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Overview

This documentontainsatechnicalbverview,installationinstructionsandgenerainformation about EASy.VM,
the Javavirtual machinefor workstationsandembeddeglatforms.

Trademarks

Sun,Java,andJavaSofaretrademarksr registeredrademark®f Sun Microsystems]nc.
0S/2,andPC-DOSareregisteredrademarksf IBM Corporation

MS-DOS,Windows, WindowsNT,andWindows95areregisteredrademarkef Microsoft Corporation
All otherproductnamesnentionedhereinarethe trademarkef their respectiveowners
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Introduction

The Java™virtual machinespecificationwasintroducedin 1992 by SUN Microsystems.lt hasoriginally been
designedasaruntimesystemfor consumeidevices,which would be ableto executemachineindependentode
with the goal to connectthesedevicesto a network and to distribute programsvery easyto them. In the
meantimea coupleof implementation®f virtual machinedor severaWworkstationplatformshavebeencreated,
since softwarecompaniegjot the ideato createa systemwhich could replaceclasst operatingsystemsin the
future.But this movedthe evaluationof Javainto a directionwhereinterpreterand the classlibrariesgot bigger
andbiggerwith theresultto beunableto fit into small consumedevices.

EASy.VM as a portableclean-room-imfementationis ableto executebytecodesaccordingto the SUN Java-
standardwritten by any JavaDevelopmentKit. It provides selectedstandardclasseswhich are useful for

interactingwith microcontrollemplatforms.Specialgimmicks aretechnologiedike microkernelarchitecturefile

systemsgdevicedrivermodel, memorymanagementith garbagecollectionat runtime, remotekerneldebugger,
anddynamicallyloadablecodemodules mostof themmorerarelyseenon small controllerplatforms.

Since Javais a platform independentechnologyit is possibleto executeprogramswhich have beenwritten

underany developmenkit aslong as runtime interpreterand developmentkit are compatiblewith the Java
specificationand the usedlibrary classesare availablefor the targetsystem.To enhancethis targetsystem
independencyEASY.VM is designedto be portableto nearly every platform. Certain hardware dependent
featuregsuchasdifferentfilesystemsdriversetc.) canbe portedwithin days.
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Target Systems

EASy.VM was createdfor all kinds of embeddedystemsand microcontrollerdevices,aswell asworkstation
platforms, which havean 8bit-, 16bit-, 32bit-, and higher CISC or RISC microcontroller/processoon board.
Dueto its built-in systemressourcemanagemenfmemory, /O etc.), it is capableof running without any
underlying operatingsystemon every target platforms. On platforms with operating system, the built-in

hardwareabstractioayeractsasglue codebetweerthe VM andthird partyoperatingsystems.

EASy.VM targetsall kinds of microcontroller/processatevicessuchas:

all kind of terminals,like Pointof saleterminals,informationkiosk systemset cetera
e (Public)telephonesgordlesgphones

* VCR's, TV, Hifi setsetc.

» Carinformationcenters

» Standdoneandnetworkconnectedlevices

* SmartCardreadersandSmartCards

« PersonaComputers

EASy.VM is portedto thefollowing systems:

» 8086,80x86andhigherunderDOS (version3.3 andhigher)

» 80x86andhigherunderLinux

» 80x86andhigherunderwindowsNT/2@0 andOS/22.x

* PowerPCG3,G4underMacOSX

» PowerPC60x underAlX operatingsystem

« Hitachi H8/300Hwithout underlyingoperatingsystem

» Hitachi SH-1without underlyingoperatingsystem

» 80C167family platformswithout underlyingoperatingsystem
» Philips XA family platformswithout underlyingoperatingsystem
* OnTimeRT-Target3Zealtimeoperatingsystem

*  VenturComETS10.xEmbeddedperatingsystem

e VenturComRTX5.x Embeddedealtimeoperatingsystem
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« ENEA OSE4.4 Embeddedealtimeoperatingsystem

Technical Overview

Portability

EASy.VM is writtenin 100%ANSI-C programmindanguagéo ensuranaximumportability to platformswith
aC compileravailable C-runtimelibrariesarenot requiredfor compilation. The architectureallows running on

environmentsvith or without underlyingoperatingsystem.

Hardware/OS abstraction layer

To ensuraninimum effortwhenporting to newplatformsandoperatingsystems EASy.VM was designedwith
a hardwareabstractionlayer (called “HELIOS”) encapsulatingll hardwareand third pary operatingsystem
dependenfunctions. This layeris the only platform dependentomponenthich needsto be portedmanually.

