Appendix A

Java VDM Trace Unit Framework

A.1 Introduction

The JAVTU framework is a generic logging framework which mirrors the behavior of the
VDMTools [Sys07] trace log feature. However since this is a real distributed system, it has
extra complications that must be taken into account. The main reason for developing JAVTU,
is to be able be able to see inter communication timing characteristics between distributed
systems and display the information in the Overture Showtrace application plugin [Ove07] for
Eclipse SDK [Ecl07]. This framework will give future developers the possibility of implement-
ing a prototype of an existing VDM++ model and verify certain practical and non-formal
factors, with the same set of tools and procedures.

This appendix describes the design of the JAVTU framework and how it is envisioned
to be used, in a simple example application. Certain aspects about the present state of the
framework and the functionality will be discussed at the end of this appendix.

A.2 De ning the Functionality

The initial idea for this framework was to develop a component which could be integrated into
an application in a transparent and non-invasive manner, re ecting the current behavior of
the VDMTools VICE application. However certain obstacles emerge when trying to acquire
the same level of runtime information in a distributed system, while maintaining acceptable
real-time performance. Having a central entity to control message ID's and global object
reference state across systems, would greatly increase latencies and make the execution traces
inaccurate. The solution is to maintain local trace les at each CPU and use a merging
application to weave each distributed trace le into a single entity. The process of combining
the trace les includes additional manipulation to assign the unknown runtime parameters,
based on either automatic analysis or user interaction.

Figure A.1l illustrates how the merging paradigm works - Each distributed application
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creates a trace le with the information available at runtime.
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Figure A.1: The process of merging three trace les.

The trace les generated are used as input in the merger application which combines the
les into a single trace le readable in the Showtrace application. The advantage of this
approach is that no central entity is needed to control the logging process and this enables a
more simple usage of the framework.

The concept of consistent time, is another well known issue in a distributed paradigm and
is a fundamental parameter in the logging mechanism. Without a synchronization of the time
attributes across the systems, the log entries are useless, since replies may be received before
a request is issued. This is not an issue in a VDM++ model, since the CPU's are not ac-
tually processing asynchronous and VDMTools VICE executes in a controller and sequential
environment. Since a prototype implementation measures and relies on practical timestamps,
opposed to logical time, and aconsistent snapshotapproach used in group communication
context [Bir05], is not su cient in a performance wise context. The interesting aspect in the
prototype performance, is not primarily program correctness but rather performance based
on a speci ¢ architecture and communication paradigm. To manage the time synchronization
issues, an implementation of the IEEE1588 Precise Time Synchronization protocol [Moh03] is
included in the JAVTU framework. IEEE1588 relies on a master/slave paradigm and is used
to synchronize time continuously and at the same time take connection latencies into account.
The protocol does however rely on UDP broadcast and this does impact the degree of distri-
bution when deploying a system. VPN communication technologies such as PPTP [Ham99]
and L2TP [Tow99] can be used to create LAN environments where UDP transmissions are
possible. However, note that this increases the overall communication latency between the
systems due to the added protocol overhead. Using this protocol ensures that the distributed
systems have a su cient synchronized time notion at all times.
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A.3 The JAVTU Framework Composition

The JAVTU framework is composed of a single package - JAVTU. This contains both the
runtime logging modules and the merger application and associated modules. Figure A.2
illustrates the package content.
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Figure A.2: JAVTU Package overview.

The JAVTU package contains the core modules, including the Merger application and
the sub packageJAVTU.MsgTypes contains the individual log le message types. This paper
will describe the packages in two di erent usage scenarios; logging and post processing. The
JAVTUDemo package is an example application utilizing the JAVTU framework.

A.4 Logging

The logging scenario involves the usage of the framework to log essential information in a
distributed system. Figure A.3 shows the classes and packages, when using the framework to
log system activity. This section will describe JAVTU by using an example application.

The central entity in each distributed system is the singleton classTraceUnit. This class
holds all the log messages acquired during execution and makes sure that the correct informa-
tion is persisted. TraceUnit uses a utility class to acquire runtime information and perform
I/O activity. The IEEE1588MasterSync and IEEE1588Slave are the Precise Time Synchro-
nization classes to synchronize each distributed system. PackagiAvVTU.MsgTypes contains
all messages types (see Figure A.4).

A.5 Deployment

In listing A.1 a simple non-distributed application illustrates how to deploy an object. First
a CPU is instantiated with ID 1 and the this pointer, and a communication bus with ID 1
and the "busl". An object is instantiated and deployed on the CPU 1. When instantiating
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Figure A.3: Class Diagram: Integrating the logging mechanism into an existing application.

