RTX based Multitasking with Round-Robin
Scheduling

COE718: Embedded Systems Design
Lab 3a

1. Objectives

The purpose of this lab is to introduce students to simple multitasking by using RTX a Real-Time Operating System
(RTOS). Specifically, students will learn how to schedule threads (tasks) using round-robin scheduling scheme
available as part of RTX.

2. Working with uVision and RTX
2.1. Setting up an RTX (RTOS) Project

1. Launch the uVision application. Create a new project "Lab3a Demo" in your "S:\\" folder. Select the
LPC1768 chip. Copy the files provided in the course directory "U:\\coe718\labs\lab3a\" to your project
directory.

2. Select the following Packages from the Run Time Environment and add them to your project as depicted in
Figure 1.

i. CMSIS>CORE
ii. CMSIS>RTOS(API)>Keil RTX
iii. Device > Startup

Software Component Sel. Variant Version  Description
® 4 Board Support MCB1700 1.00 Keil Development Board MCB1700
= @ CMSIS Cortex Microcontroller Software Interface Components
@ CORE [v 340 CMSI5-CORE for Cortex-M. SC000. 5C300. ARMvE-M. ARMvE.1-M
¥ DSP I Source wv|1.80 CMSIS-DSP Library for Cortex-M, SC000, and SC300
¥ NN Lib I 13.0 CMSIS-NN Neural Network Library
= 4 RTOS (API) 1.00 CMSIS-RTOS API for Cortex-M, SCO00, and SC300
@ FreeRTOS |— 1031 CMSIS-RTOS implementation for Cortex-M based on FreeRTOS
@ Keil RTX5 [ 5.5.2 CMSIS-RTOS RTXS implementation for Cortex-M, SC000, and SC300
W Keil RTX v 4820 CMSIS-RTOS RTX implementation for Cortex-M, SCO00. and SC300
£ @ RTOS2 (API} 213 CMSIS-RTQS API for Cortex-M, SCO0D, and SC300
] @ CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
w49 CMSIS RTOS Validation CMSIS-RTOS Validation Suite
o Compiler ARM Compiler 160 Compiler Extensions for ARM Cornpiler 5 and ARM Compiler &
- ¢ I Statup Sotem stup
¥ GPDMA I 120 GPDMA driver used by RTE Drivers for LPC1700 Series
¥ GPIO I 1.1.0 GPIQ driver used by RTE Drivers for LPC1 7 Series
“ PIN |— 1.00 Pin Connect driver used by RTE Drivers for LPC1700 Series
@ Startup v 1.00 System Startup for NXP LPC1700 Series
F] @ File System MDK-Plus v |6.13.6 Eile Access on varicus storage devices
o @ Graphics MDK-Plus v |6.10.8 User Interface on graphical LCD displays
& @ Metwork MDK-Plus w7331 |Pv4 Networking using Ethernet or Serial protocols
m 4 RTOS FreeRTOS 1031 FreeRTOS Real Time Kernel
0 @ Use MDEK-Plus w | 6.14.0 USB Communication with various device classes
Figure 1
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3. Right click on Source Groupl folder and select “Add New Item to Group ‘Source Group 1’ as shown in

Figure 2.

Project 2
=% Project: Bitband
B@ Target 1
E Source Group 1
5‘ Board Support ,fé Options for Group ‘Source Group 1'... Alt=F7

%] LED_MCB1700.c (LED)
CMsIS
B‘ Compiler

] EventRecorderConfh (EventR| (£

B‘ Device
] RTE_Deviceh (Startup)

ﬁ EventRecorder.c (Event Recon

Ij startup_LPC17ecs (Startup)
u system_LPCT7occ (Startup) Show Include File Dependendies

Add New Item to Group 'Source Group 1'...
Add Existing Files to Group 'Source Group 1'...

Remove Group 'Source Group 1° and its Files

Rebuild all target files

Build Target F7

ﬁ Manage Project ltems..,

D
Figure 2

4. Select the User Code Template >expand CMSIS >RTOS:KeilRTX> CMSIS-RTOS ’main’ function. Then
click Add as shown in Figure 3. The file will be added to the project.

