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Linux PSP

-

@ NOTE: This wiki is under development and shall not be used as a reference at this moment. Thank you for your comprehension.

Read This First

All performance numbers provided in this document are gathered using AM335x Evaluation Module with
ARM running at 720MHz and DDR2 configured at 266MHz unless otherwise specified.

About This Manual

This document provides a feature overview and performance data for each of the device drivers which are part of the
Linux PSP package. This document should be used in conjunction with release notes provided with the PSP package

for information on specific issues present with drivers included in a particular release.

If You Need Assistance

For further information or to report any problems, contact http://community.ti.com/or http://support.ti.com/

Support Overview

Boot Modes Supported

Green colored box in the table below means that the particular boot mode is supported on the device in the release.

AM335x Supported Boot Modes

Boot Mode | AM335x BeagleBone | AM335x Evaluation Module (EVM) | AM335x Evaluation Module-Starter Kit (EVM-SK)

SPI EEPROM | No No No

SPI Flash No

NAND Flash | No

NOR Flash No

12C EEPROM | No

MMC/SD

EMAC Boot

UART Boot
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NOTE

These are supported boot modes in PSP software, the actual hardware may support many more boot modes than

shown here. Please refer to hardware documentation for list of all supported boot modes.

U-Boot Support

U-Boot is the defacto bootloader for Linux kernel on ARM. The following features of U-Boot are supported in this

release.

U-Boot supported feature table

Feature AM335x (BeagleBone) | AM335x (Evaluation Module) | AM335x Evaluation Module-Starter Kit (EVM-SK)

UART

Ethernet Download (TFTP)

USB DFU

MMC/SD

SPI Flash

NAND flash

USB Mass Storage

Linux Kernel

Kernel Virtual Memory Layout

The default AM335x kernel configuration, with "mem=256M" passed as boot argument, uses following Virtual

Memory laout:

[ 0.000000] Memory: 256MB = 256MB total

[ 0.000000] Memory: 253436k/253436k available, 8708k reserved, 0K highmem
[ 0.000000] Virtual kernel memory layout:

[ 0.000000] vector : Oxffff0000 - Oxffff1000 ( 4 kB)
[ 0.000000] fixmap : 0xfff00000 - Oxfffe0000 ( 896 kB)
[ 0.000000]1 vmalloc : 0xd0800000 - 0xff000000 ( 744 MB)
[ 0.000000] lowmem : 0xc0000000 - 0xd000000O0 ( 256 MB)
[ 0.000000]1 modules : 0xbf000000 - 0xc0000000 ( 16 MB)
[ 0.000000] .text : 0xc0008000 - 0xc057c000 (5584 kB)
[ 0.000000]1 .init : 0xc057c000 - 0xc05b9000 ( 244 kB)
[ 0.000000] .data : 0xc05ba000 - 0xc0617fcO ( 376 kB)
[ 0.000000] .bss : 0xc0617fe4 - 0xc0644d64 ( 180 kB)
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Interrupt Latency Measurement

The following table gives interrupt latency measurements taken across 1001 measurement samples.

Interrupt Latency Measurement

Interrupt Latency (in | Number of samples (under 0% cpu | Number of samples (under 100% cpu load using hackbench
micro seconds) load) (1001 total samples) hackbench -P -1 -1 —g 10) (501 total samples)

10 25 0

11 265 25

12 531 249

13 167 203

14 11 24

15 2 0

Boot-time Measurement

Boot-time measurement was done with kernel built using am335x_evm_defconfig. U-Boot environment
variable  bootargs is set to 'console=tty00,115200n8 quiet 1pj=3590144
root=/dev/mmcblk0p2 rw rootfstype=ext3 rootwait ip=none'. U-Boot bootdelay variable
is set to 0. Time from reset to "Login:" prompt was measured to be 16.063s.

Complete boot log with timestamps follows:

[Tue Jul 31 11:35:39.422 2012]

[Tue Jul 31 11:35:39.422 2012] U-Boot SPL 2011.09 (Jul 20 2012 - 14:58:05)
[Tue Jul 31 11:35:39.422 2012] Texas Instruments Revision detection unimplemented
[Tue Jul 31 11:35:39.907 2012] Found a daughter card connected

[Tue Jul 31 11:35:40.610 2012]

[Tue Jul 31 11:35:40.610 2012]

[Tue Jul 31 11:35:40.610 2012] U-Boot 2011.09 (Jul 20 2012 - 14:30:09

[Tue Jul 31 11:35:40.610 2012]

[Tue Jul 31 11:35:40.610 2012] I2C: ready

[Tue Jul 31 11:35:40.657 2012] DRAM: 256 MiB

[Tue Jul 31 11:35:40.907 2012] WARNING: Caches not enabled

[Tue Jul 31 11:35:41.016 2012] Found a daughter card connected

[Tue Jul 31 11:35:41.094 2012] NAND: HW ECC Hamming Code selected

[Tue Jul 31 11:35:41.094 2012] 256 MiB

[Tue Jul 31 11:35:41.094 2012] MMC: OMAP SD/MMC: 0, OMAP SD/MMC: 1

[Tue Jul 31 11:35:41.579 2012] Net: cpsw

[Tue Jul 31 11:35:41.594 2012] Hit any key to stop autoboot: 0

[Tue Jul 31 11:35:41.735 2012] SD/MMC found on device 0

[Tue Jul 31 11:35:41.735 2012] reading uEnv.txt

[Tue Jul 31 11:35:41.751 2012]

[Tue Jul 31 11:35:41.751 2012] ** Unable to read "uEnv.txt" from mmc 0:1 **
[Tue Jul 31 11:35:41.751 2012] reading ulmage

[Tue Jul 31 11:35:42.110 2012]

[Tue Jul 31 11:35:42.110 2012] 3163680 bytes read

[Tue Jul 31 11:35:42.126 2012] ## Booting kernel from Legacy Image at 80007fcO ...
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Image Name: Arago/3.2.0-psp04.06.00.08.sdk/a
Image Type: ARM Linux Kernel Image (uncompressed)
Data Size: 3163616 Bytes = 3 MiB

Load Address: 80008000

Entry Point: 80008000

Verifying Checksum ... OK

XIP Kernel Image ... OK

OK

Starting kernel

Uncompressing Linux... done, booting the kernel.

[ 0.337524] mtdoops: mtd device (mtddev=name/number) must be supplied

[ 0.541198] smartreflex smartreflex: am33xx_sr_probe: Zero NValue read from EFUSE
[ 0.549591] sr_init: platform driver register failed

INIT: version 2.86 booting

Please wait: booting...

Starting udev

Remounting root file system...

