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The ACK™ documentation set includes the faling manuals and practicals:

Document

Description

Agent Manual

Teans Manual

Devel opnent Envir onnent
Manual

JACOB Manual

WebBot Manual

Desi gn Tool Manual

Graphi cal Plan Editor Mnual

JACK Si m Manual

Traci ng and Loggi ng Manual

Agent Practicals

Teans Practicals

Describes theAICK programming language and
infrastructureJACK canbeusedto developapplications
involving BDI agents.

Describes theAICK Teams programming language
extensions. ACK Teams can be used to veéop
applications that wolve coordinated aatity among
teams of agents.

Describes hw to use theAICK Development
Ernvironment (JDE). The JDE is a graphical
development emronment that can be used tovdp
JACK agent and tearbased applications.

Describes hw to use ACOB. ACOB is an object
modelling language that can be used for ipt@cess
transport and object initialisation.

Describes he to use theAICK WebBot to deelop
JACK enabled web applications.

Describes hw to use the Designobl to design and
build an application within theATK Development
Environment.

Describes he to use the Graphical Plan Editor to
develop graphical plans within th&CK Development
Environment.

Describes he to use theAICK Sim framevork for
building and running repeatable agent simulations.

Describes the tracing and logging toolsaitable with
JACK.

A set of practicals designed to introduce the basic
concepts imolved in ACK programming.

A set of practicals designed to introduce the basic
concepts imolved in Teams programming.
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Introduction

1 Introduction

The ACOB™ Object Modeller COB) is a system pwiding machine and language
independent object structures that can be stored or transmitted.

JACOB prorvides distriluted objects in a similaray to CORB\, COM or Jaa object
serialisation bt the emphasis is on simplicityortability, efiiciency and lav overheads.

Language specific code can be generated fAXGOB object structures, allong code in the
target language to create, manipulate, send andvee@eCOB objects easily

JACOB consists of four major components:

» Compiler
 Writer
« Reader

* Initialisation

These components argptained in thé=unctional Components of JACOB chapter of this
document.

1.1 Uses of J ACOB

JACOB is useful in situations that require data structures that are machine and language
independent. Wo important uses oACOB are:

e as an object initialisation tool
* as an object communication tool.

1.1.1 Object Initialisation

JACOB can be used to initialise objewtghin an application.AICOB-generated code
together with user written code adls applications to read and/or write objects to and from a
data file or stream.

An example of object initialisation can be found in Senple Applications chapter

1.1.2 Object Comm unication

JACOB maybeusedto allow communicatiorbetweerdifferentprocessesACOB-generated
codetogethemwith userwritten codeallows populatedbjectsto be sentandrecevedbetween
different processes.
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Introduction

For example,JACOB maybeusedto transporidatabetweera Java classanda C++ classor a
JACK Agent and a C++ class. Populated objects are sent andeicbeitween the processes
via a sockt. ACOB code is inserted into each class tovalidjects to be sent and/or
receved.

ACOB
JACK Agent o J - C++ Process

Figure 1-1: Communication between AGK Agent and a C++ process usifgCDB

An example of transporting objects can be found in the Sample Applications sectian belo

1.2 Dictionary Files

JACOB object structures that are stored and transported contain objects that are defined in
dictionary files using the ACOB Data Definition Language. A dictionary file defines the
structure and fgal fields of one or more objects, and usually hasagin extension.

Note: A dictionary associated with a data file may consist of a one or more dictionary files.

1.3 Compiling Dictionaries

Once one or more objects are defined in a dictionary file, the dictionary file is coogiigd
JACOB Build. JACOB Build cangeneratesitherJava or C++ code(Java codeis generatedby
default). Once code is generated, the resulting classes can then be compiled and used for
object initialisation and transportation.

1.4 Building Object Structures

JACOB object structuresay be created using objects defined in a dictior@any stored in a
data file. Object structures can be created and edited by opening a data filADQE: J
Object Bravser which pravides a graphical eironment, or a tet editor

JACOB object structures may be used to store objects in applications. The types of objects
allowed in an application are defined in a dictionditye objects used in the application may
be stored in one or more data files, which can be edited iA@@B Object Bravser
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1.5 JACOB File Formats

Data filescontaining ACOB object structures may currently be in one of four formats
« ASCII

* Binary
« JDBC
« XML

Datafiles maybeconvertedto anotherformatusingthe Corvertoptionin JACOB Build. Note
that currently only ASCII and Binary formats can be used with C++ code.

JACOB dictionary files can be compiled to generate & C++ code. Code in other
languages may be generated if v river is defined for that language.

1.6 The JACOB Object Br owser

The ACOB Object Bravserprovides a graphical eironment which allws users to vig or

edit ACOB object structures contained in data files. Data files that contain objects defined
according to a dictionary file may be created, edited arets®bjects can be edited by
opening a data file and loading the associated dictionary file ddgects, object copies and
objectreferencesnaybeaddedo adatafile. The JACOB ObjectBrowsermayalsobeusedto
delete objects from a data file.

f 866 JACOB - JACK Object Browser [by Agent Oriented Software]
File Option Help

Y B MyDatitat Fp Leewnite, 222-8181
» @ Lee White, 222-8181 ok

» ¢ Ms Jill Anderson, 888-9090 Numer
P & MrJohn Smith, 222-3434 Email: lee. white@myuniversity.edu
Phone: 222-8181

Lee White

Comments: null

Figure 1-2: The ACOB Object Bravser Wndow
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1.7 Using JACOB

To use ACOB to initialise and/or transport data structures, the user must first define the
objects in the structure in one or more dictionary files. Objects and their fields are defined in
dictionary files using theACOB Data Definition Language.

After defining objects in one or more dictionary files, the dictionary files must be compiled
with JACOB Build.

1.7.1 JACOB Objects

JACOB dictionary files contain definitions of objeatsd their fields. The contents of a data
file or data stream may only include objects of the types that are defined in one or more
dictionary files.

An example objectyDat a is defined bela.

<d ass :name "MData"
:fields (
<Field :nane "objectI D" :type :int>
<Field :name "objectNane" :type :string>
<Field :name "description" :type :string>

>

A correspondingyDat a object in a data file @uld be :

<MyDat a
:objectlID 12
: obj ect Nanme " Exanpl ebj ect”
:description "An exanple of a MyData object™
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1.7.2 Using JACOB to transport objects

[ Prepare dictionary file ]

L

[ Compile dictionary file into source code for transportable classes J

L

[Write code to provide and manage streams to send objects ]

L

[Write code to provide and manage streams to receive objects ]

l

[ Compile classes j

l

[ Prepare data files to read from {if required) J

Figure 1-3: Development steps foALOB object transportation

To use ACOB for communicatiometween processe®yQOB-generated code together with
user written code must be used to transp®@QAB objects. A dictionary written in the
JACOB DataDefinition Languageas compiledinto sourcecodefor transportablelassesising
JACOB Build. Either Jza or C++ source code may be generated. The source code is then
compiled into classes with a standardaJar C++ compiler

The transportable classes generated are able to read and write object structures to and from
streams. Additional code must be written by the user tage@nd manage streams for
transportingobjects.Thestreamsisedmaybefiles or soclets,or aJDBCconnectior(for Java

only). The streams may also beyanther kind of byte stream interprocess communication
infrastructure.

To send objects, code written by the user must be included in eitb@ng or nev classes.
The code must decide which stream to use, and then use it to send objects.
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Codewritten by theuserfor receving objectsmustalsobeincludedin existing or new classes.
Thecodefor receving JACOB objectsmustdecidewhich dictionaryto use(a dictionarymay
include definitions from multiple dictionary files). The code must also construct and initialise
thechoserdictionary Oncea dictionaryhasbeenchosenthe codemustdecidewhich stream

and associate it with the dictionafyhe stream may then be used to nexebjects.

Once the classes containing the usdatten sender and reseir code hee been compiled,
they can be used to send and rgeadbjects.

JACOB Manual

Release5.5

14 18-May-06
Copyright © 2000-2012, Agent Oriented Software Pty. Ltd.



Packages

2 Packages

Each JACOB component isinstalled automatically during the installation of JACK. The
JACOB components can be found in the following locations:

Component | Location
Runtime aos. api b. *
Compiler aos. mai n. JacobBui | d
Browser aos. mai n. Jacob
Table 2-1: JACOB Packages
JACOB Manual
Release 5.5
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JACOB Obiject Browser

3 JACOB Object Br owser

3.1 Introduction

The general form of the command to start thevisey is

java aos.main.Jacob [[<data-file>]* [-t <dict-file>]*]*

where<dat a- fi | e> is a data file or a collection of data files, afict - fi | e> is a dictionary

or multiple dictionaries associated with the preceding data file(s). If the command ends with
one or more data files, the last collection of data files will be associated with the preceding
dictionary set (if ap). The ACOB Object Bravser may also be started with multiple groups

of data file collections with associated dictionaries.

Note that bothkdat a- fi | e> and<di ct-fi | e> are optional. The breser can also be started as

java aos. mai n. Jacob

3.2 The Browser En vironment

Objects defined in thedCOB Object Modelling language can bewssl and modified using
the ACOB Object Bravser. Each object structure consists obtparts:

» adictionarywhich defines the structure andaéfields in an object hierarghand
» adata filewhich contains objects defined according to this dictionary

3.2.1 Menu Bar

The ACOB editor has a menu bar at the top of tlekwarea. The follwing menus are
available from the menu bar

3.2.1.1 File Menu

Use this menu to perform operations on the current project.

JACOB Manual

Release 5.5

18-May-06 17
Copyright © 2000-2012, Agent Oriented Software Pty. Ltd.



JACOB Object Browser

New &N
Open... #®0
Save 385

Save As... O35

Exit

Figure 3-1: The ACOB Object Bravser File Menu

* New: Createsanew datafile in theeditor. Initially thisdatafile is emptywith no structure.
This file can be populated by first adding a dictionaayi() to it and adding entities
defined in the dictionary as required.

* Open: Loads anxsting data filesfrom disk. Until a dictionary.@pi ) file is added to this
datafile, it is unstructurecdindcannotbeviewed. Adding adictionaryfile is describedn a
later section.

» Save: Saves the current data fite disk under the current name.

» SaveAs: Saves the current data fite disk, alleving a n& name to be specified.

» Exit: Quits the ACOB Editor If the project currently open in the editor is ures the
option to sae is gen before quitting.

