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Foreword

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
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
the different types of document should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent
rights. Details of any patent rights identified during the development of the document will be in the
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

Alist of all the parts in the ISO/IEC 23002 series can be found on the ISO website.
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Introduction

This document provides a description of a set of tools that are intended to be helpful for developing
reconfigurable media coding implementations based on ISO/IEC 23001-4, ISO/IEC 23002-4 and
ISO/IEC 23002-5. The description includes the following guidelines:

— guidelines on good practices to implement specifications based on ISO/IEC 23001-4, ISO/IEC 23002-
4 and ISO/IEC 23002-5;

— guidelines on usage of amonitoring tool for specifications based on ISO/IEC 23001-4, ISO/IEC 23002-
4 and ISO/IEC 23002-5.

— guidelines on usage of a design exploration and optimization tool for specifications based on
ISO/IEC 23001-4, ISO/IEC 23002-4 and ISO/IEC 23002-5.

Documents

. Document Sharing Hub
V1 © ISO/IEC 2017 - All rights reserved

Full document details: ISO IEC TR 23002-6-2017


http://avadocuments2026.com/doc/iso-iec-tr-23002-6-2017
http://avadocuments2026.com/doc/iso-iec-tr-23002-6-2017
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Information technology — MPEG video technologies —

Part 6:
Tools for reconfigurable media coding implementations

1 Scope

This document provides a description of a set of tools that are intended to be helpful for developing
reconfigurable media coding implementations based on ISO/IEC 23001-4, ISO/IEC 23002-4 and
ISO/IEC 23002-5.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms
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:

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

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

3.1 Terms and definitions

3.1.1

Reconfigurable Video Coding

RVC

framework defined to support coding standards at the tool level while maintaining interoperability
between solutions from different implementers

3.1.2

functional unit

FU

modular tool characterized by its input/output behaviour, consisting of a processing unit

Note 1 to entry: Also referred to as “actor”.

3.1.3

token

data entity exchanged among functional units (3.1.2), such that a functional unit performs operations on
input tokens, produces output tokens and modifies its state

3.1.4

connection

link from output ports to input ports of functional units (3.1.2) that enable token (3.1.3) exchange
between the corresponding functional units
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3.1.5

functional unit network language

FU network language

FNL

language that describes a network of functional units (3.1.2)

3.1.6

functional unit network description

FU network description

FND

functional unit (3.1.2) connection (3.1.4) used to build a decoder and modelled using the functional unit
network language (3.1.5)

3.1.7
RVC-CAL
dataflow specification language for specifying of functional units (3.1.2) and the reference software

3.1.8

video tool library

VTL

collection of functional units (3.1.2)

3.19
MPEG video tool library
video tool library (3.1.8) that contains functional units (3.1.2) drawn from existing MPEG standards

3.2 Abbreviated terms

API Application Programming Interface
BXDF Buffer-size XML Dataflow Format
CAL CAL Actor Language
DSE Design Space Exploration
ETG Execution Trace Graph
FIFO First-In, First-Out
FSM Finite State Machine
HEVC High-Efficiency Video Coding
IDE Integrated Development Environment
L1_DCM L1 Data Cache Misses
NoL Number of Lines
PAPI Performance API
PMC Performance Monitoring Counter
RMC Reconfigurable Media Coding
TOT_INS TOTal Number of INStructions
XDF XML Dataflow Format
XML eXtensible Markup Language
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4 Overview

This document describes a set of tools that are intended to be helpful for developing reconfigurable
media coding implementations. Clause 5 describes how to implement an RVC-CAL specification using
the Open RVC-CAL Compiler (ORCC)Y tool. Clause 6 details how to use Papify?) and Papify Viewer3).
Papify is an implementation of an event-based performance monitoring tool integrated into ORCC.
Papify Viewer is a visualization tool to monitor the actions of actors in RVC-CAL specifications. Fired
actions can be analysed chronologically from different points of view. Finally, Clause 7 describes how
to use TURNUS%), an open-source system design exploration and optimization framework especially
tailored for CAL dataflow programs.

5 RVC-CAL

5.1 General

RVC-CAL is a standardized version of the CAL Actor Language which implements a dataflow model of
computation.

All the examples in this document are written for and tested with the ORCC compiler infrastructure tools.

Open RVC-CAL Compiler (ORCC) is an open-source Integrated Development Environment (IDE) based
on Eclipse and dedicated to dataflow programming. Eclipse®) is a software package which provides
an integrated development environment for Java/C/C++ programs. The primary purpose of ORCC is to
provide developers with a compiler infrastructure to allow software/hardware code to be generated
from dataflow descriptions.