JAVTU message types, athis pointer is always added as a parameter. This pointer ensures
that the CPUdecl, BUSdecl and the object deployment log entry can acquire the information
necessary to populate the object. Listing A.2 shows how an object utilizes the pointer to
obtain the relevant information for the log entry. Finally, the object also adds a reference
to itself. Each object entry makes use of theTraceUnit.addTraceEvent method to register
the object. Additional information may be required to be registered, as is the case with the
DeployObj log entry. This log entry register the reference to the object and which CPU it is
deployed on. This information is very important when merging several trace les into one.

Listing A.1: Deployment of a system using JAVTU.

Performed indirectly in the CPUdecl.deployObj method.
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CPUdecl cpul = new CPUdecl(1, this);

/ Specify communication bus/
BUSdecl busl = new BUSdecl("busl" ,1);
busl.addCPU(cpul);

/| Create object instances/
locall = new LocalObj();

/IDeploy objects on CPU's’
cpul.deployObject(locall);

Listing A.2: DeployObj log entry population.

public DeployObj(Object obj, int cpunm) f
objref = Util.getObjectReference (obj);
clnm = Util.getClassName (obj);
this .cpunm = cpunm;
time = Util.now() ;
TraceUnit.getlnstance () .addTraceEvent(this);
TraceUnit. getlnstance () .addObjectWithCPU (cpunm, objr ef);
TraceUnit.getlnstance () .deployedObjects.add(this);

Each log entry object in JAVTU.MsgTypes share the same basic structure, but diers in
the amount of information registered with the TraceUnit object. Figure A.4 shows a class
diagram of all JAVTU message types in theJAVTU.MsgTypes package.
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Figure A.4: Class Diagram: Message types in the JAVTU framework.



A.6. USING THE JAVTU FRAMEWORK 127

Each message type implements draceEvent interface which force the object to behave
in a certain way. The abstract method isSpecialEntry speci es whether or not the entry is
a object which must be processed di erently in the post processing stage (e.g. CPU, BUS
declarations). Additionally the interface speci es some basic get/set methods and a serialize
method to actually create the text based log entry.

A.6 Using the JAVTU framework

The deployment scheme, where local and distributed method invocation occur, can be seen
on gure A5

Figure A.5: Simple deployment scheme with three CPU's

The deployment make use of JAVA RMI as middleware technology [Wag05b] to distribute
the two objects in Client 2 and Client 3. Client communicates with the 2 remotes objects
via RMI and invokes the touch method declared in the custom interfacelRemote. Figure A.6
shows the class diagram for the demo project. For further reference see the source code.
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Figure A.6: Class Diagram: The demo application of JAVTU
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Listing A.3 and listing A.4 shows how the two objects LocalObj and RemoteObj are con-

structed respectively.

Listing A.3: LocalObj object structure

public class LocalObj f
IRemote ref;
/I Creates a new instance of LocalObj
public LocalObj() f

g

void setRemoteObject(IRemote o)f
new JAVTU. MsgTypes. OpRequest(this);
new JAVTU. MsgTypes. OpActivate( this);
ref = o;
new OpCompleted(this);

g

public void invoke()f
new JAVTU. MsgTypes.OpRequest(this);
new JAVTU. MsgTypes. OpActivate( this);
try f
new MessageRequestthis);
new MessageActivate (this);
ref.touch();
new MessageCompleted(his);
g catch (RemoteException ex) f
ex.printStackTrace () ;

g
new OpCompleted(this);

1IJAVTU
1IJAVTU

1IJAVTU

1IJAVTU
1IJAVTU

1IJAVTU
1IJAVTU

11JAVTU

1IJAVTU

Listing A.4: RemoteObj object structure

public interface IRemote extends java.rmi.Remotef

public void touch() throws RemoteException;

g

public class RemoteObj

extends UnicastRemoteObject implements IRemote,

public int count;
public IRemote ref;

Serializable f

public RemoteObj() throws java.rmi.RemoteException f

new OpRequest(this);
new OpActivate( this);
ref = null;

new OpCompleted(this);

