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Welcome
Welcome to BLADE//runner , arkona’s software-defined IP Core Routing & Processing Platform.
This documentation is designed for users and technicians, and covers installation and basic operation
principles.
For more information and regular product updates, please register at www.arkonatech.com.

Marginal Notes

The following symbols are used to draw your attention to:

Points of clarification

Useful tips and short cuts.

Warnings - alert you when an action should always be observed

Recommendations for action

https://www.arkonatech.com/
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Important Safety Instructions

Please read and observe ALL of the following notes:

■ Check all of the hardware devices for transport damage.
■ Any devices showing signs of mechanical damage or damage from the spillage of liquids MUST

NOT be connected to the mains supply or disconnected from the mains immediately by pulling
out the power lead.

■ All devices MUST be grounded by use of grounded main connection.
■ All devices MUST be connected to the mains using the three cord power leads supplied with

the system. Only supply electrical interfaces with the voltages and signals described in these
instructions.
■ CAUTION: For continued protection against risk of fire, replace only with same type and
rating of power supply units.

■ DO NOT use the system at extreme temperatures. Proper operation can only be guaranteed
between temperatures of 0 C and 35 C and a maximum relative humidity < 90%.

■ DO NOT expose devices to liquids which may drip or splash.
■ DO NOT place objects filled with liquids, such as vases, upon a device.
■ Exposure to excessive sound pressure levels can lead to impaired hearing and cause damage
to the ear.

■ Servicing of components inside a device MUST only be carried out by qualified service personnel
according to the following guidelines:
■ Before removing parts of the casing, shields, etc. the device MUST be switched off and
disconnected from all mains.

■ Components that carry heavy electrical loads, such as power transistors and resistors,
DC/DC converters and FPGAs should NOT be touched until cool to avoid burns.

■ Servicing unprotected powered devices may only be carried out by qualified service personnel
at their own risk. The following instructions MUST be observed:
■ NEVER touch bare wires or circuitry.
■ Use insulated tools ONLY.
■ DO NOT touch metal casings as they can bear high voltages.
■ NEVER touch cooler parts after removing a blade from the frame

■ This equipment has provisions to install Class 1 Laser transceivers that provide optical coupling
to communication network, Once a Class 1 laser product is installed, the equipment is a Class
1 Laser Product (Appareil à Laser de Class 1). It emits invisible laser radiation that may lead
to eye injury.
■ NEVER look directly into optical components or optical fiber cables or view directly with
optical instruments.

■ Keep optical components closed by protection plugs when unused.
■ For your safety connect all fiber cables first before turning on the equipment.
■ The customer is responsible for selecting and installing the Class 1 laser transceiver and
for insuring that the Class 1 AEL (Allowable Emission Limit) per EN/IEC 60825-1, CSA
E60825-1, and Code of Federal Regulations 21 CFR 1040 is not exceeded after the laser
transceivers have been installed. DO NOT install laser products whose class rating is
greater than 1. Refer to all safety instructions that accompanied the transceiver prior to
installation. Only Class 1 laser devices certified for use in the country of installation by the
cognizant agency are to be utilized in this product.

■ Use only BLADE//runner processing blades and rear modules or V_matrix processing blades
and rear modules with BLADE//runner frames or V_matrix frames!

■ If a slot isn’t equipped with a module, it has to be closed with a corresponding blanking/blind
plate.
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Defective Parts/Modules

- BLADE//runner contains no user serviceable parts. Therefore DO NOT open the devices other
than to perform the procedures described in this manual. - In the event of a hardware defect,
please send the system component to your local service representative together with a detailed
description of the fault. We would like to remind you to please check carefully whether the failure
is caused by erroneous configuration, operation or connection before sending parts for repair. We
recommend contacting our service department before sending parts for repair. - If a slot isn’t
equipped with a module, it has to be closed with a corresponding blanking/blind plate.

First Aid (in the case of electric shock)

- DO NOT touch the person or his/her clothing before power is turned off, otherwise you risk
sustaining an electric shock yourself. - Separate the person as quickly as possible from the electric
power source as follows: - Switch off the equipment. - Unplug or disconnect the mains cable. -
Move the person away from the power source by using dry insulating material (such as wood or
plastic). - If the person is unconscious: - Check their pulse and reanimate if their respiration
is poor. - Lay the body down and turn it to one side. Call for a doctor immediately. - Having
sustained an electric shock, ALWAYS consult a doctor.

Electromagnetic Compatibility

This is a class A device. This equipment may cause interference in a residential installation. In
this case the user is encouraged to perform appropriate measures to correct the interference.

If a slot isn’t equipped with a module, it has to be closed with a corresponding blanking/blind
plate to ensure safety, EMI and cooling.
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Overview
This chapter provides an overview of BLADE//runner and its key features:

■ Hardware (Modules)
■ Basic Frames
■ Frame Front View
■ Blade Front Panel
■ Frame Rear View
■ Rear IO Modules
■ Rear IO Modules Overview
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Hardware (Modules)

Basic Frames

FR_1RU up to two processing and io module slots each
FR_2RU up to five processing and io module slots each
FR_2RU_LN up to two processing and io module slots each
FR_3RU up to eight processing and io module slots each

PSUs

PSU_AC/DC_B1100W (Default) front psu slots
PSU_AC/DC_B1500W (Optional) front psu slots
PSU_AC/DC_M1500W (Optional) front psu slots

Design Front Sets

DF_1RU for FR_1RU frame
DF_2RU for FR_2RU and FR_2RU_LN frame
DF_3RU for FR_3RU frame

Modules

AT300 front processing module slots
IO_BNC_11+11 rear io module slots
IO_BNC_16+16 rear io module slots
IO_BNC_16 rear io module slots
IO_MSC2 rear io module slots
IO_MGMT rear managment module slot (behind PSUs)

The IO_BNC_11+11 module is no longer manufactured.

Air Guides

Short air guide (Default) required for FR_2RU_LN frame
Long air guide (Optional) useable in FR_1RU, FR_2RU and FR_3RU frames
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Basic Frames Overview

FR_1RU

Figure 1 FR_1RU Front

Figure 2 FR_1RU Rear

FR_2RU / FR_2RU_LN

Figure 3 FR_2RU Front

Figure 4 FR_2RU Rear

Figure 5 FR_2RU_LN Front1

Figure 6 FR_2RU_LN Rear

1 The low-noise version (FR_2RU_LN) offers up to two processing and io module slots each and has additional fans on the upper
level
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3RU

Figure 7 3RU Front

Figure 8 3RU Rear
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Frame Front View

Figure 9 Frame Front View (FR_2RU)

Blade Front Panel See chapter Blade Front Panel

Power Supplies (PSUs) Redundant Power Supply (2 slots), only one is required for operation
(Hot-Swappable)

Earth Screw For connection to a protective earth

ALWAYS use a grounded power connection to prevent the device from being grounded via other
signal connections.
If the device is connected to more than 20 other devices, i.e. more than 20 copper I/O connections,
it must be connected to an additional solid protective earth via the earth screw.
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Blade Front Panel

Figure 10 AT300 Front Panel

AT300:

QSFP28 2x 100Gb Ethernet ports. Can operate in redundant or discrete mode.
Activity LED per port with status indication:
Off No QSFP module present
Green Port is active
Flashing Green Port has network traffic
Red Port is inactive

USB-C MGMT Port Outband front management port, use a USB-C to RJ45 Ethernet adapter
see arkona technologies GitHub - IP Setup

Status LED Indicates the system status, green/yellow/red; flashing phase PTP syn-
chronized, can be manually set to blue for searching a blade

Console Port For admin/debug purposes only; also used for neighborhood watching
see arkona technologies GitHub - Serial Connection

Air Inlets Two fans per processing blade, required airflow more than 52cbm/h, airflow
direction front to rear

DO NOT block or cover air inlets at the front side and DO NOT restrict air supply at the front
side as to do so will prevent efficient cooling. DO NOT block or cover air outlet at the rear side
and DO NOT restrict air flow at the rear side.
If a slot isn’t equipped with a module, it has to be closed with a corresponding blanking/blind
plate to ensure safety, EMI and cooling! Ensure no airflow short between inlet & outlet.

https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/ip.md
https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/serial-connection.md
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Frame Rear View

Figure 11 Frame Rear Ports (FR2_RU)

IO_MGMT MGMT Port: 1x 1GbE out-of-band management port (RJ45 or SFP)
which allows access to all processing blades in a frame
Analog Ref: 1x micro-BNC analog video reference input (and 1x micro-
BNC loopback) available to all processing blades in a frame (or individually
per rear io module if supported, see IO_BNC_16 and IO_MSC2)

IO_BNC_11+11 11x micro-BNC input up to 12G/UHD SDI, 11x micro-BNC output up
to 12G/UHD SDI

IO_BNC_16+16 16x micro-BNC input up to 12G/UHD SDI, 16x micro-BNC output up
to 12G/UHD SDI

IO_BNC_16 16x micro-BNC bidirectional io’s up to 12G/UHD SDI, 1x micro-BNC
analog video reference in (and 1x micro-BNC loopback)

IO_MSC2 10x micro-BNC bidirectional io’s up to 12G/UHD SDI, 1x micro-BNC
analog video reference in (and 1x micro-BNC loopback), 3x dual micro-
BNC analog video reference out, 1x SMA GPS antenna input and 3x
micro-BNC wordclock out

The micro-BNC io’s can be operated in SDI [UHD (12G & 6G), FHD (3G), HD (1.5G), SD
(270M)] or MADI mode.
The IO_BNC_11+11 module is no longer manufactured.
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Rear IO Modules
IO_BNC_11+11
Note: This module is no longer manufactured.
This rear module has 11 reclocked micro-BNC inputs and 11 reclocked micro-BNC outputs and
supports SDI for UHD (12G & 6G), FHD (3G), HD (1.5G), SD (270M) as well as MADI. Up to 2
UHD quad-split inputs are also possible for select ports, please look at Rear IO Modules Overview.
All outputs are capable of UHD quad-split output and the AT300 will automatically align the four
quad-link signals on the output.

Figure 12 IO_BNC_11+11

IO_BNC_16+16
This rear module has 16 reclocked micro-BNC inputs and 16 reclocked micro-BNC outputs and
supports SDI for UHD (12G & 6G), FHD (3G), HD (1.5G), SD (270M) as well as MADI. Up to 4
UHD quad-split inputs are also possible for select ports, please look at Rear IO Modules Overview.
All outputs are capable of UHD quad-split output and the AT300 will automatically align the four
quad-link signals on the output.

Figure 13 IO_BNC_16+16

IO_BNC_16
This rear module has 16 bi-directional configurable reclocked micro-BNC sockets and supports SDI
for UHD (12G & 6G), FHD (3G), HD (1.5G), SD (270M) as well as MADI. Up to 4 UHD quad-split
inputs are also possible for select ports, please look at Rear IO Modules Overview. All outputs are
capable of UHD quad-split output and the AT300 will automatically align the four quad-link signals
on the output. It also features an analog video reference port with loopback, which provides an input
for Bi-/Tri-level signals for synchronization.

Figure 14 IO BNC 16
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IO_MSC2
The IO_MSC2 rear module is specifically designed for the PTP Grandmaster and MasterClock option.
It provides 10 bi-directional configurable reclocked micro-BNC sockets and supports SDI for UHD
(12G & 6G), FHD (3G), HD (1.5G), SD (270M) as well as MADI. Up to 2 UHD quad-split inputs
are also possible for select ports, please look at Rear IO Modules Overview. All outputs are
capable of UHD quad-split output and the AT300 will automatically align the four quad-link signals
on the output. In addition it provides a dedicated GPS/GLONASS antenna input (SMA socket) and
3 micro-BNC word-clock outputs. 6 micro-BNC sockets in 3 groups provide Bi-/Tri-level outputs for
up to 3 different timing offsets and standards. It also features an analog video reference port with
loopback, which provides an input for Bi-/Tri-level signals for synchronization.

Figure 15 IO_MSC2

IO_MGMT
All frames can optionally be equipped with the IO_MGMT rear module. This provides a 1GbE
management port (RJ45 or SFP) that connects to all blades in the frame, simplifying out-of-band
control. It also features an analog video reference port with loopback, which provides an input for
Bi-/Tri-level signals for synchronization. Mounted in the slot directly behind the front accessible power
supplies it connects to all blades in the frame and provides a convenient centralized out-of-band and
video reference location.

Figure 16 IO_MGMT

In-band control is available on either of the two 100GbE interfaces of each AT300 processing
blade.
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Rear IO Modules Overview
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Installation & Configuration
This chapter covers the hardware installation of BLADE//runner and the configuration of your control
computer, network and other settings.

■ Important Notes
■ Packaging & Shipping
■ Environmental Data
■ Computer System Requirements
■ Installation Checklist
■ QSFP28 Module Installation
■ Frame Installation
■ Blade Installation
■ Frame Dimensions
■ Temperature & Cooling Airflow
■ Grounding & Power
■ Powering On
■ Network Connection
■ PC IP Configuration
■ Default addresses
■ Web Browser Control
■ Troubleshooting the Connection
■ Software Update
■ Manual Configuration
■ Scripted Configuration
■ Telemetry package
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Important Notes

Weblinks

For the latest infos, news and updates look at our Homepage or GitHub repositories.
Homepape (www.arkonatech.com)

■ Software Releases

■ Documentation

GitHub (www.github.com/arkona-technologies)

■ User Guides

■ IP Setup

■ Serial Connection

■ Software Update

https://www.arkonatech.com/
https://www.dropbox.com/sh/n3r3r82n2ud4efq/AAD-xbu_FJFUnCNFruxnfMKBa?st=ghz5xj52&dl=0
https://www.dropbox.com/sh/6clz6m9ajtu6zes/AAALJy1cusRCB68pV97Ta9eoa?dl=0
https://github.com/arkona-technologies/
https://github.com/arkona-technologies/blade-runner-user-guides
https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/ip.md
https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/serial-connection.md
https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/software-update.md
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Packaging and Shipping

In case of further shipping or return shipping, please ensure that frames are packed and shipped
separately without modules and power supplies, using the original packaging. See the pictures
below for example/reference.
The processing, io modules and power supplies must also be packaged and shipped separately,
using the original packaging and outer packaging (including shock-absorbing filling material).
For shipping, it is also recommended to place/secure all packaging on pallets.

Figure 18 Frame Packaging
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Environmental Data

IP Interfaces

Gigabit Ethernet 1x RJ45 or SFP central rear management port (IO_MGMT);
1x USB-C based Ethernet front management port (per AT300)

2x 100Gb Ethernet
IEEE802.3

2x QSFP28 slots (max 5W each) per AT300

Protocols IPv4/IPv6; IEEE1588 PTPv2 (ordinary clock);
IGMPv2&v3/MLD, tagged VLAN, multicast & unicast

USB Interfaces

USB 1x micro-USB serial console port and 1x USB-C port (5V / max 0.9A)
per AT300

GPS Antenna Interfaces

GPS 1x SMA socket (3.3V / max 100mA) for GPS antenna input per IO_MSC2

Indicators

2x Power-Status per power supply unit

1x Module-Status per AT300

1x QSFP-Status per QSFP28 per AT300

1x PPS via serial console port per AT300 (requires special cable)

Management and Monitoring

Protocols HTTP(S), SNMPv2/3, Syslog, websocket/JSON, RESTful API, NMOS
IS-04/IS-05, Ember+

User interface Embedded HTML5 user interface

Dedicated mgmt. port
per module

front management port (USB-C);
outband vs. inband management;
guaranteed min. bandwidth for inband management/control egress;
all parallel

Dedicated mgmt. port
per frame

rear management port (RJ45/SFP) through IO_MGMT module
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Environmental Specifications

remark: Many of the following values/numbers depend on formats, standards, application modes
and also configuration related.

