Introduction to Using SYS/BIOS Real-Time Operating System ELEX 7820 Lab 4 — 250ct2017

Lab 4 - Introduction to Using SYS/BIOS Real-Time Operating System
on

TI TMS320F28027 Piccolo Microcontroller

NOTE: THIS DOC IS WRITTEN ASSUMING A 28027 LAUNCHPAD IS BEING USED
NOTE: THIS DOC IS WRITTEN ASSUMING CODE COMPOSER STUDIO VERSION 5 IS BEING USED

Code Composer Studio versions 6 and 7 do not easily support the “Raw Log” functions that appear in the code in
this lab, therefore you need to install CCSv5 to do this lab

In this lab you will:

e experiment with code that uses SYS/BIOS RTOS

e explore the graphical configuration environment for setting up a project that uses SYS/BIOS
e explore C code structure for the various thread-types

e use existing code templates — there is no need to use your files from previous labs
experiment with “Idle Example” code

experiment with “Swi Example” code
experiment with “Task Example” code

P wnNeR

modify the Task Example code by adding a new task and additional semaphore

e observe print messages in Raw Logs window

What to submit to D2L (use .zip file):

e answers to any questions posed in this handout or on the whiteboard
e any snapshot(s) you feel would help make your lab report better

e code you write or modify for Item 4 above, i.e., the .c and .cfg files

e snapshot(s) of information on the new task you add for Item 4

e snapshot of the Raw Logs display for Item 4
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Some Notes on Tsk Threads in This Lab

e Inthis lab, Tsk threads are created statically, i.e., they are created by the RTOS once only at the
time that the system starts up.

e Inthis lab, Tsk threads are always in one of three states: READY, BLOCKED, or RUNNING. They
are never TERMINATED.

e |n SYS/BIOS, the state of a semaphore is defined as follows:

=0 - not available (blocking)
=1 -> available

Some Other Notes

e Inorderto use SYS/BIOS in a project, you must pick a SYS/BIOS template to start with to get the
appropriate Include files for SYS/BIOS.

e The xds100 Emulator on the Piccolo is inexpensive, but a bit slow. It can take some time for the
Build and Load processes to be performed. Be patient.

e When you want to re-Build your code, | recommend that you explicitly Terminate the Debug
session first, otherwise | noticed the Raw Logs might not update properly thereafter.
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0. Install Code Composer Studio v5 (including SYS/BIOS)

Copy the .exe install file from Share Out\ELEX\7820 to your desktop and run the installer.

Select Custom install. You only need to select the c2000 tools and the XDS emulator packages.

The install takes about 15 min on the lab PC (and you may need to say yes to a firewall message

part way through).

Note that, when you set up your CCS project later in this lab, it will need to use a pre 3.30 version

of XDC tools.

You can check the packages that get installed in CCS by doing:

Window - Preferences — Code Composer Studio — RTSC — Products

type filter text

v General
b C/C++
4 Code Composer Studio
» Advanced Tools
» Build
» Debug
» Grace
a RTSC
Products
Energia
> Help
v Install/Update
» Model Validation
> Remote Systems
» Run/Debug
> Team
Terminal

Products LCR A g
Product discovery path:
Ocom Add...
[ C:/Program Files (x86)/ Texas Instruments
Remove
Sl C/appsiti
A Edit
—
Installed products:
 m srsm0s
.‘fﬁ 6.35.4.50 [D:/Work/TI_Tools/bios_6_35_04_50]
4 =), System Analyzer (UIA Target) —
."3';'§ 131.08 [D:/Work/TI_Tools/uia_1_0 =

4 =i XDCtools
£% 330.1.25_core [C:/Apps/ti/xdctool
£ 325372 [D:/Work/TL Tools/xdctools

Search for new products each time Code Composer Studio is started

Uninstall

Restore Defaults Apply

Note: pre 3.30
version of
XDCtools
required for
this lab
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e To see Help Info on SYS/BIOS, e.g. API functions:

In Code Composer: Help — Help Contents

Contents G- %~ B8[8 0 Gl @8
@ Workbench User Guide

& C/C++ Development User Guide

@ 2000 Compiler Version 6.2 User's Guides
@ 5500 Compiler Version 4.4 User's Guides
6000 Compiler Version 7.4 User's Guides
@ Code Composer Studio Help

@ Edlipse Marketplace User Guide

@ EGit Documentation

© MSP430 Compiler Version 4.3.0 User's Guides  Searching
© MSP430 EnergyTrace Help

@ RSE User Guide

[7)7 PN

Using the help system

Browse topics in the Contents frame (&) on the left. Click on a topic to have it displayed. Use the Back and
Forward buttons to navigate within the history of viewed topics.

