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Real-Time software environment
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Real-Time Software Environment

1. The operational environment
2. The kernel
3. Tasks

4. |SR-task



"
Complex Real-Time Systems

1. Basic structure

2. Real-Time Operating Systems



Complex Real-Time Systems

Basic structure:

1. A controlling system

2. A controlled system

3. The environment
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Complex Real-Time Systems
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What is the problem?  Possjble

¢ Have some work to do ¢+ Single processor
- know subtasks _ v
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¢ Have limited resources
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¢ Have some constraints to meet Distributed system
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Complex Real-Time Systems

Why do we need operating system?

® In many cases we don't need it
¢ one or two control loops / automata
¢ no user interface
¢ no or very simple communication

m In complex cases we need it

many computational tracks

complex user interface

real-time and / or general purpose communication

L 4
L 4
L 4
¢ needs to isolate computation processes



Complex Real-Time Systems

What is an Operating System ?

Prowdeﬁ envwonment for executing programs:

* & o o

e main question i
Process ab%tractlon ?or multitasking/concurrency

Schéglgpp@ratmg System with the necessary

HarcheEl%egbtgtrsaucR oc|)1r aayeR r &Je-l\-lll r SetPs

File systems
Communication

Our focus is concurrency and real-time issues
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Real-Time Operating Systems

Definition:

“A Real-Time system is the one in which the
correctness of the output depends not only
on the logical results, but also on the time
at which results are produced.”
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Real-Time Operating Systems

Main goal of an RTOS scheduler

meeting deadlines

Correct Output = Correct result + Correct Time
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Real-Time Operating Systems

For engineers :

+ A system where correctness depends not only on the
correctness of the logical result of the computation, but
also on the result delivery time.

+ A system that responds in a timely, predictable way
to unpredictable external stimuli arrivals.

¢+ RT OS is NOT a transactional system.

¢ RT OS Is one that has a bounded (predictable) behavior
under all system load scenarios

m Itisjust a building block — it does not guarantee
system correctness



"
Real-Time Operating Systems

Example:
Hard real-time system with multirate behavior
gyros/ INU Pitch ctrl. Aileron 1 :
> > > >| Aileron
accel 1 kHz 500 Hz 1 kHz
GPS |Latera| ctrl. Aileron 2 :
GPS |— > > >| Aileron
20 Hz 250 Hz 1 kHz
Air data Throttle ctrl Elevator
Sensor —> > > >|Elevator
1 kHz 250 Hz 1 kHz
: Joystick Rudder
Stick > > > Rudder
500 Hz 1 kHz

Source: Prof. St. Edwards
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Real-Time Operating Systems

Types of RT OS:

¢+ Hard Real-Time
Missing a deadline has catastrophic

¢ Firm Real-Time ——fesdlisferthesvstem——————
Missing a deadline an unacceptable
¢ Soft Real-Time — —qualityreduction——————
- Reduction in system quality is
+ Non Real-Time accentahle
No deadlines have to be met
can be recovered from




Real-Time Operating Systems

Real-Time Kernels:

+ Monolithic kernel

+ Layered kernel

+ Distributed kernel

» a one piece of code

e small size

» separated to subsystems —
object design is often

presentation of distributed

system as virtual unicomputer
prouyiaiiis

* more complicated but stable

* bigger reaction time
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Real-Time Operating Systems

Structure

External events

: ick
A A é Timer ticks

v v
ISR ISRz | —= ISRn
v v v
Task scheduler - Time
management
subsystem

Task: Taskz | —— Taskk

Communication and
synchronization subsystem
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Real-Time Operating Systems

Main tasks

¢+ Process Management
¢ Interprocess Communication
¢ Memory Management

¢ |nput/Output Management and Interrupt Handling
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Real-Time Main Tasks

Input / Output Management

+ Hardware adaptation level for devices’ control

+ Handles requests for read and write data for
process and communication peripherals
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Real-Time Operating System

Sporadic Real-Time Tasks

Aperiodic tasks with known minimum inter-arrival time.