Caching udev devnodes

ALSA: Restoring mixer settings...

No state is present for card EVM

Found hardware: "AM335X_EvM" "" "m mnonww
Hardware is initialized using a generic method

No state is present for card EVM

Configuring network interfaces... udhcpc (v1.13.2) started

Sending discover...

Sending discover...

Sending discover...

Sending select for 158.218.103.110...

Lease of 158.218.103.110 obtained, lease time 28800
adding dns 158.218.108.21

adding dns 157.170.32.67

done.

Setting up IP spoofing protection: rp_filter.
Tue Jun 26 22:09:00 UTC 2012

INIT: Entering runlevel: 5

Starting system message bus: dbus.

Starting telnet daemon.

Starting syslogd/klogd: done

Starting thttpd.
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PSP Linux Drivers

This section provides brief overview of the device drivers supported in the Linux PSP release.

Device Driver List

Arago Project http://arago-project.org am335x-evm tty00

The following table list the various device drivers supported and the device they are supported on. On detailed

information on specific features or limitations of a pariticular driver, refer to the chapter catering to that driver in this

document.
Peripheral Driver Support
Peripheral Description Linux driver type DMA usage
Audio (McASP) Audio Record and Playback ALSA SoC EDMA
Ethernet Ethernet Network driver Netdev Internal DMA
Controller ~ Area  Network | Controller Area Network driver SocketCAN None
(CAN)
USB MSC Host USB Mass Storage Class Host Driver Block USB Internal DMA
USB HID Host USB Human Interface Device Host Driver Input driver USB Internal DMA
USB MUSB HCD MUSB Host controller driver USB HCD USB Internal DMA
NAND Flash Flash storage system MTD  Character and | Not Supported
Block
GLCD Graphical LCD driver Frame Buffer LCDC Internal
DMA
SPI Flash Flash storage system MTD  Character and | EDMA
Block
MMC/SD Interface to MultiMedia Secure Digital cards Block EDMA
UART Serial Communication Interface Character Not Supported
12C Inter-IC Communication Character Not Supported
RTC Real-time clock Character None
Watchdog Watchdog Timer Miscellaneous None
SPI Serial Peripheral Interface Character EDMA
Touchscreen Touchscreen driver Input driver None
CPU Idle Supports multiple CPU idle levels NA None
CPU Freq Supports multiple SoC operating levels (OPPs) NA None
Suspend-to-RAM Helps the device enter its lowest power mode not requiring a | NA None
reboot.
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ALSA SoC Audio Driver

This section an overview of the ALSA SoC audio driver features along with the throughput and CPU load numbers.

Introduction

AM335x Audio driver complies to the Advanced Linux Sound Architecture (ALSA) System on Chip (SoC)
framework (ASoC).

The ASoC framework splits an embedded audio system into three components:

* Codec driver: The codec driver is generic and hardware independent code that configures the audio codec to
provide audio capture and playback. It should contain no code that is specific to the target platform or machine.

» Platform driver: The platform driver can be divided into audio DMA and SoC Digital Audio Interface (DAI)
configuration and control. The platform driver only targets the SoC CPU and must have no board specific code.

* Machine driver: The ASoC machine (or board) driver is the code that glues together the platform and codec
drivers. It can contain codec and platform specific code. It registers the audio subsystem with the kernel as a

platform device.

Following architecture diagram shows all the components and the interactions among them.

ALSA Application

=
ALSA-LIBRARY | L
ALSA Library API

JC

- Hardware Access

- ALSAPluadn

J |

~ SPII2C

ALSA Kemel APls for PCM

1L

\ ALSA Kemel Driver

1C

AIC3106 (McASP-D)
SPII2C Interface
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Driver Features

The driver supports the following features:

Supports audio in stereo mode

A A

Supports mixer interface for the audio codec

Features Not Supported

1. OSS based applications, which use ALSA-OSS emulation layer, are not supported.

Supports AIC3106 audio codec in ALSA SoC framework.
Multiple sample rate support (8 KHz, 44.1 KHz and 48 KHz commonly used) for both capture and playback.

Supports simultaneous playback and record (full-duplex mode).

2. Formats such as TDM, Left and Right Justified are currently not supported.

3. Synthesizer and midi interfaces are not supported.

Constraints

1. By default, codec is configured in master mode and McASP is used as slave. Testing of the audio sub-system is

done in this configuration only.

2. Sampling frequencies for playback and capture streams should be same.

3. The audio driver does not allow opening the same stream (playback/capture) multiple times.

Supported System Calls

Refer ALSA project - the C library reference [1] for API calls.

Performance and Benchmarks

1. Access type - RW_INTERLEAVED
2. Channels - 2

3. Format - S16_LE

4. Period size - 64

Audio playback
Sampling Rate (in Hz) | CPU Load (in %)
8000 0.09
11025 0.10
16000 0.11
22050 0.19
32000 0.22
44100 0.48
48000 0.35
88200 0.79
96000 1.27
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Audio Capture
Sampling Rate (in Hz) | CPU Load (in %)
8000 0.17
11025 0.23
16000 0.23
22050 0.49
32000 0.90
44100 0.83
48000 0.69
88200 1.75
96000 2.86

Ethernet Driver

This section provides an overview of the Ethernet driver features along with throughput and CPU load numbers.

Ethernet driver follows standard Linux network interface architecture.

Introduction

The Ethernet driver supports the Linux netdev interface.

Application
User Space i

L

K |
ernel Space Linux Socket Layer and

Metworking Protocals
+*

Linux Networking Core

!

Ethernet Controller Driver

h

AM335X CPSW

!

MII/RGMII

Hardware

h

Ethernet PHY
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Driver Features

The driver supports the following features:

A

10/100/1000 Mbps mode of operation.

Auto negotiation.

Full duplex and half duplex mode of operation.
Linux NAPI support
Support for MII and RGMII interfaces to PHY
CPSW Interrupt Pacing. This driver uses Timer 5 & 6 for CPSW Interrupt Pacing. Re-using this timer for any

other purpose will result in CPSW Interrupt Pacing not working correctly.

~

8. VLAN and ALE configuration support

Features Not Supported

1. Promiscuous mode of operation.
2. IEEE 1588

Supported System Calls

Operation of both external ports as independent network interfaces

Supports the socket() and related system calls in accordance with Linux architecture.