Add template file(s) to th ject,
\ﬂ CFie () mplate file(s) e proje
*+ Component Mame
@ C++ File {.cpp) o e ——— -
\ﬂ Asm File (5) CMSIS-RTOS 'main’ function
\ﬂ Header Fle (h) | | RTOS:Keil RTX CMSIS-RTOS Memory Pool
i R B I RTOS:Keil RTX CMSIS-RTOS Message Queue
=Tetfe ) RTOS:Keil RTX CMSIS-RTOS Mutex
------ RTOS:Keil RTX CMS5I5-RTOS Semaphore
= R I A RTOS:Keil RTX CMSIS-RTOS Thread -
[ ‘@ UserCode Template  § | | RTOS:Keil RTX CMSIS-RTOS Timer
------ RTOS:Keil RTX CMSIS-RTOS User SVC LI
Type: I User Code Template
MName: I os0bjects.h main.c
Location: I E:'Ryerson MASC\COE718 TAVab-3 |
Add Close | Help |

Figure 3

5. Repeat Step 4 and this time select CMSIS>RTOS:Keil RTX> CMSIS-RTOS Thread. The click Add and
another file will be added to your project. See Figure 4.
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Add template file(s) to the project.

ko,

C | CFie ()

. Component Mame
oy
@ G+ File {cpp) RTOS:Keil RTX CMSIS-RTOS Mail Queue
\ﬂ Asm File () RTOS:Keil RTX CMS5I5-RTOS Memory Pool
RTOS:Keil RTX CMSIS-RTOS Message Queue
h | Header Fie (h) RTO5:Keil RTX CM5I5-RTOS Mutex
RTOS:Kejl B BTOS Semaphore

E Text File ()

)
E

CMSIZ-RTQS Thread

& RTOS:Keil RTX
RTUS R

RTOS:Keil RTX CMSIS-RTOS User SVC

2| Image File (.
o [
ﬁ User Code Template
Mr—
Type: I User Code Template
Name: IThread.c
Location: IE:‘vRyerson MASC\COET18 TAYab-3 |
Add Close I Help |
Figure 4

6. Do the Following changes by opening the options for project:
Under Target. ARM Compiler> Use default compiler version 5. Check Use > Micro LIB.

Then select Debug option and check Use Simulator. Perform the following changes also.
Dialog DLL: DARMPI1.DLL, Parameter: -pLPC1768

L.
ii.

We have learned to add the template files from library. See ‘main.c’ and ‘Threads.c’ code files and try to
understand. However, we don’t use the ‘main.c’ and ‘Threads.c’ added from template instead we will replace

them with the starter code provided. The Project Directory is also set for Lab3a and its related assignment. Now,
you may delete ‘main.c’ and ‘Threads.c’ and add the ‘main.c’ and ‘Threads.c’ codes provided. Compile the code

and check for any errors, etc.

2.2 Configuring the RTX
RTX must be configured for round-robin scheduling related specifications such as the time-slice, frequency of

the CPU's systick timer and the arbitration techniques for round-robin scheduling.

Open the file RTX_Conf_CM.c, double click from the project directory as shown in Figure 5. Then Select
Configuration Wizard and click Expand All.

Make sure that the following options are selected
o Use Cortex-M SysTick timer as RTX Kernel Timer
o the RTOS Kernel Timer input clock frequency [Hz] option is set to 10000000 (10 MHz)

e RTX Timer tick interval value[us] option is set to 10000 (10ms)

Moreover, the "User Timers" option is also checked for round-robin scheduling. Your configuration should now

resemble as depicted in Figure 6
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Project L = | osObjects.n | | ] maine | ] Threade ] star