This makes sporadic tasks pseudoperiodic.
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Real-Time Operating System

Task constraints

¢ Deadline constraint T, > T,
Task T, can start executing
only after T, finishes its

¢+ Resource constraints

 To achieve higher reliability

+ Precedence constraints —| for task execution
 Redundancy in execution

¢ Fault-tolerant requirements




Complex Real-Time Systems

Task comparison

Hard Real-Time

Soft Real-Time

Response Time
Peak-load performance
Control of pace

Safety

Redundancy

Data integrity
Error-detection

Hard-required
Predictable
Environment

Critical
Active
Short-term
Autonomous

Soft-required
Degradable
Computer
Non-critical
Checkpoint-recovery
Long-term
Externally assisted
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Kernel management functions

Main types:

+ Kernel task management functions
+ Kernel time-management functions

¢ External event processing functions
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Kernel task management functions

Possible dispatched elements:

¢ Processes 2 The thread is lightweight process.
The fiber is very lightweight unit scheduled

¢ Threads by application.
The fiber has:
¢ Fibers  Code -> only.

The fiber is not applicable in most RT OS.

Benefits of usage —> pre-design and
simulation of RT threads.
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Kernel task management functions

Main purpose

scheduling CPU time
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Kernel task management functions

Task status graph: tasks

Ready

Preempted

Suspended

Passive

et fpneErsrhfmrsome reason
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Kernel task management functions

Task status graph: change reasons

Ready

Preempted

8 »

Suspended

Passive

bicnagieds il [pr 1scissdiule’, ‘quit’, etc. )
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Kernel task management functions

Task management disciplines

* FIFO
¢ Round-robin

¢ Priority scheduling
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Task management disciplines

FIFO

The earliest known and the simplest discipline.
+ Most applicable for batch processes
+ Not applicable for real-time systems

The ready queue is a single FIFO gueue where the next process
to be run is the one at the front of the queue.
Processes are added to the back of the ready queue.

FIFO queue Executed
Requests requests
—> —>» R —

Resource



" S
Task management disciplines

Round-robin - Weighted

Welighted round-robin is oriented to assign CPU to different
tasks in non-equal manner. Thus primitive type of prioritized

scheduling is realized.
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Task management disciplines

Priority scheduling

1. Priority queues
Prioritized queues

Mixed scheduling - cyclic priority scheme

S

Dynamic priority scheme
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Task management disciplines

Priority scheduling

4. Dynamic priority scheme
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Task management disciplines

Priority scheduling disciplines

Real-Time Scheduling

7

SOft/ ard\
Dynamic Static (pre-run time)

SN

Preemptive :
p N . Nonpreemptive
Nonpreemptive  Preeniptive
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Task management disciplines

Priority scheduling disciplines

Non-preemptive (relative) discipline

Once ata k(is chgsen to be executed, it is run to completion even
If some hiéh Y%ﬂ ﬁ%ﬁsk becomes enabled in the meantime.
m Better reaction
= Noconf_A jnresou A | | |
| | | | | | | | | | | | | |
m  Simpler kernel structure
[ B [ B | [ B | |
5 | | | | | | | |
+ Disadvantages
m Less reaCt'lew |||| R | | mﬂmﬁﬂm I | |

Always runs
highest prioritytask [B] A [IICM A [B
[ | | | | | | | |

| [IICTT A BT A |
| | | | | | | | |




Task management disciplines

Priority scheduling disciplines

Preemptive (absolute) discipline

At any Alae execute the highest-priority enabled task ( even if

vantages

it means Sulsjore{:]lc a%ﬁlctlve task ).

m Slmp|ler A

| I sltrqct

A

¢+ Disadvale_

S

B

{.l

s on resources. !

= More compllcated Kernel structure.

Always runs
highest priority tBsk Possjble ¢
but it waits finish of BT A

B

C

A

B

the previous task. L
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Kernel time-management functions

Two main types of kernels :
¢+ Synchronous

+ Asynchronous
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Kernel time-management functions

Svynchronous discipline

Kernel is activated only when timer tick

Timer tick Timer tick IRQ byeyent Timer tick
comes or task guits.

At

-AICIB-BIBI D -A

B Timer subsystem

I Task scheduler
B ISR
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Kernel time-management functions

Asynchronous discipline

Kernel is activated only by external event

Timer tick Timer tick IRQ by event Timer tick

or tasKi quit .

B -~ Icl © W ©c W o NciANA]

B Timer subsystem

I Task scheduler
B ISR
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Kernel time-management functions

Mixed discipline
( synchronous-asynchronous)

Timet tick IRQ mer tlck

W%rrtﬁkel is actjvated by %lmer tliﬁ S by exter Tlrli
ItS

events and'task g .
B~ cl 5 W ¢ Mol NAMA

B Timer subsystem

I Task scheduler
B ISR
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Kernel time-management functions

Functions

Time measurement subsystem is system object.