5.2 Installing ORCC tools

First, all the tools needed for compiling and running the provided examples should be installed.
The Open RVC-CAL Compiler (ORCC) requires the Eclipse platform. Therefore, in order to use it, it is
necessary to install the Java™ Runtime Environment (JRE)® and Eclipse IDE.

5.2.1 Java Runtime Environment

ORCC requires JRE version 1.6 or higher. The latest JRE release is available at https://java.com/en/
download/. To use the Eclipse IDE for Java Developers edition, it is necessary to also install the Java™

1)  Open RVC-CAL Compiler (ORCC) is an open-source IDE based on Eclipse. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.

2) Papify is an open-source tool available on GitHub. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of the product named. Equivalent products may be used
if they can be shown to lead to the same results.

3) Papify Viewer is an open-source visualization tool available on GitHub. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.

4)  TURNUS is an open-source system published by IEEE.org. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.

5) Eclipse is an open-source software package published by the Eclipse Foundation (www.eclipse.org). This
information is given for the convenience of users of this document and does not constitute an endorsement by I1SO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.

6) Java Runtime Environment (JRE) is a trademark of a product supplied by Oracle. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results. Docu ments
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Development Kit (JDK)7), which can be downloaded from http://www.oracle.com/technetwork/
java/javase/downloads/index.html.

5.2.2 Eclipse

ORCC is compatible with Eclipse versions 4.3 and higher. The Eclipse IDE can be downloaded from
https://www.eclipse.org/downloads/ (for which the Eclipse IDE for Java Developers edition is
suggested). To install it, extract the archive into a local directory.

Eclipse should be configured to allocate at least 512 MB of memory for the heap. This can be done by
adding the -Xmx512m parameter in the eclipse.ini file.

5.2.3 ORCC plug-in for Eclipse

The Eclipse Software Update Manager can be used to install ORCC. The steps are as follows.
— In Eclipse, go to Help > Install New Software.

— Click Add to add an update site.

— Setits name (e.g. ORCC) and its URL to http://orcc.sourceforge.net/eclipse (see Figure 1).

L} Add Repository
MName: orcc Local...
Location: | hitp://ercesourceforge.net/eclipse] | Archive...

Figure 1 — Repository setting during the installation of the ORCC plug-in for Eclipse

— Once this is done, select Open RVC-CAL Compiler or ORCC (see Figure 2).

7)  Java Development Kit (JDK) is a trademark of a product supplied by Oracle. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of the product named.

Equivalent products may be used if they can be shown to lead to the same results. Docu ments
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Available Software
Check the items that you wish to install, @

Work with: | orce - http/forcc.sourceforge.net/eclipse v‘ | Add... |

Find more software by working with the "Available Software Sites” preferences.

‘ type filter text |

Name Version
a 000 Open RVC-CAL Compiler - Stable releases

i+ Orec 2.3.0.201412031446
| Select All | | Deselect All 1 item selected
Details
ow only the latest versions of available software Hide items that are already installet
¥ sh Iy the | # available softw, VI Hid h Iready installed
[+ Group items by category What is already installed?

[ Show only software applicable to target environment
[#] Contact all update sites during install to find required software

@ O T s

Figure 2 — Selection of the Open RVC-CAL Compiler during the installation of the ORCC plug-in
for Eclipse

— Click Next, check and accept the licenses and then click Finish.

— Eclipse will prompt for a confirmation to install an unverified feature. Accept and restart Eclipse.

5.3 “Hello world”

Make sure that the active perspective in Eclipse is Java™ EE®); otherwise, the menus will differ slightly
and some menu items will not be in the illustrated places.

5.3.1 Creating a new project

A new ORCC project should be created. In the menu File > New > Other, select ORCC > Orcc Project
(see Figure 3).

8) Java EE (JEE) is a trademark of a product supplied by Oracle. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results. Docu ments
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Select a wizard

Wizards:
| type filter text

= Maven
4 = Orcec
@ Orcc Project]
<= XDF Metwork
[ (= Plug-in Development
[+ (= Remote Systern Explorer
[ = Server
[ = 50L Development
[ = Tasks
[+ (= User Assistance
= Web
[ = Web Services

Figure 3 — Wizard selection to create a new project

Specify the name of the project and click Finish (see Figure 4).