Performance and Benchmarks

TCP Performance

Ethernet Port0 TCP - 1000Mbps Mode Performance

TCP Bandwidth (without interrupt | CPU Load (without | Bandwidth (with interrupt | CPU Load (with interrupt
Window Size | pacing, in Mbits/sec) interrupt pacing, in %) pacing, in Mbits/sec) pacing, in %)

(in KBytes)

16 318.9 97.73 367.2 96.85

32 301.4 97.73 344.8 97.12

64 290.9 97.74 353.6 99.93

128 303 97.74 353.6 100

256 302 97.74 351.2 96.66

Note: The above data are obtained on AM335x PG 2.1 EVML.5 running 1GHz

The performance numbers were captured using the iperf tool. Usage details are mentioned below:

 iperf version 2.0.5

* On PC Host invoke iperf in the server mode.

iperf -s

* On the DUT iperf is invoked in client mode (bi-directional traffic for 60 seconds).

iperf -c <server ip> -w <window size> -m -f M -d -t 60

* Interrupt pacing feature enabled with pacing interval set to 500usecs.

ethtool -C eth0 rx-usecs 500
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* DUT is connected to a gigabit network.

UDP Performance

Ethernet Port) UDP - Transmit Performance (MTU Size packets)

Maximum Bandwidth limit (MBits/sec)

Bandwidth observed (MBits/sec)

Jitter (milliseconds)

500 367.2 0.02
750 372.8 0.02
1000 374.4 0.02

Note: The above data are obtained on AM335x PG 2.1 EVML.5 running 1GHz

Ethernet Port) UDP - Receive Performance (MTU Size packets)

Maximum Bandwidth limit (MBits/sec)

Bandwidth observed (MBits/sec)

Jitter (milliseconds)

Packet loss (percentage)

250

230.4

0.03

1.4

Note: The above data are obtained on AM335x PG 2.1 EVML.5 running 1GHz

* iperf version 2.0.5

* For receive performance, on DUT, invoke iperf in server mode.

iperf -s -u

* For transmit performance, on DUT, invoke iperf in client mode.

iperf -c <server ip> -b <bandwidth limit> -f M -t 60
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Graphical LCD (GLCD) Driver

This chapter describes the GLCD driver architecture, driver features and performance numbers (throughput and CPU
load).

Introduction

GLCD driver is based on Fbdev framework and it reuses da8xx-fb used on AM18x device. The LCDC IP on
AM335x is an upgraded version of that found on AM18x SoC.

Gul
Application

fdevifbi
FBDEY

framework

L
GLCD Display Driver

GLCD Display

Driver Features

The driver supports the following features:

1. Supports WVGA display through Fbdev framework.

2. Supports display of ARGB:8888 images at max resolution 2048*%2048, but pixel clock can be driven Max
150MHz.

3. Supports getting and setting the variable screen information.

4. Supports retrieving the fixed screen information.
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Features Not Supported

1. Brightness and color control ioctls not supported.

Constraints
1. There is limit on Max pixel clock of 150MHz.

Supported System Calls

open (), close(), read(), mmap(), ioctl ()

Performance Benchmarks

Performance and Benchmarks not available in this release.

NAND Driver

This section provides an overview of the NAND flash driver features along with throughput and CPU load numbers.

Introduction

The NAND driver is implemented as a character and block driver, compliant with the Linux MTD subsystem
interface. It supports various NAND Flash chips (see file drivers/mtd/nand/nand_ids.c in Linux kernel
sources). The NAND driver creates the device nodes for user space access (/dev/mtdblockO,
/dev/mtdblockl, /dev/mtd0, /dev/mtdl and so on.).

This figure illustrates the stack diagram of NAND flash driver in Linux.

User Space Application

¥
Kernel Space Linux File System and Block Interface

'

Linux MTD Protocol Layer

|

NAND Device Driver

v

Hardware Async EMIF Hardware
¥
NAND Device
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Driver Features
The driver supports the following features:

BCHS with Hardware Error Correction is supported

Supports Read, Write and Erase

Bad Block Management

Polled Prefetch mode of transfer (enabled by default)

SLC NAND

Only 8-bit NAND is tested since EVM supports only a 8-bit NAND

A

Features Not Supported
1. DMA Mode of operation

Supported System Calls

Supports the system call support proivided by Linux MTD interface viz. open (), close(), read(),

write (), dioctl()

Performance Benchmarks

Please refer MTD Test Setup before proceeding.

NAND UBIFS Write (async mode mount)

Buffer size | Through put in Mbytes/sec | CPU Load (in %)

102400 2.66 100
262144 2.66 100
5242880 2.66 100

NAND UBIFS Read (async mode mount)

Buffer size | Through put in Mbytes/sec | CPU Load (in %)

102400 3.45 100
262144 3.45 100
5242880 3.46 100

Note: The above data are obtained on EVM1.5 running 1GHz
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SPI Flash Driver

This chapter describes the SPI flash driver architecture, driver features and performance numbers (throughput and
CPU load).

Introduction

SPI Flash driver is implemented as block driver and compliant with standard MTD driver. It supports various flash

devices. The SPI flash driver creates device node for user space access (example, /dev/mtd1).

MTD-X device node
fdevimtdX

USER

10

System Call Interface for Kernel
jjltED Layer
II SPI Driver
1L
5P| Controller Driver

KERMEL | |
HARDWARE | |

SPEFlash Device

Driver Features
The driver supports the following features:

1. PIO and DMA Mode of Operation are supported.

Supported System Calls

Supports the system call support proivided by MTD interface viz. open (), close(), read(), write(),
ioctl ()

Performance Benchmarks

Test setup is available here.
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SPI Write
Buffer size | Through put in Mbytes/sec | CPU Load (in %)
102400 0.09 88.78
262144 0.09 88.93
524288 0.09 88.85
1048576 | 0.09 88.94
SPI Read
Buffer size | Through put in Mbytes/sec | CPU Load (in %)
102400 1.26 13.25
262144 1.26 14.79
524288 1.25 13.33
1048576 1.25 15.79

NOTE

Because the AM335x EVM needs to support so many different interfaces and pin mux usage, it could not be
optimized for max SPI clock rate. Due to lack of granularity in SPI clock divider, the maximum SPI clock that can
be supported on AM335x EVM is 24MHz. Thus, overall SPI performance reported above is lower than what can be
obtained using a 48 MHz clock.

NOTE

High CPU load on write is expected because the SPI flash driver in Linux kernel does a write every page size (256

bytes) resulting in high interrupt load.
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MMC/SD Driver
This chapter provides details on MMC/SD driver along with throughput and CPU load numbers.

Introduction

The MMC controller provides an interface to external MMC cards that follow the MMC specification v4.0. The
MMC driver is implemented as a block driver. Block device nodes(such as /dev/mmcblockpl, /dev/mmcblockp?2) are

created for user space access.

