
stream-id P 1

name P 1
keywords P 1
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Name Type Cardinality
mime-type P 1
codec-type P 0-1

protocol P 0-1
max-size P 0-1
min-interval P 0-1
caching-server-url P 1
scheme-uri P 0-1

8.3.4] ]SON schema

“title": "Output Descriptor Schema”,

"type": "object",

o

hyOf"[

—~—

{required”: ['media-parameters"]},

—~—

{required": ["metadata-parameters"]}

Foperties": {

=

"media-parameters®*: {
"type”: "arragl,

"minjtems": 0,

LAY Ltapach

HHeHetems——trde;
"items": {
"type": "object",

“required": [

"properties™: {

"stream-id", "name", "keywords", "mime-type", "protocol”, "caching-server-url"
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"stream-id": {

"type": "string"

"name": {

"type": "string"

"keywprds": {
"type": "array",
"minjtems": 1,
"uniqueltems": true,
"items": {

"tygpe": "string"

"mimg-type": {

"typg": "string"

"videq-format™: {

"$refl": "#/configuration/parameters"”

"audig-format™: {

"$ref™ "#/configuration/parameters”

"image-format": {

"$ref": "#/configuration/parameters"

"codec-type": {

"type": "string"
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“protocol" : {

"type": "string"

“throughput": {

hnals Yintaaar!
J N J

"minimum": 0

"buffersize": {
"type": "integer”,

"minimum": 0

“caching-server-url": {
"type": "string",

“format": "uri"

"mMmetadata-patameters": {

"typé": jarray”,

“items”: {
"type": "object",
"minltems": 0,
"uniqueltems": true,
“required": ["stream-id", "name", "keywords", "mime-type", "protocol"],
"properties": {

"stream-id": {
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"type": "string"
L
"name": {
"type": "string"
L

A=

"keywpres
"typd": "array”,
"minftems": 1,

"uniqueltems": true,

“itenmps": {
"type": "string"
}
L
"max-fize": {

"typg": "integer”,

"minfjmum": 0

"min-interval": {
"typg": "integer”,

infmum™: 0

3:

“caching-server-url™ {

"type": "string"

"mime-type": {

"type": "string"

"codec-type": {
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"type": "string"
L
"protocol: {
"type": "string"

2

"echamaoyr- [
=

"type": "string",

“format": "uri"

8.4 |Processing descriptor

8.4.1 General

This dlescriptor provides high=level details about the requested media processing of a workflow by listing

the set of tasks to be performed on the input media data. Table 19 defines the parameterg

descrjiptor.

Table 19 — Processing descriptor

used in this

Name Type Cardinality
keywords P 1
image array of object 1
start-time P 0-1
connection-map array of object 0-1
function-restrictions array of object 0-1

The image object is defined in Table 20.
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Table 20— Image array element

Name Type Cardinality
is-dynamic P 0-1
url P 1
static-image-info 0 0-1
dynamic-image-info 0 0-1

The image opject has a static-info object if the function’s image is static, i.e. the image is pre‘gene
Table 21 defjnes the parameters of this object.

Table 21— static-image-info object

Name Type Cardinality
0s P 1
version P 1
architecture P 1
environment P 1
patch-url P 0-1
patch-script 0 0-1

In Table 21, the format and process of the patch-script is defined by patch-url.

rated.

The image opject has a dynamic-infe-object if the Function’s image is dynamically built, i.e. the s¢rvice
providing the image builds it on-request based on the information provided to the service. Table 22

defines the p

arameters of this gbject.

Table 22 — dynamic-image-info object

Name Type Cardinality
scheme P 1
information 0 1

In Table 22, the format of the information object and its values are defined by scheme. The information

is used to request a dynamic build of the image.

The array of connection-map object provides a description of the media workflow DAG, i.e. the connection
information between different tasks in the graph. Each element in this array, which represents an edge
in the DAG, is defined in Table 23.
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Table 23 — connection-map array element

Name Description Type Cardinality

specifies task/function’s id and port names from 0 1
which the connection is

from

specifies task/function’s id and port names to 0 1
which the connection is

to

contains flow control parameters for the
connection

@]
_

flowporttr Ul-pcuauwu-;la
The elements of this objects shall be described
using flowcontrol-requirement of Table 27.

Specifies the deployment of the 2 connected
tasks

When the value is True, the 2 tasks shall be
co-located deployed into the same MPE, Otherwise, the P 0-1
deployment is determined by the workflow
manager based on available resources.

The default is ‘false’.

contains any other properties or patameters
defined for the DAG edge, e.g. referénces to the
requirement descriptor

ther-parameters 0 0-1
The elements of this objectsshall be described
using generic parameterrepresentation of
subclause 9.20.1.1.

@]

Objedts from and to are defined in Table 24.

Table 24 — “from” and “to” objects

Name Description Type Cardinality
id function identifier P 1
instance instance identifier P 1

function logic port name

port-name It shall be output port name for “from” P 1
and input port name for “to” in
connection-map object.

restrictions to the input descriptor

parameters as defined in Table 13
input-restrictions 0 0-1

This object shall not be present in
“from” objects.

restrictions to the output descriptor

parameters as defined in Table 16
output-restrictions 0] 0-1

This object shall not be present in “to”
objects.

© ISO/IEC 2020 - All rights reserved 45


https://iecnorm.com/api/?name=383ee4c2cd5b5e87b8faa6ed2f25c52b

ISO/IEC 23090-8:2020(E)

In Table 24, input-restrictions is an input descriptor’s construct (i.e., identical to input descriptor, but
with the object’s name input-restrictions) which only includes allowed values of input parameters when
the function is used in one group. Similarly, output-restrictions is an output descriptor’s construct which

only includes allowed values of output parameters when the function is used in one group.

The entity function-restrictions, as shown in Table 19, is an array. Each element of this array describes

the additional restriction for one function instance used in a function group, as shown in Table 25.

