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Abstract

This document describes the software handling the flow of events through the Event Filter.
Thisisthe fourth iteration of the implementation of the code. When compared to previous
versions, enhancements come from the feedback by users and can be seen as smplifications
while the interfaces have been kept identical.

The high level design of the dataflow is briefly reminded. Then, the details of the
implementation of the components are given.
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1. Introduction

This document describes the software handling the dataflow in the Event Filter. The
monitoring and control software is described elsewhere[1].

The version of the software and design described in this document is the fourth iteration on
the design and implementation of the software. Thisversion 4 is mainly a simplification of
the version 3 implementation to take in account past experience and comments and criticism
from users and reviewers.

The simplification is aso the result of the experience gained in trandating the dataflow
software into Java. The implementation described in this document is done in C++, but we
have adopted some Java ideas for the helper class. Socket, Thread, String?

Version 4 enhancements are:

» smplify building, combining and starting up of the different elements of the component,
» smplify access to the component parameters and statistics,

» smplify Socket and Thread management by implementing Java equivalent classes,

» smplify the processing task core element.

There are afew additions:

» provide |OElement to pass events via TCP between components using one thread per
connection,

» provide IOElement to pass events by reference between components avoiding the need of
threads,

» provide IOElement to randomly distribute event references between clients,

Protocols have not changed, so version 4 components are backwards compatible with version
3 components and they may inter—operate. From the event builder or the supervisor point of
view, thereis no difference between version 3 and version 4.

Since the global architecture and behaviour of the different component elements has not
changed from version3, very limited effort will be required to port specific |OElement classes
or processing tasks running with version 3 to the version 4.

Reading this document should be sufficient fort a good understanding of the Event Filter
dataflow software and the architecture of the version 4 code.

This document also gives guide lines for users who want to implement their own processing
task or implement their own event transfer protocol.



2. High level design of the event filter

2.1 general architecture

The Event Filter has been logically divided in three parts[2]: the distributor receives events

from the SFI, processing tasks which perform selection and any other transformation on the

event, and the collector which re-injects selected events into the SFO. In addition, the

distributor has some sorting capability according to tags contained in the event header.

Each part of the Event Filter has been itself divided in one or several components (Figure 1):

* D1 implementsthe API with the SFI and performs the sorting operation. It will aso
provide a backup facility while the event is processed in the farm

» aD2 component is present for every event type

» the D3 component buffers events for the processing tasks. It can be omitted if the
processing task directly requests events from D2

* PT implements the processing task

» (1 collects selected events. It has a function symmetric of the one of D3 and can be
omitted too.

» C2re-injects eventsinto the SFO
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Figure 1: High Level Design of the Event filter

2.2 component architecture

All components can be seen as ssimple FIFO queues of a given depth. Events traverse them in
a specific direction and may be processed and eventually deleted. Components are
interconnected according to the client server paradigm. Servers accept connections and
requests of multiple clients. Clients connect and interact with one server. A component can be
client or server for the input or output of events. The Event Filter can thus be described by a
directed graph without cycles where the summit is the component, and the directed links are
the connections. Components have a unique name, the component identifier. If asource or a
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destination are specified, the component will behave as client for that destination. If no source
or no destination is specified, the component will behave as server for the specified side.
Defining the graph is thus very simple and makes total abstraction of the protocol used to
communicate between components. Thisistotaly hidden to the user.

We currently have two types of components: a FIFO gueue and a processing task. A FIFO
component will smply queue events and behave as a buffer. The depth of the buffer is
specified at component creation. Processing tasks may contain at most one event but will do
some processing on it. According to areturn value of the processing operation, the processing
task component will delete the event or send it further on.

For user defined processing, one ssmply hasto inherit the processing component class and
override the event processing method. There is also a method to load a user specified file.

When building up a component, the user must specify the protocol she wants to use. Different
protocols may well be used for components in the same address space than for components
running in different processes or different computers. TCP is currently used for components
distributed on different computers, and ssmple reference passing is used for event transfer
between components in the same address space.

The component has an interface with the supervisor allowing to control and monitor the
component’ s activity.

To make it easy to use different transfer and supervision protocols with each type of
components we have divided the component into four elements.

The central element isthe core element (Cor eEl enent ) that is also the component facade
object. One can attach an input and output element (I CEl enent ) which encapsulates the

transfer protocol for events, and a control element (Ct | El enent ) which providesthe
interface for the supervisor.

server |0 elemant —. ‘& dient 10 element

Component
control element @—— core element elements
PN

-

Different types
of components
S

Componant
Intarconnactions

Figure 2: Different component elements and typical components



A component is thus an aggregation of elements and is constructed at startup time. We may
combine these different elementsin various combination so we can build many different
components. It is also possible to modify at run time the component composition, although it
isnot used for the moment.

2.3 Events

From the dataflow point of view, events are blocks of bytes of different lengths. In the Event
Filter, these byte blocks are wrapped into an object with associated information that is needed
to smplify manipulating and transferring it. To ssmplify memory management, events are
referred to by smart pointers which also take care of instance deletion when it is no longer
referred to.