Project

Create a new project resource,

Project name: net.sf.orcc.tutorial|

Use default location
Location:  Ch\Users\Evgeniy\tutworkspacehnet.sf.orcc.tutorial Browse...
Choose file systern: | default v

Working sets

[ Add project to working sets

Warking sets:

Figure 4 — Project name setting in ORCC

A default src directory will be added to the created project by this action.
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Right-click on the src folder in the Project Explorer pane. Select New > Package (see Figure 5).

o

@ Einish

8

Java Package ."r
Create a new Java package. -
Creates folders correspending to packages.
Source folder: | net.sf.orcc tutorial/src | | Browse... |
Mame: | net.sf.orce.tutoriall00HelloWorld |
[] Create package-info.java

| ‘ Cancel

Figure 5 — Package setting in ORCC

5.3.3 Creating a new actor

In the Project explorer pane, select the package that was just created. Then click menu File > New > File.
Specify the name and the extension .cal (see Figure 6).

o

&

File

Create a new file resource,

Enter or select the parent folder:

| net.sf.orcctutorial/sro/net/sf/orcc/tutorial /I00HelloWorld

o

4 @ netsforcctutorial
4 (= src
4 [ net
FR=x

4 (= orcc

4 = tutorial

(= I00HelloWorld
(= RemoteSystemsTempFiles

File name: | HeIIoWorId.caI\

@ Eren

Cancel

Figure 6 — New CAL file setting in ORCC
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After file is created, add the following code and save it. Eclipse will automatically compile the file.

package net.sf.orcc.tutorial_HelloWorld;

actor HelloWworld () int In ==> :
action ==>
do
print("'Hello World!\n');
end
end

The code above implements the actor named HelloWorld(), which takes an input stream of tokens of
type int.

The action within this actor always executes regardless of any input or other conditions and prints the
string to the default output.

A detailed explanation of the syntax is given in the succeeding subclauses.

5.3.4 Creating a network

RVC-CAL is a language that implements the dataflow paradigm. This means that in order to run the
application, it will be necessary to build a network of actors. In this case, the network will consist of
only one actor.

To build a network, it will be necessary to create a new .xdf file. Go to File > New > Other, then select
Orcc > XDF Network (see Figures 7 and 8).

Select a wizard

Create a new network based en new Graphiti editor,

Wizards:
| type filter text

[» = Java Emitter Templates
[ = JavaScript
[ = JAXB
b= JPA
[ = Maven
4 = Orcc
@ Orce Project
[ (= Plug-in Development
[> [= Remote System Explorer
[ = Server
[» (= SOL Development

Figure 7 — Network setting in ORCC
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Enter or select the parent folder:

| net.sf.orcc.tutonal/src/net/sf/orcc/tutorial /100HelloWorld

B oo
4 @ net.sf.orcc.tutorial
[ (= bin
4 (= src
4 = net
a = sf
4 [ orcc
4 (= tutorial
= 100HelloWorld
= RemoteSystemsTempFiles

File name: | top.xdﬂ

Figure 8 — Network name setting in ORCC

After the empty XDF is created, it will then be necessary to add an instance of an actor (see Figure 9).

@ HelloWorid.cal |7 top 37 |

=" =
o+ Palette b
[ Select
{7} Marquee

(= Connections <

Connection

(= Objects @
Instance
Input port
Output port

Figure 9 — Empty space for actor instance addition in ORCC

Click on Objects > Instance in the Palette, and then click on the .xdf file area to add an instance to the

network (see Figure 10).

© ISO/IEC 2017 - All rights reserved
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@ HelloWorld.cal ¢ *top 12 = =
oe Palette [
Q Select
:::_ Marquee
= Connections 0
'M Connection
(= Objects 0
Instance
Input port
Qutput port

Figure 10 — Actor instance addition in ORCC

Name the instance “Hello”.

Now link this instance to the actor created. Right-click on the instance and select Set/Update Refinement
(see Figure 11).

Documents

Document Sharing Hub
10 © ISO/IEC 2017 - All rights reserved

Full document details: ISO IEC TR 23002-6-2017


http://avadocuments2026.com/doc/iso-iec-tr-23002-6-2017
http://avadocuments2026.com/doc/iso-iec-tr-23002-6-2017

@ HelloWorld.cal | <%= *top &2
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= O

o Palette [+

[} Select

r=q
2 Marquee

]
L-

E' q;i‘h = Connections £
1 |-|E-||n. Connection
= Objects &0
Instance
<) Undo Direct Editing put port
I% Print... lutput port
Copy
Paste
Update Ctrl+F5
Delete
Set/Update refinement

[#] Markers &2 Properties
1 items

Description ‘

[ Derived Resource (1 item)

Layout Diagram
Transformations

Show properties

Validate

Tearn
Compare With
Replace With

Export Diagram...

