Speeding AM335x Programmable Real-
time Unit (PRU) Application Development
Through Improved Debug Tools
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Agenda

« Introduction to the PRU Subsystem (PRU-ICSS on AM335x)
 Chip-level and Subsystem Level over of the PRU-ICSS

« PRU debug capabilities now included in CCS with details on
how to use them

« PRU Resources
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Introduction to the PRU SubSystem

« What is PRU SubSystem?
— Programmable Real-time Unit SubSystem
— Dual 32bit RISC processors
— Local instruction and data RAM; access to SoC resources.

« What devices include PRU SubSystem?
— Legacy PRUSS: OMAPL137/ AM17x, OMAPL138/ AM18x, C674x
—  PRU-ICSS* (PRUSSV2): AM335x

. Why PRU SubSystem?

Full programmability allows adding customer differentiation

—  Efficient in performing embedded tasks that require manipulation of packed
memory mapped data structures

— Efficient in handling of system events that have tight real-time constraints.

* PRU-ICSS = Programmable Real-time Unit and Industrial Communication SubSystem.
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PRU Subsystem Is / Is-Not

Dual 32-bit RISC processor specifically designed
for manipulation of packed memory mapped data
structures and implementing system features that
have tight real time constraints

Simple RISC ISA
- Approximately 40 instructions

- Logical, arithmetic, and flow control ops all
complete in a single cycle

Could be used to enhance the existing peripheral
feature set or implement new peripheral capability
with software bit bang

Includes example code to demonstrate various

features. Examples can be used as building blocks.

In not a H/W accelerator to speed up algorithm
computations.

Is not a general purpose RISC processor
- No multiply hardware/instructions

- No cache

- No pipeline

- No C programming

Is not a stand alone configurable peripheral and
will need some hardware assist for configurable
peripheral implementation

No Operating System or high level application
software stack
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PRU Value

« Extend connectivity and peripheral capability

— Implement Industrial Communications protocols (like EtherCAT®,PROFINET,
EtherNet/IP™ PROFIBUS, POWERLINK, SERCOS IIl)

— Implement special peripherals and bus interfaces (like soft UARTS interfaces)
— Digital IOs with latency in ns

— Implement smart data movement schemes (especially useful for audio algorithms like
reverb, room correction, etc.)

» Reduce system power consumption
— Allows switching off both ARM and DSP clocks

— Implement smart power controller by evaluating events before waking up DSP and/or
ARM. Maximized power down time.

» Accelerate system performance
— Full programmability allows custom interface implementation
— Specialized custom data handling to offload CPU
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Chip-level Integration of the PRU-ICSS
(PRUSSV2)

ARM Subsystem PRU-ICSS
« ARM has access to

PRUO PRU1
CPU CPU
Core Core

PRU-ICSS memory Cortex-A8

CPU

« PRU-ICSS has access to | SCR |
its own local memories e | ! !
1N- Dat Dat Shared Interrupt
and other chip-level L2 Cache RAM 0 || RAM 1 || Data RAM || Controlier
memory resources and (256 kB) 8kB) || @kB) || (12xkB) || (NTC)
peripherals 1 !

Chip-Level Switched Central Resources (SCRs)

a A

y

Peripherals
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PRU-ICSS (PRUSSv2) Block Diagram

32 General-Purpose Outputs*e—
30 General-Purpose Inputs*

Slave Interface from

PRU-ICSS (PRUSSV2)

Chip-Level SCRs

\ 4

—> 32 General-Purpose Outputs*
— 30 General-Purpose Inputs*

_ Master Interface to

" Chip-Level SCRs

» To ARM/DSP Interrupts
Events from peripherals

SCR
i f f i
Data Data Shared Interrupt v
RAM O || RAM 1 || Data RAM || Controller |,
(8 kB) (8 kB) (12 kB) (INTC)

and PRUs

* On AM335x, only 15 General-Purpose Outputs
and 16 General-Purpose Inputs are pinned out.
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PRU Development Support Integrated in CCS

pasm (PRU assembler) No
AM335x PRU Debug Tools Disassembly window Yes
Memory windows Yes
Register windows Yes
Execution controls Yes
Soft reset control Yes
Sleep control Yes

