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Foreword

This tutorial offers an example-based introduction to the Cadena Development Environment. Before you
walk through this tutorial, be sure to read the entire Cadena README file and follow all of the installa-
tion instructions.

If you have any questions regarding Cadena or find any errors in this document, please contact
<cadena@i s. ksu. edu>.
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Chapter 1. Getting Started
Introduction to Eclipse

Eclipse is a Java-based open-source IDE. The Eclipse user interface consists of views and editors
grouped together as perspectives. In the figure below, icons representing perspectives are displayed on
the far left. The Resource perspective (which will be used throughout this tutorial) is currently selected.

Figure 1.1. Eclipse main window

Perspectives . . i
Navigator View Editor
£ Resource - Eclipse Pla*sorm |._| |E|E|
File Edit Mavigate Segpfh Project Run Window Help
S & || =% -
== 5. Navigator » x |[WERGEEL - X
By Eclipse Platform
~
This page will help familiarize you with the Edlipse Workbench.
To get started, read the sections below and dick on the related links.
@ Installed Features
To find out more about the features installed in your workbench, choose Help = Welcome...
and select the feature you are interested in.
3 Perspectives, views and editors
B2 ot % A window containg one or maore perspectives. A perspective consists of views (2.g. Mavigator)
= and editors for working with your resources.
An outline is not available.
f outing is not avalabe The shortcut bar at the far left of the window allows you to open new perspectives and move e
4 Tasks {0 items) g Eo
| L | ! | Description | Resource | In Folder | Location

\

\ Outline View \ Tasks View

The figure above also shows several views and an editor that will be used in this tutorial. The Navigator
view is used for convenient navigation of project files and folders. The Outline view is linked with the
editor and displays the hierarchal structure of the edited file. In this example, the editor is also supported
by the Tasks view. The Tasks view displays errors and warnings during development.

Perspectives can be switched by selecting a perspective icon from the bar on the left, or from the menu
bar by selecting: Window->Open Perspective...

Views can be switched from the menu bar by selecting: Window->Show View...
Note

For a complete tutorial on Eclipse only (no reference to the Cadena plugin), take alook at their
online documentation [http://www.eclipse.org/documentation/main.html].
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Getting Started

Creating a new Cadena project

To create anew Cadena project:

* Right click within the Navigator view or click on the File menu.

»  Select New->Other... from the popup menu.

Figure 1.2. Creating a new project

£ New

Select

4}##
Create a New Cadena Project ﬁ

—|- Cadena
M
+-Java
Plug-in Developrment
Simple

| Mext = | Cancel

» Expand Cadena, click on CCM, and select Cadena CCM Project (as seen above).

* Select "Next".

Figure 1.3. Naming a new pr oj ect




Getting Started

&

Cadena CCM Project

Creates a new Cadena CCM project

Project name: | BasicSF|

Praject contents
v Use default

|

< Back | Mext = | Canecel

« Namethe new project "BasicSP".

* Select "Next".

Figure 1.4. Configuring a new project




Getting Started

r

1:

X

CCM Project Paths
Cadena CCM Praject Paths

CpenCCM Home: | Ciiksulcadenal QpenZCM-0. 7\ opencom Browse, ..

OpenORE Home: | Ciksulcadenal OpenORE-1.3.0 Browse. ..

C Preprocessat: |C:'l,ksu'l,cadena'l,OpenCCM—D.?ﬁ,openccm'l,externals'l,cpp'l,cpp.exe Browse

OpenCCM Output Paths

Generated Java: | BasicSP/src

Generated | Basic3Pfgenerated

Generated Skeletons: | BasicSP/generated/skeletons

Generated Stubs: | BasicSPfgenerated/stubs

Generated Class Files: | BasicSPfgenerated/dasses

< Back | Einish | Cancel

* For the CCM Project paths, select "Browse..." and select the directory corresponding to the above
path structure. Use the path of the OpenCCM installed during the Cadena installation.

The OpenCCM path should be;

[ Cadena install]\OpenCCM 0. 7\ openccm
The OpenORB Home path should be:

[ Cadena install]\OpenORB-1.3.0

The C++ Compiler path should be:

[ Cadena install]\cadena\ OpenCCM 0. 7\ openccm ext er nal s\ cpp\ cpp. exe

Note

The OpenCCM output paths are initialized according to the project name. These paths are
passed to OpenCCM during code generation. Leave these paths as they are for now.

» Select Finish to create the new project.

If the BasicSP project has been created, it should appear in the Navigator view.
Importing Files

Running the BasicSP example requires the following files to be added to the project:
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» basicsp-cadl.scenario

 Boeing_COEP_CCM profile

s common. cps

 common.idl 3

Files of type ".scenario” and ".profile" need to be imported into syst em cad\ directory, files of type
't‘.g;ﬁ‘ingﬁc\i t[o be imported into syst em cps\ , and files of type ".idI3" need to be imported into sy s-

Toimport common. i dl 3 and conmon. cps:

* Inthe Navigator View, expand all folders.

» Selectthesyst emfolder.

* Click the right mouse button, Select "Import..."
» Select "File system™ as the import source.

s Select "Next".

» For thedirectory, select [ Cadena i nstal | ati on]\ exanpl e-fil es\ cormon.

Figure 1.5. Importing the common files
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= Import E|
File system
Import resources from the local file system, D
A

From directary: | Cihksutcadenatexample-filesicommon

j Browse. ..

B common.cidl
Common. cps
cormmon,idl3

Filter Types. .. | Select all Deselect Al

Into Folder: | BasicSP/system

Browse. ..