Table 25 — function-restrictions array element

Name Description Type Cardinality
ingtance instance identifier P 1
general descriptor restriction of this -
geperal instance as defined in Table 12 0 0-1
rokessin general descriptor restriction of this 0 0-1
proy & instance as defined in Table 19
requirement descriptor restriction of i
requtrement this instance as defined in Table 26 Q 0-1
' . configuration descriptor restriction of
configuration this instance as defined in Table 32 0 0-1
. . Client-Assistance descriptor restriction
client-pssistance of this instance as defined in Table 34 0 0-1
o monitoring descriptor restriction of i
morjitoring this instance as defined-in Table 39 0 0-1
In Table 25, the descriptors define allowed values for the function instance used in the function grqup.
8.4.2 JSON schema
{
“title": "Profcessing Desckiptor Schema",
"type": "oblect",
"required":|[
"keywords",
"image"

"properties”: {
"keywords": {

“type": "array",
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"minltems": 1,
"uniqueltems": true,
"items": {

"type": "string"

"Image": {

"type": "array",

"minltems": 1,

"uniqueltems": true,

"items": {

"type": "object",

“required"” : [ "url"],

"properties™: {
"is-dynamic": {

"type": "boolean”,

"default": false

"url": {
"type".“stfing”,

“fonmat™: "url"

"static-image-info":{
"type": "object",
"required": [

"os", "version", "architecture", "environment"

"properties": {
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"os":{ "type": "string"},
"version":{ "type": "string"},
"architecture":{ "type": "string"},

"environment":{ "type": "string"},

"patch-url":{
"typel St
"format”: "url"

1

"pafch-script":{
"type": "string”,

“format": "url"

"dynamic-image-info":{
"typg¢": "object",
"reqliired": ["scheme", "information’q;
"properties”: {
"psgheme":{
"type": "stringy

“format”: jurl”

"information":{ "type": "object"}
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"start-time": {
"type": "string",

"format": "date-time"

"connection-map": {

"minltems": 1,
"uniqueltems": true,

"items": [

"type": "object",
"required": [

“from", "tO"

"properties": {
"from":{
"type": "object",
“required": [
"id",
"instance”,

‘port-name”

"properties": {

"id" |
"type": "string"
L
"instance": {
"type": "string"
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“port-name": {

"type": "string"

"output-restrictions": {

"o

"tyy

"req

RN AN Y NI T L
i g 7 g

e": "object",

uired": [

stance”,

prt-name"

perties": {

"kype": "string"

stanCe'y{

P

"type": "string”

ort-name": {

"type": "string"

"input-restrictions": {

“$ref"; "#/input”
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"flowcontrol": {

"$ref": "#/requirement/flowcontrol"

"co-located": {
"type": "boolean”,

"default": false

"other-parameters": {

"function-restrictions": {
"type”: "array”,
"uniqueltemys™true,

"items"y

"$ref"; "#/configuration/parameters”

"type": "object",
"required": [

"instance"

"properties": {

"instance": {
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"type": "string"

"gen

eral": {

"$ref"; "#/general"

“pro

"$rd

cascinart- [
F —T

f": "#/processing"”

"reqiirements": {

"$rd

“con

"$

=

q

" "#/requirements"”

figuration™: {

f": "#/configuration”

"clieft-assistant": {

"$rd

"mo

"$rd

f*: "#/client-assistant”

itoring": {

" "#/monitoring!
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8.5 Requirements descriptor

8.5.1 General

This descriptor provides requirements parameters that can be configured for the underlying resource.
Table 26 defines this descriptor.

Table 26 — Requirements descriptor

Parameter Name Description Type Cardinality
flowcontrol- flowcantrol requirements for the resonrce o h-1
requirements described in subclause 9.7.1
hardware- hardware requirements for the resource
. . . 0 D-1
requirements described in subclause 9.7.2

detailed security requirements during content
securjty-requirements | ingestion and content distribution for the 0 D-1
resource described in subclause 9.7.3

detailed requirements for optimizing the
workflow and tasks by the workflow managet 0 D-1
described in subclause 9.7.4

workflow- task-
pquirements

-

equations for estimating the resourees by
resojirce-estimators | comparing to a baseline configuration described 0 D-1
in subclause 9.7.5

As shHown in Table 26, requirement parameters are grouped in different objects, each addressing a
different class of requirements. Table 27;Table 28, Table 29 and Table 30 define the parameters of each
objedts.

Table 27 — Flowcontrol parameters

Name Type Cardinality
typical-delay P 0-1
min-delay P 0-1
max-delay P 0-1
min-throughput P 0-1
max-throughput P 0-1
averaging-window P 0-1
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Table 28 — Hardware parameters

Name Type Cardinality
vcpu P 0-1
vgpu P 0-1
ram P 0-1
disk P 0-1

placement P 0-1
Table 29 — Security parameters
Name Type Cardinality
tls P 0-1

ipsec P 0-1

cenc P 0-1

Table 30 —Workflow/task requirement parameters

Name Type Cardinality
function-fusible P 0-1
function-enhancable P 0-1
execution-mode P 0-1

Table 31 —Resource estimator parameters
Name Type Cardinality
default-values array of object 1
computational-estimator string 0-1*
memory-estimator string 0-1*
bandwidth-estimator string 0-1*
* This descriptor shall contain at least one of these entries.

In Table 31, the Default-Values object contains the list of default name-value pairs of parameters used as
the reference for estimators. These values are the values that a cloud platform has a reference hardware
platform for it to run in real-time.
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In Table 31, the next 3 entries contain estimator formulas Ey, Ey, and Ey for the function:
{h,mb} = {En, ({p}.{c}) .ho, Em ({p}.{c}) .mo,  Ep ({p}{c}).bo}
where:
the set {p} are input and output parameters included in input and output descriptors;
the set {c} are configuration parameters included in configuration descriptor;

the sets {po} and {co} are same sets for default inputs and outputs, as well as parameters for the
default configuration.

Thes¢ formulas shall be described according to ISO/IEC 9899.

Parameters of Table 31 shall have the identical names, formats, and semantics used in qonfiguration
descrjiptor, input and output descriptors.

