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AN2046 explains the implementation of a simple task scheduler in the PSoC® 1 family of devices. A task scheduler can
be used in applications where you need to execute multiple tasks within respective periods of time.
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1 Introduction

In this application note, we illustrate how a task scheduler can be used to schedule multiple tasks that execute
periodically. An example project is provided in which each task executes during a specific time slot. Eight such tasks
are associated with PSoC 1 GPIOs, which are toggled to indicate execution of the tasks. The example project can be
used as template to organize your own functions into the structure of the task scheduler.

Full-featured commercial RTOS for other PSoC families are available; visit the third-party websites listed below for
more details-

PSoC 4.

m  Segger (https://www.segger.com/embos_cm3_cypress.html)
m  FreeRTOS (http://interactive.freertos.org/entries/46569687-FreeRTOS-8-0-0-for-PSoC-4-Pioneer-kit-using-
ARM-MDK-compiler)
PSoC 5:

Segger (https://www.segger.com/embos_cm3_cypress.html)
Micrium (http://micrium.com/page/downloads/ports)

FreeRTOS (http://www.freertos.org/FreeRTOS-port-and-demo-for-Cypress-PSoC5-CY8C5588-Cortex-
M3.html)
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2 PSoC Resources

Cypress provides a wealth of data at www.cypress.com to help you to select the right PSoC device for your design,
and quickly and effectively integrate the device into your design. In this document, PSoC refers to the PSoC 1 family
of devices. To learn more about PSoC 1, refer to the application note AN75320 - Getting Started with PSoC 1.

The following is an abbreviated list for PSoC 1:

m  Qverview: PSoC Portfolio, PSoC Roadmap =

m  Product Selectors: PSoC 1, PSoC 3,
PSoC 4, or PSoC 5LP. In addition, PSoC
Designer includes a device selection tool.

m  Datasheets: Describe and provide electrical
specifications for the PSoC 1 device family.

m  Application Notes and Code Examples:

Cover a broad range of topics, from basic to
advanced level. Many of the application notes
include code examples.

m  Technical Reference Manuals (TRM):
Provide detailed descriptions of the internal n
architecture of the PSoC 1 devices.

2.1 PSoC Designer

Development Kits:

o CY3215A-DK In-Circuit Emulation Lite
Development Kit includes an in-circuit emulator
(ICE). While the ICE-Cube is primarily used to
debug PSoC 1 devices, it can also program them
using ISSP.

o CY3210-PSOCEVALLIL Kit enables you to evaluate
and experiment Cypress's PSoC 1 programmable
system-on-chip  design methodology  and
architecture.

o CY8CKIT-001 is a common development platform
for all PSoC family devices.

The MiniProgl and MiniProg3 devices provide an
interface for flash programming.

PSoC Designer is a free Windows-based Integrated Design Environment (IDE). Develop your applications using a
library of pre-characterized analog and digital peripherals in a drag-and-drop design environment. Then, customize your
design leveraging the dynamically generated API libraries of code. Figure 1 shows PSoC Designer windows.

Note: This is not the default view.

Global Resources — all device hardware settings.

Pinout — information related to device pins.

Datasheet — the datasheet for the currently selected UM

© N o g s~ w PR

9. Output — output from project build and debug operations.

Parameters — the parameters of the currently selected User Modules.
Chip-Level Editor — a diagram of the resources available on the selected chip.
User Modules — all available User Modules for the selected device.

Device Resource Meter — device resource usage for the current project configuration.

Workspace — a tree level diagram of files associated with the project.

Note: For detailed information on PSoC Designer, go to PSoC® Designer > Help > Documentation >

Designer Specific Documents > IDE User Guide.
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Figure 1. PSoC Designer Layout
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Ready.

2.2 Code Examples

The following webpage lists the PSoC Designer based Code Examples. These Code Examples can speed up your
design process by starting you off with a complete design, instead of a blank page and also show how PSoC Designer
User modules can be used for various applications.

http://www.cypress.com/go/PSoC1Code Examples

To access the Code Examples integrated with PSoC Designer, follow the path Start Page > Design Catalog > Launch
Example Browser as shown in Figure 2.