Operating temperature Ambient temperature range
FR_1RU 0°C - +35°C / +32°F - +95°F2

FR_2RU
FR_3RU
FR_2RU_LN 0°C - +40°C / +32°F - +104°F2

Storage temperature -20°C - +70°C

Relative humidity < 90% non-condensing

Altitude < 3000m / 9,000ft3

Noise emission Measured when fully populated with AT300s at 23℃ ambient temperature
FR_1RU 71dB +/- 3dB
FR_2RU 75dB +/- 3dB
FR_3RU 79dB +/- 3dB
FR_2RU_LN 46dB +/- 3dB

Airflow max 76cbm/h per AT300

Safety & EMC CB | CE | NRTL
IEC 62368-1: 2014 | EN IEC 62368-1:2014+A11:2017 | BS EN IEC
62368-1+A11:2020 | DS EN IEC 62368-1:2014 | CSA/UL 62368-1:2014 |
J62368-1:2020 | AS/NZS 62368-1:2018
FCC, ISED | KC | VCCI, JEITA
FCC 47 CFR part 15, class A | ICES-003:2020 Issue 7
CISPR 32:2015, class A | VCCI 32-1:2016 | JIS C 61000-3-2:2019 | CISPR
35:2016 | EN 55035:2017 +A11:2020

additionally for IO_MSC2:
FCC, ISED / KC / RCM
FCC part 15, class B / ICES-003:2020 Issue 7, class B
EN 301 489-19 V2.1.1 :2019 / EN 301 489-19 V2.2.3 :2019

2 prerequisite airflow more than 52cbm/h per AT300
3 altitude max. operating temperature derating of 1.0°C per 300m/900ft
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Power

Connector 2x IEC redundant

Consumption Frame typically under / not more than:
FR_1RU < 300W
FR_2RU < 700W
FR_3RU < 1100W
FR_2RU_LN < 300W

Consumption AT300 < 130W

per QSFP28 max 5W

Input Voltage

AC Nominal 100 - 240 VAC +/- 10%

AC frequency 50/60Hz +/- 5%

Mechanics

Frame Width 482mm / 19“ gross (incl. rack ears)

Frame Depth 535mm / 21“ net (without design front and excess length screws/handles)

Frame Height 3RU/2RU/1RU

Frame Weight basic frame with blanking/blind plates
(without design front / modules / power supplies)
FR_1RU 4.1kg
FR_2RU 6.5kg
FR_3RU 9.0kg
FR_2RU_LN 6.8kg

Power Supply (Weight) hot swappable, front side
PSU_AC/DC_B1100W 1.1kg
PSU_AC/DC_B1500W 1.2kg
PSU_AC/DC_M1500W 1.4kg

AT300 (Weight) hot swappable, front side, weight 1.2kg

IO Modules (Weight) hot swappable, rear side
IO_BNC_11+11 260g
IO_BNC_16+16 370g
IO_BNC_16 250g
IO_MSC2 320g
IO_MGMT 160g

Ventilation/Airflow airflow direction front to rear
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Computer System Requirements

To control parameters you will need an external computer, connected to BLADE//runner network
and running a web browser session or a control system application.

Installation Checklist

To get your system operational, please complete each of the following steps:

■ Unpack and check the contents of the shipping boxes, and in the event of any transport damage,
contact your local arkona representative.

■ Mount the frame and install the power supplies. See Frame Installation and Grounding &
Power.

■ Install the processing blades, io and management modules. See Blade Installation.
■ Insert the QSFP28 transceivers. Please take care not to mix up the transceiver types. See QSFP28

Module Installation.
■ Connect and turn on the power. See Grounding & Power.
■ Connect and configure the network connection to your computer.
■ Start a web browser session.
■ Check the software version and, if necessary, update your unit.
■ Connect the remaining video, audio and reference signals.
■ Configure the reference settings for your installation.

The rest of this chapter covers these steps in more detail.
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QSFP28 Module Installation

Recommended are optical 100GbE QSFP28 transceivers and/or 100GbE QSFP28 active optical cables
(AOC). Supported are transceivers with a electrical interface of CAUI-4 (IEEE 802.3bm) and max
5W per transceiver.

■ CAUI-4 is a 100 Gbit/s 4-lane electrical interface defined in IEEE 802.3bm with a nominal
signaling rate for each lane of 25.78125 GBd using NRZ modulation.

The customer is responsible for selecting and installing the Class 1 laser transceiver and for
insuring that the Class 1 AEL (Allowable Emission Limit) per EN/IEC 60825-1, CSA E60825-1,
and Code of Federal Regulations 21 CFR 1040 is not exceeded after the laser transceivers have
been installed. DO NOT install laser products whose class rating is greater than 1. Refer to
all safety instructions that accompanied the transceiver prior to installation. Only Class 1 laser
devices certified for use in the country of installation by the cognizant agency are to be utilized
in this product.

Frame Installation

BLADE//runner can be mounted either in a 19“ equipment rack or on a table top as follows:

■ 19“ Rack-Mounting - fix the rack-mounting brackets to the front of the chassis. Then attach to
a standard 19“ equipment rack. Please install a supporting rack mount kit to hold the weight of
the unit.

■ Table Top - the unit should be laid on a flat, horizontal surface.

Plug-in connectors are located at both the front and rear. Therefore, make sure that all connectors
are accessible. Especially when used as “Table Top” make sure that the power connectors are
easily accessible, so that in an emergency the power supply can be interrupted quickly and easily
(or use a suitable power switch/socket in between). For 19“ Rack-Mounting, it’s also recommended
to install a master system power switch.
When using 19“ racks with doors please leave enough space for the connectors, cables and air
circulation.

Device is foreseen for indoor use in dust-free ambiance and must be mounted horizontally.
DO NOT block or cover air inlets at the front side and DO NOT restrict air supply at the front
side as to do so will prevent efficient cooling. DO NOT block or cover air outlet at the rear side
and DO NOT restrict air flow at the rear side.
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Frame Dimensions

FR_1RU: Detailed pdf here

Figure 19 Frame FR_1RU Outline

https://www.dropbox.com/scl/fi/eubhft84p48h40i6y83jm/9-1100-330_FR_1RU_cpl-Outline.pdf?rlkey=7fs54hop9la4o724fb6bqjuaw&st=73bbxim0&dl=0
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FR_2RU: Detailed pdf here

Figure 20 Frame FR_2RU Outline

https://www.dropbox.com/scl/fi/nt2wqyrg7mjenfr5cqoks/9-1100-340_FR_2RU_cpl-Outline.pdf?rlkey=kcxvgzk0wuwpfhsq5gwbw9zqv&st=uosx7i2t&dl=0
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FR_2RU_LN: Detailed pdf here

Figure 21 Frame FR_2RU_LN Outline

Only two slots on the bottom row for processing blades and io modules each. Top row slots left &
right have fixed mounted additional fan units equipped for low-noise operation.

https://www.dropbox.com/scl/fi/i5215lpox14b36ts6hika/9-1100-360_FR_2RU_LN_cpl-Outline.pdf?rlkey=bhfeskvo3v1qfk0kuuqf9bqei&st=hm3o35zx&dl=0
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FR_3RU: Detailed pdf here

Figure 22 Frame FR_3RU Outline

https://www.dropbox.com/scl/fi/8jijsd8xcg78wmc6ccoqn/9-1100-350_FR_3RU_cpl-Outline.pdf?rlkey=tfhgfqo7zza1oi0vr722ol4fs&st=hqtrt2i9&dl=0
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Blade Installation

BLADE//runner frames are manufactured without EMI stripes in the processing slots (front
side). V_matrix frames are manufactured without EMI stripes in processing slots since mid 2022.
EMI stripes in processing slots of older V_matrix frames need to be removed before installing
AT300 processing blades/modules.

Air Guides

BLADE//runner comes with short air guides; long air guides are optional. Both air guide types have
specific use cases:

■ Short air guide (Default)
■ REQUIRED in FR_2RU_LN (low-noise) frames. The shorter air guide does not block air supply
from the additional fans above the processing blade/module slot.

■ Can be used in FR_1RU, FR_2RU and FR_3RU frames as well.

■ Long air guide (Optional)
■ For FR_1RU, FR_2RU, FR_3RU frames. Due to the longer guidance, the air reaches higher
speeds, resulting in better heat dissipation.

The short air guide is REQUIRED in FR_2RU_LN (low-noise) frames, DO NOT use long air
guides there!

Temperature and Cooling Airflow

The unit is equipped with two fans per processing blade and ventilation holes on the front and rear.
Proper operation is guaranteed between ambient temperatures of 0°C and 35°C and a maximum
relative humidity of < 90% non-condensing.
- required airflow more than 52 cbm/h per processing blade.
- airflow direction front to rear.

DO NOT block or cover air inlets at the front side and DO NOT restrict air supply at the front
side as to do so will prevent efficient cooling. DO NOT block or cover air outlet at the rear side
and DO NOT restrict air flow at the rear side.
If a slot isn’t equipped with a module, it has to be closed with a corresponding blanking/blind
plate to ensure safety, EMI and cooling! Ensure no airflow short between inlet & outlet.
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Grounding and Power

Figure 23 PSUs and Earth Screw

Grounding

BLADE//runner must be grounded via the 3-pin IEC power connectors of the power supplies and
also via the earth screw on the front of the unit.

■ IEC power connectors: 2x 3-pin IEC power connector of the power supplies, see next chapter
Power

■ Earth Screw: 1x for additional connection to a protective earth

The unit must be on the same potential as all other system devices.
ALWAYS use a grounded power connection to prevent the device from being grounded via other
signal connections.
If the device is connected to more than 20 other devices, i.e. more than 20 copper I/O connections,
it must be connected to an additional solid protective earth via the earth screw.
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Power

The device offers two power supplies (for redundancy):

■ Input Voltage: 2x auto sensing 100-240V AC power supply, 50/60Hz nominal
■ Power Consumption (Typical): FR_3RU < 1100W; FR_2RU < 700W;
FR_2RU_LN < 300W; FR_1RU < 300W

■ Connection: 2x IEC 60320 power connectors C13/C14 or C15/C16 (AC), see table below

DEFAULT 100 – 120VAC (50/60Hz) 200 – 240VAC (50/60Hz)
Type Output Power Input Current Output Power Input Current
PSU_AC/DC_B1100W
Bel Power PFE1100-12-054RA
Connector PSU: IEC 60320 C14

100V: 980W
110V: 1010W
120V: 1040W

12A 1080W 6A

Recommended
Power Cord/Cable

Connector: IEC 60320 C13
Cable: AWG 16 or 1.5mm²

Rated Voltage: min. 125VAC
Rated Current: min. 13A

Connector: IEC 60320 C13
Cable: AWG 18/17 or 1.0mm²
Rated Voltage: min. 250VAC
Rated Current: min. 10A

Note: IEC 60320 C13/C14 (up to 70°C)
International Rating (IEC): up to 250VAC / 10A
North America Rating (UL/CSA): up to 125/250VAC / 15A

OPTIONAL 100 – 120VAC (50/60Hz) 200 – 240VAC (50/60Hz)
Type Output Power Input Current Output Power Input Current
PSU_AC/DC_B1500W
Bel Power PFE1500-12-054RAC
Connector PSU: IEC 60320 C16

100/110V: 1200W
120V: 1260W

13A 1500W 8A

PSU_AC/DC_M1500W
muRata D1U54P-W-1500-12-HC3TC
Connector PSU: IEC 60320 C16

100V: 1260W
110/120V: 1400W

15A 1500W 8A

Recommended
Power Cord/Cable

Connector: IEC 60320 C15
Cable: AWG 14 or 2.5mm²

Rated Voltage: min. 125VAC
Rated Current: min. 15A

Connector: IEC 60320 C15
Cable: AWG 18/17 or 1.0mm²
Rated Voltage: min. 250VAC
Rated Current: min. 10A

Note: IEC 60320 C15/C16 (up to 120°C)
International Rating (IEC): up to 250VAC / 10A
North America Rating (UL/CSA): up to 125/250VAC / 15A

Only one supply is required to operate the system. For redundancy, connect both supplies, each
to a separate AC mains circuit. This will ensure continued operation if one of the mains circuits
fails.

Please observe all of the Safety Instructions BEFORE connecting power to the unit.
The device MUST be connected to the mains using a proper and certified IEC power cords.
When running with multiple mains supplies, make sure that both circuits lie on the same ground
potential. Otherwise, an internal bridge of two ground wires will lead to a ground loop!
ALWAYS use the same power supply type from the same manufacturer in one unit, DO NOT
mix them!
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Powering On

BLADE//runner has no on/off power switch, it starts automatically when either power supply is
connected to the mains. Please install a master system power switch where applicable or make sure
that all power connectors/cords are easy accessible, so that in an emergency the power supply can be
interrupted quickly and easily.
With the PSU connected to power, you will hear the fans begin to operate.
The system takes under a minute to boot from power on and loads the latest settings.

Processing Blade/Module Status LED
Indicates the system/operation status; flashing phase PTP synchronized, can be manually set to blue
for searching a blade/module.

Off No power
White Booting
Green OK/Normal
Blue Searching/Identify a processing blade
Yellow Warning
Red Alert

PSU 0 and PSU 1 LEDs

PSU_AC/DC_B1100W (Default)
AC LED
Off Power supply is inactive (no mains input or undervoltage)
Green Power supply is active (OK/Normal)
DC LED
Off Power supply is inactive (no mains input or undervoltage)
Green Power supply is active (OK/Normal)
Yellow or Blinking Abnormal, please look at power supply datasheet

PSU_AC/DC_B1500W (Optional)
PSU_AC/DC_M1500W (Optional)
OK / POWER LED
Off Power supply is inactive (no mains input or undervoltage)
Green Power supply is active (OK/Normal)
Blinking Power supply is inactive (PSU OFF)
FAIL / FAULT LED
Off No fault (OK/Normal)
Amber or Blinking Abnormal, please look at power supply datasheet
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Network Connection

To operate BLADE//runner via GUI from your PC, you will need to connect to BLADE//runner and
start a web browser session. The computer may connect either directly to the unit, or (more usually)
via a network switch or hub.

Direct

Figure 24 Direct Connection

Networked

Figure 25 Networked Connection

Outband management control of a AT300 blade can be done by connecting to the front management
port of a AT300 or by connecting to the rear management port via central management port of the
IO_MGMT module.
Inband management of a AT300 is possible via any 100GbE interface. IPv4 or IPv6 are supported.

As each interface is belonging to a separate namespace (behaves like separate own device), IP
addresses may be identical on different interfaces.
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PC IP Configuration

To establish network communication, you will need to configure the IP settings of your computer’s
Network Interface card and each BLADE//runner unit.
Once you have established a connection, you can configure the IP address.

Direct Connection

If your computer is connected directly to BLADE//runner , then configure your computer’s network
interface as follows:

■ IP Address - in the same range as that of the BLADE//runner network port.

For example, if the BLADE//runner IP Address is 172.16.1.4, then set your computer IP Address to
172.16.1.100.

■ Subnet Mask - identical to that of the BLADE//runner network port (default Subnet Mask =
255.255.0.0).

The screenshots on the next page demonstrate this procedure.