3.2.1.2 Option Men u
Use this menu to chang@QOB Editor options.

Read /Write Multiple Objects

Figure 3-2: The ACOB Object Bravser Option Menu
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» Read/Write Multiple Objects: Turns the Read/Write Multiple Objects option or of.
This option is dfby defult.

When this options is on, a list of multiple objects with unique identity numbers is written. A
list of multiple objects that is read or written maydaeferences between the objects. Note
that this option is not supported for binary files.

Note: The best way to write multiple objects is to wrap them in a parent container

3.2.1.3 Help Menu

Use this menu to access the AboMEDB screen

About JACOB

Figure 3-3: The ACOB Object Bravser Help Menu

» About: Displays information about th&COB Object Bravser in the wrk area of the
browser

3.2.2 Work Area

Objectsandtheir contentsaaremanipulatedn thework area of the JACOB browser Thework
area is depicted belo

¥ [MyData.data k> | Lee White, 222-8181
¥ O Lee White, 222-8181

Comments: null Name: Lee White
¥ & Ms Jill Anderson, 888-9090 Email: lee.white @myuniversity.edu
Comments: null Phone: 222-8181

¥ & Mr John Smith, 222-3434

iy Comments: null

Figure 3-4: The ACOB Obiject Bravser Work Area

The work area consists of mpanes: the Object Tee pane and the Object Field pane. These
panes arexplained belav.

Note: Thedividerbetweereachof thepanesanbemovedbackandforth asrequiredto resize
the panes.
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JACOB Object Browser

3.2.2.1 Object Tree Pane
The left pane in the mainatk area is the Objectrde paneThis pane is depicted balo

¥ [Y MyData.data
¥ & Lee White, 222-8181
Comments: null
¥ » Ms Jill Anderson, 888-9090
Comments: null
¥ & Mr John Smith, 222-3434
Comments: null

Figure 3-5: The Object Tee Rne

This is where ng object files appear when loaded or created. Once a dictionary is added to a
data file, the bnoser in the ObjectiBe pane can be used twigate the object structure.

3.2.2.2 Object Field Pane
The right pane in the mainork area is the Object Field par¥éis pane is depicted balo

S Lee White, 222-8181

Mame: Lee White
Email: lee.white @myuniversity.edu
Phone: 222-8181

Comments: null

=

Figure 3-6: The Object Field &ne

This is where the fields that an object contains are displayed and manipulated. These can
include text and numeric fields as well as pointers to other objects.

The arrov in the top left-hand corner is used to go upvallen an object structure.
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3.2.3 Context-sensitive Menus

Context-sensitve menus arevailable etensvely throughout the editor emonment. These
menus are wvoked by meing the pointer wver an item and clicking the right mousgton.
This presents options that are walet to the current object orork space in the current
contet.

Note: On some platforms there is no righititon on the mouse. On these platforms, cdnte
sensitve menus are woked by pressing ag¢ and the mouseutton in combination.

The cont&t-sensitve menus introduce somewéunctionality and duplicate some options
available in the File menu.

3.3 Using the Browser
3.3.1 Creating Data Files

Selecting Nes from the file menu creates am®ata Filewhich appears in the Objectee
pane. Initially this file is unstructured and empty

Adding a dictionary to an empty file such as this willhallwav objects to be declared.

3.3.2 Loading Data Files

Datafiles canbeloadedby selectingOpenfrom thefile menu.Thesdfiles appeain the Object
Tree pane, Uit their structure is not kme so thg cannot be bresed or edited until a
dictionary is added to them.

When loading data files, malsure that the file name filter in the dialog is set to All Files so
that data files are visible.
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3.3.3 Adding a Dictionary to a Data File

Invoking the contet-sensitve menu for a Data File presents the menuvhelo

> [N MyData.data

Save
Save As

Re-Open
Close

Add Reference
Add Copy

Add Top-Level Object P
T ——

Figure 3-7: Add Dictionary in a data file contesensitve menu

In orderto populatea DataFile oneor moredictionary(. api ) files mustbeattachedoit. This
is achieved by selectingAdd Dictionaryfrom theabore menuandloadingthe appropriatdile
from disk.

This dictionary defines what objects and fielgisten each data file, and describesvibey
are structured. Once an appropriate dictionary has been added to a data file, its structure and
contents can be wied in the brarser

Once a set of dictionary files has been attached to a Data File, the set cannot be edited. The
only way to change a set of associated dictionary files is to close the Data File, ojpém it ag
and then add dictionary files.

Note: The dictionary is applied only for the current session and must be added to the data file
each time it is loaded.
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3.3.4 Adding Objects to Data Files

A sub-menu named Addp-Level Objectis available in the contd-sensitve menu for a
Data File. An gample of this menu is depicted b&lo

» [Y MyData.data

Save
Save As
Add Dictionary

Re-Open
Close

Add Reference

Add Copy

Add Top-Level Object F BRI
— Comments

Figure 3-8: Add Top-Level Object in a data file contesensitve menu

Note: This option is alsoailable in the contd-sensitve menu for top-hel objects.

Thismenudisplaysall of thetop-level objectsthataredeclaredn the currentdictionaryfile in
alphabetical ordefSelecting ay of these objects adds amebject of that type to the current
data file.

Additionally, eitherareferenceo or acopy of thecurrentlyselectembjectcanbeaddedo the
data file by selecting Add Reference or Add Z(especirely).

Objects can contain fields and object pointessich are references to other entities. Object
pointers are initially null, bt can be made to point towkg created objects.

In the example abwe, if Addr ess is selected, an object of that typewld be added to the
current data file. Theddr ess object has three fieldsarme, Emai | andphone. It also has a
pointerto a comment s objectwhich canbeaddedoptionallyto includeextrainformationabout
a person.
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See the section entitldeplacing Object Pointers for details on he to male object pointers
non-null.

3.3.5 Adding Data to Objects

Once an object has been added to a data file, its fields can be modified xamp&eeaboe,
anAddr ess object is added to the data file, whichuld result in the folleing appearing in
the Object Field pane:

B Ms Jill Anderson,

Name: Ms Jill Anderson
Email: janderson@mydepartment.gov
Phone: 888-

Comments: null

Figure 3-9: An Addr ess object in the Object Field pane

Any changes made to the aledields are mirrored in the Objeate€ pane if the dictionary
file declares these fields as visible there.

Clicking on thecomment s object pointer will display ancomments pertaining to this address
book entry Clicking the arrw in the top left-hand corner of the Object Field pane will return
to the preious fields viev.
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3.3.6 Replacing Object Pointers

If anobjectpointeris null, it mustto bereplacedwith areferencego anobjectbeforedatacan
be added to it. This can be aalgd by irvoking the contet-sensitve menu on the object
pointer and selecting Refer toWeThis menu is depicted belo

¥ [E] MyData.data
¥ & Ms Jill Anderson, 888-9090
& | Comments: null
Refer to Selection
Refer to Copy
Address

Remove Object @

Figure 3-10: Refer to N&v in an object pointer contesensitve menu

This menu displays objects of the correct type that can be added in place of the aelugent v

In the ekample in Figure 2.10, thement s object pointer can be set to point to avlye
createdcorment s object.Oncecreatedthe contentsof this objectcanbe changedndsavedto
disk like ary other field.

In addition to this, an object pointer can be replaced with a pointer to the object currently
selected in the Objectrde pane by selecting Refer to Selection. Ttosld allow, for

example, the object pointer for tndifferentaddr ess entries to point to the samement s
object. Furtheran object pointer can be replaced with a pointercapg of the currently
selected object by selecting Refer to €op
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3.3.7 Removing Objects

To remove anobjectpointer, invoke the context-sensitve menuon anobjectpointerandselect
Remae Object. This menu is depicted helo

¥ E] MyData.data
¥ £ Mrjohn Smith, 222-3434
& | Comments: null

Refer to Selection
Refer to Copy
Refer to New 3

Remove Object

Figure 3-11: Remawe Object in an object pointer cortesensitve menu

This deletes the reference to that object andes#tke object pointer null.

3.3.8 Aggregate Objects

An aggreate objecis a 'container' into which other objects can be placed. Agtp@bjects
can be emptyor they can contain one or more objects.

¥ [E) AggregateData.data
¥ ¢ Class BAPI_Text
> oo fields
oo directives

on iMmplements

Figure 3-12: An unpanded agggate object

An 'empty'aggreateobjectdoesnot have anexpansioncontrolnext to it; in theimageabove,
'directives’ and 'implements' are empty aggte objects.
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To put something into an aggregate object, open the contextual menu for the aggregate object.

¥ [ AggregateData.data
¥ & Class BAPI_Text
> -0- fields

[+]
-0- Insert Reference
®e Insert Copy
Insert New d Code
m Diractive

Field

Include
TR

Figure 3-13: Insert New in an aggregate context-sensitive menu

With the Insert New submenu, the user can put in a new object of any type the aggregate can
hold. Alternatively, you can choose Insert Reference or Insert Copy to put either areference to
or acopy of the currently selected object into the aggregate object.

The user can expand an aggregate object to see its contents. Each object contained in an
aggregate object behaves just asif it were atop-level object. The user can also use the
contextual menu for an object contained in an aggregate object to add further objects to the
aggregate.

¥ E)AggregateData.data
¥ & Class BAPI_Text

hd -ﬂ- fields
<> Field hard_lab :STRING
o directives Add Reference

ee implements | Add Copy

Code

Delete | Directive

Include
T——

Figure 3-14: Add New in an object context-sensitive menu
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The Add New, Add ReferenceandAdd Copy menuitemsbehae muchthe sameastheInsert
New, Insert Reference and Insert @apenu items in the conteial menu for the agggate
objectitself. However, whereaghelnsertitemsaddanobjectat thetop of theaggreate'slist,
the Add items place the wly added object immediately after the object from whose
contectual menu the item as chosen.dt example, in the image abe, if you choose Add
New and Field, the nve field will be placed after thiear d_I ab field already in the agggete.

Items can be deleted from aggaée objects by choosing Delete from the item's ctnad
menu. Yu cannot, hwever, delete the agggate objects themsedg (xcept by deleting the
top-level object of which thgare a part).

3.3.9 Deleting Top-Level Objects

To delete a top-lesl object invoke the contet-sensitve menu on an object and select Delete.
This menu is depicted be&lo

¥ E] MyData.data
P & Mrjohn Smith, 222-3434
Add Reference
Add Copy
Add Top-Level Object P

Delete
-~

Figure 3-15: Delete in an object contesensitve menu

This causes the selected object to be deleted from the current Data File.
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3.3.10 Reverting to Saved Data Files

If all changes from an editing session need to be discattied irvoke the contet-sensitve
menuon aDataFile in the ObjectTreepaneandselectRe-OpenThis menuis depictedoelow.