‘ User Applications, System Calls | User Space

L

‘ Linux Kernel (Generic Disk Handler, File system)
r Y 'y FY

| Kernel Space

BUFFER_CACHE |
Fy

Generic MMC layer *
MMC_QUEUE |
MMC/SD CORE
T »  MMC_BLOCK

MMC/SD CONTROLLER DRIVER

HARDWARE (MMC/SD/SDIO CONTROLLER) Hardware

Driver Features
The driver supports the following features:

MMC/SD native protocol command/response set

Single/multiple block data transfers

Linux file system and generic MMC layer abstract details of block devices (MMC)
High-speed (SDv1.1) and High Capacity (SDv2.0) cards

Support for 4 bit modes

Support for card detect and Write protect features

N kAL

DMA and polled mode for data transfer operations
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Features Not Supported

1. Support for 1-bit, 8-bit mode of operation.
2. SPI mode of operation

3. PIO mode of operation

Constraints

1. MMC/SD cards should not be removed when the mount operation is in progress. If done so, data integrity cannot
be guaranteed.

Supported System Calls

open(),close(),read(),write ()

Performance and Benchmarks
IMPORTANT

The performance numbers can be severely affected if the media is mounted in sync mode. Hot plug scripts in the
filesystem mount removable media in sync mode to ensure data integrity. For performance sensitive applications,

umount the auto-mounted filesystem and re-mount in async mode.

Please refer MMC/SD Test Setup before proceeding.

EXT?2 file system

SD - Write Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)
102400 9.11 11.38
262144 9.47 11.34
1048576 8.88 12.60
5242880 9.28 12.29

SD - Read Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)
102400 19.31 26.44
262144 19.32 29.60
1048576 19.28 30.63
5242880 19.33 24.95

The performance numbers were captured using the following:
« SD Card (Sandisk Extreme 64G Class 10 SDXC card )
* File System: ext2

 Partition was mounted with async option
* On EVML.5 running 1GHz
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VFAT file system

SD - Write Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)
102400 9.24 15.6
262144 9.28 17.93
1048576 9.85 15.89
5242880 10.30 15.02

SD - Read Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)
102400 19.24 25.82
262144 19.26 23.41
1048576 19.31 26.75
5242880 19.27 25.55

The performance numbers were captured using the following:

« SD Card (Sandisk Extreme 64G Class 10 SDXC card %))
» File System: vfat

 Partition was mounted with async option

* On EVML.5 running 1GHz

UART Driver
This chapter provides details on UART driver.

Introduction

The UART driver is implemented as a serial driver, and can be accessed from user space as /dev/ttyOX(X=0-5)

User Space Application

k J
Kemel Space Linux TTY and Console Drivers

¥
Linux Serial Core

¥
UART Device Driver

¥ Y hJ ¥

Hardware |UARTS ||UART 4 ||UARTS ||UART £|{UART 1||UART @ > UART
DEVICE
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Features Not Supported

¢ Hardware Flow Control

Supported System Calls

open(),close(),read(),write(),ioctl ()

Supported IOCTLs

Constant Description

TIOCGSERIAL | Gets device parameters from the UART (example, port type, port num, baud rate, base divisor, and so on.

TIOCSSERIAL | Sets UART device parameters (example, port type, port num, baud rate, base divisor, and so on)

Performance and Benchmarks

Performance and Benchmarks not available in this release.

I2C Driver

This chapter provides details on 12C driver.

Introduction

The I2C peripheral is compliant with the Philips Semiconductor 12C-bus specification version 2.1. The I2C driver is

implemented as a serial driver. The I12C driver can be accessed from the user space as /dev/i2c/0.

User Space
| Proaram ‘

Client

| Driver — “—  1c-Dev |

| 2C - Core ‘
| Alaorithm | Adapter
Kernel | Adonter Specific Code ‘
_______________________________________ R,
Hardware | Adonter Hardware ‘

| B2C- Device | ‘ B2C- Device ‘
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Driver Features
The driver supports the following features:

1. 7-bit addressing mode
2. Fast mode

3. Interrupt mode

Features Not Supported

1. 7-bit and 10-bit addressing combined format is not supported
2. DMA mode is not supported

Supported System Calls

open(),close(),read(),write(),ioctl ()

Supported IOCTLs

Constant Description

I12C_SLAVE_FORCE | Changes slave address. Slave address is 7 or 10 bits. This changes the address, even if it is already considered.

I12C_FUNCS Gets the adapter functionality

12C_RDWR Combined R/W transfer (one stop only)

Performance and Benchmarks

Performance and Benchmarks not available in this release.

EDMA Driver
This chapter provides details on EDMA driver along with throughput and CPU load numbers.

Introduction

The EDMA controller handles all data transfers between the level-two (L2) cache/memory controller and the device
peripherals. On AM335x EDMA has has one instance of Channel controller. Each EDMA instance supports up to
32-dma channels and 8 QDMA channels. The EDMA consists of a scalable Parameter RAM (PaRAM) that supports
flexible ping-pong, circular buffering, channel-chaining, auto-reloading, and memory protection. The EDMA allows
movement of data to/from any addressable memory spaces, including internal memory (L2 SRAM), peripherals, and

external memory.

The EDMA driver exposes only the kernel level API's. This driver is used as a utility by other drivers for data
transfer.
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Driver Features
The driver supports the following features:

Request and Free DMA channel
Programs DMA channel
Start and Synchronize with DMA transfers

Provides DMA transaction completion callback to applications

A A

Multiple instances of EDMA driver on a single processor

Features Not Supported
1. QDMA is not supported.

2. Reservation of resources (channels and PaRAMs) for usage from other masters is not supported.

Touchscreen Driver

Introduction

Touchscreen controller on AM335x is an 8 channel general purpose ADC, with optional support for interleaving
Touch Screen conversions for a 4-wire, 5-wire, or 8-wire resistive panel. A resistive touchscreen operates by
applying a volatge across a resistive network and measuring the change in resistance at a given point on the matrix
where the screen is touched by an input (stylus or finger). The change in the resistance ratio marks the location on
the touchscreen.

Driver Features
The driver supports the following features:

* Resistive touchscreen

* Hardware synchronized one shot mode

* Programmable Open delay/Sampling delay before sampling each channel
* Programmable averaging of input samples - 16

* Support for servicing FIFOs via CPU.

* ADC sampled data is 12-bit wide.

¢ Pressure(z) measurements.

Features Not Supported
 DMA Request event.

Watchdog(WDT) Driver

This chapter provides details on Watchdog timer driver.