Connection via a Network Switch or Hub

In a networked installation, it is likely that you will be connecting multiple devices and/or computers.
Each device on the network requires a unique IP address which may be assigned either dynamically
(via DHCP) or statically (Static IP). Please consult your network administrator for details.

BLADE//runner supports DHCP (default) and Static IP addresses alternatively.
To change an IP address of BLADE//runner , connect your computer directly, start a web
browser session and configure the IP address.

Default addresses:

The rear management and the 100GbE ports are set to DHCP.
The USB-C front management port is set to 172.16.2.3 . The port is compatible with USB-C to
Ethernet adapters.

Look at chapter Serial Connection with a smartphone for information of identifying addresses
with your smartphone or go directly to our arkona github repository here.

https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/serial-connection.md
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Computer Network Interface IP Settings

The following screenshots demonstrate how to configure the IP settings in Windows, Mac OS X and
Ubuntu.

Figure 26 Windows: see www.microsoft.com

Figure 27 MAC OS X: see www.apple.com

http://www.microsoft.com
http://www.apple.com
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Figure 28 Ubuntu: Open Settings -> Network, click the gearwheel button and go to the IPv4 tab
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Web Browser Control

Having connected and configured the network connection between your computer and BLADE//run-
ner , you may open a web browser session to control the system’s parameters.
See Starting a Web Browser Session for details.

Troubleshooting the Connection

If the GUI does not appear, then please check the following:

■ URL Address - this must match that of the BLADE//runner system. See IP configuration.
■ Physical network connection - See Network Connection.
■ IP configuration - if you are connecting via a network switch or hub, then try a direct connection
to eliminate the network infrastructure. If the login screen still does not appear, then run a ping
test to check your network communication.

■ Firewall or Antivirus Software - some software may interfere with web browser communication.
Try disabling your Firewall and/or Antivirus to eliminate them as the cause of the problem.

If the login screen appears, but you are unable to login to BLADE//runner , then check that the
following options are enabled in your Web Browser’s settings:

■ Javascript
■ Websocket

PING Command

The PING command is a built-in function on Windows, Mac and Linux, that allows you to test whether
you have a valid network connection to and from any networked device.
Make sure that your computer is connected to the BLADE//runner ’s network port, and that you
have configured the IP settings of your computer’s Network Interface card. Then run the test:

■ On a Windows PC, select START -> Run... and type cmd into the Run window followed by
OK .

This opens the DOS command prompt window.
Alternatively:

■ On a Mac, open the Terminal program (found in the Applications -> Utilities folder).

■ Type the following to test the connection:

ping <ip address of BLADE//runner >

E.g.: IP is set to 172.16.1.4, then enter: ping 172.16.1.4

■ Press ENTER .

Your computer will now try to establish communication.

■ If the ping command fails, then the request will time out, and you will not receive any successful
packets.

Check your physical network connections, and also the IP settings on your computer’s network interface
card.

■ If the ping command is successful, then the result will show that the sent packets have been
successfully received.

https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/ip.md
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This confirms that the network communication is working. If your browser connection continues to
fail, check the URL address and/or disable any Firewall or Antivirus software.

Serial connection with a smartphone

If you can’t get access to a blade over its ethernet ports and need to show or configure its IP addresses,
you can connect through a serial connection using your android smartphone. You can find further
information on that here.

Next Steps

Having installed the unit and established web browser communication, it is a good idea to check
the software revision and, if necessary, perform a software update. The latest software revision is
available from our dropbox download page.
See Software Update for details.

https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/serial-connection.md
https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/software-update.md
https://www.dropbox.com/scl/fo/vc5qol2hqxa3w0ijazhtx/h?dl=0&rlkey=v86ued7aqwjbupriud1q0ec11
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Security

SSH Login

You access BLADE//runner via ssh from your PC as described below.
Default credentials are user= root and password= fisch .

Prerequisites:

Linux
Make sure that you have installed a ssh client software like openssh-client. You can check that by
opening a terminal and enter which ssh . If you get a print like /usr/bin/ssh you’re ready to go.
If you don’t get a response, you can install it with apt install openssh-client .
Mac
A ssh client is already installed in OS X, so you just need to follow the connection instructions.
Windows
Since Windows 10 1809, a openssh client is preinstalled on the system. If your system is older, you
can install a software like putty and follow their instructions on how to open a ssh connection.

Open connection

To connect to BLADE//runner via ssh:

■ open a terminal (or in windows a powershell) and
■ write: ssh root@<ip address of your BLADE//runner > .

■ On a new connection to a formerly unknown host device, you will be asked if you want to accept
the new connection.

■ On the password prompt, enter fisch to open a connection.

Access Control and User Authentication

To restrict which user can perform changes through HTTP or websocket connections to the system
state, you can activate access control by creating user accounts.
If no user accounts exist on a machine then access control is disabled.

Supported user roles

The following roles are currently checked:

■ read-write Allows modifying most of the system state except network configuration
■ net-admin Allows modifying the network configuration like IP addresses

Creating user accounts

To create a user account connect to the machine via SSH or using the serial console and execute the
following command:
vm-adduser USERNAME [ROLE ROLE ...]

When no roles are set for a user, then that user has read only access

https://www.putty.org/
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Creating a super user account

It is also possible to create a super user account:
vm-adduser USERNAME --all

HTTPS login and default access

Once user accounts exist all access to the machine requires a HTTPS basic auth login (the logged in
user is stored in the session).
Accessing BLADE//runner per browser will prompt a login window. You can logout with the button
on the right side of the navigation bar.

Figure 29 Navigation Bar - Logout

It is possible to allow access without login by enabling a default access:
vm-adduser --default [ROLE ROLE ...]

When no roles are specified the default is read only access

Deleting user accounts

To delete an user account or default setting you can use the following command:

vm-deluser --default
vm-deluser USERNAME

Preventing SSH login using the default Password

Enhance the security of your environment by disabling default SSH login by password authentica-
tion

To prevent someone from accessing the machine via SSH using the default password you should disable
password based SSH authentication:
disable_ssh_password.sh

This tool will update the sshd configuration file to only access public key based authentication (it will
warn when no authorized keys are installed). You need to reboot after making this change. Password
based login via the serial console will still be possible.
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SSL Certificates

To gain access to your machine over a SSL secured connection, you have to install a key and a certificate
in its filesystem.
To create and install a self-signed key and certificate with OpenSSL, open a terminal and create a new
key and certificate with:

openssl ecparam -name prime256v1 -genkey -noout -out key.pem
openssl req -new -x509 -key key.pem -out cert.pem -days 360

■ Modify the parameters, like key length or expiration time to match your needs. For more information,
have a look at the official openssl documentation

■ The keyfile has to be called “key.pem” and the certificate “cert.pem”
■ Copy the files to your machine: scp key.pem cert.pem root@<ip address of BLADE//runner >/config/httpd/
■ Reboot the machine
■ Open a browser session to your machine

■ If a warning about self-signed certificates shows up, you have to add an exception in your browser
■ Chrome / webkit browsers: click on the “advanced” button and then on “proceed to <ip address
of BLADE//runner > (unsafe)”

■ Firefox: click on the “advanced” button and then on “Accept the risk and continue”

Some functions of the landing page are only available on a secured connection (e.g. copy to
clipboard)

https://www.openssl.org/docs/
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Operation/Monitoring (Web Browser Control)
This chapter covers the operation of BLADE//runner from the web browser user interface.
Please check that your computer meets the recommended system requirements for web browser
control. We are assuming that you have powered on BLADE//runner , and established and
configured a network connection between BLADE//runner and your computer.

■ Operating Principles
■ Manual Configuration
■ Software Update
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Operating Principles

Starting a Web Browser Session

Having connected and configured the network connection between your computer and BLADE//run-
ner , you may open a web browser session to control the system’s parameters.

You may use any web browser which supports web worker, HTML5 and JSON. Please use the
latest revision of your browser for performance requirements.
Web browser applications can be downloaded, free of charge, from the relevant providers.

1.
Open your browser software, and enter the IP address of BLADE//runner into the URL field.
For example, if the unit is set to the IP address “172.16.1.4” you would type http://172.16.1.4 and
press Enter .
The browser connects and the “Landing Page” GUI appears:

Figure 30 Landing Page

If the page does not appear, please follow the steps described in the chapter Troubleshooting the
Connection.
If the browser loses its connection to BLADE//runner , then click on the browser’s Refresh button
to reconnect - you are returned to the status section. If the refresh does not work, then restart the
web browser and troubleshoot the connection.

http://172.16.1.4
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Menu Selection & Navigation

After accessing the GUI, you are presented with a horizontal navigation bar:

Figure 31 Landing Page - Navigation Bar

Depending on the selected app, there can be a different set of sections available. The persistent sections
with their basic functionality are listed below.

Status Live data of PTP, port status, fan speed and temperatures. A live view
panel with audio meters. Plus download links for external usage.

IP Address Overview of ports, defined IP addresses and port statistices. Plus LLDP
information.

Eth Stats Network traffic monitoring page per port

Rx Stats RTP sessions overview

Rx Traffic Video and audio receiver monitoring

Tx Traffic Video and audio transmitter monitoring

SDI SDI ports overview

3D LUTs Management of lut definition with cube file upload

Flows (in development) Assign inputs, outputs and processors like color correction, video mixer
etc per drag and drop

About Overview of general blade information, software changelog, copyright
licenses and frame overview with data shared by i2c

SW/Licenses Management of licenses and simple software update
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Status

Figure 32 Landing Page - Status Section

In the Status section, you have following elements:

■ PTP
■ PTP state
■ Genlock states
■ PTP clock

■ Offset
■ Local clock
■ Drift from master

■ Live View
■ Live view monitoring

■ Source selection
■ Play/pause
■ Video standard
■ LTC information

■ Peak meter with source selection
■ Temperatures

■ CPU
■ PSU 0 & 1
■ QSFP28 0 & 1
■ Fan intakes
■ FPGA core

■ Downloads
■ Nodejs modules vapi, vscript, vutil. For more information, see V//api
■ A vscode workspace template. For more information, see V//api
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IP Address

This subsection shows the IP settings of the network interfaces and LLDP neighbourhood information
if available.
It also shows the RxPower of the transmitters in dBm and microwatts.

Figure 33 Landing Page - IP Adresses Section
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About

This section shows information about installed Software-, Firmware- and FPGA-versions.

Figure 34 Landing Page - About Section

Advanced Settings

To open the advanced GUI, click the menu button in the navigation bar and the “Open Advanced
GUI”:

Figure 35 Advanced GUI

For more information about advanced settings menu, get started with the basic configuration
chapter and online information.
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Manual Configuration

Getting started with basic configuration. To start, open a browser session to BLADE//runner

Defining interfaces

Use the Advanced GUI:

■ Click on the menu button
■ Click on “Open Advanced GUI”
■ Click the “Edit” button in the top right corner
■ Click on the “System” row
■ Next to “select_fpga”, click on the three dots button and select an application
■ Selected vm_app and interface mode is shown in select_fpga field
■ Type reboot into reboot field and press return -key for execution
■ BLADE//runner reboots and loads specified application

or
Use the GUI menu (available in prerelease/debug versions):

■ Click on the menu button
■ Hover over the “Select App” dropdown and select an application
■ Under “partitions” click on the blue highlighted field to restart your application with the current

software or click on another partition field to start your selected application with another software
version.

Figure 36 Landing Page - Menu
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IP Configuration

As a simple example, if you want to disable DHCP and change the base IP address of port 0 (100GbE
port) to 172.16.1.4/16, open the advanced GUI and switch into edit mode by clicking the Edit button
in the top right corner of the advanced GUI page. Then follow the steps:

■ Open Network Interfaces
■ Open port 0
■ Open desired_configuration
■ Open base
■ Beneath dhcp click false and open ip_addresses
■ In the ip_address field, enter 172.16.1.4 and press Shift+Enter
■ In the prefix field, enter 16 and press Shift+Enter
■ Click Save interface
■ Reboot BLADE//runner

Figure 37 Advanced GUI - Network Interfaces: Change IP address

The embedded Linux system of BLADE//runner is using the namespace concept. This ensures
that each IP interface is completely separated and can be seen as an isolated virtual machine
which - for example - allows defining the same IP address settings on all interfaces.
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PTP Config

■ The BLADE//runner timing system is based on PTP clock
■ PTP clock can be driven by various time sources e.g. PTP flow agents, Analog Reference inputs,
RTP receivers recovered clocks, SDI inputs

■ Timesources can be combined via TimeFlows for various redundancy schemes
■ PTP flow agents (= listeners to PTP GM’s) can be created as required for redundancy and other
purposes e.g. testing, access to different time sources domain specific etc.

■ Redundancy scheme can be path redundancy or path and hardware redundancy or any combination
■ PTP flow agents can be setup in unicast/hybrid operation mode or multicast mode and work with
different domains

■ PTP clock can be operated in “LockToInput” mode or FreeRun (UseInternalOscillator or Disconnect)
■ PTP master operation is supported. For GPS antenna input IO_MSC is required.
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Software Update

To perform a software update you need to have connection to your blade and know its IP address. Per
default the network configuration is as enlisted below:

■ Front Port 0 (QSFP28 100Gbps)
■ DHCP

■ Front Port 1 (QSFP28 100Gbps)
■ DHCP

■ Mgmt Port 2 (Central management board on the rear of the frame; RJ45 1Gbps)
■ DHCP

■ Front Port 3 (USB-C 1Gbps)
■ 172.16.2.3/16

Accessing your blade

You can access your blade by:
Connecting via Port 0-2 (if IP is unknown, look at chapter Serial Connection with a smartphone
or go directly to our arkona github repository here for information of identifying addresses with your
smartphone)

or
Plugging in a USB-C to Ethernet adapter to the front USB-C port and connect to its fixed IP address
“172.16.2.3”.

If you connect to the front port with its fixed IP address, don’t forget to adjust the settings of
your PC to be in the same subnet. For example, set a fixed IP like “172.16.2.4” with the subnet
mask “255.255.0.0”.

https://github.com/arkona-technologies/blade-runner-user-guides/blob/main/setup/serial-connection.md
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Install new software

■ Open a browser and go to http://<IP of your blade> to open the landing page.
■ Click on the SW/licenses button in the menu.

Figure 38 Landing Page - SW/Licenses Section

■ Click the big blue field below “Software Update” to select or drag and drop an installer file from
your desktop into it to upload the installer file.

Figure 39 Landing Page - uploading new software

■ When the upload has finished, a popup will appear with a download button for a full settings
backup of your blade.

Figure 40 Landing Page - download settings

■ Afterwards you can read through the changelogs and start the installation by clicking the green
button.
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Figure 41 Landing Page - changelog

Notifications

If your browser has a internet connection, the GUI will check for available updates and if so enlist
them in the notifications list:

Figure 42 Landing Page - Notifications
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Concepts

Get further information for the following topics in the Help Section of the Advanced Settings Page:

■ API
■ Websocket Native Command Interface

■ Timing
■ Fundamental Clocks
■ Time Sources
■ Time Flows

■ RTP Receiver
■ Sessions
■ Switching Modes
■ SDP Interpretation
■ Stream Sharing

■ WebUI
■ MultiEdit
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Tools

Vscript API

V//api
For advanced scripting functionalities, you can also download a docker container of the V//api package
which will provide you with a node.js API to the WebSocket interface of BLADE//runner . It relies on
the Typescript language and can be used with any Typescript-aware editor, e.g. Visual Studio Code.
The version of V//script contained within this Docker image is similarly structured, but backwards-
incompatible and not yet supported by the Web UI’s recording functionality. It is, however, robust
enough for production use, and offers major correctness and productivity improvements over the
previous version. Early adopters are thus encouraged to use this image as their starting point for new
developments.
The advantages of this approach will quickly become apparent in a TypeScript-aware editor, as
TypeScript will not allow you to misspell p_t_p_flows or agents , nor will it allow you to read a
keyword named stat or stote . It will also know that the variable state can only hold one of
the 5 fixed strings “Inactive”, “Listening”, “Passive”, “Slave” or “Master” and make sure that this
invariant is respected in all further operations.