» [ MyData.data

Save
Save As
Add Dictionary

Close

Add Reference
Add Copy

Add Top-Level Object P
R

Figure 3-16: Re-Open in a data file contesensitve menu

This optionallows the versionof the datafile mostrecentlysavedto disk to beloadedinto the
editor A dialog appears to confirm that this action is whas wtended.

Note: If OK is clicked, all changes are discarded and the original file is reloaded.

3.3.11 Saving Data Files

Selecting S@e from the file menu or the cortesensitve menu on a Data File, causes the
current data file to be wadto disk. If the data file as n&vly created, the user is\gn the
opportunity to change the @efit name before sg the file to disk.

The editor automatically creates backup files byyoapthe original file to a file with abak
extension. The current file is then written to disk.

3.3.12 Closing Data Files

Selecting Close from the comtesensitve menu on a Data File closes the current data file
The user is gen the option to s@& ary changes before closing the file.
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3.3.13 Exiting the Editor

Selecting Exit from the File menu causes the JACOB editor to quit. The user is given the
option to save any changes before exiting the editor.
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4 JACOB Object Modelling
4.1 JACOB Data Definition Langua ge

This section describes thaQOB Data Definition Languaga Extended Backus-NauioFn
(BNF) and describes the purpose of each of the fieldsemebkds.

4.1.1 Syntax Definition

In this syntax definition, non-terminal tels are written asavds within angle braeks, like
<Object> , and square and curly bratk mark repeated (zero or more) and optional (zero or
one) parts respeugly. Terminal tolens are enclosed by single-quotes, andracal bar
separates alternaés.

The ACOB Data Definition Languad®as a syntax as defined belo
<Stream> ::= [ <Object> ] <EOF>

<Object> ::='<' <ldent> {'=' <Number> } { <Object> } [ <Field>]">"|
'<"'& <Number> >

<Field> ::= <Fieldname> <Value>

<Value> ::= <Number> | <String> | <Object> | <Aggregation>

<Aggregation> ::='(' [ <Object>1")'

The lical level definesident> |, <Fieldname> , <Number>, <String> and<eoF>as follavs:

* «<ldent> IS a sequence of letters, digits and underscorggroag with a letter or an
underscore.

* <Fieldname> IS an<ident> immediately preceded by a colon charadetFieldname> IS
not case-sensiue.

* <Number> iS an optional minus, folleed by either one or more digits and an optional
periodor a periodandadigit, followedby zeroor moredigits, thenoptionallyanupperor
lower case:, an optional minus and one or more digits (i.e. standard scientific notation).

* <String> isasequencef characterenclosedy double-quotesyhereback-slast{"\ ") is
a meta charactealso recognising unicode character encoding.

* <EOF>denotes 'end-of-file', which means to say that the input file must be a (possibly
empty) sequence of completebject> , otherwise the compiler will complain.

There may also be & style comments interspersed with definitions in the usaglie.
each comment is treated as aetolseparator

All string values to be used as identifiers in generated code must adhere to the appropriate
identifier syntax of the tget language, and must not bg anits resered words.
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A JACOB Data Definition Language file is itself a sequence of objects in the language
described abee. There are six ddrent types of objects to use:

* dass for defining a ne class.

Fi el d for defining fields within classes.

* Enumfor defining an enumeration of symbolialves.

* Menber for defining identifiers of enumerations.

» code for defining in-line code to be transferred to the output source being generated.
* Include for declaring code from a file to be transferred to the output source being
generated.

4.1.1.1 Class

Objects of typed ass are definitions of ne classes. The fields of such objects are:
* :nanme — a: string identifying the transport name of the defined class.

* :coment —a:string thatis treatedasauserlevel (short)descriptionof thedefinedclass.
The: comment is in particular @ailable when objects of the defined class are written, and
may, for example, be written to the output to increase its readability

* :classname — a: string identifying the name of the class to define. If omittedpe will
be used.

e :target —a:string identifying the name of the class to construct. If this field is not
defined, the constructed class will be named by ¢hassnane field.

* :extends — a: string that identifies the base class of the defined class.
e :fields —an:aggregation Of Fi el d Objects defining the fields of the defined class.

* :directives—an:aggregation Of Di rective objectsdefiningcompiletime directivesfor
JACOB.

* :tostring—aformatstringtoimplementtheJavat oSt ri ng method.Thestringmustbein
the form of' % fi el d- name) " wherefi el d- nane is the name of anof the fields of a
JACOB object.

» :usedeepequal s — a boolean field used to generate code to do deep equality comparison
(Java only). Itis"true" by dehult.

e :javaconstrcode — Jaa code to be inserted into thevda&onstructor

* :icon —theicon to display when shimg this class.

* :inplenments — a collection specifying the intade it implements (¥a only).

* :api_extends — a collection of etra ACOB classes ib@éends. (C++ only).

* :other_extends — a collection of @ra non-ACOB classes ib@éends. (C++ only).
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4.1.1.2 Field

Objects of typei el d are used for defining the fields of a class. The fieldsoélal object
are:

* . nare — a: string identifying the transport name of the field being defined.

e :coment —a:string thatis treated as a usevéé(short) description of the field. The
- comment IS in particular wailable when objects of the defined class are written and may
for example, be written to the output to increase readability

* :fieldname —a: string identifying theactualnameof thefield defined.If omitted,: nane
will be used.

* :type — a tolen that marks the type of the field being defined. Thentokust be one of
:char,:short,:int,:long,:bool,:enum:float,:double,:string,:class Or
- aggr egat i on. The tolken determines the data representation associated with the field
according to the list bela Certain data representations are onbilable on certain
platforms, and will cause an error on the attempt to transfer to a platform where the data
representation is not supported.

— :char field holds a charactenlue; thechar type in Jaa is 16-bit unicode, and the
char value in C++ is 8-bit.

— :short field holdsa16-biti nt eger valuein standar®-complementepresentatiorthe
short type in Jaa.

— :int field holds a 32-bitnt eger value in standard 2-complement representation; the
int type in Jaa.

— :long field holdsa 64-biti nt eger valuein standard®-complementepresentatiorthe
| ong type in Jaa.

— :bool field holds a 1-bit logical truthalue, markd by one of the t@ns: t rue or
- fal se; thebool ean type in Jaa.

— :enumfield holds an enumeration member akie.
— :float field holds a 32-bit single precision real number;theat type in Jaa.
— :doubl e field holds a 64-bit single precision real number;dhal e type in Jaa.

— :string field holds an arbitrary length string of 8-bit characters in the88&3-1
representation.

— :class field holds a reference to another object.

— :aggregation field holds an agggation of references to other objects. There is a
default implementation, it an application program maygister its evn aggrgation.

* :subtype —astring identifyingtheenumerationtypefor an: enum the (base)lassof the
referred object for acl ass, and the element class for awgr egat i on.
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* :value — a: string that is written to the generated output as the means for obtaining the
default value for the field.

* :defaul tFl ag — a: stri ng that defines aool ean member in the generated class to be
associateavith thisfield to markwhetherthefield valuewasreadfrom theinput streamor
not. The flag is true by dadlt, and is reset byAC OB upon reading and recognising the
field from the input stream.

* :directives —alist ofbi rective oObjects to be processed in conjunction with generating
the output.

* :inplenented_by, Which is an attribte for an aggr egati on field. Its \alue is a string
identifying theactualclassby which to implementthe aggreation. The namedclassmust
then implement the Agggate interace, and bevailable as part of the Reader
functionality in the application.df C++ code, usei npl enent ed_i n_cxx_by instead.

* inplenmented_in_java_by, iSthe same as npl enent ed_by.

* :allowed, Which is an attribte for an aggr egat i on field. Its \alue is a list ofAPI St ri ng
objects identifying a specific classes (dation of: subt ype) allowed as element type. If
this attritute is used, then the aggat¢ion is restricted to only destions of the allwed
classes, otherwise yulerivation of: subt ype is alloved.

e :label —astring which stores the label associated with the field.

* :isPublic—a boolean field which denotes whether the fieldtsi ¢ or not. The defult
value is"true".

e :jsHidden — a boolean field which denotes whether the field should be hidden when
editing in the ACOB editor The de&ult value is'f al se".

e :jisStatic —a boolean field which denotes whether the fiedddsi ¢ or not. The defult
value is'f al se".

* :jsTransient —a boolean field which denotes whether the fielddssi ent or not. The
default value is"f al se".

* :javalnit —aText oObject that contains thew@ainitialiser pression for the field.
* :cxxlnit —aText object that contains the C++ initialiseqpeession for the field.

* inherited — a boolean field which denotes whether this field is inherited from a
superclass or not. The aeidt value is'f al se".

* :genReader —aboolearfield whichdenotesvhetherthefield hasaget accessomethodor
not. The dedult value is'f al se".

* :genWiter —aboolearfield whichdenotesvhetherthefield hasaset accessomethodor
not. The dedult value is"f al se".

* :javaReader — astri ng identifying theget accessor method name for the field.
* :javaWiter —astring identifying theset accessor method name for the field.
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4.1.1.3 Enum

Objects of typenumare definitions of enumeration types. The fields of such objects are:
* :nanme — a: string identifying the name of the enum type as a whole.

* :coment —a:string thatis treated as a usevéé(short) description of the defined
enumeratedlype.The: comment is in particularavailablewhenobjectsof the definedclass
are written and mayor example, be written to the output to increase its readability

* :nmenbers — an: aggr egati on of Member objects defining the enumeration members.

4.1.1.4 Member

Objects of typaenber are used for defining the members of an enumeration. The fields of a
Member object are:

* :nanme — a: string Stating the member identifier

e :coment —a:string thatis treated as a usevéé(short) description of the field. The
- comment IS in particular wailable when objects of the defined class are written and may
for example, be written to the output to increase readability

* :value —an:int designating aalue for the identifiedf the alue is omitted, the dadilt
valueis computedaso for thefirst venber of anenumeratiorntype,otherwiseasx+1, where
x is the \alue of the preceding:nber of the enumeration type.

e :label —astring which stores the label associated with the member
* :icon—theicon to display when shimg this member

4.1.1.5 Code

Objects of typecode are portions of tget language source code to be copied to the output 'in
place’. The fields of ede object are:

* :lang —"java" or "cxx".

