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1 Preface

This document describes how to use the AGETOR® kograce systems. This includes an
introduction to basic log and trace concepts antcjmies used by the system, an APl walk-through
and a number of code examples of increasing cortplex

1.1 Audience

This guide is written for developers who want téeract with the AGETOR® Log & Trace
framework in order to generate log and trace evientthe AGETOR® Log service.

1.2 Typographic conventions

» Text marked withtalics refer to other publications or definitions of cepts
» Text marked likeabstractClassName, identifier, myCoolFunction() andcmd refer
to executable commands, identifiers or literal cexleerpts

Issues requiring your special attention are presklike this!

1.3 Requirements
You need an AGETOR® installation to use the Log i&de framework.

1.4 Acknowledgements

The software described in this document includdsvane developed by the Apache Software
Foundation fttp://www.apache.ong

2 Introduction

The AGETOR Log & Trace system (L&T) is a java implentation that allows distributed event
and document trace logging. The system uses theTRE® ORB subsystem for delivery of L&T
events to a central Log Server (LS). The LS peysiata in a database.

The logged events forms the basis of a centralmegteillance and notification system that
allows presentation of events, their source anéritgvas well as the flow and transformation of
documents through the AXT® business integration maments.

The Log & Trace systems may be used independdrglypne may use the centralized logging
API provided without using the Trace API and vicesa.

3 Log API

L&T uses the Apache Commons Logging package asnatap layer for framework independent
logging. By default Log4j is the chosen and supgmbriog framework used beneath Commons
Logging. L&T uses an extension factoryDKLogFactory ) with Commons Logging in order to
prefix loggers (names) with information relevantandistributed context. E.g. logger names are
prefixed with an application id so information fratifferent applications may be distinguished.
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A number of appenders are plugged into Log4j so lthgainformation may be sent to different
destinations. Specifically a distribution append@isitog ) takes care of the ORB-based
guaranteed delivery to the Log Service (LS).

3.1 Configuration and necessary properties

In order for the L&T system to work properly a nuenlof properties should be passed to the JVM
at start-up. In a ordinary AGETOR® installationgbesettings are correctly set on installation.
However when running your own Java programs in AGR® context you should provide an
application id as a propertynless you give this id explicitly programmaticaliyren initializing
loggers.
The property is given to the JVM for the L&T systéoruse by the argument:

-Dagetor.logging.appid=my-application

When logging or tracing, the application id will Agached to the logged information.
The remaining properties (automatically handledimPAGETOR® installation) are shown below:

-Dlog4j.configuration=file:/C:\projects\adk_logging \conflagetor\logging\log4j.properties
-Djava.util.logging.config.file=C:\projects\adk_log ging\conflagetor\logging\java_logging.properties
-Dorg.apache.commons.logging.LogFactory=dk.bording. inside.logging.ADKLogFactory

These properties specify log configuration files f@g4j, Java Logging (remapping to L&T) plus
an extension factory that should be used by Ap&drmamons Logging for the L&T system to work

properly.

3.2 Obtaining a logger

To log events a class must obtainogger. The logger exists in a logger hierarchy and this
hierarchy is given by its name. Typically log frammeks like Log4j and Java Logging
recommends the fully qualified classname for tlggy name.

3.2.1 Example

When using AGETOR® L&T Apache Commons Logging isifogured to use theDKLogFactory
class for Log instance construction.
Obtaining a logger using the standard Commons lraggiethod is:

logger = LogFactory.getLog(TraceExample2.class);

If an application id has been given as a Java ptp@ad you don’'t need to specify a specific
logical group that logging should fall under, tiisall you need to get going.

In case you wish to assign a certain applicatioi idll logging at runtime, there are two ways of
achieving this: (i) attachingappid to running thread or (i) explicitly giveappid to
ADKLogFactory . Attaching an application id to the current exewthread and all sub-threads that
it spawns is done by calling the method:

ADKLogFactory.setAppID(String appld);

from the executing thread. Note that thimsistbe done before obtaining the logger from the
Commons log factory.
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Alternatively you may go directly to theDKLogFactory . The ADKLogFactory provides a
number of static methods for obtaining a loggeude in the scope of a class instance. The factory
methods allow more or less information to be gilsgrthe user. E.g. the may explicitly specify the
name of the application as well as a logical logugr If not given the application id deduced from
Java properties (se above).

You must always specify a logger name which shbelthe fully qualified name of the class that
wishes to log. Methods exist for constructing thasne from a simple reference to the class itself:

private static Log logger = ADKLogFactory.getLog(Tr aceExample2.class);

To obtain a logger for a specific name and logicglgroupcommunication ~ your may state:

logger1=ADKLogFactory.getAppGroupLog(this.getClass( ),"MyApp2", “communication”);

The effect will be that log information is senttbe log group named:
adklog.MyApp2.communication.<classname>

This allows separate configuration (filtering, himglrouting) of log information to this group
apart from other groups under the application.
Once a logger is obtain you may log informationaamumber of logging levels as shown below:

if(logger.isDebugEnabled()) {
logger.debug("Now at this point in code..");

if(logger.isinfoEnabled()) {
logger.info("The program was started.");

}
if(logger.iswarnEnabled()) {
logger.warn("Memory is low");

if(logger.isErrorEnabled()) {
logger.error("File could not be read");

if(logger.isFatalEnabled()) {
logger.fatal("Licences expired — halting executin a");

try {
throw new Exception("Exceptions was thrown!");

} catch (Throwable t) {
logger.fatal("Exception during ... processing”, t);

}

Note thatguard expressions checking if the logger has the logllevquestion enabled are used to
reduce unnecessary resource consumption.

Logging recommendations

Obtain a logger once in the lifetime of the classtance. Obtaining a new logger for each log
statement made st good practice.
Use guard statements to ensure that the loggethkeasequired logging level turned on before
attempting a log statement for that level. Otheeviiee execution will use unnecessary resources.
If your application is a stand-alone applicatiomyoay give the application id as a command line
property. If, on the other hand, your applicatienexecuting in an application container (e.g.
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Tomcat), several applications will co-exist and meach specify their application id to the log
system.
TODO: more about thread local binding of app-id

3.2.2 URL submission of log data

For external systems log information may be suleuitb the L&T system through an URL using
the HTTP GET-method. The format of this URL shooddthat of an URL constructed by a browser
from an ordinary form input with certain fieldselthe format would be similar to:

http://localhost/serviet/dk.bording.inside.logging. external. ADKLogServlet?machin
e=acmeserver&project=myproject&apid=hellologsystemé& .

etc.
The required fields may be deduced from the examphgput form found in
agetor/logging/logentry.html| . This input form may be used from the frame page
agetor/logging/logentry.html to submit test log submission against a runningEAGR®
installation.

If you create your own URL you should ensure thas icorrectly URL-encoded — i.e. spaces are
converted to special escape sequences etc.

Due to limitations in naming of loggers in the Ldglamework, your machine and project names
should be valid ids — they should not contain whkijpace, periods or special characters. However
you may use any unique id for a machine or prdjeet the id need not actually be the name of the
machine or project though this is probably moreitite during later log data inspection).

4 Trace concepts and API

The AGETOR® Trace API (Trace) requires the undeditey of a number of basic concepts and
entities necessary for catching and reconstruetidgcument trace.

4.1 Transformers, documents and trace graphs

A document trace consists of an initial documemn¢éw e.g. a receive event - in an application and
all transitively related documents. We shall dadl process/thread/application that causes document
events for théransformer Thedocuments a generic set of data in any representationirival
trace emerges as the document is exchanged witdr tlinsformers or when the document is
transformed to a new document instance. This Jittage connects the original document with all
transitively related documents and effectively fera directedgraph [1] where documents are
nodesand exchanges, transformations and other typedaifons areedges

The most basic transformation is converting a daminto another data set. A more complex
example is the splitting of a document into severthler documents. The base line is that the
original data set is related to one or more data sed this relation is itself related to the
transformer performing the relational actions.