11JAVTU
11JAVTU

11JAVTU
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public int touch() throws RemoteException f
new OpRequest(this); 11JAVTU
new OpActivate( this); [1IJAVTU
new ReplyRequest(this); /1JAVTU
new MessageActivate (this); [1JAVTU
count = count +1;
System.out. println("Touch called: " + count);
new MessageCompleted¢his); 11IJAVTU
new JAVTU. MsgTypes.OpCompleted( this); /1JAVTU
return count;

g

g

The important thing to note in listing A.3 and A.4 is the usage of operation and message
entry cycled. Listing A.3, line 27, 28 and 29 shows how a method must declare ®pRequest
and a OpActivate upon entry and upon existing a OpCompleted This tells the JAVTU
framework that a method invocation has occurred and it will be logged accordingly. When
executing a remote method invocation over a BUS connection, a message request cycle must
be declared. This occurs in listing A.4, line 37, 38, 40. Note that prior to any message
entry declaration, a operation request cycle must be completed. The response to the message
request can be seen in listing A.4, line 24, 25 and 28. Note that thd&lessageCompletecand
OpCompleted must be declared before any data can be returned.

The deployment of the JAVTU framework for this is illustrated in listing A.5

Listing A.5: Deployment of JAVTU for Client 1 (JAVTUDemo.Clientl.java )

public class Clientl f
LocalObj local;
public Clientl() f
try f
/ITraceUnit. getlnstance (). StartSyncMaster () ;

/ICreate CPU /

CPUdecl cpul = new JAVTU.MsgTypes.CPUdecl(1, this);
/ICreate object instances /

local = new LocalObj();

/ISpecify communication bus & deploy CPU's /
BUSdecl busl = new BUSdecl("busl" ,1);
BUSdecl bus2 = new BUSdecl("bus2" ,2);
busl.addCPU(cpul);

bus2.addCPU(cpul);

/IDeploy objects on CPU's’
cpul.deployObject(local);

/IAcquire RMI remote object references /
Object remoteObjectl = getRMIObject(...);

YA message cycle implies that OpRequest OpActivate and OpCompleted has been declared. An opera-
tion cycle implies that a MessageRequst(or ReplyReques), MessageActivate and MessageCompletedhas been
declared.
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Object remoteObject2 = getRMIObject(...) ;

local .setRemoteObject ((IRemote)remoteObjectl);
Thread.sleep (1000);

local .invoke();

local.setRemoteObject ((IRemote)remoteObject2);
Thread.sleep (1000);

local.invoke();

The deployment is fairly straightforward and self explanatory. Note however that cpul
is deployed on both busl and bus2 as depicted in gure A.5. Note also the command on
line 33 that is commented out. If it is taken in, this command would initiate the IEEE1588
Master and initiate synchronization with any active slaves on the local network. The slaves
would be activated by invoking the StartSyncSlavemethod on the TraceUnit object. This is
however not used in the demo application since the systems are deployed on the same CPU.
The source code for bootstrapping the code and deploying the RMI objects will not be covered
here. Deployment of the JAVTU framework is similar to the entries in listing A.1. For further
reference see the source code.

A.7 JAVTU Results

The outcome of running the demo application is three JAVTU resource les in the runtime
folder with the extension *.javtu.res. These three les represent the log entries forClient 1,
Client 2 and Client 3 respectively. Which is which plays no role, however the lenames are
composed of the system hostname and a process ID. The JAVTU framework automatically
save these objects every 10 seconds during runtime. Note that these objects are not actual
human readable log les, but binary les which the JAVTU Merger application can read. Next
step is to merge the units into a single log le.

A.8 Post Processing

The three JAVTU resource les must now be merged into 1 readable log le. This is done with

the classes illustrated in gure A.7. The key component is theJAVTUCore class. This class
is both the placeholder for the distributed resource les and the toolbox for manipulating the

les into a single execution trace. Several unknown factors exist during runtime - especially
in regards to bus communication.

What is the remote reference of the receiver object?
What is the next global synchronous message ID number?
Which original message request is a reply request responding to?

These issues must be dealt with in the post processing phase and th#AVTUCore class
contains the methods to handle this.
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Figure A.7: Class diagram: Modules used for post processing in the JAVTU Merger applica-
tion.

The JAVTUCore object is controlled by the user, utilizing a graphical user interface rep-
resented byJAVTUMergerForm and JAVTUReadFilesForm. Each resource le, created from
the distributed applications, are actually serialized TraceUnit objects, which are read into the
JAVTUCore object and manipulated accordingly. Figure A.8 shows theJAVTUMergerForm
primary interface.

The GUI has a number of buttons:

Open: Open resource le and add to current project

Reload: Reload current resource les.

Reinitialize:  Unload all log les and meta data - alternative to restarting the application.
Save Merged le: save merged le to a custom destination.

Step 1. Merging phase 1 with a number log le manipulations. This step will require user
interaction.

Step 2: Merging phase 2 with the nal log le manipulations. Merged le is nished.