Download the CCS 5.x here:
http://processors.wiki.ti.com/index.php/Download CCS
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Summary of PRU Debug Capabilities

Disassembly window to show PRU assembly code

Memory windows to show PRU program and data memory contents
— Ability to load/fill memory contents
— Ability to save memory contents
— Ability to load PRU code binaries

Register windows to show PRU subsystem control, data and status
reqgisters

— View and modify PRU subsystem registers

Execution controls

— Run/Halt

— Single-stepping through assembly instructions
— Breakpoint control

PRU soft reset control
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How to create a target configuration

* You must choose the correct target

configuration for CCS to include the PRU

debug Capabllltles Target Configuration

Create & mew Target Comfiguration Filz.

File name: | My Mew T ar gekConfigl ool
« To create a new target configuration: []Liso sharad location

Location: | C:\Documents and Settingsa032 1620 user CCSTargetConfigurations
— Open CCS =] o user|CCSTargetConfig

— Click on Target > New Target Configuration...

— CCS will open a New Target Configuration
window, in this window:

» Type the desired filename for the target
configuration (like MyTargetConfig.ccxml)

« If the storage location is correct, the click Finish.

@ Firiish H Cancel
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How to create a target configuration

 In the main screen, CCS will open a “New Target Configuration” tab

— In the Connection menu, choose the correct emulator you plan to use. The debug
tools do not apply to the simulator.

— In the Device box, choose AM335x from the options.
— Click on the Save button under Save Configuration.

12| *MewTargebConfiguration.coxml &3 =8
Basic (1) Select the emulator | B | &5
General Setup Advanced Setup
This section describes the general configuration about the target,
Connection |Blacl<hawk LUSESE0-M Ernulatar « . | Target Confiquration: lists the configuration options For the target,

Board or Device | B33

Save Configuration

Test Connection

(2) Select AM335x To test & conneckion, all d

configuration file contains no &

as the device Function.

es must have been saved, the
= and the connection bype supports this

(3) Save the configuration

AM355%

Mote: Support For more devices may be available from the update manager.

Basic | Advanced | Source
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How to connect to a target PRU

« Start a debug session:

— Click on Target > Launch Tl Debugger or click on the #
— CCS will connect to the target

« The Debug window will now show 4 disconnected targets:
— The M3_wakeupSS 1 core

— The CortexA8 core
— The PRUO core
— The PRU1 core

%5 Debug 57 LI i= . = =0

-

el arni335:, coxml [Code Composer Studio - Device Debugging]

2 Blackhawk USESE0-M Emnulator_0fM3_wakeup35_1 (Disconnected @ Unknown)
x@ Blackhawk USBSA0-M Emulakor_0fCorkxAd (Disconnecked @ Unknown)
x@ Blackhawk USESA0-M Emulator_0fPRU_0D (Disconnected ; Unknown’ <+«— PRUO core
x@ Blackhawk USESA0-M Emulator_0fPRU_1 (Disconnected ; Unknown’ <+<—— PRU1 core

ﬁ beagleboard.org

&>beaglebone




How to connect to a target PRU

» Select Disconnected Device on the CortexA8 and either:
— Right-click and then select Connect Target, or
— Use Target > Connect Target from the Menu on top

» CCS will connect to the CortexA8 and the Register, Disassembly and Memory windows will populate.