The AGETOR® trace APl may be used for generatingudtent relating events that allows the
reconstruction of the virtual graph as an actuauai graph or alternatively a related set of
exchange and transformation events in a textuatemtation. Figure 1 illustrates how such
document flow could be visualized. Yellow squarepresent documents (nodes), arrows (edges)
illustrate send, receive, transforms and splitsdo€uments and the surrounding nested boxes
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illustrates hierarchical organized transformers application contexts. As can be seen the
exchanged documents form a graph with a hierarétwansformers superimposed (the transformer
hierarchy may also be viewed as a way of defininggraphs).

= machine-
= Jum-1:appf
= main
1=l splitt = jvm-2.TranslatorServicd
E:tema/ = mair]
E’ - translator:1
Bk . -
| | L —
R
/// =l translator:3
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I
2 nt
(= translator:
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Figure 1. Transformers sending, transforming, receiing documents

4.2 Unique document ID’s and link paths

Documents that are to be traced must be assigrazblhyl unique ids. When documents are
exchanged across applications and machines (s=stiyved) the document iusttravel with the
document data set in order for the receiving tr@msér to relate the receive event with the send
event (binding together the two documents in tlzphy.

The Trace API allows the construction of unique woent id instances (aka DID’s) . These
encode the machine name, the JVM-id and a seqligntiereasing number and are thgi®bally
unique The class DID contains this information and insts are simply created with

DID did = new DID();

Since objects cannot easily be exchanged in diggthenvironments, a string representation of the
DID is used rather that the object itself. Thergfniepresentation is obtained with

String didString = did.toString();

and this string contains the machine, JVM-id arrtmber in a Base64 [2] encoding.
To uniquely register the traversed path of exchdndecuments, gpath string may be

piggybacked with the document string. This pathemcoded into the document string by the
SendEvent class as we shall see later.

4.3 Hierarchical transformers

Transformers are hierarchically structured such dm& transformer may be the parent of multiple
child-transformers. With respect to the Trace ARiInsformers are merely an abstract concept in
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that the transformer instances used for generagvent do not perform any transformation,
exchange or document splitting for that matter.tA# actual document processing and exchange is
the responsibility of the application that uses Tnace API and the Trace APl merely records the
events. Thus one could generate events for comistgugraphs showing send/receive/transform of
documents without actually doing any document sendr transformation!

A root transformer may be obtained by a statemiket |

‘ TID rootTID = TraceFactory.createRootTID(ADKLogFact ory.getApplD(), "main"); ‘

The transformerootTID is given the type namenain” and is registered with the application id
returned from th@DKLogFactory by thegetAppID() method.

Now a child transformer could be constructed with methoctreateChildTID() . The method
takes the name of the child transformer.

‘ TID tid = parent.createChildTID("converter"); ‘

Structurally this creates the following relation:

main

\ 4

Logger: main

converter

\ 4

Logger: main.converter

l.e. the child (orsub-transformer relates to its parent transformer (has a ref&enthe parent
transformer will use the logger namedain, whereas the child uses the logger called
main.converter  (see below).

4.3.1 Logging as transportation mechanism for trace events

The TID class is representing a transformer node in testormer tree. It wraps a Log-instance
which it uses for logging document trace eventsif@rmation about the event is encoded into a
string which is sent as a log message). The hieiak transformer naming is directly used as
logger name. Normal application name and logicaluigrprefixing is applied under the hood such
that trace events spawned from the child transforcoastructed above would go to the logger
named adktrace.myapp.none.main.converter (if we assume that the application name is
myapp) . The default group usedrsne.
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4.3.2 Transformer instances

Whenever a transformer is constructed it getaasformer instance namwhich is unique
throughout the run of the JVM. The instance name énaierarchically structure corresponding to
the name of the transformer but with the differetitat each level of the hierarchy is a unique
number. |.e. the multiple calls creating a transier results in different instances:

TID tid1 = parent.createChildTID("converter");
TID tid2 = parent.createChildTID("converter");

Produces instances with naming:

11
1.2

for the two transformers. Since the parent tramséoris the same the leftmost 1 is the same. For
each child an increasing number indicates a nevanee. The Trace system only requires that a
new transformer gets a unique instance numbetddtdavel” in the instance hierarchy whereas the
instance prefix must be the same for two childrethe same parent transformer.

You may think of the transformer name, engun.converter , as the type of the transformer
whereas the instance names, 3.or 1.7 identify instances of the type.

4.4 Document events

Document events are generated from transformers.timsformer classrip) contains factory-
methods that returns new instances of the evedtgnégrnally relates the events to the transformer.
As mentioned, all trace events results in log evesing the.ogger instance of the transformer.
The log message text is used for encoding the irdoamation into a string representation that is

decoded in the Log Server and persisted in dedickizce tables.

Internally the trace event classes all hold a tptaperties (Java Property class) with all recgiire
event information held as name/value pairs. Theokgiroperties is simply serialized into string
representation and sent as the log text message.

All the document events follow a simple pattern:

e = tid.create XXXEvent()
try {
/I do the document processing
e.commit();
} catch (Exception ex) {
e.fail(“couldn’t process document”, ex);
}

The events differ slightly in what parameters aneelg to the commit method and what other
methods are available. The following sections diétei available event types.

4.4.1 ReceiveEvent

The ReceiveEvent is used for registering that a document is reckividne document may stem
from a source that did not construct a documerfobidche document in which case one must be
constructed at the time of receive.

AGETOR® Log & Trace — Programmers Guide
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If, on the other hand, a document id string is sk through the receive channel with the
document, it is important that the receive evegeiserated for the document id string received.

4.41.1 Usage
The example below illustrates how the receive evergenerated having a document id string

(src_did ):

TID tid = parent.createChildTID("converter");
/] generate a receive event

ReceiveEvent re = tid.getReceiveEvent();
re.commit(src_did);

4.4.2 SendEvent

Generates a send event. This event is speciaafrathinput document id string must be given and a

resulting document id stringnustbe obtained from the class. This is because tiardent to be

sent may have encoded path information that shoeikeixtended with further path information.
When a document id is first created with the nevid(pImethod, a zero-length path string is

encoded into the document string. When the documesgnt, a new unique path suffix is appended

to the string thus generating a path like:

A

This path is encoding into the document string #mu not directly visible in the base64 encoded
string. When the document string is received byttarotransformer, this transformer may want to
send the document on and in order to distinguidtvdeEn document received/sent thru differing
paths, the document string is suffixed with a nexgue path number — e.qg.:

117

which is encoding into a resulting document idrgfriThe example below illustrates how a send
event is created using a received did string. Tésulting did-string is obtained with the
toString() method which encodes a new extended path stringhe document id string.

/I now send the result and register the sending
SendEvent se = tid.getSendEvent(receivedDIDString);
String sndDID = se.toString();
try {
/I the actual send. The DID is carried to the rece iver somehow
send(sndDID, out);
se.commit();
} catch (Exception e) {
se.fail("Error sending document”, e);

}

4.4.3 TransfornEvent

The transform event accepts a source did stringpag and is able to generate a resulting did gtrin
with thecreateResultDID() method.

TransformEvent te = tid.getTransformEvent(src_did);
try { _

/I transform input to output

transform(in, out);

AGETOR® Log & Trace — Programmers Guide
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1 ok, the transform went well we register this
te.commit(te.createResultDID());

4.4.4 splitEvent
See source examples later.

4.4.5 Rel at eEvent

Relates one document to another effectively for¢imgm to belong to same document trace. The
example below illustrates how two documents (cowtdiin thedpair object) are explicitly forced

to be related using th&elateEvent  obtained with thegetRelateEvent() method of a
transformer. The compact code example obtainscamimits the event in one line.

ll."?f#
* Explicitly relate the input document with the generated
* prror output documeht S0 they are registered for same trace.
Lt
tid.getRelateEvent (dpair.get3ource (] ) .comnit (dpair.getResult () ) :

The typical usage is whenever a document emergesstimot related to another document directly
by send/receive or through transform/splitting. Erample if an email is sent in response to some
document transformation then one may want to regitte sent document as related to the
transformed document.