=% Project: Multitasking
&g Target1 Collapse Al | Hep |
=[5 Source Group 1 . Valu
1 main.c = Thread Configuration
=[] Thread.c Number of concurrent running user threads 6
BT cmsis_os.h Default Thread stack size [bytes] 200
_1 stddefh Main Thread stack size [bytes] 200
L1 stdinth Mumber of threads with user-provided stacks... 0
=] ‘ CMSIS Total stack size [bytes] for threads with user-p... 0
T RTX_CM3.lib (RTOS:Keil RTX) Stack overflow checking v
RTX_Conf_CM.c (RTOS:Kei Stack usage watermark I~
cmsis_os.h Processor mode for thread execution Privil
RTX_CM_lib.h =--RT¥ Kernel Timer Tick Configuration
[ stddefh Use Cortex-M SysTick timer as RTX Kemel Ti... [v
1 stdinth RTOS Kernel Timer input clock frequency [Hz] 12000
= ‘ Device RTX Timer tick interval value [us] 1000
_] RTE_Device.h (Startup) £ System Configuration
_] startup_LPC1Twcs (Startup) = Round-Rebin Thread switching v
L] system_LPC17c.c (Startup) Round-Robin Timeout [ticks] 5
=--User Timers 2
Timer Thread Priority High
Timer Thread stack size [bytes] 200
Timer Callback Queue size 4
ISR FIFO Queue size 16 en
Thread Configuration
T | B
=l Project |@Books | {} Functions | [y Templa Text Editor m

Figure 5

Option Value
= Thread Configuration
Number of concurrent running threads 6
Default Thread stack size [bytes] 200
Main Thread stack size [bytes] 200
Number of threads with user-provided stack size 0
Total stack size [bytes] for threads with user-provided stack size 0
Check for stack overflow v
Processor mode for thread execution Unprivileged mode

RTX Kernel Timer Tick Configuration

Use Cortex-M SysTick timer as RTX Kernel Timer v
Timer clock value [Hz] 10000000
Timer tick value [us] 10000
= System Configuration
=l Round-Robin Thread switching 2
Round-Robin Timeout [ticks] 10
= User Timers 2
Timer Thread Priority High
Timer Thread stack size [bytes] 200
Timer Callback Queue size 4
ISR FIFO Queue size 16 entries

Text Edito

Configuration Wizard /

Figure 6
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3. Analyzing the RTX Project
a) Watch Windows
Watch windows allow the programmer to keep track of the variables ‘counta’ and ‘countb’.

1. Open the watch window by selecting View > Watch Window > Watch 1.

2. You may hover the mouse over the variable name in the code window, right-click and select Add
‘counta’ or ‘countb’ to... >> Watch 1.

3. When you click the RUN icon to execute the program, the values of ‘counta’ and ‘countb’ should
alternatively increment depending on the thread, which is currently executing.

4. Tt is also possible to change ‘counta’ and ‘countb’ values as its incrementing during execution. If
you enter a '0' in the value field, you may modify the variable's value without affecting the CPU

cycles during executing. This technique can work both in simulation and while executing on the
CPU.

b) Performance Analyzer

1. Select View >> Analysis Windows >> Performance Analyzer (PA).

2. Expand the "Multitasking” in the PA window by pressing the "+" sign located next to the heading. There
should be a list of functions (like a tree) present under this heading. There should also be another
subheading titled "Thread.c". Press the "+" sign again to collapse the tree further. There you can observe
the execution of thread1 and thread?2.

3. Reset the program (ensure that the program has been stopped first). Click RUN.

4. Watch the program execute and how the functions are called.

¢) RTX Event Viewer
The Event Viewer is a graphical representation of a program’s thread-based execution timeline. An example
is shown in Figure 7. The Event Viewer runs on the Keil simulator but must be configured properly for
CPU execution using a Serial Wire Viewer (SWV).

Event Viewer

Min Time Max Time Grid Zoom Update Screen Jump to Transition | [ TimingInfo [ Cursor

82.53us 0.170105s | 5ms |[fA3[Out][All || Stop | Clear | |[Cade][Trace] [ Show Cydes

Al Threads | (3) | Thread2 (4 )(ﬁhrea:n 3 X‘i’hr&adZ ) Xﬁhmmﬂ 3 )(meadz “ x‘i’hreadT @

osTimerTh

Thread2 (4) )(mea:n @

)(fhmadz 4y X‘i’hr&acﬂ @ | Thread2

Duration

¢+ | Timing of ‘Thread1” Thread #3 ¢

E Current Slice:
+ [ MNo.5

Begin
80.10521 ms

main (7)

i | Al Slices: M v
| Count: 9 9.99996 0.000! 10.0000& ms

woll O HEEE 20O .
ol N N

26.10521 ms 0.10M05s

Cursors: Mouse

82,30517 ms

Difference ||
N/A

Reference
N/A

Figure 7

To use this feature of the Serial Wire Viewer (SWV), you need to perform the following.