Flgure 2. Code Examples in PSoC Designer

Start Page

=

%ﬁYPBESS

PERFORM

Proximity_CY3280_21x34
CY3280_21x34_SLM
Cv3280_20x34_SLM
AN2141
HSSP_CY8Cxxxx
AN2272_F14

New Project..  |Browse.. |D

CE52125 - Push-Pull PwM Exar &
CE54287 - Using an Incrementa
CE54939 - UART User Module £
CE82235 - ADCINC User Modub
CEB3845 - USBUART User Moc
CE82240 - PRS_PWM Example
. CESSE51 - PRS User Module Ex ¥
j >

;
»

<

Launch Example Browser... Use this Design...
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In the Example Projects Browser shown in Figure 3, you have the following options.

Keyword search to filter the projects.

Listing the projects based on Category.

Review the datasheet for the selection (on the Description tab).

Review the code example for the selection. You can copy and paste code from this window to your project, which
can help speed up code development, or

Create a new project (and a new workspace if needed) based on the selection. This can speed up your design
process by starting you off with a complete, basic design. You can then adapt that design to your application.

Figure 3. Code Example Projects, with Sample Codes

Example Project Browser

T 5By | Not grouped v

Name - Description /~ Sample Code 4 b

CE52024 - Half-Duplex UART =
Eggggg-Eush-Pull:WM\:xamEIe:'Ur?ecth 4in PSoC #include <mSc.h> // part specific constants and macros
“Biemtos ke wase by L T ol RS #include "PSoCAPI.h"  // PSoC API definitions for all User Mc

CES4037 - Sleep Timer User Module

CES4287 - Using an Incremental ADC to Measure 0 to 5V Project
- Interfacing PSoC1 to a DS1307 I2CRTC
- UART User Module Example Project
- PRS User Module Example Project
CES7347 - E2PROM Example

CE58024 - DelSighDC and UART Example Project

void welconmeScreen(void); //Declaration of the function that

void main(void)
{

CES8026 - Dual-ADC User Module Example Project /{ Parameter pointer

CE58027 - 12CHW User Module Slave Operation char *strPtr;

CES8033 - Pulse Width Measurement using Timer Capture in PSoC1

CES8034 - Measure and Display 0to 4V on LCD Using ADC10 Project 27 TRIETEIIEE FavsIvEE o, Buthsr

CES8035 - 12C_EEPROM Example Project

CES8788 - CRC User Module Example Project

CEB1131 - PSoC1 - 12C Slave Example Using Ez12C User Module
CEE3845 - USBUART User Module Example Project //Turn on interrupts
CEB9310 - PSoC1 12C Bootloader M3C EnableGInt ;
CE82235 - ADCINC User Module Example Project =
CE82240 - PRS_PwWM Example Project

UART_CrdReset () ;

CE82297 - TibDC User Module Example Project {//Enable RX interrupts

CE82233 - OneShot Example Project UART IntCntl(UART ENABLE RX INT):

CEB2304 - DigBuf User Module Example Project //set parity as zero and start the UART

CEB2305 - CMPPRG User Module Example Project UART Start (UART PARITY NONE) ; E

CEB82634 - Host Code For Bootloading PSoC 1 Via 12C

CEB85395 - SMBus Slave using PSoC 1

CEB85976 - Code Example for SmartSense User Module in PSoC 1
CEB8E738 - Code Example for FanController User Module in PSoC 1 //Clear the screen in Hyper terminal window
UART PutChar (12):

Create Project ‘
Y

2.3 Technical Support

If you have any questions, our technical support team is happy to assist you. You can create a support request on the
Cypress Technical Support page.

