An Introduction
to
Scalable Frameworks
for
Observatory Software
Infrastructure

SC-644

G. Chiozzi — European Southern Observatory
gchiozzi@eso.org

SPIE 2010
Astronomiical Telescopes and Instrumentation
July 01, 2010

Course Abstract

This course provides an analysis of the advantagdsequirements for an integrated software infuatiire

for observatories and similar scientific facilitiek provides a common framework for applicatiaftware

that can range from control to data analysis appbtas. Currently available and emerging techn@sgire
evaluated and compared. The course concentraté® @rchitecture of an application framework neagss

for such an infrastructure and on the impact omabdéy, maintainability and reuse. Many practical
examples will be given based on the ALMA CommontBafe (a CORBA-based, open source solution used
by ALMA and other projects) and on the preliminatydies and prototypes for the E-ELT project.

Learning outcomes:
This course will enable you to:

« identify the advantages and requirements of aerbsory-level software infrastructure

e compare existing and emerging technologies

« estimate the impact of introducing a common saftéwfsamework in a new or pre-existing project
» demonstrate applications implemented using theegots described in the course

Intended audience:

This material is intended for anyone who is invale the design and refurbishment of the software
architecture of a scientific facility and in thdesgion of the middle-ware architecture to use. Sgherho
develop applications integrated in the data flow eontrol infrastructure of an observatory willdithis
course valuable.

Instructor:

Gianluca Chiozzi currently works at the EuropeantBern Observatory in Munich. For the last 15 ydwrs
has been heavily involved in the design and imptaaten of the Common Software and Telescope Cbntro
Software for the VLT and ALMA projects and now fiwe E-ELT project. He is head of the Control and
Instrumentation Software Department. Before ESWitiked at the IBM Technical and Scientific Research
Center in Milan.
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Course Objectives

Identify advantages and requirements of an
observatory-level software infrastructure

Compare technologies

L

Estimate impact of a common software
framework in a new or pre-existing project

Demonstrate applications
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This course provides an analysis of the advantagdsequirements for an integrated software infuatire

for observatories and similar scientific facilitiek provides a common framework for applicatiafteare

that can range from control to data analysis appbas. Currently available and emerging techn@sgire
evaluated and compared. The course concentraté® @rchitecture of an application framework neagss

for such an infrastructure and on the impact omabdéy, maintainability and reuse. Many practi

examples will be given based on the ALMA CommontBafe (a CORBA-based, open source solution used
by ALMA and other projects) and on the preliminatydies and prototypes for the E-ELT project.

Learning outcomes:
This course will enable you to:

eidentify the advantages and requirements of aemvbsory-level software infrastructure
ecompare existing and emerging technologies

eestimate the impact of introducing a common safénfaamework in a new or pre-existing project
edemonstrate applications implemented using theets described in the course

| think it is important to adapt the course to ¢helience and follow up the questions.

Therefore these course note masters are not cts gtone and, if necessary and useful, we cadeléz
go sometimes into deeper details or to skip pagsdo not seem particularly interesting for theipgants.

By experience, each course is different becausieeadiifferent mix of participant’s knowledge and
experience.

Unfortunately this means that | never managed tecall the topics foreseen in the slides, becéuse
participants always pushed the discussion intoipeapics of their interest. This is the pricepay for
flexibility.
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We will divide the course in 11 sections.
At the end of each section there will be time faestions, discussions and, in case, some extrd. deta

You can interrupt me at any time for questi

| will decide case by case if | have to reply immagely to the questions or if it is more efficigntreply later
or to let the reply come out by itself from otharts of the presentation.



Let’s introduce ourselves
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Let’s go around the classroom and introduce brietlyselves:
*Who are we?

*What do we expect from this course?

*Any suggestions?

I am Gianluca Chiozzi and | am working at the E@ap Southern Observatory in Munich.
You can reach me at any time at the following enzaihiozzi@eso.org

Sine 2007, | am responsible for the ESO Controllasttumentation SW Department, with about 20
people assigned to different projects (VLT, VLTLMA, E-ELT).

| am also spending some “technical time” in thehdecture and design of the E-ELT Control Software.

Before that | was responsible for the ALMA Commaoft®&are (ACS) architecture and development, with
a team of about 10 people (not all full time) distted in various sites in Europe and North Ameris@&S

is the software infrastructure for the ALMA projextd is used also by other projects. | have beeking

on ACS and in ALMA since about the year 2000.

Before ALMA and ACS | have been heavily involved &bout 6 years in the design and implementation
of the VLT Common Software and Telescope Contrdtv&re. Here | have been responsible for
introducing Object Oriented technology in the pobjevorking on the architecture and design of some
control subsystems and on the implementation ofc{a8s libraries for the Common Software
infrastructure.

Before ESO | have been employed at the IBM Techiod Scientific Research Center in Milan, working
on image recognition systems and on user interfawadility management systems (like electrical or
railways networks).
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infrastructure frameworks
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The Modern Observatory

Integrated and distributed architecture (end
to end data flow)

Archive and virtual observatory integration.

Feedback systems and distributed control
loops.

* Big projects and small projects: what are the
differences?
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A modern Observatory (or any other experimentdlifgchas a complex integrated and distributechédecture.

In the past, the Astronomer (the main stakeholdieotir systems) was traveling to the Observatogkerhis
observations, store data on tape and go back honegltice it.

The telescope and, eventually, the instrumentshazhtrol system virtually independent from eveiryghelse

Data reduction was done offline after the obseovasind there was no direct feedback from the observdata to the
control system. An experienced observer was jusingdyr the telescope based on his own feelings.

There was no observation data archive, no qualiservice measures and constraints, no facilityireseging in the
terms we think of now.

This has dramatically changed in the past 20 yedti,the big observatories like VLT, Keck, Gemikiubble and so
on.

Since the major observatories are now providinggrated facilities, astronomers expect the sanwefas smaller ones
and the amount of integration required for the pegjects like ALMA and the giant optical telescopiks E-ELT, TMT
or GMT will be even more. The Virtual Observatosyaiso contributing to this need for integratiod guality control
adding the intra-observatory dimension to the mobl

Now all the systems in an Observatory are fullggnated.
Observation data, weather and telemetry are dyréatl back in the control system to obtain optirdiperformance.

The astronomer is in many cases not even any nung ¢o the observatory, but monitors the obseovatiom his own
institute and can ideally interact with the systemmotely when the observation is taking place.

The astronomer expects to interact with the systsimg “standard” Web technology.
Data is archived to be usable by Virtual Obseniasoand therefore has to contain calibration aralityiinformation.

Engineers and people responsible for the admitistrand maintenance of the observatory are anath@ortant
stakeholder. More and more performance is measamddelemetry information is analyzed daily to perf preventive
maintenance and optimize the system or to measifermance trends over long time periods.

The new systems being designed now (like the Elilneed to coordinate the real time operatiome¥ices
distributed over large distances (hundreds of reeieeven more). This is rising distributed contiodllenges to the
next level.

Big projects are driving this evolution, but alsnadl projects have to follow up in this directianrbatch the
expectations of the observers. For them, the rebhodget makes it unaffordable to develop in-hootegrated
solutions. Many small projects are therefore irgte in adopting solutions developed by other, driggnes.



ALMA Architecture
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We can take as an example the Architecture of AL{Adt we could take the VLT, Hubble or any other
major observatory).

We will start analyzing the overall architectureAbfMA and see how it impacts the software architeet
First of all you can notice that ALMA is a very ggaphically distributed syste
*AOS: Chajnantor (5000m)
*Move antennas (scattered up to 14 km from cowglat
*Swap in/out hardware modules
*OSF San Pedro (2800m, ~30 km from array)
«Control & monitor array
*Repair Hardware
*SOC: Santiago
*Run pipeline
*Maintain archive
*Regional Centers: USA, Europe, Japan
*Accept proposals
*Deliver data packages
*Provide User support
*Astronomer’s institutes:
*Submit proposals
*Monitor and interact with observing projects
*Data reduction



Observatory Software Scope

 Proposal preparation and review

* Scheduling of observing programs

» Observation

« Calibration and Imaging

 Data delivery and archiving

 Data reduction

» Archival Research and Virtual Observatory
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Astronomers expect from the software in an Obseryad wide scope of services.
They need to be all integrated together.

Also, astronomical observation is not limited tgents in the field (like infrared or radio astrorens), but it
shall be open to chemists, biologists and othetirdigciplinary researche

The general user should be given standard obsemaules to achieve project goals expressed in tefms
science parameters, rather than technical quantBiet experts must be able to exercise at the sameefull
control.

Making things easy and flexible for the astronomgds up complexity to the software development



ALMA Software Architecture
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Again we can take as an example a schematic actiniéeof the ALMA software (A.Farris, J.Schwarz
ALMA HLA team).

This diagram shows the main subsystems in whiclsdfftevare has been divided and the main relatiquss
among then in the form of a collaboration diagrassatibing the typical lifecycle of a project, stagtwith
proposal submission and ending with a researclodirlg for the data in the archive after the obseéova

has been performed.



Functional Architecture

 Software components/subsystems
— Responsibilities
— Interfaces
— Primary relationships and interactions

 Physics and algorithms
» Hardware deployment and distribution
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The previous diagram shows the “Functional Archite” of the system.

The functional architecture is built based on therurequirements.

The functionality that needs to be implementeds&gned to components/subsystems and the arché
describes the responsibilities of each subsystahttaninterfaces that are exposed to the otherystdras
or to the external world.

Then the relationships between the subsystemahve these interfaces are used when asking recifyoc
services) are described.

The functionality must be implemented accordingh physics of the system and must implement specif
algorithms that must be described in this architectFor example scheduling algorithms, control
algorithms, data reduction strategies are all pfttie functional architecture.

Another essential driving factor is the actual dgpient and distribution of the hardware that mest b
controlled by the software. For example, the phaisiteployment of motors and sensors and the pHysica
connection of the electronics to the control coramiaffects the functional architecture of the eystOr
the location of the data archives and of the CRitbfées for data reduction.

11



Technical Architecture

o Communication mechanisms and
networking

L

Database technology

[ J

Software deployment and activation

* Programming model
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The “functional architecture” must be supportedabdyechnical architecture” that describes (and
implements) the technical aspects of the softwldee the communication protocols used, the thregdin
model, the software deployment (process handlirggriloution, activation and deactivation).

The requirements for the technical architecturenametly derived requirements.

While the user requirements are the basis for éveldpment of the functional architecture, we derivost
of the technical requirements from the functionah#tecture itself: the technical architecture kbahble us
to implement the functional architecture.

12



Separation of concerns

Functional and technical architecture: two views

Subsystem teams should concentrate on function

*

Technical architecture provides them with simple
and standard ways to, for example:

— Access remote resources

— Store and retrieve data

— Manage security needs

We want to keep the two concerns separate

SPIE 2010 — SC-644, An Introduction to Scalable Frameworks for Observatory 13
G.Chiozz Software Infrastructure

Functional and technical architecture are two difif¢: views of the system.

Subsystem developers should concentrate on théidnataspects of the system, i.e. in the impleaubor
of the physics and algorithms.

They have to be freed from the need of designimbimaplementing mechanisms for interfacii
communicating, deploying or handling security.

The detailed design of the Technical architectuustrbe mastered by infrastructure developers.

Application developers are required to understaistitheconceptof both the technical and functional
architecture.

13



Infrastructure Framework

An infrastructure framework is
the key to the separation between
Functional and Technical Architecture

Purpose of a framework is to:

+ provide a programming model

* provide common paradigm abstractions
* mask heterogeneity

+ satisty performance, reliability and security requirements
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The key to reach this objective is to adopt a SaftwFramework that provides a consistent infrastredor the whole
observatory. On one side the framework has tofgatisthe requirements of performance, reliabibiyd security
derived from the functional architecture. On tlieeo side it must hide as much as possible itsiotamnal complexity
to the subsystem developers and provide them withaa and streamlined programming model.

What can be a definition of software framewc
The current definition from the Wikipedia (httpr/evikipedia.org/wiki/Software_framework) is:

A software framework is "the skeleton of an application that can beausted by an application developer”. Like
software libraries, it aids the software develdpecontaining source code that solves problema fgiven domain and
provides a simple API. However, while a code ligracts like a servant to other programs, softweaméworks reverse
the master-servant relationship. This reversaleddinversion of control”, is the essence of saftes frameworks.

Frameworks are designed with the intent of faditih software development, by allowing designerm programmers to
spend more time on meeting software requiremetttgershan dealing with the more tedious low levetiadls of
providing a working system. However, there are coammomplaints that using frameworks adds to “cddat) and
that a result of competing and complementary fraonksvis that one trades time spent on programminigdasign for
time spent on learning frameworks. Having a goad&work in place allows the developers to spencertiore
concentrating on the business-specific problenaatiirather than on the plumbing code behind ito Aldramework

will limit the choices during development, so itirases productivity, specifically in big and coexpsystems.