® ccs Debug - Code Composer, Siudio
File Edit Wiew Search Project Tools Run  Scripks  Window Help

S (Fe @8- PR e aiE-%- 9
*5 pebug 53 % O TRy = | I V& i @}.’5 = = O || t9= variables | 55 Expr
=2 !_;_,":. am335:¢. coxml [Code Composer Studio - Device Debugging]
x@ Blackhawk, USBS60-M Emulator_0fM3_wakeupss_1 (Disconnected : Unknown) s
=Bl Bl ackhiawk UISESE0-M Emulator_0JCartxad (Suspended) FTy
wil Core Registers

= 0x000233F8 (no symbals are defined For 0x000233F8)
x@ Blackhawk IJSESA0-M Emulator_0fPRU_D {Disconnected : Unknown)
x@ Blackhawk USESA0-M Emulator_0JPRU_L (Disconnected : Unknown)

A% FIO_Registers

- IRD)_Registers

8 CPSR

il Supervisor_Registers
M mbort_Reqisters

bt Undefined_Registers
. Monitor_Mode_Reqgisters
ﬁﬁ' All_Banked_Registers

< ' 2
= B ||==¥ pisassembly | [ Memary Browser 52 ==

B=1ES

B %% ccsDebug | e @ °

. . | e |
essions | b Registers 9 L]

<50 | & et ™

Yalue

& @ 3t~
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How to connect to a target PRU

* Load AM335x CortexA8 and PRU gel files
— Tools > GEL Files
— Right click in GEL Files box and load AM335x_15x15_EVM.gel
— Right click in GEL Files box and load AM335x_PRU_ICSS.gel

Bl console | [FE GEL Files 53

GEL Files (Cortex_A8) (7)

Memory Map

GEL Files acripk Skatus
ARM Advanced Features [@Fama35:_15x15_EVM, gel Success
Generic Debugger Options [ aM335:_PRU_ICSS.gel Success

Cortex AS Disassembly Skyle Opkions

* Run the AM335x System Initialization script

File Edit Wiew Search Project Toaols Run BEsid=M ‘Window Help

4

B335 _EvM_Initialization

System Initialization

N s : i=l T - N7 <
P - ) |£| v & SYS_CLKOUTZ r GetInputClockFrequency
%5 Debug 53 Status ¥ ARM_SRTUREC_Config j
- ' i , i
= s #l arn335:, coxml [Code Composer Studio - D AM335x DDR Configuration \ ":"RM—OPPRD—CD”:F
ﬁ Elackhawk LISESE0-M Emulakar 0/M3_ AM335x DOR Tesks ARM_OPP100_Config
PRU_ICSS ¥ ARM_OPPSO_Caonfig

=5 Blackhawk USBESE0-M Emulatar_0/Cork
= 0x4237269C {no symbols are defined For Ox4237269C)

x@ Blackhawk, USESa0-M Emulator_0/PRU_D ¢Disconnected : Unknown)

x@ Blackhawk USBSGA0-M Emulator_0/PRU_1 (Disconnected : Unknown)

cmdDISP_PLL_Config
DORZ_Z66MHz_Canfig
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How to connect to a target PRU

* Run the PRU_ICSS_Init script

Window Help
AM335x Swskem Initialization  »

File Edit Wiew Search Project Tools Run

Y- [ B |5 - ¥ %
- ' |—'*'| Bt : SY¥S_CLKOUTZ >
% Debug 52 Status b I = =
- S
5 &% am335x.coxml [Code Composer Studio - D] 2-0% DDR Cenfiguration X
o Blackhawk USES60-M Emulator_ofm3_| __AM1335x DDR Tests
PRU_ICSS W[ PRU_ICSS Init

=5 Blackhawk USESE0-M Emulatar_0/Cork
= 0x4237269C (no symbols are defined For 0x4237269C)

x@ Blackhawk USBSGE0-M Emulator_0/PRU_D (Disconnected : Unknown)

x@ Blackhawk USBSGE0-M Emulator_0/PRU_1 ({Disconnected @ Unknown)

PRU_ICSS_PRCM_Enable_Stepl
PRU_ICSS_PRCM_Reset
PRU_ICS5_PRUcore0_and_1_Skart
PRU_ICSS_PRUcore0_and_1_Halt

» Select Disconnected Device on the PRU core and either:
— Right-click and then select Connect Target, or
— Use Target > Connect Target from the Menu on top

» CCS will connect to the PRU core and the Register, Disassembly and Memory windows will populate.