8.5.2|JSON schema

"title": "Requirements Descriptor Schema",

"tyde": "object",

=

"properties™: {

=

bwcontrol”: {
"type": "object",
"minProperties" : 1,
"properties™: {
‘typical-delay": {
‘type": "integer",

‘minimbiim™: 0

"min-delay": {
"type": "integer”,
"minimum": 0

%

"max-delay": {

"type": "integer”,
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"minimum": 0

"typical-throughput": {
"type": "integer”,

"minimum": 0

"min-thrpughput": {
"type": ['integer”,

"minimpm": 0

"max-thfoughput": {
"type": ['integer”,

"minimpm": 0

"averaging-window": {

"type": ['integer”,

"minimpm": 0

"hardware"

—_~

"type": "object”,
"minProperties” : 1,
"properties": {
"vepu™: {
"type": "integer”,

"minimum": 0
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"vgpu": {
"type": "integer”,

"minimum": 0

hnals Yintoaar!
g ) T

"minimum": 0

'disk": {

"type": "integer”,

"minimum": 0

‘placement™: {

"type": "string",

"security": {

w

"type": "object’;

"minPtoperties” : 1,

"pattern™: "(A [A-Z){2}$)|(M[A-Z]{2}-%)"

"properties”: {
"tls": {
"type": "boolean”,

"default": false

"ipsec”: {

"type": "boolean”,
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"default": false

2
"cenc": {
"type": "boolean”,
"default": false
}
}

"workflow-task": {
"type": "object”,
"minPropérties” : 1,
"propertigs": {

"executign-mode": {
"type": ['string",

"default": "streaming"

"function-fusible": {

"type": [boolean”,

"defaulf": false

“function-enhancable": {

"type": "boolean”,

"default": false

"resource-estimators": {

"type": "object"”,
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“required": ["default-values"],
"properties™: {
"default-values": {
"type": "array",

"minltems": 1,

"tamst {
N

"name" : {"type": "string"},

"value": {"type": "string"}

‘computational-estimator": {

"type": "string"

‘memory-estimator": {

"type": "string"

‘bandwidth-estimator": {

"type": "string"

8.6 Configuration descriptor

8.6.1 General

This descriptor provides configuration information for the underlying resource as shown in Table 32.
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Table 32 — Configuration descriptor

Parameter name

Description

Data type Cardinality

parameters

configuration details of parameters required for

resource

array of
object

8.62 ]SO

N schema

"title": "Co
"type": "ob]

"required":

"parametq
"type": "
"uniquel
"items™:

"type":
“requir

"namg

"prope

"typd

"propertieq":

"nameg":

figuration Descriptor Schema",
ect”,

[ "parameters" ],

prs': {

hrray”,

fems'": true,

‘object”,

bd " [

“ tdY, "type"

ties": {

" "strifig®

"id": {

"type”

"enu

"type": "integer"

H

"type": "string",

m": [
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"simple”, "enum", "range", "class"

"datatype": {

"type": "string",

lanuut-
=T

"boolean”, "integer”, "unsigned-integer", "float", "string", "object", "other"

"default": {

"type": "object"

"restrictions": {
"type": "object",
"properties": {
"enum-values": {
“type": "array",
"uniqueltems": true,
"items": {

o

"typel™string"

"int-range": {
"type": "object",
"properties”: {

"min-value": {

"type": "integer"
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"max-value": {

"type": "integer”

"increment": {

"type": "integer”

“flopt-range™: {
"type": "object",
"properties": {

"min-value": {

"type": "number"

"max-value": {

"type": "number"

“Increment"; {

"type": "number"

"conditions": {
"type" "array",
"uniqueltems": true,

"description”: "List of configurarion ids",
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"items": {

"type": "integer”

L

"exclusion": {

Yot Moot

T JT

"description”: "List of configurarion ids",

"uniqueltems": true,
"items": {

"type": "integer”

}
8.7 |Startup-delay-descriptor
8.7.1 General
This fescriptor provides information for a delayed startup of the underlying resource and is shown in
Tablg 33!
Table 33 — Startup-delay descriptor
Parameter-name Type Cardinality
startup-delay P 1
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8.7.2 ]JSON schema

"title": "Startup-delay Descriptor Schema”,
"type": "object”,

"required": ["startup-delay"],

"properties+
“startup-delay": {
"type": “Integer”,

"minimum": 0

8.8 C(Client-Assistance descriptor

8.8.1 General

This descriptor provides client assistance informiation for the underlying resource, as shown in Talle
34.

Table 34— Client-Assistance descriptor

Name Type Cardinality
client-assistance-flag P 1
measurement-collection-list 0 0-1
source=assistance-information 0 0-1

Table 35 defines the two objects used in Client-Assistant descriptor.
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Table 35 — Client-assistance objects

Object name

Description

measurement-collection-list

object representing the list of measurements to be collected

Each element of the list represents a measurement to be
collected.

Following is a sample list of measurements to be supported:

— viewPortCollection
— deviceCapabilityCollection

— userfreferencestollection

The object may include the frequency of collectionfor.eajch
parameter.

The elements of this objects shall be describedtising
parameter schema of subclause 9.22.1

source-assistance-information

1)

list of objects where each object represents different typ
information from NBMP source

The type of assistance informatien that is provided by thie
source is described in subelause 6.3.

The elements of this objects shall be described using
parameter schema of subclause 9.22.1

8.8.2 ]JSON schema

"type": "object",
“lequired": [

"client-assistance-flags,

"properties: {

"clight-assistance-flag": {

title": "Client-Assistance Descriptor Schem@y",

"type": "boolean”,

"default": false

"measurement-collection-list": {

"type": "object”
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"source-assistance-information ": {

"type": " object"

8.9 Failover descriptor

8.9.1 GelLeral

This descrip
Table 36.