File: Basic load/save project option.
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Figure A.8: Screenshot of the JAVTU Merger.

Additionally, the user interface displays deployment information, such as which objects are
deployed on which CPU'es, which resource les a loaded and which CPU's are deployed on
which BUS'es. This information can be used to con rm the actual deployment of the JAVTU
framework is correct. If any errors occurs, it will be displayed in the information area.

When the resource les are loaded, step 1 is performed. This step is responsible for the
following manipulations:

1 Sort trace events based on time JAVTUCore.sortTraceEvents)

2 Fix time oset on every trace event. Each distributed system logs the time as the
di erence, measured in milliseconds, between the current time and midnight, January
1, 1970 UTC. This is a very large number and to counteract this, the smallest time
registered in the entries, is subtracted from all the other trace events. The result is a more
manageable unit which is readable in the Overture plugin JAVTUCore. xTimeO set ).

3 Reassign message ID's on all bus communication so they are consecutive numbered.
This only applies to message request cycles and not the reply request cycle3AVTU-
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Core.reassignMsgld.

4 Fix object references issues in regards to remote methods invocation over a BUS. This
manipulation requires user interaction to precisely de ne which message requests are
connected to which remote object reference JAVTUCore. xObjectReferencelssues).

It is not possible to x the object references in the fourth step (at the present moment)
automatically even at post processing, with the amount of information currently in the Mes-
sageRequestog type. This is a tedious step, if the execution traces are very large - the process
is depicted in gure A.9.

Figure A.9: Screenshot of JAVTU Merger, xing object references.

After the user has assigned each message request to an object reference, step 2 can be
initiated. This step involves the following manipulations:

1 Fix reply request cycles in regards to message ID's and object references. This informa-
tion is now available after step 1 has been executedJAVTUCore. xReplyRequestissues)

2 Generate BUS, CPU, thread declarations and marshal all trace events. The merged log
le is now generated and ready to be saved.

When the 2 steps above have been executed successfully, the log le can be saved and
loaded into the Overture Showtrace tool. The result of the merged log le is illustrated in
listing A.6.
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Listing A.6: Merged log le from the demo application ( merged.log le.juvta)

ThreadCreate > id: 1 period: false objref: nil clnm: nil cpunm: O time: O

ThreadSwapin > id: 1 objref: nil clnm: nil cpunm: 0 overhead: 0 time: O

CPUdecl > id: 1 expl: true sys: "System" name: "cpul"”

DeployObj > objref: 2014 clnm: "LocalObj" cpunm: 0 time: O

CPUdecl > id: 3 expl: true sys: "System" name: "cpu3"

DeployObj > objref: 10013 clnm: "RemoteObj" cpunm: O time: O

CPUdecl > id: 2 expl: true sys: "System" name: "cpu2"

DeployObj > objref: 10170 clnm: "RemoteObj" cpunm: 0 time: O

BUSdecl > id: 2 topo: fl, 3g name: "bus2"

BUSdecl > id: 1 topo: f1, 2g name: "busl"

ThreadCreate > id: 4 period: false objref: nil clnm: nil cpunm: 3 time: 0

ThreadSwapin > id: 4 objref: nil clnm: nil cpunm: 3 overhead: 0 time: O

OpRequest > id: 1 opname: "RemoteObj RemoteObj" objref: 10013 clhm: "
RemoteObj" cpunm: 0 async: false time: 141

OpActivate > id: 1 opname: "RemoteObj RemoteObj" objref: 10013 clnm: "
RemoteObj" cpunm: 0 async: false time: 141

OpCompleted > id: 1 opname: "RemoteObj RemoteObj" objref: 10013 clnm: "
RemoteObj" cpunm: 0 async: false time: 141

DeployObj > objref: 10013 clnm: "RemoteObj" cpunm: 3 time: 141

MessageRequest > busid: 1 fromcpu: 1 tocpu: 2 msgid: 1 callthr: 2 opname:
"LocalObj "invoke" objref: 10170 size: 42 time: 28391

MessageActivate > msgid: 1 time: 28406

OpRequest > id: 3 opname: "RemoteObj touch" objref: 10170 clnm: "
RemoteObj" cpunm: 2 async: false time: 28406

OpActivate > id: 3 opname: "RemoteObj touch" objref: 10170 clnm: "
RemoteObj" cpunm: 2 async: false time: 28406

ReplyRequest > busid: 1 fromcpu: 2 tocpu: 1 msgid: 2 origmsgid: 1 callthr
2 calleethr: 3 size: 42 time: 28406 objref: 10170