% Debug 53 Ol o T T T i= L ML

= b am3ascoxml [Code Composer Studio - Device Debugging]
x@ Blackhawk USBSA0-M Emulator_0/M3_wakeups55_1 (Disconnected ; Unknown)
= Blackhawk USES60-M Emulator_0fCortxad {Suspended)
= 0x000233F8 (no symbols are defined for 0x000233F5)

Bl Elackhawk USBSE0-M Emulator_0fPRIJ_D (Suspended)
= 0x00000000 (no symbols are defined For 0x00000000)
;.EE Blackhawlk USBESG0-M Ernulator_0/PRU_1 {Disconnected : Unknown)
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The Register Window

« When one of the connected PRUs is selected in the Debug Window, the Registers
Window will show the Core Registers and Debug Registers for that PRU. You can expand
and hide the Core and Debug registers in groups.

* You can modify values directly in the register window by double-clicking on the value and
entering the new value.

[ | %% Debug fQ cjc++

) s - m W =

Local (1) | Watch (1) [afat b4 =

MName Yalue
+ Bt Core Registers
# Ma Debug

I e
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The Register Window
* You can choose a register in the Register window and go to the
memory address in the register:
— Select the desired register
— Right-click and select Open Memory View at Register Value
— The Memory Window will go to the address specific in the selected register

harea

Dieazaambly | [

{0l o0 O 0
Ox0O00anic
Ox00d 0003 E
Ox0000anSd
D000 007D
D000 od0ac
OO0 0O DAE
el |
D000 0O DED

D000 001 50
D000 L 60
ikunleale]
ibualnalen}
00000
il uinaliubhils

Locsi(1]) | Watch |

Wb
u000n1ERS
oxE
G
1ZIQE56TE 1Z3Q56Ta AX3ASETE 12345678 12345878

1Z34567T3 123456738 1I345678 121345678 12345678
JASETE 1ZINSETE ID0E30E1 45410C3C DEDI0266 ER12CALE
EEOOL139 EGFDEFIE ABSISSAE LASC14AC 696 6B06L 656EZ0EA
T SAL1AATC ZE3ZER1E O

108 AFHEAFDH

T ERECOALE
148002 47

S24 DODO045E CEEABSCF BOZS1603
5 IF147E4S EAZBST31 30ESE650 6063 AEDS
C 3RA61844 CDDC

TE1 FOAQAST0 SE4RZSO0 SREE
DER E9114988 EAT0129F B2 185040 67985740 11E41DAT
AZE B4466F72 09539104 AESO1 180 044938 1DC C4ET0RC

[ ] = ot & -

17

& =beaglebone




The Register Window

* You can also choose a register to be a watch value in the Watch window:

— Select the desired register
— Right-click and select Create Watch Expression
— The selected register is now a watch value in the Watch Window

— You can put watch values from multiple CPUs in the same window, but CCS will only
display the contents for the CPU selected in the debug window.