Table 36 — Failover descriptor

or provides information in case of failover of the underlying resource-and is defined in

Name Type Cardinality
failover-mode P 1
failover-delay P 1

backup-deployment-url P 0-1
persistence-url P 0-1
persistence-interval P 0-1

8.9.2 JSON schema

“title": "Failpver Descriptor Schema",
"type": "oblect",

“required":|[

"fa”OVer'llludC", "I‘G;I\JVCI dc:a_y"

"properties": {
"“failover-mode": {

"type": "string",

deployment”, "exist"]

"enum:": ["restart-immediately", "restart-with-delay", "continue-with-last-good-state", "execute-backup-
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“failover-delay": {
"type": "integer",

"minimum": 0

"hackiundanlavmant el [
I oy —

"type": "string",

"format": "url"

"persistence-url": {
"type": "string",

"format": "url"

"bersistence-interval": {
"type": "integer”,

"minimum": 0

8.10(Events descriptor

8.10.1~<{General

© ISO/IEC 2020 - All rights reserved

This descriptor provides events for the underlying resource as shown in Table 37. For a function, this
descriptor describes the events that can be monitored, reported or used in notification in the task or
workflow implementing this function.
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Table 37— Events descriptor

Name Type Cardinality

events array of object 1

The array events describes a list function events. Each element of this array has a name, and a definition.
Similarly, the event of a monitoring/report/notification descriptor describes the occurred event.

8.10.2 JSON schema

{

“title": "Events Descriptor Schema”,
"type": "arrpy",
"minltems't 1,
"uniquelterns": true,
"items" : {
"propertjes”: {
"name'f {"type": "string"},

"definiffon": {"type": "string"},

"url": {
"type'l "string",
“format": "uri"
}

8.11 Variables descriptor

8.11.1 General

This descriptor provides variables for the underlying resource as shown in Table 38. For a function, this
descriptor describes the variables that can be monitored and/or reported in the function.
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Name Type

Cardinality

variables array of object

1

Each element of this array shall have a name, a definition, a value, a unit, a parameter type and possibly a

range. Each element may also consist of more variables.

8.11.2 JSON schema

{

“tifle": "Variables Descriptor Schema",

Foperties” : {

=

"type": "array"”,
"minltems": 1,
"Liniqueltems": true,
"ltems" : {
"required": ["name", "definition", "unit", "var-type", "valie"],
"properties”: {
"name": {"type": "string"},
"definition": {"type": "string"},
"unit": {"type": "string"},
"var-type": {

"type" : "stning",

"epdfr™: ["string", "interger”, "float", "boolean”, "number"]

"value": {"type": "string"},
"min" {"type": "integer"},
"max" {"type": "integer"},
“url": {

"type": "string",

"format": "url"
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"children": {
"type" : "array",
"uniqueltems": true,

"items" : { "$ref": "#/variables" },

"defa—H

8.12 Monitoring descriptor

8.12.1 General

This descriptor provides monitoring information fox:the underlying resource as shown in Table 39

Table 39 — Monitoring descriptor

Name Type Cardinality
events array of event 0-1*
variables array of variable 0-1*
system-events array of event 0-1*
system-variables array of variable 0-1*
*This descriptor shall contain at least one object.

8.12.2 ]JSON schema

{

“title": "Monitoring Descriptor Schema",
"type": "object”,
"minProperties": 1,

"properties”: {
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"event": { "$ref": "#/events" },
"variable": { "$ref": "#/variables" },
"system-events": {

"type": "array",

"minltems": 1,

Yanioualtarac! trg
< g T

"items": {

"type": "object”

"gystem-variables": {
"type": "array",
"minltems": 1,
"uniqueltems": true,
"items": {

"type": "object”

8.13 Reporting descriptor

8.13.1 General

This descriptor provides reporting information for the underlying resource as shown in Table 40.
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Table 40 — Reporting descriptor

Parameter name Type Cardinality
events array of event 0-1*
variables array of variable 0-1*
system-events array of event 0-1*
system-variables array of variable 0-1*
report-type p 1
reporting-interval P 1
report-start-time p 1
url P 1
delivery-method P 1
*This descriptor shall contain at least one of these objects.

8.13.2 JSON schema

{

“title": "Reporting Descriptor Schema”,
"type": "oblect",

“required":|[ "reporting-type", "reporting-intekval”, "report-start-time", “url", "delivery-method"

"propertieq": {
"event": {['$ref": "#/evefits!"},

"variable"| { "$refs#/variables" },

"system-gvents": {

“type": "array",
"minltems": 1,
"uniqueltems": true,
"items": {

"type": "object”
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"system-variables": {
"type™ "array”,
"minltems": 1,

"uniqueltems": true,

"tamsts
N

"type": "object”

"report-type": {

"type": "string"

“leporting-interval: {
"type": "integer”,

"minimum": 0

"leport-start-time": {

"type": "string",

"format": "date-time}

"brl"; {

"type™: "string”,

“format": "url"

"delivery-method": {
"type": "string",

"default": "HTTP POST"
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8.14 Notification descriptor

8.14.1 General

This descriptor provides notification information for the underlying resource as shown in Table 41.

Table 41 — Notification descriptor

Parameter name Type Cardinality
events array of event 0-1*
variables array of variable 0=1*
system-events array of event 0-1*
system-variables array of variable 0-1*
notification-time P 1
severity-level R 1
notification-type arrayof parameter 1
urls P 1
notification-interval P 0-1
*This descriptor shall contain\atleast one of these objects.

8.14.2 JSON schema

“title": "NofificationssDescriptor Schema”,

"type": "oblect

"required": [

"notification-time", "severity-level", "notification-type","urls"

"properties": {
"event": { "$ref": "#/events" },

"variable": { "$ref": "#/variables" },
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"system-events": {
“type": "array",
"minltems": 1,
"uniqueltems": true,
"items": {

thopats tobigott
2 T

bystem-variables”: {
"type": "array”,
"minltems": 1,
"uniqueltems": true,

"items": {

"type": "object"

hotification-time": {

"type": "string",

"format": "date-time}

Leverityrlevel: {

"type™: "string”

"notification-type": {
"type" "array",
"minltems": 1,

"uniqueltems": true,

"items": {
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"type": "string",

"enum": ["congestion”, "application”, "system"]

}

2

"urls": {
"type": " array—
"minltenps": 1,

"uniquelfems": true,

"items™:
"type":['string",
“format": "url"

}

"notificatipn-interval”: {
"type": "[nteger”,
"minimum": 0,

"default’]: 0

8.15 Assertion descriptor

8.15.1 General

This descriptor provides assertion information for validating the underlying resource as shown in
Table 42.
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Possi
parat]

The 4
value

The ¢
the in

Name Type Cardinality
min-priority p 1
min-priority-action p 1
support-verification P 0-1
verification-acknowledgement P 0-1
certificate P 0-1
assertion array of object 1

-predicate as described in Table 43.