However you can find many definitions pushing moféess on certain aspects of the concept of fraonewnd even the
definition in the Wikipedia has been quite volatile

The E-ELT project has written a Technical Requirstaelocument for the TCS Software Framework. Tbisudhent is
used for the evaluation of the different alternegivThis document states that:

The role of theSoftware Framework product is to allow the control software applications tamcounicate in this
distributed environment and to enforce a cohemegrated system. The Framework hides the opersgistgms from
the application, provides common services and pes/an API. The Framework may or may not includiicd¢ed tools
to generate applications, e.g. code generatosllm Application Framework. It is emphasized that priority in this
document is on the support structure.

The justification of using a Framework is to makplécation development easier, by providing commeoosgramming
abstractions, by masking heterogeneity and theildiston of the underlying hardware and operatipgtems, and by

hiding low-level programming details. The advantagéusing a Framework come with potential caveBtese shall be
taken into account when selecting and/or developifgamework.

We will examine some of the requirements for su@tamework in our domain and what options are aéd.

14



The (only) path to Heaven?

Development support/ SE
: L
High Level Framework

Services ‘
'_,.‘w) )
Component/Container <&

Object Middleware ' =
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A Framework can be defined and adopted at diffelmrels.

We will analyze the levels listed in the picturensidering them each as an extension or an additiayer
on top of the previous or

The elements are listed down up in the order irclvlive will encounter them following our logical éad.

But should we have only one single framework, endrd?
Or is it better to select different frameworks iffetent parts of the system?

The latter is probably the case.

The requirements and constraints of control systiata flow and interaction via the web with exténmsers
are very different. Forcing everything to fit iretkame framework or, alternatively, expanding the
framework to satisfy all requirements is not thethaption: it would lead to too many constraintstios
applications or too high complexity in the frametuor

As we have realized with ALMA, it is probably bette adopt standard and mainstream technologiesdaut
of the control system, because applications thataat with the users via the web are very sintdawridely
used commercial applications.

What is essential is to make sure that the intedfare very well defined and there are a coherent
architecture and data model, so that there areictmhs at the interface between the differenireavorks
adopted.

15



Questions (& Answers)
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3 — Measuring the impact of a

Framework
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Quantifying the advantages

« Can we measure the impact of adopting a
framework?
— Very difficult: all numbers are debatable
— But we have some good examples
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Can we somehow measure the advantages coming iemttoduction of a framework?
This is very difficult and numbers here are deblatab

The only real way to get a reliable measure woaddohave a big project already done and measurgd a
re-do it from scratch adopting a framewc

For sure there are some successful project tha baen done to a great extent in this way: the \éLan
example of well performing observatory whose sofeMaas been developed within schedule based on a
framework common to a big part of the observatory.

But we cannot really measure:

*Technology is advancing so fast that we canndlyregliably compare any two software works
done at 10 years distance

*Nobody has the resources and the interest in deiel two parallel systems with and without
such a framework.

But there are some partial examples that can beumed and can be extrapolated.

18



Size of Instrumentation code reduced

120000 A Longinotti, M.Kiekebush — 2010
100000 !

80000 i
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20000 ' t

| . |

Others

FORS2 = XSHOOTER: 75% less
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One of these comes from the VLT.

The Control System of the VLT and of its instrungehas been developed based on a n infrastructommanication and
services framework (the VLT Common Software). Attewing developed a number of instruments it has bealized
that that there was a big potential for factorizingjor parts of the architecture of the instruniere Common
Instrumentation Software (INS). This has been dotiending the VLT Common Software with Instrumeiota
Software and new instruments have been implemersied) this higher level extension.

Therefore we have the possibility of comparingrnmstents developed with and without such a comméastructure.

A number of the VLT/VLTI instruments has been impented directly at ESO or with the direct partitipa of ESO
developers. In any case, for every instrumengtiea least an ESO software engineer, from theuimentation group,
assigned to follow up the consortia. More ovére doftware for the first instrument (the TC, temiera) has been
always given around as a template/example. Thisisngeat we have always taken care of making sare tivere
always a lot of similarities, in particular in thechitecture, between the various instruments.

The development of the INS has made availablerapl&mentation” for these similarities that has giramediate
benefits. More over, there has been a continuadbfeck between the INS and instrument developers.

The diagram shows a significant reduction in linesode (of the order o %z in this specific case)2iod generation VLT
instruments using extensively the new instrumemafliamework with respect to comparable 1st gefmranstruments.

If you add up the INS code and the XSHOOTER coda,will probably get in total more of the FORS2 braf code (I

do not have the numbers), but the INS code is &vailable for reuse and its cost gets amortizeck kdth time.

All documents abouts the INS Common Software aedlable at this link:
http://www.eso.org/projects/vit/sw-deviwwwdoc/VLT@@dockit. html

This link contains the whole documentation for YHel Common Software and includes the Instrumenta@@mmon
Software. Look at volumes 5a, 5b and 5c.

I would in particular look at the two specificatidocuments in 5a.
If you are interested in the functionalities tceiritice to the hardware, the best document is ti§éBake ICS (Instrument
Control Software) manual. This describes the lowelleontrol architecture all sensors and devicgpstted.

But looking at the list of documents you will séatmost of the software components of an instrimencovered and
that we provide the various consortia also with

- template of all the documents they will have titevand deliver to ESO for the acceptance.

- a test platform
This will save them and us a lot of time.

Also, a number of the packages above, classifiedl Zbmmon Software, are very much oriented towaed th
instruments.
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Comparing the data for UVES (that does not uséNiseCommon Software) and X-shooter (that usesét) w
could estimate a gain of 7 FTEs in the developméase of the project.

If we extrapolate over the development of the Z3riiments planned at that time and take into addben
cost of developing the INS Common Software itsef§ FTES), we get a total gain for the astronomical
community of:

23*7 - 25 =136 FTEs
Then we have to count the gain in maintenance.
As shown, the INS Common Software allows to rechafcé: the lines of application code.

Based on the current situation at Paranal withxaahinstruments with and without INS Common Sofiteva
and on the resources allocated to software maintentor the instruments, it is reasonable to eséraggain
of more than 2 FTEs/year.

The maintenance of the INS itself is currently afFTEs/year.

Therefore we can round the total gain to sometlikeg

*136 + (1 * observatory life) FTEs

20



The VLT TCS software was conceived from the begigri be reusable on different telescopes.

All Paranal Telescopes: Unit Telescopes (UTs), Raryi Telescopes (ATs), VISTA and VST and several
other ESO telescopes are reusing the basic artthitgedesign and code of the VLT UTs. The following
figure shows how, using the UT TCS base, the nurobknes of coded needed to implement each tefes
is about 1/3 of the UT reference case.

The VLT TCS shall therefore be considered anotligir level application framework built on top of the
VLT Common Software.

It should be noted that from a TCS perspective radribe developed telescopes is significantly Essplex
than the reference implementation and the hardaaress these telescopes is often substantiallgrdiit.

This analysis shows considerable savings in ttatafeeded to implement a new TCS when VLTSW and
the VLT TCS were used as starting points.
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It is also interesting to see that most projeatsamtopting, at different levels, an infrastructfreanework.

The table in this slide lists a number of projemtd the basic infrastructure framework they aragjsi
according to my knowledge and based on a revietwtha done by Observatory Sciences Limited forhe
ELT in the scope of the evaluation of the ALMA CoomSoftware for the -ELT Telescope Contr¢
System.

From this table you can get an idea of the patetsolutions available.

You can see that most major projects are usingr@neial or open software solutions with a wide uszse
and that home brewed implementation are gettingeraod more uncommon, although most projects have
recognized the need of developing higher level yeap on top of the general purpose frameworks.

We will see in the following discussions the reastor that.
CORBA-based or CORBA-like options are now rathedtely spread.
LabVIEW and DDS are emerging are strong candidates.

A number of major projects now in their first stagé design do not have yet adopted any framewatk b
they are still evaluating among the available amérging options.
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This diagram compares the lines of code curre@DA0) in the VLT software and in the ALMA software.

The two projects are in completely different stagedevelopment, being the VLT in full operatiorde
ALMA under commissioning.

It should also be taken into account that the Vihdluides control and pipeline for many instrumentsije
ALMA has essentially only one, the correlator.

Nevertheless it is possible to make a couple efr@#ting observations.

1) First of all, the code implemented for the ALMramework (ACS) is much smaller than the VLT.

Our analysis ascribes this to the fact that AC&isnsively using the CORBA infrastructure providsd
public domain distributions: a lot of the featuprevided by the VLT Common Software are already
provided by CORBA.

2) The SLOC for the Telescope/Antenna Control isimiower.

We think this is due to the fact that we are legaéra a more advanced basic infrastructure, better
programming languages and more modern design ahéteture patterns.

When a new project starts, there is always theriila between adopting a well known, old and proven
infrastructure or a new one, unknown but technicklty more advanced and promising higher
development efficiency.

The advantages and disadvantages of the two apgm®have to be carefully weighted and the decision
depends a lot on projects specific parameters.

We will try to discuss some of these parameterinduhe day.
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The Workstation Software Framework (WSF) is a staaehine model driven development toolkit desigimegenerate
event driven applications based on ESO VLT software

State machine models are used to generate exegsitabl
The toolkit provides versatile code generationamgiand it supports Mealy, Moore and hierarchitakesmachines.

Generated code is readable and maintainable gisoenbines well known design patterns such as the @nd the
Template patterns. WSF promotes a development gsdbat is based on model reusability through teation of a
catalog of state machine patterns.

The following projects have used WSF to developkstation applications:

*Phase Referenced Imaging and Mirco-arcsecond AstrgrtleRIMA) facility for VLTI.
«Active Phasing Experiment (APE).

New General detector Controller (NGC).

«Delay Line Control Software: maintenance and aligntrapplication for Delay Lines (DL).

PRIMA has been a test bed project for WSF. Thedifizbe project (12 new processes spread on foukstations) and
different types of applications required (contaps, configuration and coordination of real-timmegesses running on
real-time platform, broadcasting of commands) teli@ved tuning of the framework until a stable venscould be
released to other projects.

The effectiveness of state machine model reusgbitis been proved with the APE project where simaifgplications
were developed to control four different wave-freehsors. Out of 12 APE workstation applicatioosr faire dedicated
to control the calibration of the sensors and &itjian procedures and four to process the datauwmextiby the sensors.
The four data processing applications share ex#totiysame state machine model. Only some of thenacand data
structures are different. The control applicatishare most of the state machine model and sontee @fctions in order
to configure devices common to all sensors.

Finally the NGC project gave the opportunity to game two applications sharing the same functiosglirements but
developed with and without WSF. The New Generatctet Controller software is the successor of FIERfaring
additional functionalities. FIERA was developeddrefWSF was available and counts 51412 lines of.cble portion
of NGC covering FIERA functionalities sums up td3% lines of code. The interesting fact is thatlevttie total
amount of code is the same, only 11% of the 51R®%$lof NGC code has been written by the developer.

The table shows that the percent of code writteddmelopers (mainly actions and data classes)fierelint projects is on
average below 30%.

The toolkit was presented at this conference ir8200
Workstation Software Framework, L. Andolfato, R. Karban
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Thanks to the open communication and interchangeseen the major projects (for example collaboratio
and cross-participation to reviews), our commuistynoving toward common concepts and a common
terminology. The architecture of the various prtgdooks more and more similar and consistent. Winren
talk together we can easily understand each ottetme can share design patterns and architec
solutions, if not actual code.

This is potentially a big advantage also for smatjects, that can reuse this common architectnde a
solutions.

There are a number of common trends that can lognézed in many of the newer projects.
Some are listed above and could be discussedgthlen

In particular there is a general tendency to adbps much as possible existing infrastructurensoé,
trying to concentrate the in-house developmentrisfimto domain specific issues.

The control strategy is also changing radicallyar&and more industrial control devices are avhelab
low cost and can be easily controlled via a stasthdiatd bus line CAN or via Ethernet.

At the same time, the size of the machines coetlddly the big projects is increasing. This puta imeak
position the three-tier architecture common toralijor facilities in operation, based on:

*High-level coordination systems

sLow-level real time control computers (LCUS)

*Devices with limited degree of intelligence
Real time is more and more distributed on the liget devices and they are controlled by (soft tieae)
computers coordinating their work by means of klftus. This allows to distribute devices all oadrig
field with much less cabling constraints and withaim softer real time requirements on the coordimati
side.
At the same time new projects are coming with nemmon challenges:

*Synchronized multiple distributed control loopsafe front control)

*Multi-level off-loading schemes

*Fault detection, isolation and recovery (E-ELT MDOO segments with actuators and sensors)

*Operational efficiency (TMT requirement:: be anget in <5 minutes).
These considerations have an impact also on teetg® of programming languages: low level conitnol
the devices is done in C or using dedicated langsiafor example for PLCs, while on the high levala is

completely replacing C++, because although lespaing it allows to produce much better and more
reliable code. C++ flexibility is perceived by démeers as not needed on the field devices.
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There are many areas where collaboration and catpetbetween observatories or, more in general,
scientific experimental facilities, might bring rmajadvantages.

The area of infrastructure frameworks is a verynpsing one, as demonstrated by the EPICS collaioorat
in the particle accelerators community and, on ahmemaller scale, ACS for radio astronomy and TAN
for synchrotron accelerators.

