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SMTApp APPLICATION NOTE

Summary:

This application note illustrates the use of the Real Time Data Exchange between
the HOST and the DSP TIM. This document shows how RTDX is used on DSP
design.

The Real Time Data Exchange is a standard component of the TI DSP. This
feature is available with the software Code Composer Studio from Texas
Instruments.

The protocol used to communicate between the HOST and the DSP device is the
JTAG chain.

Hardware targeted:

TMS320C6000 mounted on Sundance processor-TIM

Software required:

Tl Code Composer Studio version 2.20 or later

Software examples provided by Texas instruments

Introduction:

RTDX permits developers to transmit and receive data between a HOST and a
target DSP without stopping their applications and to view live or saved data via
an easy-to-use Object Linking and Embedding (OLE) Application Program
Interface (API).

HOST DSP
Tl CCS Debugger
oL > Communication >
Automation client OLE JTAG interface User library
display interface <
A Il
Application
running on the |«
target DSP

Figure 1: RTDX data flow

RTDX gives designers the industry’s first DSP system that provides real-time,
continuous visibility into the way target applications operates in the real world.
RTDX allows system developers to transfer data between the host computer and
DSP devices without stopping their target application.
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SMTApp APPLICATION NOTE

Tl supplies a very small software library that runs on the target DSP. The
designer's application makes C or assembly code calls to pass data to or from Tl's
data exchange libraries. These libraries then utilize the eXtended Development
System (XDS) scan-based emulators to move the data to or from the host
platform. Most important, these actions take place while the application is running
on the DSP as the XDS emulator moves the data.

Initially, RTDX will transmit data at up to 8 kilobytes per second, making it well-
suited for a variety of control, servo and audio applications running at full speed.
For example, wireless telecommunications manufacturers can capture the outputs
of their vocoder algorithms to check the implementations of speech applications.
Embedded control systems will also benefit. Hard disk drive designers can test
their applications without crashing the drive with improper signals to the servo
motor, and engine control designers will be able to analyze changing factors like
heat and environmental conditions while the control application is running. For all
of these applications, users can select visualization tools that display information
in a way that is most meaningful to them.

Future Tl DSPs will feature RTDX bandwidth increases of ten times or more,
providing greater system visibility to an even greater number of applications.

DSP to Host transfer:

The Tl debugger controls the flow of data between the Host and the DSP (refer to
Figure 1). Data flows from the DSP application through the User Library Interface
and the Communications Interface to the Tl debugger running on the host. The
DSP application calls routines in the User Library Interface that buffer the data
and pass it to the Communications Interface. This in turn sends the data to the
debugger by way of a JTAG interface. The debugger records the data in a log file
on the host.

On the host, the Tl debugger supports OLE automation. Any host application that
is an OLE Automation Client (those written in Visual Basic or Visual C++, for
example) can access data in an RTDX log file or send data to the target via the
OLE interface.

Host to DSP transfer:

Data flows from the OLE Automation Client to the Tl debugger. The debugger
buffers the data on the Host. When the debugger receives a read request from
the target application, the data is sent to the Communications Interface on the
target via a JTAG interface. The Communications Interface passes the data to the
User Library Interface, which then delivers it to the target application.

Demonstration example:

Sundance Multiprocessor Technology chose an example from Tl Code Composer
Studio to illustrate the functionality of the RTDX transfers.

The examples provided by Tl are located in the Tl installation folder on your
computer. These examples are used to run on a simulator/DSK6xxx depending
on the project type. Sundance Multiprocessor Technology uses the Tl emulator.
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Whenever you test any example project on a different board, you need to use a
proper linker command, gel file compatible with your design board. The linker
command file written for the DSK may not support a custom board.

So before exploiting any examples, you must open the Tl project and edit the
command file. The examples provided by Tl run on the DSP target, so the
information relevant to the chipset do not need to be modified. But, the
information particular to the Sundance modules such as the address of the
external memory has to be updated with the correct settings.

Sundance Multiprocessor Technology focuses on the SMT376 mounted with a
TMS320C6711 DSP. The system is composed of a SMT376 plugged into the first
TIM site of the SMT310Q carrier board. The example is “m_engctl” from the TI
installation folder: ..\ti\examples\dsk6711\rtdx\

Similar operations can be made on the other examples provided by
Texas instruments. Other type of Sundance hardware can also be
used, but this requires configuring the system properly.

Step-by-step instructions:

The next subsections will describe step-by-step how to adapt the Tl example to
Sundance Hardware.

Pre-requisites:

We assume that you have preliminary successfully installed TI Code Composer
Studio and the Sundance Hardware that you want to target with the Sundance
Wizard.