Introduction

AM335x has a 32-bit watchdog timer which can be used to reset the hardware in case of a software fault. Once the
/dev/watchdog is opened, it will reboot the system unless a user space daemon resets the timer at regular intervals
within a certain timeout period. If watchdog device node is closed before timeout also reboot won't happen. The

WDT driver is registered as a misc device. Default timeout of this driver is 60 seconds.
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User Space Application

Kernel Space ¥

Character Devices
WDT Driver

v

Timer Hardware

Hardware

Driver Features
The driver supports the following features:

1. Supports IOCTLs to set/get the timeout value, ping the watchdog & query the watchdog structure info.

2. Driver can be built as a loadable module and inserted dynamically.

Supported System Calls

open(), close(), write(), dioctl(), read()

Supported IOCTLs

Constant Description

WDIOC_GETSUPPORT | This ioctl returns "struct watchdog_info", which tells what the device can do

WDIO_KEEPALIVE This ioctl can be used to notify the watchdog timer that the user space application is alive

WDIO_SETTIMEOUT | Watchdog timeout or margin can be dynamically changed using this ioctl

WDIO_GETTIMEOUT | This ioctl returns the present watchdog timeout period in seconds

USB Driver
This chapter provides details on MUSB drivers along with throughput and CPU load numbers.

This chapter describes the MUSB driver architecture, features supported/not supported, constraints and performance

numbers.

MUSB OTG controller

Description

The MUSB driver is implemented on top of Mentor OTG IP version 2.0 which supports all the speeds (High, Full
and Low (host mode only)). On AM335x, MUSB uses CPPI 4.1 DMA for all the transfers.
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Driver Features
The driver supports the following features:

Host Mode

Human Interface Class (HID)
Mass Storage Class (MSC)
Hub Class

USB Host Video Class (UVC)
USB Host Audio Class (UAC)
USB CDC HOST (USBNET)

AN o

Gadget mode

1. Mass Storage Class (MSC)
2. USB Networking - RNDIS/CDC

OTG mode

1. Host Negotiation Protocol (HNP)

USB Mass Storage Class Host Driver

Driver Features
The driver supports the following features:

1. DMA mode
2. PIO mode

Supported System Calls

open(), close(), read(), write(), ioctl()

Performance Benchmarks

IMPORTANT

For Mass-storage applications, the performance numbers can be severely affected if the media is mounted in sync
mode. Hot plug scripts in the filesystem mount removable media in sync mode to ensure data integrity. For

performance sensitive applications, umount the auto-mounted filesystem and re-mount in async mode.

Setup : Western Digital 1TB (My Book Essential) USB hard disk is connected to usbO port. File read/write
performance data on usb0 port is captured. For detailed test setup refer to USB MSC host test setup

USB MSC (MUSB) Host mode EXT2 File System Performance
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USB-MSC MUSB Host-DMA -Write Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)

102400 20.88 17.11
1048576 20.93 16.29
5242880 20.90 16.77

USB-MSC MUSB Host-DMA-Read Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)

102400 24.96 25.36
1048576 24.62 23.56
5242880 24.66 23.73

Note: The above data are obtained on AM335x PG 2.1 EVML.5 running 1GHz

USB MSC (MUSB) Host mode VFAT File System Performance

USB-MSC MUSB Host-DMA -Write Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)

102400 18.8 22.64

262144 18.9 22.7

USB-MSC MUSB Host-DMA-Read Performance values

Buffer Size (in Bytes) | Transfer Rate (in MBytes/sec) | CPU Load (in %)

102400 21.97 23.95

262144 21.56 22.06

Note: The above data are obtained on AM335x PG 2.1 EVM1.5 running 1GHz
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USB Mass Storage Class Slave Driver

Description

This figure illustrates the stack diagram of the system with USB File Storage Gadget driver

User Space
Kernel Space Gadget Storage Driver
I
Gadget Controller Driver
Hardware MUSB Controller
:
USB PHY for MUSB

Driver Features
The driver supports the following features:

1. DMA mode
2. PIO mode

3. File backed storage driver was tested with SD media as the storage medium

Performance Benchmarks

The performance numbers are captured using a file inside /dev/shm as storage gadget media exposed as removable
media to an Ubuntu 10.04 host over USB. The storage media is formatted as vfat filesystem.

Storage gadget media file is created using the command:

# dd if=/dev/zero of=/dev/shm/50M bs=1M count=50"

Insert the USB mass storage gadget with /dev/shm/50M as the backing storage:

# insmod g_mass_storage.ko file=/dev/shm/50M

For test setup details refer to USB MSC device setup
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USB Slave DMA Write Performance values

Bytes Transferred (MB)'/dev/shm/50M" file as storage | Number of files | Total Bytes transferred | Transfer Rate
device transferred (MB) (MB/sec)
50 1 50 16.9

USB Slave DMA Read Performance values

Bytes Transferred (MB)'/dev/shm/50M" file as storage | Number of files | Total Bytes transferred | Transfer Rate
device transferred (MB) (MB/sec)
50 1 50 21.8

Note: The above data are obtained on AM335x PG 2.1 EVML.5 running 1GHz

USB CDC/RNDIS Slave Driver

Description

The CDC RNDIS gadget driver that is used to send standard Ethernet frames using USB. The driver will create an
Ethernet device by the name usb0.

User Space
Kernel Space Ethernet Gadget Driver
I
Gadget Controller Driver
Hardware MUSB Controller
:
USB PHY for MUSB
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Driver Features
The driver supports the following features:

1. DMA mode
2. PIO mode
3. 10/100 Mbps speed.

Supported System Calls

open(), close(), read(), write(), ioctl()

Performance Benchmarks

Performance benchmarks were collected using the Iperf tool and default options were used to collect the throughput

numbers.

USB CDC-DMA Performance

USB CDC-DMA Performance values - Client

TCP Window Size(in KBytes) | Interval (in Seconds) | Bandwidth (Mbits/Sec)
16 60 170
32 60 175
64 60 175
128 60 174

Note: The above data are obtained on AM335x PG 2.1 EVML.5 running 1GHz

USB RNDIS-DMA Performance

USB RNDIS-DMA Performance values - Client

TCP Window Size(in KBytes) | Interval (in Seconds) | Bandwidth (Mbits/Sec)
16 60 82
32 60 85
64 60 85
128 60 84

Note: The above data are obtained on AM335x PG 2.1 EVML.5 running 1GHz
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USB Human Interface Device (HID) Driver

Description

The event sub system creates /dev/input/event* devices with the help of mdev.

Driver Features
The driver supports the following features:

1. DMA mode
2. PIO mode
3. USB Mouse and Keyboards that conform to the USB HID specifications

DCAN Driver

This section provides details on DCAN driver.

Introduction

The CAN (DCAN) driver supports the Linux netdev interface. CAN driver supports transmitting and receiving

in-order packets, processing happens at various bit rates.