Figure 43 API integrated with Visual Studio
Code - showing possible functionality suggestions

Please go to the Docker Hub for further information and instructions.

https://hub.docker.com/r/arkonatechnologies/vscript
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Set up a workspace with VAPI and VSCode

For a coding / scripting environment, linux is recommended.

Linux/Unix

The following description is for a ubuntu based distro, it may differ for other operating systems.
1.

Download the .deb installer for VSCode from code.visualstudio.com (or for more advanced users,
download the floss project codium from vscodium.com)

Figure 44 Download Visual Studio Code

2.
Install the package by opening the .deb installer and following the instructions

■ if you prefer the terminal, install with dpkg -i <.deb installer file>

https://code.visualstudio.com
https://vscodium.com/
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3.
Open the landing page of a AT300 in your browser and download the workspace template package
linked in the “web downloads” element

Figure 45 Download workspace template

4.
Extract the workspace-template.tar.gz file by double-clicking

■ or in the terminal with: tar -xf workspace-template.tar.gz

Figure 46 Extract workspace template

5.
Open VSCode and go to the menu: File -> Open Folder and select the extracted workspace
template folder

6.
If you don’t have nodejs installed yet,

■ Enter apt-get install nodejs npm
■ For easy nodejs version management, you can install tools like “nvm” or “n”
■ For “n”, enter sudo npm i -g n . For more information, go to npmjs.com: n

■ Now you can easily install nodejs versions. To get the latest lts version, enter: n lts
■ For more information, go to linuxize.com: how to install nodejs on ubuntu

7.
Follow further instructions in this video

https://www.npmjs.com/package/n
https://linuxize.com/post/how-to-install-node-js-on-ubuntu-22-04/
https://www.dropbox.com/s/dry3xkbyg70pf58/VAPI_tutorial.mp4?dl=0
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Windows

1.
Download and install the installer for VSCode from code.visualstudio.com (or for more advanced
users, download the floss project codium from vscodium.com)

Figure 47 Download Visual Studio Code

2.
Open the landing page of a AT300 in your browser and download the workspace template package
linked in the “web downloads” element

3.
Extract the workspace-template.tar.gz with a software like winrar or 7zip

4.
Open VSCode and go to the menu: File -> Open Folder and select the extracted workspace
template folder

6.
If you don’t have nodejs installed yet, download and install it from nodejs.org

7.
Follow further instructions in this video

https://code.visualstudio.com
https://vscodium.com/
https://nodejs.org
https://www.dropbox.com/s/dry3xkbyg70pf58/VAPI_tutorial.mp4?dl=0
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Figure 48 Download workspace template
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Monitoring

Telemetry package

V//telemetry

What is this?

This image allows you to monitor all operational parameters exposed by the arkona BLADE//runner ,
and stream the results to an influxDB database for further analysis or interactive visual inspection.

Where do I get it from?

To download the docker image, please install docker-ce and docker-compose first and pull the im-
age with the docker command: docker pull arkonatechnologies/vtelemetry2 . If you want to use
podman, pull the image from the docker.io hub : podman pull docker.io/arkonatechnologies/vtelemetry2 .

How do I set it up?

There are two ways of setup, manually or with an existing template. For a fresh start, beginning with
our template is the recommended way as it will handle some necessary setup steps on its own. For
more information on the templates, jump to “I do not have a preexisting setup, but would like
to try this anyway”

Manually

The container is configured by environment variables defined on container start as shown in the example
below:
docker run -d \

-e MACHINES=172.16.4.10,172.16.4.20,172.16.4.30 \
-e BLACKLIST='\.audio\.signals,\.output\.signals,\.user_labels,

\.monitoring_objects\.audio,software_update,audio_source_slices,peak_meter' \
-e WHITELIST='p_t_p,genlock,system' \
-e INFLUX_API=2 \
-e DB_HOST=192.168.1.23 \
-e DB_PORT=8086 \
-e DB_USER=user \
-e DB_PASSWORD=password \
-e DB_ORG=myorganization \
-e DB_BUCKET=main_db \
-e DB_NAME=main_db \
-e DB_TOKEN='<token created in influxDB>' \
-e VERBOSITY=1 \

arkonatechnologies/vtelemetry2

Machines

Decide on the list of machines you wish to monitor and enter their respective IP addresses. For example,
if you wish to monitor three BLADE//runner blades running at 172.16.4.10 , 172.16.4.20 ,
172.16.4.30 , the environment variable should look like:
-e MACHINES=172.16.4.10,172.16.4.20,172.16.4.30

Every machine may be monitored through any of its IP addresses (i.e., whether you choose to use
a management port or one of the 100GbE ports is irrelevant). Should you have requested multiple

https://docs.docker.com/desktop/install/ubuntu/
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connections to the same blade by mistake, V//telemetry will tell you about the offending IP address(-es)
and exit.

Whitelist / Blacklist

To monitor everything BLADE//runner has to offer, you may simply omit the BLACKLIST and
WHITELIST variables. However, this will likely log large amounts of irrelevant information such as
peak meter levels, and thus place an unnecessarily high burden on your database server.
To only monitor those parts of the state you are actually interested in, set BLACKLIST to a list
of comma-separated regular expressions (using JavaScript syntax). Those will be matched against
every keyword’s entire path <keyword_list>.<keyword_name> , and anything that matches will be
ignored. For most use cases, the following is a good default to begin with:

-e BLACKLIST='\.audio\.signals,\.output\.signals,\.user_labels,
\.monitoring_objects\.audio,software_update,audio_source_slices,peak_meter'

You may also use WHITELIST to re-include state parts that had previously been excluded by
BLACKLIST. For example, the easiest way to log everything under PTP and Genlock but nothing
else would be to set BLACKLIST=.* (i.e., skip everything) and WHITELIST=p_t_p,genlock .

I wish to use this with a preexisting influxdb/Grafana setup

Fill in all fields starting with DB_ according to your particular influxdb setup. For example, if you
wish to log to a database named main_db on an influxdb server at IP address 192.168.1.23, using
the default port of 8086, username user and password password, the config file should now look as
follows:
docker run -d \

-e MACHINES=172.16.4.10,172.16.4.20,172.16.4.30 \
-e BLACKLIST='\.audio\.signals,\.output\.signals,\.user_labels,

\.monitoring_objects\.audio,software_update,audio_source_slices,peak_meter' \
-e WHITELIST='p_t_p,genlock,system' \
-e INFLUX_API=2 \
-e DB_HOST=192.168.1.23 \
-e DB_PORT=8086 \
-e DB_USER=user \
-e DB_PASSWORD=password \
-e DB_ORG=myorganization \
-e DB_BUCKET=main_db \
-e DB_NAME=main_db \
-e DB_TOKEN='<token created in influxDB>' \
-e VERBOSITY=1 \

arkonatechnologies/vtelemetry2

InfluxDB v1.8 support

The vtelemetry package can also still be used with influxDB v1.8. Just change following variables:

■ Change INFLUX_API=2 to INFLUX_API=1
■ No need for DB_BUCKET=<bucket name>
■ No need for DB_TOKEN=<influx token>
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I do not have a preexisting setup, but would like to try this anyway

To get your feet wet with an example setup of influxdb, grafana and vtelemetry, you either need to
install the docker engine or podman with podman-compose first.

The following setup has been tested on ubuntu 22.04 and ubuntu on wsl (linux on windows). The
docker-compose file has been successfully tested with:

■ docker (v23) with docker compose (v2)
■ podman (v4.4.4) and podman-compose (v1.0.6)

This example serves as a quick start to get telemetry up and running, you are free to modify
configuration for your needs.

We offer two quick templates for you:
A small stack with vtelemetry, grafana and a in-
fluxDB version 1 here, containing:
- an influxDB1 container
- a grafana container
- a vtelemetry container
It has no further dependencies than having a
docker or podman installation running
It can be started with the docker compose com-
mand.

Or a bigger stack with vtelemetry, grafana, in-
fluxDB version 2, loki and rsyslog here, contain-
ing:
- an influxDB2 container
- a grafana container
- a vtelemetry container
- a loki container
- a promtail container
- a setup script
In addition to docker/podman, this template re-
quires the apt package manager or a preexisting
rsyslog installation.
The setup script in this template will try to install
and configure rsyslog on the host machine. After-
wards it goes through the necessary steps to set
the container stack up. InfluxDB2 uses generated
tokens for authorization, the script will run the
database container first and create a token. This
read-write token will be shown in the output and
also written to the .env file in the folder. In the
last step the environment variables in the .env file
will be used to set all containers up. Including
data connections in grafana.
If the prerequisites are fulfilled, you only have
to set variables in the .env file (especially IPs of
blades) and start the script.

Follow the readme on the page you’re choosing to install the stack on your host.
or

if you want to just handle the compose file yourself, download the docker-compose file from here, edit
it and start the stack using the following command (non-rootless installation may need to be started
with sudo!):

docker compose -f docker-compose.yml up

https://docs.docker.com/desktop/install/ubuntu/
https://docs.docker.com/desktop/install/ubuntu/
https://podman.io/getting-started/installation
https://github.com/containers/podman-compose
https://github.com/arkona-technologies/telemetry-template
https://github.com/arkona-technologies/telemetry-template/tree/v2
https://www.dropbox.com/s/m3ax3ocllzphhb8/docker-compose.yml?dl=0
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■ Go to your InfluxDB in a browser instance: http://localhost:8086
■ Create a token which needs read and write permissions for your database main_db.
■ Copy the token and enter in the docker-compose file in the DB_TOKEN entry for the vtelemetry
container.

■ Restart the docker compose setup with docker compose -f docker-compose.yml up -d . Vteleme-
try should now be able to send data to influxDB. The -d argument starts containers in the
background. You can check your running containers with docker ps

■ Navigate to http://localhost:3000 using a browser of your choice. You should be presented
with the following login screen:

Figure 49 Grafana Login Screen

■ Enter username test , password test and click on Log In .
■ Now, add your InfluxDB as a data source (see grafana reference)
■ In the settings screen, fill in the following fields:

HTTP

■ URL: http://localhost:8086

Custom HTTP Headers -> Add Header

■ Header: Authorization
■ Value: Token <your InfluxDB token>

InfluxDB Details

■ Database= bladerunner

■ User= influxdbuser

■ Password= influxdbpassword

■ Click Save & Test and make sure Grafana tells you that the data source is working.

Figure 50 Database check on save

■ Click on Explore in the left toolbar (compass icon).
■ Click on the measurements button, you should now see a popup menu with a wealth of items to
choose from.

https://docs.influxdata.com/influxdb/v2.7/security/tokens/create-token/#Copyright
https://grafana.com/docs/grafana/latest/datasources/influxdb/
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■ Enter system and set field to temperature.cpu .
■ Group the resulting data by IP address and set the displayed measurement interval to at least 15
minutes (in the top right corner of the screen). If only one blade had been monitored, something
like the following might show up:

Figure 51 Grafana Explore - Measurements Dropdown

Figure 52 Grafana Explore - Query

Where do I go from here?

Play around with the Explore section and maybe set up a few dashboards. If you like what you
see, you may now wish to consult the official influxdb documentation on how to set up a properly
configured server. At the very least, please make sure to set up a retention policy as influxdb
will otherwise keep inflating its database until your storage medium signals surrender.

https://docs.influxdata.com/influxdb/v1.7/guides/downsampling_and_retention/
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Hardware requirements

The hardware requirements for vtelemetry depend on the setup of vtelemetry, especially the number
of blades and the list of keywords being monitored. Including keywords that are by default excluded
by the blacklist, like peak meters, will result in huge data loads with questionable purpose.
It furthermore depends on how long the data has to be stored, 7d of data (default configuration) of
~45 blades results in ~1TB of data. There are possibilities in the database to reduce that load by
downsample older data, like adding a recursing task with something like the following:

Figure 53 Downsampling data in influxDB

// Task Options
option task = {name: "downsample", every: 8h}

// Defines a data source
data =

from(bucket: "bladerunner")
|> range(start: -duration(v: int(v: task.every) * 2))

// |> filter(fn: (r) => r._measurement == "mem")
data

// Windows and aggregates the data in to 1h averages
|> aggregateWindow(fn: last, every: 10m)
// Stores the aggregated data in a new bucket
|> to(bucket: "downsampled", org: "influxdborg")

Also, querying the data in a non-wasteful way is often more important than further optimizing the
collection process. Unspecific queries for a long time period can result in request timeouts or even an
unresponsive PC. Best way to do queries is to be as specific as possible. This is even more important
when there’s not plenty of RAM in which the database usually caches data.

For detailed information, always consider reading through the documentation of InfluxDB.

TL;DR
As a very rough recommendation there are two scenarios:

■ Small installations like up to 8 blades with the default configuration can be monitored by a mid
range PC, roughly: { cpu: i5/Ryzen 5, ram: 16GB RAM, disk: SSD }.

■ Bigger installations like up to ~40 blades or more* with the default configuration can be monitored
by a higher range PC (i7/i9/Ryzen 5/Ryzen 7, 64GB RAM, SSD raid) . It scales better with
more cores/threads than pure clock speed. 64GB of RAM are not needed, but 32GB could be right
at the edge without any in-mem handling for the database, and therefore not recommended for
that scenario.

https://docs.influxdata.com/influxdb/v2/
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*Not having the possibility to test telemetry with more blades than being installed in our lab, the
numbers are to be handled with caution. The lab has around 45 blades running, all being monitored
on one server (32 core EPYC, 192GB RAM, SSD raid), data stored for 7d plus downsampled data for
a year,plus some other data and services with a load of 30GB RAM used, 140GB RAM cached for
influx, 30% CPU in average.

Caveats

Even with a lot of optimizations, the huge amount of data being written to the database in very
short time periods could lead to problems if multiple data batches want to to write at the exact same
time to the database. To resolve issues like that, consider looking for a database clustering or other
optimizations.



M
on

ito
rin

g
| T

ele
m

et
ry

pa
ck

ag
e

72



Techdata
and

Appendices
|

Telem
etry

package
73

Techdata and Appendices
■ IPGR Datasheet (available online)
■ Declaration of Conformity
■ SNMP MIB file for BLADE//runner (available online)
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IPGR Datasheet

IPGR Datasheet (available online)

SNMP MIB File

SNMP MIB file for BLADE//runner (available online)

Declaration of Conformity

https://www.dropbox.com/sh/cirblkckwdxuscc/AAAz3pOQYEv-BynOwpnfH6coa?dl=0
https://www.dropbox.com/s/n7isgchth3phibb/BladeRunner.mib?dl=0
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Licenses
BLADE//runner is a trademark of arkona technologies GmbH.

BLADE//runner hardware

Copyright (C) 2024 arkona technologies GmbH. All rights reserved.

BLADE//runner software applications

Copyright (C) 2024 arkona technologies GmbH. All rights reserved.