Oplions:
[ Cwerwrite existing resources withauk warning
7 Create complete Folder structure

& Create selected Folders anly

« Back | Finish | Cancel

Select cormon. i dl 3 and conmon. cps as seenin the figure above.

Select "Finish" to import the selected files.

Tip

The Navigator provides support for drag and drop file moves. By dragging and dropping files
within the Navigator view, project files can be sorted quickly.

In the Navigator view, expand the Basi c SP\ syst emfolder.

Drag common. cps and drop itin Basi cSP\ syst enl cps.

Dragcomon. i dl 3 anddropitinBasi cSP\ system i dl .

The Navigator view should now resemble the following figure:

Figure 1.6. Sorted common files
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£ Resource - Eclipse Platform

File Edit Mavigate Search Project Run  ‘Window Help

B-HEE&||%-| F|lee-o

< EIm - -
Bylle o & | & 4
+-[= st A
=== system B
= cad
= cor
-l cps
. COMMOon. cps
== idl L3
cormrman.cidl
common.idi3
= src

(= wnrksnacs

5=/ outline b4

B outling is nak available, ® Cadena Console Yiew B

Tasks | Cadena Console Wiew

Importing the basi csp- cadl . scenari o fileisdone smilarly. To import thefile:

» Inthe Navigator View, expand all folders.

» SelecttheBasi cSP\ syst em cad folder.

» Click the right mouse button, Select "Import..."

» Select "File system" as the import source.

* Select "Next".

» Forthedirectory, select [ Cadena i nstal |l ati on]\ exanpl e-fil es\basi csp.
Tip

If working in Linux, Eclipse doesn't aways clear the text area when you switch directories, so
you may haveto delete text if it appearsin the text area.

Figure 1.7. Importing the scenario file
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& Import E|
File system
Import resources from the local file syskem, D
A
From directory: | ke cadenaexample-files\basicsp j Browse, ..
= basicsp ll.basicsp-cadl.scenario

D toDisplayMarmes. propetties

Filter Tvpes... | Select all Deselect all
Inko Folder: |BasicSP,l'system Browse. ..,
Opkions:

[ Cwerwrite existing resources without warning
" Create complete Falder structure

% Create selected Folders only

< Back | Finish | Cancel

» Selectbasi csp-cadl . scenari o.

e Select "Finish" to import the selected file.

Finally, the Boei ng_OEP_CCM pr of i | e needsto be imported. Again, thisis donein asimiliar fash-
ion;

* Inthe Navigator View, expand all folders.

» SelecttheBasi cSP\ syst em cad folder.

» Click the right mouse button, Select "Import..."

» Select "File system" as the import source.

*  Select "Next".

e Forthedirectory, select[ Cadena i nstal |l ati on]\exanple-files\profiles.

Figure 1.8. Importing the profilefile
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& Import fg|

File system
Import resources From the local file system, D
A
From directory: |C:'|,ksuﬁ,cadena'l,example—FiIes'l,proFiIe j Browse, .,
+- = profile A& oeing_CEP_CCM. prafile
O 140 profile
Filter Tvpes... | Select Al Deselect Al
Inta Folder: | BasicSP/system Browse. ..
Cptions:
[ Overwrite existing resources withouk warning
" Create complete Folder struckure
* Create selected Folders only
< Back | Finish | Cancel

o Select Boei ng_CEP_CCM profil e.

e Select "Finish" to import the selected file.

The Navigator view in the following figure illustrates a project that is set up correctly.

Figure 1.9. A correctly setup project
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& Resource - Eclipse Platform
File Edit Mavigate Search Project Fun  Window Help

|F-BR&|%-| s e--
5 I - <]

E © 2 m||ESF
=z system

== cad

basicsp-cadl. scenario

- Boeing_OEP_CCM. profile
= car

== cps

. COMMmon.cps

== idl

comman, cidl L
cormrman.idl3

* || m Cadena Console Yiew

A

5=/ outline
an outline is not available,

Tasks | Cadena Console Yiew
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Chapter 2. IDL Editor

The IDL editor is used to edit and compile IDL3 files. IDL3 files are compiled using OpenCCM.
OpenCCM is an open-source compilation and generation tool for CORBA component model specifica-
tions. Additional OpenCCM information is available from the OpenCCM website
[http://www.objectweb.org/opencem/].

OpenCCM utilizes an Interface Repository (IR) to compile the IDL 3 files.

Starting the Interface Repository

The IR must be started before the IDL 3 files can be compiled.

1. Open "common.idi3".
2.  Make sure the focusis on the common.idl3 file editor.

3. Sdect Cadena->OpenCCM->Start IR from the menu bar.

Figure2.1. Starting the IR

£ Resource - common.idl3 - Eclipse Platform
File Edit Mavigate Search Project Run ReEEEGEN Window Help

B-EE &S| %~ ¢

ﬁ T Mavigatar
~
By - 4 5
== system o _
R ¢ — — e — Coponent Definition Lan
2 G cad £ 14 o
basicsp-cadl. scenario
————————————— Basic Data Port Definitions —--—-
a Bioging_QOEP_CCM. prafile 7
g ED; interface HReadData {
P readonly attribute string data:
. COMMan. cps -
== idl ’
cornmon, cidl
. B interface HReadlritelata {
common.idi3 ) ) )
& src attribute string writelats; b
b < | >
55 outline b4 -
3= B Cadena Console Yiew ®
@ outline is not available,
Tasks | Cadena Console View

Writable Insert 1:1

Compiling IDL Files

To load common.idl3 into the IR:

11
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IDL Editor

1. Makesurethefocusison the common.idl3 file editor.

2. Select Cadena->OpenCCM->Feed IDL3 to IR from the menu bar.

Figure2.2. Compiling IDL files

£~ Resource - common.idl3 - Eclipse Platform |._||E|E|
Fil= Edit Mawvigake Search Project Fun ReREGES Window  Help
BR-EES | % ¢ Clao ¥ |
Cipe R Generate Component Code
ﬁ TS5 Mavigatar Feed IDL3 ko IR
EEI ';D: =§= Skop IR ”
—] t N
?g:;; ——————————————————— Tomponent Definition Lang
basicsp-cadl. scenario
————————————— Emsic Data Port Definiti -
H Bosing_OEP_CCM.prafile /1 AELE bEte Fort definitions
H gzoz interface Feadlata |
n readonly attribute string data;
. COMMmon. cps ys
== idl ’
common.FldI 3 interface Readlritelata {
common.idi3 ] ) .
attribute string writelata; V
[ sre 2 A
< | ¥
2% Outline x ;
@= B Cadena Console Wiew x
AN outline is not available, TCHMLCSSE, 2
r3_Feed 0.7; Compiling 3
hksuicadenatopenicCM-0, PopencemtOpenoRB-1, 3, 04dl Components.idl file. .
r3_feed 0.7; Compilation completed: 0 warning,
The QpenCCM's OMG IDL3 Repository is started, —
w
Tasks Cadena Console Yiew
Writable Insert 1:1

Stopping the Interface Repository

Once you have finished using Cadena you can then stop the IR.
Note

Y ou may aso need to stop and then restart the IR if you make any changesto the IDL.

1. Make surethe focusison the common.idl3 file editor.

2. Sdlect Cadena->OpenCCM->Stop IR from the menu bar.

OpenCCM Code Generation

Generating Component Code

Stubs, skeletons, and implementations can be generated for the the components that are currently loaded
inthelR.

12



IDL Editor

1. Makesurethefocusison the common.idl3 file editor.

2. Select Cadena->OpenCCM->Generate Component Code from the menu bar.

The generated files are placed in different locations depending on what kind of file they are. Asseenin
the figure above, stubs are placed within "BasicSP\generated\stubs’, skeletons are placed within "Basic-
SP\generated\skel etons”, and the implementations are placed with in "BasicSP\src".

Editing Implementation Classes

Business logic may now be inserted into the monolithic implementation code that was just generated.
Before the business logic can be applied, however, the home implementation code that was also gener-
ated must be modified. That is because the home implementation code manages the components and cre-
ates the monolithic implementations. Inside each home implementation, a cr eat e method must return
a monolithic implementation. The following figures show the modification of the home implementation
file for the BMDevice component. Note that the original method returns null, while the updated method
returns an actual implementation.

Example 2.1. Original cr eat e method

/1
/1 1DL: cadena/ common/ CCM BMDevi ceHorel nplicitcreate: 1.0
I
** | nplenentation of the ::conmon:: CCM BMDevi ceHonel nplicit::create operation.
**/
public org.ong. Conponent s. Ent er pri seConponent
create()
t hrows org. ong. Conponents. CCMEXcept i on
{
/1
/1 TODO : inplenent
/1
return null;
}

Example 2.2. Updated cr eat e method

| DL: cadena/ conmon/ CCM BMDevi ceHomel nplicitcreate: 1.0

*

* I nplenmentation of the ::common:: CCM BVDevi ceHonmel nplicit::create operation.
**/

public org.ong. Conponents. Ent er pri seConponent

create()

t hrows org. ong. Conponents. CCMEXcept i on

~ Y~
¥k N~~~

return new BMDevi ceMonol it hiclnpl();

13



IDL Editor

Similiar modifications need to be made to all of the home implementation files.

14



Chapter 3. Scenario Editor

Scenario files describe a system of inter-connected component instances.

If the IDL3 file has been properly fed into the IR, the scenario editor can be opened by double-clicking
on basi csp-cadl . scenari o in the Navigator view. The scenario editor consists of three tabbed
views representing the same scenario. These three tabbed panes provide textual, graphical, and form-
based representations of the scenario. When a scenario is changed in one pane, the other two panes are
updated to reflect any changes.

Tip

Any one of the scenario editor representations can be maximized by double-clicking the editor

title.

Textual Editor

Figure 3.1. Textual Scenario Editor

£ Resource - basicsp-cadl.scenario - Eclipse Platiorm

Type Check

File Edit Mawigate Search Project Run Cadena  ‘Window)

B-HEE | & | ¢ |CE-2D

Eﬁ o5 Mavigatar

Byl 2 &

A

= &= system
- rad

= cor
- = ps
. COMMon. Cps
== idl

=

basicsp-cadl. scenario
Boeing_QEP_CCM. profile

cornmon, cidl
cormon.idl3

3= Cutline

system BasicScenario fulfills Boeing OEP_CCHM{

importlib commomn. ¥

importLik common.BMDisplay:

iwmporcCPS commomn;

Locations

[FBoardl", "BoardZ", "Boardi™] ;

Rates = [20]:

instance EventChannel implements comnon.EventCh
location

'

instance GP3 implements common. BMDeviced

4

"HEoardl"”;

Textual Editar | Graphical Wiew |Form-based YWiew

m Cadena Console Wiew

Tasks | Cadena Console View

Editing Text Files

15
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Scenario Editor

The textual editor displays the scenario file in text form. When editing the scenario from the textual edit-
or pane, the type checking button is enabled. Selecting this button will type check the scenario and dis-
play any errorsin the task view. If the task view is not shown, it may be opened by performing the fol-
lowing:

1.  Select Window->Show View->Other from the menu.

2. Select Basic->Tasks from the dialog that is displayed.

The scenario editor depends on the IDL editor because IDL 3 files define the components that are used in
scenarios.