This is a good time for collaboration in astronobgcause there are a number of major projects isttraup
phase and therefore there is the potential fongtsynergies. All these projects share a set of new
challenges on which it would appear useful to wiogether.

We are also getting more and more used to colléibosabetween observatories, thanks to the big
international projects like ALMA and open sourcégiatives.

Recognizing these facts, we have started a fewsyago a collaboration between different observasatiat
produced a lot of useful discussions and a coupteference papers. This collaboration includesppe
from ESO W KeatkObservatory, Gemini Observatory, ALMA, ATSISES Sk e THivityyNibdéer
Telescope and we hope to extend the participatianthter projects/observatories.

Unfortunately we had too little time to continudeetively the collaboration.

What we are missing is probably a real common dbjeand project, but this might come now with the
ramping up of the work for the ELT telescopesEEFETMT and GMT.

It is also important to take into account that jpigject generations are separated of about 10 yearsan
get the budget to start a new project only wherptie®ious one is near completion) and have an dggec
lifetime of at least 20 years. This is at the lifet limit for reusing the same technologies of khgroject in
a new one, unless the same organization decida®tib from the internal experience and the tecbggl
itself can still be considered good and adequateré&fore while projects can always share experience
architecture and high level principles and desilgay can effectively share technologies and impleaten
only if the are in the same narrow window of fevagge But an evolutionary approach can considerably
extend the lifetime of an infrastructure if it cget a sufficiently large users base, as EPICS dsirains.

We will meet again at this conference and see whpbrtunities we have to proceed with collaboration
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As can be seen from the previous discussion, ttidtacture of the observatory is very distributed.

Servers and clients need to be distributed in diffelocations inside and outside the physical nlagery
where the telescope resides.

The different parts of the system (that we didbetter specify yet) have different purpose and tionality
and therefore have different requirements on perémce and reliability.

If we take into account that parts of the systeend&dicated to real time control of hardware, cimatibn,
database management, data analysis up to the GUe@stronomer’s desktop, we see that this ligtan
involves something more than a plain Distributedt&m.
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What we really have is ddeterogeneoubBistributed Systems, since the distribution invelhdifferent:

*Hardware platforms and architectures. From reaé ttcomputers to PCs of any kind on the desktops,ane
have very different hardware architectures (CPUdwgize, alignment, memory available...)

*System software. Any of these machines can haealdime operating system, Linux or other variaft
Unix, Microsoft operating systems, MacOS or evenmarexotic software platforms like PalmOS

*Programming Languages. Different programming laggs are more suitable for different application
domains. For example, C and C++ are most suitalnleshl time and CPU intensive applications, whdea
fits well in coordination, high level or GUI dev@iments. Astronomers will want to write their obsion
scripts and reduction procedures in high levelpsicrg languages.
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In order to achieve the “separation of concerngédie, applications developers have to be unawéthe
architecture (hardware, software, programming laggy location) of the servers they interact with.

Having to deal explicitly with network communicatiprotocols, byte order of message data, connection
reliability and similar problem would be a majorrten on the shoulders of the application devel

The technical framework has to take up this respditg and hide all these problems to the functibn
developers.

It shall even be possible to fully replace the semwith a different one without the client noticing

We could (and this has been often the case ingragcts) keep the heterogeneous domains sep&mate.
example data analysis and control system couldnpéemented using different and independent software
infrastructures, but this approach will lead to sn@anoblems in the interfaces. In the past, intexfawere
limited and this was not an important issue. Batl#vel of integration needed nowadays makes such a
choice highly problematic.

The infrastructure Framework has to take care eg@haspects of the system.
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We keep our architecture easier and much morebflexi we can rely on a middleware that provides
location and relocation transparency.

The developer of a client application should intergith a server as if it was a local object, natre
knowing if it is local or remote. Remote functioalls should resemble local function calls.

Using directly low-level network protocols from theplication layer (for example using send andivece
on socket based communication) does not allowaohrghese objective, because the application sadtwa
has to be fully aware of the network protocols aathmunication. This code is typically non highlaktble
and hard to maintain and change.

This transparency makes it much easier to scateragsand optimise performance by re-deploying S¢sva
on separate processes and hosts or repackagirthego@dients and Servants that have frequent iotierss.

Clearly there can be location constraints. For gtartwo objects might HAVE to be collocated in g@me
process or host because they might need to acreslydthe same resources or for performance reaso
An example is a data reduction pipeline where tipelne stages need access to a shared file watheaist
achievable performance. But in most cases a prgmgn of the system’s architecture allows to awid
reduce such dependencies.
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A special layer of software between client and seprocesses is needed to deliver the extra furality.
This software layer is callediddleware. It hides the complexity of the extra functiotalbehind a
common set of APIs that client and server procesarsnvoke.

Network protocol functionality only allows data éenge between client and server. More functiongi
required for heterogeneous distributed systems; lik

eLocation transparency

The application does not want to know the netwaldtrass of the client it wants to use. A locatioaniing) service
should allow to locate a service over the netwgrkhéme and/or required functionality.

*Message delivery and format integrity

The system must warranty that messages are nairldsiplicated and that they are delivered uncdedip

<Dynamic invocation of server processes,

The client shall not be responsible for startinghgservices it need, but the system shall betatde it transparently
eLoad balancing

If needed, the system shall be able to redistrithgeservices to allow load balancing over theritiisted servers
*Security

If needed, the system must be able to handle sg@irtommunication using appropriate secure praigdut without
enforcing heavy communication protocols where tliere need and/or performance would be an issue.
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Object Oriented concepts are pervasive in curreftivare development: essentially all development
methodologies and programming languages used ngwada to some extent Object Oriented. Even
scripting languages like Python provide support@bject Orientation.

Developers are used to think in terms of objectbabject oriented programs are based on one sidee
implementation of objects (define a class and immglet it) and on the other side on clients invoking
methods provided by instances of objects.

Itis very natural to extend this concept outstue houndaries of a programming language or of egz®on
one host.

Object Middleware allows to call operations of altgethat reside on other systems and are possibly
implemented in other languages.

The objective is to make as transparent as podsilthee developer calling a local or a remote abjec
We replace the client/server model with a clierjgobmodel.

In order to be able to access an object, yourfitsit get an “object reference” pointing to it. @ajla local
object through a pointer or a remote object throagbference are made to look the same. Task @lipect
Middleware is to provide mechanisms to implemenmt getrieve the references for remote objects and to
locate the objects over the distributed system.

We will see how this can be done in the examples.
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A client is only concerned with the “interface” thie objects it interacts with.

Object Middleware puts a strong emphasis on theejuinof “interface”. Typically a language neutral
Interface Definition Language is used to defineifstces and a strong decoupling between interfacds
implementation allow:

*One object to support many interfaces
*One interface to be implemented by many objecthiffarent ways
The concept of interface provides a strong supjeoréncapsulation.

Independent inheritance is typically supportedtendide of interface definition and object impleta¢ion.

Polymorphism comes naturally from the separatidween interfaces and implementation.

Actually, thinking in terms of separation betweateifaces and implementation helps a lot in graggie
fundamental OO concepts. This is a major advanthgava with respect to C++ from the language
definition point of view (pure virtual declaratioims C++ can be used to emulate interfaces, buhate
conceptually equivalent).
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Object-oriented components interact with one angphiacipally by method calls, which representansfer
of control (delegation). This communication modehliso calledequest/response

This approach can be compared with a data/actented architecture (also callpublisher/subscribg),
that some consider more appropriate for largeibigid real-time control systems.

Following a data oriented approach, components wsrindependent entities that receive data froraroth
components, react on them and publish data asymehsty and concurrently to other components. The
object oriented approach fits well to client-serapplications while the actor oriented definitiats fvell to
publish-subscribe applications.

In my opinion (based on preliminary experience eapfrom the analysis and prototyping we are working
on for the E-ELT), the two approaches are not iadtéve but rather complementary: there are are@senéin
object oriented approach brings to a much easiditacture and implementation than a data oriented
approach and the other way around. It is alwaysiplesto implement everything with one of the two
paradigms, but this brings to an increase of coxilplevhere we have to stretch the paradigm to niake

all purposes.

| therefore think that it is often better to hawaitable both options and this is actually what s in
many situations.

I will try to give some examples later on.
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The software infrastructure for an observatory Igbalbuilt on top of an (Object) Middleware.

But there is no point in developing a new one:dhame various available on the market and it isgunatter
of picking the right one.
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Four dominant examples of Object Middleware Systaraes

*CORBA: http://www.corba.org/

*ICE: http://lwww.zeroc.com/ice.html

*Enterprise Java Beans (EJB) and Java RMI: httpa/gun.com/products/jdk/rr
«NET and DCOM: http://www.microsoft.com/com/defanispx

We will base our examples on CORBA.

There are many parameters to drive the choice,mifépg on the requirements of the system under
development:

*Open or closed standard

*Opens source versus commercial implementation

*Multiple vendors

*Market share

*Cost

Number of architectures, operating systems, laggsidupported.

For ALMA we have decided to adopt CORBA becausehirk its characteristics make it the most suitable
for the development of a software system for adangernational and open collaboration in the diien
community:

*Very open standard, not controlled by specificdans

*Wide availability of high quality open source irapientations

eIntrinsically operating system, architecture aadguage independent.

*Vendor interoperable by design, i.e. applicatifvom different vendors will work together

We are happy of this choice and we can state tOREA maintains what promises.

38



There are also alternative middleware solutionfedifit from what we have called “object middleware
systems”.

While the object middleware systems listed in thevipus page provided a consistent and quite sirag¢
of features and services and are based on theligiméevel paradigms, these alternative solutioescgite
different. Very often it is not possible to congideem as “middleware systems” at the same levéief
previously mentioned ones, since they provide radlifeerent sets of features. Actually very oftea wan
think of using them effectively together as competary to an object middleware to solve specific
categories of problems.

DDS is a very interesting emerging specificatiamirthe Object Management Group (as well as CORBA
and in parallel to it) based on a data orientedgigm instead of object oriented.

A number of projects, including the E-ELT, are logkinto DDS and we will spend some time later on
analyzing the basic concepts and some importaricssin particular in relation with CORBA.

National Instruments LabVIEW is a graphical prognaimg system that was originally designed for test a
measurement applications in a laboratory or inéalggtnvironment, including data acquisition, datalgsis,
and instrument control. Programming an applicatiobabVIEW is very different from programming in a
text based language such as C++ or Java. LabVIE gismphical symbols (icons) to describe progrargmin
actions and execution is driven by the data flowsadavinto a diagramSince LabVIEW is graphically based,
many engineers and scientists who wadtinormally write their own software can get useésults easily
using LabVIEW. It can be a very efficient tool whesed by experienced LabVIEW developers: the SALT
telescope project claims that use of LabVIEW reduteir software development time by 70%.

The OPC Unified Architecture (http://www.opcfounidatorg/) is a set of specifications applicable to
manufacturing software in application areas suchialsl Devices, Control Systems, Manufacturing
Execution Systems and Enterprise Resource Plai@ystgms. These systems are intended to exchange
information and to use command and control for gtdal processes. OPC Unified Architecture defiaes
common infrastructure model to facilitate this imf@tion exchange. OPCUA provides for a high degfee
interoperability between client and server appiaa supplied by different vendors.
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First of all we have to say what CORBA isn't: CORBAnot a product, but rather a standard spedifinat
The OMG is the standard body for the specificatb€ORBA (and of UML) and is a consortium of the
most important software vendors.

For this reason CORBA specifications define ontgiifaces and not implementation.

Any vendor should be able to provide an implemémrabased only on these OMG interface specification
and this implementation should be interoperablewsable together with the implementation of arhyeot
vendor, provided that both comply with the samecHjpation level.

Reaching such an interoperability requires unanmigand complete specifications. This typicallyuiegg
various iterations. After some initial glitcheskflithe design of the Basic Object Adapter — BOA etrlan
superseded by the Portable Object Adapter) the cmmgonents of CORBA are now extremely stable and
interoperable.

The latest additions and some of the higher lesrlises have never reached the same level of isyadild
interoperability of the core services (at leaghia open source implementations) and at this ploayt will
probably never reach the same level.

It is therefore wise to stick to the widely adopseulvices, for which there if the certainty of good
interoperability and the possibility of switchingtiveen several open source implementations.

In ALMA and the Alma Common Software we are curhensing 5 different open source CORBA
implementations:

*TAO for C++

«JacORSB for java

*Omni ORB for Python

*Mico for its implementation of the Interface Rejposy service

*Open ORB for its implementation of an extensilid compiler used for code generation

We have also used in the past Orbacus and theeniiva JDK ORB and replaced them with one of the
ORBs previously listed and we have switched thdempntation of some services from one ORB to
another, to use the one better fulfilling our neéds we can use the documentation, manuals, books
relative to any of them to learn how to use bestlzar one. This is a very good demonstration of
interoperability.

When we discuss of CORBA, we should always keeapiimd two levels:

*CORBA core functionality is the set of basic coments (like the IDL language, the Object RequeskBr

{a\hnd the IIOP communication protocol) that warrantgroperability. Every |mp§iementation has to suppo
em.