2.4 Event backup

When entering the Event Filter, events may have to be transferred across the network to
different computers where they can be processed. In such a configuration, there are many
possible problems that may arise that could result in event corruption or loss. To protect
events from all these possible errors we propose the simple strategy of backing up the event
on disk storage (for now at least) as soon as event enters the Event Filter.

This backup is stored in the so—called Distributer Global Buffer (DGB). The name comes
from an old implementation design (historical reasons) and does not reflect anymore its actual
role. This name will be kept for now although it is simply a backup repository for event
currently traversing the Event Filter. Copies of events are removed from the DGB when they
successfully leave the Event Filter (event accepted), or when they are deleted by a processing
task (event rejection).

A more detailed policy for the handling of eventsin case of error during transfers or
processing will be addressed |ater.

3. Component implementation

The component comprises a Cor eEl enent , two | OEl enrent andaCt | El enent which
we will described in this chapter. The last section describes how all these elements are bound
together and how elemental components are turned into operational ones.

Depending on the required functionality, each of the four basic elements may or may not be
run in their own thread: a processing task Cor eEl enent isruninits own thread while a
Fifo Cor eEl enent isnot; Ref | OEl enent client and server are not run in athread, but
TCPI CEl enent serversare; TCPI OEl enent client may possibly be run in their own
thread. More details will be given below.

3.1 the Cor eEl enent

The Cor eEl enent isthe base class and corner stone of the component. All other elements
are connected to it. To define amodified Cor eEl enent behavior, the class must be derived
from this Cor eEl ement class.




3.1.1 General design
The Cor eEl ement has aset of parameters that are accessible to the | OEl enent and the
Ct | El enent . Table 1 gives adetailed description of the class.

Figure 3: Inheritance tree for the CoreElement

The variables of an instance of the class are public. In order to permit access of other
elements to these variables, they should not be modified by the user.

CoreaEl amant

barameters
+Id:3tring
+eroc:String
+det:String
+ng:NSClient
+path:String
+hoet:String
+typaString
+reject:int
+depth:int
+runNbr:int
statistics
+nbrEventeg:int
+inEventg:int
+outEvente:int
+nbrReject:int
+occupancy :doubla
+updategdccupancy ()
+setRand (int)
+randf()
-rndval:int
Input output interrface
+input:IQElemant
+output : IQElement
+getInputElement (IOElement)
+patqutputElement (IOElemant)
+raeservespace ()
+releasespace ()
+putRegerved (Event)
+ragarvaeEvent () : Event
+releageEvent (Event)
+getReserved()
+delReserved|()
control Interface
+ctl:CtlElamant®
+eatControlElement (CtlElement)

Table 1: CoreElement class description
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Events may be inserted and extracted from the Cor eEl enent by using of a set of methods.
Event insertion or extraction is split into atwo step operation to support slow event transfer
that can be cancelled.

The decoupling between the | CEl enrent and the Cor eEl enent isrequired so asto leave
as much degree of liberty as possible in the functionality of these elements. A

Cor eEl enent may be apassive object likeaFi f o in that does not call the

pul | Event Req or the pushEvent Req methods of the | OEl enent . On the other hand,
the need of athread in each | OEl enrent should be avoided whenever possible. Therefore,
these pushEvent Req and pul | Event Req methods allow to execute al the methods
required to fetch and insert the event. It is used for instance by the Ref | OEl enrent and by
the PTEl enent .

Input IOElement CoreElement OutputIQElement CoreElement

pullEventReg n - pushEventReq B

__.‘ —
reserveSpace reserveEvent |

getEvent putEvent (&) |
-1 m B

releaseSpace _ raeleaseEventie .

= putReserved (e) 1 — getReserved

Figure 4: Sequence diagram for CoreElement interaction with |OElement clients. The left diagram shows how
a CoreElement triggers event insertion and the right diagram shows how a CoreElement triggers an event
extraction. releasepace or releaseEvent are called if the getEvent or putEvent operation failed.

| CEl enent s that are run by their own thread or whose operation is executed by the client
thread may ignore these pul | Event Req or pushEvent Req methods. But a
Cor eEl enment must call them so they can operate with any type of | OEl enent

Figure 4 shows atypica sequence diagram. Figure 6 and 7 show the same diagram for event
transfer using a reference passing protocol to transfer events between components in the same
address space. Figure 8 and 9 show the same sequence diagram but when TCP is used to
transfer events.

To insert an event, one first reserves space in the component by caling ther eser veSpace
method. The call is blocking: the method returns as soon as the request has been satisfied. If
the connection is broken, re—establishing it is performed internally. To complete the event
insertion one must call the put Reser ved( Event ) method. Once space has been reserved,
it can be released to cancel the reservation by calling ther el easeSpace method.

To extract events one first has to reserve an event by calling ther eser veEvent method.
This method returns a reference to the reserved event. Asfor ther eser veSpace method,
the call isblocking: the method returns as soon as the request has been satisfied. If the
connection is broken, re—establishing it is performed internally. One may cancel the
reservation by caling ther el easeEvent method and passing back the event reference.
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There are two ways to complete the operation. One may delete the event by calling the

del Reser ved method or one may complete the extraction by calling the get Reser ved
method. The method differsin the way that they update the component’ s statistics. A deleted
event will be counted as arejected event.