SeeSection’EASyY.VM architecturé for adescription.

Code sizes

EASyY.VM wasdesignedo run on 8/16/3it-platformsandis thereforevery compacin code.The codesizesof
currentimplementationsscale down to 32Kilobytes. The class library is configurable for the functional
requirementsf the Javaapplicationgo berun. On customermequestthe classlibrary is enhancedand therefor
it is evolvingrapidly. Themaximumsize(atthetime this documeniascreated)s approximately42Kilobytes.

Dependenbn the application,the classlibrary sizecanbe scaleddownto afew kilobytes.

Runtime Java Source Level Debugger with remote monitoring
(JDWP and EDI)

EASy.VM canbe compiledwith abuilt-in sourcdevel debuggingcernel,which allows Javadebuggersunning
on aremotehostto connecto EASy.VM andto debugthe Javaapplicationgemotely.This featureallows more

effectivedebugginghanby using simulatorson aPC.
Two kinds of debuggingprotocolsaresupportedy EASy.VM:

1. theJDWP (JavaDebugWire Protocol),supportedy mostof the stateof the art Javadevelopmenkits
(e.g.BorlandJbuilder6.0 professional).

2. the proprietaryEASy EDI (EASy Debuglnterface),supportedoy the SERVANT DebuggingMonitor
(comeswith the commerciaEASY.VM packages)This protocolleadsto a smaller code size of the

targetVM runtime, andrunsfasterthanJDWP.
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Device driver architecture

Thearchitectureof EASY.VM enablegsleveloperso write portabledevicedriversin native code. They caneasily
beembeddedhto the systemto actasinterfaceto nearlyanyunderlyinghardware.

File system support

Native and non-native(bytecode)classeswhich contain the applicationand common functionality, can be
loadedoverpluggabléfile systemdriversby theinterpreterCurrently, the following driversareavailable:

e uncompressedlP file system(multiple ZIP classfiles aresugported),

* NZFfile system(ZIP formatlike file packageswhichincludecompressionechniques),
* memoryblock file system(for temporarydata),

» distributed(network)file system,

» localfile system(e.g.standardile systemprovidedby the underlyingoperding system)

FurthermoreROM- andFLASH- file systemsaresupported.

Whenconnectedo a JDWP or JDI debuggerno classesare requiredon the target platform; classeswill be

downloadedrom the debuggingmonitor.

Class package compression

Classesanbe compressedutsidethe VM. This is supportedy a compressionool of the EASy.VM-package.

Generic speed optimized memory management

Due to its internal memory managementno OS-specificmemory managemenfunctions are neededby
EASy.VM. This featureamorg others,enable€EEASy.VM to run WITHOUT underlying OS. In environments

with anunderlyingoperatingsystem Java-applicationsanbe run completelyencapsulatetfom non-Java-code.

Object caching / Reference caching

EASy.VM providesinternalcachingmectanismsfor referencesvhenaccessingbjectslike variables,constants
and methods.This featureincreasesexecutionspeedof Javaapplicationswhen frequently calling the same

functionsor accessinghe sameobjects.

Dynamic resizable segmented stack architecture

EASy.VM takesadvantag®f a dynamicresizableoperandstackwhichis - differentto C-code- non-contiguous
but allocatedn segmentsThis canleadto a markabledecreas®f spaceequiredo run applicationsas the stack
segmentganbe dynanically allocatedanddeallocateddependenbn the requirementsf the Javaapplication.
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3-level garbage collection

EASy.VM providesa 3-level, speedoptimized garbagecollector which is tightly connectedto the memory
managementt runs eithertransparat to the programmeior canbe invoked by a systemcall. To achievethe

bestpossibleperformancethe GC workson threedifferentlevels:
1. Levell finds anddeletesall Javaobjectsandarraygshatarenot visible to the applicationany more,

2. Level2 deleesspaceneededy classandobjectvariableghat containthevalueO (Null). This canbe done,
asall variableshavethis valueby defaultandarenot allocatecheforethey arefirst accessedf a variableis

deletedby GC level 2, the nextaccesdo this variablewill restoret.

3. Level 3 of the GC deleteslinkage information, fast accesstables, and free (kept for future use) stack
segmentsThesystemcanlive without this information; it will just usethe samelinking mechanismsas
whenlinking anewclassto the runtime environmentandwill allocatenew stacksegmentsvhenneeded.

But performancewill decreaselueto the missingfastaccesslata.