4.4.6 Attachl nfoEvent/AttachTracel nfoEvent

Attaches information about a specific document racé to the document/trace. The attached
information is simply name/value properties that stored with the document/trace in the database.
In Listing 1 a transform is made from one documemtanother. This is followed by an
AttachinfoEvent on the result (line 75). In the subsequent litese document properties are set
on the result document. The first two are type i@fference) which have convenience methods on
the event. The third property is a user definegerty (“manual-processor”) thus both name and
value is given to theetProperty() method.. The finatommit() sends the properties to the

server.

The following code sequence attaches propertiegsedrace that the resulting document is part
of. Thus any document part of the trace could hdeen used as argument to the
getAttachTracelnfoEvent()

AGETOR® Log & Trace — Programmers Guide
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64 TransformwEvent te = tid.getTransformEvent (src_did);

65 try |

GE S transform input to output

a7 transform(in, out);

353 ff ok, the transform went well we register this

(7= te.commit (te.createResulcDID () )

70 A4 also zet the result of this transformer in the

71 fAf dpair az result for the caller to use

T2 dpair.=setFesult (te.getResult ()] ;

73 S Birmulate extraction of docuwent info and registration of
74 S document type and reference thru AttachInfoEwvent

75 AttachInfoEwvent ae = tid.getlittachInfoEvent (te.getResulti(])
76 ae.sethocType (Morder batch™) :

7 ae.setbhocRef ("order 3444323-1"7);

= ae.setProperty ("manual-processor™, "hho');

7a ae.commit () ;

=10

= AttachInfoEvent aeiZ = tid.getlAttachTraceInfoEvent (Ce.getBesulti(l):
S2 gael.getProperty("name™, "Acmwe Inc. order processing™):

53 ae.setProperty("prioricy™, Mmedium™) ;2

54 aes.commnit () ;

a5 f¢ now send the result and register the sending

86 JendEvent se = tid.getiendEvent (te.getResult ()]

87 Jtring sndDID = se.tol3tringl():

[=1=] try |

59 ¢4 the actual send. The DID iz carried to the receiver somehow
Q0 send(sndDID, out):

91 Se.contnit () ;

Q2 + catch (Exception e) |

93 se.fail ("Error =sending document®™, e);

Q4 H

[i—sting 1. Attaching info to trace and documents

4.4.7 AttachTransformerlnfoEvent
Yet to come

4.4 .8 CheckPoi nt Event

The CheckPointEvent  is used for displaying useful information to thedeuser about the current
state of the transformation process. The infornrmasiopplied with a checkpoint event is displayed
directly to the user. Furthermore the descriptmncheckpoint is stored in a separate database tabl
and thus has no relation with other events whatoéihe only thing that binds a checkpoint to a
trace is the document it references.

Unlike other events a checkpoints sole purposenisrmation/logging and therefore it has a
separate level determining the importance of tifiermation to display. These levels are equivalent
to the ones found for log messages i.e. (DEBUG,INFARNING,ERROR,FATAL). Default is
info.

4.4.8.1 Usage
The example below illustrates how a checkpoint evergenerated having a document id string
(src_did ):

CheckPointEvent cp = tid.getCheckPointEvent(src_did ); /] create a checkpoint event

cp.setLabel(  "Transformed input to UPPERCASE" ); /I set the checkpoint label/description

AGETOR® Log & Trace — Programmers Guide
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cp.setLevel(  "INFO"); /I setthe checkpoint level
cp.commit();

4.4.9 Piggybacking properties on other events

Though explicit attach events exists, one may giggik document properties on any of the other
events. ThesetProperty(), setDocType(),  setDocRef()  andsetDocExternalRef() methods
are all present on the other event types. For evienblving one single document the properties
pertain to that document (e.g. send, receive).elents involving two documents (relational events
as transform, split, relate) the properties pertaithe “to” document (result/target). Piggybacking
document properties result in better performanea thsing two individual events. See example
section for a piggybacking example.
Trace properties may not be piggybacked.

4.4.10 Functions and events

The L&T API support a simple function abstractidmatt allow the user/applications to relate
functions to trace events and documents. The fomgtsimply resolves to URL-strings in the L&T
GUI and these URL should provide the functionalitythe shape of e.g. a web-page that could
manipulate a document in kind of way. l.e. the iempéntation of the web-page is completely the
responsibility of the application developer thaates the functions.

Thus the function abstraction is a way to extered@JI of the L&T system in a context-sensible
way. The GUI allow client applications to registee URL information that will open a page on a
remote machine.

Functions may be attached either as part of anatbeument event or by explicit stand-alone
events refering to a previous event or documend. [&tier requires more communication but allows
attachment of multiple functions to an event oruoent. It also allows for the attachment to be
postponed in time with respect to the original even

At present the AGETOR AXT system attaches functimngransformation events that allow the
user to open a web-page that details the erroraflod/s for download of the failed input-data.
Similarly the DDS-server attaches a redelivery-fiolc when a document delivery fails. This
redlivery function (URL) opens a redelivery-web-padgrom which the user is able to
inspect/modify delivery properties for a documestveell as up/download the document data for
local inspection/modification.

4.4.10.1The FunctionHolder class
This class is used for creating the function thaidd be attached to a document or event. The class
accepts the following parameters

e URL base
+ function name
e aparameter set

The class is used in connection with the functittach event described in the following sub-
sections.

4.4.10.2Attaching functions using other document events

The document events allow the attachment of onerdeat function and one event function. This
is achieved by calling thsetEventFunction() and setDocFunction() on the document event
passing &unctionHolder  instance as argument.
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The example below shows how a document functiqaiggybacked on a send event. This has the
effect that the function is attached to the sowtoceument of the send event. In the example the
relative URLAXT/dds is given as URL base. The function name is dowhldais results in an
URL in the L&T system with the value: http://<It-
hostport>/AXT/dds/download?docid=dds/<jobid> " where<jobid> is the result of thegetld()
function below.

SendEvent se = tid.getSendEvent(cfg.getDID(), "er ror-repository ("+newPath+")");
fh = new FunctionHolder("AXT/dds", "download");
fh.setParameter("docid", "dds/"+jobInfo.getStatus ().getld());
If the URL base is absolut (e lgtp://<server>:<port>/path) then this absolute value will be

used of course. In the L&T GUI the function will beailable and indicated by a function icon in
the user interface.
The next example is similar but attaches a fundimoime send event itself.

FunctionHolder th = new FunctionHolder("AXT/dds", "redelivery");
fh.setParameter("docid", "dds/"+jobInfo.getStatus ().getld());
se.setEventFunction(fh);

4.4.10.3 AttachEvent Functi onEvent
This event allows the attachment of a function moexent. The event to which the function is
attached has already previously been submittedimraider to refer to the previous event you
should pass the event id.

In the example below a function is constructechim first two lines. In line 3 the event attaching
the function to the previous event (se) is creaiéd arguments are the document id that was used
for the previous event (as source), the previoeseand the function.

fh = new FunctionHolder("AXT", "laterFunction");

fh.setParameter("later-did", cfg.getDID());

AttachEventFunctionEvent aef = tid.getAttachEvent FunctionEvent(cfg.getDID(), se, fh);
aef.commit();

PwnpE

It is possible to avoid keeping the reference o phevious event and only keep its internal event
number (a string). This is illustrated below whére reference number is taken from a send event

(se) and later used getAttachEventFunctionEvent method as an argument rather than the event
itself.