You can also use the following support resources if you need quick assistance.

m  Self-help
m | ocal Sales Office Locations

WWW.Cypress.com Document No. 001-40921 Rev. *E 4


http://www.cypress.com/
https://secure.cypress.com/myaccount/?id=25&techSupport=1&source=an79953
http://www.cypress.com/?id=4
http://www.cypress.com/?id=1062

e

VR

CYPRESS

PERFORM

¢

PSoC® 1 Task Scheduler

3 Task Scheduler

A task scheduler is a piece of program that chooses which task to run next. In this section, the various terms and
concepts related to scheduling are explained.

What is a Task?

A task is a small program section to do a job. It is a basic unit of resource allocation. Tasks are competing for CPU
time, memory space, or other resources. A complex problem can be divided into a number of smaller and simpler tasks.
Every task handles only a small portion of the problem. Sometimes a big task, in terms of execution time, can also be
divided into several smaller time slots.

3.

=

3.

N

Time Slots

A time slot is a time interval that can be allocated to a task. A conventional CPU, such as the one in PSoC 1, can only
execute a single task at a time. By rapidly switching between tasks in a program, the tasks appear to execute

concurrently.
Figure 4. Execution of Tasks in Time Slots
Multiple tasks appear to be executing concurrently.. .. But only one task is executing in a given time slot
TASK 3 |1 | TASK 3 | = = (| (|
TASK 2 I ] TASK 2 [ [ [ (| [
TASK 1 I —— TASK 1 ] [ | [ | [ | [ |
T TTTTTT T T TT TTTTTTT T T T]
1234567891111111 1234567891111111
0123456 0123456
Index (Time Slot) Index (Time Slot)

Tasks can run at regular time intervals. In an application, some tasks might be more important or time-critical than
others. For example, monitoring a pin for a pulse signal of a very short duration may be more important than refreshing
the display on an LCD. Each distinct task can be assigned a unique priority. Tasks that you need to execute more
frequently are assigned a higher priority. Higher-priority tasks need shorter periodic rates.

Let us consider an example. In Figure 5, assume the time slot is 1 ms so Task 1 is running at a periodic rate of every
2 ms for a length of 1 ms. Task 2 executes at every 4 ms for a length of 1 ms, and so on. Here, every Task ‘n’ executes
half as slow (or at twice the periodic rate) as Task ‘n — 1'. The task period for every task ‘n’ is in this example can be
calculated using Equation 1. In this scheme, Task 1 (considered to execute more frequently than others) is considered
to have the highest priority or priority 1. Task 2 has priority 2 and so on.

Task n Period = Time Slot Period x 2™ Equation 1
Figure 5. Example of Periodic Tasks
A TAske ]

2 TASK 5 [
8
£s TASK 4 = m
P g TASK 3 = = = =
[%]
<8 TASK 2 = | = | — — — —

(5}

8 TASKlr----------------

1

Time (ms)

WWW.Cypress.com Document No. 001-40921 Rev. *E 5


http://www.cypress.com/

¢

/

or e SR

CYPRESS

PERFORM

PSoC® 1 Task Scheduler

4

Tasks with

Implementation

The following section explains the implementation of the task scheduler shown in this application note. In this
implementation, periodic time slots are used to run a number of tasks. Each task has a unique priority. Higher-priority
tasks are allowed to block others; that is, a task that is blocked can continue execution only after the task which has
blocked it is completed. In such implementations, ensure that the task blocking time is not excessive enough to cause
problems in scheduling successive tasks. For more details, refer to Appendix A — Considerations when task blocking
is used.

Let us consider an example application in which there are two types of tasks — periodic tasks and interrupts. Interrupts
are high-priority tasks and are allowed to block lower-priority tasks. The periodic tasks are designed such that they do
not block each other. Task 4 does not start unless Task 3 is complete and Task 5 does not start unless Task 4 is
complete (see Figure 6). The only way to block other tasks is to use the interrupt services. In Figure 6, since Tasks 1
and 2 are interrupt routines, they can block any task in the periodic time slots. Usually most of the peripherals in PSoC,
such as analog-to-digital converters, are handled by the Interrupt Service Routines (ISRs). Because task blocking is
performed only in ISRs, switching is needed only in the ISRs.