To quickly locate topics on a parficular subject in the documentation, enter a query in the Search field. Use the
Search frame W} to display the Search view. You can narrow the scope of your search by selecting only the

@ SYS/BIOS 6.41.02.41 sections you are interested in.
@ System Analyzer (UIA Target) 2.00.02.39
9 System Analyzer Help Synchronizing
> TI ARM Compiler Version 5.1 User's Guides
@ Trace Analyzer Help Clicking the Show in Table of Contents button ('ﬂ-’&) will select that topic in the navigation tree. The Link with
@ XDCtools 3.30.01.25 Contents button (c:{'}) keeps the navigation tree synchronized to the current topic
Capabilities
To show documentation about capabilities that are disabled in the application, select the Show All Topics button
(ﬁ) . This affects the table of contents and search results
Keyword Index
To show an alphabetically sorted index of keywords select the Index Frame (%) Not all products contain an index.
] B [ ¥ [ @

<7+ Help - Code Composer Studio

Scope: All topics
Contents & - a

% EGit Documentation *  SYS/BIOS 6.35.04.50 » APLreference > 1i > sysbios > knl
|© MSP430 Compiler Version 4.3.0 User's Guides

Pl &8
H
l@- MSP430 EnergyTrace Help . . 0 @ @
> RSE User Guide module ti.sysbios.knl.Semaphore
SYS/BIOS 6.35.04.50 index URL
Bl Release Notes
[ Getting Started Guide
[l Users Guide
B Legacy Applications note
I [ API reference
[ all packages
0 all madules

Semaphore Manager

4 Csynopsis
Individual elements
+ Configuration settings
Individual elements

The Semaphore manager makes available a set of functions that manipulate semaphare

B : P .
l" objects. Semaphores can be used for task synchronization and mutual exclusion. [ more ... ]
B[ sysbios
B benchmarks = © synopsis target-domain sourced in ti/sysbios/knl/Semsphore.xds
L family
I fatfs tinclude <ti/sysbics/knl/Semaphoze.n>
c4
E;gales Functions
A hal Void Semaphore construct (Semaphore Struct *structP,
4 heaps Int count, const Semaphore_Params
#, .
[ interfaces params) ;
o Semaphore Handle Semaphore_create (Int count, cConst
2 Semaphore_Params *params,
B knl Error_Block *eb):
Bl Clock Void Semaphore delete (Semaphore Handle *handleP);
Bl Event L Void Semaphore destruct (Semaphore Struct *structP)
Int Semaphore getCount (Semaphore Handle handlej;
Bl Mailbox Void Semaphore Params_init(Semaphore Params
B *params) ;
Queus Baol Semaphors_pend ( = _Handle handl
UInt cimeout)s
Void Semaphore post (Semaphore Handle handle) :
Void Semaphore registerEvent (Semaphore Handle
handle, Event Handle event,
UInt eventId)7
' Void Semaphore reset (Semaphore Handle handle,
Int count);
Functions common tn a1l tarast instances 2
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1. Create New Project Based on SYS/BIOS Template “Idle Example”

Create a new project called “Lab4ldle” according to the following steps:
View — Resource Explorer (Examples) or similar
And navigate to the 28x Idle Example

+'+ CCS fdit - TI Resource Expiorer - Code Comporer Stutic
Gle Edt \iew Nedgate Project Serpti Bun Window Help

ry. il w0 i) - Quick Access o ==
1 Project Explorer 12 B 75 B | @ NResowoe Explocer 1 =8
v [§8] De - : [ 5 :
Packsger [All 8] Deviees: [an Topice P 5
enter search keyword Address: =
2 @ SYURIOS
8 Relesse Notes
| vor e = |dle Example
Users Guide —
B Ligacy Applictions note o | A 2Bx specific example which uses an ke hunction 1o print (o standard out and a bog bulfer

T Generic devices
¥ 2801« Fied Peint
# ¥ 2802 Piceclo

. controlSTICK - Piccclo F28027
- ¥ Dperimentes’s Kit - Piccolo F28027
. @ TMSIZF802
. TMSINFZ0200
R R R
R R
o BT TR R

Step 1

s availibly i the Project Explorer view, @
coxde, double choks on the source f

o BT ch SR

. TMSAE 070 Slep 2 & Build the imported progect
o BT R
¥ TMSIME R0 To change build apbons, ngh w1 the propect and select Properties from fhe conlext meny, To buid the project
R — sttt fink show, or select the Build toolar bulfon, or select the Project | Build Project marny item
& Minimul
& Typical Step 3. % Debugger Confiquration
2 Bt Eamples -
= Idle Example onnection: none
= ,,,;w Examgh Ciick on the link abave fo change [he device connactian. Addtbonally, this opbon i3 also avadable in the project
= Pl Saemupt Bamele properdes.
o Swi Bample
5 Task Eample . Step4 i Debug the imported project i
® Generic Examoles
[£ Problems i -
Diterns
Description Resource Path Location Type
© Full License |

And Import the example project into CCS.