* :code — the code that should appear in the output.
A Code Object is ai recti ve Object.

4.1.1.6 Include

Objectsof type! ncl ude declarefiles containingportionsof targetlanguagesourcecodeto be
copied to the output (usually) 'in place'. The fields ofranude object are:

* :lang —"java" or "cxx".

* :filename — the file that should be copied into the output.
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* :inDecl aration—aboolearfield whichdenotesvhetherthefile shouldbeincludedin the
C++ declaration section or not. This is only used for C++ code. Theltedlue is
"true".

A I ncl ude object is @i recti ve object.
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5 Running JACOB

JACOB is used to compile api files. The compilation procedure results in the generation of
C++ or AVA files which are then compiled using a standard C+AdAXompiler (as
appropriate). The resulting object code definesAl@QOB objects.

5.1 JACOB Build

The general form of the command to compilepi files is

java aos. main.JacobBuild <dict-file>

where<di ct - fi | e> is adictionaryfile. JACOB Build mayalsobe runwith thecommandine
optionsbelow.

5.2 Command Line Options
5.2.1 -Wang

Displays language anings.

usage - Wang

arguments : none

default value (option not used) : no languagarming errors are reported

5.2.2 -l ang

Setsthedefault outputlanguageof JACOB. ThelanguagemayeitherbeJavaor C++. Another
language may be used if awdn for that language is created.

usage -l ang string
default value : jaa

5.2.3 - pkg

When Jaa code is generated, this identifies the locatioMGIAB classes for the generated
code.

usage :pkg string

default value :aos. api b
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5.2.4 -synt ax

This defines the file defining the location of the class that initials@©B. This eflectively
sets the syntax of th&@OB language by alWeing an alternatie definition of the defult
language file.

Another language, such as XML or SQL may be used if a class that initialises the language
exists.

usage -syntax string

default value :aos. api b. api c. boot . Def Reader

5.2.5 - dj

This option identifies the directory where generated files are placed.
usage -dj string

5.2.6 -dos

Filesgeneratedhave the extension. cpp insteadof . . Notethatthis option mustbe usedwith
the-1ang cxx option.

usage: dos

This option is not used by daflt.

5.2.7 -v

Displays the ersion of the ACOB Compiler

usage:v Or-version

5.2.8 -h

Displays the command line options that may be used withtAlG®B Compiler

usage:h or-hel p
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529 -convert

Corverts datdrom one format to another format.
usage:convert -v node infile outfile typedict

-v (optional): \erbose mode prints messages about opening files, and reading and writing
objects.

node iS aninmodeletterimmediatelyfollowedby anoutmoddetter e.g.Ax convertsASCII to
XML.

a,A = ASCII; x,x = XML; b,B = Binary;u,u = unspecified (input only)

baxu uses theead/ writeMl tipl eObj ects() interface.AXBU uses theead/ wri t eObj ect ()
interface.

Note that the eadmul ti pl etoj ect s() interface is not supported for Binary

typedi ct (optional):acompiledi nit __XxX. cl ass file or any JACOB definitionfile. Notethat
the. cl ass extension should not be included.
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6 Functional Components of J ACOB
6.1 Compiler

The ACOB Compilemprocesses one or more definition files, and generates code modules to
link in with an application that intends to use, read and write the classes defined through the
definition files. The compiler is avlapplication that tas one or more definition files as

input, and generates one or morealar C++ files as output.

6.1.1 JACOB Data Definition Langua ge

The definition files input to the compiler are defined usingAl@OB Data Definition
LanguageThe syntax is defined in Extended Baccus-NauwmHEBNF) in the section
entitled JACOB Object Modelling.

6.1.2 MappingsinJ AVA

For generating J& code, the field type mappings are as described in the section entitled
JACOB Object Modelling.

All Enumdefinitionsresult in separate classes; one for eaah class. Vithin that class, each
enumeration member is layed out gsilsli ¢ static final data membeiFields of type
: enumare translated intont values.

Eacha ass definitionresults in its wn Java file containing the corresponding/dalass
definition. In addition, each class definition is associated wsth eamer Support extension
class that contains the code for reading and writing objects of the type defined. These
St r eaner Support extension classes are non-public classes appended toéhlda defining
the data classes.

One additional class is also generated for the definition source file. The class is named by
addingtheprefixi ni t __ to theinputfile name.This classincludesall theinitialisationneeded

for usingthedefinitionsetin anapplication Further whencompilingthis classwith j avac, all
classes concerned are compiled automatically

Inline sourcecodefragmentsrom Codedirectvesfor Javaarecopiedto the outputfile asthey
occur among the fields.

The deéult aggregation is an arrayTheAggr egat e interface includes methods for adding
elements and constructing Bfurer at i on for accessing elements in order
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6.1.3 Mappings in C++

For generating C++ code, the field type mappings are as described in the section entitled
JACOB Object Modelling, with the eception of the bool type, which is mapped into
unsi gned char such thab representsf al se andi representst r ue.

Eachenumdefinitionis mapped into a class definition as imaJdut the member set is also
reconstructed as an aryonouspubl i ¢ enumdeclaration within the class.

All classes of a definition source file are layed out together in a single C++ source file pair
(separating headers from implementation).

The generated code further includes an additional class that includes all the initialisation
needed for using the definition set in an application.

Inline sourcecodefragmentsrom code directvesfor C++ arecopiedto the outputheadefile
essentially as tlyeoccur among the fields; in particylarthin apubl i c: sggment.

The deault aggreation is a classxtendingiACoB_Aggr egat e. This includes methods for
adding elements and constructingpaos_enuner at i on for accessing the elements in order

6.2 Writer

TheWriter is the combinediunctionality of codelibrariesandgeneratedodeandenableghe
mappingof anobjectstructureontoa streanrepresentatiosothatthe sameobjectstructurds
reconstructed when the reader is applied to the stream (s@g.belo

TheWriter functionalityinvolvesthe processingf anin-coredatastructurefor generatingan
output stream in one of\geral formats. The algorithm for this is a plain depth-first tree
traversal that is implemented partly by pre-compiled library code and partly by the code
generated for the class definitions. The latter is contained withs the&rer Suppor t
extension classes, and each such class is therefore (made) capable of accessing the
transportable fields. (In C++ code the class is calledB_st r eamer Support .)

6.2.1 Java Writer Classes

There is a generic class for output streaming, namesd r eam and there are four separate
extensions of this:

* Asciiaut streamfor ASCII file representation.
* Binaryaut Streamfor binary file representation.
e JpBcaut St reamfor JDBC file representation.

e XM.Qut St reamfor XML file representation.
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6.2.2 C++ Writer Classes

The generic C++ class for output streamingasoB_cut Stream This class currently has the
separatexd@ensionsIACOB_Asci i ut St reamfor ASCII file representation and
JACOB_Bi nar yQut St r eamfor binary file representation.

6.2.3 Writing Objects

Thewriting of objectsis generate@spartof thest r eamer Support Or JACOB_St r eaner Suppor t
derivations as straightforavrd depth-first tree tvarsal. Theasci i Qut St reamor

JACOB_Asci i Qut Streamidentifies and &eps track of objects written out (including the one in
progress)upontheseconcandsubsequerniccurrencef anobjectits identificationnumbers
written out, preceded by &ncharacter instead of trersing the object. The identification
number is unique within the object structure.

6.3 Reader

The Readers the combined functionality of code libraries and generated code, and enables
the processing of an object stream and the reconstruction of the corresponding runtime object
structurest representsThe Readerfunctionalityinvolvesthe processingf aninput streamn

one of seeral formats into a corresponding in-core data structure, by using@ ct of

definitions rgarding which objects the input stream may contain.

6.3.1 Java Reader Classes

There is a generic class for input streaming, named eam and there are separate
extensions of thisasci i I nstreamfor the ASCII file representation described earlier
JoBcl nst reamfor JDBC file representatioryLi nst r eamfor XML file representation and
Bi naryl nStreamfor a compact binary file representation. Thet r eamconstructor uses
reflection to find the class of an object if it is not\wno

To open aACOB streanregardless of the format, use the static method
I NSt ream open( | nput Stream stream TypeDict dict)

which will inspect the start of the stream, and return the correstatien of InStream after
resetting the input stream.

6.3.2 C++ Reader Classes

ThegenericC++ classfor input streamings namediACOB_I nSt ream This classcurrentlyhas
the separatexéensionsIACOB_Asci i I nst reamfor ASCII file representation and
JACOB_Bi naryl nst r eamfor binary file representation.

To open aACOB streamthe format must first be determined. The correcvdgon of
JACOB_| nSt reamcan then be opened (e.g. aviacoB_Asci i | nStreamfor ASCII data).
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Note: When reading from or writing to data streams imdféws, a correspondingACOB
function must be gastered These functions arei | eRead, fil eWite, socket Read and
socket Wite. An example of rgistering a read or write function can be seen in the C++
examples in the Sample Applications section.

6.3.3 Reading Objects

Reading's invoked by a stream methedadbj ect . This reader recognises thaj ect >
introduction phrase (the angle bratknd the class name of the object to come in the input
stream)Thisis sufficientto constructa blankobjectof theindicatedtype,andinvoke theread
method of the associatedr eamer Support (Or JACOB_St r eanrer Support for C++).

6.4 Initialisation

The Initialisationis the combined functionality of code libraries, generated code, and user
written code by which the reading/writing capability is enabled in an application program.

The ACOB functionality is enabled in an application, apart fromlarking of object files,
by constructing aypeDi ct object. Therypebi ct object defines the mapping between class
names occurring in transport streams and actual class definitions generatedA@QBe J
utility.

WhenJACOB processeadefinitionfile, it alsoconstructsadefinitiongroupclasswith astatic
methodaddG oup( TypeDi ct d), which at runtime adds all the definition classes of the
definition file into the gien dictionary {ypeDi ct ). The generated definition group class is
named after the definition file.

Theapplicationprogramthusconstruct@andbuildstheTypebi ct objector objectsaspartof its
initialisation. TheTypeDi ct object is then passed to the reader method of the input stream for
reading the input file.

6.4.1 Dictionar vy file

A dictionary filedefines the object(s) to be manipulated. W#D@B is run on anapi file,
sayfil enane. api , two files are generated. Ihdacode is generated, one of the files is called
Init__filenane.java. |f C++codeis generatedpneof thefilesis aheadefile, containingan
Init__fil ename class definition.