Event instance deletion is managed by the smart pointer so one does not need to care about it.
depth()
pe al
nbrEvents ()
al

nbrFraa()

nbrstored ()
e

oA

data flow

N it

free incoming stored outgoling

Bpaca awvante avante avante
T reservespace() pucReserved{eJT reserveEvent ()
releasespace() releageEvent (el

getReserved() / delReserved()

Figure 5: CoreElement internal structure and operations

3.1.2 The Fi f oCor eEl enent

TheFi f oCor eEl enent classisasmple buffer for events with a specified depth. It
maintains a queue of events protected by a mutex for asynchronous access by the input and
output elements and semaphores to control ther eser veSpace andr eser veEvent
operations.

Since the component is passive and performs no special operations on the stored event, there
isno thread associated to the Fi f oCor eEl enent . Thusif the input or output elements are
clients, athread that calstheir pul | Event Req and pushEvent Req methods must be
launched repetitively.

3.1.3 The PTCor eEl enent

The PTCor eEl enent isthe base class for the processing task. Any user defined processing
task must inherit form this class and override the virtual pr ocessEvent (event ) method
and possibly theset Geonet ry(fi | ePat h) method if accessto a sort of configuration or
parameter fileisrequired. This method is called at startup time or on supervisor request,
where the file path may aso be changed. If requested by the supervisor, the command will
only be called when the currently pr ocessEvent method is completed.

The PTCor eEl enent can only contain and process one event at atime. In order to alow
prototype testing, additional parameters have been used: PTLo, PTHI and Rej ect . The
PTLo and PTHi parameters specify the number of times the event must be processed (in
order to crudely ssmulate different processing times). If the values are different and PTHI is
bigger than PTLo, the PTCor eEl enent picks arandom number of processing iteration
between PTLo and PTHi . The current random number distribution isflat. The Rej ect



parameters, if different from zero, specifies the percentage of events that the component must
rglect. The regjected events are picked randomly.

The PTCor eEl enent requests an event for processing by calling the pul | Event Req
method of the | CEl enmrent . Then pushEvent Req iscalled after the processing if the event
has not been rejected. Otherwise, del Reser ved iscalled.

After having completed the insertion of an event into the PTCor eEl enent , the

| CEl enment callsput Reser ved. Thiswill set a semaphore so that the PT can start
processing the event. When processing is completed, the PT will delete the event or push it
out after having set a semaphore indicating that the event isready. This strategy ensures that
it is possible to use server or client for both input and output.

3.2 input—output element

3.2.1 General design
These elements are the links between components. They are responsible of the transfer of
events using a specific protocol.

Thel OEl enent classisthe base classfor al types of input and output element. A
distinction is made between input and output | OEl enent s and client and server
| CEl enent s.

Clients are connected to one server | OEl enent s. Aninput client will pull events and an
output client will push events. Server | OEl enent may have multiple smultaneous
connected clients and waits and executes client requests.

The |l CEl enent base class has only three methods. the set Cor eEl enent method to bind
it with the Cor eEl enent and initialising and starting up the element; the pul | Event Req

method for the input element; the pushEvent Req for the output element. Protocol specific

derived classes may have additional methods.

The Cor eEl ement must call thepul | Event Req or pushEvent Req of the
| CEl ement whenever it wants to receive an event. On aserver | CEl enent , this method
has no effect but on aclient | CEl enment this method will effectively pull or push the event.

The event insertion into, or extraction from, a server istriggered by the clients. With
reference passing | CEl enent , it isthe client that calls a method of the server object to
insert the given reference into the Cor eEl enent or extract areference from the

Cor eEl enment . With TCPI CEl enent , each connection on the server | OEl enent sideis
run by athread. When aevent isto be inserted or extracted, the thread calls the appropriate
methods.

Sincethe Fi f oCor eEl enent isjust abuffer without a running thread, it is necessary that
the | CEl enent runsathread to repeatedly call the pul | Event Req and

pushEvent Req. Therefore, one must start the | OEl enent thread if the Fi f oEl enent
isaclient.
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Different derived classes of | OEl enent are currently provided to support different event
transfer protocols:

Thereisaset of classesto transfer events between components in the same address space.
We call these the Ref | CEl enent because they share the same memory space and smply
need to pass areference to the event data.

There is also some variant of the output server to support random distribution of events
between clients instead of on demand event distribution.

Finaly, thereisaset of classesfor TCP event transfer between components in different
address spaces on different computers, called the TCPI OEl enent classes.

Components are interconnected by the client server connections. To keep the specification of
this interconnection ssimple, each component is given a unique identifier by the user.

When a component is built, a source or a destination component identifier for events may be
defined. When a source or a destination is defined, it means that the component should
behave as a client for the input or the output. Otherwise it will behave as a server.

So when aserver | CEl enent isbound to aCor eEl enent , it builds a unique name,

<i d>_i n for input and <i d>_out for output and registersit into a place where the clients
may get the protocol specific address. The input client will search for the address associated
to the<sr ci d>_out name and the output client will look for an address associated to the
<dsti d>_i n name.