*CORBA services are additional (but often fundaraBreervices that are built on top of CORBA by the
vendors that want to provide them.
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Here | summarize once more the main design goalsharacteristics of CORBA.

Many of these items have been listed already asmmomnto all major object middleware technologieg, Ibu
have marked in colour (italics, for B&W print) tie@es that are more specific of CORBA and that many
“competitor” technologies do not take into acca

These goals map well with the requirements thaé hed us to identify the need for adopting a Midee.

CORBA is designed for scalability and analyzing &nehitecture of the basic CORBA infrastructur@al
to understand how this scalability can be reached.

See the slides in the “additional information” sectfor details.
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The most negative prediction about the future oRB@ is the articleThe Decline of CORBpublished in
the June 2006 article in the Magaz®&€EM Queue by Michi Henningfle predicts the death of CORBA and
describes it as having now become an “obscure atteology that is all but forgotten”. This papess
become influential by being widely reproduced andtgd on the Web. Henning was a leading expert and
advocate of CORBA serving on OMG committees anevomte one of the standard CORBA programming
texts. He is currently a master brain behind tleeslaftware system, a middleware solution thatrigsa of
CORBA

There are other signals of CORBA decline as a gdperrpose middleware:
« Declining number of publications

* Software recruitment

* Web search trends

The situation has been reviewed in Ehaluation of the ALMA Common Software as a Softwae
Framework for the E-ELT TCS done for ESO by OSL.

The decline of CORBA as a general purpose sol@ppears as almost inevitable given the competition
with Web Services (based on SOAP, XML and WSDL)hasultimate software solution for distributed
software interaction over the Internet.

However market research clearly shows that in @aetr domains such as distributed control, reaétand
embedded applications, CORBA is still surviving amdwing. New CORBA based products have been
developed in recent years. The demand for embeG@RBA has been driven by user requirements for
flexible, distributed embedded solutions especialthe telecommunications and defense industries.
CORBA based software solutions are now availablei$e on FPGAs and DSPs.

CORBA may be less fashionable and it has its fablisin the software application domains that esnais
in this study - distributed control, real-time amdbedded applications - CORBA is far from dead.



As well as CORBA, DDS is not a product, but rathestandard specification. The OMG is the standardi/b
for the specification of DDS (as well as CORBA addL) and is a consortium of the most important
software vendors.

For this reason DDS specifications define onlyriiatees and not implementation.

Any vendor should be able to provide an implemémrabased only on these OMG interface specification
The specification is rather new and at the momeatriteroperability between implementation stitbah
problems, but things are improving rapidly.

Reaching code and run time interoperability recquireambiguous and complete specifications. This
typically requires various iterations.

A specification like DDS should not be consideiadslly general purpose middleware: DDS, for exampl
covers on part of the functionality provided by CBR i.e events and notification. DDS does not pdeva

command interface, that is necessary in many gitumand that would be very expensive to emulath ai
publisher/subscriber infrastructure.

Many DDS users (if not all) are therefore using tieichnology together with other infrastructured an
CORBA is often integrated together with DDS.

At the moment there are a few very interesting angntations:

I DDS WWW rti.c
ommerCl Stgroogu T, exp?enswe but very higfality. The RTI company is the major player in the

enDD ttp.// opendds
é)g)%’g??erﬁw e WW\% RN 9&) o? E and frora #ame team. It integrates very well with TAO

Ementation an
-OpenSphce DDS (http://www.opensplice.com/)

prorguc?rﬁ%%l 8&%‘?\”&0\?\/‘.’%&"’(‘% gkyery good free sulbSimce the launch of the free version the inteirethis
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A guestions and answers session is the best welgri€y this choice before using CORBA as a prauttic
example to describe more in details the charatitsisf an Object Middlewar
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As a first step in the analysis and design of tletesn we have to identify the objects that wilkiratct
together.

Typically this will be done in layers.

Per each subsystem we will identify the outer layfesbjects that will be used in the interactiosveen
subsystems.

Going deeper in the analysis we will identify regively internal layers of objects.
Once the objects have been identified, we will haveefine their interfaces.
At this point we should not care about implementatind deployment.

It shall be possible to implement the interfaceerlan using different programming languages affergint
architectures, as well as deploying the implemenah different ways.

The absolute separation between interface and mgsitation is essential to interoperability and alogity.

The best way to define interfaces if by using aplementation neutral but formal interface definitio
language that will be mapped in the implementalémguages later on. Using a formal language is very
important to avoid surprises and inconsistenciesnihtegrating subsystems developed by differearhse
Using just a textual Interface Control Document§)Can very easily lead to problems.

The clients of an object know and see only itsrfatee and the interface shields completely the
implementation underneath.

This makes it possible first of all to implemenéeavant in any language.
But it also means that it is possible:

*To have different implementations for the sameriiaice, if needed in multiple languages.
For example one could provide a mock up implemantah Python for testing and an high performance
servant in C++ for the final real time system.

*To have one implementation serve multiple intezfac

For example, access to a legacy system could be defming the interfaces for each subsystem but
implementing only one generic servant (for exang®rt of protocol converter) able to implementodll
them. Another example is a CORBA interface to as@asobject (or also relational) database. It ts no
necessary to provide the implementation for eagbobltype (or table) in the database. One single
implementation is able to “incarnate” dynamicallyiaterfaces.

*To have one physical instance of a Servant tocessmt multiple logical instances. Or the other weund.
Or any intermediate situation, based on schedamtjload balancing algorithms.
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CORBA specifies an Interface Definition LanguadeLl lis an ISO standard. Actually IDL is a general
interface definition language used to specify iiate#s also in environments that are not using CORBAI.

Also DDS uses IDL as the specification languagettierdata types (called Topics) exchanged between
publishers and subscribe

This allows a smooth coexistence of CORBA and D@Satisfy different requirements in the same syste

Rather than inventing a new language, it is a giwdce to take an already existing one that han bease
for long time.

Part of the IDL specification is also a formal maggpfrom IDL to any supported programming language
and the other way around. There are for examplgomgp from and to IDL for C, C++, Java, Python, TCL
and many others.

This has the great advantage of reconciling diffecbject models and programming languages allowing
them to easily inter operate.

But on the other hand forces some compromisegariticular since some of the supported language s@r
object oriented.

For example:

+IDL supports interface inheritance (actually, rplé inheritance) but does not allow overloading, it
does not allow multiple operations with the samm@aut a different signature. This would not besjiule
to implement in an easy and intuitive way in then@oping.

«IDL supports Exceptions, but not inheritance betexceptions

IDL has also important limitations in the specifioa of interfaces. IDL 3 addresses a number afe¢he
limitations.

For example:

«IDL 2 only specifies the definition of publisheatérfaces.
To build a model of the interactions between olsjétds useful to be able to specify also:

*Required interfaces
*Published event
*Subscribed events

*The specification of an interface consists onlyhia signatures of the methods, but not in theppst/
conditions.
For example, it is not possible to specify rangesphrameters
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This slide shows a small example of IDL file, reqmating an abstract (and extremely simplifiedpgebpe mount.

This IDL file defines a data structure called Altawrdinates defining how coordinates for (alt,az3ifion of the mount are propagated.
This data structure can be used both in CORBA ngessand in DDS publish/subscriber Topics.

The IDL also defines an interface called Mount valvides one operation called objfix(AltazCoorda®) to send the motto a
specified azimuth and elevation

The structure of IDL is very much taken from C+¢lirde files and even relies on the standard C pregssor (although some non C++
ORBs like JacORB only provide in practice limitagpport for pre-processing directives).

The IDL syntax only allows to formally define signees for operations and attributes with types rmeuttes of parameters.

There is no formal provision for describing chaegistics of a parameter like ranges or more in gereeformal “design by contract”
specification. This would be actually very intemnegtand IDL could be augmented with comments dbsugisuch constraint using OCL
(Object Constraint Language, still part of OMG “gunts” together with UML).

What we see in the example is a typical objectiate:

» The Mount component has the method objfix(altaz@mates) to be sent to a fixed position

« It also defines some data members that can betaseg the status of the object.

In a “pure” data oriented approach, for examplénliDS, we would instead define the target datecaire and say that:
« Somebody publishes the data

» The Mount listens at this data and goes to theesigd position

Notice that in both cases with CORBA and DDS thk ifiterface definition language would be used.

The data driven approach seems much more decoulg@edlise there is no client calling explicitly tifix() method of the Mount
server.

This works extremely well when the are componentdiphing continuously data to be used by othermmments.
A good example is when the enclosure of a telesoepés to follow the position of the mount:

» The enclosure listen at target data that getsighsud

* The mount component publishes periodically its gusition whenever it moves

But what if, for example during daytime tests, yeant to park the enclosure but still move the mdunt

The easiest seem to have an explicit command thatgn send synchronously to the enclosure: opjimé¢ve there and do not move
any more. You can do it also in a data oriented, i@yexample publishing a different data type {tpphat is received by the mount and
interpreted as “go there and stop”.

But this is somehow “command emulation”, spoils sarhthe beauty of the data centric paradigm, aadishides coupling between the
components, increases complexity because of the:foesynchronization.

All in all it is probably better to have an hybggstem where; depending on the specific functiceglirements it might be better to use
one or the other paradigm. This is recognized byfdlt that CORBA provides data and event mech@nend the OMG has specified
both CORBA and DDS
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When thinking about the IDL language definitionisiimportant to think that IDL is a language tdide INTERFACES
and not IMPLEMENTATION. For example there is nomdhn implementing such things as:

eprivate operations or attributes
because what is private in Java or C++ is “hiddsidie the implementation” and, therefore has noepia the interface

eoperation overriding, i.e. redefining the same afien in a su-class with a different behaviour, since the behawis
again domain of the implementation.
It is quite common to confuse interface and impletaton aspects.

This diagram shows how an IDL definition is usedhia code development process in CORBA.
*The IDL file is processed by one or more IDL colers
«Each IDL compiler can produce:

*Stub code
The stub code is the code that a client has taa@alvoke a remote CORBA object.

*Skeleton code
The skeleton is the code that has to be used dmtes for the implementation of the servant.

So the development process can be seen throudblltheing steps:
*The IDL interface is defined in agreement betwdendevelopers of servants and clients and puldiabehe contract
between them.
*The developer of the servant:
echooses an implementation language (for examphe) C+
eselects a CORBA implementation for that langudgedxample TAO)

eruns the agreed IDL through the IDL compiler amdiains a Skeleton. In the C++ case, this is arradtsC++
class mapping all operations and attributes otthss into abstract methods

esubclasses the skeleton and implements all abstethods
*The developer of the client:
echooses an implementation language (for examptledRy
eselect a CORBA implementation for that language éxample OmniORB)

eruns the agreed IDL through the IDL compiler amdains a Stub. In the Python case, this is a pyttass
mapping all operations and attributes of the class

esimply calls the stub methods.
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There is always a strong, sometimes religious, ebetween supporterswide versusnarrow interfaces.
The mount example in the previous slides is a glpgample of wide interface:
-An explicit method with parameters is defined mahefunctionality provided by the component.

A narrow interface provides in contrast a few stadized methods with a fixed signature that allbavpass (very ofte
as strings) the description of the required adiioa generic way.

For example a narrow interface could provide theeséunctionality of the objfix() using a generidige method:
-Mount.setup(“objfix, 5, 10”)

CORBA supports both approaches (you can always&dfieseturf) method), but the features of the IDL language
bring naturally to adopt a wide interface.

For example ACS is normally used with the widerifatee model and this is what we have always sugdest

But TANGO is another CORBA based infrastructurenfeavork used in the synchrotron community and redissvily
on the narrow interface paradigm.

Both approaches have advantages and disadvantagiedten the best choice depends on the applicati@ven on the
taste of the developers.

A significant advantage of the wide interface ligttthe explicit method call on objects is saferreany errors are
discovered at compile-time by the compiler autoozlty.

In a wide interface system, the interface defimsiof the objects are also the documentation aisdeisy to know what
is made available by a component just by lookinigsanhterface specification in IDL.

A wide interface implemented in CORBA can also mfyOO inheritance to extend already defined iater$ and to
enforce a proper inheritance hierarchy.

On the other hand, a narrow interface is compagtg@meric and it is normally perceived as simplette users.
The major advantages are:

-Complex setup handling. The setup of devices agtiiments in control systems takes often very npamgmeters.
Specifying so many configuration parameters insigeature of a method is inconvenient and difficalaintain. It is
normally much more convenient to pass to a gesetigpmethod a configuration file with (hame, value) pair

- Decoupling in hierarchy. When a device is compas®d hierarchy of sub-devices in most cases ktep
configuration command is sent to the head of tkednchical tree and then propagated to the sub-cpemis. If all
configuration parameters are specified in the sigeaof the interfaces, a change in a sub-compaeeuires a change
in the interface and often in the propagation cofdal super-nodes in the hierarchy. Also in trase a generisetup
command is of good help in maintaining decoupling.