Table 43 — Assertion‘object

ble values of the min-priority-action parameter described in Table 42 may be any value of the action
neter defined in value-predicate of assertion object described in Table43.

ssertion object is a list of name value predicate pairs (NVPs). Each NVP pair consists|of name and

Name Type Cardinality
name P 1
value-predicate 0 1

formation in Table 44.

Table 44 — Assertion value predicate object

alue-predicate object representSythe assertion predicate to evaluate the parameter arld consists of

Name Type Cardinality

evaluation-condition P 1
check-value P 1
aggregation P 1

offset P 0-1
priority P 1
action P 1

action-parameters P 0-N

NOTE A report on assertion failures can be provided to the NBMP source if requested.

Following is a list of assertions and their parameters which can be included in the assertion list of NVPs
sent in the workflow description document from the media source as shown in Table 45.
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Table 45 — Assertion list of NVPs

Type of

Description

List of parameters

assertions

provides description to create assertions that

quality-assertions check the quality of media processing

list of parameters in the “QoS
requirements” descriptor described
subclause 9.7

in

provides description to create assertions that

list of parameters in the “hardware

computational- . : requirements” section of the
. check the computational requirements of . . . .
assertions T reqguirement descrintor described in
media processin N .
p g subclause 9.7
provides description to create assertions that | list of media data, metadata, and other
input-assertions check whether the workflow input is of data parameters in the input
certain kind descriptor described insuibclause 94
provides description to create assertions that | list of media data)metadata, and other
output-assdrtions | check whether the workflow output is of data parametérs in the output
certain kind descriptordéscribed in subclause 95
8.15.2 JSON schema
{
“title": "Assertion Descriptor Schema”,
"type": "oblect",
"required":|[
"min-priprity", "min-priority-action", "assextien”
1
"propertieq": {
"min-priofity":{
“type": "Integer®;
"minimum®:.0
2
"min-priority-action":{
"type": "string"
2
"support-verification": {
"type": "boolean”,
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"default": false

"verification-acknowledgement™: {

"type": "string"

"cartificatal- [
= —

"type": "string"

"Bssertion": {

"type": "array”,
"minltems": 1,
"uniqueltems": true,
"items": {

"type": "object”,
"required™: [

"name", "value-predicate”

"properties™: {
"name" : {

"type";“stfing"

"value-predicate™: {
"type": "object",
"required": [

"evaluation-condition", "check-value", "aggregation”, "priority", "action"

"properties": {

"evaluation-condition": {
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"type": "string”,

"enum": ["quality", "computational”, "input”, "output"]

"check-value": {

"type": "object"

"agpregation™: {
"type": "string”,

"ehum®: [usumu’ ||min||, "max", ||avg||]

L

"offset": {
"type": "string"

L

"priprity": {

"type": "integer”,

"minimum": 0

"action": {
"type": "string”,

"epum™: ["repOid”, "restart", "wait"]

"action-parameters”: {
"type": "array",
"minltems": 1,
"uniqueltems": true,

"items": { "type": "string"}
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}
8.16/Request Descriptor
8.16.1 General
This fescriptor provides information for the request sent by a task. It can be used for identifying the
repedted and identical requests, the priority of request compared fe’other received requgsts, and the
requesting task. Table 46 defines this descriptor.
Table 46 — Request descriptor
Parameter name Type Cardinality
request-id P 1
priority p 0-1
task-id P 1
This glescriptor shall be includedin-any request sent by a task.
8.16.2 ]JSON schema
{

—~

le": "RequesDescriptor Schema",

"properties”: {

"request-id": {

"type": "integer”,

"minimum": 0

priority": {
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"type": "integer”,

"minimum": 0

"task-id": {

"type": "string"

8.17 Ackngwledge descriptor

8.17.1 General

This descriptor indicated whether a description or a descriptor is-fulfilled during the processing of a

request. Tahle 47 defines this descriptor.

Table 47 — Acknowledge descriptor

Parameter name Type Cardinality
status P 1
unsupported P 0-1
failed P 0-1
partial P 0-1

8.17.2 ]JSON schema

{

“title": "Acknéwlgdge Descriptor Schema",

"type": "object",
“required": ["status"],
"properties": {
"status": {
"type": "string",

"enum": ["fulfilled", "failed", "not-supported", "partially-fulfilled"]
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"unsupported": {
"type": "array",
"minltems": 1,

"uniqueltems": true,

tamcts Mgt Yoetrinatl
Tty g 57

"failed": {

"type": "array”,
"minltems": 1,
"uniqueltems": true,

"items": {"type": "string"}

"partial": {

"type": "array",
"minltems": 1,
"uniqueltems": true,

"items": {"type": "string"}

8.18 Repository descriptor
8.18.1 General

This descriptor provides the list of function repositories to be used in creating a workflow. Table 48 and
Table 49 define this descriptor.
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Table 48 — Repository descriptor

Parameter name Type Cardinality
mode P 0-1
location array of object 1
Table 49 — Location array element
Parameter name Type Cardinality
url P 1
name p 1
description P 1
8.18.2 JSON schema
{
“title": "Repository Descriptor schema”,
"type": "oblect",
"required":|["location"],
"propertieq": {
"mode": {
"type": "$tring",
"enum":[["strict", "preferred”, “available"],
"default’|: "available*
2
“location"f
“type": "array",
"minltems": 1,
"uniqueltems": true,
"items": {
"type": "object",
"required": ["url", "name", "description"],
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"properties™: {

"url": {

"type": "string",
“format": "url"
|3
‘nama's [
"type": "string"

"description”: {

"type": "string"

8.19|Security descriptor
8.19.1 General

Tablg 50 gives-the list of parameters defined for the array element of security descriptor. ’
have [zero_ermultiple authentication descriptors, depending on the concrete use cases

[hese should
inputs, and

outplrts.