Remowve from Context

Ctrl+ O

Ctrl+ Alt+ Shift+ Down

Type

Figure 11 — Refinement of an actor instance to the corresponding CAL file in ORCC

Select the HelloWorld actor in the newly opened box (see Figure 12).
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Y x

Choose the entity you want to use in this Instance. You can filter results with string patterns. -

Matching items:
[@inetforcc tutorial.00HelloWorld.HelloWorld
“ net.sf.ercc tuterial. 00HelloWerld.top

| net.sf.orce tutorial 100k I (fileN...oWorld/t .cal, lineNumber: 3, native: false) |
@

Figure 12 — Selection of a CAL file during an instance refinement process in ORCC

After validation, the Hello instance should be displayed in blue (meaning that the instance is assigned to
an actor). See Figure 13.

@ HelloWerld.cal <= *top B = 8
o5 Palette [
h Select
[} Marquee

(= Connections <
Connection

Input port
Qutput port

Figure 13 — Hello instance associated to the corresponding CAL file

5.3.5 Running simulation

Right-click on the .xdf file and select Run As > Orcc simulation (see Figure 14).
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sct Explorer 2%

net.sf.orcc.tutorial

= src

4 [ netsf.orcctutorial 00HelloWorld
@ HelloWorld.cal

BES|
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@ =0 | @H

ot tor—
[ to New
Show In
Open
Open With

Copy
Copy Qualified Name
Paste

Delete

e 3= N

Remove from Context
Al Mark as Landmark
Build Path

Move...

Rename...

Import...
Export...

EE

Refresh

£

Validate

Show in Remote Systems view
Profile As

Debug As

»

Alt+Shift+W »
F3
b

Ctrl+C

Crl+V
Delete
Ctrl+Alt+Shift+Down
Ctrl+ Alt+Shift+ Up

3

F2

F5

Run As

@ 1 Orec compilation

Team
Replace With
JPATools
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Figure 14 — Simulation selection in ORCC

In the Select simulator window, click OK (see Figure 15).

Select simulator:

EVisilor interpreter and debu El;

Figure 15 — Interpreter and debugger selection for simulation in ORCC

In the Select input stimulus window, select a random file (it will not actually be used by the example). See

Figure 16.

© ISO/IEC 2017 - All rights reserved

Full document details: ISO IEC TR 23002-6-2017

Documents
Document SharinPsHub


http://avadocuments2026.com/doc/iso-iec-tr-23002-6-2017
http://avadocuments2026.com/doc/iso-iec-tr-23002-6-2017

ISO/IEC TR 23002-6:2017(E)

Forcctutorial » src » net » sf » orcc » tutorial ¢ 100HelloWorld v O Search 10{
-
Mame Date modified Type Size
| D HelloWorld.cal 29.05.2015 11:21 CAL File 1KB
D top.xdf 03.06.2015 12:27 XDF File 1KB
D top.xdfdiag 03.06.2015 12:27 XDFDIAG File 1KB
& HelleWorld.cal v| |"."

Ope

Figure 16 — Input stimuli selection for simulation in ORCC

In the Run configuration wizard, click on Run (see Figure 17).
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Figure 17 — Simulation configuration in ORCC
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The following output (see Figure 18) should appear in the Eclipse console.

& HelloWorld.ca = top = 8
o Palette [
k Select
 Morgquee

(= Connections 40

(= Objects 40

Instance
Input port
Output port

[®] Markers [] Properties & Servers [ Data Source Explorer [B5 Snippets & Cansale 57 = 0
& EEE E-o-

net.sf.orcc.tutorial[00HelloWorld.top - Simulation [Orcc simulatiop] Orce virtual process

Helle World! A

Helle World!
Hello World!
Helle World!
Hello World!
Helle World!
Hello World!
Helle World!

[T | PR Y]

Visitor interpreter and debugger || i1l

Figure 18 — Simulation console in ORCC

5.4 Simple actor

5.4.1 Structure of actors

Actors perform their computation in a sequence of steps called firings. In each of those steps, the actor
a) may consume tokens from its input ports,

b) may produce tokens at its output ports, and

c¢) may modify its internal state (this is described in further subclauses).