Many claim also that a narrow interface has theaathge of allowing developing generic applicatidrss is actually
not correct, because both CORBA and modern languidigeJava provide introspection and dynamic discg,
allowing the development of generic applicatiorspain top of a wide interface. We will see someamplas for ACS.
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The Object Middleware model described in the presipages has great advantages with respect toehieys
approaches.

But experience has also shown some important simaimgs and alone it does not fulfil what it prongise
First of all, using directly CORBA still requiredat of nor-functional programmini

Middleware specific code appears in many placethaaevelopers need to take into account (and)¢ae functioning
of their Middleware.

Also, the Object model focuses on the objects tiebras and not on a more global view of the systemhow objects
are configured, packaged together and deployedde&helopers of applications have to take careisfabpect, again
mixing functional and technical aspects of the echure.

The Object Middleware model leaves to the full mesgibility of the developers the technical architee of the system.

We have all the elementary building blocks to builat application, but we still need to find out wieathese building
blocks we really need in our specific case and HO\Wut them together.

All this weakens our capabilities of keeping theidet “separation of concerns” between functiomal gechnical
aspects and leads to a steep learning curve fatetreopers of functional objects, because thélynsted to learn a lot of
the technical aspects of the otherwise powerful@mdplete middleware.

What we really need isfeamework i.e. a semi-complete application that based welaspecified architecture gives us
a general skeleton to support our business lodgegary, the framework must be able to satisfy #guirements of our
application domain, but at the same time be asdsgossible to a “finite” system, since highexifility is almost
always associated with higher complexity.
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Our objectives of separation of functional and techl concerns can be reached “upgrading” from an
“object” to a “component” Middleware and adoptinfamponent/Container Model.

A Component Middlewar

«Creates a standard “virtual boundary” around apgibn component implementations. Functional
developers are only concerned by the implementatfdheir Component code.

*Defines standard Container mechanisms needecettuex Components in generic Component Servers. The
Container provides the whole execution environnaamt access to services for its Components.

*Specify the infrastructure needed to deploy amtfigare components in a distributed system. Compte
can be re-configured and moved around in the systithout affecting the Component itself or otheents
or servants. Configuration and deployment becomeparate concern from Component development.

Consequences of this approach for functional dpezare:

*Easier learning curve and reduced skill requiremeiocus expertise on domain problems.
*Scalability taken care of by the Container ancetibie at deployment time

*Better adaptability and maintainability, with gealereduced complexity.
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Commercial implementations of the Component-Comwtaimodel are now quite popular (EJB, .NET).

A vendo-independent specification, the CORBA Component MIGDEM), is part of CORBA 3 specification, but & not yet widely
used.

There are some free implementations:

NAME | SUPPORTED ORBS | LANGUAGE | URL

CIAO TAO C++ http://www.cs.wustl.edu/%7Eschmidt/CIAO.htmttae)
MicoCCM Mico C++ www.mico.org (last upd. 2008)

OpenCCM JacORB Java  http://openccm.objectweb.org/index.html (last up@=)
Qedo Mico Orbacus C++ http://gedo.berlios.de (last upd 2006)

StarCCM  Orbacus C++ http://sourceforge.net/projects/starccm/ (last 2p84)

but they are not interoperable and are limitedn® single language. Most of them seem also notraorg actively developed.

These Component/Container models are rather compsele systems, and require a wholesale commitfre@ntdevelopers to use
the languages and tools supplied. In particular,

«.NET binds you to develop in and for the Microseéirld
*EJB binds you to the Java programming language

Once more, only the CORBA CCM really promises (iadry) vendor, platform and language independence.

At the same time, the focus of these models isigmiterprise business systems and they containad features that are not needed
for our observatory and, more in general, expertaidacility environment.

For these reasons when we started to develop AQ80@ we decided for a simple custom Component/&ioat model (that we
actually inherited from the work done for the Coh®8ystem of the ANKA Synchrotron). At that timeC®l was not even a complete
specification and there were no implementationdavia.

Recent investigations done by other teams andatiing of CORBA CMM development have confirmedttias decision, taken
back in 2000, was and still is very well justified.

The choice of developing a custom Component Mclaltypical example where the analysis of advastagd disadvantages
between generic and custom implementations has nsadecide for the custom solution.

While, in principle, general solutions should alwédye preferred, our custom implementation hasdkarstage of being:
eInteroperable

sLighter and with a smoother learning curve

*Easier to customize to the specific needs of ppiieation domain

In the next pages we will describe the ACS modet,nhost of what said is applicable to CCM and istedrt to the other Component
Container models.
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A Component is the basic deployable unit of sofevar

It encapsulates a coherent and consistent applic&iusiness logic” functionality, defined and exeal to
clients by means of IDL interfaces (and textualcdigsions for semantic and constraints).

The designer of a subsystem identifies the funatipnto be implemented and partitions it in 1 aona
Components.

This partitioning is based on a logical view of #ystem and leaves out to a large extent deployment
considerations and technical issues.

The interfaces between the Components of the stdmeyand the external clients are defined by the IDL
interfaces in a formal way.

Notice that the IDL interfaces can be used to immglet generic or customized simulators effectivadipng
in decoupling the development/testing of Componardisle the same subsystem or different subsystem.

Once a client has the agreed IDL interface of agmmant it needs to interact with, it can use a ktou or
a mock-up to test its own component to a greatngéxtithout having to wait for the implementationthé
counterpart.

The Mount IDL shown some slides before is alreagfinéd as a Component.

Components will be deployed inside Containers aedefore will have to satisfy a few specific corais,
in particular about the life cycle, imposed by ttezd of living inside the Container.
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The Containers are generic applications that apéeimented by the team responsible for the technical
framework, i.e. for the implementation of the Coment/Container Model.

They provide the execution environment for the Congnts and hide from the application developereis
related to deployment, start-up initialization loé trun time environment and the services as well as
convenient access to other Components and systaouaroes.

In principle it would be possible to completely lage the core of the technical framework (for exeEmp
replacing CORBA with some newer middleware) sim@gyimplementing the Container.

Also, new aspects (for example security or comn@arémeter checking) can be easily integrated at the
Container level without modifying the applicatiooftsvare.

57



This diagram shows the relations between Comporset<ontainers.
First of all, a Component providegumnctional interfaceto other Components.

This is the part of the Component that the appboadeveloper needs to implement to satisfy its application
requirement:

In ACS the functional interface is specified throwgstandard CORBA 2 IDL interface.
The CORBA 3 CMM specification extends the IDL synta allow specifying also:

*What interfaces the component uses, providingetbeg a bi-directional specification of the relatihips between
Components.

*Whateventsa componenpublishes
*What events a Componergnsumes

With these very useful extensions with respect@RBA 2 IDL specifications, Component specificatiaas explicitly
express the connections that they offer to theideitsorld AND what connections they expect thesié world to offer
them.

The Container hides as much as possible CORBAlandriderlying architecture to the developers of Gaments, that
can concentrate on the functional aspects of #paicific Component.

We could extend the ACS Component/Container to lrka@B@RBA 3 IDL specifications.

Then the Component is bound to implemelitegycle interface In most cases the application developer can gimpl
adopt a default lifecycle behaviour by inheritancelelegation from default Component implementatiprovided by
the Framework.

The division of responsibilities between componemtg containers enables decisions about where had imdividual
components are deployed to be deferred until ri;tahwhich point configuration information is rdagthe container.

If the container manages component security as aefhorization policies can be configured at iioretin the same

way.

Finally, Containers provide an environment for Componémtsin in, with support for core services like logging system
configuration database, persistency and securityotainer service interfacés defined by the Container for the benefit
of Components to access these services. Developers of @Gamgsocan focus their work on the domain-specific
“functional” concerns without having to worry about thec¢tmical” concerns that arise from the computing environmen
in which their components run.
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First of all let's see the system from the poinviefiw of a Component that need to communicate aitbther
Componen

A Component exposes its IDL interface to clients.

A client (possibly itself a Component) that wardsatcess the component, needs to ask for a reéeréhe request is
done using the Container Services.

The client is completely unaware of any deployrant lifecycle issues for the Component it wantslio to.
Once the client has a reference, can call dird¢ltlyinterface via the IDL stubs.

Few lines of code (Java in the example) are ingpla sufficient to locate the needed Componentnest to it and
call its methods.

Obviously error handling should be taken into act@nd this will make the code a bit more complex.
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Let's see what is actually going to happen under the hood.

The ACS model includes alsoManager entity that centralizes deployment configuration, bookpgiag and system
monitoring functionality.

Keeping these functions outside the Container helps $igmifly in making the model interoperable and language
independent, since the Container themselves are simplecambe therefore easily implemented when a new language
or ORB needs to be integrated in the implementation of theeéflod

This diagram shows how Components, Containerstemttatnager interact.
When a Container becomes alive, it registers itsitlf the Manager.

The manager is responsible for keeping a runtinageof the system deployment and for monitoring aiia@ntities are
in an healthy condition.

The Manager is responsible of object location &mddfore plays the role of the CORBA Naming Seryaztually it is
built on top of the Naming Service itself)

Manager and Container interfaces are also desctitvtedgh IDL interfaces and therefore their impletation language
and platform are irrelevant.

Whenever a Component needs another Componengdbest goes to the Manager that takes care (usindasd
CORBA services, like the Name Service) to locatemstand if the Component needs to be deployedimcdse,
dynamically deploys it and returns the referencngocaller.

The Manager takes care also of de-activating Compisrthat are not needed any more in the system.

At this point the requesting Component can acdssounterpart as needed and be notified by thealylamin case of
problems.

The diagram shows how the communication betweeng@oents is set up and how it takes actually place.
But from the logical point of view, we can keep taeparate views:

*The functional view or the application developaplementing the Component

*The technical view of the system administratopoessible for configuration and deployment of thsteyn

The Manager (with the help of Deamon processeals@capable of deploying the Containers themsgblEsving a
completely transparent and automatic bootstrap@bystem, eventually including load balancingamirsy system
resources not starting containers if they are petled to run any required component.

The tradeoff between starting containers and compisrat system startup, to have a more respongtens, or having
a “lazy initialization” to make the initial startdpster and save system resources, can be leftletatypto the system
administrators during the commissioning and turahthe system.
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In the previous slides we have described how anCtian statically call methods of a Component.

Alternatively, a client can dynamically discoveetimterface of a Component by using the CORBA fater
Repository and using Dynamic Invocation

The Interface Repository is the CORBA way to preMiahguage independent introspection facilities aardbe
extremely useful for the implementation of genetient that cannot or do not want to statically trsestubs generated
from the IDL interfaces.

The ACS Object Explorer is such a generic client.
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TheObject Explorer (OE):

« Is a generic tool used for l-level inspection of Components in ACS. It can beduas a debugging or testing tool
the developers and maintainers of a system.

* Allows to interact with any Component or, moregigneral, any object whose reference can be retrigoen the
Manager and whose IDL interface can be retrievenhfthe Interface Repository.
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The administrator of the system has a different perspective

He is interested mainly in the deployment:

*Where are Containers running?

*What Components are deployed and deployable in which Guers?

*Which components and containers have to activated autcatigtat startup?

*Which ones have to be activated only on demand and eveptigdactivated when not needed any more?
*What is the status and health of Components and Containers

*Who is using who?

Based on this information, whose static part is kept in aigomation database, it is possible to evaluate and improve
the performance of the system or to recover from error cardit For example it is possible:

*To redeploy Components that have strong and continuoesaiction on the same host or Container
*To deploy resource intensive Components on powerful erhdists

*Te deploy critical or unstable Components on a separatéa@an to reduce damage in case of crash or for better
debugging.
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The ACS Command Center is an administrative apjidicaised to start and stop ACS services, manager
and containers.

It allows to manage the system distributed on sgersts, start tools and inspect the deploymettieof
systemr

The left side allows to control the startup andtdbwn of the Services, Manager and Container on
distributed hosts.

The tree on the right shows the run time systenfogepent and the relations between Components and
Containers.
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The adoption of an Architecture founded on the Componemtt&iner model is a big step forward in the direction of a
real application framework: the applications are framesidea a well defined technical architecture and a lot of the “d
and redo differently” code is completely taken out of thedsaf the developer.

The Componel-Container emphasizes Separation of Concerns irdimensions

*Technical and functional development
It is possible to split the development team (basethe skills) in technical experts and domainegtgpand
each developer has therefore a thinner profile.

sImplementation and deployment/administration
In this way it is easier to improve the performan€¢he system and make it scale up while it grows.

Components are also much easier to reuse andrgluthie system, since the three contracts clepdygify what they
provide and what they need. It is also often edsitaike legacy code and wrap it into Componergsdhan be integrated
into the system independently from the programnfémguage.

Another common argument of debate is how muchrdmadwork we use should be “Middleware neutralwéf adopt a
middleware like CORBA and expose it in the inteefaeised by the applications, we are somehow biralirgelves to
this specific middleware solution. Later on, a ratggn to another middleware (like for example coogdICE) will have
some costs, potentially quite high depending orstimdlarities.

Middleware neutrality come to the cost of:
« implementing a wrapper on top of the middlewaritte it
« limit the features of the middleware that can bedito the once that have been explicitly seleatebiwrapped.