Example 3.1. BasicSP scenario

system Basi cScenario fulfills Boei ng OEP_CCM {
i mportLib common. *;
i mport CPS comon;

Locations = ["Boardl", "Board2", "Board3"];

Qe © O0e

Rates = [20];

i nstance GPS inpl ements common. BVDevi ce{
| ocati on = "Boardl";

}

i nstance Event Channel inplenments comon. Event Channel {
| ocation = "Boardl";

}

i nstance AirFrane inplenents conmon. BMJ osedED{
| ocati on = "Board2";

}

i nstance NavDi spl ay i npl enents common. BVDI spl ay({
| ocati on = "Board3";

}

connecti on( Event Channel .ti meQut20 to GPS.tineCQut) { ﬂ
runRate = 20; E’

synchronously = true;

connecti on( GPS. out Dat aAvai |l able to AirFrane.inDataAvail abl e) {
runRate = 20;

connection(AirFrane.dataln to GPS. dataCut) {
}

connecti on(Ai r Frane. out Dat aAvai | abl e to NavDi spl ay. i nDat aAvai | abl e) {
runRate = 20;

connection(NavDi spl ay.dataln to AirFrane. dataQut) {

16



Scenario Editor

Q@

(8]

The first thing to note here is that all scenarios must be enclosed within asyst emblock. A sys-
t emmust also have an identifier. In this example the identifier is "BasicSP". The name of the
scenario file does not need to be the same as the system name.

Theful fills keyword is used to declare which profile this scenario is using. Profiles specify
the valid properties that can be used in a scenario. This particular scenario fulfills the Boe-

i ng_OEP_CCMprofile. For more on profiles, please see Chapter 5, Profile Editor.

The first keyword inside the system block isi nport Li b. This keyword tells the system which
components it needs to import from the IR. If the component is not imported, it cannot be used in
the scenario. Groups of components can be imported by using "<module name>.*", or individual
components can be imported by giving their full name, such as "common.EventChannel”. In this
example, al of the components that are contained within the "common" module are being impor-
ted.

The i npor t CPS keyword specifies which CPS files the system is dependent on. For every im-
portCPS statement, there should be a corresponding file in the "syst eni cps™ directory. Since
this example imports the "common" CPS file, there should be a CPS file called "common. cps”
withinthe"syst enml cps" directory.

"Locations" and "Rates' are examples of properties attached to the system. Properties provide a
mechanism by which to better describe systems. Valid properties which may be attached to the
system are specified in the associated profile file. The association between the system and profile
is made by the fulfills keyword. In this example the system fulfills the "Boe-
ing_OEP_profile," profile (line 1).

In this example there are two properties: "Locations’ and "Rates". "Locations" gives the set of loc-
ations upon which the components can be distributed. "Rates" gives the valid run rates of connec-
tions.

Asthe name implies, i nst ance represents an instantiation of an IDL defined component. In this
example, GPS is an instance of the component BMDevi ce. It isimportant to note that components
referenced in the scenario file must be declared in the IDL3 file.

Properties can be attached to instances like they can be attached to systems. In this example the
"location" property of GPS is assigned the value, "Board1".

Connections between components are defined in the scenario file by the connect i on keyword.
In this example the t i neQut 20 port of the Event Channel component is connected to the
ti meQut port of the GPS component. Both facet/receptacle and event source/event sink connec-
tions can be specified.

As with systems and instances, connections may aso have properties attached to them. In this ex-
ampl e the connection has assigned the property "runRate" a value of 20.

Graphical View

The graphical view presents the scenario file as a diagram of components connected through either event
or data connections. This view also provides the opportunity to query the model on several different
levels.

Figure 3.2. Graphical Scenario View

17



Scenario Editor

Filter View

£ Resource - basicsp-cadl.scenario - Eclipse Platform

File Edit Wiew Mavigate Search Projeck Run  Cadena ‘Window “delp

[F-BRe|a-[sve-= [T A 2B %
E o5 Mavigatar - X 'cummun.idlS |—irha:'-il::'-p-lialﬂ.SIZE )(l
B

|

B3

== system (! EventChannel
== cad

¥y basicsp-cad|.scenario tirmeOuts
Boeing_QEP_CCM. profile

= cor
EIE ops

tirmeOutl

o . Comman. cps
=G i

COmmon, FIE" tirmeJytdl
cormon.idl3

3= Cutline x ||¢

| £

i) b
Textual Editar | Graphical Wiew | Form-based YWiew

m Cadena Console Wiew x

Tasks | Cadena Console View

Resetting the Graphical View

When an analysis function is performed (such as a cycle check or a chop), some of the components and
connections may be highlighted in the graphical view. The components will remain highlighted until the
view is explicitly reset. This allows multiple analysis functions to be overlaid on top of each other. For
instance, it would be possible to see the effects of both the forward and backward slice of a component
by simply performing the two analysis's without resetting the view.