The association between names and addresses is called the naming service. For

Ref | OEl enment itisasmple map(STL) associating the name string and the pointer to the
corresponding | OEl enent server element. For TCPI CEl enent the naming serviceisa
process running on a specific computer to which components may send requests to register an
association or get the associated address of a name.

3.2.2 Ref | CEl enent

Ref | OEl enment instances are used to interconnect components in the same address space.

When a server element is created, it registersits name and address (t hi s) association in a
map (STL) which isa static variable of the base class.

The client can eadly retrieve this address or wait a predefined time (presently 2 seconds)
until the other threads have had time to start up and register the server name and address.

The client then callsaconnect method giving areference to itself. The server will useit to
inform clients of the obsolescence of its own referenceif it is destroyed.

Ref | OEl ement server objectsalso have aget Event , peekEvent and put Event
method.

Once connected the client may get events from the server by caling the server’sget Event
method. The server will return an event extracted from the remote Cor eEl enent . The
client then insert the received event into the local Cor eEl enent .
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This operation isdone by the pul | Event Req method. It can be called explicitly by the
Cor eEl enent likefor instance the PTCor eEl enent or repeatedly called by athread asit
isdonefor the Fi f oCor eEl enment . To launch such athread, one smply hasto call the

st art method of the input client e ement.

CoreElement QutputServer InputClient CoreElement

| | PullEventreqg |
| | 7t
| | resarvaspace
! ! getEvent
I regerveEvent

|j< gatRegarved

|:1< putRagarvead

| T

| | o

I —
I

Figure 6: Pull event operation using Refl OElement

The output client hasapushEvent Req method. Similarly to the input element, it may be
called explicitly by the Cor eEl enent or called repeatedly by athread launched by calling
thest ar t method of the output client element.

Theinput server’ s pul | Event Req method is ablocking call that will return if one of the
clients has called the put Event method. The same goes for the output element with the

CoreElement outputClisnt Input Server CoreElement

|
1 pushEventRedq :

|
' |

- ' |
' |

' |

[

ragaerveEvent putEvent

:|‘ getRasarved >|j regervaspace
' |
|
|

putRaepgarwved

Figure 7: push event operation using Refl OElement

pushEvent Req method. It will return when one of the clients has called the get Event
method.

3.2.3 TCPI CEl enent

To transfer events between componentsin different address spaces, four | OEl enent classes
using the TCP/IP protocol have been implemented.
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Therearefour TCPI CEl enent classes: | nSr vTCPI CEl enent ,
Qut SrvTCPI CEl enent, | nCl i TCPI CEl enent , Qut C i TCPI CEl enent .

They behave asthe Ref | CEl enent s asfar as thepul | Event Req and pushEvent Req
methods are concerned. The difference is that events are sent across the network using the
TCP/IP protocaol.

Each e ement has its own socket. To connect to aremote server aclient needs to obtain its
TCP/IP address : host name or |P address and port number.

They al use a naming service accessi ble through the network. The naming serviceis
described in the next section.

When servers are created, they create a listening socket. With the first call to the

set Cor eEl enent method, they create athread that will run the server and process any
incoming connection request. They also register their listening socket address to the naming
service. The address has the following format: "t cp: <host name>: <port >". For every
incoming connection they create a small object run by its own thread to handle the
information exchange on the connection. When the connection is closed, the object is
destroyed.

Clientswill get the address of the remote server using a naming service request and will
connect to the server. If the connection is broken, the client asks again the naming service for
the server address and tries to reconnect. If it fails, it will retry after having waited for 2
seconds and requested the address again to the naming service.

If the server was stopped and restarted on a different computer, the client will thus
automatically reconnect to the server as soon asit registersits new address in the naming
service.

If a component crashes one simply needs to restart it. Connections will be restored

automatically. To move a component on to a different computer, it is sufficient to kill it and
restart it on the new computer. Thissmplifies alot the Event Filter management.
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CoreElement InputClient CoreElement

| | | pullEventReq |

I | ot

| | regarvaSpace

: | mse_rvewr mED T

| regerveEvent *
D‘ MSG_EVENT XX

| aata Ly

| t PutReserved

| JetRasarved .I:
D‘ I | i

|

|

Figure 8: pull event operation using TCPIOElement. If a problem occurs, the connection is closed and the
event or space released

The protocol is very smple. Requests and operations are coded in asingle byte. The input
client will pull events from an output server by sending an event request
(MSG_EVENT_REQ = 0x0F ) byte. The server will respond by sending back the event when
thereisone. It must return the size, the identifier of the event used for the DGB and the event
byte sequence. There are two different control bytes to signal the arrival of the event data to
distinguish between little endian and big endian format (MSG_EVENT_BIG = 0x29,
MSG_EVENT_LTL =0x4E ). Theinterest of thisisthat computers with the same endianness
will not have to swap data. Thisisnot true if they would have used network byte order. This
does not make a big performance difference, but thisinformation could be useful if the server
had to do some smarter event marshalling.