Thelnit_fil ename code implements the dictionary specification for the object. Objects are
read using the dictionary specified during the input of the stream. The Sample Application
section containsxamples demonstrating the implementation of dictionaries.
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6.5 JACOB File Formats

Apart from the simple ASCII language described earle€OB can read and write fil@s
several other formats. These formats encadctdy the same informatiorubmay be
preferred for other reasons.

There are currently four supportefiCIOB file formats:

« ASCII
e Binary
« JDBC
¢ XML.

Note: Only the ASCII and Binary formats are currently supported for C++.

6.5.1 ASCII

ASCII is aconciseandreadabldormatwhich canbe editedby handquite easilyif necessary
Theinputstreamers calledasci i I nSt r eamandtheoutputstreamers calledAsci i Qut St ream

6.5.2 Binary

The binaryformat is an xtremely compact object representation. It can be used when the
speed of object transfer is paramount or if it is desirable te hekstream not human-
readable. The input streamer is cabedar yi nst reamand the output streamer is called

Bi naryCQut Stream

6.5.3 JDBC

The JDBC formats a representation of data in tiédy form such as a relational database or
spreadsheetALOB objects in JDBC format are in the form of multiple tables. These tables
are in generic form. If multipleACOB object structures are stored in a database with other
data, thg are identified as distincACOB object structures by 'stream identifiers'. Stream
identifiers are used to uniquely identifx@OB objects transported in a JDBC output
streamer

Theinput streamefor JACOB objectsin JDBCformatis calledJpsci nst r eamandthe output
streamer is callegbBcout st r eam Both of these classes use methods fronyhesuppor t
class.

See the JDBC API documentationt(p: / / j ava. sun. cont product s/ j dbc) for further
information.
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6.5.4 XML
The XML formatis very similar to the defult ASCII representation.

Where the ASCII representatiorould write:

<Deri ved
<| nBet ween
<BaseCl ass :nanme "ash">

21 bw 999>
X 2
: base "foobar"
:y 100

:doc <OQther :foo 10>
>

The XML representation auld be:

<?xm version="1.0"?>
<j acob version="3.0">

<obj ect type="Derived" id="0">
<base type="I1nBetween">
<base type="BaseCd ass">
<field name="doc" >
<obj ect type="Qther" id="1">
<field nane="fo00">10</fi el d>
</ obj ect >
</field>
<field nanme="nane" >ash</fiel d>
<field name="base">f oobar</fiel d>
</ base>

<field nane="i bw'>999</fi el d>
</ base>

<field nane="x">2</fiel d>
</ obj ect >

The XML format is useful if you ant to use XML tools to manipulate th®COB objects or
object definitions. The input streamer is cakked nst reamand the output streamer is called
XM_Qut St r eam
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7 Sample Applications

JACOB was designed to be used footprimary application types:

1. An object initialisation tool, allving flexible and consistent initialisation of data objects.

2. An object communication &ee, alloving populated objects to be sent betweefedkht
processes.

The first @ample preoides code used to initialise an array of objects using a data file and
JACOB.

Thesecondxampledescribegodecontainedn the JACK distributiondefiningaclient/serer
system that sends and re@s objects in either binary or ASCII. There is code for the client
and the semr in both C++ and Ja.

7.1 Object Initialisation example

One of the most common uses ACDB is as a utility to input data directly into an
application This section lists and describes some simple code thatAGS@8Jgenerated
code to read data into an applicatiorvaleode for this)@ample is described in thevda
development steps section. C++ code is included withAl@0OB C++ distrilution, and is
described in the C++ gelopment steps section.

7.1.1 Development steps

The procedure used consists of the feilg steps:

1. The object structure must be defined in an file using the ACOB Data Definition
Language.

2. The. api file must be compiled usingCOB.

3. The.java or. pp files generated by the compilation of eaepi file must be compiled
using a standard a or C++ compiler

4. The application input code must be written using &€QB components (described
below).

5. The data file(s) to be read by the application must be written in the appropriate format.
6. The application can be used.

7.1.2 Waypoint Initialiser code and description

The xample in this section reads a list aiypointsfrom a data file and stores them in the
form of anarrayof objectsof typevaypoi nt . Thedatais thenwritten to the screenwritten to

an ASCII file, and written to a binary file. The ASCII and binary files could be read in using
the ACOB code by another application, or at dettént time by the current application. This
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code could of course be combined with components of the cliermysarde and the object
read in could be sent to other processes.

7.1.2.1 Java development steps
Step One: The waypoint object is defined in the fiamedaypoi nt . api below.

<Code :lang "java">
<C ass :nane "Waypoint"
cfields (
<Field :name "x" :type :int>
<Field :nane "y" :type :int>
<Field :name "altitude" :type :int>
<Field :name "speed" :type :int>
<Field :name "id" :type :bool :value "true">

)

>

Note that the embedded 'package’ statement should be changed to the actual package being
built. Alternatively, this line can be renved entirely if an empty (unnamed) package is being
built.

Step Two: This must be compiled using the command

j ava aos. mai n. JacobBui | d waypoi nt. api

This will generate tw files,waypoi nt . j ava andi ni t __waypoi nt . j ava.

Step Three: These tw files must be compiled using the command

javac Waypoint.java Init__waypoint.java

Step Four: Thefollowing is aprintoutof aclasscalledwaypoi nt I ni ti al i ser thatreadsalist
of waypointsin theform of thewaypoi nt class.Thewaypointsarestoredin anarray printedto
the screen, and written to an ASCII file and a binary file.

Lines 1 to 5 import the required classes.

Lines 7 to 10 identify the class.

Line 11 declares Base class type.

Line 13 declares an object of typgebi ct . This is the ACOB dictionary declaration.
Lines 16 to 17 declare thanable vaypoints as typegect or.

Lines 20 to 21 initialise theALLOB dictionary using theACOB generated class
I ni t __waypoi nt. This defines the aypoint class.
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Lines24to 70arethemainbodyof thecode.Theentirecodeis containedn thet ry beginning
from line 24. While this is not x¢book J&a, the method &s chosen as it simplifies the main
body of the code.

Lines 27 to 30 define ACOB ASCII input stream as the data filejht er _1. dat . Note that
the stream is associated with the dictionary

Lines 39 to 42 define the ASCII and binary output streams used for output to the ASCII and
binary files.

Lines 46 to 56 read the data file.

Line 46 controlstheloop. Objectsarereadfrom the datafile until thereareno moreobjectsto
read.

Lines 49 to 52 store eachaypoint read in in thgect or waypoints.

Lines 54 and 55 write eachaypoint object to the binary and ASCII stream ay tre read
from the input file.

Lines 58 to 62 store thect or waypoints in an array of typ&ypoi nt , w.
Lines 63 to 70 dract the data from the arrayand writes it to the screen

Source code for the applicatioraypoint Initialiser is listed bela

1 inport aos.apib.apic.boot.*;
2 inport aos.apib.*;

3 inport java.io.*;

4 inport java.util.Vector;

5 inport java.util.Enuneration
6

7

8

9

public class Waypointlnitialiser {
public static void
mai n(String[] args)
{

10

11 Base i nput _base;

12

13 TypeDi ct dict;

14

15 /1 declare the vector waypoints

16 Vect or waypoi nts;

17 waypoi nts = new Vector ();

18

19 /linitialise dictionary

20 dict = new TypeDict();

21 dict.initialize("Init__waypoint");
22

23 /! Read in waypoint objects fromdata file
24 try {

25 /1 Set up input and output streans
26 /! Data file

27 InputStreamdata file =
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28 new Fil el nputStrean("fighter_1.dat");
29 InStreamin = new Asci il nStream new BufferedReader (
30 new | nput St reanReader (data_file)),dict);
31
32 /1 Binary out put
33 Qut put St ream bi nary_output _file = new Buf feredQut put St rean(
34 new Fi | eQut put St ream("waypoi nt_out _file_Binary.txt"));
35 Bi naryQut St ream bi nary_out =
36 new Bi naryQut Strean(bi nary_output _file);
37
38 /1 ASCI| out put
39 Qut put Stream ASCI I _out put _file = new BufferedQut put Strean(
40 new Fi | eQut put St ream("waypoi nt_out _file_Ascii.txt"));
41 Ascii QutStream ASCI | _out =
42 new Ascii Qut Stream(ASCI | _output_file);
43
44 /1 read objects fromdata file and store them and wite
45 /1l themto an ASCIlI and a binary file
46 whil e((input_base = in.readCject()) !'= null)
47 {
48 /] store waypoints in the vector waypoints
49 i f (input_base instanceof Waypoint)
50 {
51 waypoi nt s. addEl enent (i nput _base);
52
53 /1 wite objects to ASCII and binary file
54 bi nary_out.witeQbject(input_base);
55 ASClI | _out.witeCbject(input_base);
56
57 /!l wite data stored in waypoints vector to the screen
58 Waypoint [] w = new Waypoi nt [ waypoi nts. size()];
59 int i =0;
60 for(Enunmerati on e = waypoi nts. el enents();
61 e. hasMor eEl enent s() ;)
62 wW i ++] = (Waypoi nt)e. next El ement () ;
63 for (int ii=0; ii<w. length; ii++) {
64 i nt waypoi nt_nunber = ii+1;
65 System out. println("Waypoint " + waypoi nt_nunber + ":"
66 + " x:"+w[ii]x
67 + " y =" +wii].
68 + " altltue—"+w[||] altitude
69 + " speed =" + Wii].speed);
70 }
71
72 catch (Throwabl e e)
73 Systemerr.println("Caught "+e);
74 e.printStackTrace();
75 /1 close binary out and ASCI| _out if you want to see the
76 /1 partially generated output files for debuggi ng purposes
77 Systemexit(1l);
78
79
80 }
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Step Five: A sample data fileontaining a list of six aypointsfi ghter _1. dat, is listed
below.

<Waypoint :x 10 :y 20 :altitude 1000 :speed 100 :id :fal se>
<Waypoint :x 40 :y 20 :altitude 1000 :speed 100 :id :fal se>
<Waypoint :x 50 :y 60 :altitude 1000 :speed 100 :id :false>
<Waypoint :x 100 :y 200 :altitude 10000 :speed 100 :id :true>
<Waypoint :x 150 :y 300 :altitude 10000 :speed 100 :id :true>
<Waypoint :x 200 :y 200 :altitude 10000 :speed 100 :id :true>

When the abee code is xecuted:
» The datafilgighter 1. dat is read.
* The waypoint data is written to the screen.