Figure 6. Example Task Scheduler with Six Tasks

:
A (Non-Blocking) TASK 6 mm
% (Non-Blocking) TASK 5 | (||
§ (Non-Blocking) TASK 4 oo 1 I o
§ (Non-Blocking) TASK 3| /s rmmm T I T B
g (Blocking) TASK 2| 1 | | 1 1 1 1 1 1 1 1 1 1 1 1 1
S (Blocking) TASK 1| 1 1 1 1 1 1 1 1 1 1 1

Time (ms)

In the project implemented in this application note, there is one interrupt routine and 16 periodic tasks. Eight of these
tasks are to toggle a pin corresponding to the task. Task 1 to Task 8 are dummy slots to which you can assign your
own tasks. Task 9 to Task 16 toggle pins Port_2_0 to Port_2_7 respectively. The state of the pin changes each time
the task executes. The time slot for the particular task can be measured by measuring the time between successive
toggles on the pin associated with the task.

To implement this, a variable ‘Time_Slot_Counter’ is defined. This variable is 16-bits wide and each bit is reserved for
each of the 16 tasks. An asserted bit indicates if a particular task needs to be executed. For example, if bit O of
Time_Slot_Counter is ‘1", Task 1 is executed; if bit 1 is ‘1, Task 2 is executed and so on. The macro
TIME_SLOT_COUNTER_BIT_n indicates the bit mask for Task n.

Table 1. Time_Slot_Counter bits

Index of Task Masked bit which should be Task Time Slot
to be run asserted in ‘Time_Slot_Counter’ Interval [ms]
for task to run

Task 1 TIME_SLOT_COUNTER_BIT 00 | Not assigned 0.25

Task 2 TIME_SLOT_COUNTER_BIT_01 | Not assigned 0.5

Task 3 TIME_SLOT_COUNTER_BIT_02 | Not assigned 1

Task 4 TIME_SLOT_COUNTER_BIT 03 | Not assigned 2

Task 5 TIME_SLOT_COUNTER_BIT_04 | Not assigned 4

Task 6 TIME_SLOT_COUNTER_BIT_05 | Not assigned 8

WWW.Cypress.com Document No. 001-40921 Rev. *E 6
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Index of Task
to be run

Masked bit which should be
asserted in ‘Time_Slot_Counter’
for task to run

Task

Time Slot
Interval [ms]

Task 7

TIME_SLOT_COUNTER_BIT_06

Not assigned

16

Task 8

TIME_SLOT_COUNTER_BIT_07

Not assigned

32

Task 9

TIME_SLOT_COUNTER_BIT_08

Port_2_0 toggled

64

Task 10

TIME_SLOT_COUNTER_BIT_09

Port_2_1 toggled

128

Task 11

TIME_SLOT_COUNTER_BIT_10

Port_2_2 toggled

256

Task 12

TIME_SLOT_COUNTER_BIT_11

Port_2_3 toggled

512

Task 13

TIME_SLOT_COUNTER_BIT_12

Port_2_4 toggled

1024

Task 14

TIME_SLOT_COUNTER_BIT_13

Port_2_5 toggled

2048

Task 15

TIME_SLOT_COUNTER_BIT_14

Port_2_6 toggled

4096

Task 16

TIME_SLOT_COUNTER_BIT_15

Port_2_7 toggled

8192

In the main loop, the Time_Slot_Counter is being tested for the specific ‘task’ bits. According to the bit position in
Time_Slot_Counter, a Time_Slot_n function (specific task) will be called. Before execution of each Time_Slot_n
function, the corresponding bit will be cleared to prevent an unnecessary execution in the next pass.