“ Sundance Wizard il

E\ Identify your hardware modules

‘e now need to determine which TIks wou hawve attached to wour carrier boards and the order inwhich they appear
on the JTAG chain. This can be done automatically in most cases by clicking 'Detect’. You may also specify the
configuration explicithy by draging TIks from the right pane and dropping them onto the carrier board inthe left pane

ER )< oo Up | [TMName [ TIM Type |
-8l SMT3100 ¥ ST 395_WP30 Processor type
LR SMTI76_6711_128 Dawn | 8 SMT395_WP2D Processor type
R SMT387 Frocessor type
#® SMT376_6713_256 Processor type
R SMT3I7E_6713_128 Processor type
B ShMTI76_B711_256 Frocessor type
-t A b _h7 Processor type
;| SMT 378 Processor type
MR ShTI74_6713_300 Processor tvpe

ST I74 B713 Frocessor tvne h

Clear | 4 I Ll_l

Aftermpt to detect the actual configuration automatically. This is only reliable for systems made

Detect F
up entirely of processor type modules.

Load Load a previously saved configuration.

il

HNext >> |

For more information about how setting up the system, please refer to Sundance
help file.

@
7

Quit << Previous
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Opening the Tl project:

The project is already built for the user by Texas Instruments.

% /Board_0: SMT310Q/SMT376_6711 128 0-DSPA - C6711 -|of x|
Fle Edit View Project Debug Profler GEL  Cpton Took PBC DEP/MBICS  Window Help
SRR m [ AN AR =
| iProject Open 2| x|

Flés | @ B A Lookin |Smengel x| B aEr

| [9 Fles Eebug

oY | | -2 GRL fles =

¢ | | -3 Projects

©

(T

Rt

)

b File name: Im_engl:tl.pjt

=

o Files of type: IPrDjel:t Files i) LI Cancel |

[ e |

| L

& o4

CPU HALTED | | For Help, press F1 NUF

You just have to open the project directly for the folder:
.\ti\examples\dsk6711\rtdx\m_engcti\m_engctl.pjt

¥ /Board_0: SMT310Q,/SMT376_6711_128_0 - DSPA - C6711 - Code Gomposer — |EI |i|
g Fle Edt View Project Debug Profler GEL Option Tools FPBC DSP/BIOS Window Help o |E|
.l
BEE|BR|o 9 e | R LT =
|m_eng|:tl.pjt L”Debug L” & | s | ™R ‘
Hlo | oBBEHEL | © ¢ EIEY
€ | = #include <stdio.h> s% fprintf (), ﬂ
O | 243 Include - #include <stdlib.h> % ahort(), rals
T cex.h #include <{(time.h> % otime ()
o rrdsx.h #include irtdx.h> . ~% RTDX —I
- RTDK access. #include "target.h <% TARGET INIT
= e rtdxpoll.h % ===================================================
----- targeth *® Typedefs & Global Data structures
—u{} E—]—-@Libraries * =_==================================================
h [# rtdx.ib #define TEST_ITERATIONS 100
* .
& [z rtdxhs.ib #dafine MIN_RPM D /% Min Max Engine RPM'
) -[#] rts&700.lib #define MAY_RPM 9000
2‘ B3 Source #lefine MIN_TC 0 <% Min-Maxz Turbo Charg
oo . #define MAX_TC 25000
Z intvecs.zsm [y #define MIN_MP -150 = Min/Max Manifold Pr
m_engctlc #define MAX_MP +150
----- [#1 ~£21 1 el f“mf"_l—l #define MIN_ WG 10 <% Min-Max Waste Gate
_L| I E #define MAX_WG 30 =
\m\ﬂ HA = Fame WMTR TH 1n “% WA Az Thyrot+ 1o %
& KN o
|cFU HALTED | | For Help, press F1 Ln 13,Cc 4
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Modifying the TI command file to support Sundance Boards:

In the left menu, you can see the TI command file. If you edit it, you can see the
memory map of the DSP. You normally have to change the sections about the
external memory (such as the SDRAM). In the Tl command file, the external
memory is named BMEM. You need to modify the start and end addresses
according to the user guide of the processor-TIM you use.

For example, the SDRAM is mapped at the address OxA0000000 up to
OxXA7F00000 in the SMT376_6711_ 128. So, we can reserve the address, which
starts at OXA0000000, and specify the length to 0x08000000.

