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Challenges for Embedded System

i Application size

I Cost of Chips, probability of bugs
i Garbage collection

I Is this new ?
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Execution Bytecode

I Complex, powerful, fast, unpredictable

I Way-ahead-of-time compilation (WAT)

I Simple (classic compiler construction), powerful
(for Java), very fast, predictable

I But too static (dynamic code loading hard to
support)
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Just in Time Compiler

JIT
compiler

2 I Only few optimizations

I Too unpredictable for
hard real-time systems
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Way Ahead Compiler

» . boot file boot file » .
host L target
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Way Ahead Compiler

IS possible

e.g. for M68k nofilter  filter

I HelloWorld (loQ) 204 38 kbytes
I Jura (with GC) 225 60 kbytes

I Dynamic loading ?
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Target Byte Code Compiler TBCC™

class

files

WAT
compiler JIEC
\/
—»{ linker
v

JJ —> linker
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Dynamic Loading of Classes

/| Dynamcally |l oad class and i nvoke static nethod within it.

/'l Retrieve static nethod in dynam cally-1oaded cl ass
hl Met hod = hl d ass. get Met hod ("staticMet hod", nul |)

/'l Call dynam cally-| oaded static nethod
hl Met hod. i nvoke (null, null)

} catch (Throwable e) {

e. printStackTrace ()
Y} [l Try
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Dynamic Loaded Class

/| real package nane -> com j bed. exanpl es. hot | oad;

[/ Static class nethod
public static void staticMethod () {
Systemout.println ("HotLoadOne: staticMethod()") ;

}

} [/ end of class
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Summary on Speed and Size

But still Java'!

Still possible to gain more space and speed ?
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Java runtime System

j ava. | ang. Thread and j ava. | ang. Runnabl e

i Priority based, preemptive multitasking

I 10 Priorities

I Standard Java monitors (synchr oni ze)

i Jbed adds priority inheritance
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VM Implementations

JavaVM

adapter - adapter - adapter
browser
OS RTOS
OS
o b
_ Javaon a RTOS the bare
Javain a desktop OS metal
WWW
browser
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B Combines Java Virtual Machine

and Operating System

:> Jbed RTOS Package

always compiles never interprets
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Embedded System

How about ......
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Driver's in Java

bits &= OxFFFFFFFD,;
} else {
bits | = 0x00000002; }

[/ wite LED nenory napped register
Unsaf e. put | nt (PORTC, bits);

}
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Java and Real-time ?

# Hard Real-time

UART ISR (no FIFO, 9600, 8, 1, n)
duration 1uS
It must end till 1 ms (Deadline)
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Garbage Collection

i Blocking / non blocking

I Real-time requires non blocking
i Precise/imprecise

I In Java, all pointers are known
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Mark and Sweep
Garbage Collection
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No copy of large object
(arrays)

Garbage Collector is a
thread in the system

Declare large Objects
static
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Conventional RTOS Schedulers

I Highest priority first, run to completion
i Problems

I Translate time constraints into priorities

I How to guarantee a deadline

I How to add a new component

esmertec e Joed



Hard Real-time
Example Application

3 9  High
m 5 15 Medium
I 5 23 Low
Total 13
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Priority Based Scheduler

| . Deadliné missed !
' : ——>

0 9 15 18 23 time
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Earliest Deadline First Scheduler
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Earliest Deadline First
Scheduler

I Admission testing

I Guaranteed deadlines for all tasks
(even If created at runtime)

I Safely add new tasks and components
I Interrupts can be handled like tasks
I Need to know max. frequency
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Earliest Deadline First Scheduler

> A
execution time deadline
A
T time
I ’
AdmissionFailure DeadlineMissHandler
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Add new tasks

|-

pl]| ¢
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Scheduling Caveats

§ A task can not get more runtime than requested
upfront

I DurationOverfl owHandl er

I Real-time and processor load are limited to 90%
§ Resolution of 1 system tick for period and delay
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Real Example : Floating Ball
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PD Controller

| sSpeed = (i sPos-ol dPos) * CLOCK | NVERSE;

ol dPos = | sPos;
out Force = kp * (soll Pos-i sPos)
- kd * 1sSpeed,;

currentCoi |l .wite(outForce); // anal og
/| actuat or

}

} // end of class

esmertec e Joed



Installing the PD Controller

controller new PDController( )

controller. -t ari();

Systemout.println("controller installed");
} catch (Adm ssionFailure e) {
System out. pintln(“adm ssion test failed”);

} D
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Task Classes

i User Executes when a task signals an event

i Interrupt Executes when HW signals an event
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Interrupt Handling

I Then start interrupt task
I Overwrite the reset method

I Interrupt handler (no task)

I Outside of scheduler control
I Specify max. load
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Interrupt

|-

resetinterrupt()
Interrupt

1 1 2 3
o] D ]
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Example: Interrupt Service Event

super (m nPeri od, VECTOR);
}

public void resetinterrupt() {
/[l 1nterrupt reset
Unsaf e. put | nt ( PORTC
, Unsafe. getI nt (PORTC) | 0x02);

}

} D
esmertec s Joed



Example: Interrupt Task

public final void = {
/] yellow |l ed
Unsaf e. put | nt ( PORTC
, Unsafe. get I nt (PORTC) | 0x04);
count ++;

}
}
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Example: Installing the Interrupt Task

Runnable = new Handl er Task();
Task = new Task( o <, 200, 0, 500, -~ 11);
| .start();

} catch (Adm ssionFailure e) {

}
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Example: Installing an Interupt Handler

count ++;
Inlines.restoreState();

}

Syst em set Handl er (0x300
, Unsaf e. stati cAddr (“handl er”));
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Synchronization

I Between Threads and Tasks
I Start a Task from a Thread
I Signhal a Thread from a Task (wait ()/notify())
I Do not use synchroni ze
| System can throw |11 egal Synchroni zat i onExcepti on

I Use non-blocking communication primitives
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The two Worlds

| The world of real-time tasks
I Always called task in Jbed
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Conclusion

nard real-time part

Having two schedulers is possible and
powerful

i Be careful with synchronization
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Please
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Real-Time Specification for Java

I Default: priority inheritance

I New types of memory (ScopedMenory, | mort al Menory)
I Threads not affected by the GC

i Abstractions for asynchronous event handling

I Asynchronous transfer of control

I Physical Menory for direct memory access
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