» Afile, waypoi nt _out _file_Binary.txt, IS created containing theaypoint data as
generated byAICOB in binary form.

» Afile, waypoi nt _out _file_Ascii.txt, IS created containing theaypoint data as
generated byAICOB in ASCII form.

The code has demonstrated the reading of an ASCII file, and the writing of ASCII and binary
files. The reading of binary files is also possible using a similar method to the ASCII read.

7.1.2.2 C++ development steps

Thecodein this examplehasbeentestedunderLinux andVC++ but it may still requiresome
changes, depending on the C+vieznment and where th&COB libraries are installed.

The C++ objectinitialisationexamplemay be compiledwith the provided Makefile by typing
'make’, or by follaving the steps bela

Step One: The waypoint object is defined in the fimmedaypoi nt . api below.

<C ass :nanme "Waypoint"

cfields (
<Field :name "x" :type :int>
<Field :nane "y" :type :int>
<Field :name "altitude" :type :int>
<Field :name "speed" :type :int>
<Field :name "id" :type :bool :value "true">

>

Note that this file is the same as tlagpoi nt . api file in Step One of the va development
stepssectionapartfrom thecode object.JacobBuildwill ignoreacode objectif the: I ang field
does not match the language of the source code being generated.
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Step Two: Thewaypoi nt . api file must be compiled using the command

java aos. mai n.JacobBuild -dos -lang cxx waypoi nt. api

which generates twvfiles,waypoi nt . h andwaypoi nt . cpp.
Note that using thedos command line option createspp files instead of c files.

Step Three: The generated C++ file must be compiled, either with theged Malefile,
using an IDE such asi8tal Studio or using the command

g++ -c -vall -I../.. waypoint.cpp

Step Four: The following is a printout of a file calleshypoi nt I nitialiser. cpp that reads a
list of waypointsin theform of thewaypoi nt class.Thewaypointsarestoredin anarraythatis
printed to the screen and written to an ASCII file and a binary file.

Lines 1 to 15 include the required header files.

Lines 17 to 19 are the application ID.

Lines 20 to 24 declare tlser eans and other parameters used in the application.
Lines 25 to 27 declare the files used in the application.

Line 23 declares acoB_Base class type.

Line 24 declares a an object of typeos_TypeDi ct . This is the ACOB dictionary
declaration.

Lines39to 40 constructandinitialise the JACOB dictionaryusingthe JACOB generatedlass
I ni t __waypoi nt. This defines the aypoint class.

Line 62 defines aACOB ASCII input stream as the data filght er _1. dat . Note that the
stream is associated with the dictionary

Lines108to 111 definethe ASCII andbinaryoutputstreamsisedfor outputto the ASCII and
binary files.

Lines 115 to 129 read the data file.
Line 124 stores eachaypoint read in theect or waypoints.

Lines 127 to 128 write eachaypoint object to the binary and ASCII stream ay tre read
from the input file.

Lines 140 to 152xract the data fromector and write it to the screen.
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Source code for the application Waypointlnitialiser is provided below.

#i ncl ude <jacob/ Ascii Qut Stream h>
#i ncl ude <jacob/AsciilnStream h>

#i ncl ude <j acob/ Bi naryQut Stream h>
#i ncl ude <j acob/ Bi naryl nStream h>

1
2
3
4
5 #include "jacob/JACOB. h"
6
7 #ifndef _WN32

8 #include <fcntl. h>

9 ¢#endif

11 #include <stdio. h>

12 #include <stdlib. h>

13 #include <vector. h>

15 #incl ude "waypoint. h"

17 int

18 main(int ac)

19 {

20 JACOB_Bi naryQut Stream *bi nary_out = 0;

21 JACOB Ascii Qut Stream *ascii_out =0

22 JACOB_I nStream *data_file = O;

23 JACOB Base *input _base = 0

24 JACOB TypeDi ct *dict = 0

25 char *filename = "fighter_1.dat";

26 char *bi naryfil enane "waypoi nt_out _file_Binary.txt";
27 char *asciifil enane "waypoi nt_out file Ascii.txt";
28

29 #ifdef _WN32

30 WSADATA f oo

31 WBASt art up( 1, &foo);

32 #endif

33

34 int infd = 0O;

35

36 vect or <Waypoi nt *> waypoi nt's;

37

38 /linitialise dictionary

39 di ct = new JACOB TypeDict();

40 Init__waypoint::init(dict);

41

42 #ifdef _WN32

43 infd = (int)CreateFile(fil ename, GENERI C_READ
44 FI LE_SHARE READ, NULL, OPEN_ALWAYS
45 FI LE_ATTRI BUTE_NORVAL, NULL);

46 i f ((RWHANDLE)infd == | NVALI D_HANDLE VAL UE)
47 {

48 fprintf(stderr

49 "OpenFile: GetLastError() => %l\n",
50 Get LastError());

51 exit(1);

52

53 +#el se

54 infd = open(filenane, O RDONLY);

55 if(infd < 0)

56 {

57 fprintf(stderr, "failed to open %\n", filenane);
58 exit(1);

59 }
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60 #endif
61
62 data_file = new JACOB AsciilnStrean(infd, dict);
63
64 data_fil e->regi sterReadFuncti on(JACOB InStream:fil eRead);
65
66 #ifdef _WN32
67 int binary output file = (int)CreateFile(binaryfilenang,
68 CGENERI C_ VR TE, FI LE_SHARE READ, NULL, CREATE_ALWAYS,
69 FI LE_ATTRI BUTE NORMAL, NULL);
70 if ((RWHANDLE)i nfd == | NVALI D_HANDLE_VALUE)
71
72 fprintf(stderr,
73 "OpenFile: GetLastError() => %l\n", i
74 GetLastError());
75 exit(1l);
76
77
78 int ascii_output file = (int)CreateFile(asciifilenane,
79 GENERI C WRI TE, FILE_SHARE READ, NULL, CREATE ALV\AYS
80 FI LE ATTRIBUTE NORMAL, NULL)
81 if ((RWHANDLE)infd == | NVAL| D_HANDLE_VALUE)
82
83 fprintf(stderr,
84 "OpenFile: GetLastError() => %\ n",
85 Get LastError());
86 exit(1);
87
88 #el se
89 /1 open file for Binary output, create file if not present
90 int binary_output file = open(binaryfil enamne,
91 O WRONLY | O _CREAT, 0644);
92
93 i f(binary output file < 0)
94
95 fprintf(stderr, "failed to open %\n", binaryfilenane);
96 exit(1l);
97
98
99 /1 open file for ASCII output, create file if not present
100 int ascii_output file = open(asciifil enane,
101 O WRONLY | O CREAT, 0644):
102
103 if(ascii_output file < 0)
104
105 fprintf(stderr, "failed to open %\ n", asciifil enanme);
106
107 #endif
108 bi nary_out =
109 new JACOB Bi naryQut Streanmbi nary output file);
110 ascii_out =
111 new JACOB Ascii Qut Strean{ascii_output _file);
112
113 /1 read objects fromdata file, store them and wite
114 /! themto an ASCII and a binary file
115 for(;;)
116 {
117 nput _base = data_fil e->readhject();
118 f (i nput _base == 0) break;
119
120 Waypoi nt *waypt =
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121 reinterpret_cast <Waypoi nt *>(i nput _base);
122

123 /1 store waypoints in the vector waypoints
124 waypoi nt s. push_back(waypt) ;

125

126 /[l wite objects to ASCII and binary file
127 bi nary_out ->w it eCbj ect (i nput _base);

128 ascii_out->witeCbject(input_base);

129 }

130 cl ose(infd);

131 cl ose(binary output file);

132 cl ose(ascii_output _file);

133

134 del ete binary_out;

135 del ete ascii_out;

136

137 del et e i nput _base;

138

139 /!l wite data stored in waypoints vector to the screen
140 for(int i=0; i < (int)waypoints.size(); i++)
141 {

142 i nt waypoi nt_nunber = i+1

143 fprintf(stderr

144 "Waypoint %: x=9% vy = %

145 altitude = %d speed = % \n",
146 waypoi nt _nunber, waypoints[i]->x,
147 waypoi nts[i]->y,

148 waypoi nts[i]->altitude,

149 waypoi nts[i]->speed);

150

151 del ete waypoints[i];

152 }

153

154 return O;

155 }

Step Five: The application can be compiled using

g++ -c -wvall -I1../.. Waypointlnitialiser.cpp

g++ -0 Waypointinitialiser Waypointlnitialiser.o -L../../lib/linux/g++2.95
-1jacob

A sample data fileontaining a list of six @ypointsfi ghter _1. dat, is listed in Step Fe of
the Jaa development steps section.

When the abee code is xecuted:

» The datafilgighter 1.dat is read.

* The waypoint data is written to the screen.

» Afile, waypoi nt _out _file_Binary.txt, iS created containing theaypoint data as
generated byAICOB in binary form.

» Afile, waypoi nt _out _file_Ascii.txt, iS created containing theaypoint data as
generated byAIlCOB in ASCII form.
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The code has demonstrated the reading of an ASCII file, and the writing of ASCII and binary
files. The reading and writing of binary files is also possible using similar methods to the
ASCII reading and writing methods.

7.2 Object Communication example

The object communicatiocapability of ACOB allovs the sending and reeeig of data
objectsbetween AVA and C++ classes. One of the major potential uses of this code is to
implement rapid data transport between C++ @whJXode. This section lists and describes
some simple code that demonstrates this capability

Both Jaa and C++ code for a simple client and semsystem is included with thAGOB
C++ distritution. Jaa code for this)ample is described in thevdaderelopment steps
section. C++ code is described in the C+vyeligoment steps section.

7.2.1 Development steps

1. The data object structure(s) must be defined iraginfile (or multiple. api files if
desired) using theALCOB Data Definition Language.

2. The. api file(s) must be compiled usingGOB.

3. The.java or. cpp files generated by the compilation of eaapi file must be compiled
using a standard Ja or C++ compiler

4. The communication code can be written to use the compiled dictionaries to send and
receve the defined objects.

5. The application can be used.

7.2.2 Client/Server code and description

The example described in this section consists af applications, a seev and a client. The
senerrecevesdataobjectsfrom aclientandsendghedatabackto theclient. Theclientsends
aspecifieddataobjectto the sener (andrecevesthe objectbackagain) a specifiedhumberof
times.This codecanbeusedastestcodeto obtaintiming informationfor dataobjectsending.
Thedataobjectcanbesentor recevedin eitherASCII or binaryform, or in XML form (Java

only).