Table 50 — Security Descriptor’s element

Parameter name Type Cardinality
name P 1
scope p 0-1
authentication-method P 1
authority-url P 0-1
certificate P 0-1
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Parameter name Type Cardinality
auth-token P 0-1
client-grant P 0-1

auth-token-expires P 0-1

auth-token-renew P 0-1

auth-token-rotation P 0-1

8.19.1 JSON schema

{
"title": "Se
"type": "ob]

"required":

"name": {'
"scope": {
“type": "
"enum™:

"default’

"authenti

"authorityf

"type": "

"propertieq":

urity Descriptor Schema”,
ect”,

['name"”, "authentication-method"],

type": "string"},

tring”,
"data", "function”, "task"],

. "data"”

ation-method": {"type": "string"},
-url": {

tring™,

"format"*

url

“certificate": {"type": "string"},
"auth-token": {"type": "string"},
“client-grants": {"type": "string"},
"auth-token-expires": {

"type": "string",
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"format": "date-time"

"auth-token-renew": {"type ": "string"},
"auth-token-rotation": {

"type": "boolean”,

“dafault falsa

8.20| Step descriptor

8.20.1 General

This ¢lescriptor provides information for stateful and stateless step operation of the underlying resource

and i$ shown in Table 51.

Table 51 — Step descriptor

Parameter Type Cardinality
direct P 0-1
segment-duration P 0-1
operating-units P 0-1

A respurce with step_descriptor shall include one metadata for each input for receiving the sequence
number and/or _start/duration of each input instance. Each input instance has a duration equal to

“segment-duration”.

8.20.2 , JSON schema

“title": "Step Descriptor Schema",
"type": "object",

"minProperties": 1,

"properties": {

"direct": {
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"type™ "string",
"enum™:["stream"”, "stateful”, "stateless"],
"default": "stream"

L

"segment-duration": {

"type": "irteger
"minimum": 0
17
"operating-units": {
"type": “Integer”,

"minimum": 0

9 NBMP parameters

9.1 Genenal

This clause describes the NBMP parameters which are defined by this document. NBMP parameters are
used to express the characteristics.of an NBMP workflow or its components, by including them and| their
values in NBMP descriptors,

Any descriptiors may be.gxtended to include new parameters. Any new parameter’s name shall be a| valid
URI according to IETFRFC 3986. The description, data type, range and cardinality of the paramdter is
specified by the URI'scheme used as its name.

9.2 Scheme.descriptor parameters

Table 52 defines parameters, which are used as part of the scheme descriptor.
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Name Definition Unit Type Valid
range
identifies the scheme for this document
uri It shall be a valid URI according to N/A string N/A
IETF RFC 3986.
defined according to | pefined according to the scheme identified by
the scheme uri N/A string N/A
idenfified by uri
9.3 |General descriptor parameters
Tablq 53 defines parameters, which are used as part of the general descriptot:
Table 53 — General parameters
Name Definition Unit Type Valid
range
_ unique string in the scope of _
id repository/workflow of the resource N/A string N/A
name name for identifying the resource N/A string N/A
description a human-readable description‘for the resource N/A string N/A
rank of function/function.group among _
rank functions with the same functionality N/A number unsigned
integer
A higher number means a higher rank.
URN indicating the compatibility with a
mpég-compatibility referencé-function/function group defined in URI string N/A
Annexes A and B
As defined
. . . - . by IETF RFC .
pliblished-time date and time of publication of this resource 3339:2002, string N/A
section 5.6
- C e . unsigned
prietity priority information for the resource N/A number integer
unique string among all port-names of this
port-name resource defining the logic name for input or N/A string N/A
output
value ‘true’ indicates containing descriptor
describes a function group or task workflow
is-group If the value is ‘true’, a connection-map object N/A boolean N/A
shall exist in this description.
The default value is ‘false’.
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Name

Definition

Valid

Unit Type range

current state of the resource in its lifecycle

The value of this parameter shall be one of the
followings in a NBMP operation’s response:

— null

— instantiated
— idle

— running

statq

— In-error
— destroyed

If this parameter is included in a request from
the NBMP source or workflow manager, the
value of this parameter shall be one of the
followings (subject to constraints in subclause
7.27.3):

— instantiated
— idle

N/A string NYA

9.4 Input(descriptor parameters

Table 54 defjnes input parameters, which are used as part of inptit descriptor.

Table 54 — Input parameters

Namge

Definition

Valid

Unit Type rahge

—
Q.

streamy-i

unique identifier, with the scope of function
or task or workflow, to identify the media or
metadata stream

For functions, it is defined in the function
descriptor. Forgtasks, it is assigned by the
workflow manager. For workflows, it is
assigned by\the NBMP source.

N/A string NiA

name

stringhame assigned to this input

Eorfunctions, it is defined in the function
descriptor. For tasks, it is assigned by the
workflow manager. For workflows, it is
assigned by the NBMP source.

N/A string NiA

list of keywords describing this input

keywords

properties

The keyword should be human-readable.

array of
N/A string N/A

mime-type

MIME media type of media or metadata in
IANA registry

N/A string N/A

90
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Name

Definition

Unit

Type

Valid
range

video-format

format of video

The parameter list is defined using generic
parameter representation of subclause
9.22.1.

N/A

string

N/A

udio-format

format of audio

The parameter list is defined using generic

string

parameter representation of subclause
9.22.1.

N_LA
™7 1Y

N/A

image-format

format of image

The parameter list is defined using generic
parameter representation of subclause
9.22.1.