CoreElement OutputClisnt Input Server CoreElement

| | |
. purhEventRedq I —

'y MSG_SPACE RED

u I

- I I
I I .

Figure 9: push event operation using TCPIOElement. If a problem occurs, the connection is closed and the

event or space isreleased

. regervaspace
MsS5 EVENT REQ ’D
ragarveEvant - -
:|‘ MSG_EVENT XX N :
data |
getReserved :t putReserved |
|
|
|

When an output client needs to push an event into an input server, it must first ask for space
by sending the (MSG_SPACE_REQ = 0x17 ) control byte. The server then callsthe

r eser veSpace method on the Cor eEl enent . When it completes, it returns the event
request control byte. The client responds by sending back the event.
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The event pulling operation of the client is executed in the pul | Event Req method. The
event pushing operation of the client is executed in the pushEvent Req method.

The server | CEl enrent whether it isinput or output, isalways run by its private thread. On
these objects, the pul | Event Req or pushEvent Req have no effect. The server
TCPIOEL ement will register their address in the naming service. The address will have the
following format : t cp: <host nanme>: <port > . The Input server will register the name
<i d>_i n and the output server will register the name <i d>_out . Of course, clients do not
register any name—address reference.

3.2.4 Naming service

The naming service is arepository for name—address association accessible through the
network. Server element may register their name—address association and clients may retrieve
the address associated to a given name. The name and the address must be ASCI|I strings to
simplify debugging.

Currently the address and name may not be longer than 1024 bytes.

The naming service does not impose any particular rules for the names. However the adopted
convention is that input server has a name obtained by appending "_i n" to the component
identifier. The output server name is obtained by appending " _out " to the component
identifier. If the component has also a supervisor interface accessible through the network, its
name is obtained by appending " _ct | " to the component identifier.

In order to smplify protocol and address validity checking, the address must be prefixed with
aprotocol specific keyword ended by a semi—colon. Ex: "t cp: ?", "udp: ?", "i or: ?".

The naming service class operations are defined in the NSer vi ceAbs class. It is an abstract
class. The provided implementation of this classisthe NSer vi ce classthat uses a map
(STL) to associate the name and the address.

Neerviceabe

+add(String name, String addr) :bool
+del (String name, String addr] :bool
+get (String name, String addr) :bool
+get (String name, String Eaddr) :bhool
+gatNext (String &name, String &addr) :bool

Table 2: Naming Service class definition

The add method allows to insert a new name—address association in the naming service. If
the name aready exists, the operation fails.

The set method will add or replace an association in the naming service. It is dangerous
because it will silently overwrite avalid addressif the same name has been given to two
different components.

The get method will return the address associated to the given name.
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The del method will delete the name—address association if and only if the name and address
perfectly match.

The get Next method is used to traverse the list of components. When called with an empty
name string, it returns the first name—address association of the Naming Service. It fails if
called with the last name of the naming service content. It will return the next name—address
association for a given name.

A NSUDPC! i ent classand aNSUDPSer ver classare also provided. The NSUDPC i ent
classis derived from the NSer vi ceAbs class and send requests using UDP datagrams to the
NSUDPSer ver . The NSUDPSer ver inheritsthe NSer vi ce and process the UDP
datagram requests.

The protocol used for the UDP interaction with the naming service exchange ASCII strings.
The ASCII string is a sequence of values separated by a comma. The first value is dways 0.
The second value is arequest id number. Thisis used by the client to make sure the answer is
aresponse to it’srequest. The third value is a command word: ADD, DEL ,SET,GET or
GETNEXT. The fourth value is the name and the optional fifth value is the address. Only the
add, del and set operation require an address value.

The response is the same format as the request, ASCI|I string of values separated by comas.
Thefirst value is always 0 and the second value is the request id number. The third valueisa
status value. It may be Ok or Ko. If it is Ko, there might be an explanation message as fourth
value. Otherwise the next values depend on the operation. The add, del and set operation
has no additional values. The get operation returns the address and the get Next operation
returns the name and the address.

3.3 Control element

The purpose of control element isto provide an interface with the EF Supervisor. A wrapper
template class may encapsulate the communication protocol.

3.3.1 General design

The Ct | El enent isused to interact with the Cor eEl enent from the outside world. It
may be used to get the component parameters, change them, or get statistics about the
component behavior.

The Ct | El enent usesthe pointer to the Cor eEl enent to call the appropriate methods or
access the appropriate variables of the Cor eEl enent .

If the Cor eEl enent derived class has additional parameters, like the PTElI enent for
instance, one must implement also a corresponding Ct | El enent derived class. The

PTCt | El ement for instance. This derived class must override the set OnePar amand

get Par ans methods and calls the corresponding base class method. These methods return a
St ri ng object.

A UDPCt | Ser ver classalowsto manage multiple Ct | EI enrent in the same process so
that there is a unique listening port and thread to process supervisor requests.
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3.3.2 CtlElement implementation

The Ct | El enent class has four public methods: aget Par ans and get Del t as
returning a String, and aset Par ans( St ri ng) and set OneParan( String var,
String val) method returning abool .