When the graphical view does need to be reset, perform the following steps:

1. Inthegraphical view, right click anywhere.
2.  Select "Reset".

Figure 3.3. Resetting the Graphical View
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Filtering the View

When dealing with large scenarios, the graphical view may become overwhelming due to number of
components and connections that are shown. To help with this problem, the graphical view can be
filtered so that only certain component instances and connections are visible. The filter operates on the
values of the properties. To filter the graphical view:

1. Select the "Filter" action from the toolbar.

2. Usethefilter dialog to create the filter. Filters can be applied to connections or instances.

3. Click the"Ok" button. The graphical view should now be updated to reflect the filter.

Figure 3.4. Filtering the View
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Checking for Cycles

One of the features of the graphical view is the ability to check the scenario for the occurence of cycles.
A cycle occurs when the system is configured in such a way that a port can trigger a chain of events
which result in the original port being triggered again.

Example 3.2. A Scenario With a Cycle

Consider the following example. Assume that when components A and B receive an event on their in-
DataAvailable ports, they send an event out from their outDataAvailable ports:

A.outDataAvailable -> B.inDataAvailable -> B.outDataAvailable -> A.inDataAvailable ->
A.outDataAvailable.

Since A.outDataAvailable can effectively trigger itself, acycle exists.
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A B
inDataAvaikble inDatafvalkable
dataln (G4 dataln

dataOut dataCut
outDatafvailable outDataAvailbble

Note

The dependencies between ports of different instances of components is obvious via connec-
tions between them. However, information such as the outputs triggered by an input port in a
particular mode is not obvious. These kinds of intracomponent dependencies are specified in
Cadena Properties Specification (CPS) files. If CPS files are not available during the analysis,
then a worst-case assumption is made. This worst-case assumption is that any input port can
trigger al output ports. For more information please see Chapter 4, CPS Editor.

Follow these steps to check the scenario for cycles:

1. Fromthe graphical view, right click a component.
2. Select "Cycle check".
3. A cycleshould NOT be detected.

Figure 3.5. Checking for Cycles
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Slicing
Now try aforward port-level dice:

1. Right click the GPS component.
Select "Forward port-level dlice".

Select "outDataAvailable'".

A WD

Select "OK".

All ports and components downstream of GPS.outDataAvailable have been highlighted. We can follow
the forward port-level slice from GPS.outDataAvailable to NavDisplay.dataln by examining the scen-
ario file in the textual editor. The numbers in the figure below show which connections are affected by

this forward port-level slice.

Backward dlicing, the reverse notion of forward dlicing, is aso supported by the graphical view. While
forward dlicing calculates all ports that are affected by a given port, backward dlicing calculates al ports
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that may affect the given port. The following figure illustrates the result of performing a backward slice
from the EventChannel component.

Figure 3.6. Theresultsof aforward port level slice
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Chopping
Once a pair of ports have been designated as the starting and ending points, chopping will provide the
set of ports that occur along the path between this given pair of ports.
1. Right click the GPS component.

Select "Pick chop start”.

Select "outDataAvailable".

A w D

Select "OK".
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8.
9.

Right click the NavDisplay component.
Select "Pick chop end".

Select "inDataAvailable".

Select "OK".

Right click within the graphical view.

10. Select "Chop".

The following figure should mirror the result

Figure 3.7. Theresult of a chop
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Zooming
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When using the graphical view, the outline view displays the complete graphical workspace so that it is
easier to maneuver if the project has many components and connections. The graphical view also has a
zoom feature, which can be used by right-clicking within the editor window and selecting a percentage.

Figure 3.8. Zooming

£ Resource - basicsp-cadl.scenario - Eclipse Platform

File Edit Wiew Mavigate Search Projeck Run  Cadena ‘Window Help

EBIX

EEEERICE

|2l &€~ -

Eﬁ 'commnn.idIS | ]

EventChannel

timeOuth

tirneout]

timeOutdl

firneOutz 0

ITEXEBE Hil~-BIA4%%
x|
AirFram
Reset
Cycle check
Chop
Modal view

Modeless view

Z0am

NavDisp

inDatatwai

datalCiut

£

&3]

Textual Editor | Graphical View | Form-based View

Form-based Editor

In the form-based representation of the scenario, information about components and connections is
presented as a table (spreadsheet). All of the connections that each component maintains are displayed in
this view, whereas the textual editor lists a connection under only one of the components.

Figure 3.9. Form-based Editor

25



Scenario Editor

Find Rate Conflicts
Seed Rates

Distribute Components
Find ERM Connections
Select Visible Properties
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Editing the Form

Unlike the graphical representation (which is just a view), this representation of the scenario is a full-
fledged editor. Components and connections can be added and/or deleted in the form-based view. It is
possible to add imports, too. The connections appear as children in a tree routed below a component. To
toggle the expansion of all nodesin the table, click on the "Toggle branch expansion™ button in the tool-
bar.

Upon adding a connection, the unspecified end of the connection is defaulted. This connection can be
edited by focusing on the connection in the "Component/Port" column and double-clicking in the "Con-
nected to" column in the same row. All ports to which the given port may possibly be connected to will
appear. After anew port has been selected, pressing "return” will confirm the change. Likewise, the "De-
livery method" associated with a non-data connection can be changed.

Each component is associated with a location. This can be edited by double-clicking in the "Location"
column after focusing on the row of interest. Upon entering a valid location and pressing "return”, the
model is updated. If the location did not exist in the model, then it is added to the model. Similar actions
can be performed to set the rates associated with connections.