BLADE//runner BSP

BLADE//runner Board Support Package (BSP)
Copyright (C) 2024 arkona technologies GmbH, Pengutronix e.K.
This program is free software: you can redistribute it and/or modify it under the terms of the applicable
individual software package license which are either the GNU General Public License as published
by the Free Software Foundation, either version 2 or 3 of the License, or (at your option) any later
version or the GNU Lesser General Public License as published by the Free Software Foundation,
either version 2 or 3 of the License, or (at your opinion) any later version.
This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;
without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE. See the GNU General Public License for more details.
You should have received a copy of the GNU General Public License along with this program. If not,
see GNU licenses.
Source code and list of applicable licenses are available for download at arkona technologies -
Downloads.
For further information, visit arkonatech.com or us per email at contact@arkonatech.com or per
mail:

arkona technologies GmbH
Im Leuschnerpark 4
64347, Griesheim

Germany

https://www.gnu.org/licenses/
https://www.arkona-technologies.de/downloads/
https://www.arkona-technologies.de/downloads/
https://www.arkonatech.com
mailto:contact@arkonatech.com
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V_matrix is a trademark of Lawo AG.

Copyright Information

Manufactured under license from arkona technologies GmbH. All rights reserved.
© arkona technologies GmbH, 2023

V_matrix software applications

Copyright (C) 2023 arkona technologies GmbH. All rights reserved.

VM software applications

Copyright (C) 2023 arkona technologies GmbH. All rights reserved.

V_matrix hardware and software are designed, developed, tested, qualified and certified by arkona
technologies GmbH. All rights reserved.
Manufacturing, sales and installation of V_matrix ecosystem is licensed to LAWO AG under OEM
license agreement with exclusivity for the Broadcast-Area; exclusivity did end on December 31st 2023.
BLADE//runner software is backward compatible to V_matrix hardware.
BLADE//runner frames are designed, developed, tested, qualified and certified to host all BLADE//run-
ner processing blades and rear plates as well as V_matrix processing blades and rear plates.
BLADE//runner frames are compatible to licensed V_matrix frame versions.
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V_script software MIT license

V_script software MIT license
Copyright (c) 2023 arkona technologies GmbH. All rights reserved
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the “Software”), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to
the following conditions:
The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.
THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL
THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR
OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
OTHER DEALINGS IN THE SOFTWARE.
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GPL

GPLv2

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston,
MA 02110-1301 USA Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your freedom to share and change it. By
contrast, the GNU General Public License is intended to guarantee your freedom to share and change
free software–to make sure the software is free for all its users. This General Public License applies
to most of the Free Software Foundation’s software and to any other program whose authors commit
to using it. (Some other Free Software Foundation software is covered by the GNU Lesser General
Public License instead.) You can apply it to your programs, too.
When we speak of free software, we are referring to freedom, not price. Our General Public Licenses
are designed to make sure that you have the freedom to distribute copies of free software (and charge
for this service if you wish), that you receive source code or can get it if you want it, that you can
change the software or use pieces of it in new free programs; and that you know you can do these
things.
To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or to
ask you to surrender the rights. These restrictions translate to certain responsibilities for you if you
distribute copies of the software, or if you modify it.
For example, if you distribute copies of such a program, whether gratis or for a fee, you must give
the recipients all the rights that you have. You must make sure that they, too, receive or can get the
source code. And you must show them these terms so they know their rights.
We protect your rights with two steps: (1) copyright the software, and (2) offer you this license which
gives you legal permission to copy, distribute and/or modify the software.
Also, for each author’s protection and ours, we want to make certain that everyone understands that
there is no warranty for this free software. If the software is modified by someone else and passed on,
we want its recipients to know that what they have is not the original, so that any problems introduced
by others will not reflect on the original authors’ reputations.
Finally, any free program is threatened constantly by software patents. We wish to avoid the danger
that redistributors of a free program will individually obtain patent licenses, in effect making the
program proprietary. To prevent this, we have made it clear that any patent must be licensed for
everyone’s free use or not licensed at all.
The precise terms and conditions for copying, distribution and modification follow.

GNU GENERAL PUBLIC LICENSE

TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION
0. This License applies to any program or other work which contains a notice placed by the copyright
holder saying it may be distributed under the terms of this General Public License. The “Program”,
below, refers to any such program or work, and a “work based on the Program” means either the
Program or any derivative work under copyright law: that is to say, a work containing the Program
or a portion of it, either verbatim or with modifications and/or translated into another language.
(Hereinafter, translation is included without limitation in the term “modification”.) Each licensee is
addressed as “you”.
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Activities other than copying, distribution and modification are not covered by this License; they are
outside its scope. The act of running the Program is not restricted, and the output from the Program
is covered only if its contents constitute a work based on the Program (independent of having been
made by running the Program). Whether that is true depends on what the Program does.
1. You may copy and distribute verbatim copies of the Program’s source code as you receive it, in
any medium, provided that you conspicuously and appropriately publish on each copy an appropriate
copyright notice and disclaimer of warranty; keep intact all the notices that refer to this License and
to the absence of any warranty; and give any other recipients of the Program a copy of this License
along with the Program.
You may charge a fee for the physical act of transferring a copy, and you may at your option offer
warranty protection in exchange for a fee.
2. You may modify your copy or copies of the Program or any portion of it, thus forming a work
based on the Program, and copy and distribute such modifications or work under the terms of Section
1 above, provided that you also meet all of these conditions:
a) You must cause the modified files to carry prominent notices stating that you changed the files and
the date of any change.
b) You must cause any work that you distribute or publish, that in whole or in part contains or is
derived from the Program or any part thereof, to be licensed as a whole at no charge to all third
parties under the terms of this License.
c) If the modified program normally reads commands interactively when run, you must cause it, when
started running for such interactive use in the most ordinary way, to print or display an announcement
including an appropriate copyright notice and a notice that there is no warranty (or else, saying that
you provide a warranty) and that users may redistribute the program under these conditions, and
telling the user how to view a copy of this License. (Exception: if the Program itself is interactive but
does not normally print such an announcement, your work based on the Program is not required to
print an announcement.)
These requirements apply to the modified work as a whole. If identifiable sections of that work are
not derived from the Program, and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those sections when you distribute them
as separate works. But when you distribute the same sections as part of a whole which is a work based
on the Program, the distribution of the whole must be on the terms of this License, whose permissions
for other licensees extend to the entire whole, and thus to each and every part regardless of who wrote
it.
Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely
by you; rather, the intent is to exercise the right to control the distribution of derivative or collective
works based on the Program.
In addition, mere aggregation of another work not based on the Program with the Program (or with a
work based on the Program) on a volume of a storage or distribution medium does not bring the other
work under the scope of this License.
3. You may copy and distribute the Program (or a work based on it, under Section 2) in object code
or executable form under the terms of Sections 1 and 2 above provided that you also do one of the
following:
a) Accompany it with the complete corresponding machine-readable source code, which must be
distributed under the terms of Sections 1 and 2 above on a medium customarily used for software
interchange; or,
b) Accompany it with a written offer, valid for at least three years, to give any third party, for a charge
no more than your cost of physically performing source distribution, a complete machine-readable copy
of the corresponding source code, to be distributed under the terms of Sections 1 and 2 above on a
medium customarily used for software interchange; or,
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c) Accompany it with the information you received as to the offer to distribute corresponding source
code. (This alternative is allowed only for noncommercial distribution and only if you received the
program in object code or executable form with such an offer, in accord with Subsection b above.)
The source code for a work means the preferred form of the work for making modifications to it. For
an executable work, complete source code means all the source code for all modules it contains, plus
any associated interface definition files, plus the scripts used to control compilation and installation of
the executable. However, as a special exception, the source code distributed need not include anything
that is normally distributed (in either source or binary form) with the major components (compiler,
kernel, and so on) of the operating system on which the executable runs, unless that component itself
accompanies the executable.
If distribution of executable or object code is made by offering access to copy from a designated place,
then offering equivalent access to copy the source code from the same place counts as distribution of
the source code, even though third parties are not compelled to copy the source along with the object
code.
4. You may not copy, modify, sublicense, or distribute the Program except as expressly provided under
this License. Any attempt otherwise to copy, modify, sublicense or distribute the Program is void, and
will automatically terminate your rights under this License. However, parties who have received copies,
or rights, from you under this License will not have their licenses terminated so long as such parties
remain in full compliance.
5. You are not required to accept this License, since you have not signed it. However, nothing else
grants you permission to modify or distribute the Program or its derivative works. These actions
are prohibited by law if you do not accept this License. Therefore, by modifying or distributing the
Program (or any work based on the Program), you indicate your acceptance of this License to do so,
and all its terms and conditions for copying, distributing or modifying the Program or works based on
it.
6. Each time you redistribute the Program (or any work based on the Program), the recipient
automatically receives a license from the original licensor to copy, distribute or modify the Program
subject to these terms and conditions. You may not impose any further restrictions on the recipients’
exercise of the rights granted herein. You are not responsible for enforcing compliance by third parties
to this License.
7. If, as a consequence of a court judgment or allegation of patent infringement or for any other reason
(not limited to patent issues), conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of
this License. If you cannot distribute so as to satisfy simultaneously your obligations under this License
and any other pertinent obligations, then as a consequence you may not distribute the Program at
all. For example, if a patent license would not permit royalty-free redistribution of the Program by all
those who receive copies directly or indirectly through you, then the only way you could satisfy both
it and this License would be to refrain entirely from distribution of the Program.
If any portion of this section is held invalid or unenforceable under any particular circumstance, the
balance of the section is intended to apply and the section as a whole is intended to apply in other
circumstances.
It is not the purpose of this section to induce you to infringe any patents or other property right claims
or to contest validity of any such claims; this section has the sole purpose of protecting the integrity of
the free software distribution system, which is implemented by public license practices. Many people
have made generous contributions to the wide range of software distributed through that system in
reliance on consistent application of that system; it is up to the author/donor to decide if he or she is
willing to distribute software through any other system and a licensee cannot impose that choice.
This section is intended to make thoroughly clear what is believed to be a consequence of the rest of
this License.
8. If the distribution and/or use of the Program is restricted in certain countries either by patents or
by copyrighted interfaces, the original copyright holder who places the Program under this License
may add an explicit geographical distribution limitation excluding those countries, so that distribution
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is permitted only in or among countries not thus excluded. In such case, this License incorporates the
limitation as if written in the body of this License.
9. The Free Software Foundation may publish revised and/or new versions of the General Public
License from time to time. Such new versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.
Each version is given a distinguishing version number. If the Program specifies a version number of
this License which applies to it and “any later version”, you have the option of following the terms and
conditions either of that version or of any later version published by the Free Software Foundation.
If the Program does not specify a version number of this License, you may choose any version ever
published by the Free Software Foundation.
10. If you wish to incorporate parts of the Program into other free programs whose distribution
conditions are different, write to the author to ask for permission. For software which is copyrighted by
the Free Software Foundation, write to the Free Software Foundation; we sometimes make exceptions
for this. Our decision will be guided by the two goals of preserving the free status of all derivatives of
our free software and of promoting the sharing and reuse of software generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPTWHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EX-
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,
REPAIR OR CORRECTION.
12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR RE-
DISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARIS-
ING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUS-
TAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE
WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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GPLv3

GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <https://fsf.org/> Everyone is permitted to
copy and distribute verbatim copies of this license document, but changing it is not allowed.

Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.
The licenses for most software and other practical works are designed to take away your freedom to
share and change the works. By contrast, the GNU General Public License is intended to guarantee
your freedom to share and change all versions of a program–to make sure it remains free software for
all its users. We, the Free Software Foundation, use the GNU General Public License for most of our
software; it applies also to any other work released this way by its authors. You can apply it to your
programs, too.
When we speak of free software, we are referring to freedom, not price. Our General Public Licenses
are designed to make sure that you have the freedom to distribute copies of free software (and charge
for them if you wish), that you receive source code or can get it if you want it, that you can change
the software or use pieces of it in new free programs, and that you know you can do these things.
To protect your rights, we need to prevent others from denying you these rights or asking you to
surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software,
or if you modify it: responsibilities to respect the freedom of others.
For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on
to the recipients the same freedoms that you received. You must make sure that they, too, receive or
can get the source code. And you must show them these terms so they know their rights.
Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the
software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify
it.
For the developers’ and authors’ protection, the GPL clearly explains that there is no warranty for this
free software. For both users’ and authors’ sake, the GPL requires that modified versions be marked
as changed, so that their problems will not be attributed erroneously to authors of previous versions.
Some devices are designed to deny users access to install or run modified versions of the software
inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim
of protecting users’ freedom to change the software. The systematic pattern of such abuse occurs in
the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore,
we have designed this version of the GPL to prohibit the practice for those products. If such problems
arise substantially in other domains, we stand ready to extend this provision to those domains in
future versions of the GPL, as needed to protect the freedom of users.
Finally, every program is threatened constantly by software patents. States should not allow patents to
restrict development and use of software on general-purpose computers, but in those that do, we wish
to avoid the special danger that patents applied to a free program could make it effectively proprietary.
To prevent this, the GPL assures that patents cannot be used to render the program non-free.
The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS

0. Definitions.
“This License” refers to version 3 of the GNU General Public License.
“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor
masks.