Driver Features
The driver supports the following features:

1. SocketCAN networking framework

2. Linux NAPI support for Rx operations

3. Local loopback of sent frames (IFF_ECHO)

4. Standard CAN bus bit-rates namely 10K, 20K, 50K, 100K, 125K, 250K, 500K & 1M

Features Not Supported

1. ID filtering / Acceptance masks - since Linux infrastructure does not support this the driver cannot provide the

feature

Supported System Calls

Supports the socket () and related system calls in accordance with Linux architecture. Refer to can.txt under

Documentation/networking folder

Power Management

Introduction

AM335x devices provides a rich set of power management features. The features include clock control at module

level, multiple power and voltage domains etc.

This section provides an overview of power management features supported and steps to enable these features in the

kernel configuration. It also provides the typical power consumption measurement observed for different scenarios.
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cpuidle
When idle loop is executed, kernel is not doing any useful 'work'. This is an opportunity to save power. The

cpuidle framework helps in saving power during the idle state.

cpufreq

CPU is not loaded evenly during execution. This provides an opportunity to save power by adjusting/scaling voltage
and frequency based on the current cpu load.

Power Measurements

All the measurements below were done on the AM335x EVM Rev 1.5b. The definition of idle at Linux prompt is as

per the tables shown below

Modules with active clocks

Name Instances

ADC_TSC | NA

CPSW NA
ELM NA
EMIF NA
EPWMSS |0

GPIO 0-3

GPMC NA

LCD NA

MCASP

—

MAILBOX | NA

OCMC NA
RTC NA
TIMER 1,2,5,6
TPCC NA
TPTC 0-2
UART 0-5

USB NA
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At each OPP

Lock Frequency of various PLLs

PLL

Lock Frequency (MHz)

Core PLL

1000

PER PLL

960

MPU PLL

As per OPP (275/500/600/720)

DISP PLL

300

DDR PLL

266

This section indicates the power measured for all power rails at various OPPs (selected via cpufreq). The

measurements were done with the uImage created using am335x_evm_defconfig. Measurements were taken

while Linux was idle at command prompt. The measurements were done using EVM revision 1.2A.

Active Power Consumption at various OPPs (CPUFreq P states)

Power Rail OPP 300 MHz | OPP 600 MHz | OPP 800 MHz | OPP 1000 MHz
(milliwatts) (milliwatts) (milliwatts) (milliwatts)
Total Power (Sum of all| 484.66 532.54 612.05 727.13
Rails)
VDD_CORE 157.64 158.36 158.64 159.38
VDD_MPU 50.17 95.91 174.15 286.82
VDDS 1.86 1.86 1.86 1.86
VDDS_RTC 0.77 0.77 0.77 0.77
VDDS_DDR 139.98 139.80 139.76 139.52
VDDS_SRAM_CORE_BG 2.18 221 2.25 2.32
VDDS_SRAM_MPU_BB 2.59 2.64 2.70 3.63
VDDS_PLL_DDR 1.99 1.99 1.99 1.99
VDDS_PLL_CORE_LCD 13.70 13.70 13.70 13.70
VDDS_PLL_MPU 2.01 3.68 4.52 5.57
VDDS_OSC 1.24 1.24 1.24 1.24
VDDA _1P8V_USBO0_1 32.69 32.69 32.70 32.68
VDDS_A3P3V_USB0_1 8.79 8.76 8.75 8.74
VDDA_ADC 0.80 0.80 0.80 0.80
VDDSHV1 0.42 0.42 0.42 0.42
VDDSHV2 10.55 10.42 10.54 10.40
VDDSHV3 0.15 0.15 0.15 .015
VDDSHV4 0.08 0.08 0.08 0.08
VDDSHV5 14.17 14.17 14.19 14.21
VDDSHV6 42.89 42.92 42.86 42.85




AM335x-PSP 04.06.00.11 Features and Performance Guide 31

When suspended

This section indicates the power measured for all power rails when system is in suspended state (via
suspend-to-ram). The measurements were done with the uImage created using am335x_evm_defconfig.

Two sets of measurements were done, one without and one with I/O pad optimizations 131

Suspend mode Power Consumption (with I/O pad optimizations)

Power Rail Suspend Power (milliwatts)

Total Power (Sum of all Rails) | 5.53

VDD_CORE 1.65
VDD_MPU 0.78
VDDS 0.18
VDDS_RTC 0.04
VDDS_DDR 0.64

VDDS_SRAM_CORE_BG 1.35

VDDS_SRAM_MPU_BB 0.01

VDDS_PLL_DDR 0.00

VDDS_PLL_CORE_LCD 0.00

VDDS_PLL_MPU 0.00
VDDS_OSC 0.00
VDDA _1P8V_USB0_1 0.00
VDDS_A3P3V_USBO0_1 0.07
VDDA_ADC 0.00
VDDSHV1 0.06
VDDSHV2 0.06
VDDSHV3 0.07
VDDSHV4 0.04
VDDSHVS 0.20
VDDSHV6 0.41

Suspend mode Power Consumption (without I/0 pad optimizations)

Power Rail Suspend Power (milliwatts)

Total Power (Sum of all Rails) | 23.29

VDD_CORE 1.72
VDD_MPU 0.80
VDDS 1.12
VDDS_RTC 0.04
VDDS_DDR 0.65

VDDS_SRAM_CORE_BG 1.37

VDDS_SRAM_MPU_BB 0.01

VDDS_PLL_DDR 0.00
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VDDS_PLL_CORE_LCD 0.00
VDDS_PLL_MPU 0.00
VDDS_OSC 0.00
VDDA_1P8V_USB0_1 0.00
VDDS_A3P3V_USBO0_1 0.07
VDDA_ADC 0.80
VDDSHV1 0.28
VDDSHV2 0.07
VDDSHV3 0.10
VDDSHV4 0.07
VDDSHYVS 0.21
VDDSHV6 15.86

In Stand-by

This section indicates the power measured for all power rails when system is in Standby state. The measurements
were done with the uImage created using am335x_evm_defconfig.