Note

Changes made to import statements, rates, and locations (in the form-based view or textual ed-
itor) are not visible in the graphical view, but do occur.
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Figure 3.10. Changing a port connection

£ Resource - basicsp-cadl.scenario - Eclipse Platform

File Edit Mawvigate Search Project Run Cadena  ‘Window  Help
-3 E & - 2|l - ER® LBl NS
ﬁ cormmon. idl3 H@I x
[}E Component | Twpe | Connected To | runk.ate
—| EventChannel common: :EventChannel
timeCub20 == sicomman:: TimeCuk =2 GPS, timeCut 20
=l aEPs common: BMDevice
timeCut <= trcomman:: TimeCuk <= EventChannel timeCukz0 20
oukDatasvailable == rcommon::Datadvailable => AitFrame.inDatafvailable 20
dakadut <= scommon: ReadData <= AitFrame. dataln
—| AirFrarme cornmon:  BMClosedED
inDatafvailable <= rcommon::Datadvailable <= GP5,outDatafvailable 20
dakaln == common: ReadData == GPS,datadut
outDatafvailable == srcommon; :Datafvailable == MavDisplay.inDatafyvailable z0
dataout <= srcommon; :Readhata <= MNavDisplay.dataln
—| MawDisplay comrnon; : EMDisplay
inDatadvailable <= sicommon: :Datadvailable <= AitFrame outDatafwvailable 20
dataln =3 s:common;;ReadData | ﬂ
AirFrarme, dakacut
Textual Editor | Graphical Wiew | Form-based Wiew

Changing the Visible Properties

At certain times, it may be desirable to hide certain properties that aren't of interest. For instance, the de-
veloper may only beinterested in seeing the run rates of connections. This can be done by:

1.
2.

Select the "Select visible properties' action from the toolbar.

Use the filter dialog to select which properties to display. All properties that can be applied to in-
stances and connections are displayed in the selection dialog.

Click the "Ok" button. The editor should be updated such that only the properties that were selected

arevisible.

Note

The "Component”, "Type", and "Connected To" columns are always visible.

Figure 3.11. Selecting the visible properties
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Seeding Rates

It is possible to have a system where a port deals with connections that have differing rates. These con-
nections can be detected by pressing the "Find rate conflicts" button that is on the toolbar. These connec-
tions and all connections affected by such connections are then highlighted in RED. Conflicts of this
type can be easily resolved by using the automatic rate seeding feature. This feature can be invoked by
clicking the "Seed rates" button in the toolbar. The tool will seed rates in a rate monotonic fashion. For
this to work successfully, however, the connections involving trigger ports in the system should have
their rates specified.

Figure 3.12. Detecting Rate Conflicts
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Distributing Components

In the form-based view, it is possible to assign locations to a few components, then ask the tool to dis-
tribute the unassigned components among the available locations. This is accomplished by clicking the
"Distribute the components* button in the toolbar. Note that the distribution will be better when there are
fewer connections that have non-zero rates. The reason for this is that the distribution algorithm will try
to minimize the inter-location traffic.

Finding ERM Connections

Another feature of the form-based editor is the ability to detect remote event deliveries between colloc-
ated components into local dispatches. This feature is available by clicking the "Find ERM connections®
button in the toolbar. Again, this feature works best after automated distribution.

OpenCCM Code Generation

Generating Scenario Code

Cadena can generate a Java™ "main" class that will instantiate an OpenCCM system that corresponds to
the scenario that was created. To build this class, click on the "generate java code" button on the toolbar.

Generating Build Scripts

The correct scripts must be generated to compile and run the project. This is triggered by pressing the
"generate build and run scripts' menu button (see figure 3.1). The run scripts can be found in the "bin"
directory, and the build scripts are placed in the BasicSP (project) directory.

Compiling and Running
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Once the business logic has been implemented within the monolithic implementations and build scripts
have been generated, then the project can be compiled from a separate command window. Go to the IDL
editor and stop the IR before completing the following steps:

1. Openacommand prompt window and change directory to the Cadenainstallation.

2. The Cadena environment needs to be set up in order to compile the project. For this, type the fol-
lowing at the prompt: "OpenCCM-0.7\openccm\OpenORB-1.3.0\bin\envi_OpenCCM .bat" (for
Windows), or ". OpenCCM-0.7/openccm/OpenORB-1.3.0/bin/envi.OpenCCM.sh" (for Linux).

3. Now change the directory to the eclipse workspace. This is the ‘workspace' directory under the ca-
denainstallation directory.

4. The project created using Cadenawill be listed in this directory. Change the directory to the project
that has to be compiled.

5. Type"build" ("build.sh" for Linux) at the commmand prompt.

6. Oncethe build is successful, the implementations can be run using the scripts generated.

To run the project, type "bin\start_java' ("bin/start_java.sh" for Linux) at the command prompt. This
goes through the general process of starting the component servers and the name service before running
the project itself. The execution of the project can be terminated by running the "bin\stop_java" script
("bin/stop_java.sh" for Linux). These scripts must be run from the [Cadena ingala
tion]\workspace\BasicSP directory.
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Chapter 4. CPS Editor

CPSfiles specify various aspects of component behavior, such as intracomponent dependencies between
ports and simple behavioral descriptions of a component's event handlers and other methods.

Figure4.1. CPS Editor
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Editing Text Files

CPS

If the IDL3 file has been properly fed into the IR, the CPS editor can be opened by double-clicking on
conmmon. cps in the navigator view. Currently, the CPS editor provides simple text editing.

The CPS editor does provide a type checking function. The type checker can explicitly be invoked by
pressing the type checker button that is in the tool bar. The type checker will aso be invoked whenver
the CPS file is modified and then saved. All errors will show up in the tasks view. If the tasks view is
not visible, it can be opened by:

1. Select Window->Show View->Other from the menu.

2. Select Basic->Tasks from the dialog that is displayed.

Language

The examples presented below describe the structure of these files and illustrate the different aspects of
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the language.