MessageActivate > msgid: 2 time: 28406

MessageCompleted > msgid: 2 time: 28422

OpCompleted > id: 2 opname: "LocalObj invoke" objref: 2014 clnm: "
LocalObj" cpunm: 1 async: false time: 28422

OpRequest > id: 2 opname: "LocalObj setRemoteObject" objref: 2014 clnm: "
LocalObj" cpunm: 1 async: false time: 28422

OpActivate > id: 2 opname: "LocalObj setRemoteObject” objref: 2014 clnm:
"LocalObj" cpunm: 1 async: false time: 28422

OpCompleted > id: 2 opname: "LocalObj setRemoteObject" objref: 2014 clnm:
"LocalObj" cpunm: 1 async: false time: 28422

MessageCompleted > msgid: 1 time: 28422

The architectural overview, execution overview and CPU1 execution output from Overture
Showtrace, can be seen in A.10, A.11 and A.12 respectively.
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Figure A.10: Screenshot of Overture Showtrace - Architectural overview.

Figure A.11: Screenshot of Overture Showtrace - Execution overview.
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Figure A.12: Screenshot of Overture Showtrace - CPU1 execution.
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A.9 JAVTU Framework Status

At the current stage of implementation, the JAVTU framework has a number of limitations,
due to the fact that all state information is acquired at the application layer, as opposed to OS
layer (e.g. virtual OS layer in VDMTools). For this reason certain log entries does not have
any impact on the trace. E.g. OpRequest/OpAuvtivate does not have the intended behavior
where an OpRequestentry identify that a request for execution has occurred andOpActivate
identify that the execution has commenced. The same is the case witMessageRequesand
MessageActivate When a MessageRequesbccurs when executing model in VDMTools, the
MessageActivate will not appear until the BUS is available. An additional restriction is that
only one thread per CPU can exist, due to the early stage of development. No apparent reason
have been identi ed for this not to work with multiple threads, however this is again widely
dependent on the amount of information available from the JAVA virtual machine. These
issues may be solved by using some kind of Java Virtual Machine hook methods or by using
the Java VM Debug interface to obtain relevant information. The accuracy of the log entries,
in regards to time, cannot be improved, without being able to obtain detailed information
about the underlying execution behavior of the JVM.

With the current design, the JAVTU framework is very invasive and a user must insert
many identical method invocations. This not only makes the code harder to read, but also
make the program subject to a more error prone behavior, in regards to the trace les. Entries
such as operation cycles could be hidden by utilizing a kind of execution pointer or execution
object based on a Decorator Pattern [GHJV95]. Entries such as message request cycles are a
little more complicated since they rely on which type of communication technology is used.
In this demo application, JAVA RMI was used. However an application could just as well
be using a Corba ORB such as PrismTech's JacORB [Jac07] or even a third middleware
technology. So in regards to BUS communication there's no easy way to solve this. Either the
developer use JAVTU as demonstrated or to some extend wrap the middleware technology of
choice which declare message request cycles implicit.

Another issue brie y discussed in the Post Processing section, is the unknown runtime
state information in regards to MessageRequesegntries. No apparent automated methods has
been identi ed to solve this and the user has to manually insert the correct object reference
(see gure A.9). If a JAVTU project contains hundreds of MessageRequestshis step could be
very tedious and subject to many errors which can be very hard to nd. The MessageRequest
object instantiation could easily be altered to include an identi er or a textual description.
This would allow the JAVTU Merger application to group identical MessageRequesentries
and more importantly group the object reference assignments. This will however only work
when a MessageRequestommunicates with the same object reference at all times and this
may not always be the case. By leaving an identi er or clue for the user, it will be considerably
easier to match the object references to a message request.

Due to the use of JAVA's own serializable service]O.Serializable, to marshall generic col-
lections used inJAVTU.TraceUnit and JAVTU.JAVTUCore , the JAVTU framework cannot
be used in conjunction with the J2ME platform. To deal with this issue, explicit implemen-
tations of the serializing routines must be speci ed for all collections and other non atomic
types used in the JAVTU framework. Currently there is no JAVA road map showing seri-
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alizing support in J2ME due to the vast resource requirements used to perform this type of
operation.

A.10 Concluding Remarks

Even though certain aspects of JAVTU is impractical, the framework does work for the in-
tended use. For this thesis a distributed logging utility was needed, which mirrored the
behavior of the VDM++ execution traces and was compatible with the Overture Showtrace
tool. This was achieved and a formal VDM++ model and an prototype implementation can
now be compared side by side, using the same set of tools and procedures.