' /Board_0: SMT3106}/SMT376_6711_128_0 - DSPA - £6711 - Code _ o] x|
@ File Edit Wiew Project Debug FProfler GEL Opftion Tools PBC DSPRICS Window Help _ |E|
x|
Bl ERo9 = e ,|Iﬁﬁ"§a%|§¥?‘aﬁé»&éluﬁiﬁﬁilﬁ
|m_eng|:t|.pjt L"Debug L” ol | S | T ‘
Ale 0ESEHEL - | Q |
™ R ﬂ
9 ~[8 cxh =] _RTDX_interrupt_mask = ~0x000001808; =
'{_}l sk
{rp_ RTDX_aCCeSS. MEMORY
© ~[8 rtcpolh VECS: o0=00000000k 1-00000200h s% interrupt v
w ~B targeth PMEM:  o=00000200h 1=0000FEDOh ## Internal RA
E1-23 Libraries EMEM:  o=0xA0000000 1-08000000h ~% CEO, SD
o [ rtd b
& richehs.lib ¥
" | | B3 Source {
B‘ ! intvecs.asm .intvecs * Oh
ol .text ¥ BMEM
Z m_engetl.c .rtdx_text >  EMEM
i ----- c&211dsk.cmd — far s BMEM
m w
.s5tack ¥ BMEM
ar o .bss > EMEM &
\m\ﬂ PYERCER i PRER
2 IERIN] i
[cPU HALTED: | [ For Help, press F1 Ln 1, Cal
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Building the project:

The project can be built now. You just have to recompile the whole project by
executing the icon REBUILD ALL from the menu.

’ /Board_0: SMT3100,/8MT376_6711_128_0- DSPA - C6711 - Code Composer Stui - |El|i|

Fle Edit W¥ew Project Debug Profler GEL Option Tools PBC DSP/BIOS Window Help _ =] %

le Ed b fi | /B d |
B s BRo 9 = | EEE AR I
|m_eng|:t|.pjt L"Debug LH & |ﬂ| U | R ‘
EIW‘ B E=EERERA ‘ & 25 ™ % @ [Rebuid A1
2 - 00000418 90000313 [l1&1] B.S2 0x418 -
o - (3 Dependent Proje & | 0000041C 910402E4 || [!A1] LDW.D2T1 *+B1[0x0],A2 [
AN 1 DSP/BIOS Config 00000420 00006000 HOP 4
7| il || T SHL .51 A1,0811.A1

= . P JE -
W | |7 Incude 0000042C 01042D58 LMED.L1 1,142
™ ~[Eosxh 00000430 02083942 SHRU. 52X AZ2,0%1,B4
2 e 00000434 00000024 MVE.S2 0x0000, B0 J
- =) RTDK_access: 00000438 00400064 MVEH. 52 0xB80000000,E0
B ricixpol.h 0000043C 0111FCAD SHL . 51X B4,0xf A2
lid] ' 00000440 0780S1E0 ADD .S 1¥ A2,B0,A15
& B targeth 00000444 00200024 MVE. 32 0x4000,E0
E =43 Libraries _lﬂ 00000448 0701F1EQ0 ADD.S1X 215,B0,A14
o Sp— 00000440 003411A2 MV . 52K 213,B0

2 [l N b 00000450 20000213 [ BO] E.32 0x450 -

_W AONONAC A 300700 R =T T T T AT e AT a1 T
— ¢ <| r »
Build Complete, _:J

0 Errors, 0 Warnings, 0 Remarks.
Please wiew the build output for errors and warnings for any custom steps.

AT [T Build Ll »f

The result of compilation should not display any error like it is shown in the
previous picture.

The executable file .out is created in the debug folder of your project. This file is
the code compiled for the target. The instructions contained in it run on the DSP
only.

If any errors are displayed, you should correct them before going further in this
application note.
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Configuring the RTDX device:

To use the RTDX feature of the DSP, you should first enable it by selecting the
CONFIGURATION CONTROL tools box.

= ] /Board_0: SMT3100Q/SMT376_6711_128 0 - DSPA - C6711 - Code Compose) - ||:||
@ File Edit Wew Project Debug Profler GEL  Option | Tools FBC DSPEIDS  wWindow Help — |E|
= G |I CA000 Emulator Analysis S I as  EE| A
Diata Corverter Support

|m_engetpit ~|[Debug Simulator Analysis

@Mw‘ﬁgﬁ@@ﬂ‘g@ Command Window

= : L Symbol Browser e e e
5| | 243 Include -] Fort Connect

A c6x.h void main( wvaid ) Pin Cornect

Wi red<.h 1 PV 05 Selector | ations

om0 RTDK_access. #i fdeg‘ arc  Linker Configuration

A rtxpol.f int dummy;  Algorithm Standard >

é--target.h #endif R

g | | 5 Lbraries struct { Advanced Event Triggering Config (

# ) int DREM: 7% Desirec  Channel Wiewer Control

= rtdxhs. b int RPM: 7% Engine S—REm

S0 = rtsa700.lb int MP: <% (.1 psi) Manifold Pressure

" 253 Source int TC; <% (rpm) Turbo Charger

S intwecs. asm int W3 % 3 Waste Gate

. } chan_data:

— m_engct.c

- ct21ldsk.cmd ~%* Initialize "chan_data" structure

i chan_data .RPM = 2000;

&= _LI | >| chan_data .MP = 0;

DT

The RTDX a utility window appears and you have to tick the RTDX box to enable
it.
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Downloading the DSP application:

Now, you are ready to download in the DSP the application created. You have to
select LOAD PROGRAM from the FILE menu.

.4 /Board_0: SMT310Q/SMT376_6711_128_0 - DSPA - G6711 - Code Com
File Edit Wiew Project Debug  Profler GEL  Opfion Toolk: FBC DSPBICS  Window Help

& i g Op p
BEH|f BB o o Sl 8| SN | s || E
|m_engu:t|.pjt _v"Debuq v|| = | G | B % |

| s ‘ eB=E o] oad Program 2 x|

Ty | | (3 Depende _ & | 4 J 0] A2
|| ~GospeR (@ ;

e I I [ Generats : L

™ B3 Include T_ype: CLUT File LAl

ex || 522644 KB I
P : CEx F 4
| RO
100, B0

B >

e} L5

3 i

‘2‘ -3 Libraries 14

&' LI ST File pame: |m_eng|:1|.0ut

% - D /‘ r 711 {=Nn}
] Jj Files of tvpe: |*.0ut LI Cancel |

Build Complete. Help |

0 Errors, ‘0% 4

Please wview tIE OOIIM DUCPOC IO BEITOIS onO WalNINgs IO oy CUSLOM SLEQS.

Once you open the “m_engctl.out” file, the download window shows you the
progress of the loading in the target DSP.

Running the application:

You run the DSP application by accessing the icon RUN from the left utility bar or
from the menu DEBUG.

The DSP application runs continuously. Now, the DSP executes the instructions
and wait the Host application to exchange data with it. The data exchanges use
the RTDX device between the DSP and the Host.
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Running the Host application:

The Host application “Engine Test” is ready to use. It is located in the folder Host
applications (..\ti\examples\hostapps\rtdx\engineprog\engineprog.exe)

It is provided by Texas Instruments as well.
When you execute the file “engineprog.exe”, the GUI is displayed.

You have to select the parameter 32-bit data word (because you use a device
from the C6000 family DSP). Then, you can run the GUI pressing the button ON.
You should see a little car on the RaceTrack running on the second OLE windows.
All the parameters and speed counters evolves in real time as the car.

mEngine Test =10l x|

Operations Panel RaceTrack About
)I Input Disabled

(FAST) Proc. Speed (SLOW) . H Sound

10 15
-5 5 . .

0
ot \ Turby Charger
Manifold Pressure 5 __ 20
10y T I

/%1000
0 X 95

Intake Manifold

Distributor

Engine Block p
Connecting Rod il 1]

Exhaust Valve RtdxConfig

RTD¥ Made: MNon-Continue
Record To: [E RN HN RN =yt
Buffer Size: 1024
Buffers: 4

al

v Enahble BTDX

Observing the results:

By watching at all the animations, you can see the features of the RTDX device to
communicate from the DSP to the Host and vice-versa.

Document Title RTDXbyJTAG.doc

Date 29/04/05 Revision 1 Page 11 of 12

Quality Control Form Reference QCF32, Issue 4, 12" January 2000
© Sundance Multiprocessor Technology Ltd.



SMTApp APPLICATION NOTE

Conclusion:

The communication protocol, between the target DSP and the Host, uses the
RTDX device.

The application exchange data through the JTAG. It also shows that Sundance
Hardware supports the RTDX features embedded in the Tl DSP.

This application shows that TI CCS can also be used to design Real Time
applications. It can be used to test the JTAG connection between the Host and the
target DSP. It can be the similar test for the JTAG chain that Sundance provide to
test the Host Comport in the SMT6300.

This type of HOST-DSP applications can give ideas for the future. Sundance
Multiprocessor Technology could develop Host and DSP communication protocol
using the Sundance communication resources such as Global Bus, Comports,
Sundance Digital bus 16- or 32-bit, Rocket-10 Serial Link.

Link to similar application for Tl Code Composer Studio:
- Writing an RTDX host application using MATLAB:
http://focus.ti.com/lit/an/spra386/spra386.pdf
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