The Process_Time_Slot_Counter function is responsible for updating Time_Slot_Counter with the bit associated with
the next task to be executed. An 8-bit timer annotated as ‘TaskSch_Timer8Int’, generates a periodic interrupt every
0.25 ms, which is the base time-slot duration. This interrupt has the highest priority and thus is used to invoke the
Process_Time_Slot_Counter function which is called every time the interrupt triggers. Figure 7 shows the flow of the

task scheduler.

WWW.CYpress.com
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Figure 7. Implementation Flowchart
( Start )
Initialize PSoC
Timer Setup
CPU Clock Setup
Enable Timer Interrupt
Enable Global Interrupt
o Timer Interrupt occurs
(TaskSch_Timer8Int)
4
\ 4
D call
Ti S| c:e(s: ¢ Process_Time_Slot_Counter
4—NoO indi 'tmfﬁ to? (I)(un erd i to update bit in
indicate that a task needs to Time_Slot_Counter
be run?
y
Yes < Return >
Y
Execute the task
indicated by
Time_Slot_Counter
Clear the task bit in
Time_Slot_Counter
5 Summary
This application note demonstrates the implementation of a task scheduler in PSoC 1 to run a number of tasks in the

presence of higher-priority tasks such as interrupts.
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A. Appendix A — Considerations when task blocking is used

In a scheduling scheme where higher-priority tasks are allowed to block lower-priority ones, the task scheduler must
ensure that while switching, tasks are processed in a timely manner to meet their deadlines (a deadline is the time after
which a task computation is not just late but also considered invalid). To ensure that the scheduler has enough time to
execute all the tasks, the following condition can be used:

n
(ﬂ) + max: (i) < n(Z% -1) Equation 2
Pj J Pj -

j:l _]=1

wn

i” and “P” is the period of task
i.” “B” is the blocking time for Task “}.” The left side of this equation is called Computed Utilization and the right side is
called Utilization Bound. All tasks meet their deadline as long as the Computed Utilization is less than Utilization Bound.

In this equation, “n” is the maximum number of tasks. “E” is the execution time of task

Table 2. Increasing Number of Tasks Reduces Utilization Bound

Number of Tasks | Utilization Bound
= 1
=n =n(2n — 1)

1.000

0.828

0.780

0.757

0.743

0.735

0.729

0.724

OO |(IN|OoOO || [W[IN]|F

0.721

=
o

0.718

=
[N

0.715

=
N

0.714

=
w

0.712

[N
S

0.711

=
[é)]

0.709

=
[e]

0.708

To analyze the blocking time for each task, it is only necessary to add the higher-priority tasks that block it.

Figure 8 illustrates a scheduler with six tasks. These tasks run at different periods and have different execution times.
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Figure 8. Task Scheduler with Six Tasks
|

:
A (Non-Blocking) TASK 6 i
"g (Non-Blocking) TASK 5 (1 ||
'% % (Non-Blocking) TASK 4 o 1 r— 1o
% 3 (Non-Blocking) TASK 3| rmmm  ymmm mE  m e e
= g (Blocking) TASK 2| 1 | | 1 | | 1 | | | 1 | 1 1 1 1
S (Blocking) TASK 1| 1 1 1 1 1 1 1 1 1 1 1

Time (ms)

Table 3. Computed Utilization

Task P = E = Execution E/P
Period [ms] Time [ms]

1 25 0.1 0.04
2 1 0.05 0.05
3 2 0.25 0.125
4 4 0.6 0.15
5 8 0.85 0.10625
6 16 0.7 0.04375
Sum of E/P 0.515
Max of B/ P 0.075
Computed Utilization 0.63375

Note that Task 1 and 2 have higher priority and can block the execution of Tasks 4, 5, and 6.
The Utilization Bound for six tasks is 0.735. (Refer to Table 2.)

To calculate maximum blocking time for Task 3, add execution time of Task 1 and 2 and divide it with the period time
of Task 3. The resultis (0.1+ 0.05) / 2 = 0.075 ms.

Because the Computed Utilization (0.633) is smaller than Utilization Bound (0.735), the scheduler meets all the
deadlines.
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