Standby mode Power Consumption (with I/0 pad optimizations)

Power Rail Standby Power (milliwatts)

Total Power (Sum of all Rails) | 18.08

VDD_CORE 12.23
VDD_MPU 0.85
VDDS 0.20
VDDS_RTC 0.13
VDDS_DDR 0.64

VDDS_SRAM_CORE_BG 1.84

VDDS_SRAM_MPU_BB 0.01

VDDS_PLL_DDR 0.00

VDDS_PLL_CORE_LCD 0.00

VDDS_PLL_MPU 0.00
VDDS_OSC 1.25
VDDA_1P8V_USB0_1 0.00
VDDS_A3P3V_USBO0_1 0.08
VDDA_ADC 0.0

VDDSHV1 0.06
VDDSHV2 0.06
VDDSHV3 0.12
VDDSHV4 0.04
VDDSHVS 0.10

VDDSHV6 0.41
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Standby mode Power Consumption (without I/O pad optimizations)

Power Rail Standby Power (milliwatts)

Total Power (Sum of all Rails) | 30.94

VDD_CORE 12.45
VDD_MPU 0.85
VDDS 0.89
VDDS_RTC 0.13
VDDS_DDR 0.65

VDDS_SRAM_CORE_BG 1.86

VDDS_SRAM_MPU_BB 0.01

VDDS_PLL_DDR 0.00

VDDS_PLL_CORE_LCD 0.00

VDDS_PLL_MPU 0.00
VDDS_OSC 1.25
VDDA_1P8V_USB0_1 0.00
VDDS_A3P3V_USBO0_1 0.16
VDDA_ADC 0.80
VDDSHV1 0.43
VDDSHV2 0.06
VDDSHV3 0.15
VDDSHV4 0.07
VDDSHVS 0.10
VDDSHV6 10.85
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available under that license under this License or a Creative Commons jurisdiction license with the same License Elements as this License.

"Distribute" means to make available to the public the original and copies of the Work or Adaptation, as appropriate, through sale or other transfer of ownership.

"License Elements" means the following high-level license attributes as selected by Licensor and indicated in the title of this License: Attribution, ShareAlike.

"Licensor" means the individual, individuals, entity or entities that offer(s) the Work under the terms of this License.

"Original Author" means, in the case of a literary or artistic work, the individual, individuals, entity or entities who created the Work or if no individual or entity can be identified, the publisher; and in addition (i) in the case of a

performance the actors, singers, musicians, dancers, and other persons who act, sing, deliver, declaim, play i m(erprel or otherwise perform lnermy or artistic works or expressions of folklore: (ii) in the case of a phonogram the

producer being the person or legal entity who first fixes the sounds of a performance or other sounds; and, (iii) in the case of broadcasts, the organization that transmits the broadcast.

h. "Work" means the literary and/or artistic work offered under the terms of this License including without limitation any production in the literary, scientific and artistic domain, whatever may be the mode or form of its expression
including digital form, such as a book, pamphlet and other writing; a lecture, address, sermon or other work of the same nature; a dramduc or dramatico-musical work; a choreographic work or entertainment in dumb show; a
musical composition with or without words; a unemdmgmphu work to which are w(\rk\ press hy a process anal hy: a work of drawing, painting, architecture, sculpture, engraving or
lithography: a photographic work to which are orks. by a process t 3 a work of applied arl, an |l]uslmuon map, plan, sketch or three-dimensional work relative to geography,
topography, architecture or science; a perrormance a bmadcasl a phonognm a «_ompllauon of data to lhe extent it is protected as a copyrightable work; or a work performed by a variety or circus performer to the extent it is not
otherwise considered a literary or artistic work.

i.  "You" means an individual or entity exercising rights under this License who has not previously violated the terms of this License with respect to the Work, or who has received express permission from the Licensor to exercise
rights under this License despite a previous violation

j. "Publicly Perform" means to perform public recitations of the Work and to communicate to the public those public recitations, by any means or process, including by wire or wireless means or public digital performances; to
make available to the public Works in such a way that members of the public may access these Works from a place and at a place individually chosen by them: to perform the Work to the public by any means or process and the
communication to the public of the performances of the Work, including by public digital performance: to broadcast and rebroadcast the Work by any means including signs, sounds or images.

k. "Reproduce” means to make copies of the Work by any means including without limitation by sound or visual recordings and the right of fixation and reproducing fixations of the Work, including storage of a protected
performance or phonogram in digital form or other electronic medium.

2. Fair Dealing Rights

Nothing in this License is intended to reduce, limit, or restrict any uses free from copyright or rights arising from limitations or exceptions that are provided for in connection with the copyright protection under copyright law or other

applicable laws.

3. License Grant

Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide, royalty-free, non-exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rights in the Work as stated
below:

wme e

a.  to Reproduce the Work, to incorporate the Work into one or more Collections, and to Reproduce the Work as incorporated in the Collections;

b.  to create and Reproduce Adaptations provided that any such Adaptation, including any translation in any medium, takes reasonable steps to clearly label, demarcate or otherwise uknufy that changes were made to the original
‘Work. For example, a translation could be marked "The original work was translated from English to Spanish," or a modification could indicate "The original work has been modified."

c. to Distribute and Publicly Perform the Work including as incorporated in Collections; and,

d.  to Distribute and Publicly Perform Adaptations.

e.  For the avoidance of doubt:

i Non-waivable Compulsory License Schemes. In those jurisdictions in which the right to collect royalties through any statutory or compulsory licensing scheme cannot be waived, the Licensor reserves the exclusive right
to collect such royalties for any exercise by You of the rights granted under this License;
ii. ~ Waivable Compulsory License Schemes. In those jurisdictions in which the right to collect royalties through any statutory or compulsory licensing scheme can be waived, the Licensor waives the exclusive right to collect
such royalties for any exercise by You of the rights granted under this License; and,
iii.  Voluntary License Schemes. The Licensor waives the right to collect royalties, whether individually or, in the event that the Licensor is a member of a collecting society that administers voluntary licensing schemes, via
that society, from any exercise by You of the rights granted under this License.
The above rights may be exercised in all media and formats whether now known or hereafter devised. The above rights include the right to make such modifications as are technically necessary to exercise the rights in other media and
formats. Subject to Section 8(f), all rights not expressly granted by Licensor are hereby reserved.

4. Restrictions
The license granted in Section 3 above is expressly made subject to and limited by the following restrictions:

a. You may Distribute or Publicly Perform the Work only under the terms of this License. You must include a copy of, or the Uniform Resource Identifier (URI) for, this License with every copy of the Work You Distribute or
Publicly Perform. You may not offer or impose any terms on the Work that restrict the terms of this License or the ability of the recipient of the Work to exercise the rights granted to that recipient under the terms of the License.
You may not sublicense the Work. You must keep intact all notices that refer to this License and to the disclaimer of warranties with every copy of the Work You Distribute or Publicly Perform. When You Distribute or Publicly
Perform the Work, You may not impose any effective technological measures on the Work that restrict the ability of a recipient of the Work from You to exercise the rights granted to that recipient under the terms of the License.
This Section 4(a) applies to the Work as incorporated in a Collection, but this does not require the Collection apart from the Work itself to be made subject to the terms of this License. If You create a Collection, upon notice from
any Licensor You must, to the extent practicable, remove from the Collection any credit as required by Section 4(c), as requested. If You create an Adaptation, upon notice from any Licensor You must, to the extent practicable,
remove from the Adaptation any credit as required by Section 4(c), as requested.