https://fsf.org/
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“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed
as “you”. “Licensees” and “recipients” may be individuals or organizations.
To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright
permission, other than the making of an exact copy. The resulting work is called a “modified version”
of the earlier work or a work “based on” the earlier work.
A “covered work” means either the unmodified Program or a work based on the Program.
To “propagate” a work means to do anything with it that, without permission, would make you directly
or secondarily liable for infringement under applicable copyright law, except executing it on a computer
or modifying a private copy. Propagation includes copying, distribution (with or without modification),
making available to the public, and in some countries other activities as well.
To “convey” a work means any kind of propagation that enables other parties to make or receive copies.
Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.
An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a
convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2)
tells the user that there is no warranty for the work (except to the extent that warranties are provided),
that licensees may convey the work under this License, and how to view a copy of this License. If the
interface presents a list of user commands or options, such as a menu, a prominent item in the list
meets this criterion.
1. Source Code.
The “source code” for a work means the preferred form of the work for making modifications to it.
“Object code” means any non-source form of a work.
A “Standard Interface” means an interface that either is an official standard defined by a recognized
standards body, or, in the case of interfaces specified for a particular programming language, one that
is widely used among developers working in that language.
The “System Libraries” of an executable work include anything, other than the work as a whole, that
(a) is included in the normal form of packaging a Major Component, but which is not part of that
Major Component, and (b) serves only to enable use of the work with that Major Component, or to
implement a Standard Interface for which an implementation is available to the public in source code
form. A “Major Component”, in this context, means a major essential component (kernel, window
system, and so on) of the specific operating system (if any) on which the executable work runs, or a
compiler used to produce the work, or an object code interpreter used to run it.
The “Corresponding Source” for a work in object code form means all the source code needed to
generate, install, and (for an executable work) run the object code and to modify the work, including
scripts to control those activities. However, it does not include the work’s System Libraries, or general-
purpose tools or generally available free programs which are used unmodified in performing those
activities but which are not part of the work. For example, Corresponding Source includes interface
definition files associated with source files for the work, and the source code for shared libraries and
dynamically linked subprograms that the work is specifically designed to require, such as by intimate
data communication or control flow between those subprograms and other parts of the work.
The Corresponding Source need not include anything that users can regenerate automatically from
other parts of the Corresponding Source.
The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.
All rights granted under this License are granted for the term of copyright on the Program, and are
irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited
permission to run the unmodified Program. The output from running a covered work is covered by this
License only if the output, given its content, constitutes a covered work. This License acknowledges
your rights of fair use or other equivalent, as provided by copyright law.
You may make, run and propagate covered works that you do not convey, without conditions so long as
your license otherwise remains in force. You may convey covered works to others for the sole purpose
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of having them make modifications exclusively for you, or provide you with facilities for running those
works, provided that you comply with the terms of this License in conveying all material for which
you do not control copyright. Those thus making or running the covered works for you must do so
exclusively on your behalf, under your direction and control, on terms that prohibit them from making
any copies of your copyrighted material outside their relationship with you.
Conveying under any other circumstances is permitted solely under the conditions stated below.
Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users’ Legal Rights From Anti-Circumvention Law.
No covered work shall be deemed part of an effective technological measure under any applicable law
fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such measures.
When you convey a covered work, you waive any legal power to forbid circumvention of technological
measures to the extent such circumvention is effected by exercising rights under this License with
respect to the covered work, and you disclaim any intention to limit operation or modification of the
work as a means of enforcing, against the work’s users, your or third parties’ legal rights to forbid
circumvention of technological measures.
4. Conveying Verbatim Copies.
You may convey verbatim copies of the Program’s source code as you receive it, in any medium,
provided that you conspicuously and appropriately publish on each copy an appropriate copyright
notice; keep intact all notices stating that this License and any non-permissive terms added in accord
with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all
recipients a copy of this License along with the Program.
You may charge any price or no price for each copy that you convey, and you may offer support or
warranty protection for a fee.
5. Conveying Modified Source Versions.
You may convey a work based on the Program, or the modifications to produce it from the Program,
in the form of source code under the terms of section 4, provided that you also meet all of these
conditions:
a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
b) The work must carry prominent notices stating that it is released under this License and any
conditions added under section 7. This requirement modifies the requirement in section 4 to “keep
intact all notices”.
c) You must license the entire work, as a whole, under this License to anyone who comes into possession
of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to
the whole of the work, and all its parts, regardless of how they are packaged. This License gives no
permission to license the work in any other way, but it does not invalidate such permission if you have
separately received it.
d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however,
if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work
need not make them do so.
A compilation of a covered work with other separate and independent works, which are not by
their nature extensions of the covered work, and which are not combined with it such as to form
a larger program, in or on a volume of a storage or distribution medium, is called an “aggregate”
if the compilation and its resulting copyright are not used to limit the access or legal rights of the
compilation’s users beyond what the individual works permit. Inclusion of a covered work in an
aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.
You may convey a covered work in object code form under the terms of sections 4 and 5, provided
that you also convey the machine-readable Corresponding Source under the terms of this License, in
one of these ways:
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a) Convey the object code in, or embodied in, a physical product (including a physical distribution
medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily
used for software interchange.
b) Convey the object code in, or embodied in, a physical product (including a physical distribution
medium), accompanied by a written offer, valid for at least three years and valid for as long as you
offer spare parts or customer support for that product model, to give anyone who possesses the object
code either (1) a copy of the Corresponding Source for all the software in the product that is covered
by this License, on a durable physical medium customarily used for software interchange, for a price
no more than your reasonable cost of physically performing this conveying of source, or (2) access to
copy the Corresponding Source from a network server at no charge.
c) Convey individual copies of the object code with a copy of the written offer to provide the
Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if
you received the object code with such an offer, in accord with subsection 6b.
d) Convey the object code by offering access from a designated place (gratis or for a charge), and
offer equivalent access to the Corresponding Source in the same way through the same place at no
further charge. You need not require recipients to copy the Corresponding Source along with the
object code. If the place to copy the object code is a network server, the Corresponding Source may
be on a different server (operated by you or a third party) that supports equivalent copying facilities,
provided you maintain clear directions next to the object code saying where to find the Corresponding
Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure
that it is available for as long as needed to satisfy these requirements.
e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the
object code and Corresponding Source of the work are being offered to the general public at no charge
under subsection 6d.
A separable portion of the object code, whose source code is excluded from the Corresponding Source
as a System Library, need not be included in conveying the object code work.
A “User Product” is either (1) a “consumer product”, which means any tangible personal property
which is normally used for personal, family, or household purposes, or (2) anything designed or sold
for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful
cases shall be resolved in favor of coverage. For a particular product received by a particular user,
“normally used” refers to a typical or common use of that class of product, regardless of the status of
the particular user or of the way in which the particular user actually uses, or expects or is expected to
use, the product. A product is a consumer product regardless of whether the product has substantial
commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of
use of the product.
“Installation Information” for a User Product means any methods, procedures, authorization keys, or
other information required to install and execute modified versions of a covered work in that User
Product from a modified version of its Corresponding Source. The information must suffice to ensure
that the continued functioning of the modified object code is in no case prevented or interfered with
solely because modification has been made.
If you convey an object code work under this section in, or with, or specifically for use in, a User
Product, and the conveying occurs as part of a transaction in which the right of possession and use
of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of
how the transaction is characterized), the Corresponding Source conveyed under this section must be
accompanied by the Installation Information. But this requirement does not apply if neither you nor
any third party retains the ability to install modified object code on the User Product (for example,
the work has been installed in ROM).
The requirement to provide Installation Information does not include a requirement to continue to
provide support service, warranty, or updates for a work that has been modified or installed by the
recipient, or for the User Product in which it has been modified or installed. Access to a network may
be denied when the modification itself materially and adversely affects the operation of the network or
violates the rules and protocols for communication across the network.
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Corresponding Source conveyed, and Installation Information provided, in accord with this section
must be in a format that is publicly documented (and with an implementation available to the public
in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.
“Additional permissions” are terms that supplement the terms of this License by making exceptions
from one or more of its conditions. Additional permissions that are applicable to the entire Program
shall be treated as though they were included in this License, to the extent that they are valid under
applicable law. If additional permissions apply only to part of the Program, that part may be used
separately under those permissions, but the entire Program remains governed by this License without
regard to the additional permissions.
When you convey a copy of a covered work, you may at your option remove any additional permissions
from that copy, or from any part of it. (Additional permissions may be written to require their own
removal in certain cases when you modify the work.) You may place additional permissions on material,
added by you to a covered work, for which you have or can give appropriate copyright permission.
Notwithstanding any other provision of this License, for material you add to a covered work, you may
(if authorized by the copyright holders of that material) supplement the terms of this License with
terms:
a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this
License; or
b) Requiring preservation of specified reasonable legal notices or author attributions in that material
or in the Appropriate Legal Notices displayed by works containing it; or
c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of
such material be marked in reasonable ways as different from the original version; or
d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service
marks; or
f) Requiring indemnification of licensors and authors of that material by anyone who conveys the
material (or modified versions of it) with contractual assumptions of liability to the recipient, for any
liability that these contractual assumptions directly impose on those licensors and authors.
All other non-permissive additional terms are considered “further restrictions” within the meaning of
section 10. If the Program as you received it, or any part of it, contains a notice stating that it is
governed by this License along with a term that is a further restriction, you may remove that term.
If a license document contains a further restriction but permits relicensing or conveying under this
License, you may add to a covered work material governed by the terms of that license document,
provided that the further restriction does not survive such relicensing or conveying.
If you add terms to a covered work in accord with this section, you must place, in the relevant source
files, a statement of the additional terms that apply to those files, or a notice indicating where to find
the applicable terms.
Additional terms, permissive or non-permissive, may be stated in the form of a separately written
license, or stated as exceptions; the above requirements apply either way.
8. Termination.
You may not propagate or modify a covered work except as expressly provided under this License.
Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights
under this License (including any patent licenses granted under the third paragraph of section 11).
However, if you cease all violation of this License, then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some
reasonable means prior to 60 days after the cessation.
Moreover, your license from a particular copyright holder is reinstated permanently if the copyright
holder notifies you of the violation by some reasonable means, this is the first time you have received
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notice of violation of this License (for any work) from that copyright holder, and you cure the violation
prior to 30 days after your receipt of the notice.
Termination of your rights under this section does not terminate the licenses of parties who have
received copies or rights from you under this License. If your rights have been terminated and not
permanently reinstated, you do not qualify to receive new licenses for the same material under section
10.
9. Acceptance Not Required for Having Copies.
You are not required to accept this License in order to receive or run a copy of the Program. Ancillary
propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to
receive a copy likewise does not require acceptance. However, nothing other than this License grants
you permission to propagate or modify any covered work. These actions infringe copyright if you do
not accept this License. Therefore, by modifying or propagating a covered work, you indicate your
acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.
Each time you convey a covered work, the recipient automatically receives a license from the original
licensors, to run, modify and propagate that work, subject to this License. You are not responsible for
enforcing compliance by third parties with this License.
An “entity transaction” is a transaction transferring control of an organization, or substantially all
assets of one, or subdividing an organization, or merging organizations. If propagation of a covered
work results from an entity transaction, each party to that transaction who receives a copy of the work
also receives whatever licenses to the work the party’s predecessor in interest had or could give under
the previous paragraph, plus a right to possession of the Corresponding Source of the work from the
predecessor in interest, if the predecessor has it or can get it with reasonable efforts.
You may not impose any further restrictions on the exercise of the rights granted or affirmed under
this License. For example, you may not impose a license fee, royalty, or other charge for exercise
of rights granted under this License, and you may not initiate litigation (including a cross-claim or
counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering
for sale, or importing the Program or any portion of it.
11. Patents.
A “contributor” is a copyright holder who authorizes use under this License of the Program or a
work on which the Program is based. The work thus licensed is called the contributor’s “contributor
version”.
A contributor’s “essential patent claims” are all patent claims owned or controlled by the contributor,
whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by
this License, of making, using, or selling its contributor version, but do not include claims that would
be infringed only as a consequence of further modification of the contributor version. For purposes of
this definition, “control” includes the right to grant patent sublicenses in a manner consistent with the
requirements of this License.
Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contribu-
tor’s essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.
In the following three paragraphs, a “patent license” is any express agreement or commitment, however
denominated, not to enforce a patent (such as an express permission to practice a patent or covenant
not to sue for patent infringement). To “grant” such a patent license to a party means to make such
an agreement or commitment not to enforce a patent against the party.
If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of
the work is not available for anyone to copy, free of charge and under the terms of this License, through
a publicly available network server or other readily accessible means, then you must either (1) cause
the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the
patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of
this License, to extend the patent license to downstream recipients. “Knowingly relying” means you
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have actual knowledge that, but for the patent license, your conveying the covered work in a country,
or your recipient’s use of the covered work in a country, would infringe one or more identifiable patents
in that country that you have reason to believe are valid.
If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by
procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving
the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered
work, then the patent license you grant is automatically extended to all recipients of the covered work
and works based on it.
A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits
the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically
granted under this License. You may not convey a covered work if you are a party to an arrangement
with a third party that is in the business of distributing software, under which you make payment to
the third party based on the extent of your activity of conveying the work, and under which the third
party grants, to any of the parties who would receive the covered work from you, a discriminatory
patent license (a) in connection with copies of the covered work conveyed by you (or copies made
from those copies), or (b) primarily for and in connection with specific products or compilations that
contain the covered work, unless you entered into that arrangement, or that patent license was granted,
prior to 28 March 2007.
Nothing in this License shall be construed as excluding or limiting any implied license or other defenses
to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others’ Freedom.
If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the
conditions of this License, they do not excuse you from the conditions of this License. If you cannot
convey a covered work so as to satisfy simultaneously your obligations under this License and any
other pertinent obligations, then as a consequence you may not convey it at all. For example, if you
agree to terms that obligate you to collect a royalty for further conveying from those to whom you
convey the Program, the only way you could satisfy both those terms and this License would be to
refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.
Notwithstanding any other provision of this License, you have permission to link or combine any
covered work with a work licensed under version 3 of the GNU Affero General Public License into a
single combined work, and to convey the resulting work. The terms of this License will continue to
apply to the part which is the covered work, but the special requirements of the GNU Affero General
Public License, section 13, concerning interaction through a network will apply to the combination as
such.
14. Revised Versions of this License.
The Free Software Foundation may publish revised and/or new versions of the GNU General Public
License from time to time. Such new versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.
Each version is given a distinguishing version number. If the Program specifies that a certain numbered
version of the GNU General Public License “or any later version” applies to it, you have the option of
following the terms and conditions either of that numbered version or of any later version published by
the Free Software Foundation. If the Program does not specify a version number of the GNU General
Public License, you may choose any version ever published by the Free Software Foundation.
If the Program specifies that a proxy can decide which future versions of the GNU General Public
License can be used, that proxy’s public statement of acceptance of a version permanently authorizes
you to choose that version for the Program.
Later license versions may give you additional or different permissions. However, no additional
obligations are imposed on any author or copyright holder as a result of your choosing to follow a later
version.
15. Disclaimer of Warranty.
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THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLIC-
ABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS
AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF
ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR-
POSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.
IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAWORAGREED TO INWRITINGWILL
ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING
ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO
LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY
OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.
If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect
according to their terms, reviewing courts shall apply local law that most closely approximates an
absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption
of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
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LGPL

LGPLv2.1

GNU LESSER GENERAL PUBLIC LICENSE
Version 2.1, February 1999

Copyright (C) 1991, 1999 Free Software Foundation, Inc. 51 Franklin Street, Fifth Floor, Boston, MA
02110-1301 USA Everyone is permitted to copy and distribute verbatim copies of this license document,
but changing it is not allowed.
[This is the first released version of the Lesser GPL. It also counts as the successor of the GNU Library
Public License, version 2, hence the version number 2.1.]

Preamble

The licenses for most software are designed to take away your freedom to share and change it. By
contrast, the GNU General Public Licenses are intended to guarantee your freedom to share and
change free software–to make sure the software is free for all its users.
This license, the Lesser General Public License, applies to some specially designated software packages–typically
libraries–of the Free Software Foundation and other authors who decide to use it. You can use it too,
but we suggest you first think carefully about whether this license or the ordinary General Public
License is the better strategy to use in any particular case, based on the explanations below.
When we speak of free software, we are referring to freedom of use, not price. Our General Public
Licenses are designed to make sure that you have the freedom to distribute copies of free software (and
charge for this service if you wish); that you receive source code or can get it if you want it; that you
can change the software and use pieces of it in new free programs; and that you are informed that you
can do these things.
To protect your rights, we need to make restrictions that forbid distributors to deny you these rights
or to ask you to surrender these rights. These restrictions translate to certain responsibilities for you
if you distribute copies of the library or if you modify it.
For example, if you distribute copies of the library, whether gratis or for a fee, you must give the
recipients all the rights that we gave you. You must make sure that they, too, receive or can get
the source code. If you link other code with the library, you must provide complete object files to
the recipients, so that they can relink them with the library after making changes to the library and
recompiling it. And you must show them these terms so they know their rights.
We protect your rights with a two-step method: (1) we copyright the library, and (2) we offer you this
license, which gives you legal permission to copy, distribute and/or modify the library.
To protect each distributor, we want to make it very clear that there is no warranty for the free library.
Also, if the library is modified by someone else and passed on, the recipients should know that what
they have is not the original version, so that the original author’s reputation will not be affected by
problems that might be introduced by others.
Finally, software patents pose a constant threat to the existence of any free program. We wish to make
sure that a company cannot effectively restrict the users of a free program by obtaining a restrictive
license from a patent holder. Therefore, we insist that any patent license obtained for a version of the
library must be consistent with the full freedom of use specified in this license.
Most GNU software, including some libraries, is covered by the ordinary GNU General Public License.
This license, the GNU Lesser General Public License, applies to certain designated libraries, and is
quite different from the ordinary General Public License. We use this license for certain libraries in
order to permit linking those libraries into non-free programs.
When a program is linked with a library, whether statically or using a shared library, the combination
of the two is legally speaking a combined work, a derivative of the original library. The ordinary
General Public License therefore permits such linking only if the entire combination fits its criteria of
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freedom. The Lesser General Public License permits more lax criteria for linking other code with the
library.
We call this license the “Lesser” General Public License because it does Less to protect the user’s
freedom than the ordinary General Public License. It also provides other free software developers Less
of an advantage over competing non-free programs. These disadvantages are the reason we use the
ordinary General Public License for many libraries. However, the Lesser license provides advantages
in certain special circumstances.
For example, on rare occasions, there may be a special need to encourage the widest possible use of a
certain library, so that it becomes a de-facto standard. To achieve this, non-free programs must be
allowed to use the library. A more frequent case is that a free library does the same job as widely used
non-free libraries. In this case, there is little to gain by limiting the free library to free software only,
so we use the Lesser General Public License.
In other cases, permission to use a particular library in non-free programs enables a greater number of
people to use a large body of free software. For example, permission to use the GNU C Library in
non-free programs enables many more people to use the whole GNU operating system, as well as its
variant, the GNU/Linux operating system.
Although the Lesser General Public License is Less protective of the users’ freedom, it does ensure
that the user of a program that is linked with the Library has the freedom and the wherewithal to run
that program using a modified version of the Library.
The precise terms and conditions for copying, distribution and modification follow. Pay close attention
to the difference between a “work based on the library” and a “work that uses the library”. The former
contains code derived from the library, whereas the latter must be combined with the library in order
to run.