CtlElemant
+getParame () : String
+gatParame (String parame) : bool
+BatgneFaram (String param, String wval): bool
+getDeltag () : String

Table 3: CtlElement class

The get Par ans method returns a string composed of a sequence of variable-value pairs
separated by a comma. Each pair is made of avariable name followed by the = character and
avalue. .l.e. id=fifo, src=, dst=,? Of course, the value cannot contain acomma
character. The set Par anms method uses the same input string format, and it should only
contain the variable, value pair we want to modify. The order is not important.

The get Del t as method returns a set of statistic values: the rgjection percentage between
two method calls (float); the CPU usage percentage (float); the throughput (number of events
per second: float); the total number of events that entered in the component (int); the
component occupancy percentage between two requests (float); the number of milliseconds
elapsed since the last call of this method.

Because a portable way to compute the CPU usage percentage has not yet been found, this
valueis presently set to 0.

3.3.3TCP/IP implementation

To support control from aremote host, there is atemplate class UDPCt | <Ct | El enent >
wrapping all the communication aspects. It uses the UDP protocol. To use a different protocol
one simply needs to define a different template wrapper class.

The message format is the same as for the UDP Naming Service interaction except that the
first value has anon zero long integer value. Thisvalueis used as akey to check that the
request was effectively destined to that component because a confusion is possibleif the
component is destroyed and the UDP port is re-used by a new component.

So UDPCt | messages are ASCII strings made of values separated by comas. The first value
isthe key, the second value is the request id and the third value is the command. The
commands implemented now are PING, GETDELTAS, KILL, SETPARAMS and
GETPARAMS.

If the key or the request value does not match, the UDPCt | ignores the request. Otherwise,

the Ct | El enent responds with the same key and request value. The third value isthe
status, Ok or Ko. If Ko isreturned, an explanation message may follow as fourth value.
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The PING command will return Ok if the key matches and the element is running. Otherwise
there is no response to that request.

The GETDELTAS, GETPARAMS, SETPARAMS commands will return the result of the
corresponding call tothe Ct | El enent .

The UDPCt | will start athread to process supervisor requests asynchronoudly. The nameis
registered in the naming service in theform <i d>_ct | and the address

udp: <host nane>: <port >: <key>. Theportisashort valueandthekeyisal ong
i nt eger value.

A UDPCt | Ser ver classalowsto manage multiple Ct | El enrent in the same process so
that there is a unique listening port and thread to process supervisor requests. For a

Ct | El enent to be managed by aUDPCt | Ser ver one ssimply hasto register the

Ct | El enent inthe UDPCt | Ser ver . The UDPCt | El enent isrun by athread to process
supervisor requests asynchronoudy. The user must start this thread by calling the st ar t
method when all the components of the process are ready to be managed by the supervisor.

3.4 Binding elements together

This section explains how the different elements which have been described above are bound
together to form an operational component.

The binding must be bi—directional so that the Cor eEl enent has accessto the
| CEl erent and Ct | El enent and the converse.

Thel CEl enent and Ct | El emment may not be operational until they are connected to a
Cor eEl enent because they need to know the component name for instance.

To keep this operation ssimple for the user, the following strategy is used. The user construct

the Cor eEl enent . She then creates the appropriate Ct | El enent and the | CEl enent .
At this moment they are not yet connected and they are not operational .
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CoreElement XElement

I I

gatx=El amant | |
|

|

.._4
SatCoreElement (thig)

start ()

Figure 10: To attach an element to the CoreElement one call the setxxElement
method with a point on the element to attach as argument. This method will call the
setCoreElement method of the object with a point to it self as argument. The element
may then eventually call the start method resulting in starting a thread executing the
run virtual method.

Then the user simply callstheset Ct | El enent method of the Cor eEl enent which
passes the reference to the Ct | El enent . The effect of this method is to store the reference
in the Cor eEl enent instance and to call the set Cor eEl enent method of the

Ct | El ement by passing areferencetoitself. The Ct | El enent storesthe referencein its
instance but takes al the necessary actions to make itself operational. It then may get the
component name, start athread, register to a naming server or whatever.

Binding and activating | OEl enent isdone in the same way. One smply needs to call the
set | nput El enent or set Qut put El enent method to bind elements together and
trigger activation of the objects.

The set Cor eEl enrent method of the | OEl enent and Ct | El enent must take care of
multiple call to thisfunction. For instance the first time they may start athread and the next
time they simply want to change the reference.

4. Event implementation

The test event currently used in the dataflow isvery simple. It isan array of bytes. Itis
sufficient to know isits size and the sub event filter event identifier. This number is used
internally in the event filter to identify events when interacting with the distributer global
buffer (DGB).

This event isimplemented in asimple class described below. Thereisaso an internal Pt r
class using reference counting to manage event object deletion.
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Evrant

+data:int
+gize:intc
+efeid:int
-refcnt:int
-m:Mutax

PLE

+Ptr (Event¥)

+~Ptr ()
+operator=(congt PLr&)
+operator-> ()
+pperatort ()

-e:Evants

Table 4: the Event class definition with its
reference counting smart pointer

Thus areference on an event must be of type Event : : Pt r so the reference counting is
properly updated. The reference counting is thread safe by use of a mutex.