N/A

string

N/A

codec-type

‘codecs’ and 'profiles’ parameters, as
defined in IETF RFC 6381

N/A

string

N/A

protocol

protocol for delivery of or access to media
including protocol parameters suchsas,port
number(s)

Ingest protocol for timed metadata including
protocol parameters such asthe port
number(s). Example: HFTP: When the
workflow manager receives this information,
it takes the responsibility of returning back
with the protocol endpoint information of
the appropriatemedia processing entity to
the media soutce so the media source can
ingest metadata using that protocol.

NOTE - This is only applicable for media and
timed metadata.

N/A

string

N/A

throughput

maximum accepted throughput by this
resource

bits/second

number

unsigned
integer

buffer-size

minimum input buffer size

bytes

number

unsigned
integer

caching-server-url

IR (according to IETF REC 3986) of the
server where the media will be sent from or
the location from where the media can be
fetched from

NOTE When this parameter is missing for a
workflow, the workflow manager can assign
origination information of the appropriate
media processing entity to the media source
so the media source can ingest media using
that protocol.

N/A

string

N/A
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Valid

Name Definition Unit Type
range

. maximum size of metadata in each fetch or unsigned
max-size . bytes number nsig
push accepted by this input integer

L. minimum interval between two fetch or 1 unsigned
min-interval N milliseconds number nsig
push accepted by this input integer

URL (according to IETF RFC 3986) or

strin
scheme identifier of metadata N/A 8 N/A

scheme-uri

9.5 Output descriptor parameters
Table 55 defjnes output parameters, which are used as part of the output descriptor.

Table 55 — Output parameters

Vdlid

Namje Definition Unit Type
range

unique identifier, with the scope of function
or task or workflow, to identify the media or
metadata stream

a

For functions, it is defined in the function N/A string NyA
descriptor. For tasks, it is assigned by the
workflow manager. For workflows, it is
assigned by the NBMP source.

stream-i

string name assigned to this output

For functions, it is defined ini/the function
namg descriptor. For tasks, it is-assigned by the N/A
workflow manager. For'workflows, it is
assigned by the NBMP source.

string NiA

list of keywords-describing this output

properties array of

keywoyds N/A string N/A

The keyword should be human-readable.

MIME media type of media or metadata in

strin
[ANA registry N/A & NyA

mime-tlype

video-fofmat formats of video N/A array of NYA
string

The parameterlistis defined using generic
parameter representation of subclause
9.22.1.

audio-format format of audio N/A array of N/A

string
The parameter list is defined using generic

parameter representation of subclause
9.22.1.

image-format format of image N/A array of N/A

string
The parameter list is defined using generic

parameter representation of subclause
9.22.1.
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Name

Definition

Unit

Type

Valid
range

codec-type

'codecs’ and 'profiles’ parameters, as defined
in IETF RFC 6381

N/A

string

N/A

protocol for delivery of or access to media
including protocol parameters such as port
number(s)

Ingest protocol for timed metadata including
protocol parameters such as the port

protocol

llulll}JCl (b). EAdlll})lC. HTTP. ‘V‘V"IICII LIIC
workflow manager receives this information,
it takes the responsibility of returning back
with the protocol endpoint information of
the appropriate media processing entity to
the media source so the media source can
ingest metadata using that protocol.

NOTE This is only applicable for media and
timed metadata.

N/A

string

N/A

throughput

maximum possible throughput

bits/second

number

unsigned
integer

buffer-size

minimum input buffer size

bytes

number

unsigned
integer

cag

hing-server-url

URL (according to IETF RFC 3986) of the
server where the media will besent or the
location to which the mediabe fetched to

NOTE When this parameter is missing for a
workflow, the workflow manager may assign
destination information of the appropriate
media processing entity to the media source
so the media‘sink can ingest media using
that pretocol.

N/A

string

N/A

max-size

maximum size of metadata in each fetch or
push by this output

bytes

number

unsigned
integer

min-interval

minimum interval between two fetch or
push by this output

milliseconds

number

unsigned
integer

schemeé-uri

URL (according to IETF RFC 3986) or
scheme identifier of metadata

N/A

string

N/A
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9.6 Processing descriptor parameters

Table 56 defines processing parameters, which are used as part of the processing descriptor.

Table 56 — Processing parameters

Name Definition Unit Type Valid
range
list of keywords that can be used to execute a arrav of
yo
keywords search in the function repository N/A string N/A
as defined
by IETF
start-time resource’s start time RFC 3339: string NYA
2002,
section 5.6
flag indicating whether the image is static or
dynamic
is-dynamic A value of ‘true’ indicates the image is built N/ A boolean NYA
dynamically.
The default value is ‘false’ (static image).
pointer to the resource implementation, :
url according to IETF RFC 3986 N/A string NYA
0s operation system N/A string NYA
versign version number of operation system N/A string NYA
architedture hardware architecture N/A string NYA
environment environment N/A string NYA
URL (according to IETF,RFC 3986) defining the .
patch-url patching scheme for this'image N/A string NYA
URL (accordingte lETF RFC 3986) defining
scheme information object scheme or information N/A string NyA
needed for‘dyriamic build
specifies.the deployment of the 2 connected
tasks
When the value is True, the 2 tasks shall be
co-located deployed into the same MPE, Otherwise, the N/A boolean NYA
deployment is determined by the workflow
manager based on available resources.
The default is ‘false’.
id specifies function’s id N/A string N/A
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Valid
range

Name Definition Unit Type

specifies identifier for one instance of a function

An instance of a function shall have unique
restrictions in a function group. This identifier
shall be unique for each instance in the same
instance function group. N/A

string N/A

NOTE If a function is used more than once in
one function group with identical restrictions,
these restrictions can be defined by one
instance of that function.

port-name specifies function’s logic port name N/A string N/A

9.7 |Requirements descriptor parameters

9.7.1) Flow control parameters
Tablg 57 defines flow control parameters, which are used as part of\tlie’requirements descriptor.