Lacal (1) 5" 4 Reqgisters (1)
Name Yalue Address

ZNEw =

N
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The Memory Window

Memory Selection: Save, Load or
- Program Fill Memory
- Data

- PRU Device Memory

Address Selection:
Enter text or use menu
for recently used values

Data Display Style

|

m “ | Program Memory % ‘] - i d-;ﬁ’ wa e /i

He:x 32 Bit - TI Skvle w

R Gllafafalals] EFGEIEER] S 100ES04 24082000 FFOOCT0E EFO0CS0E 0400ESES O000E7ET O000ESES ~
0x00000008 S100A387 5100ES02 7FO0 24000000 545449CC 0549BAE6 92 ASF307 0251136
0x00000010 EBFSCS30 C31A9750 6E422 4\ N\gL7F745F OD15AC3S SESCOS67T 33449409 16444835
0x00000015 AASEZSZE 74142E3D S09999E 93DE 092C108B 575503587 65F042 10 CSEZEOCD
0x00000020 ACAEE1A43 SFCE5D14 40F6C917 B2 E33DALEOD CS6EZA72 CES29COF SES1034C
0x00000025 CF429191 165406614 EZ64F0SE 23 27ECBOCS 9560EDLE SLAEQZ 50 ODSE0S3C
0x00000030 0C4C9795 7D5112C1 ADF7A408 - 3D 37654019 55F63ESF
Dx00000038 023ACS0C 7FE895CS7T ASB24E2 Double-click O_n @ L3z sEa0r314 02R0ZETD
0x00000040 76847893 1310F66C D1043szg  Memory location EZ 9B4CEOGE 16F299C4
0x00000048  402826C5 73282748 COFOCO9] 9 modify it E6 FE42 454 AFACAOOZ
0x00000050 OCF2CS33 FOGA3ZEE0 ES42C46 : 42 53CE8544 21407010
0x00000058  322844C1 6F083730 COFCpaanw AIlECHlY 690 8465F42D 45E24039
0x00000060 4DC4530F B133FSAE 90451F5E 58911201 BES4B073 57E2652D 60D2ZA15C 60408565
0x00000065 72BAG206 47419500 25325C1D OBE40C60 648603580 7CEE3CEL COBCS741 6BDEEB36
0x00000070 EO015C16C 91354C93 D21FS0EE 0454D669 ASBO0134 51403454 FE0S09D1 60572 AES
0x00000078 ASF31F6L 562E15F3 25601423 BCE14F0A CA999CAL 34183571 SEET1D25 73 465F20
0x00000080 32C52C52 D1D92092 S04E0717 DOEBEOEBD 4DASZ2424 77064208 6C131158D 0SD169EE

0x000000858 E36BED47E E130E952 OE630C4S 7456E155 DE92A3CD 935F444E 10C20BEL 45D2D0SS v
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Loading a PRU Binary (executable file)

* To load a PRU binary, it must be loaded through the Memory Window
(unlike other CPUs in CCS).
— Go to the Memory Window, pull down the menu for # -
— Select Load, select the binary file you want to load, then click on Next
— In the next window...
« Enter the Start Address (usually 0x0)[see note 1]
» Choose Program Memory as the Memory Page

» Choose 32-bits as the Type Size
* Click Finish

« The binary is now loaded and if you go to the Disassembly window, you
will see the code.

[Note 1] The PRU assembler always assembles code to start at program address 0x0. But you could do code
overlays by modifying code to start at another address. In this case, you would use some address
other than 0x0 for the binary being loaded.

i
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The Disassembly Window

Gmassembled Single-Step ControlsZI

nstructions

= b3 Memary (1) Ox0 v B |3 |&F|65 Y T O
W 0x00000000: 24000082 LDI ERZ.w0, #0 AD
Ox00o00ooalL: 240000C2 LDI ERZ.w2, #0

Q0000000 lESZFEFE SET PR30, R30, RZ.wl

Address OlOLCZCZ  ADD R2.w2, R2.wz, #1
67FFC2FF QBGT (0x3), R2.w2, #2585
1CE2FEFE  CLE R30, B30, RZ.wl

Dx00000006: 0l0l8282  ADD RzZ.wl, R2.wl, #1

Memory Ox00000007 E70882FE  QBGT (0x2), R2.wl, #8

Contents Ox00000008: 24000000  HALT

Ox00000009: FFFFFFFF  LBEO R31.h3, R31, #255, h3
(OPCODE) Ox00000004&: FFFFFFFF  LEED R31.h3, R31, #255, b3

Qx0000000E: FFFFFFFF LEEO R31.h3, R31, #255, b3
QxQo0ooanc: FFFFFFFF LEEO R31.h3, R31, #255, b3
Qx0000000D: FFFFFFFF LEEO R31.h3, R31, #255, b3
Qx0000000E: FFFFFFFF LEEO R31.h3, R31, #255, b3
QxQ000000F: FFFFFFFF LEEO R31.h3, R31, #255, b3
Qx00000010: FFFFFFFF LEEO R31.h3, R31, #255, b3
Qx000000LL: FFFFFFFF LEEO R31.h3, R31, #255, b3
Qx000000Lz: FFFFFFFF LEEO R31.h3, R31, #255, b3
Qx00000013: FFFFFFFF LEEO R31.h3, R31, #255, b3

MareOOONNTT A TTTTTTTT TDDAO 21 1.2 T2 LOCC 1.2

» Both single-step controls do the step through a single assembly instruction

» Not all of the controls in the disassembly window have a function on the PRU

21
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Execution Control — Run, Halt, Single-Step

« To Run/Halt, with the PRU selected
— Click the RUN button = in the Debug window, or
— Click Target > Run

« The PRU code will run until it is halted or executes a HALT instruction

« To single-step through code, use any of the single step controls.