5. String ref = se.getEventNo();

6. FunctionHolder fh = new FunctionHolder("AXT", "xfm err");

7. fh.setParameter("myparam®, "myvalue”);

8. tid.getAttachEventFunctionEvent(did, ref, fh).comm it();

4.4.10.4  AttacheDocunent Functi onEvent
This event is similar to thattachEventFunctionEvent but only needs theid of the document
and aFunctionHolder  reference.
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4.5 Summary
» Traces are graphs where documents are nodes ant$ €send, receive, transform etc.) are
edges

* All documents have globally unique id’s
* Trace events generates data allowing the recomistnuaf the trace graph (for visualization)
* Document events are generatedraysformers

» Transformers uses the AGETOR® log system for guaeghfirewall indifferent event
transport

« Transformers may be nested creating a transforreearchy

» Transformers have a hierarchical names (aka tremsfotype)

* Multiple instances of a transformer may be creai@ch having a unique instance id

» The events from a sub transformer correspond tdasaph in the trace graph

» Send/Receive events serves to illustrate exchahgecoments

» Transform events serves to illustrate documentstoamations (one-to-one relate result to
source)

» Split events serves to relate document fragmentsiginal document (one-to-many)

» Attach events serves to relate simple name/valeeepi of information to either document
instance or traces (e.g. an order number)

» CheckPoint events serves to ease the understaadihgisualization of a trace.

5 Trace database and objects

The document and trace events are persisted ihdbedatabase (through Log Server). When the
event arrives (as a textual string in a log megsalge LS splits it out into a number of tablesesé
tables have been normalized to reduce space coitypdexd redundancy.
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O Trace
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@ firstEvent
@ lastEvent
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Figure 2. Hibernate Trace objects used by Log Server

Corresponding to these structures are a numbeavaf @Qbjects (used with Hibernate) that support
automatic association and lazy load of associabgects (Figure 2). E.g. thRaceEvent structure
has a reference to theace to which it belongs, while therace holds a list of references to the
relatedTraceEvents

5.1 Trace

All events that are related through the exchangthefsame documents end up belonging to the
same Trace. Sometimes events arrive to the LogeBewt of order from many sources (e.g. 2-3
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different machines) even though they are part efstime document flow. The Log Server seeks to
deduce the trace that events belong to. At sometpdhe lack of one “binding” event (e.g. a
transformation) may cause the server to createdistinct Traces until the missing event arrives
later. Then the two Traces are merged into one.

For each trace deduced, a Trace record is madetrate record holds the time interval of its
related trace events. From the trace object afiatl trace events may be obtained. These are lazy
loaded by Hibernate on request.

The Trace record also holds any trace propertieslad during program execution (using the
Attach event type)

5.2 TraceEvent

The TraceEvent object is the central object oftthee database. One record exists for each send,

receive, transform, split and relate event gendryeprograms. Th&raceEvent has the following
fields:

Field Description
Transformer A reference to the Transformer instance that géeérthe record
Trace A reference to th@race object.
Error A reference to agrror record (if any)
Timestamp The time that this event was generated
Event The type of event. This is a one char indication.
s =send
I = receive

¢ = checkpoint
t = transform
S = split

R = relation

If the event was error-prone, the type is prefingith an e for error. E.g.
es, er, et, eS.

Document A reference to the (source) Document object of ¢visnt. Some events
have a resulting or related object (transformatsphif, relation) that ar
stored in the sub-class&sicRelation , DocSplit

[¢)

tid The transformer instance id. This important piecmfmrmation reveal
how the transformer that generated the event iate@lto parern
transformer instances.

"2

~—

5.3 DocRel ati on

This is a sub-class of the TraceEvent. It exteh@sttace event with information about a related
document. If the base event type is transform H&ntthis object simply holds the resulting
document id of the transform.

If the event type is R (relation), this object teottie document id of the related document.

5.4 | CEvent

This is a subclass of the TraceEvent. It is usednskier the event type is Send or Receive. The
object holds the path (see 4.4.2 for descriptidrih® event and this information should be used for
binding together related send and receive evenenwiisualizing the flow. l.e. the transformer
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instance generating an send event with a speatic for a specific document have a “link” to the
transformer receiving the same document instanttetive exact same path.

Besides, a plain text description/id of the peéffraen the document was sent is present
(peerDescription ). This description should be used when no cornmedipg IOEvent can be found
in the trace since it gives a textual informatidwo@at the source or destination (€fijje system” or
“FTP-server ftpserver.acme.com:2)L”

5.5 DocSplit
This sub-class of TraceEvent is used when the aypatis S §plitEvent ).

Field Description

T_split_id The id of the split within the transformer that reatie split. l.e. if the
same transformer does multiple splits of differ@atuments, all events
of the same basic split will have the samsplit_id (The id ig
assigned by thseplitEvent  class when it is constructed).

segNo The ordering on documents split from the same dasament.

5.6 Transforner
The transformer record holds a reference to thedtahthe LogGroup.

Besides it holds properties of the specific tramsfr instance (if any). Particularly the “desc”
property is used for attaching transformer infoiiora@tescription by users and have this visualized
in the GUI as part of transformer names.

5.7 Run

The Run record holds the application ID, JVM ins@@and a reference to the Installation on which
the run was made.

5.8 Installation
Holds the machine and project name of the Tracateve

5.9 LogG oup

The log group is equivalent to the logger or transier name. It is the hierarchical (dot-separated)
name of the logger/transformer that made the evEérg. if a sub-transformer of the main-
transformer calledplitter generates an event, the log group wilhian.splitter

The name may be viewed as the transformer typeeakdhe tid field of the TraceEvent records
Is the instance. Many instances may exist of theesigpe.

5.10 ErrorRec

This object holds an error (if any) and may con@merror text and a more elaborate exception
trace.

5. 11 Docunent

One Document object exists for each unique docunfmmd from traces. Note that multiple
send/receive events of the same document withrdiffgpaths does not result in more documents.

The document object holds the document properties were attached by programs (using
Attach events) during their execution.
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6 Example programs

This section gives examples on how to use the TA&RIefor registering document flow events. A
number of programs exercising increasing complextig/provided.

6.1 Examplel: ReadTransfornsend

This example illustrates how a program may regisézeive, transform and send events for
documents. The program reads a file from disksfi@mms the content and store the file back. This
corresponds to the three event types: receive (filersystem), transform and send (to file system).

All events are made from one root transformer fompdicity. Later examples will show the
usages and document exchange with more transfdevels.

6.1.1 The plain Java code

Since we wish to accept input frosnlin - and subsequently write output d¢@lout . Redirection
could be used from a prompt to have input takemfadfile and sent to an output file.
The plain Java code is show below:

public class EReadTransformZendPlain |

public void runExasmple (] throws IOException {
ll.’?f?f
% RBead the file content to a buffer
G

String inStr = null:
String outStr = null;

BufferedReader br = new BufferedReader (new InputItreamBeader (3Iyatem.in)):

StringBuffer shuf = new StringBuffer():
Jtring line;
while((line = bhr.readLine()]) '=null)] {
shuf.append(line+"\n") ;
H
ingtr = sbuf.to3tringi():
ll."**
* Transform Lo uppercase
L
out3tr = inftr.tolUpperCase():
ll.’?f?f
* Write back the transformed content to a file
G

Jystem.out.print (out3tr) ;

public static void waini(3tring[] args) throws CommmahdLineException, IOException §
ReadTransform2endPlain ex = new ReadTransformlendPlaini):
ex.runExample () ;
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6.1.2 Enriching with trace events

The three main functions of the program is to r@adeive), transform and write result (send) the
data. We shall now enrich the code with Trace evémat will register these events and create
appropriate document ID’s. The example uses ongytmansformer (main) for simplicity.

6.1.2.1 Transformer creation and the receive event code

an public void runExample() throws Exception {

31 String inStr = null:;

32 String out3tr = nmll;

a4 l,.-'-.Hr

34 * Ohtalin a root transformwmer instance and hame it 'mwain'.
35 w/f

36 TID tid = ADETraceFactory.cregteRootTID(ADELogFactory. getdppIDi()
v ; Mmain®™, nuall):

38 lI."'.’..".’q.'

39 * RBead the file content to a buffer

40 *

41 /¢ Create a newv receive event object. ALlso create a brand new
42 A document ID gince we dont receive one with the input.
43 FeceiveEvent re = tid.getReceiveEvent () :;

44 Jtring docId = new DID() .to3tringi):

45

45 try {

47 BufferedReader br = new BufferedPeader (new InputStreamBeader |
45 Svstem.in)):

49 GtringBuffer shuf = new 3tringBuffer():

=18 Itring line:;

51 while [((line = br.readLinei)l)] '= null) {

= shuf.append(line + "Wnu™):

53 ¥

L4 in3tr = shuf.tol3tring()

EL re.cowmit (doeId)

56

57 } catch [(Exception e)

1= re.fail("Unakble to get input, 7 );

59 throw e:

a0 }

The code snippet above shows how the reading oft ispenriched with Trace Receive events. In
line 36 the root transformer instance is createdinle 43 a new receive event object is made. We
uses this to register when we successfully recaig@cument or have an error while receiving a
document.