It has two main functions:
¢+ Real-time clock

+ |nterval measurement.
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Kernel time-management functions

Real-Time Clock

¢ Counts time flow.

¢ Activated by periodic

¢ Resolution

¢ Structure

+ Absolute time counte
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Kernel time-management functions

Interval Measurement

Timer functions

Interval functions Calendar functions

= periodic task activation = calendar-related task activation
= deadline intervals
= task budget time

= single-shot events
= blocking intervals

= delays

= priority promotion
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Kernel time-management functions

Realization aspects

Timer queue:

E1 o > E2 o > Es 0—>|

. Eacl+ element is software timer elemg
Timer queue types.

\D
-
(o

= Ordered timer queue.
The first element measures the shortest interval.

= Unordered timer queue.
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Kernel time-management functions

Ordered timer queue : absolute counting

FPoserde eunecs meati@mtsstructure:

7
1. Timer qllnlln processina-is realized h\l r‘nmn::rlnn first tin mg S

rToovoCOoOOTT I

element absolui¢o@ne fr I&lﬁh@lb@rﬂg@r&‘d@@hter When they
get equal measipd dyen b Sdinsiiptr ey sigment (s

removed-from-the-queue-and-assoclated-ftnctionfulfilleql.

associa unction
2. 1If thigds periodic timer new. a thQnFI Ite ’rll:mp IS calculated and

timer element is included imties\e@leue again (at appropriate
positjon).

absolute time

3. Absolute counting is more appropriate to real-time Systems -> it
IS less time consumable and has constant execution time.
Useful when intervals have to be measured.




Kernel time-management functions

Unordered timer queue :

FPoserbde eunecs meati@mtsstructure:

1. The whole queue is processed - every counter is decremented

relative counting

at every timer tj

rem

A ElemARy W] caier reaches

2. If thig s Deﬁgggql%teerqtgc q nk[é

INRIRGANS)

ase \V

Zero is
d.

alue

and tjmer element isksbciatad fomgtiene again

3. QueLe processmg is venggga\;gpusgmmg Possible mo

counter

dification
pal-time

4. Relative counting is very useful when calendar-associated events
have to be generated — asynchronous events
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External event processing functions

Pesatipitaisssing is Hutsdhyplemented as a
Sta”ga ﬁsef SRR R e

Snessbiciragaipt processing
or BERREESSH- R RirRl MaMe%unting

: %ﬁﬁm@m@s@m@g@a@&@m@ standlers

t GYR MR BRGSO iRE e vent
ﬁﬁfé’&% Qutlnes (ISR)
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External event processing functions

Event handler

Descriptions:
+ Short executive acting as software “hook”

¢+ Hardware-independent part of
activated-by-interrupt system reactions

¢+ Operation mode -> uninterruptible
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External event processing functions

Event handler

Advantages:

= Uniform treatment of events and clear separation between standard
components (event handlers) and device-specific interrupt service
routines

» Transformation of physical interrupt signals into internal signals that
are generated by means of vector semaphores, hence instantaneous
broadcast/multicast of the event to a number of event-processing tasks

» Standard event-task interface for any type of external event and in
general — for any type of event, including timing, external and internal
events.

» Reduced event processing overhead resulting from the use of event
counters
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ISR-tasks

Main problems:

1. Interaction
2. Synchronization
3. Communication

4. Processing task association
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ISR-task - Interaction

1. Interrupt Service Routines (ISR) are not
schedulable part of system software.

2. They are activated by Interrupt Request.

3. Depending of Real-Time OS complexity there
are many different techniques to integrate ISR
to the Real-Time OS.

4. Priorities of ISRs are actually priorities of
corresponding IRQs.
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ISR-task - Synchronization

ISR synchronizes to the corresponding task by:

* Pvewt tizglsexecution requests

Bhsitadti@rialtieraevesnsiptodas$81g) srdubek somjwe MfisSReful
cady) ésit s for- tAskleng ayrmnrdhizateojuest does not finish by
scheduler invocation. ISR has to call scheduler directly. A

¢ SignraliRgdseiapiarezntry point for ISR-generated calls

5rae4§binary semaphores are used. The only difference is
that call to signal(s) finishes without attempt to invoke system
scheduler. ISR has to call scheduler directly. A special kind of
scheduler entry point for ISR-generated calls is needed.
Priorities of ISRs are actually priorities of corresponding IRQs.
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ISR-task - Communication