GNU LESSER GENERAL PUBLIC LICENSE

TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION
0. This License Agreement applies to any software library or other program which contains a notice
placed by the copyright holder or other authorized party saying it may be distributed under the terms
of this Lesser General Public License (also called “this License”). Each licensee is addressed as “you”.
A “library” means a collection of software functions and/or data prepared so as to be conveniently
linked with application programs (which use some of those functions and data) to form executables.
The “Library”, below, refers to any such software library or work which has been distributed under
these terms. A “work based on the Library” means either the Library or any derivative work under
copyright law: that is to say, a work containing the Library or a portion of it, either verbatim or with
modifications and/or translated straightforwardly into another language. (Hereinafter, translation is
included without limitation in the term “modification”.)
“Source code” for a work means the preferred form of the work for making modifications to it. For a
library, complete source code means all the source code for all modules it contains, plus any associated
interface definition files, plus the scripts used to control compilation and installation of the library.
Activities other than copying, distribution and modification are not covered by this License; they are
outside its scope. The act of running a program using the Library is not restricted, and output from
such a program is covered only if its contents constitute a work based on the Library (independent
of the use of the Library in a tool for writing it). Whether that is true depends on what the Library
does and what the program that uses the Library does.
1. You may copy and distribute verbatim copies of the Library’s complete source code as you receive it,
in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate
copyright notice and disclaimer of warranty; keep intact all the notices that refer to this License and
to the absence of any warranty; and distribute a copy of this License along with the Library.
You may charge a fee for the physical act of transferring a copy, and you may at your option offer
warranty protection in exchange for a fee.
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2. You may modify your copy or copies of the Library or any portion of it, thus forming a work based
on the Library, and copy and distribute such modifications or work under the terms of Section 1 above,
provided that you also meet all of these conditions:
a) The modified work must itself be a software library.
b) You must cause the files modified to carry prominent notices stating that you changed the files and
the date of any change.
c) You must cause the whole of the work to be licensed at no charge to all third parties under the
terms of this License.
d) If a facility in the modified Library refers to a function or a table of data to be supplied by an
application program that uses the facility, other than as an argument passed when the facility is
invoked, then you must make a good faith effort to ensure that, in the event an application does not
supply such function or table, the facility still operates, and performs whatever part of its purpose
remains meaningful.
(For example, a function in a library to compute square roots has a purpose that is entirely well-
defined independent of the application. Therefore, Subsection 2d requires that any application-supplied
function or table used by this function must be optional: if the application does not supply it, the
square root function must still compute square roots.)
These requirements apply to the modified work as a whole. If identifiable sections of that work are
not derived from the Library, and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those sections when you distribute them
as separate works. But when you distribute the same sections as part of a whole which is a work based
on the Library, the distribution of the whole must be on the terms of this License, whose permissions
for other licensees extend to the entire whole, and thus to each and every part regardless of who wrote
it.
Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely
by you; rather, the intent is to exercise the right to control the distribution of derivative or collective
works based on the Library.
In addition, mere aggregation of another work not based on the Library with the Library (or with a
work based on the Library) on a volume of a storage or distribution medium does not bring the other
work under the scope of this License.
3. You may opt to apply the terms of the ordinary GNU General Public License instead of this License
to a given copy of the Library. To do this, you must alter all the notices that refer to this License, so
that they refer to the ordinary GNU General Public License, version 2, instead of to this License. (If a
newer version than version 2 of the ordinary GNU General Public License has appeared, then you can
specify that version instead if you wish.) Do not make any other change in these notices.
Once this change is made in a given copy, it is irreversible for that copy, so the ordinary GNU General
Public License applies to all subsequent copies and derivative works made from that copy.
This option is useful when you wish to copy part of the code of the Library into a program that is not
a library.
4. You may copy and distribute the Library (or a portion or derivative of it, under Section 2) in object
code or executable form under the terms of Sections 1 and 2 above provided that you accompany it
with the complete corresponding machine-readable source code, which must be distributed under the
terms of Sections 1 and 2 above on a medium customarily used for software interchange.
If distribution of object code is made by offering access to copy from a designated place, then offering
equivalent access to copy the source code from the same place satisfies the requirement to distribute
the source code, even though third parties are not compelled to copy the source along with the object
code.
5. A program that contains no derivative of any portion of the Library, but is designed to work with
the Library by being compiled or linked with it, is called a “work that uses the Library”. Such a work,
in isolation, is not a derivative work of the Library, and therefore falls outside the scope of this License.
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However, linking a “work that uses the Library” with the Library creates an executable that is a
derivative of the Library (because it contains portions of the Library), rather than a “work that uses
the library”. The executable is therefore covered by this License. Section 6 states terms for distribution
of such executables.
When a “work that uses the Library” uses material from a header file that is part of the Library, the
object code for the work may be a derivative work of the Library even though the source code is not.
Whether this is true is especially significant if the work can be linked without the Library, or if the
work is itself a library. The threshold for this to be true is not precisely defined by law.
If such an object file uses only numerical parameters, data structure layouts and accessors, and
small macros and small inline functions (ten lines or less in length), then the use of the object file is
unrestricted, regardless of whether it is legally a derivative work. (Executables containing this object
code plus portions of the Library will still fall under Section 6.)
Otherwise, if the work is a derivative of the Library, you may distribute the object code for the work
under the terms of Section 6. Any executables containing that work also fall under Section 6, whether
or not they are linked directly with the Library itself.
6. As an exception to the Sections above, you may also combine or link a “work that uses the Library”
with the Library to produce a work containing portions of the Library, and distribute that work under
terms of your choice, provided that the terms permit modification of the work for the customer’s own
use and reverse engineering for debugging such modifications.
You must give prominent notice with each copy of the work that the Library is used in it and that the
Library and its use are covered by this License. You must supply a copy of this License. If the work
during execution displays copyright notices, you must include the copyright notice for the Library
among them, as well as a reference directing the user to the copy of this License. Also, you must do
one of these things:
a) Accompany the work with the complete corresponding machine-readable source code for the Library
including whatever changes were used in the work (which must be distributed under Sections 1 and 2
above); and, if the work is an executable linked with the Library, with the complete machine-readable
“work that uses the Library”, as object code and/or source code, so that the user can modify the
Library and then relink to produce a modified executable containing the modified Library. (It is
understood that the user who changes the contents of definitions files in the Library will not necessarily
be able to recompile the application to use the modified definitions.)
b) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is
one that (1) uses at run time a copy of the library already present on the user’s computer system,
rather than copying library functions into the executable, and (2) will operate properly with a modified
version of the library, if the user installs one, as long as the modified version is interface-compatible
with the version that the work was made with.
c) Accompany the work with a written offer, valid for at least three years, to give the same user the
materials specified in Subsection 6a, above, for a charge no more than the cost of performing this
distribution.
d) If distribution of the work is made by offering access to copy from a designated place, offer equivalent
access to copy the above specified materials from the same place.
e) Verify that the user has already received a copy of these materials or that you have already sent
this user a copy.
For an executable, the required form of the “work that uses the Library” must include any data and
utility programs needed for reproducing the executable from it. However, as a special exception, the
materials to be distributed need not include anything that is normally distributed (in either source
or binary form) with the major components (compiler, kernel, and so on) of the operating system on
which the executable runs, unless that component itself accompanies the executable.
It may happen that this requirement contradicts the license restrictions of other proprietary libraries
that do not normally accompany the operating system. Such a contradiction means you cannot use
both them and the Library together in an executable that you distribute.
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7. You may place library facilities that are a work based on the Library side-by-side in a single library
together with other library facilities not covered by this License, and distribute such a combined library,
provided that the separate distribution of the work based on the Library and of the other library
facilities is otherwise permitted, and provided that you do these two things:
a) Accompany the combined library with a copy of the same work based on the Library, uncombined
with any other library facilities. This must be distributed under the terms of the Sections above.
b) Give prominent notice with the combined library of the fact that part of it is a work based on the
Library, and explaining where to find the accompanying uncombined form of the same work.
8. You may not copy, modify, sublicense, link with, or distribute the Library except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense, link with, or distribute
the Library is void, and will automatically terminate your rights under this License. However, parties
who have received copies, or rights, from you under this License will not have their licenses terminated
so long as such parties remain in full compliance.
9. You are not required to accept this License, since you have not signed it. However, nothing else
grants you permission to modify or distribute the Library or its derivative works. These actions are
prohibited by law if you do not accept this License. Therefore, by modifying or distributing the Library
(or any work based on the Library), you indicate your acceptance of this License to do so, and all its
terms and conditions for copying, distributing or modifying the Library or works based on it.
10. Each time you redistribute the Library (or any work based on the Library), the recipient
automatically receives a license from the original licensor to copy, distribute, link with or modify the
Library subject to these terms and conditions. You may not impose any further restrictions on the
recipients’ exercise of the rights granted herein. You are not responsible for enforcing compliance by
third parties with this License.
11. If, as a consequence of a court judgment or allegation of patent infringement or for any other reason
(not limited to patent issues), conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not excuse you from the conditions
of this License. If you cannot distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you may not distribute the Library
at all. For example, if a patent license would not permit royalty-free redistribution of the Library by
all those who receive copies directly or indirectly through you, then the only way you could satisfy
both it and this License would be to refrain entirely from distribution of the Library.
If any portion of this section is held invalid or unenforceable under any particular circumstance, the
balance of the section is intended to apply, and the section as a whole is intended to apply in other
circumstances.
It is not the purpose of this section to induce you to infringe any patents or other property right claims
or to contest validity of any such claims; this section has the sole purpose of protecting the integrity of
the free software distribution system which is implemented by public license practices. Many people
have made generous contributions to the wide range of software distributed through that system in
reliance on consistent application of that system; it is up to the author/donor to decide if he or she is
willing to distribute software through any other system and a licensee cannot impose that choice.
This section is intended to make thoroughly clear what is believed to be a consequence of the rest of
this License.
12. If the distribution and/or use of the Library is restricted in certain countries either by patents or
by copyrighted interfaces, the original copyright holder who places the Library under this License may
add an explicit geographical distribution limitation excluding those countries, so that distribution is
permitted only in or among countries not thus excluded. In such case, this License incorporates the
limitation as if written in the body of this License.
13. The Free Software Foundation may publish revised and/or new versions of the Lesser General
Public License from time to time. Such new versions will be similar in spirit to the present version,
but may differ in detail to address new problems or concerns.
Each version is given a distinguishing version number. If the Library specifies a version number of this
License which applies to it and “any later version”, you have the option of following the terms and
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conditions either of that version or of any later version published by the Free Software Foundation. If
the Library does not specify a license version number, you may choose any version ever published by
the Free Software Foundation.
14. If you wish to incorporate parts of the Library into other free programs whose distribution
conditions are incompatible with these, write to the author to ask for permission. For software which
is copyrighted by the Free Software Foundation, write to the Free Software Foundation; we sometimes
make exceptions for this. Our decision will be guided by the two goals of preserving the free status of
all derivatives of our free software and of promoting the sharing and reuse of software generally.

NO WARRANTY

15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PAR-
TIES PROVIDE THE LIBRARY “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EX-
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCE OF THE LIBRARY IS WITH YOU. SHOULD THE
LIBRARY PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,
REPAIR OR CORRECTION.
16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAM-
AGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAM-
AGES ARISING OUT OF THE USE OR INABILITY TO USE THE LIBRARY (INCLUDING BUT
NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES
SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE LIBRARY TO OPERATE
WITH ANY OTHER SOFTWARE), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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LGPLv3

GNU LESSER GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <https://fsf.org/> Everyone is permitted to
copy and distribute verbatim copies of this license document, but changing it is not allowed.
This version of the GNU Lesser General Public License incorporates the terms and conditions of version
3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.
As used herein, “this License” refers to version 3 of the GNU Lesser General Public License, and the
“GNU GPL” refers to version 3 of the GNU General Public License.
“The Library” refers to a covered work governed by this License, other than an Application or a
Combined Work as defined below.
An “Application” is any work that makes use of an interface provided by the Library, but which is
not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a
mode of using an interface provided by the Library.
A “Combined Work” is a work produced by combining or linking an Application with the Library. The
particular version of the Library with which the Combined Work was made is also called the “Linked
Version”.
The “Minimal Corresponding Source” for a Combined Work means the Corresponding Source for the
Combined Work, excluding any source code for portions of the Combined Work that, considered in
isolation, are based on the Application, and not on the Linked Version.
The “Corresponding Application Code” for a Combined Work means the object code and/or source
code for the Application, including any data and utility programs needed for reproducing the Combined
Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.
You may convey a covered work under sections 3 and 4 of this License without being bound by section
3 of the GNU GPL.
2. Conveying Modified Versions.
If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data
to be supplied by an Application that uses the facility (other than as an argument passed when the
facility is invoked), then you may convey a copy of the modified version:
a) under this License, provided that you make a good faith effort to ensure that, in the event an
Application does not supply the function or data, the facility still operates, and performs whatever part
of its purpose remains meaningful, or b) under the GNU GPL, with none of the additional permissions
of this License applicable to that copy.
3. Object Code Incorporating Material from Library Header Files.
The object code form of an Application may incorporate material from a header file that is part
of the Library. You may convey such object code under terms of your choice, provided that, if the
incorporated material is not limited to numerical parameters, data structure layouts and accessors,
or small macros, inline functions and templates (ten or fewer lines in length), you do both of the
following:
a) Give prominent notice with each copy of the object code that the Library is used in it and that the
Library and its use are covered by this License.
b) Accompany the object code with a copy of the GNU GPL and this license document.
4. Combined Works.
You may convey a Combined Work under terms of your choice that, taken together, effectively do
not restrict modification of the portions of the Library contained in the Combined Work and reverse
engineering for debugging such modifications, if you also do each of the following:

https://fsf.org/
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a) Give prominent notice with each copy of the Combined Work that the Library is used in it and
that the Library and its use are covered by this License.
b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
c) For a Combined Work that displays copyright notices during execution, include the copyright notice
for the Library among these notices, as well as a reference directing the user to the copies of the GNU
GPL and this license document.
d) Do one of the following:
0. Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding
Application Code in a form suitable for, and under terms that permit, the user to recombine or relink
the Application with a modified version of the Linked Version to produce a modified Combined Work,
in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
1. Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one
that (a) uses at run time a copy of the Library already present on the user’s computer system, and
(b) will operate properly with a modified version of the Library that is interface-compatible with the
Linked Version.
e) Provide Installation Information, but only if you would otherwise be required to provide such
information under section 6 of the GNU GPL, and only to the extent that such information is necessary
to install and execute a modified version of the Combined Work produced by recombining or relinking
the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation
Information must accompany the Minimal Corresponding Source and Corresponding Application Code.
If you use option 4d1, you must provide the Installation Information in the manner specified by section
6 of the GNU GPL for conveying Corresponding Source.)
5. Combined Libraries.
You may place library facilities that are a work based on the Library side by side in a single library
together with other library facilities that are not Applications and are not covered by this License, and
convey such a combined library under terms of your choice, if you do both of the following:
a) Accompany the combined library with a copy of the same work based on the Library, uncombined
with any other library facilities, conveyed under the terms of this License.
b) Give prominent notice with the combined library that part of it is a work based on the Library,
and explaining where to find the accompanying uncombined form of the same work.
6. Revised Versions of the GNU Lesser General Public License.
The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General
Public License from time to time. Such new versions will be similar in spirit to the present version,
but may differ in detail to address new problems or concerns.
Each version is given a distinguishing version number. If the Library as you received it specifies that a
certain numbered version of the GNU Lesser General Public License “or any later version” applies to
it, you have the option of following the terms and conditions either of that published version or of any
later version published by the Free Software Foundation. If the Library as you received it does not
specify a version number of the GNU Lesser General Public License, you may choose any version of
the GNU Lesser General Public License ever published by the Free Software Foundation.
If the Library as you received it specifies that a proxy can decide whether future versions of the GNU
Lesser General Public License shall apply, that proxy’s public statement of acceptance of any version
is permanent authorization for you to choose that version for the Library.
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Font License