Since the “document” is a number of text lines ot#d from stdin there is no existing
document ID for this input. Thus we create a newudaent ID in line 44. This ID must be used
when we register the successful receivement of auirdent. Normally this will arrivewith the
document through the communication channel butmotr simple example.

In lines 47-54 the reading and in-memory storinglata is done as before. We have surrounded
the I/O with a try/catch construct so we can hasdiecess/failure by either commit’ing the event or
fail'ing it.
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The snippet above will send a receive event tolthekend system with information on the
transformer and document ID involved. The event el part of a trace containing all events that
are related by sending/receiving or transforming.

6.1.2.2 Transformation event code
The next section of code shows how the transfoonas registered.

61 II."**

B2 * Transform to uppercase

63 w

4 ff create a transform event

6o TransformEvent te = tid.getTransformEvent (docId)
13 try {

a7 /¢ The actual transform

%= out3Itr = indtr.tolUppercCasel):

=] J/ comoit with & new result id

70 te.commit () :

71 } catoch (Exception e) |

T2 te.fail("Unable to tran=sform input string™, e):
73 throw e:

74 h

In line 65 a transformation event object is mads.aéigument we give the document ID that we
created previously. This is important since we wishregister the transformation of the data
represented by that document ID. Again we usetriftatch  and commit/fail construct and
abstraction. TheransformEvent.commit() automatically creates a new document ID for the
result that may be obtain subsequently if necegsasy below).

The effect of this event is that the original arelvndocument ID’s are registered as related by
transformation in the backend database. Thus teegrbe part of the same overall trace.

6.1.2.3 Send event code

Finally lets see how to register the send of a dwmnt.

75 fuw

TG * Write back the transformed content to a file
77 *

= /¢ Create a send event object and use the resulting docwument
= A4 id from the previouz transformation

=1} JendEvent se = tid.get3endEvent (te.getResult ()] :
o1 try {

S Iystem. out.print (out3tr) ;

83 Se.commit ()

54 } catch [(Exception e)

85 ze.fail ("Could now write back result®, e):
=] throw e;

&7 }
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In line 80 the resulting document ID from the poms transformation is given as the ID of the
document we are sending (physically sending toledstiiout ). lllustration 1 shows how the
transformer (main) is related to the events thatalated to document ID’s (1,2 for simplicity).

‘ main ‘

lllustration 1: One transformer and tree events birding documents together in a trace

Besides the transformer and events are registergdinformation about the ID of the running
program, the machine, project, JVM instance ancktrothformation necessary to present traces
subsequently.

An abstract depiction of the exchange is givenigufe 3. It shows how the main transformer
receives the document denoted 1 from an externaiceo The document is transformed to
document 2 which is sent to the external sourcehSa depiction could be created from the
send/transform/receive events that are involvezbmunction with the used transformer naming. In
lack of events generated from the external souficesthere is no transformer who have actually
sent document 1) a program could simply createnanaly transformer denoted external or similar
and depict that the document was sent from there.

We shall use this kind of visualization for theldo¥ing examples as well since they present the
document flow and transformer hierarchy in an e@agsglable and intuitive manner.

[=] main

Figure 3: Abstract graphical depiction of document &change

The main transformer executed in an applicatiotamse in a specific JVM-instance on a specific
machine. One may think of the complete executiontedxd as being a higher level container or
transformer in which the main transformer is camdi We could illustrate this as in Figure 4
where <m>:<jvm>:<app> would be replaced with actmachine, JVM-ID and application name.
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(-l <m=:<jvm> <app>

(=] main

(-] external

Figure 4: Execution context depicted as a "mother" ontainer of transformer

6.2 Hierarchical Transforners

In applications where complex nested processingstakace it is required that we are able to catch
the nested layers of processing. E.g. a main psocesay want to delegate parts of the processing
to a sub-transformer/processor. The motivation rmklgapturing the processing hierarchy and
division is that this allows a subsequent presamtaif the actual processing and allow that palrts o
the processing is collapsed/expanded to hide/dadsdd=.g. a higher level processor could show its
event while all sub-transformer events were hiddaeaer an expandable node.

We both need to catch the nesting of transformetsalso the exchange of documents going on.
The figure Figure 5 below shows our processing fl@fore but now with the transformation being
done in a sub-transformer namedTransformer

(=] <m=: <jym=:<app>
= main
= UCTransfarmer
=] external
//

-

Figure 5: Sub-transformer does transform

To achieve the information capture needed for ithustration a program must simply create and
use a sub-transformer for the transform event.

The next program is divided into two classes. Thannprogram HierarchicalTransformers )
and a class that does the “sub’-transformat8mpleSubTransformer ).
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The example code is the same as before: the magrgm reads a filein and registers the
Receive event. The transformation however is noegdded to theimpleSubTransformer  which
registers the Transform event. The input/outputuduent is passed usirg¥ringBuffer objects.
The main program finally registers the Send evemtbefore. There is no reason that a sub-
transformer event should be in a distinct classe-only do this to illustrate the division of work
and it may often be the case.

Note that the main program createdrair object that simply holds a pair of document ID’s.
This is used for exchanging the ID of the resulifiignsformed) document since this ID is created
by the sub-transformer but required by the maingi@mer which must register the sending of the
transformed document.

The main (parent) transformer is also passed asaneter to the sub transformer in order for the
sub transformer to be able to create its own samsformer which is a child of the main-

transformer. ThereateChildTID() method in line 19 is used for this purpose.
Topublic class SimplelubTransformer {
a8
9
L ek

*
L1 i
LZ * parent Parent transformer in the hierarchy
L3 il docIDPair & holder ohject that can hold input and output document id
*
*
*

L4 input the data to transform

L5 output the buffer for the result

L& Exception

L7 i

LS public void pachidssdelsd]( TID parent, DPair docIDPair, 3tringBuffer input, 3tringBuffer output)
L9 TID tid = parent.createChildTIDI"UCTransformer™) ;

Hal i

Halk * Transform to uppercase

32 Lri

13 f4 create a transforwm event

g TransformEvent te = tid.getTransformEvent (dooIDPair.getlource() )
H try {

Ha ff The actual transform

e output,append(input.toftring () .toUpperCase (11 :

=] 44 commit with & new result id

9 te.commit () ;

30 f4 et the id of the transformed result for the parent to use..
il docIDPair.setResult (te.getResult (1) ;2

iZ } catch (Exception e)] |

i3 te.fail ("Unable to transform input string”™, e);

id throw =:

ig i

ib

iT i

im0

Figure 6: simple sub transformer in its own class fe
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Jdi~“public class HierarchicalTransformers §

34

35 public void runExample () throws Exception {

36 ll."ffﬂ'

37 * Chtain a root transformer instance and nate 1t 'main' .

38 i

39 TID tid = ADETraceFactory.credteRootTID (ADELogFactory. getdppID()
40 , "main™, null):

47 II."W?\‘

42 * Bead the file content to a buffer

43 *F

34 S8 Create @ new receive event object. Llso create a brand new
45 S document ID 2ince we dont receive one with the input.

15 FeceiveEvent re = tid.getBeceiveEwent ("stding™):

47 Ftring docId = new DID().tco3tringl():

45

49 StringBuffer inbuf = new StringBuffer():

50 StringBuffer outhuf = new StringBufferi():

51

52 try |

53 EufferedReader br = new BufferedReader (new Input3treamBPeader |
54 dystem. in));

55 Jtring line:

=14 while ([(line = br.readlLinel()) != null) {

57 inbuf.append{line + "y\n");

55 }

59 re.commit (docId)

&0

61 + catch (Exception e) §

62 re.fail("Unshle to get input, &T);

63 throw =

G4 H

65 f4 create a doc id pair holder and set the id of the input document
[=13] DPair docIDPair = new DPairidocId):

&7 S delegate the transformation to a sub transformer.