And Build it.
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Set up the Debugger Configuration as necessary.

<+ New CCS Project

CCS Project
Create a new CCS Project.

ELEX 7820 Lab 4 — 250ct2017

Compiler version: [Ti v6.2.7

Target: TMS320F28027
Connection: |{Texas Instruments XD5100v2 USB Emulator Y '] [ Verify ]
=~
T — I
£ C28X¢ [C2000] \
\
Project name: idle_TMS320F280.
[¥] Use default location
Location: | DAWerk\CodeCom\oseridle_TMS320F28027 |[ Browse.. |
\
\ '] [ More... I

» Advanced settings

~ Project templates and examples

A 28x specific example which uses an Idle fu

ion to print to standard out and a log buffer

-

@ |

< Back

Finish

||

Cancel ]

e

RTSC Configuration Settings
Select the RTSC Configuration project settings.

Target | TMS320728027

Connection: |Texaslnstruments XDS100w2 USE Emulator

8 C28 [C2000]

e
XDCtoolsversidy (325372 )

= Prog itgries | % O[del|
’—
a [J] =) SYS/BIOS Add...
i 635.4.50
a = System Analyzer (ULA Target) | Edit... |
R éﬁ 12108 | Remove |

Select All

Deselect All

——
Target: titargets.C28_large
Platform: ti.platforms.trns320:28: TMS5320F28027 ) -
Build-profile:  debug / -
T —

@ [

< Back

|

Rename the project from idle_TMS320F28027 to Lab4ldle
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.cfg File

.cfg file can be viewed via a graphical interface — this makes it easier to develop code that uses SYS/BIOS

Observe:

e packages to support SYS/BIOS and UIA have been installed
e your two files: idle.c and idle.cfg

e B - fg - Code Composer Shudio
File [dt Yiew igate  Progect  Scripts  Bum  Window  Help
ri= Rbrig o

1 Pregect Explares 2

iecly i A
g SYS,}EIDS Wllnuanl'

Sysiem Overview Buntims DngeManging Device Sugpsn Advanced
4| Add SYS/RIOS to my confiquration

5.2 W inelude
I T Tesh/bies 635,04 50 packages
£ Dvork T Tocis/uis 1 08 01 8/packages

5 DMlork /T Tecky/sdetook 3 35,03, 2 package = Inteduic Hon

SYSEIDS 1 a scalable real-time keencl, I i desi ed by schedsding and ,rulm o
(=30 nstrumngaben, SYLEI0H prodes preemptr mut Ihrla!y\g dware absiraction, real-time mm 5, e u-s.msuecs ignedte
e e

minimize memory and CPU requirements on the target
& TMSINFIB0NT emd

i e - Getling Started - Mure Information
hehile defs

Nm;.l 1o the e | x 3espen thet deprets all of the core . m Crude, You ean also sceens tha guide and the release noles
1 these moduiles 1o youe fren Code emnnmsluac s men Help Hllp Camtents and then
“Use”, i

rum, Tuvc dilfarant views, are then

o e ode
Comporks Ak s Hd,. :Hrlp Contrrts and then selecting “AP1
L B all g 7 Reference” undemneath SYL/EIOL

users will need. - Tookundl Contest Help, Exch check box, diop list, et in the shuos
2 inghe &

2 Aduanced. Thit view sbuays inchiudies svery configuesticn tafting in 4
genesie table fermat.

Note that you may freely move between the diferent views, and selectng
intehy update the other views” settings. You
it ot .n,nm-u, elicking ee the Hame

1 tha onif el windw. Nicte that various
wamings abeut ynurumgummn may appese im the CLS Problems
windaw. i this window 1"“\4‘-“& e can make it 50 by selecting
Windean: » Shim Views-»