Copyright (c) 2010-2014 by tyPoland Lukasz Dziedzic (team@latofonts.com) with Reserved Font Name
“Lato” This Font Software is licensed under the SIL Open Font License, Version 1.1. This license is
copied below, and is also available with a FAQ at: http://scripts.sil.org/OFL
SIL OPEN FONT LICENSE Version 1.1 - 26 February 2007
PREAMBLE
The goals of the Open Font License (OFL) are to stimulate worldwide development of collaborative
font projects, to support the font creation efforts of academic and linguistic communities, and to
provide a free and open framework in which fonts may be shared and improved in partnership with
others.
The OFL allows the licensed fonts to be used, studied, modified and redistributed freely as long as
they are not sold by themselves. The fonts, including any derivative works, can be bundled, embedded,
redistributed and/or sold with any software provided that any reserved names are not used by derivative
works. The fonts and derivatives, however, cannot be released under any other type of license. The
requirement for fonts to remain under this license does not apply to any document created using the
fonts or their derivatives.
DEFINITIONS
“Font Software” refers to the set of files released by the Copyright Holder(s) under this license and
clearly marked as such. This may include source files, build scripts and documentation.
“Reserved Font Name” refers to any names specified as such after the copyright statement(s).
“Original Version” refers to the collection of Font Software components as distributed by the Copyright
Holder(s).
“Modified Version” refers to any derivative made by adding to, deleting, or substituting – in part or in
whole – any of the components of the Original Version, by changing formats or by porting the Font
Software to a new environment.
“Author” refers to any designer, engineer, programmer, technical writer or other person who contributed
to the Font Software.
PERMISSION & CONDITIONS
Permission is hereby granted, free of charge, to any person obtaining a copy of the Font Software, to
use, study, copy, merge, embed, modify, redistribute, and sell modified and unmodified copies of the
Font Software, subject to the following conditions:
1. Neither the Font Software nor any of its individual components, in Original or Modified Versions,
may be sold by itself.
2. Original or Modified Versions of the Font Software may be bundled, redistributed and/or sold
with any software, provided that each copy contains the above copyright notice and this license.
These can be included either as stand-alone text files, human-readable headers or in the appropriate
machine-readable metadata fields within text or binary files as long as those fields can be easily viewed
by the user.
3. No Modified Version of the Font Software may use the Reserved Font Name(s) unless explicit
written permission is granted by the corresponding Copyright Holder. This restriction only applies to
the primary font name as presented to the users.
4. The name(s) of the Copyright Holder(s) or the Author(s) of the Font Software shall not be used to
promote, endorse or advertise any Modified Version, except to acknowledge the contribution(s) of the
Copyright Holder(s) and the Author(s) or with their explicit written permission.
5. The Font Software, modified or unmodified, in part or in whole, must be distributed entirely under
this license, and must not be distributed under any other license. The requirement for fonts to remain
under this license does not apply to any document created using the Font Software.
TERMINATION
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This license becomes null and void if any of the above conditions are not met.
DISCLAIMER
THE FONT SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY WARRANTIES OF MER-
CHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT OF
COPYRIGHT, PATENT, TRADEMARK, OR OTHER RIGHT. IN NO EVENT SHALL THE
COPYRIGHT HOLDER BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
INCLUDING ANY GENERAL, SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF THE USE OR INABILITY TO USE THE FONT SOFTWARE OR FROM OTHER
DEALINGS IN THE FONT SOFTWARE.
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LLVM License

LLVM Release License
The LLVM Project is under the Apache License v2.0 with LLVM Exceptions:
Apache License Version 2.0, January 2004 http://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions. “License” shall mean the terms and conditions for use, reproduction, and distribution
as defined by Sections 1 through 9 of this document.
“Licensor” shall mean the copyright owner or entity authorized by the copyright owner that is granting
the License.
“Legal Entity” shall mean the union of the acting entity and all other entities that control, are controlled
by, or are under common control with that entity. For the purposes of this definition, “control” means
(i) the power, direct or indirect, to cause the direction or management of such entity, whether by
contract or otherwise, or (ii) ownership of fifty percent (50%) or more of the outstanding shares, or
(iii) beneficial ownership of such entity.
“You” (or “Your”) shall mean an individual or Legal Entity exercising permissions granted by this
License.
“Source” form shall mean the preferred form for making modifications, including but not limited to
software source code, documentation source, and configuration files.
“Object” form shall mean any form resulting from mechanical transformation or translation of a Source
form, including but not limited to compiled object code, generated documentation, and conversions to
other media types.
“Work” shall mean the work of authorship, whether in Source or Object form, made available under
the License, as indicated by a copyright notice that is included in or attached to the work (an example
is provided in the Appendix below).
“Derivative Works” shall mean any work, whether in Source or Object form, that is based on (or
derived from) the Work and for which the editorial revisions, annotations, elaborations, or other
modifications represent, as a whole, an original work of authorship. For the purposes of this License,
Derivative Works shall not include works that remain separable from, or merely link (or bind by name)
to the interfaces of, the Work and Derivative Works thereof.
“Contribution” shall mean any work of authorship, including the original version of the Work and any
modifications or additions to that Work or Derivative Works thereof, that is intentionally submitted to
Licensor for inclusion in the Work by the copyright owner or by an individual or Legal Entity authorized
to submit on behalf of the copyright owner. For the purposes of this definition, “submitted” means
any form of electronic, verbal, or written communication sent to the Licensor or its representatives,
including but not limited to communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the Licensor for the purpose of
discussing and improving the Work, but excluding communication that is conspicuously marked or
otherwise designated in writing by the copyright owner as “Not a Contribution.”
“Contributor” shall mean Licensor and any individual or Legal Entity on behalf of whom a Contribution
has been received by Licensor and subsequently incorporated within the Work.
2. Grant of Copyright License. Subject to the terms and conditions of this License, each Contributor
hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable copy-
right license to reproduce, prepare Derivative Works of, publicly display, publicly perform, sublicense,
and distribute the Work and such Derivative Works in Source or Object form.
3. Grant of Patent License. Subject to the terms and conditions of this License, each Contributor
hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable (except
as stated in this section) patent license to make, have made, use, offer to sell, sell, import, and
otherwise transfer the Work, where such license applies only to those patent claims licensable by
such Contributor that are necessarily infringed by their Contribution(s) alone or by combination of
their Contribution(s) with the Work to which such Contribution(s) was submitted. If You institute
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patent litigation against any entity (including a cross-claim or counterclaim in a lawsuit) alleging that
the Work or a Contribution incorporated within the Work constitutes direct or contributory patent
infringement, then any patent licenses granted to You under this License for that Work shall terminate
as of the date such litigation is filed.
4. Redistribution. You may reproduce and distribute copies of the Work or Derivative Works thereof
in any medium, with or without modifications, and in Source or Object form, provided that You meet
the following conditions:
(a) You must give any other recipients of the Work or Derivative Works a copy of this License; and
(b) You must cause any modified files to carry prominent notices stating that You changed the files;
and
(c) You must retain, in the Source form of any Derivative Works that You distribute, all copyright,
patent, trademark, and attribution notices from the Source form of the Work, excluding those notices
that do not pertain to any part of the Derivative Works; and
(d) If the Work includes a “NOTICE” text file as part of its distribution, then any Derivative Works
that You distribute must include a readable copy of the attribution notices contained within such
NOTICE file, excluding those notices that do not pertain to any part of the Derivative Works, in at
least one of the following places: within a NOTICE text file distributed as part of the Derivative Works;
within the Source form or documentation, if provided along with the Derivative Works; or, within a
display generated by the Derivative Works, if and wherever such third-party notices normally appear.
The contents of the NOTICE file are for informational purposes only and do not modify the License.
You may add Your own attribution notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided that such additional attribution
notices cannot be construed as modifying the License.
You may add Your own copyright statement to Your modifications and may provide additional or
different license terms and conditions for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use, reproduction, and distribution of the
Work otherwise complies with the conditions stated in this License.
5. Submission of Contributions. Unless You explicitly state otherwise, any Contribution intentionally
submitted for inclusion in the Work by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions. Notwithstanding the above, nothing herein
shall supersede or modify the terms of any separate license agreement you may have executed with
Licensor regarding such Contributions.
6. Trademarks. This License does not grant permission to use the trade names, trademarks, service
marks, or product names of the Licensor, except as required for reasonable and customary use in
describing the origin of the Work and reproducing the content of the NOTICE file.
7. Disclaimer of Warranty. Unless required by applicable law or agreed to in writing, Licensor provides
the Work (and each Contributor provides its Contributions) on an “AS IS” BASIS, WITHOUT
WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied, including, without
limitation, any warranties or conditions of TITLE, NON-INFRINGEMENT, MERCHANTABILITY,
or FITNESS FOR A PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any risks associated with Your exercise
of permissions under this License.
8. Limitation of Liability. In no event and under no legal theory, whether in tort (including negligence),
contract, or otherwise, unless required by applicable law (such as deliberate and grossly negligent
acts) or agreed to in writing, shall any Contributor be liable to You for damages, including any direct,
indirect, special, incidental, or consequential damages of any character arising as a result of this License
or out of the use or inability to use the Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all other commercial damages or losses),
even if such Contributor has been advised of the possibility of such damages.
9. Accepting Warranty or Additional Liability. While redistributing the Work or Derivative Works
thereof, You may choose to offer, and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this License. However, in accepting such
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obligations, You may act only on Your own behalf and on Your sole responsibility, not on behalf of any
other Contributor, and only if You agree to indemnify, defend, and hold each Contributor harmless for
any liability incurred by, or claims asserted against, such Contributor by reason of your accepting any
such warranty or additional liability.
END OF TERMS AND CONDITIONS
APPENDIX: How to apply the Apache License to your work.
To apply the Apache License to your work, attach the following boilerplate notice, with the fields
enclosed by brackets “[]” replaced with your own identifying information. (Don’t include the brackets!)
The text should be enclosed in the appropriate comment syntax for the file format. We also recommend
that a file or class name and description of purpose be included on the same “printed page” as the
copyright notice for easier identification within third-party archives.
Copyright [yyyy] [name of copyright owner]
Licensed under the Apache License, Version 2.0 (the “License”); you may not use this file except in
compliance with the License. You may obtain a copy of the License at
http://www.apache.org/licenses/LICENSE-2.0
Unless required by applicable law or agreed to in writing, software distributed under the License is
distributed on an “AS IS” BASIS, WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND,
either express or implied. See the License for the specific language governing permissions and limitations
under the License.
—- LLVM Exceptions to the Apache 2.0 License —-
As an exception, if, as a result of your compiling your source code, portions of this Software are
embedded into an Object form of such source code, you may redistribute such embedded portions in
such Object form without complying with the conditions of Sections 4(a), 4(b) and 4(d) of the License.
In addition, if you combine or link compiled forms of this Software with software that is licensed under
the GPLv2 (“Combined Software”) and if a court of competent jurisdiction determines that the patent
provision (Section 3), the indemnity provision (Section 9) or other Section of the License conflicts
with the conditions of the GPLv2, you may retroactively and prospectively choose to deem waived or
otherwise exclude such Section(s) of the License, but only in their entirety and only with respect to
the Combined Software.
Software from third parties included in the LLVM Project:
The LLVM Project contains third party software which is under different license terms. All such code
will be identified clearly using at least one of two mechanisms:
1. It will be in a separate directory tree with its own LICENSE.txt or LICENSE file at the top
containing the specific license and restrictions which apply to that software, or 2. It will contain
specific license and restriction terms at the top of every file.
Legacy LLVM License (https://llvm.org/docs/DeveloperPolicy.html#legacy):
University of Illinois/NCSA Open Source License
Copyright (c) 2003-2019 University of Illinois at Urbana-Champaign. All rights reserved.
Developed by:
LLVM Team
University of Illinois at Urbana-Champaign
http://llvm.org
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the “Software”), to deal with the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to
the following conditions:
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■ Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimers.

■ Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimers in the documentation and/or other materials provided with the
distribution.

■ Neither the names of the LLVM Team, University of Illinois at Urbana-Champaign, nor the names
of its contributors may be used to endorse or promote products derived from this Software without
specific prior written permission.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL
THE CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES
OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
OTHER DEALINGS WITH THE SOFTWARE.
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zlib & MIT License

zlib & mit Copyright (C) 2016-2018 Jonathan Müller
This software is provided ‘as-is’, without any express or implied warranty. In no event will the authors
be held liable for any damages arising from the use of this software.
Permission is granted to anyone to use this software for any purpose, including commercial applications,
and to alter it and redistribute it freely, subject to the following restrictions:
1. The origin of this software must not be misrepresented; you must not claim that you wrote the
original software.
If you use this software in a product, an acknowledgment in the product documentation would be
appreciated but is not required.
2. Altered source versions must be plainly marked as such, and must not be misrepresented as being
the original software.
3. This notice may not be removed or altered from any source distribution.
MIT License
Copyright (c) 2016 Jonathan Müller
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the “Software”), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to
the following conditions:
The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.
THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL
THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR
OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
OTHER DEALINGS IN THE SOFTWARE.
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KaTeX License

The MIT License (MIT)
Copyright (c) 2013-2018 Khan Academy
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the “Software”), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to
the following conditions:
The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.
THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL
THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR
OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
OTHER DEALINGS IN THE SOFTWARE.
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