Two possible solutions:

¢ Data transfer via common buffers — a mutual
exclusion problem arises

go - - -
. S‘F%‘g%ﬁdeagned system primitives for

|S BRSNS BTG IR RS HEG BRI e
ifﬂ@W&Q@n@&ﬁﬁ% |Q%%%ﬁ%cm%8ﬁ IS
W%ﬂe el t@%ﬁ@&@ﬁ[ﬁéﬁme

P ﬁ8r (if needed). SET_FLAG procedure is uninterruptible
thus ISR can be invoked before or after it but cannot
interrupt it .
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ISR-task - processing task association

ISRS are associated to tasks when a task starts.

In most cases ISR is designed together with a
corresponding task. Very often they are sharing one
and the same address space. This eliminates
problems regarding data passing through process
boundaries.

In the context of complex Real-Time OSes for
16/32 bit processors separation between ISRs
and processes is at the boundary of Hardware
Adaptation Level of the kernel.
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ISR-task - processing task association

Example: WindowsCE.NET interrupt handling structure

IST Laten

ri am N -- - = I CRIE
’ -“vr' O "l(h"A'A G & |
DR SAY AR YE AT AR
.

'
)
i
\


Moderador
Notas de la presentación
All IRQs are accepted by HW basic ISR scheduler.
It activates associated ISR corresponding to the invoking IRQ – in many cases this is system ISR. 
Invoked ISR sends event to the corresponding Interrupt Service Thread (IST). 
IST processes IRQ in regular (schedulable) context.
Finishing processing IST informs kernel’s HAL IRQ processing systems about.
IRQs from the corresponding source are enabled again.
In case of very fast response needs ISR can be specialized. These are so-called Installable ISRs. In this case this special ISR is invoked instead of system ISR handler. 
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ISR-task - processing task association

Example: Micrium uC/OS-Ill ISR-to-task structure

"___-_ ____
- >
-
>

New \\

High L
Priority

Task

'
Interru;:utlf"|r y ‘I.
: \
]
Device —lnterrup !
1 3) r—- (4) !
I

A
(2) \

]
AN /
‘‘‘‘‘ IlI\ l‘
\ !
\ /

% Interrupted /
pC/OS-lI “ Task Fd
Disables b v

Interrupts il

-
-~ -
-~ -
~‘-h -‘—-

‘ pC/OSs-ll
Locks

the
Scheduler

Source: uC/0S-lll User’'s manual


Moderador
Notas de la presentación
All IRQs are accepted by HW basic ISR scheduler.
It activates associated ISR corresponding to the invoking IRQ – in many cases this is system ISR. 
Invoked ISR sends event to the corresponding Interrupt Service Thread (IST). 
IST processes IRQ in regular (schedulable) context.
Finishing processing IST informs kernel’s HAL IRQ processing systems about.
IRQs from the corresponding source are enabled again.
In case of very fast response needs ISR can be specialized. These are so-called Installable ISRs. In this case this special ISR is invoked instead of system ISR handler. 
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Real-Time Software Environment

The End



	Industrial Process Controllers and Simulators
	Real-Time Software Environment 
	Complex Real-Time Systems 
	Complex Real-Time Systems
	Complex Real-Time Systems
	Complex Real-Time Systems
	Complex Real-Time Systems
	Real-Time Operating Systems
	Real-Time Operating Systems
	Real-Time Operating Systems
	Real-Time Operating Systems
	Real-Time Operating Systems
	Real-Time Operating Systems
	Real-Time Operating Systems
	Real-Time Operating Systems
	Real-Time Main Tasks
	Real-Time Operating System
	Real-Time Operating System
	Complex Real-Time Systems
	Kernel management functions
	Kernel task management functions
	Kernel task management functions
	Kernel task management functions
	Kernel task management functions
	Kernel task management functions
	Task management disciplines
	Task management disciplines
	Task management disciplines
	Task management disciplines
	Task management disciplines
	Task management disciplines
	Task management disciplines
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	Kernel time-management functions
	External event processing functions
	External event processing functions
	External event processing functions
	ISR-tasks
	ISR-task - Interaction
	ISR-task - Synchronization 
	ISR-task - Communication
	ISR-task - processing task association
	ISR-task - processing task association
	ISR-task - processing task association
	Real-Time Software Environment 