+ 14 SYURIOS
@ mos
F Syrtem

My Dusgnostics

B Scheduing

¥ Symcheonization
@eve

¥ Teeget Specific Support

SYSMCS | <fg Scigt

[£ Problers 52

=o
9 items
Grunpten : Resource Path
(g Mamary Mansgamant
B Lynekennizaben
4 G Othar Preducts
i convbces base
A Labdldiaide.chy Full Ligense

Use this tree to select (“use”) items (e.g. Hwi, Swi, Tsk) to add fo your code
OR USE THE “SYSTEM OVERVIEW” GRAPHICAL ENVIRONMENT TO USE/INSTANTIATE NEW ITEMS

Use this tree to use (“instantiate”) new items (e.g. Hwi, Swi, Tsk) into your code

Question 1A: How can you see the non-graphical, XDC-script-based version of the .cfg file?
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After creating your project and observing the .cfg file...

1. Peruse theidle.cfile

Question 1B: What headers are included at the top of the code and what are they used for?

Log_info() is a function that is much more efficient than printf() and can be used to print
information to the Raw Log buffers.

Observe that there is a fundamental difference between the main code from previous labs and the

main code when SYS/BIOS is invoked:
Without SYS/BIOS, the main code stayed in an infinite loop.

With SYS/BIOS, the last thing the main code does is to branch to the RTOS, never to return
unless the system is re-booted.

2. Launch the Debugger.

Observe that SYS/BIOS gets programmed into the Flash - this might take some time...

i I

Erasing Flash Sectors.

Erasing Sector C(Texas Instruments ¥05100v2 USE Emulator/C28:x) (Cannot be canceled)

|:|§A.Iwa].rs run in background:

[F'.un in Eackgruund] ’ Cancel ] ’ Details = >
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3. Open the Raw Logs window:
Tools — RTOS Analyzer — RTA (Legacy) — Raw Logs
or Tools — RTA — Raw Logs
then Resume (Run) the code for a few seconds and then Suspend (Halt) it, and observe the
information in the formattedMsg column of Raw Logs.
Question 1C: What does the time column in Raw Logs represent?
When you Suspend the code execution in the Debug perspective, notice that a window will open where
the code has temporarily stopped. It might be in idle.c or Idle.c or other:
idle.c = your user code

Idle.c = SYS/BIOS kernel code
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Observe the graphical representation of your system showing what parts of the RTOS are used in this

application:

(T e T oo

Scripts  Run  Window Help

File Edit View Mavigate Project
@iRigs

[ Project Explorer 52
4 = Lab4ldle [Active - Debug]
> iﬁb Binaries
a [ Includes
. (18 C:/Apps/tifecsve/ces_base
» (B C:/Apps/ti/ccsvb/tools/compiler/c2000_6.2.7/include
> @ D:/Work/TI_Tools/bios_6_35_04_50/packages
3 @ D:/Werk/TI_Tools/uia_1_03_01_08/packages
» (% D:/Worky/TI_Tools/xdctools_3_25_03_72/packages
> = Debug
b [ sre
> [= targetConfigs
> [g idlec
> L TMS320F28027.cmd
[& idle.cfg [SY5/BI0S]
L@ makefile.defs

it oo -

A

S-S

1= Available Products 57

type filter text

331 SYS/BIOS
P mos
> § System
» @ Diagnostics
> 3 Scheduling
» %% Synchronization
- & V0
» i Target Specific Support
> o Memory Management
» Realtime Analysis
4 33 UA
» 331 Loggers

» 33§ Services
&) LoggingSetup

. 32 VRreaale

[N

T = 8 (4 idedy 2| [d idlec

T,

Quick Access

] Hwi.c
} | SYS/BIOS - System Overview *

Welcome Runtime Error Handling Device Suppert Advanced
Threads
Idle Clock Timer
9
BIOS
v Task Swi Huwi
Startup Synchronization
Semaphaore Event Mailbox
Startup
Diagnostics Memory Mangement
{ ErorHanding — > cache
ffffffffffffffffffffffffffffffffff
HeapMem HeapBuf HeapMultiBuf
S¥5/BIOS | LoggingSetup Properties cfg Seript

Free License :

e | (ELEESERR) % ccs D

= 8

m

Question 1F: Navigate in the graphical environment to find where you can change the rate at

which the timer interrupt occurs. Change it, re-build the project, and verify that your change worked.

10
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2. Create New Project Based on SYS/BIOS Template “Swi Example”
Close your Idle project and create a new project called “Lab4Swi” based on the ‘Swi Example” template.

Peruse the swi.c file. Observe that the Swi function starts and ends (i.e., it does not have an infinite loop
cf. Tsk function).