=] new SimplelubTransformer () .transformitid, docIDPair, inbuf, outbuf):
69 ll."ffﬂ'

o * Write back the transformwed content to a file

71 i

7a f4 Create a send event ohiject and use the resulting document

T3 ¢ did from the previous ctransformation

74 SendEvent se = tid.getSendEvent (docIDPair.getResult (), "stdout™):
75 try |

TE Jystem. cout.print (outhuf.tol3tring(l ) ;

77 Se.ocomnit () ;

= + catch (Exception e) |

79 se.fail("Could now write back resultc'™, e):

f=1n] throw e;

a1 K

82 H

The events may be illustrated as before with tlaasfiorm-event now related to the sub-
transformer.
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‘ main ‘

UCTransformer | | s |
]

6.3 Hierarchical Transforners?2

Though the previous program captures the proceskiagarchy, the information about how
document 1 is passed framin > UCTransformer and fromuUCTransformer —>main is not directly
captured. With the receive/transform/send evengsl wge would not know with certainty that this
exchange took place.

To explicate the exchange between main and subftianer we may insert additional
send/receive events in the two classes. |.e. weldli@ve the main transformer “send” document 1
to the sub-transformer which should “receive” iimfarly the sub-transformer could “send”
document 2 which could be “received” by the maamsformer.

Doing this will reconstruct the document exchangghpsubsequently from the registered
information.

[=] main
[=] UCTransfarmer
[=|¢ernal 1 >
f’fﬂ#;
1

2 b &
“\H L
2 | 2

Figure 7: Explicit send/receive events between
transformers to capture flow

The required modification to the main program carsben in Listing 2. The only difference from
previous example is that we have now inserted al-8gant before the sub-transformer is called
upon (line 64, 70) and a Receive event to registerreturn of the document (line 76, 77). The
called-upon (line 72) modified sub-transformer igmpkentation is calledimpleSubtransformer2
(listed later).

Remember that all Send events result in a resagient ID that is different from the original
ID of a document. The send event encodes a piedalohg or path information that allows
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tracking the document. This allows for the sameudwent (with the same basic ID) to be
sent/received multiple times all with distinct patbncoded as part of the document ID since the
sender and receiver registers an event for the siatiement and path. For the very same reason it
is crucial to hand the result of th&endEvent.toString() method as document ID to the
transformer that makes the correspondtageiveEvent

61 p it

G2 * Begister sending the read docwument onwards to another transformer
63 Lifs

B4 :>:> SendEvent se = tid.getlendEvent (docId) )

65 Jf vreate a doc id pair holder and set the id of the sent docuwment

66 ¢ It iz important to use the to3tring() method on the SendEwent

&7 4 to get the id generated for Sending 2ince thiz id encodez a

6a S gpecial link number that connects Sent/received documentsa.

=] DPair docIDPair = new DPair(se.to3tring()):

7o Se.comnit () ;

71 J4 delegate the transformation to a sub transformer.

72 new SimpleSubTransformer? () .transformitid, docIDPair, inbuf, outhuf):
73 p it

T4 * Begister the recivement of the transformed docuwent from the sub-transformer
75 Lifs

Ta :>:> re = tid.getReceiveEwvent ()

77 re.commit (docIDPair.getResulc () ) ;2

Listing 2: send/receive events in main transformebefore/after sub-transformer

The sub-transformer is modified to generate Re¢8amd event corresponding to the Send/Receive
events of the main transformer.
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Z0 public wvoid transform(TID parent, DPFair docIDPair, 3tringBEuffer inpur, 3tt
21 TID tid = parent.createChildTID("UCTransformer ™) »

22

23 f.-'ww

24 * Begister recelving the dataset

25 w

Z6 FeceiwveEvent re = tid.getBReceiwveEwvent();

27 :>:> re.comnit (docIDPair.get3ource (] )

28

29 f.-'ww

30 * Transform to uppercase

31 L

3z /f create a transform event

33 TransformEvent te = tid.getTransforwmEvent (docIDPair.getlource ()]
34 try {

35 // The actual transform

36 output.append (input. tol2tring () . colUpperCase (1)

37 // commit with a new result id

38 te.comait () ;

39 + catch (Exception e)

40 te.fail("Unable to transform input string™, )

41 throw e:

4z i

43

44 ll."##

45 ¥ Begister sending the dataset

46 Wy

47 FendEvent se = tid.get3endEwvent (te.getResulti))

45 :>:> se.commit () ;2

43 A4 We convey the id obtained with the =send event (which i=
=1n| A4 different from the transform event result (encoding a
g1 A/ link path)

52 docIDPair.=setResult (se.to3tring() ] ;

I_Finsting 3: Explicit R/S events in sub transformer

The complete set of events generated could berahesl as below. Two transformers registers a
series of events on two document instances.

main

[r] [S] UCTransformer Elj Es]

6.4 SplittingSubTransforner

The next example shows how to generate eventsspaneling to the splitting of one document into
multiple other documents. The split is implementethe sub-transformer after the transformation
has taken place. l.e. we split the transformedltrésto a number of fragments. In this case it is
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necessary to create events that relate the origo@iment (ID) to multiple new documents (IDs).
We shall also illustrate how to attach pieces @drimation to each fragment.

As for other events an object corresponding to elient is created. This object is of class
DocumentSplitEvent . This object is different from the previous tys#sce it allows for multiple
commit() calls once created. Each commit() calfegponds to a new Document fragment event.

We have modified th&impleSubTransformer to SplittingSubTransformer which split the
transformed document from previously (Remember tiatsub-transformer simply uppercased the
input document). The example split that is donel wimply split the document into a new
“document” for each line present in the input (ireseparated text lines).

The additional code is shown below. First we creabecumentSplitEvent  which is given the
document ID of the document which is being spfitour case this is the output from the uppercase-
transform. In line 48 this is done.

A loop around the lines of the input is made irelBR-63. For each iteration (i.e. new line in the
input) we reset the split event object firskse(reset() in line 55). This clears any state
information from the previous iteration (any attadhinformation). We then make a brand new
document ID for the new document fragment (the aetéd line) andattach some document
information (line 57-61). Line 59-61 actually hastimng to do with the splitting registration but
only serves as example for how it is possible tacht pieces of information to a document using the

setDocType() and more genericallgetProperty() methods. When using the split event the
information is attached to theesulting document rather than the original. Note that
setDocType( typeString) is equivalent to callingetProperty(“type”, typeString).

In line 63 the document split (including the at@ghnformation) is committed to the back-end
server.

45 II."**

46 % The input has heen uppercased. Now we split it into lines.
47 w

45 Document3plitEvent dse = tid.getDocument3plitEwvent (te.getBesulti() ) !
49 try |

S0 String[] lines = input.toString().splitc(™wn™):

51 Jtring [] dids = new 3tring[lines.length]:

52 for (int i=0; i<line=.length; i++) |

53 A4 elear the held data in the splitter if any from
54 A4 previouz split operation

55 dse.reset () ;

56 A make a unigque document ID for the part

57 Jtring partDID = dse.createResultDID();

S5 ff attach a document property indicating the document type
=1=] dze.zethocType (Mtextline’™)

&0 dse.zsetProperty ("length™, ""+line=s[i].lengthi()):

61 dse.setProperty ("ocontent™, lines[i]):

Az /¢ register the split

EE dse.commit () ;

64 H

65

66 } catch [(Exception e)

67 dse.fail ("Unakble to split inputc!®™, e):

63 H
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(=] main

(=] Splitter
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Figure 8: Splitting document into fragments

Figure 8 illustrates the splitting added by theesatexample. Normally the fragments would
somehow flow onwards in the system. The next exarspbw how this might be recorded.

6.5 Example: communicating client/server applicatio ns

The next example extends the previous splittingtsafisformer such that each document fragment
Is sent to another separate application running amother JVM. Communication is done using
sockets.