The ATSTCS for example has fully embraced thisgyodind is designed to hide completely the undeglyimddleware.
It can actually work both with CORBA and ICE. AC8shadopted instead a pragmatic approach: try ®thi
middleware, but not strive to hide it completely to

« save development resources
« allow user to profit from available CORBA documatidn/books/training in certain areas
« allow developers to use additional features of BBRvhen deemed necessary.

It is very debatable if this was the right approanlthe long term. The feeling | have is that te&dy the middleware
can be hidden, the better it is, because a geperpbse middleware can do the same things in mayyand therefore
restricting to a limited agreed set of solutioriewa to make their usage much easier. | persodalligot believe much in
the argument of being able later on to port théesgdo a newer and more modern middleware, becajisep in
technology usually implies a switch in paradigmt ttennot be easily predicted in advance and takenaiccount in the
generic layer. For example, while it is rather etasgnove from CORBA to ICE, as done by ATST, beeanfstheir
conceptual similarities, it would be instead veifficllt to adapt a system based on the paradigiepted by CORBA
to a pure DDS based middleware. The report abeuadoption of ACS for the E-ELT already mentionedhis
document provides more details and arguments fdr auwliscussion.
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Until now we have defined an infrastructure to 8ulistributed applications.

We can define interfaces, implement Componentdpgidhem on Containers and have them interact with
each other.

But there are also a number of very important garsmrvices that almost every application will need
that are essential to allow integrating the diffénearts of a system, in particular if they arenggato be
developed by different teams.

In the E-ELT studies we have identified 5 Core ¢inégion Infrastructure services:
*A messaging system (request/response and puliisbscriber)

*A centralized logging system

*An error system capable of propagate errors/eimepticross the network

*A distributed alarm system

*A configuration system

ACS implements all these services, plus some axhditiones that we think are very important for our
application domain.

Whenever possible we have based our implementatican existing equivalent (CORBA) service. Our
work has been in this case to identify and implenegntop of the standard services the design pestteost
interesting for the development of our applications

In this way we want to make as easy as possibladbess to the services for the functional apptinat
developer.

New services or new ways of using already integratvices can be added whenever their need becomes
apparent.

It is also very important to notice that many seesgi are defined in CORBA in order to warranty vendo
interoperability, so that we can easily replaceuhderlying implementation.
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The messaging system is the core functionality eh@bles the communication between system
Components.

It must support both the publish-subscribe andiestiresponse message patterns.

These functions are available to external useraniAP| developed as part of the Core Integre
Framework. Every effort should be made to enswsettie APl encapsulates the underlying communinatio
technology.

To promote a loosely-coupled distributed systend, lrence aid future maintainability, anonymous
publish/subscribe data transfer is seen as a key foe the messaging system. In this situation,pmmments
publishing data have no knowledge of who is gomgsge the published data and subscribers have no
knowledge of who published the data comes from.

In ACS, CORBA naturally provides the request-regmoimplementation, just by calling CORBA methods.
Publisher/subscriber is instead now provided byGRERBA Notify Service.
On the other hand, DDS seems a very promising ceplant, with several advantages.

We have therefore developed in the last years akpestotypes and benchmarks to evaluate replacing
CORBA Notify with DDS.

The requirements of the ALMA are currently satidfliey the CORBA Notify and therefore ALMA (in the
critical commissioning phase) has no interest pla@ing the core publisher/subscriber mechanism.

But this is very interesting for new projects angl are therefore working on integrating the DDS qiqies
in the core ACS distribution as a replacementtierNotify Service.
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The ACS Publisher/subscriber service is called fidtation Channel, from the CORBA Notify Service tha
used underneath.

In recent years we have seen the Notification Calamsed much more than expected, as a ge
mechanism to:

«Synchronize the activity of subsystems by mearth@publication of synchronization events
*Publish data to be retrieved by one or many siittse;, not known a priori.

The definition of published data at the level of.IDterfaces has been very important, not onlyingpsfy
usage, but also to make it possible to infer tregaf the publisher/subscriber model using socode and
run time analysis tools that we have developed.

The ACS classes that implement the Notificationr@tgh have evolved together with increasing usage an
are by now very easy to use, hiding in an effectiay the underlying CORBA Notification Service.

Most of the use cases we have analyzed we havthpisbllowing pattern:

A data structure is defined

*Whenever data is available the structure is fillednd published

*One or more subscribers receive the data thewaiteng for.

Therefore we have provided in ACS an implementatiorthis pattern:

*The event data structure is defined in IDL

*A Supplier class allows to control easily whemada pushed on a channel:
*Suppliers can create a notification channel

*Suppliers know when a consumer has subscribed évent type on the channel it publishes
structured events to.

*Suppliers can automatically execute a methodefdbnnection is ever lost.

*Suppliers can destroy a notification channel (dowating with other suppliers when multiple
suppliers publish on the same channel).

*A Consumer class allows to control easily wheradsagiven to a client
*Subscribe to and unsubscribe from all types oftsre
eFilter out structured events they don’t want togass.

*The consumer doesn’t have to do anything withetrent’'s data. Can literally be used as a
notification mechanism.

*Specify when they are ready to start receivingiese
*Suspend and resume their connections to the chahasy time.

*Notified when a Supplier begins publishing a ngpetof event and dynamically subscribe to it.
The same holds true when subscriptions are no imftgred.

«Automatically execute a method if the connect®pver lost (i.e., the channel is destroyed).
We have now a working prototype of the same APlerehwe have DDS as the underlying protocol.
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The Event Browser is a generic client for the Nedifion Channel.

It is capable of subscribing to any publisher aisghldy any kind of event published on the Notifioat
Channel

It is therefore an extremely valuable debuggind.too
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A centralized logging system is the most essenéalice for the operation of a distributed system.
It is also probably the most important debugging) for a distributed and concurrent system.

Using a source code debugger, it is in fact imfdsgbd debug concurrent issues, because breakspiadt
function stepping heavily affect concurrer

The standard CORBA Logging Service provides a yenwyerful and scalable logging infrastructure.
But this infrastructure is still too generic forrquurpose.
In particular it does not provide any guidelinelmw to structure the contents of the messages.

In ACS we have therefore decided to structure ngessasing XML and we have defined an XML schema
for the contents of logs.

Then we have implemented wrapper APIs in the supddanguages and a generic server for other slient
that make trivial to use the logging system ancegate messages properly formatted according to the
schema.

Doing this we have taken into account that Javaahaetive logging API and that therefore Java dgpesls
should have been very happy of being able to usestandard API.

The driving forces in designing the ACS layer op ¢d the standard CORBA logging service have been:
*Define how the flexible and generic CORBA loggsystem shall be used:

*Make the usage as simple as possible

*Hide native CORBA and make it look like APIs thevelopers are already comfortable with.

Quality of Service specifications and a thoroughdfined Administration Interface take care of the
reliability requirements.

We have now implemented a prototype that uses DB@ad of CORBA Notify, with much better
performance. The prototype is presented at thifecence: “Introducing high performance distributed
logging service for ACS”, J.Avarias
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This is an example of log in the native XML format.
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An API allows to write clients of the logging syste
In this way any application can retrieve logs witiley are published.

We have two clients of uttermost importat
*A GUI client that allows operators to display andnitor logs.

*An Archive Client that receives logs with the posp of storing them in a persistent archive fagrlat
analysis and retrieval.

ACS itself does not provide any archive, but thepomsibility of providing one is left to applicatis.
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It is extremely important to have a coherent andmete way of handling error conditions all oves gystem.
This involves handling errors:

«in different programming languages:
an error in a C++ Component has to be propagatédiaderstood by a Java Compor

«distributed over the network:
an error in a Component in one host has to be gaipd over the network to a client component ortardost,
possibly with a different operating system and edture

CORBA allows defining exceptions in IDL (with sorfimitations due to the need of supporting non ekioepaware
programming languages) and throwing exceptions theecall to IDL operations. This means that a renoall can
throw an exception that goes back over the witthéccaller and looks the same as a local exceprtioa exception’s
data is handled by CORBA and marshalling is theeeftansparent.

The possibility of treating local and remote exd@m in the same way is extremely important in otdeuild
transparency in the distribution of Components,itigtnot sufficient.

There are many other issues that we need to solaiotv treating efficiently error conditions in @ponents:

*Error format standardisation

A part from the exception “name”, we often profgrficantly from additional context information the data coming
with the exception. But to be able to interpres information the data structure shall be standedlin the format and
contents.

*Error handling design patterns
There are a number of well proven error handlingigiepatterns (see

: http://www.eso.org/projects/alma/develop/acs/Beds/ACS_3_1/Docs/ARCUSErrorHandling.pdf). Provgdin
a standard implementation for these patterns felpsin writing solid applications.

....continues
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...continues

*Error trace

In a standalone application running in a singlecetable, a low level error is propagated up throtighcall
chain until it reaches somebody that is capableaofiling it or until the application is terminateéd.each
level useful context information can be added. Stanguages like Java provide native suppor
retrieving and manipulating the call chain, butesthlike C++ do nc )

This is the Backtrace design pattern and it is wesful to provide an implementation that worksrove
CORBA network calls.

*Error loggin

With a d?s rlbguted system the Backtrace patterovmadlto trace the chain of errors across distributed
components, but the error traces end up all thestiim different places, i.e. where the componeatt fihally
handles them resides. ) o ) )

It is important to have a centralized place whére possible to browse and search for errors, adthtext
information allowing to identify where each errarcarred.

This can be done sending all error traces to theaéed logging system

*Synchronous and asynchronous error handling ) ) ) B
The exception mechanism works for synchronous :déiésexecution of an operation fails, an excepigon
thrown and it is caught by the caller. ) S

But in highly distributed systems many actions heveake place asynchronously: often an activitstésted
by a method call, but the method returns immedjsdeld later on a callback is used to report thelted/e
need to have a standardised mechanism to reporseatso in such asynchronous situations.

*Error browsin? and definition tools ]
It is convenient to have friendly tools to browke errors and to define the error structures useeport
context specific information.
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An alarm system is a cornerstone service in evemypuiter controlled environment.

Its purpose is the notification of exceptional citiods (fault states) in the system requiring aetivention from the
staff.

The specifications for the alarm system in the AlBmammon Software (ACS) require not only that edaemahas to
be shown to operators in a short time, but alsbabiaelated alarms must be "reduced" and presentesimpact form
in such a way that operators are able to easilytifyethe root cause for an abnormal condition.

In the development of ACS we always investigateatelability of adequate implementations beforéing a service
from scratch. Such an implementation, the CERN LRS¥arm System, developed for the Large HadroniGe|
was fulfilling and exceeding our requirements.

We have therefore started a collaboration withGERN LASER team to integrate it with ACS.
The Laser implementation uses an architecture airtol ACS but a different set of underlying teclogiés.

The porting work has consisted therefore in idgimtg how to replace the original technologies wi8S and refactor
when convenient the code to keep the biggest dessiinmon code base, isolating the access to gptsthnologies
in separate interfaces.

LASER is a messaging system; it collects, storesyages and distributes information regarding ababsituations
called Fault States (FS). A FS is identified byiplet: the Fault Family (FF), the Fault Member (JFahd the Fault
Code (FC). The FF represents a set of elementstindteame kind of problems, like power suppliese FM specifies
the particular instance of an object in the FFgiemmple a specific power supply. The FC is a cegessenting a
particular problem occurring in the FM.

From an operational point of view, the alarm saxvieceives FS from alarm sources. Each FS is madéstent and
correlated with other FS previously received. EB8hs defined in the database together with otifermation, like
for example the exact position of the failing coment as well as the name and telephone numbee sétiponsible
person for that particular alarm. The alarm systses the FS as a key to retrieve such informatam the database
and build a new, more complete snapshot of thefspeS. Finally, the alarm service sends this shay to the clients,
one of which is the operator GUI that presentsalaems to the operators that can take the moreopppte action to
fix the problem.

When the system is complex, the cascade of alaratuped as the consequence of just a single fathmebe huge.
LASER correlates active alarms in order to shoth&operators only the root cause of a specificral&Ve call this
phasereductionand it is a key process to help users in findingd) f&ing quickly each problem.
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*Resource tier
«Consists of a dispersed set of alarm soi
«Communicates with business tier via the LASER Source AP
«Triggers FS changes
*Sends ‘Keep-alive’/Synch message
«Implemented on a variety of platforms and OS

*Business tier
*FS collection, analysis and distribution
*FS changes are asynchronously and sequentially ealléaim sources
«Different techniques are used to reduce the number ohsldistributed
*FS’s are distributed into a hierarchy of domains of irstere
«USP monitoring
«‘Watch-dog’ mechanism based on USP’s ‘keep-alive’ message
«Alarm console user authentication & configuration
*FS definition
*FS definition inserts, deletes, updates
*FS relationships, used for reduction
*FS archiving
*FS changes
*FS definition changes

*LASER implementation Relies on the Java 2 Enterprididdf (J2EE) specifications, while ACS porting relies ddRBA and ACS
Component/Container

«Java Messaging System (JMS) replaced with ACS NdiifinaChannel wrapped inside a JMS interface
*Enterprise Java Beans (EJB) replaced by ACS ComponentiGenta
*Hibernate/Spring replaced by ACS Configuration Database

«Client tier
«Dedicated alarm consoles and software clients
«Communicates with the business tier via
*The LASER Client API
*FS changes are sent asynchronously, based on tbecseegories and filters passed to business tier
*The LASER Console API
Login and configuration facilities for the dedicated al@wnsoles

78



Probably the most important element in an Alarmt&ysis the operator’s console.