Example4.1. A basic CPSfile

nodul e comon {

component BMJ osedED {

}

20 e

dependencydef aul t == none;

conponent BMOpenED {

(1]

dependencydefault == all;

As this first example shows, the contents of CPS files are enclosed within nodul e blocks. The
nmodul e keyword is followed by an identifier that names the module. This identifier must match
the name of the CPS file. In this example, since the name of this module is "common", the file
must be named common. cps. In addition to this requirement, there must also be an IDL module
with the same name as this CPS module. So for this example, the IDL3 file must contain a module
named "common”, too.

conponent blocks constitute the body of a nodul e block. The conponent keyword is fol-
lowed by the name of the component, which MUST correspond to a component defined within the
IDL3 file. For this example, there must be a component named "common :: BMClosedED" in
common. i dl 3 sincethereisacomponent "BMClosedED" in this CPSfile.

The two components in this example both use dependencydef aul t, which may be set to
either al | or none. A setting of none allows new dependencies to be added to an empty depend-
ency relation. Dependencies do not exist unless they are explicitly declared. A setting of al | al-
lows all possible dependencies between ports. The dependencies can still be pruned, though. Once
a port is mentioned on the left-hand-side (such as i nDat aAvai | abl e), then only declared de-
pendencies apply for that port.

Basic Port Dependencies

Example 4.2. Explicitly defined port dependencies

conponent BMC osedED {

}

dependencydef aul t == none;
dependenci es {

i nDat aAvai | abl e -> dat al n. dat a[ get ], out Dat aAvai | abl e; “
}

This example shows how to explicitly declare dependencies between ports. The dependence de-
clarations take the form trigger-port-action -> response-port-action. The trigger-port-action
should be either afacet or an event sink. The response-port-action should either be a receptacle or
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an event source. Example 2 shows that when an event is received by the i nDat aAvai | abl e
event sink, it may trigger the ReadDat a interface of another component, and it may publish a
Dat aAvai | abl e event onit'sout Dat aAvai | abl e event source (the interfaces are defined in
the IDL3 file).

Mode Variables

Mode variables come in three flavors, public, private open, and private closed. These categories reflect
the differences in how much of a mode variable's definition is visible outside the host component. Con-
sider three different scenarios:

A public mode variable is used to tag an IDL attribute as a mode variable. Consider a component "BM-
SensorProxy” whose IDL has been designed with support for switching the data acquisition on and off
by including a simple read/write attribute enabl ed (whose type is the enumeration OnCOf f Mode) into
BM SensorProxy's definition. This allows any client of a BM SensorProxy instance to manipulate the
status of enabl ed. Now the CPS author wishes to tag enabl ed as a mode variable because the
runtime behavior of BM SensorProxy shifts according to whether the component is enabled. This scen-
ario callsfor the use of apublic mode variable:

Example 4.3. Public Mode Variable

nodul e comon {
conponent BMsensoryProxy {

mode enabl ed represents common. BMSensor Proxy. enabl ed
init common. OnOf f Mbde. enabl ed;

The other two remaining flavors of mode variables are designed to be used when the IDL designer has
not provided an attribute to explicitly encode the modality of a component. A private open mode vari-
able is declared when one wishes to create a control flow variable whose values range over a publicly
known IDL enumerated type. Private mode variables are not accessible outside the component bound-
ary. The "BMLazyActive" component uses a private mode variable of the "open™ kind in atypical way:
data is either f r esh or st al e. The component's externally accessible methods change strategies for
supplying data depending on the freshness of the data source. Thereis, however, no reason to expose the
modality of the component to the outside world.

Example 4.4. Private Open Mode Variable

nodul e comon {
conponent BM.azyActive {

mode status of common. LazyActi veMode
i nit commn. LazyActi veMode. st al e;
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If there is no predefined IDL enumerated type from which to draw the private mode variable's values,
then the enumerated type can be inlined to create a private closed mode variable:

Example 4.5. Private Closed Mode Variable

nodul e comon {
conponent BM.azyActive {

mode status of { stale, fresh }
init status.stale;

Modal Port Dependencies

The port dependencies for components may change to reflect what mode the component is in. For ex-
ample, the "BMModal" component can be enabled or disabled by using a mode variable. When the com-
ponent is enabled and an event is received on it's "inDataAvailable", it will fetch some data and send an
event out on it's "outDataAvailable" port. When the component is disabled, nothing will happen when an
event comesin. The dependencies can be captured with amodal port dependency:

Example 4.6.

conponent BMWvbdal {

node State of conmon. OnOGF f Mbde
init conmon. OnOF f Mbde. enabl ed;

dependencydef aul t: none;

dependenci es {
case State of {
enabl ed:
i nDat aAvai | abl e -> dat al n. dat a[ get], out Dat aAvai | abl e;
di sabl ed:
i nDat aAvai |l able -> ;




Chapter 5. Profile Editor

The Profile defines what properties are attached to architectural elements. Properties may be of the fol-
lowing types: integer, boolean, string, or an ordered sequence of integers, booleans, or strings. Properties
may be attached to one of the following architectural elements: system, instance, or connection.
Although properties may be either "optional" or "required”, it is recommended that optional properties
be avoided whenever possible. Required properties guarantee homogenous property sets throughout the
model. Common required properties promote application of constraints and thorough analysis of the sys-
tem.

Properties may be used to describe many different aspects of a system. The following list contains a few
of the aspects which may be captured by properties:

e deployment specifics
e quality of service requirements
* manageria information

» testing requirements

Profile Language

The example below demonstrates the structure of the Profile language.