7.2.2.1 Java development steps

Step One: Some test data objects are defined in thenfdeapi . This file is partially
reproduced bele.

Note: The excluded code (not printed b&¥p contains more data objectehéiting some of
the more compbefeatures of theAICOB Data Definition Language.
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msg.api

<d ass
:nane "Real Si npl e"
;tostring "% @8 %val)"
(

:fields
<Field
:nane “"val"
ctype :int
>
)
>
<d ass
> nane "Test"
:fields (
<Field
:nane “"val"
:type :double
>
)
>
<d ass
> nane "Test 10"
:fields (
<Field
:name "val 0"
;type :int
>
<Field
:nane "val 1"
ctype :int
>
<Field
:name "val 2"
ttype :int
>
<Field
:name "val 3"
;type :int
>
<Field
:nane "val 4"
ttype :int
>
<Field
:nane "val 5"
ttype :int
>
<Field
:name "val 6"
;type :int
>
<Field
:nane "val 7"
ttype :int
>
<Field
:nane "val 8"
ttype :int
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>

<Field
:name "val 9"
ttype :int

(fhe remai nder of the file has not been printed)

The three data objects defined abare ery simple it can be used to illustrate this
application, as will be shn later in this section in Stepvéi

Step Two: This must be compiled using the command

java aos. mai n. JacobBuild nsg. ap

This will generate seeral files. er each of the object©pjectName) defined in themsg. api
file it will generate ambj ect Nane. j ava. It will also generate amit__nsg. j ava file.

Step Three: These generatedvia files must be compiled, fokx&mple using the command

javac *.java
Step Four: The serer and client code are printed angblained belav.
Server
The serer receves data objects sent to it by a client, and sends the objects back to the client.
Lines 1 to 3 consist of the required imports.
Lines 5 to 9 are the class and application ID.
Line 10 declares an object of typgebi ct (the dictionary).
Lines 11 to 14 declare tlser eans and other parameters used in the class.
Lines 16 to 22 check the number of command ligeiaents.
Line 24 constructs the nedictionary ypebDi ct ).
Line 25 initialises the dictionary
Lines 27 to 34 initialise the soekwith the user specified port number

Lines 35 to 73 contain the code that reads the objects and writes them in the appropriate type
(binary, ASCII or XML). This code loops fower, accepting a connection and reading all
objects present on the stream.
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Line 67 declares an object of type Base.

Lines 68 and 69 read the data object and then write the data object back to the client.

Server code

1 import aos.apib.*;

2 import java.io.*;

3 import java.net.*;

4

5 public class Server

6 {

7 public static void

8 main(String[] args)

9 {

10  TypeDict dict;

11  Socket sock;

12 OutStream out = null;

13  InStream in = null;

14  ServerSocket serv =null;

15

16  if (args.length!1=4){

17 System.err.printin( "usage: java Server "+

18 "<Init__*> <port> <send-format> <recv-format>");
19 System.err.printin(" <send-format> = A, B or X");
20 System.err.printin(" <recv-format> = A, B or X");
21 System.exit(1);

22

23

24 dict = new TypeDict();

25  dict.initialize(args[0]);

26

27 try{

28 serv = new ServerSocket(Integer.parselnt(args[1]));
29

30 catch (Exception e) {

31 System.err.printin("Can't accept the connection®);

32 e.printStackTrace();

33 System.exit(1);

34 1}

35 for () {

36 /I Loop forever, accepting a connection and reading
37 /I all objects present on the stream.

38 try {

39 System.err.printin("waiting for a connection...");

40 sock = serv.accept();

41 if (args[2].equalsignoreCase("A") )

42 out = new AsciiOutStream(sock.getOutputStream());
43 else if (args[2].equalsignoreCase("B") )

44 out = new BinaryOutStream(sock.getOutputStream());
45 else if (‘args[2].equalsignoreCase("X") )

46 out = new XMLOutStream(sock.getOutputStream());
47 else {

48 System.err.printin("Bad send format");

49 System.exit(10);

50

51 if (args[3].equalsignoreCase("A") )

52 in = new AsciilnStream(sock.getinputStream(),dict);
53 else if (args[3].equalsignoreCase("B") )

54 in = new BinarylnStream(sock.getinputStream(),dict);
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56 else if ( args[3].equal sl gnoreCase("X") )

57 in = new XM.InStrean(sock. getlnputStrean(), dict);
58 el se {

59 Systemerr.printin("Bad recv format");

60 System exit(10);

61 }

62 }

63 catch (Exception e) {

64 e.printStackTrace();

65 Systemexit(1l);

66 }

67 Base obj ;

68 while ( (obj = in.read®ject()) != null ) {
69 out.witeQbject(obj);

70

71 Systemerr.println("no nore objects to read");
72 }

73

74}

Client

The client sends a specified data object to thees¢and receies the object back amn) a
specified number of times.

Lines 1 to 3 consist of the required imports.

Lines 5 to 8 are the class and application ID.

Line 10 declares an object of typgebi ct (the dictionary).

Lines 11 to 14 declare tlser eans and other parameters used in the class.
Lines 16 to 29 check the number of command ligeiaents.

Line 31 constructs the dictionary

Line 32 initialises the dictionary

Lines34to 46 usethecommandine argumentdo setthe host,inputfile, portnumberandthe
number of times a data object is to be sent by the client.

Lines 50 to 61 set up the input stream to read in the data object.
Line 62 reads the data object intg .

Lines67to 93 setup thesoclet (usingtheuserspecifiedport numberandhost),andtheinput
and output streams (ASCII, binary or XML streams as defined by the command line
arguments).

Line 95 records the time at the start.
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Lines 97 to 106 write the data object to the output stream and read the data object when it is
returned. This is repeated the number of times specified by the commandulimeat.

Lines 107 to 110 print the time &k to send and reeei the data object the specified number
of times.

Client code

i mport aos. apib. *;
i mport java.io.*;
i mport java.net.*;

public static void

1

2

3

4

5 public class dient

6

7

8 mai n(String[] args)
9 {

10 TypeDi ct dict;

11 Socket sock;

12 Qut Stream out = null;

13 I NSt ream in = null

14 Ser ver Socket serv = null

15

16 if (args.length !'=7) {

17 Systemerr.println(

18 "usage: java Cient <lnit__*> "+

19 "<host > <port> <fil e> <count> <send> <recv>");
20 Systemerr.println(

21 " <send> = A, B or X (Ascii, Binary, XM)");
22 Systemerr. println(

23 " <recv> = A B or X');

24 Systemerr. println(

25 " <file> contains a JACOB object");
26 Systemerr.println(

27 " if <file> =\"-\", reads fromstdin");
28 Systemexit(1l);

29 }

30

31 dict = new TypeDict();

32 dict.initialize(args[0]);

33

34 i nt count = 0;

35 i nt port = O;

36 String host = args[1];

37 String file = args[3];

38

39 try {

40 port = Integer.parselnt(args[2]);

41 count = Integer.parselnt(args[4]);

42 }

43 catch (Exception e) {

44 Systemerr.println("Bad port or count given");
45 System exit(10);

46 }

47

48 int tot = count;

49

50 try {

51 if ( file.equals("-") )
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in = new AsciilnStream new BufferedReader (
new | nput St reanReader (Systemin)), dict);
el se
in = new AsciilnStrean
new Buf f er edReader (new Fi | eReader (file)),dict);

}

catch (Exception e) {
e.printStackTrace();
Systemexit(1l);

}
Base obj = in.readject();
if (obj == null)
Systemerr.printin("Failed to read an object to send");
Systemexit(1);
}
try {
sock = new Socket (host, port);
if ( args[5].equal sl gnoreCase("A")
out = new Ascii Qut Streamsock. get Qut put Stream());
else if ( args[5].equal sl gnoreCase("B")
out = new Bi naryQut St reanm(sock. get Qut put Stream());
el se if ( args[5].equal sl gnoreCase("X")
out = new XM.Qut St rean(sock. get Qut put Stream());
el se {
Systemerr.println("Bad send format");
System exit(10);

if ( args[6].equal sl gnoreCase("A")

in = new AsciilnStrean(sock. getlnputStream(), dict);
else if ( args[6].equal sl gnoreCase("B")

in = new Binaryl nStrean(sock. getl nput Stream(), dict);
else if ( args[6].equal sl gnoreCase("X") )

in = new XM.InStrean sock. getlnputStrean(), dict);
el se {

Systemerr.printin("Bad recv format");

System exit(10);
}

}
catch (Exception e) {
e.printStackTrace();
Systemexit(1l);
long start _t = SystemcurrentTineMIlis();

while (count > 0) {

count - -;
out.witeQbject(obj);
obj = in.readject();

if (obj == null) {
Systemerr.println(
"Error with "+count+" nessages to be read");
br eak;

}

Systemerr. println(
(SystemcurrentTimeMIlis()-start_t)+
" ms to send and recv "+(tot-count)+" nessages");
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Step Five: The application can be compiled using

javac *.java

If thedatais beingsentto thesenerin ASCII form andbeingsentbackto theclientin ASCII
form then the selr may be started using the follmg command

java Server Init__nsg 8888 A A

The last tvo command line guments specify the form in which the data object is sent and
receved. This can be either A (ASCII), B (binary) or X (XML). Note that the esecan be
started in its wn window or it can be xecuted in the background.

The client may be started using the fallog command
java Client Init__nsg | ocal host 8888 data.Real Sinple 10 A A

This also specifies that the data is being sent andregect/from the seer in ASCII form.
dat a. Real Si npl e is the file that contains the datarxample it could contain

<Real Si npl e :val 10>

7.2.2.2 C++ development steps

Thecodein this examplehasbeentestedunderLinux andVC++ but it may still requiresome
changes depending on the C+viesnment and where th&COB libraries are installed.

The C++ object communicatiox@mplemay be compiled with the prmled Malefile by
typing 'make’, or by following the stepsbelow. Furtherinformationaboutrunningthis example
is provided in ther eadne file in the ample directory

Step One: Sometestdataobjectsaredefinedin thefile nsg. api . Partof thisfile is reproduced
in Step One of the Ya development steps section.

Step Two: Thensg. api file must be compiled using the command

java aos. mai n.JacobBuild -dos -lang cxx nsg.ap

This will generate tw files,msg. h andnsg. cpp.