This graphical user interface shall enable the atpes to quickly and efficiently analyze the fastites
occurring to identify the ultimate cause and tapprapriate action

It is therefore necessary to allow a large degfemfigurability and good filtering capabilities.

The development of such a GUI is very expensivethatkefore the possibility of sharing one
implementation across different projects is vergesging.

Whenever the alarm consol receives an alarm, iwsteline in the table with the label N that me&aren”.
When the operator presses the mouse button ovatah®, the N changes to the date when the alarsn wa
issued by the source. If an active alarm becoemsinate, its entry remains in the main panel uhgl
operator explicitly acknowledges the alarm by agdircomment.
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The ACS Configuration Database addresses the pnshielated to defining, accessing and
maintaining the

configuration of a system based on ACS.

Typically, Components in the system have an astmtiset of configuration parameters.

For example, Components representing devices megefine device characteristics, calibration
parameters or limit values.

If we consider for example the Component represgrdi motor we normally need to be able to
configure information like the brand, the seriainier, the limit positions and so on.

There is clearly no point in hard coding this imf@tion in the code, because devices are replaced
and recalibrated.

We need to put the configuration in a persistemrtestkeep it under configuration control and be
able to read it whenever

the Component needs it, for example at startupitalization time.

The information that needs to be stored in thisfiamation Database includes th&ucture and
deploymentof the system, i.e. which Components are part®ststem and their inter-
relationships. For what concerns system deploynieokjng at the CDB only you should be able to
see how the Components are distributed among théa®ers and on what hosts the Containers are
running.

For Components connected to HW, this would tell gswell what HW you are using and where it
is located.

Changing the CDB you can move Components aroundiaitribute them in a different way in the
system.
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The architecture of the ACS configuration database is bardHbree layers:

1. The Database Itself. It is the database engied tesstore and retrieve data. It may consistsdtaf
XML files in a hierarchical file system structureibmay be a relational database or another agipdic
specific database engine.

ALMA uses two implementations:

e Simple XML files for modular testing
e Arelational implementation (Oracle) for the firddployment

2. The Database Access Layer (DAL) hides the actatbase implementation from applications, sottieat
same interfaces are used to access different dagta@vgines. For each database engine a specific DAL
CORBA Service is implemented. The DAL is definedanms of CORBA IDL interfaces and applications
access data in the form of XML records or Prop&eis.

3. The Database Clients access data from the datalsing only the interfaces provided by the DARtdD
Clients, like Components, Containers and Managsrgewe their configuration information from the
Database using a simple read-only interface. Omtiher hand, CDB Administration applications aredito
configure, maintain and load data in the databas®ywther read-write interfaces provided by theLDA
layer.
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The CDB browser is a client of the CDB that allaws
enavigate through the structure of the database
*browse the values

*Modify values and add new not
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Every distributed application in our domain neeelgesal or all the core services described in tlewipus
slides.

Generic middleware infrastructures, like CORBAp\de typically all of them and often many mc

But what they provide is typically very generic base it shall be usable in many very different mpgibn
domains and by projects with different objectivad arogramming standards.

It is very convenient to select the “best way” s he services according to our project constrains

Once this is done, it is possible to provide higleeel wrappers that make using the services gy
very easy.

The underlying middleware technology can be verlf hidden behind simple APls, so that functional
application developers can use them forgetting ateminical concerns.

In ACS we have been following this approach fortladl services we are using.
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On the Control System side the concept of a Software Devipesenting physical or logical devices of the system such
as antenna mount, antenna control unit, correlator, eteng @ommon. It is therefore useful to take a formal design
pattern for this model and implement it.

We have taker the Characteristi Componer-Propert-Characteristic pattert. The Device itself is mapper on a
Component in our Component/Container model.

Each Characteristic Component implements operationssafudther composed of Properties (representing monitor and
control pointes).

A Characteristic Component can also contain referencether €omponents to build hierarchies.

Both Characteristic Components and Properties have speCHaracteristics, e.g. a Property has a minimum, a
maximum, units.... The common behaviour of Characteristic @ament and Property has been factorized in the
Characteristic Model common base class. Values of the Riepare updated asynchronously by means of monitor
objects.

While there are in principle an infinite number of Componsypies, for example one for each physical controlled device,
there are very few different Property types

Underneath this high level pattern, design pattegnsynchronous and asynchronous value retrieatsilig), monitoring
and archiving or alarms are part of the Properfindion

The implementation of this pattern provides onceevaclear path for the Technical Architecturehaf €ontrol System.
The developers responsible for the implementatfdhecontrol system have to:

eldentify the hierarchy of logical and physical dm®s

eldentify the operations allowed on each device tiedmonitor and control points. This is the IDteirface of the
devices.

eImplement the code for the operations.

<Implement the hardware access layer (using thegBrpattern) to connect the properties with theadtardware

The framework provides them with standardized cpnfition and deployment means, automatic monitdong
telemetry and many other facilities.

In our on-going evaluation of DDS we see that \&@myilar concepts could be conveniently applied &soalues
published in a data distribution model.

In this case the role of the property would be talbge the data “topic”. “Topic properties” would begeneral de-
coupled from components representing devices,tiuve would have general facilities to analyze ttharacteristics of
such properties, monitor them (for example to nmtaged plots or attach callbacks) and interact witgm (for example
publishing values).
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This slide shows the decoupling between the higélleoncept of Property and the access to the lactua
hardware.

While the implementation of Properties is completgneral, access to hardware is delegated tofdesim
DevlO class according to the Bridge design pai

The DevlO class needs to implement read and waitetfons to access the hardware.

When a property is instantiated, it receives a erapeviO implementation that enables it to retriavne
store (if writable) values in the hardware.

There are already many DevlO implementations avig/asome developed for ALMA and some developed
from other projects:

*Memory location (ACS defaults implementation)
*CAN bus access (ALMA)

*Socket generic interface (APEX)

*RS232 (OAN)

*PC Joystick (HPT)

*Webcam (HPT)

*CCD cameras (FBIG, Finger Lake) (HPT)
*Heidenan Encoder board IK220 (HPT)
*Motor Control Board (HPT)

*CCS Real time database (VLT)

*OPC and OPCUA (E-ELT prototypes)
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During the conceptual phase of the VLT controleysin the early nineties, VME technology was theacl
choice for implementing hardware control for tetgses and instruments. This technology, adopted by
several observatories, had many benefits in pedoom, reliability and support for long life cycle
developments. ESO has developed many specializelevaee and software solutions for this architectare
order to satisfy various requirements coming from VLT projects

In the last ten years, the industrial market, irtipalar the non real-time applications have bedgrating
toward less expensive and simpler solutions baesd@lL&s and fieldbuses.

We are therefore migrating to this architecturetfar upgrade and refurbishment of old VLT subsystefior
the new VLT instruments and for the E-ELT.

This means a flexible architecture that will alldeploying state of the art technology connectedadly to a
normal control workstation, with no hard real-ticepabilities, through a simple network interfacd an
without the need of custom and complex software gdal is to be able to connect the hardware device
directly to the WS via Ethernet when devices suppar connect them through a fieldbus commanded by
PLC for more elaborated applications. OPCUA is iy w®nvenient international standard to interfdue t
control workstation an the hardware devices ofRh€s. The usage of this standard will allow uséo b
independent of the vendor specific protocols aaliifiuses.

The concepts of OPCUA fit very well into the Devl@tiern and it is therefore very easy to integreel f
devices into an high level, coordination applicatimplemented with ACS or another similar infrastcue
framework.

See papers:

» Evolution of the VLT instrument control system tand industryStandardS (AS 110-
085)

. Ins)trument Control Software Requirement Speciiicafor Extremely Large Telescopes (AS110-
087

» Control Software and Electronics Architecture @esin the framework of the E-ELT
instrumentationAS110-007)
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LabVIEW, from National Instruments, (http://www.cdm/labview) provides a lot of very good features t
speed up the development of control applications.

The first one is for sure its graphical programmamyironment. Around this concept the manufactbreit

a wide range of devices for PCs and embedded ptadfthat can be controlled and are fully integrateis
software framework. The use of LabVIEW as a prognamg language, in conjunction with the NI family of
products, offers clear advantages since it givesnaplete and rapid functional access to the deyices
speeding-up prototype development and deploymeist.ghining wide acceptance in the scientific (aod
only) community and several scientific experimemtsde it the chosen platform.
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During the past years, several projects using A@& ltested integration approaches with LabVIEWhgisiifferent
strategies.

In 2009 we have done a new prototype for the E-Eichinology demonstrator, where we have analyzeddtieus
options once more, in the perspective of the ctiirgagration features provide by the latest LabWiEelease.

LabVIEWprovidesVIs for communication over TCP or UDP sockets. VIs allow connecting and accepting TCP
connections, and sending/receiving data to/from /UCHP connections.

This approach was already suggested by B. Lopez fhe EGO/VIRGO project several years ago. Accaydinhis
proposal, a control loop would be implementedlabVIEW and ACS C++ component would communicate withdt v
TCP sockets. On the ACS sidieviosockDevlO implementation would be used. The protocobastthe wire would be

as imposed bgeviosock which implies serialization of data in a strirggrhat and some drawbacks because the DevlO’s
API does not support asynchronous notification.

National Instrumentprovides now a network protocol and design pattesriacilitate communication over TCP sockets,
calledSimple TCP/IP Messagin@&TM, RD12). The protocol defines on-the-wire fotrnhmessages, which is
optimized by being binary and by enabling passihgeta-information in a single 16-bit message heabe facilitate
establishment of STM connections, sending and veredf STM data, NI provides a collection of Vigwnloadable
from the Developers Zone.

LabVIEWdevelopers can use design patterns to allow comireamebnse (RPC-style) communication withadoVIEW
process.

Of critical importance for implementinglaabVIEWserver that is expected to serve more than oneucant client is
the ability to handle all clients simultaneouslfid can be accomplished by applying a multi-cleswer design pattern
described.

In the TDEM prototype, we have decided to use fhil &nd its design patterns to allow communicatiothwCS
components.

We have chosen this approach because we haveessiessit has the least risk associated withséguonly well
documented features of LabVIEW and well understoettvorking communication protocols that were fullyder our
control).

A drawback of the selected approach compared trmadtcode integration is that a bridge comporneneieded in ACS
that converts STM protocol to ACS invocations, &m#-versa. This is an additional component, wligchotentially a
single-point-of-failure (though it can easily beptiluated as a stateless implementation is possitte) an additional hop
at application level of the network stack. Thug, dpproach might not be the most appropriate wigingerformance is
a top priority.

The advantage of the approach is its portability ease of deployment, as only basic building blacksbVIEWare
needed (no need to compile special shared libravigelude inLabVIEWrun-time) and also on the ACS part there are
no dependencies drabVIEW
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We have up to this point identified a very poweidald generiédramework providing a number of basic
services tailored to our need.

But still this is too generic: we can still put tgher these building blocks in many different wapsl
probably different developers in the team will talezy different roads to the solution of similanptems.

To isolate as much as possible the applicationldpees from the technical concerns, we need toigeov
also solutions to typical architectural problemsim domain and give them a framework closer to the
“final” system. The technical framework team hagdntify the “best way” among the possible solnsio
and provide high level framework elements that madg easy to use this now standard solution.

The “best way” always depend on the specific apgii;m domain and therefore the choices done atetéed
always depend on two opposite forces:

*Make it general, so that it applies to a widerlagpion domain

*Make it very specific, so that it fits very welh@ easy into a problem

This necessarily leads to compromises.

In the design of ACS we have been and are drivethdéyollowing considerations:

*Our domain is the whole Observatory software. jNst the Control System or the Data Reduction Hipel
We need to satisfy the needs of all our stakehslder

*Sometimes the requirements in the sub-domainseasedifferent and there is no “one size fits aldlution.
Then we have to provide alternative solutions,rbutually coherent and compatible.

*Some cases are really “special”. We cannot comrlyieiose the door. We have to allow going via sec
paths when justified.

In the next pages we will discuss some packagd®i\CS high level frameworks that allow developters
write in an easier way and with better integratima maintainability applications for our “observagto
domain”. Depending on the time available we carlyaeamore or less of these examples and discuss. the

The experience from the VLT and the InstrumentaG@mmon Software framework show that there are
also other areas where ACS could provide high lreehework facilities with great benefit for the
implementation of optical telescope instruments applications. Remind that after all ACS developmen
has been driven by the needs of the ALMA radiorfetemeter.
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Control applications are in principle very natuyathapped into state machines.