The additional program acts as a simple serverdbeépts incoming translation requests. The
client program (the splitting sub-transformer) senelach fragment (line from transformed
document) to the server which then lowercases everses the line. A real server might be able to
do something more useful like translate the limenflone language to another.

The sub-transformer is implemented $plittingCommunicatingSubTransformer and the
service inTranslatorService

Since the to programs are only connected througbt@ork socket, we have to exchange both
the document fragment and the corresponding DocuninThe client will do its splitting as
before but also register the send of fragmentsaceivement of the translated fragments.

The service will register events when receivingngforming and sending documents. The
service will create a new transformer instance démmeé it is invoked. This is important and means
that the service will have multiple sub-transforrmretances under its main transformer instance. It
would be perfectly possible to have one (or nogleirsub-transformer in the service but we wish to
illustrate the transformer instance principle hasewell. In the following figure this is depicteg b
the threetranslator instances. The complete document exchange is tddpia Figure 9. Note
that we have grouped by machine on the highest, ltwen distinct jvm+application instances and
from this level on transformer hierarchy.
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= machine-1
=] jvm-1:app
= main
=] splitte - jum-2:TranslatorServics
~iterna = mair]
--"'_ﬂ
E translator:1

translator:

9]
[+ J§
5]

translator:3

o &
2

¥ -

m

Figure 9. Two applications communicating documentsdtween separate JVM's

Figure 9 shows the graph that could be constructed the events generated by the two programs
involved. Lets have a look at the actual code wth#h necessary event. Most of the code is exactly
as in the previous examples.

6.5.1 Transl at or Service

We first present the server code. Listing 4 shdwesfirst section of the server. The root transfarme
is created (main) and a server socket is creategt tde server starts accepting incoming requests.
Each received line (line 32) is perceived as a dwnt and handled by a new sub-transformer
instance (line 34). The line is formatted as <id#efor translation>. l.e. the first part up teeth
hash-sign is the document ID. In lines 36-38 thealdl the text content is split into two distinct
variables (id and input).
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17=public class Translatordervice {

18

19 public void runExawple() throws Exception {

Z0 e

21 ¥ Chtain a root transformer instance and name it 'main'.

ZZ i

23 TID tid = ADKTraceFactory.credteRootTID I ADELogFactory. getAppID ()

24 , "main®, null);

Z5

26 Serverfocket s = new Serverfocket (5543) ;2

27 while (true] {

Z8 Socket sock = s.accept():

=9 BufferedReader bhr = new BufferedBReader (new InputStreasmBesder (sock.getInput3tream())):
30 Bufferediiriter bw = new Bufferedllriter (new OutputBtreamllriter (sock.getCutput3treami)l) )
31 String line:

32 while( (line=br.resdlLine()) '=null) {

33 4 8 new sub instance every time we get invoked (for the sake of the example)
34 TID subTID = tid.createChildTID("translatorInstance™)

S5

i) 3tring split[] = line.split("#");

37 String id = splitc[0]:

38 3tring input = split[1]:

Listing 4: Transformation server receives documentsind ids

In the following lines a receive event is madegl¥B3-44). This event uses the received document
ID. Next the string “translation” and correspondifigansform event takes place (49-59). Finally a
Send event is generated and hence a new documesrnéddges (for the transformed document).
The resulting document and new document ID aremetlto the client using the same line format
that was received — l.e. <id>#<text>.
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.4|:| ll."?r*

41 * register receivement

42 wf

43 FeceiveEvent re = subTID.getReceiveEwvent (]
44 re.comoit (id) ;

45 A just for debug. .

46 SJystem. out.println ("input DID = ' "4+id4+"' T
47 Jystem. out.print ("Input data ='"+input+™' ™) ;2
45

49 TransformEvent te = subTID.getTransformEwvent (id) ;
50 Jtring resID = te.tol3tringl):

51

52 A4 lowercase and revers chars..

53 input = input.toLowerCase|()]:;

54 JtringBuffer res = new 3tringBuffer():;

55 for (int i=input.lengthi()-1; i==0; i--) {

56 res.append (input.charitc (i) ) ;

57 H

58 SJystem. out.println (™ —-> !'"4res+T' ")

59 te.comoit () ;

E|:| ll."?r*

61 * Zend reply and make send event..

G2 wf

63 JendEwvent se = subTID.get3endEvent (resID) ;
64 Jtring sendlID = se.toltringl):

G5 try {

aa hw.write (sendID + "#" + rez + "wyn™:

67 bw.flushi):

63 Se.comoit () ;

=] + catch [(Exception e)] {

7o se.fail("Unable to =s=end translated document™, ) ;
71 H

T2 Fystem. out.princln(f-—-—————-—-—-—H—-—-—-"H—"“"----?-—— -
73 H

Listing 5: generating R/T/S events in the TranslatdService

6.5.2 Client code

The client side of the document exchange is quitélas to what we have seen so far. A main
transformer (main) invokes a sub-transformer (&plitthat transform (uppercases) and splits the
transformed document into lines. Each line is denthe server and a send/receive event is
generated for each fragment.

We shall only list the modified sub-transformer edtkre since the remaining code is similar to
the previous examples.
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57 for (int i=0; i<lines.length; i++)

55 ¢ omlear the held data in the splitter if any from

59 ff previous split operation

a0 dse.reset ()

Gl A make a unigque document ID for the part

62 Jtring partDID = dse.createResultDID() ;

63 Af attach a document property indicating the docuwment type
a4 dse.sethocType ("Cextline™) ;

65 dse.setProperty (Mlength™, ""+lines[i].lengthi)):

[ dze.setProperty (Mocontent™, lines[i]):

&7 4 register the split

a3 dse.comnit () ;

T3=]

7o fEE

Tl * Inwvoke external application for a translation of the

Ta * line

73 w

T DPair dp = new DPair(partDID);

= dp.zetiource (parthID) ;

TG try |

iar, String res = externalTranslate(tid, lines[i], dp):

TE Jtring partBesId = dp.getBesulti();

= Sf we dont use the id further in this example but could
=1} ff have stored it in a database, merged all fraoments etco.
Gl + catch [(Exception e) 1

g2

83 H

54 H

85

Listing 6. Communicating client sending documentragments

The code in Listing 6 shows how the client invokekcal method ekternalTranslate() ) for
each document fragment split from the original $farmed document. We useD&air object so
we can convey document id’s in/out of the methamugh we don’t actually use the resulting id in
this example.

If we look into theexternalTranslate() method we see the actual socket communication with
the service previously described. In line 108-108 mitialize a send event for the following
document sending. The actual sending of the docuraed the generated id through a socket
channel is achieved in lines 112-122 (includingdsevent commit/fail).

Once we have sent the data successfully we trgad back the reply. Obviously this should be
accompanied with a receive event. This is doné&énlines 126-139. Note that the document id of
the resulting (returned) document is the one thadtrbe set as the result in theair object (line
133).
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101
102
103
104
103
10e
107
10a
109
110
111
11z
113
114
115
11a
117
113
119
1z0
121
lia
123
124
125
1z
127
123
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
145

private String externalTranslate (TID tid, String scring, DPair dp) throws Exception {
3tring res = null;
Socket sock =nmll;

llf'**
* Initialize & new send event since we wish the rewote service to receilve this
*odocument .

SendEvent se = tid.getSendEvent (dp.getlource (1]
3tring sentlId = se.to3tringl):

BufferedBeader br = null;

try |
try {

sock = new Socket ("localhost™, 5543);

br = new BufferedReader (new InputStreamwBeader (sock.getInputl3tcreami))):
Bufferediiriter bw = new Bufferedliriter (new OutputltreawWriter (sock.getOutput
hw.write (sentId + "#" + atring + "nt):

bw.flush():

Se.contic ()

} catch (Exception e) |

se.fail ("Unakble to send docwament™, e);

throw e;
H
',‘##
¥ Init a receiwve ewvent.
L
ReceiveEvent re = tid.getReceiveEwvent():
try 1

String line = br.readline(]:

String split[] = line.split ["#™);

String rowdId = splic[0] !

res = splic[1]:

4f set the received id as the resulting id
dp.setResult (rowdId)

4f commit the receive using the id from peer.
re.contnitc (rowdId)

} catch (Exception e) |

b

re.fail ("Error receiwving response”, e);
throw e;

I finally |
if (sock!=null) {

}

b

try |
sock.closel);
} catch (Exception =) { 1}

return res;

6.5.3 Resulting database entries

This section shows some of the trace data persistdte database as the result of executing the

client/server programs described above. Three bh@gput was given to the client from stdin and a
Ctrl-Z ended input.