5. Helper classes

To smplify the implementation of the previoudly described classes, a set of helper classes
have been defined. They are described in the following paragraphs.

5.1 Args

The Ar gs class smplifies the access to the program arguments by using the STL routines. A
conversion from ASCII C stringsinto St ri ng object is performed.

Arguments comprise an argument key word followed by an optional value. One may test for
the presence of agiven argument key word, i.e. "—dgb" or get the value associated to a given
argument. |.e. "—src <String>".A default value can also be provided to return when the
argument is not present.

Arge

fargv : vector<Strings
figetarg (Stringl : wactor<String»::iterator
fgetNextaArg (vector<String»::iterator) : wvactor<sString~::iterator

+arge (int argec, char+ argv[] )

+getstr (string arg, sString dflt=vn ) ; sString
+getInt (String arg, int dflt=0 } : int

hagarg (String arg) : bool

mustHave [String arg)

Table 5: the Args class definition to access program arguments
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5.2 Socket

The Socket classes are used to simplify access the TCP/IP services. Thisclassistotally
different form the class used in Version 3. It now uses a strategy equivalent to the one found
in Java.

Socket

Llh
| |

TCEPSocket UDPSoccket

Figure 11: Socket classinheritance tree

Socket
fe:rint
fisocket ()
+getaddr (string] : int
+getHogt (int] : String
+ierReadReady (int me=-11) : bool
+igWriteready (int me=-1) : bool
+get Local (Stringg& hoet, shortg port)
+ievalid() : bool

Table 6: the Socket base class. Snce the constructor is
protected, only a derived class can be implemented

Theget Host and get Addr methods are static methods. Thei sReadReady method will
block until there is some data to read on the socket or the waiting time expressed in
milliseconds expired. —1 meansinfinite wait. Thei sWi t eReady works the same way but
for writing. Theget Local method returns the local host name and port number of the
socket.

TCFSocket

+TCPSocket (ghort=0]

+connect (String hogt, short port) : TCPSocket®
+accept ()] : TCPSocketr

+getRemote (Stringgk hoet, short& port)

+gend (void+* buf, int len) : int

+recwv (void+ buf, int len) : int

Table 7: the TCPSocket class for connection oriented data transfer

To start a socket accepting connections, it is sufficient to create a TCPSocket object
providing the port number to be used. If it is zero, the system will pick afree port number.
Theget Local method of the Socket base classwill return the port number. This creates
the listening socket.

Theaccept method will block until another socket tries to connect to the listening socket. It
will then return a pointer on the TCPSocket object created to process that connection.
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To createa TCPSocket that connectsto alistening socket, it is sufficient to call the static
connect method providing the host name and port number where to find the listening
socket. The static connect method returns a pointer on a TCPSocket object or NULL if it
fails. The send and r ecv methods can then be used to exchange data with the remote
socket. These methods return avalue <= 0 if the connection is closed by the remote socket or
if an error occurred. Otherwise it returns the number of bytes effectively sent or received.

The get Renpt e method returns the host name and port number of the remote socket.

UDFsSockeat
+uDPSocket (short=0)
+egaend(int addr, short port, wvoid+r buf, int len) : int
+recv (int& addr., short& port, wvoid+ buf, int len) : int

Table 8: the UDPSocket class for datagram data transfers

The UDPSocket classissimpler to use than the TCPSocket sincethereisno need to
establish a connection before sending or receiving a message. A UDPSocket may be used
for receiving or sending UDP datagrams. The socket is set up to support broadcasts.

If aspecific port number is provided when creating the UDPSocket, the system will try to use
that socket. If it isalready use the object creation fails. Usethei sVal i d method to check if
it succeeded. In future versions, the Socket classes may throw exceptions. If no port number
or avaue of zero is given, the system picks a port number that is free. One can determine the
port number by using the get Local method of the Socket base class.

5.3 Thread

The Thr ead class uses the same strategy as Javato make it smple to create threads and
define their operations.

Runhable

+run )
+exit(voidr status)

AN

Threaad

+Thread (Runnable* r = NULL)
+etart ()

Figure 12: Thread class inheritance tree

The Thr ead classinheritsfrom aRunnabl e class. The Runnabl e classhasavirtual r un
method that will be executed by the newly created thread. The Thr ead class may receive a
pointer on aRunnabl e object. A call tothest art method will result in athread creation
executing the r un method of the Runnabl e object. If no Runnabl e object is passed to the
Thr ead object, thest art method will execute the Thr ead’s run method.
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Thus to create an object run by its own thread, it is sufficient to inherit from the Thread class
and cal st art when the thread must be started. The r un method is executed in the object
instance scope, so all instance variables are accessible.

5.4 Mutex, Monitor and Semaphore

In order to synchronise the threads, critical sections using mutexes must be used. This
functionality is supported by the Mut ex and Moni t or classes.

A mutex is created by ssimply creating an object of type Mut ex. One may call thei n or out
methods to enter or leave the critical section. But it is strongly recommended to use rather an
object of type Moni t or to manage the critical section.