b. You may Distribute or Publicly Perform an Adaptation only under the terms of? (i) this License; (ii) a later version of this License with the same License Elements as this License; (iii) a Creative Commons jurisdiction license
(either this or a later license version) that contains the same License Elements as this License (e.g., Attribution-ShareAlike 3.0 US)); (iv) a Creative Commons Compatible License. If you license the Adaptation under one of the
licenses mentioned in (iv), you must comply with the terms of that license. If you license the Adaptation under the terms of any of the licenses mentioned in (i), (ii) or (iii) (the "Applicable License"), you must comply with the
terms of the Applicable License generally and the following provisions: (I) You must include a copy of, or the URI for, the Applicable License with every copy of each Adaptation You Distribute or Publicly Perform; (1) You
may not offer or impose any terms on the Adaptation that restrict the terms of the Applicable License or the ability of the recipient of the Adaptation to exercise the rights granted to that recipient under the terms of the Applicable
License; (IIT) You must keep intact all notices that refer to the Applicable License and to the disclaimer of warranties with every copy of the Work as included in the Adaptation You Distribute or Publicly Perform; (IV) when
You Distribute or Publicly Perform the Adaptation, You may not impose any effective technological measures on the Adaptation that restrict the ability of a recipient of the Adaptation from You to exercise the rights granted to
that recipient under the terms of the Applicable License. This Section 4(b) applies to the Adaptation as incorporated in a Collection, but this does not require the Collection apart from the Adaptation itself to be made subject to
the terms of the Applicable License.

c.  If You Distribute, or Publicly Perform the Work or any Adaptations or Collections, You must, unless a request has been made pursuant to Section 4(a), keep intact all copyright notices for the Work and provide, reasonable to the
medium or means You are utilizing: (i) the name of the Original Author (or pseudonym, if applicable) if supplied, and/or if the Original Author and/or Licensor designate another party or partics (¢.g., a sponsor institute,
publishing entity, journal) for attribution ("Attribution Parties") in Licensor's copyright notice, terms of service or by other reasonable means, the name of such party or parties; (ii) the title of the Work if's upplied; (iii) to the
extent reasonably practicable, the URL if any, that Licensor specifies to be associated with the Work, unless such URI does not refer to the copyright notice or licensing information for the Work; and (iv) , consistent with
Ssection 3(b), in the case of an Adaptation, a credit identifying the use of the Work in the Adaptation (e.g., "French translation of the Work by Original Author," or "Screenplay based on original Work by Original Author"). The
credit required by this Section 4(c) may be implemented in any reasonable manner; provided, however, that in the case of a Adaptation or Collection, at a minimum such credit will appear, if a credit for all contributing authors of
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the Adaptation or Collection appears, then as part of these credits and in a manner at least as prominent as the credits for the other contributing authors. For the avoidance of doubt, You may only use the credit required by this
Section for the purpose of attribution in the manner set out above and, by exercising Your rights under this License, You may not implicitly or explicitly assert or imply any connection with, sponsorship or endorsement by the
Original Author, Licensor and/or Attribution Parties, as appropriate, of You or Your use of the Work, without the separate, express prior written permission of the Original Author, Licensor and/or Attribution Parties.

d.  Except as otherwise agreed in writing by the Licensor or as may be otherwise permitted by applicable law, if You Reproduce, Distribute or Publicly Perform the Work either by itself or as part of any Adaptations or Collections,
You must not distort, mutilate, modify or take other derogatory action in relation to the Work which would be prejudicial to the Original Author's honor or reputation. Licensor agrees that in those jurisdictions (e.g. Japan), in
which any exercise of the right granted in Section 3(b) of this License (the right to make Adaptations) would be deemed to be a distortion, mutilation, modification or other derogatory action prejudicial to the Original Author's
honor and reputation, the Licensor will waive or not assert, as appropriate, this Section, to the fullest extent permitted by the applicable national law, to enable You to reasonably exercise Your right under Section 3(b) of this
License (right to make Adaptations) but not otherwise.

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, LICENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND CONCERNING
THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PURPOSE,
NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT
ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability
EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE
OR EXEMPLARY DAMAGES ARISING OUT OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

7. Termination

a.  This License and the rights granted hereunder will terminate automatically upon any breach by You of the terms of this License. Individuals or entities who have received Adaptations or Collections from You under this License,
however, will not have their licenses terminated provided such individuals or entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive any termination of this License.

b.  Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the applicable copyright in the Work). Notwithstanding the above, Licensor reserves the right to release the Work under different
license terms or to stop distributing the Work at any time; provided, however that any such election will not serve to withdraw this License (or any other license that has been, or is required to be, granted under the terms of this
License), and this License will continue in full force and effect unless terminated as stated above.

8. Miscellaneous

a. Each time You Distribute or Publicly Perform the Work or a Collection, the Licensor offers to the recipient a license to the Work on the same terms and conditions as the license granted to You under this License.

b.  Each time You Distribute or Publicly Perform an Adaptation, Licensor offers to the recipient a license to the original Work on the same terms and conditions as the license granted to You under this License.

c. If any provision of this License is invalid or unenforceable under applicable law, it shall not affect the validity or enforceability of the remainder of the terms of this License, and without further action by the parties to this
agreement, such provision shall be reformed to the minimum extent necessary to make such provision valid and enforceable.

d. No term or provision of this License shall be deemed waived and no breach consented to unless such waiver or consent shall be in writing and clgnud by the party to be charged with such waiver or consent.

e. This License constitutes the entire agreement between the parties with respect to the Work licensed here. There are no with respect to the Work not specified here. Licensor shall not

be bound by any additional provisions that may appear in any communication from You. This License may not be modified without the mutual wrmen agreement of the Licensor and You.

f. The rights granted under, and the subject matter referenced, in this License were drafted utilizing the terminology of the Berne Convention for the Protection of Literary and Artistic Works (as amended on September 28, 1979),
the Rome Convention of 1961, the WIPO Copyright Treaty of 1996, the WIPO Performances and Phonograms Treaty of 1996 and the Universal Copyright Convention (as revised on July 24, 1971). These rights and subject
matter take effect in the relevant jurisdiction in which the License terms are sought to be enforced according to the cor ing provisions of the i ion of those treaty provisions in the applicable national law. If the
standard suite of rights granted under applicable copyright law includes additional rights not granted under this License, such additional rights are deemed to be included in the License; this License is not intended to restrict the
license of any rights under applicable law.
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