The persistence classes have correctly assigndchedls generated to the same trace instance.

This is seen from the Trace table shown in Fig@reThe trace has ID 1 an no indication of any

errors.
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| ID | FIRSTEVENT [ LASTEVENT | ERROR
1 2006-05-16 10:16:54 655 2006-05-16 10:17:01.155 0

Figure 10. Resulting trace record

If we look at the TRACEEVENT table we see all ewetiitat were generated from all transformers
involved. The RUNID refers to the JVM/APP/Instailtet combination from which each event was
received.

il o || ruwD | Loceroup |[TRa.| TD | TIMESTAMP | event | DocumenT |
131072 B5536 98304 1 1 2006-05-16 101654 655 ' 32760
1131073 F5536 95304 1 1 2006-05-16 101657 421 5 32768
1131074 B5536 96305 1 11 2006-05-16 10-16:57.491 ' 32760
131075 F5536 95305 1 11 2006-05-16 101667 521 i 32768
1131078 B5536 96305 1 11 2006-05-16 10-16:57 591 5 32769
(131077 B5536 98305 1 11 2006-05-16 10:16:57 651 5 32770
| 229376 163840 196608 1 11 2006-05-16 10-16:57.82 ' 32770
| 229377 163840 196608 1 11 2006-05-16 10-17.00.476 t 32770
| 228378 163840 198608 1 11 2006-05-16 1017.00.536 5 262144
1131078 B5536 98305 1 11 2006-05-16 10-17.00.596 [ 762144
| 131079 F5536 95305 1 11 2006-05-16 1017.00.626 5 32760
| 131080 B5536 96305 1 11 2006-05-16 10-17.00.665 5 32771

| 228379 163840 198608 1 12 2006-05-16 10-17.00.676 ' 32771

| 229380 163840 196608 1 12 2006-05-16 10-17.00.736 t 32771

| 228381 163840 195608 1 12 2006-05-16 1017.00.756 5 262145
| 131081 B5536 96305 1 11 2006-05-16 10-17.00.826 ' 262145
131082 B5536 98305 1 11 2006-05-16 10-17.00,846 5 32769
| 229382 163840 196608 1 13 2006-05-16 10-17.00.906 ' 32772
1131083 B5536 98305 1 11 2006-05-16 10-17.00.926 5 32772
| 220383 163840 198608 1 13 2008-05-16 10-17.00.996 i 32772
| 229384 163840 196608 1 13 2006-05-16 10-17.01.025 5 262146
| 131084 F5536 95305 1 11 2006-05-16 10-17.01.055 ' 262146
131085 B5536 98305 1 11 2006-05-16 10-17.01.075 5 32760
| 131086 F5536 95304 1 1 2006-05-16 1017.01.125 ' 32760
| 131087 B5536 36304 1 1 2006-05-16 10-17.01.155 5 32769

'Figure 11. Trace events

The LOGGROUP refers to the fully qualified namelwé transformer that generated the event — the
actual value is located in the LG table (Figure 12)

The TID column gives thenstanceof the transformer. E.g. since we sent three lifegs
transformation in the service and the service etkatnew sub-transformer instance every time we
have the instance id’s:1 , 1.2 and1.3 that all are of typenain.translator . From the instance id
we can deduce that 1.1, 1.2 and 1.3 are threefdramsr instances (1,2 and 3) that have the parent
instance 1.

| LGID l LOGGROUP
98304 mairn

483045 main.Splitter

196603 main.translator

Figure 12. Log groups

All unique document id’s are stored in the DOCUME#Dble shown in Figure 13.
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ID l DID l TRACEID

32TREE mdvLitdihcHRvC A== MNZUWWMTUS OjEw Y TN D Q3N TG0 0 4 b Do 1 1
327R9 mdvLitikhcHRvC A== MNZUWWTUS OJEwY TMIMND Q3N T G010 4 b Do, 2 1
32770 mdvLitikhcHRvC A== MNZUWWTUS OJEw Y TMIMND Q3N T G010 4 b Do 3 1
262144 mdvLitiehcHRve A== Mzl Wi 20 Ew ININDRYm I 20104 MO A1 1
32T mdvLitvikhcHRvC A== MNZUWWTUS OJEwY TMIMND Q3N T G010 4 b Do 4 1
2621445 mdvLitviEhcHRve A== Mzkw Wi 2 0] Ew NI NDRIYmIU 20004 MDA, 2 1
33772 mdvLitikhcHRvC A== MNZUWWTUS OJEwY TMIMND Q3N T G010 4 b Do 5 1
262146 mdvLitihcHRve A== Mzkw Wi 20]Ew INJNDRIYmIU 20004 MDA 3 1

Figure 13. Documents

All events that are used for communicating docusésénd/receive events) have an entry in the
IOEVENT table. This table extends the TRACEEVENDBI¢efor s/r events and holds the additional
information about the path that the send/receiveduthent traversed and optional information
about the peer to/from which the document was r@ived. Note that the PEERDESCRIPTION
is only to be used when documents are exchangeexidrnal parties that don’t produce s/r events
themselves. For example in the case where we madevents when writing/reading to
stdout /stdin . In these cases the programs should store a ptesordf the peer that can be used
when presenting the trace later.

The path of a document is constructed by the sgrdteThe send event encodes the path into
the document id that is used programmatically thhothe APIl. Whenever a send generates a
document ID it adds a path-suffix to the existirgthpof the document. l.e. if a document is
received with a path component equal to 2.1.4¢}) the send event will make a path like 2.1.4.2.1
and encoded it together with the document id. Sitig id is sent to the receiving peer, the
receiving peer will register the receivement of leeumentndthe pathThis is what enable us to
correlate sent and received document instancessaapplications and machindslalso enable us
to send the same document multiple times to diffiepeers and still keep track of what sends went
where.

When presenting the document exchange this infeomdiecomes important since a send of
document D1 with pathi.2.3 from transformermain.sub (instance1.1) and a receive of
document D1 with path.2.3 in transformerransi.subl.sub2 (instances.2.1 ) must be show as
connected (see Figure 14).

= trans1
=] main = sub1
=] sub =] sub2
D1 > D1

Figure 14. Visualization of document, transformers ad paths
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o |

PaTH || PEERDESCRIFTION

131072 stdin

131073 1 =null=
131074 1 =null=
229376 2 =null=
229378 1 =null=
131077 2 =null=
131078 1 =null=
229379 3 =null=
229381 2 =null=
131080 3 =null=
131081 2 =null=
229382 4 =null=
229384 3 =null=
131083 4 =null=
131084 3 =null=
131085 5 =null=
131086 5 =null=
131087 5.5 staaut

Listing 7. IOEvents
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7 Applying events to a Custom AXT Filter

An AXT filter is typically part of a larger transfmation. All AXT Filters inherit from the
AbstractAXTFilter super class which implements thefault events for a filter. However when
writing a custom filter there might be situationkexe it would be convenient to directly access the
Transformer or the document id, for instance iffiher should generate checkpoint events.

The methods used in the AXTAbstract filter are d¢fi@re publicly available for all custom filters
to use and are accessed using the following gatigisetter methods:

getTID() Returns the transformations id (TID) for the current transformation

getDPair() Returns a pair of document ids (DID), since a filter typically changes data and
thus results in a new document filter operates with a source document and a
result document, these may be the same, but are typically not.

getDPair().getSource() The document id (DID) which is the input to the filter.

getDPair().getResult() The document id (DID) which is the output from the filter.

8 References
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