On creation the Monitor object will call thei n method of the Mut ex object given as
argument, and on destruction it will call itsout method. This ensures that whatever the way
ablock is exited (return, break, exception, ?), the mutex will be released.

Mutex Monitor
+in () +Monitor (Mutexg)
+out ()

Semaphora

+zemaphore (int)
+inec ()

+deac ()

+set (int)
+get (] : int

Figure 13: Mutex, Monitor and Semaphore inheritance tree
A Semaphor e class has also been provided since this is a specific type of thread
synchronization needed for the components. It has an internal integer value. The dec method

will block if the valueis zero otherwise it will decrement it. Thei nc method will increment
the value and possibly release any blocked thread. One may get the value or changeit.

5.5 String

The String classinherits the STL string class and adds a few methods.
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gtring (sTL)

aN

String

ffBame congtructore ag string
+valuedf (bool)

+valueQf (char)

+valueQf (short)

+valueaf [int)

+wvalueof (long)

+valueaf (uneighed char)
+valueQf (uneigned short)
+wvalueQf (uneighed int)
+wvalueQf (uneighed long)
+valueQf (float)

+valueQf (double)

+trimi)

Figure 14: String class extending the STL string class
This St r i ng class methods are inspired from the Java language. They provide a convenient
way to convert valuesinto St r i ng objects. Thet r i mmethod will remove all the spaces
characters at the beginning and the end of the String. A space is the blank char, anew line or
atab.

In afuture version, functionsto convert a St r i ng into different base types will be provided.

5.6 StringTokenizer

The St ri ngTokeni zer classisalso inspired of the equivalent Java class. The field
concept has been added. A string may be a sequence of fields separated by a character or a
string. Concerning tokens, one may specify a default separator in the constructor which can
be superseded at call time.

The next Fi el d method will return all characters until the separator or the end of fileis
encountered. The next call will start after the separator. The peekFi el d returns the same
value but without moving the pointer. The ski pSep method will skip all separator until a
non empty field is found.

The next Token hasthe same semantics asin Java, and is equivalent to acall to ski pSep
followed by acall to next Fi el d using the same separator.
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StringTokenizer

8 : string

#d : String

#e : char

#poe : String::gize type
+5tringTokenizer (String &. String gep = "n
+stringTokenizer (string &, char eep)
+nextField : String

+nextFieldistring sep) : String
+nextField(char eep)] : String
+peekField() : String

+peekField(string sep) : String
+peekFieldichar eep) : String
+ekip=ep () : StringTokenizerk

+ekipSap (String eep) : StringTokenizerk
+ekipsep (char eep) : StringTokenizerk
+nextToken () : String

+nextToken (String sep) : String
+nextToken (char sep) : String
+haeMoreTokene () : bool

+raget ()

Table 9: SringTokenizer classto parse Srings

Theuser may usea St ri ng or achar astoken separator. It must find an exact match. One
may provide a default token separator at object creation or specify one at each next Token
or peekToken method call. If the St r i ng separator isthe empty string" ", the rest of the
tokenized string is returned.

The StringTokenizer class uses an internal position value in the String. The
hasMr eTokens method returnsfalse if the pointer has not yet reached the end of the
String. Ther eset method will reset the pointer to the beginning of the string.

6. Extending functionality

This section give some hints on how to extend this dataflow software to adapt it to client

needs. Three type of possible extensions are covered:

« thedefinition of customized event transfer protocol thus defining a new set of classes
derived of the |OElement base class

« the definition of customized processing task with customized additional parameters

« theimplementation of a customized supervision protocol

6.1 Event transfer

The implementation of customized event transfer protocol requires the implementation of the
pul | Event Req, the pushEvent Req method for the clients |OElement. In the

set Cor eEl enent method, clients should connect to the remote server object. The

| OElement may find the address by accessing the sr ¢ or dst variable of the

Cor eEl enent . Server | CEl enent can register their name using the naming service and
get the component identifier by accessing thei d variable of the Cor eEl enent . Or they
may use their own naming service which is more appropriate to their needs.
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Client or server object may start a thread to process their protocol on their own.

6.2 Event processing

The current implementation requires to override the method pr ocessEvent inthe

PTEl enment class. This method receives as argument an Event : : Pt r object. Currently the
return value isignored and the decision to reject or accept the event is taken on arandom
basis.

To implement a different behavior, rewriting a customized PTEl enent class using the
existing one as an example should be considered.

Adding new arguments requires to derive acustomized Ct | El enment class aware of the
existence of the new parameters and the protocol used to communicate with the supervisor.

6.3 Supervisor interface

In order to define a new communication protocol for the supervisor, customized

Ct | El enent derived classes must be defined. This must be done for al different

Ct | El enent classes defined for each Cor eEl enent type. Currently there are only two
Ct | El enent s, onefor Fi f oEl enent s and one for the PTElI enent .

If the Ct | El ement requiresto be run by its own thread, it may be started inside the
set Cor eEl enent method.

Since only the UDP control protocol is currently used, this protocol isimplemented in the
Ct | El ement baseclass. If new protocols are required, this may be rearranged so that a
UDPCt | El enment classderived from an abstract Ct | El enent classisavailable.
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