Step Three: The generated C++ file must be compiled, either with thaged Malefile or
using the command

g++ -c -vall -1.. neg.cpp
Step Four: The serer and client code are printed angblained belav.

Server

The serer receves data objects sent to it by a client, and sends the objects back to the client.
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Lines 1 to 9 include the required header files.

Lines 14 to 20 declare tiser eans and other parameters used in the application.

Line 16 declares an object of typscos_TypeDi ct (the dictionary).

Line 17 declares an object of typecoB_Base.

Lines 27 to 30 check the number of command ligeisents.

Lines 31 constructs the walictionary ACOB_TypeDi ct ).

Line 32 initialises the dictionary

Line 34 initialises the soek with the user specified port number

Lines 35 to 82 contain the code that reads the objects and writes them in the appropriate type
(binary or ASCII). This code loops while a connection is accepted.

Lines 71 and 77 read the data object and write the data object back to the client. This code
loops forever, reading all objects present on the stream.

Server code

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude

OCoO~NOUITRWNE

#i ncl ude

11 int
12 main(int

<j acob/ Asci i Qut Stream h>
<j acob/ AsciilnStream h>
<j acob/ Bi naryQut St r eam h>
<j acob/ Bi naryl nSt r eam h>
<j acob/ socket . h>

<stdlib. h>

"meg. h"

ac, char **av)

14 JACOB_Qut St ream *X;
15 JACOB I nStream *ys
16 JACOB TypeDi ct *d;
17 JACOB Base *b;
18 i nt fd;
19 JACOB_Server Socket *c;
20 i nt port
21
22 #ifdef _WN32
23 WSADATA f oo;
24 WBASt art up( 1, &foo0);
25 #endif
26
27 if (ac 1= 3)
28 fprintf(stderr, "usage: server <port> [AB][AB]\n");
29 exit(1l);
30
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31 d=new JACOB_TypeDict();

32  Init__msg::init(d);

33  sscanf(av[l], "%d", &port);

34 c=new JACOB_ServerSocket( port);
35  while ((fd = c->Accept()) >=0) {

36 if (av[2][0] =="A") {

37 y = new JACOB_AsciilnStream(fd, d);

38 fprintf(stderr,

39 "server: opened input stream in ascii mode\n");
40 } else if (av[2][0] == 'B") {

41 y = new JACOB_BinaryInStream(fd, d);

42 fprintf(stderr,

43 "server: opened input stream in binary mode\n");
44 }else {

45 fprintf(stderr,

46 "%c not a valid input stream type\n”, av[2][0]);
47 exit(1);

48 }

49

50 if (av[2][1] =="A") {

51 x = new JACOB_AsciiOutStream(fd);

52 fprintf(stderr,

53 "server: opened output stream in ascii mode\n");
54 }else if (av[2][1] == 'B") {

55 x = new JACOB_BinaryOutStream(fd);

56 fprintf(stderr,

57 "server: opened output stream in binary mode\n");
58 }else {

59 fprintf(stderr,

60 "%c not a valid output stream type\n", av[2][1]);
61 exit(1);

62 }

63

64 / Needed under Windows

65 I/l (doesn't hurt under UNIX but not necessary).

66 y->registerReadFunction(JACOB_ InStream::socketRead);
67 x->registerWriteFunction(JACOB_OutStream::socketWrite);
68

69 int msgs = 0;

70

71 for (;;) {

72 b = y->readObject();

73 if (b == 0) break;

74 msgs++;

75 x->writeObject(b);

76 delete b;

77 }

78 close(fd);

79 fprintf(stderr, "received %d messages\n”, msgs);

80 delete x;

81 deletey;

82 1}

83 return O;

84 }

Client

The client sends a specified data object to theeséand recees the object back amn) a
specified number of times.
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Lines 1 to 15 include the required header files.

Lines 20 to 32 declare tiser eans and other parameters used in the application.
Line 22 declares an object of typscos_TypeDi ct (the dictionary).

Lines 41 to 65 check the number of command ligeiaents.

Lines 42 to 58 use the sixth command linguanent to set the input file.

Lines 66 to 68 use the command linguanents to set the port number and the number of
times a data object is to be sent by the client.

Line 69 initialises the soek with the user specified port number and host.
Line 72 constructs the dictionaryaCoB_TypeDi ct ).

Line 73 initialises the dictionary

Lines 75 to 80 set up the input stream to read in the data object.

Line 82 reads the data object imto

Lines91to 116setuptheinputandoutputstreamgASCII or Binary streamsasdefinedoy the
command line guments).

Line 122 records the time at the start.

Lines 125 to 131 write the data object to the output stream and read the data object when it is
returned.

Line 140 prints the time t&k to send and reeei the data object the specified number of
times.

Client code

#i ncl ude <jacob/ Ascii Qut Stream h>
#i ncl ude <jacob/AsciilnStream h>
#i ncl ude <j acob/ Bi naryQut St ream h>
#i ncl ude <j acob/Bi naryl nStream h>
#i ncl ude "j acob/ JACOB. h"

#i ncl ude "j acob/ socket. h"

1

2

3

4

5

6

7

8 #ifndef _WN32

9 #include <sys/tine. h>
10 #include <fcntl. h>
11 #endif

12

13

14

#i ncl ude <stdlib. h>
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15 #include "msg. h"

16

17 int

18 main(int ac, char **av)

19

20 JACOB_Qut Stream *x = 0;

21 JACOB I nStream *y = 0;

22 JACOB TypeDi ct *d = 0;

23 JACOB Base *h =0

24 i nt i;

25 i nt fd;

26 JACOB dientSocket *c = 0;

27 i nt port;

28 i nt n;

29

30 #ifndef _WN32

31 struct tineval t1, t2

32 #endif

33

34 #ifdef _WN32

35 WBADATA f oo;

36 WBASt art up( 1, &foo0);

37 #endif

38

39 int infd = 0;

40

41 if (ac == 6) {

42 #ifdef _WN32

43 infd = (int)CreateFile(av[5], GENERI C READ
44 FI LE_SHARE READ, NULL, OPEN_ALWAYS
45 FI LE_ATTRI BUTE_NORMAL, NULL);

46 if ((RWHANDLE)i nfd == | NVALI D_HANDLE_VALUE) {
47 fprintf(stderr, "OpenFile: GetLastError() => %\ n",
48 Get LastError());

49 exit(1);

50 }

51 +#el se

52 infd = open(av[5], 0);

53 if (infd <0)

54 fprintf(stderr, "failed to open %\ n", av[5]);
55 perror(av[5]);

56 exit(1);

57

58 #endif

59 ac = 5;

60 }

61 if (ac /= 5)

62 fprintf(stderr

63 "usage: client host port count [AB][AB] [file]\n");
64 exit(1);

65

66 sscanf (av[ 2], "%l", &port);

67 sscanf(av[ 3], "%", & );

68 n=i;

69 ¢ = new JACOB dient Socket (av[ 1], port);
70 fd = c->Connect ();

71 if (fd < 0) exit(l);

72 d = new JACOB TypeDict();

73 Init__neg::init(d);

74

75 y = new JACOB AsciilnStrean(infd, d);
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76
77  fprintf(stderr, "infd=%d\n", infd);
78 [/ probably passed a real file on the cmd line
79 if(infd>0)
80 y->registerReadFunction(JACOB_ InStream::fileRead);
81
82 b =y->readObject();
83 deletevy;
84 if(b==0){
85 fprintf(stderr,
86 "failed to read a valid object - try again\n");
87 exit(1);
88
89  fprintf(stderr, "object was read ok\n");
90
91 if (av[4][0] =="'A") {
92 y = new JACOB_AsciilnStream(fd, d);
93 fprintf(stderr,
94 “client: opened input stream in ascii mode\n");
95 }elseif (av[4][0] == 'B") {
96 y = new JACOB_BinaryInStream(fd, d);
97 fprintf(stderr,
98 “client: opened input stream in binary mode\n");
99 }else{
100 fprintf(stderr,
101 "%c not a valid input stream type\n“, av[4][0]);
102 exit(1);
103 }
104  if (av[4][1] =="A) {
105 X = new JACOB_AsciiOutStream(fd);
106 fprintf(stderr,
107 "client: opened output stream in ascii mode\n");
108 }elseif (av[4][1] =='B") {
109 X = new JACOB_BinaryOutStream(fd);
110 fprintf(stderr,
111 “client: opened output stream in binary mode\n");
112 }else{
113 fprintf(stderr,
114 "%c not a valid output stream type\n", av[4][1]);
115 exit(1);
116
117
118  y->registerReadFunction(JACOB_InStream::socketRead);
119  x->registerWriteFunction(JACOB_OutStream::socketWrite);
120
121 #ifndef _WIN32
122  gettimeofday(&tl, 0);
123 #endif
124  int count = 0;
125 for (;i>0;i-){
126 x->writeObject(b);
127 delete b;
128 b = y->readObject();
129 if (b == 0) break;
130 count++;
131
132 fprintf(stderr, "sent %d messages\n”, count);
133 #ifndef _WIN32
134  gettimeofday(&t2, 0);
135 longj;
136 j=t2.tv_sec - tl.tv_sec;
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137 j *= 1000;

138 ] += (t2.tv_usec - tl.tv_usec)/1000;

139 fprintf(stderr

140 "Took %d ns to send/recv % nsgs\n", j, (n - i)*2);
141 #endif

142 return O;

143 }

Step Five: The application can be compiled using

g++ -c -Wall -I1../.. client.cpp
g++ -o client client.o nsg.o -L../../lib/linux/g++-2.95 -1jacob
g++ -c -Vall -I../.. server.cpp

g++ -0 server server.o nmsg.o -L../../lib/linux/g++-2.95 -1jacob
If thedatais beingsentto thesenerin ASCII form andbeingsentbackto theclientin ASCII
form, the sergr may be started using the follmg command

./ server 5555 AA

The last command line gument specifies the form in which the data object is sent and
receved. This can be either A (ASCII) or B (binary).

Note that the seer can be started in itsva window or it can be xecuted in the background.

The client may be started using the fallog command
./client local host 5555 200 AA xx. dat
This also specifies that the data is being sent andreect/from the seer in ASCII form.
xx. dat is the file that contains the datarfexample, it could contain
<Real Si nple :val 8>
Theclientmayalsobe startedwithout a datafile. Objectsmaybeenterednanually by typing

themin to thesamewindow theclientis runningin. e.g.type<Real Si npl e :val 8> andpress
Enter
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