— Step-Into, Step-Over, Assembly Step-Into, Assembly Step-Over all have
identical functions on the PRU
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Execution Control — Breakpoint Control

« You can set/clear breakpoints by double-clicking in the bar to the left of the
address in the disassembly window.

* You can also view/control PRU breakpoints by using View > Breakpoints
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Execution Control Screenshot

® ccs Debug - Code Composer Studio
File Edit Yiew Search Project Tools Run  Scripts

BildvEa-DEe-

%5 Debug 52

Identity

[+ 2, ox
[*]® 0%

am335:x, coxml
Cortxag:

Cortxag:
Cort=is:
Cortxis:
Cortxis:

0* B

9g Breakpoints &2

000000z
0000004

El consale 2 GEL Files

Jutput:
output:
Jutput:
Output:
Output:

¢ Licensed

0=

Mame

Breakpoint
Breakpoint

TEET
TEEE
TEET
TEEE

TEET

Window  Help
T~ A B | % cCsDebug [B3C ™
SRS i - oF @ Y T O|| B Registers 52 B |8 fed|ea ™ =0
&
Marme Yalue Descripion ”~
= ﬁﬂ:‘CnreRegisters = I—_I'd:a
il P 00000002 Care Register: PCOU
i RO Ox01C14100 Core Register: RO Re
i RL Ox41D0CCSA Core Register: R1 Re
il Rz 0xSECEETF7 Core Register: RZ2 Re
i R3 OxBI7DEES Core Register: B3 Re
i R4 OxDESCD451 Core Register: R4 RE o
£ |
& - K & & e m = qu = O |22 pisassembly 53 | [J Memory Browser = (=
Condition Counk Action v
0 Remain Halted Enter location here ¥ & & (G[R] 2 2
0[m Remain Halked L
i
00000000 : 24410050 LDI RO.wd, #16644
ooooooo0l z401C1C0  LDI  RO.w2, #449 —
#.00000002 : F154z081  LEED Rl.bO, RO, #
00000003 : 81002381  SECO Rl.bO, C3, #
@oo00o004g: 11F02121 AN Rl.b1l, Rl.bl
00000005 : 13012121 OR  Ril.bl, Rl.hblw
< ! >
Ex o iy L
PRU-ICS3 PRCHM Ensble Step 1 is Done *5%% ~
PRU-ICSS PRECM Enable Step 2 1z 1in progress %% I
PRU-ICSS PRCHM Ensble Step 2 is Done *%%%
PRIO-IC3S PRCHM Reset i= in progress *%%%
PRU-ICSS PRCHM Reset is Done #%%% -
W

= K% am335%.coxml [iCode Composer Studio - Device Debugging]
x@ Elackhawbk USBS&0-M Emulator_0§M3_wakeup3s_1 (Disconnected @ Unknown)
= Blackhawk USBSE0-M Emulator_0jCortxAS (Suspended)
= 0x000233F8 {no symbols are defined For 0:x000233F5)
= Blackhawk USBS&0-M Emulator_0jPRU_0 (Suspended)
= 0x00000002 {no symbols are defined For 0:00000002)
x@ EBlackhawl, USBESE0-M Emulator_0JPRU_1 (Disconnected @ Unknown)
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PRU-ICSS Documentation and Resources

« CCS External Download at
http://processors.wiki.ti.com/index.php/Download CCS

« AM335x PRU-ICSS Documentation is available in the
AM335x PRU-ICSS package
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