TheGC will runautomaticallywhenmemoryis to beallocatedandnot available.After eachexecutedevel the
allocationis tried again.No furtherlevelis executedaftera successfuhllocation.If the GC is calledfrom within

anapplicationby the call to System.gc()only thefirst 2 levelsareexecuted.

Preemptive multithreading with priority control on bytecode
level

EASy.VM can handle threads according to the Java™ specification, even on non-multitasking

platforms/operatingystemsThreadcontrolis availablefor nativecodetoo.
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EASy.VM architecture

The EASy.VM systemhas a layeredarchitecture.A system service layer (called “HELIOS”) encapsulates
hardwaredependentunctions. This layeris the only platform dependentomponentwhich needsto be ported
manually.Additionally, dependenbn the targetsystem startup,exit, and interrupt servicefunctions, written in

assemblyor C languagemay existandhaveto be ported.

On top of the systemlayer severalservicemodulesexist, which provide memory managementJavaoperand
stack managementgevice driver interface with dynamic linkable file systengs), native/non-nativemethod
managemerdnd,as the mostimportant part, the bytecodenterpreter.The microkerneldesignis implemented
by a virtual function interface,through which native methodsand system drivers are allowed to overload
functions. Naive and non-native(bytecode)classeswhich containthe applicationand common functionality,
areloadedoverfile systemdriversby the interpreter Currently, the following file systemdriversareavailable:
localfile system(e.g.standardile systemprovidedby the underlyingoperatingsystem),uncompressedlIP file
system(multiple ZIP classfiles aresupported) temporarymemoryblock file system,distributed (network)file

systemwhich areplatformindependenandeasilyportable.

SummarizedEASY.VM consistsof few layerswhich arefunctionally separatedThis hasa positive impact on

codesizeandruntimeperformanceSeefigure 1 for anoverviewof the modulardesign.

vendor specific applications

EASy.VM bytecode interpreter

native classe debug interfac

memory/stack interface device driver interface

Java classe: data files

thin hardware abstraction layer (system functions)

hardware

figure 1: the modular design of EASy.VM

Designinga portablesygem for microcontrollersmeanstaking care of many different architecturesTherefore
independencyof the sourcecode from byte order, addressanges,operandsizes, memory accesslogic and
segmentatiomavebeenensurediuring the developmenof EASy.VM.
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Restrictions/Configuration

Javaspecifiesat least200 bytecodesmostof themhigh level languagdike, which requirea functionality of the
interpretersystem,that is not easyto implementon platformswith limited ressourcege.g. 8bit platforms)-
unlessthe codesizecanbereducedby omitting somefeatureqbytecodes}hat arenot neededor applicationson
theseplatforms.On thesesmallerplatformsseverafeaturescanbeleft out from the compilationof the VM.

For performanceeasonandlimited memoryspaceon embeddedystemst hasbeendecidednot to implement
all formal bytecodeverifications. They arenot requiredon small deviceswhich usually run only verified and
testedcode.

Only asubsebf the standardlavaclassesresupportecat the momentto hold the codesize at lowest possible
level; it depend$ieavilyon the applicationwhich classesareneededOf courseany classcanbe addedto the

runtimesystemPleasecontactH+T for informationon this.

Class libraries for EASy.VM

EASy.VM is readyto go with a coreof classescompatibleto the Javaclasslibrary specification.The classes
wereselectedo covercommonrequirementtike 1/0O-functionality on embeddedystemsholding the code-size
atlowestpossiblelevel. CurrentlymorestandardlassesreunderdevelopmentH+T is ableto supplyany class

neededy customerdor their applicationwithin a shorttime.

Class related error messages of EASy at runtime

If the startedlava-bytecodasesa classthat is not implemented EASy.VM will stop executionwith the error

message:
e "cannotopenfile <classname>".
If amethodin aclassis usedthatis not yetimplemented EASy will postthe errormessage:

« "cannotload method<method-name>".
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How to write Java applications for EASy.VM

EASy.VM is designedto executeJavaclasseswhich have beencompiled by any standardJava compiler.
Everyonecan write codefor EASy.VM using his favorite Javacompiler and/or Javadevelopmentkit. The
syntactic,semanti@andruntimetestscanbe performedunderany developmenkit. After that the classesanbe
enclosednto a standarduncompressed|P-file (using the Javadevelopmenkit or any packerwhich supports
uncompressedIP-files, like PKZIP). Additionally the Java classescan be executedunder the DOS,
WindowsNT, Linux, MacOSX,0S/2,or AIX versionof EASy to test them on a workstation environment
beforedownloadingthemto the embeddedystem.Thereare specialversionsof EASy.VM availablehaving
Javasourcdevel debuggingfeaturesbuilt-in, allowing comfortableremotedebuggingof the Javacodeusing a

third partydebugger.
Stepby stepexamplefor getting Javacoderolling underany of the workstationversionsof EASy:

1. it is stronglyrecommendetb usetoolswhich run underWindowsNT,or other platformsbeing able to

dealwith long file namedo makesurelong namescanbe usedfor the classeso becreated
2. designthe classeandmethods
3. startyour favoriteJavadevelopmenkit andwrite downthe code
- makesureto useonly classlibrariescurently supportecby EASy.VM
4. testthe codeunderthe developmenkit
5. copythe EASy.VM runtimeto the directorywherethe Javaclassesrestored

6. invoke EASy.VM with the classnameholding the main() method, e.g. "easy MyProg” or "easy
java/myproject/MyProg”

Note: for bettercompatibility with platformshaving restrictionsin file hames(e.g. the 8.3-namingrestriction
underMS-DOS), the‘.class’-extensiowanbe removedrom classfile names.The classeswill be found by the
VM, too.
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How to get EASy running on your target platform

In generaEASYy is portableto anyplatformwithin a shorttime, providedthat an ANSI-C compileris available

for that platform. PleasecontactH+T to discussthe details.

Additional features of EASy.VM

Thefollowing additionalfeaturesarepartof the system:

- minimizationof systemanduserclasslibrary package$y classpackagingools
- runtime Javasourcdevel debuggingkernel

- runtime configurationandreconfiguratiorof the kernel

Enhancements of EASy.VM

Thefollowing erhancement® the EASy.VM environmentareplanned currentlyunderdevelopment:

- extendingthe systemclasslibrary with additionalstandardtlasseshatareusefulon embeddedystems

- J2ME (MIDP) extensionto EASy.VM, thus supportof the MIDP graphics,saund, and multimedia
API

- graphicakubsystenandjava.awt/ java.swingpackage

How to support customer specific functions

Dueto thearchitectureof the nativemethodinterfaceit is very easyfor customerdo add classesand methodsto
supportspecifichardware Pleasenote: EASy.VM’s native methodinterfaceis proprietary,not compatibleto

JNIL.
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What H+T can supply

e porting of EASy.VM to any 16/32/64bit-platformwithin days

» portationto additional8bit platformsis possible put furtherqualificationsare needed
» customizatiorof the VM runtimesystemfor specialapplicationsandplatforms

» extensionsandenhancement® standaralasslibrary routines

» designandimplementatiorof userapplicationclasses

» supportfor embeddingustomesspecifichardwareard functions

e servicesmndconsultingin EASy.VM, JAVA andembeddedystemselatedopics

Pleasecontactus for further information.

A /\ H+T
e-mail: info@h-plus-t.com

/‘ 4 http://www.h-plus-t.com
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Technical summary

e interpretsnstructionsaccordingo Java™bytecodestandard

« writtenin 100%ANSI-C programmindanguageo ensurenaximumportability to platformswith a C
compileravailable standardC librariesarenot required

» thearchitecturallows runningon enviraamentswithout underlyingoperatingsystem
e currenimplementationsun under
- 8086, 80x86andhigherunderDOS (version3.3 andhigher)
- 80x86andhigherunderLinux, WindowsNT,Windows2000and0S/2 2.x
- PowerPCG3,G4underMacOSX
- PowerPCunderAlX operatingsystem
- Hitachi H8/300Hand SH-1 without underlyingoperatingsystem
- 80C167 PhilipsXA family systems
- OnTimeRT-Target3Zmbeddedealtimeoperatingsystem
- VenturComETS10.xandRTX5.x embeddedealtimeoperatingsystems
- ENEA OSE 4.4 emteddedealtimeoperatingsystems
- ... (otherunderdevelopment)
*  generic, portable,speedptimizedmemorymanagement
* dynamicresizeablegasilyportable genericstackarchitecture
* preemptivanultithreadingwith priority controlon bytecoddevel
» 3-levelgarbagecollectionoptimizedfor performance
» devicedriverarchitecture
e supportdile systems
* runtimeJavadebuggingnterfaceJDWPandEDI supported)

» classpackageeductionandconfigurationby user

codesizeof the runtimeversionwithout classlibraries:32...120kB

codesizeof the classlibrary: 35kB -> configurabledownto afew kilobytes
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