1. In the main menu select Debug >> OS Support >> Event Viewer. A window should appear.

2. Click RUN. Click the "All" button under the zoom menu in the Event Viewer window. You may
also select "In" or "Out" to adjust the view of the timeline which dynamically updates as the
program continues to execute. Note the other threads other than threadl1 and thread? that are also
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present in the execution timeline.

3. Let the program execute for approximately 50 msec. Click STOP. Your window should now look
like that of Figure 7.

4. Hover the mouse over one of the thread time slices (blue blocks indicating execution of the task).
You will see stats of the thread appear. The stats should concur with the round-robin scheduling
we set up in RTX_Conf_CM.c (i.e., 10ms time slices).

5. Try going back to the RTX Conf CM.c file and changing the time stats of the round-robin
scheduler. Rebuild the project and run it again in Debug mode. See if the Event Viewer reflects
the changes you made to the file.

d) RTX Tasks and System Window
This window provides an RTX kernel summary with detailed specifications of RTX Conf CM.c, along
with the execution profiling information of executing tasks. An example window is provided in Figure 8.
The information obtained in this window comes from the Cortex-M3 DAP (Debug Access Port). The DAP
acquires such information by reading and writing to memory locations continuously using the JTAG port.

System and Thread Viewer x|

Property Value

Tick Timer: 100.000 mSec

Round Robin Timeout: 500,000 mSec

Default Thread Stack Size: 200

Thread Stack Overflow Check: Yes

Thread Usage: _

D TNeme ooty [Sate Dday —[Evet Vol Even sk |Stac sagd
T ofmeTved Mg WX
2 oman Nomd  Ruming

= Threads

25 osidedemon  None  Ready
Figure 8

To use this feature, perform the following steps.
1. Select Debug >> OS Support >> System and Thread Viewer.
2. As you run the program (or Reset and RUN), the state of the "Thread" heading will change
dynamically. However, the "System" information will remain the same as these information
values are specified prior to runtime in RTX_Conf_CM.c.

4. Programming with uVision and RTX
4.1 Understanding the RTX OS

Open the Thread.c file and examine the code. This program presents an example of a multithreaded RTX
application consisting of two simple threads, each executing its own code. The osThreadCreate() and
osThreadDef() functions will create the threads (tasks) and set their priorities respectively.

Threadl and Thread2 will loop infinitely following the round-robin scheduling technique. The timing
specification was included in the config file (RTX Conf CM.c). osKernellnitialize() and osKernelStart()
will setup the round-robin scheduling parameters for the threads and execute the kernel and threads. Compile
the application and enter Debug mode. We will now use the uVision tools to analyze the RTX program.
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4.2 Analyzing the RTX Project
Similar to the previous section, use the Watch Window, Watchpoints, Performance Analyzer, Event Viewer
and RTX System, and Thread Window to analyze the application.

4.3 Reviewing Thread.c and Main.c Code
We have analyzed a simplistic multi-threaded application and its various performance features using the

uVision. Let's look at the code once more step-by-step by using the uVision analysis tools.

1. Re-execute the code and look at the Event Viewer. Which thread executes first? osTimerThread()
thread initializes and executes - this thread is responsible for the executing time management
functions specified by the ARM’s RTX (RTOS) configuration.

2. The program starts executing from main(), where it ensures that:

a. The Cortex-M3 system and timers are initialized - SystemInit()
b. the OS kernel is initialized for interfacing software to the hardware - osKernellnitialize()
. Create the threads to execute Threadl and Thread? - Init_Thread()
d. Starts the kernel to begin thread switching - osKernelStart()
3. The Threadl executes for its round-robin time slice since it is created first. After 10msec the timer

thread forces control to Thread2.
4. The Thread2 executes during its time slice for 10msec and is forced to stop again and execute
Threadl. This occurs infinitely.