Describing an actor involves describing its interface, the ports, the structure of its internal state, as
well as the steps it can perform, what these steps do (in terms of token production, consumption and
actor state update) and how to select the step an actor will perform next.

5.4.2 Simplest actor

The simplest actor just copies a token from the input to the output without changing its value.

package net.sf.orcc.tutorial.SimpleActor;

actor ID (O int In ==> int Out :
first: action In: [a] ==> Out: [a] end
end

The first line specifies the package.

The main entity in RVC-CAL is an actor. In this example, the keyword actor is used followed by the
name of the actor and the parameters in parentheses (an empty list in this exampﬁét&iljfﬁghtfg
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actor. Input and output ports are specified before and after the ==> sign, respectively. RVC-CAL is a
statically typed language, so it is necessary to explicitly define the type for each variable, i.e. in the line
actor ID () int In ==> int Out : ports In and Out both are of type int. The colon at the end of the line
marks the start of the actor body which is bounded by the keyword end from the other side.

Each actor has one or more actions within the body section, which execute (fire) at one step each.
Actions may (or may not) consume input tokens and produce output tokens at each step. The syntax to
describe an action in RVC-CAL is the following:

actor <ActorIdentifier> () <input ports> ==> <output ports>
[<ActionIdentifier>:] action <input pattern> ==> <output expression>

Input pattern specifies how many tokens to consume, from which ports the tokens are consumed and
how to call these tokens in the rest of the action. The input pattern for the ID actor is In: [a]. It tells
the action to consume one token from the input In and name it a within the action body. Input patterns
realize the idea of pattern matching.

The expression following the ==> sign is an output expression. It defines the number and values of
output tokens which will be produced on each output port by each firing of the action. In this example,
Out: [a] is an output expression. It defines that exactly one token will be produced on the output port
Out and the value of that token will be a.

It is important to understand the difference between input pattern and output expression. In the input
pattern, the local variable a is declared and assigned to the value of the input token whenever the action
is fired. The output expression uses that variable and send the value of a as a produced token to the
output port at the end of the action firing.

5.4.3 Running the examples
In the project, create a new package net.sf.orcc.tutorial.SimpleActor

Create new CAL file named ID.cal and copy the following code there.

package net.sf.orcc.tutorial.SimpleActor;

actor ID () int In ==> int Out :
first: action In: [a] ==> Out: [a] end
end

In order to build a network, several additional actors are needed to produce data and print results to
the console. This example uses Source and Printer actors as utilities. These can be downloaded from
the GitHub repository (https://github.com/orcc/rvccaltut/tree/master/net.sf.orcc.tutorial/src/net/sf/
orcc/tutorial/utils) and added to the project.

Source actor is a counter which produces a continuous sequence of numbers. Parameters can be
specified for the starting number (default is 1) and the counter upper bound (default is 10). To know
how to do that, see 5.4.4.4.

Printer prints all the consumed tokens to the console. The name can be specified for each instance.
That is useful when there are several of them printing to the same console simultaneously.

The network can be created as indicated in 5.3.

After adding instances of actors ID, Source and Printer, the Source output should be connected to the
ID input, and the ID output to the Printer input.

Note that it is possible to drag-and-drop an actor file from the Project explorer pane to the XDF network
diagram to add an instance of an actor.

Now the example can be run as described in 5.3 and the result can be seen in the console (see Figure 19).
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Figure 19 — Simulation of a simple network of actors in ORCC

5.4.4 Other simple actors

54.4.1 Add

The next example shows how to make an actor which will be as simple as ID but at the same time will
perform a real manipulation on the data

package net.sf.orcc.tutorial.SimpleActor;

actor Add () int Inl, int In2 ==> int Out :
action Inl: [a], In2: [b] ==> Out: [atb]
end

end

This package has two input ports separated by a comma, int In1, int In2, in the actor declaration.
Also, input pattern changed to In1: [a], In2: [b] which means that action will be fired only when both
ports, In1 and In2, have a valid data on their inputs. Consumed tokens will then be assigned to a
and b, respectively. Moreover, this example clarifies the difference between input pattern and output
expression. Out: [a+b], the output expression, includes an actual expression (the sum of two variables),
which is calculated after the action is finished and the result is sent to the output port.

5.4.4.2 AddSeq

The example in 5.4.4.1 consumes two tokens from two input ports. The following example shows how
to add two values with only one input port.

package net.sf.orcc.tutorial.SimpleActor;

actor AddSeq () int Inl ==> int Out :
action Inl: [a, b] ==> Out: [atb]
end

end
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