Table 57 — Flow control parameters

Name Definition Unit Type Valid
range
ypical-delay typical expected delay for the resource millisecond integer unsigned
integer
. minimum delay (i.e. amounttime from input millisecond integer unsigned
min-delay . :
to output sample) adequate for this resource integer
max-delay maximum delay required for this resource millisecond integer u.n51gned
integer
i i bits/second integer unsigned
typlcal-throughput typical expected throughput for this / g nsig
resourge integer
min-throughput minimum bandwidth required for this bits/second | integer u.nSIgned
resource integer
mhx-throughput maximum bandwidth adequate for this bits/second | integer u.nSIgned
resource integer
averaging window used to calculate the microsecond | integer unsigned
avdraging-window throughput integer
The default is one second.
9.7.2 Hardware parameters
Table 58 defines hardware parameters, which are used as part of the requirements descriptor.
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Table 58 — Hardware parameters

Name Definition Unit Type Valid
range
number of vcpus to be reserved for the execution unsigned
vcpu count number .
of a task integer
number of vgpus to be reserved for the execution unsigned
vgpu count number :
of a task integer
ram memory to be reserved for the execution of a task | megabytes | number uirrllstleg;eid
disk size of local disk to be used by a workflow or a task | gigabytes number uirrllst ?;id
identifier of the geographical location of the data
center in which the task is to be executed
placemént The location is represented by a two-letter (alpha- | jdentifier string Ni/A
2) country code (ISO 3166-1) optionally followed
by ‘- and the postal code conforming to the
country’s postal code standard.
9.7.3  Sedqurity requirements
Table 59 — Security parameters
Namje Definition Unit Type V4lid
range
indicates if TLS[2] or DTLSI* shallbe used for the
tls transport of media data flag boolean NiA
The default value is ‘false":
indicates if IPSec [BI'tunnel model shall be used
ipse¢ for the transportof media data flag boolean NYA
The default value is ‘false’.
indicatesifMPEG common encryption
(ISO/TEC23001-7) shall be used for the
cend exchange of media data flag boolean NyA
The default value is ‘false’.
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Table 60 — Workflow/task parameters

Name

Definition

Unit

Type

Valid
range

execution-mode

defines workflow execution modes

The value shall be ‘streaming’, ‘step’, or ‘hybrid’.
Default mode is ‘streaming’.

N/A

string

N/A

whether functions can be fused or split by the

function-fusible

NBMP workflow manager

When fused or enhanced, some system tasks may
be added or dropped automatically and
dynamically. The default value is ‘false’.

flag

boolean

N/A

fundtion-enhancable

whether the inputs and outputs of a task can be
modified or enhanced with system-provided
built-in functions such as media transcoding,
media transport buffering for synchronization,
or transporting media/metadata data between
tasks/MPEs over networks

The default value is ‘false’.

flag

boolean

N/A

9.7.5| Resource estimator parameters

Table 61 —Resource estimator parameters

Name

Definition

Unit

Type

Valid
range

namge

name of the input, output or configuration
parameter,

N/A

string

N/A

valu

D

default value of the input, output or
cenfiguration parameter

N/A

string

N/A

The garameters-used in the resource estimator descriptor are a subset of parameters used
output and coftifiguration descriptors.

9.8 |Startup-Delay descriptor parameters

Table 62 defines startup delay parameters, used in the Startup-Delay descriptor.

Table 62 — Startup-Delay parameters

in the input,

Name Definition Unit Type Valid
range
startup-delay amount of delay before task startup in seconds seconds number uirrllstleg;eerd
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9.9 C(lient-Assistant parameters
Table 63 defines the parameters used in the Client-Assistant descriptor.

Table 63 — Client-Assistant parameters

Valid

Name Definition Unit Type
range

indicates whether the resource requires/
supports client monitoring/assistance

Tf client-assistance-1lag 15 Set to true 1n WDD: the
workflow manager shall insert a measurement
function to collect client assistance information
from the client. The workflow manager shall
connect the workflow tasks with functions that
support client assistance. If the workflow
manager cannot support client assistance, the
workflow construction shall fail.
client-assistance-flag N/A boolean N/A
If client-assistance-flag is set to false in WDD:
The insertion of measurement function in
workflow is optional.

If client-assistance-flag is set to true in function
description: the function cannot be instantiated
without client assistance information.

If client-assistance-flag is set to false infunction
description: client assistance information is
optional.

9.10 Failover parameters
Table 64 defjnes the parameters used.in(the failover descriptor.

Table 64 — Failover parameters

Vdlid

Namje Definition Unit Type
range

indicates action upon failover of underlying
resource

Following are the possible values:

— ‘restart-immediately’ — restart the
resource

— ‘restart-with-delay’ - restart the
resource after a certain delay

failover-mode — ‘continue-with-last-good-state’ - restart N/A string N/A
the resource based on available state
persistence information

— ‘execute-backup-deployment’ - execute
backup deployment script given by
backup-deployment-url below

— ‘exit’: exit the resource

The default value is ‘exit’.
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Name Definition Unit Type Valid
range
indicates the amount of delay before starting
fail-over
— When failover-mode value is ‘restart-
failover-delay 1mmfed1ately or ‘exit’ - this value is second number u.nSIgned
considered to be 0. integer
— For other failover-mode values- this
value defines the amount of time before
failover is taken.
URL (according to IETF RFC 3986) to an
backup-deployment- | external/internal instruction file for backup N/A sthing N/A
url deployment that needs to be executed upon
failover
URL (according to IETF RFC 3986) of storage
where the state information is persisted
persistence-url This information is optional from the media N/A string N/A
source. The workflow manager can allocate
some storage and use it for state information
persistence.
pergistence-interval def.mes how often t.he state information i$ second number u.nSIgned
written to the persistence-url integer
9.11|Events parameters
Tablg 65 defines the parameters used in th&‘events descriptor.
Table 65 — Event parameters
Name Definition Unit Type Valid
range
name eveént's name N/A string N/A
definition humanly readable definition of this event N/A string N/A
unique identifier for event, according to IETF string
url RFC 3986 N/A N/A
9.12 Variables parameters
Table 66 defines the parameters used in the variables descriptor.
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