4.4 Processor Idling Time
As an exercise, let us determine the idling time of the code. We are currently working by using the idle
demon. Open the RTX Conf CM.c file. Under the line #include <cmsis os.h> insert the definition
for the global variable unsigned int countIDLE = 0; and setup.
void os_idle demon (void) (
for (;;) |
countIDLE++;
}

}

1. Save the file and compile the project. Re-enter Debug mode. Open the Watch window. Add counta,
countb, and countIDLE to the expression list of variables to watch during execution. Click reset, and
RUN.

2. Observe the Watch 1 window, and as ‘counta’ and ‘countb’ increment, however countIDLE variable
does not. What does this mean?

Basically, CPU is currently under 100% utilization by the threads. Note that Idle Demon is set with
the lowest priority in the task list. You can verify this by using the System and thread viewer tool.

5. Lab Assignment

This lab is due in week 5 at the beginning of your lab session. The following outlines the specification of
different scheduling applications. You must create TWO versions (analysis and demo) for each application in

questions 1, and 2.

The analysis code will be used for debug mode and to analyze the performance of your applications. Therefore,
it must not include any LED or LCD code. The demo version will include the LCD and LED functions and the
supporting files. Further, you can develop one code using macros to disable LCD and LED part during

compilation (Remember the way we used LCD in Lab 1 by using macros).
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Note, you may need to increase the stack size to accommodate the LED/LCD code in RTX_Conf CM.h.
You will be marked on both versions of the code but are only required to submit the analysis version for grading.

The demo version will be presented during the lab.

1. Write a round-robin scheduling example using three different tasks. Each task should be allotted a time

slice of 15msec. Note: Your code must perform a different functionality than the one provided in this demo.
Marks will be awarded for creativity. Ensure that the tasks do not run infinitely, and they have a finite

workload with respect to time. For the demo version only, use the LEDs and the LCD to indicate the threads
that are currently executing in your program.

2. Create a round-robin scheduling algorithm for the following Operating System (OS) based problem given

below:

OS Task Function

Functionality

Memory Management

-Increments its memory access counter.

-Implements a bit band computation to a volatile memory
location.

-Passes control to CPU management.

-After obtaining a signal back from CPU management, delays
the OS for one tick and deletes itself.

CPU Management

-Increments its CPU management access counter.

-Creates a conditional execution and barrel shifting scenario (to
check its internal hardware).

-Signals back to the memory management task and deletes itself.

Application Interface

-Ensure that Application executes before Device Management.
-Accesses the global variable logger using a mutex.

-Writes a partial message to logger. Waits for Device
Management to finish writing to logger.

-Increases its global counter. Delays the OS for one tick and
deletes itself.

Device Management

-Writes the ending to logger variable started by the Application
Interface.

-Signals back to the App Interface.

-Increases its global counter. Delays for one tick to ensure the
file is closed and deletes itself.

User Interface

Increments the number of users (its variable), delays the OS for
one tick then deletes itself.

Commence thread execution in main() with the memory management task. Implement each thread's

functionality as specified in the table, noting that each function has its own global variable and may be

dependent on another thread. The threads presented here are of a finite workload. For the demo version

only, use the LEDs and the LCD to indicate the threads that are currently executing in your program. (Note
you may need to add delays in your demo version). Finally, comment the pros and cons of round-robin

scheme for the given operating system problem.
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For all solutions:

Hand in the printout of the analysis version of your .c code, RTX Conf CM.c Configuration Wizard file, and
snapshots of your Event Viewer and Performance Analyzer windows for each application. Question 2 may require
several snapshots of your Event Viewer, and a well thought out choice regarding where you should halt your
program for the Performance Analyzer window. Moreover, comment the pros and cons of round-robin scheme
for the given operating system problem. Your TA/Supervisor will ask you to demonstrate the demo version for
each application during your lab session. You may also be required to answer questions regarding the
implementation and simulations of your applications.
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