Example5.1. Simple profile

contract Boei ng_CEP_CCM
properties::systen
optional ("Rates", sequence(lNT));
requi red("Locations", sequence(STRI NG );

o0e

properties::instance{
requi red("location”, STRING ; E’

optional ("role", STRING; //either "naster"” or "proxy"

properties::connection{
optional ("dataUnits", STRI NG ;
optional ("i sProxyConnection", BOOLEAN); //only for master-proxy connections
optional ("runRate", |NT);

(1] The first thing to notice is that everything is enclosed within acont r act block. Thereisalso an
identifer, Boeing OEP_CCM that declares the name of this contract. The name of the contract
should also match the name of the file that contains it. For this contract, the name of the file must
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beBoei ng_ OEP_CCM profil e.

Contracts are used to specify what properties can be attached to the different architectural elements
of the system. The only valid architectural elementsaresyst emi nst ance, and connecti on.
Thepr operti es: : syst emblock contains the set of properties attached to thesyst em

The "required("location”,...)" line demonstrates the attachment of a required string property named
"location" to al i nst ance elementsin a Scenario description.

Notice that "location" is declared ar equi r ed property. Required properties must be defined for
each i nst ance in the scenario. Property types can be specified as optional with the opt i onal

keyword).

Properties must have a type. The | ocat i on property is defined to be of type STRI NG. When
| ocat i on isassigned a value in the scenario, the value must be a string. Examples of valid val-
ues for this property include "Boardl", "foo", and "x".

The Rat es property demonstrates the use of a sequence type. Sequences are ordered sets of a
homogenous type. This particular property type is a sequence of | NTs. Sequences may not be
empty.

Examples of valid values for this property include [1,2,3], [0], and [100,-5,0].
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Appendix A. Boeing Extensions
Generating Configuration XML

In addition to generating Java code, Cadena can also generate Boeing XML that can be used with OEP
build v2.2. To generate the XML, it is necessary to define a"toDisplayNames.properties’ filein the "Ba-
sicSP\system\src" directory. This can only be done after the IDL3 and scenario files have been written.
The toDisplayNames.properties file is used to get the information that is not included in the scenario
file. The toDisplayNames.properties file has already been written for the BasicSP example.

To import toDisplayNames.properties:

1. Inthe Navigator view, select the "BasicSP\system\src" folder.

2. Click the right mouse button, Select "Import..."

3. Select "File system" as the import source.

4. Select "Next".

5. For the directory, select "[cadenainstallation]\example-files\basicsp".

6. Select "toDisplayNames.properties’.

7. Select "Finish" to import the selected file.

The property file provides two functionalities. First, it provides display information for component
homes and component instances. Since the scenario file usually uses different instance/component
names than the Boeing OEP XML, scenario names must be mapped to the Boeing OEP XML names.
This functionality is accomplished within the "toDisplayNames.properties® file. For example, if a com-
ponent instance is named "DataSource” in the scenario file, and we want to display it as
"DATA_SOURCE" in the Boeing OEP XML file, then the property for "DataSource" in "toDisplay-
Names.properties” should appear as. DataSource = DATA_SOURCE.

Example A.1. toDisplayNames.propertiesfile

BMCl osedED = BM__CLOSED_ED COVPONENT
BMDevi ce = BM__DEVI CE_COVPONENT

BMDi spl ay = BM__DI SPLAY_COVPONENT

GPS = GPS

Ai rFrame = Al RFRAME

NavDi spl ay = NAV_DI SPLAY

Event Channel _Event Channel = Event Channel
GPS BMDevi ce = BMDevi ce

Ai r Frame_BMJ osedED = BMCl osedED

NavDi spl ay_ BMDi spl ay = BMDi spl ay

Secondly, the "toDisplayNames.properties’ file provides some implementation information for compon-
ent instances. In the current CCM trandation of OEP scenarios, one component in OEP may correspond
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to multiple components defined in the IDL 3 file because of a different number of ports. We combine the
component instance name and component type name from the scenario file as the key, and we set the
corresponding component name in OEP as the value. For example, there may be an instance named
"GPS" in the scenario file which implements component type "Device". If "GPS" implements compon-
ent type "BMDevice" in the OEP XML file, then the property for "GPS" should be written as:
GPS_Device = BMDevice.

After a "toDisplayNames.properties’ file has been added to the project in the "BasicSP\system\src” dir-
ectory, an OEP XML file may be generated by clicking the "Generate OEP XML" button (indicated in
the above example). The OEP XML will be generated within the "BasicSP\generated" directory. For the
newly generated XML to show up in the Navigator view, it may be necessary to refresh the project.

Reverse Engineering OEP

With Cadena, it is possible to automatically generate idl3, cps, and scenario file templates based on OEP
XML configuration files.

1. Inthe Navigator View, expand all folders.

2. Select the "system" folder.

3. Click the right mouse button, select "Import..."

4. Select "File system” as the import source.

5. Select "Next".

6. For the directory, navigate to the directory that contains the OEP XML configuration files (this can
be found within the OEP distribution).

7. Select the configuration file(s) you are intersted in.

8. Sdlect "Finish" to import the selected file(s).

9. Open the configuration file from which you wish to generate the templ ates.
10. Comment out the <IDOCTYPE ... > line. (i.e. <!--DOCTYPE ... -->)

11. Select Cadena->Core->Translate OEP to CCM.

12. Select the project in the navigator view, right click and select Refresh

If you succesfully completed the above steps, the generated idl3, cps,and scenario files should now be
present within their respective system directories.
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