(Remember to rename the project.)

Build the code.

Set up the Debugger Configuration as necessary.

Launch the Debugger.

Run the code for a while and then observe the Raw Logs buffer.

Question 2A: What two functions are in the Idle thread?

Question 2B: Draw a processor timeline showing
the main, idle, myTickFxn, and mySwi threads.

(for simplicity, you do not need to show the divide-by-10)

11
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3. Create New Project Based on SYS/BIOS Template “Task Example”

Close your Swi project and create a new project called “Lab4Task” based on the ‘Task Example”
template.

Peruse the task.c file. Observe that the Task function has an infinite for or whi le loop.

(Remember to rename the project.)

Build the code.
Set up the Debugger Configuration as necessary.
Launch the Debugger.

Run the code for a while and then observe the Raw Logs buffer.

Recall from a previous lecture that each task in a multi-tasking system has a Task Control Block (TCB)
associated with it. The TCB contains information like the task priority, task state, and other info. (In
SYS/BIOS, it is not called TCB.)

Question 3A: In the SYS/BIOS kernel code, find the structure definition equivalent to the

Task Control Block and describe what each member represents.

12
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4. Modify the Task Example Project

Close your Task project and create a new project called “Lab4Taskmod” based on the ‘Task Example”

template.

In the following, replace “Dave” with your first name.

1. Graphically modify the task.cfg file by adding an additional task instance called

“newTask” that will correspond to the function “DaveTaskFxn” that you will add to your

code. Set the Priority of the new task to 2.

2. Graphically modify the task.cfg file by adding an additional binary semaphore called

“DaveSem”.

3. Modify the task.c file by adding code for the function “DaveTaskFxn” and modifying

myTaskFxn. The task is to print to the Raw Logs buffer the message shown below.

DaveTaskFxn is to pend the semaphore DaveSem. The semaphore DaveSem is to be

posted from the function “myTaskFxn” once every three times that myTaskFxn logs its

VIZIE

info.
FH Raw Logs &2 ahr v Sl # o - [0 |AlLog Buffers v B[Sy |
kime m... | FormattedMsg C.| logger

i5,700,037,477 26 Main " ftask.c”, line 89: 10 ticks, Tick Count =190 xde.runtime. LoggerBuf. Inskance#0
6,000,057,419 27 Main " task.c", line §9: 10 ticks, Tick Count = 200 xdc, runtime. LogogerBuf, Instance#0
6,300,037,696 28 Main " task.c", line 89 10 ticks, Tick Count =210 xdc, runtime. LogoerBuf, Instance#0
6,300,044,326 29 Main ", ftask.c”, line 119: ** DAVE HERE!I ¥+ xde. runtime. LoggerBuf. Instance#0
6,600,037,708 30 Main " task.c, line 89: 10 ticks, Tick Count = 220 xdc. runtime. LoggerBuf. Instance#0
6,900,037,665 31 Main " task.c”, line 89: 10 ticks, Tick Count = 230 xde.runtime. LoggerBuf. Inskance#0
7,200,037,655 32 Main " task.c”, line 89; 10 ticks, Tick Count = 240 xde.runtime. LoggerBuf. Inskance#0
7,200,044,285 33 Main " Stask.c”, line 119 ¥ DAVE HERE!L 4+ xdc, runtime. LoggerBuf, Instance#0
7,500,057,668 3¢ Main .. task.c, line 89: 10 ticks, Tick Count = 250 wdc. runtime. LoggerBuf. Instance#0
7,600,037,611 35 Main " task.c", line 89: 10 ticks, Tick Count = 260 xdc. runtime. LoggerBuf. Instance#0
5,100,037,554 36 Main " task.c”, line 89: 10 ticks, Tick Count = 270 wde.runtime. LoggerBuf. Inskance#0
5,100,044,184 37 Main " ftask.c”, line 119; ¥ DAYE HERE!!! *+% xde.runtime. LoggerBuf. Inskance#0
3,400,037,565 36 Main " task.c", line §9: 10 ticks, Tick Count = 280 xdc, runtime. LogogerBuf, Instance#0
3,700,037,738 39 Main " task.c", line 89 10 ticks, Tick Count =290 xdc, runtime. LogoerBuf, Instance#0
9,000,037,679 40 Main ", task.c", line 89: 10 ticks, Tick Count = 300 xde. runtime. LoggerBuf. Instance#0
9,000,044,309 41 Main ", ftask.c”, line 119: *** DAVE HERE!!I **+* xdc. runtime. LoggerBuf. Instance#0
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