Clearly the direct control of physical devices reeabe modeled using finite states machines, leatthe
high level coordination between the subsystemstefescope or the sequencing of observations woelld
very conveniently described using state mach

Unfortunately in our community (at least accordiagny experience) we have often designed state
machines for the description of devices but we harg seldom implemented real state machines ettplic
In most of the cases we have implemented them éitlglusing flags and if switches.

This is probably due to the fact that there isam@ltradition of easy to use FSM frameworks anihéofact
that maintaining FSM implementations based on Atatesition tables is normally quite difficult.

In the last few years the situation has improved there now for example a very good open source FSM
engine that is part of the Boost C++ library: BoB&dtecharts.

But the best approach seems to be in any casefthatng able to model the state machines in a UML
modeling tool and generate from that the skelefoa amplete application where only the specifidedor
actions and transitions needs to be implemented.

This can clearly only work if it is possible to malitrip the development, i.e. if it is possiblegtmback to the
model, modify the states and generate a new versgitiout losing the previously implemented actiansl
transitions functions.
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ACS provides one example of the usage of State Mash

The ALMA architecture is based on subsystems tteatranning” independently.
This is a very common architecture and appearsaimynother scientific (and industrial) facilities.
The subsystems are managed (started, stopped echfexkhealth) by an high level supervisory amlimn

This application does not want to know about theuparities of each subsystem and wants to betaliieat them all in
the same way (well, there are always exceptionsfanget about them for the time being).

It is therefore reasonable to define a standastfante that each subsystem has to implement arasexp the
supervisor.

The most natural type of interface for such purpssestate machine and therefore we have speeifebsystem level
state machine and implemented it in a Master Compon

This is a big step forward in getting a system iba&asy to integrate even if the subsystems arelaiged by completely
independent teams, as it is the case for largeniational collaborations.

The overall Technical Architecture is specified:

*The system is divided in sub-systems

*Each sub-system has a Master Component implengeatitandard State Machine

*This Master Component coordinates the activitthefother Components making up the subsystem
*The Supervisory Component deals in a standardwitiyall the subsystems

The ACS Master Component is the implementation sgexific State Machine pattern: the state macisispecified, the
developer has to implement the actions.

But, as we have said already, State Machines cahgfaould) be used much more widely. Thereforaeatsof hard-
coding the implementation of the ACS Master Congmanwe have rather developed a general solutisechan code
generation directly from a UML model. Actually, ave realized in the last year that there are geod reasons and
even good tools to generate code from UML Models.

Introducing more extensively code generation froodeils (model driven development) would strengtthenseparation
between technical and functional concerns by lgttipplication developers design their componentdatd entities in
UML using standard commercial tools and have alldbde generated up to filling in the body of tinectional
operations.

Task of the technical team is then the implememnadif suitable code generators.
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Also the VLT has put an effort in the last few sge@to providing a framework for building applizats based on finite
state machines.

The WSF framework, already mentioned above , pes/itiese capabilities.
An application based on WSF can be built usingafibe following methods:

Manually: by extending the classes provided byftamework with the missing states, events, trams#tj actions an
data handling classes.

«Using code generation from a text file: by writithge description of the state machine in a tegt(filsing WSF
notation), generating the state machine (using ¢8k5), and adding the code for the implementatibactions and
data handling classes

*Using code generation from UML models: by modelingphically the state machine using the MagicDtAML
modeling, generating the state machine (using Vé8i), and adding the code for the implementatiosmctions and
data handling classes.

The development process of a WSF application iedas iterations over the following steps:
eldentification/refinement of the state machine ®loghd data classes

*Generation from the state machine model of thte stad event classes using WSF tools

eImplementation of the action and data classes

Sequence diagrams can be used to identify the peotessed by the components and the actiongipeddy the
components. Events and actions characterize thendigrbehavior of a component and therefore ardéiteénput in the
state machine model.

Model and implementation of data and action class@sbe refined in several iterations until theligption
requirements become stables. The code generagiprcah be repeated at any time since the generatieddoes not
overwrite the code written by the developer.

Changes to a WSF based application can be gronpetio categories:

*Changes that affect states and transitions

«Changes that affect action and/or data implemiemtat

In the first case, the application can be updaitagly by re-generating the code from a new modethke second case

the modification affects the code written by theeleper, therefore the developer has to fix theoatdata classes.

Future developments of WSF foresee a refactoringepyarating the Platform Independent Model (PIM) fram the
Platform Specific Model (PSM) part to facilitateethorting of WSF to different software infrastruetst This would
all]gw the convergence of this framework with thevFignplementation developed in ACS and describeithénprevious
slide.

This work is done in collaboration with the UTFSMiversity in Chile
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Despite the original idea of providing with ACStarsdard framework for developing GUIs and the
persuasion of the ACS team that this would be g Weportant infrastructural element, the priorior the
ALMA project was not high enough to be able to edite the necessary resources. All projects using
have been therefore let free to develop GUIs adegrid their preferences.

The ABeans GUI building framework (that was coneertly aware of the Component-Property-
Characteristic paradigm) was initially integratatbiACS, but evident performance limitations doorited
acceptance in the community. A set of graphicah B&ans was implementing the most useful widgets fo
the development of Control System applications,raved the concepts of Components, Properties and
Characteristics. At the same time a code genepataluced Java Beans based on the IDL interfadeC&f
Components. These Beans were therefore automgtintggrated in any Visual Builder. For example, a
Gauge widget could be associated to an ACS Propedigplay the value, draw trend plots and corrigu
automatically itself based on the Characteristtosed in the Configuration Database.

ALMA has opted instead for developing GUI applioat in Java using the standard Java libraries and
interfacing to ACS directly with the ACS Java APIs.

Other projects are using the Qt libraries from @+#+Python code, preferring them to Java libraries.

A prototype of interface between ACS and LabVIEVE baen also implemented by two projects using ACS
(see appendix).

There are two approaches that we are now consggleeiry promising:

« Eclipse Rich Client Platform (RCP). Eclipse is nawnain player in the arena of application develepm
environments, and the RCP application framewoigeiting more and more momentum as the infrastractur
for the development of GUI applications. We are kirng on a prototype (the re-implementation of tHeSA
Event Browser, currently written in Python) and tlsults are very promising. More over the acceera
community has initiated a project for the developtreg control-specific GUI components for Eclips€R
applications (Control System Studio, www.cs-stualig). CSS is currently integrated with EPICS and
TANGO and could be probably integrated with ACSvadl, although we are careful in putting resources
into this projects because of the Abeans experience

« LabVIEW. More and more projects are using LabVIEWdeveloping applications and the GUIs
developed with the tool are in general very appealihe E-ELT is seriously evaluating LabVIEW at
different levels in the control system, togethethwACS. It is therefore natural to think of makiggod use
of LabVIEW GUI capabilities in connection with AGfplications. We have now taken the existing
ACS/LabVIEW prototypes and revised them on thetlgftthe features provided by the new LabVIEW
releases. The E-ELT technology demonstrator indulde development of new prototypes. This is a very
interesting approach, because it allows also th@wee and electronics engineers (often accustamade
LabVIEW) to build they own control panels.
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While ALMA has essential only one instrument, ailfaclike the VLT have many, divided in several
successive generations.

Also the E-ELT will have several instruments ashaslthe majority of the big optical telescopes.

As we have seen at the beginning of the coursesufchn facilities it makes sense to develop an
instrumentation software framework, to be usedlbteams developing insturments.

The VLTSW Framework provides a skeleton of insteatation software that can be customized by an
instrument developer.

The developer starts by taking a template and migiog it according to the specificities of his own
instrument.

The customization is done through configurationvkends, unless the instrument features “specialagevi

The INS framework implements generic severs whasatior is defined with a set of keywords.

Editing the keyword configuration files is not saiént whenever the instrument features special, no
standardized, devices or requires particularly demfeatures.

In this case it is necessary to craft specific cigemodifying the templates.

The INS Framework provides an excellent startiagpifor developers who normally have to code only
what is specific for the instruments. This is a peynt for the software maintenance at Paranatesin
ensures a uniform architecture and very similaredod all instruments based on the framework.
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In ACS many repetitive tasks are handled with thkp lof code generation tools.

For example:

« error system interfaces and implementation clageegenerated from an XML specification
* XML binding classe

» documentation

* state machines

Still it has been pointed out several times, iftipalar by new users, that implementing ACS compisie
requires editing of several files and that thiskvoould be drastically simplified by code genenatigith a
noticeable improvement in the slope of the ACSray curve.

Together with the ALMA High Level Analysis team wlgnk that code generation from UML will be able to
relieve the programmers from a lot of code editsigce a big part of the Component’s code can biyea
generated. This is an important step toward Mod&leDArchitecture.

More over there are now powerful tools to implemedfficiently code generation solutions.

In particular we rely a lot on the openArchitectuage code generation framework:
http://mww.openarchitectureware.org/
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We are now exploiting, in collaboration with UTFSMChile, the more comprehensive approach of Model
Driven code generation to transform directly an UMbdel into a full implementation in the ACS
framework.

This approach makes it easier for newcomers tgpgtas principles of the framework. Moreover, a lo
handcrafted LOC reduces the error rate. Addititneslefits achieved by model driven code generatien a
software reuse, implicit application of design pats and automatic tests generation. A model driven
approach to design makes it also possible usingahe model with different frameworks, by genecafor
different targets.

The generation framework, presented in a papdisnconference, uses openArchitectureWare as tiikeimo
to text translator.

OpenArchitectureWare provides a powerful functiodaaguage that makes this easier to implement the
correct mapping of data types, the main difficitcountered in the translation process. The ougparn
ACS application readily usable by the developerluding the necessary deployment configurations thu
minimizing any configuration burden during testing.

The specific application code is implemented byrding generated classes. Therefore, generated and
manually crafted code are kept apart, simplifying tode generation process and aiding the develdyyer
keeping a clean logical separation between the two.
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The functional entities collaborating in an ACS kqation are the Components.

The interaction between components is based oibthenterfaces and/or on the notification chan
No client is ever aware of the actual implementatiba component it interacts with.

There are very good reasons to be able to simaletenplete component:

+In a distributed development the code base cammatl the time synchronized. Therefore a subsystam can desire to
have a stable simulation of components developeuthir subsystems.

+At any intermediate time between releases, soeeepiof code contributed by the various subsyséemenly partially
implemented. Another subsystem might need funchigrthat is not available yet.

«It also happens that the intermediate code doegertorm according to specifications. This migbhfuse the developer
of ablsubsystem using it. When running tests or wimgrlementing modular regression tests, who isualt in case of
problems?

It is therefore very difficult to get the integrdtéut partial) system working.

It is also very difficult to identify the subsysterresponsible for bugs and work around them togawaevith the
integration tests.

Itis thg]argliore much quicker to get the completteay exercised if the capability to fake the migsiaftware functionality
is available.

If possible, modular regression tests should oally on internal code and simulation for externaiponents.

Due to the fact that only IDL interfaces can bendeg clients of Comﬁonents and not the actual implgtations, the most
effective means of simulation for ALMA is at the@ponent level. That is, it should be possible tecty to the
Container that the implementation for a given Congt is a simulated Component factory. Also, beeadishe very
nature of IDL interfaces, clients using the Compumll never know they are not using the real ona surrogate.
Component implementations are hot-swappable witienPACS framework.

The ACS Component simulator allows developers tdigare the behavior of simulated Components irr ftifferent
ways — completely self-implementing components, igométion files found in the ACS CDB, a GUI, and/&Rl.

The ACS Component Simulator has the following cbtnastics:
« It is implemented in Python

*Uses the CORBA IDL Interface Repository (IFR), @RBA service which stores and retrieves IDL, ipissible to
accurately create method return values for theldpee without their input.

+Can be executed from an interactive Python sesgius implies that the developer can swap outremtiethod/attribute
implementations with ease.

sInstead of simulating components at the interfazel where all component instances of a given tijie behave
identically, we simulate the named component aaims level. This means that each simulated conmiarfi@ given type
can be configured to behave uniquely.

*Using native Python methods, it is possible toatyitally create the implementation of any IDL ifaee.

*Using native Python methods, it's possible to neethod/attribute return values in the form of Xglkings from the
ACS CDB.
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The developers of a system should be confrontedwith the choices connected to the functional espef
their project. But most frameworks leave still tnach freedom of choice because are thought for kamy
of application”. Developers then risk to get disteal by technical choices.

In a big project, different subsystems might takfecent paths leading to waste of development uieses,
duplication of effort and interface problems.

It makes therefore sense to identify and implementop of the all purpose framework, solutiong tra
still general for the domain of application and flee whole observatory, although give a clear pathe
developers.

What to do (or to reuse) at this level is realipatter of choice, but there are plenty of examples.

This is also an area where “functional developeest feel to be strongly limited in their freedomcbbice
by the “technical team”.

This is often done with a good will and at the attage of the global project: often it is betteub-®ptimal
solution working for everybody than many optimat Hifferent solutions that will cost immediatelyrfo
duplication of effort and in the future for mainaate.

Nevertheless, there are really cases where segrfihvim “special solution” is not avoidable.

The experience of the VLT shows that a completeémaork for the control system of (optical)
observatories should include a:

* Telescope Framework, like the one that has allothed/LTSW to be used in many very different
telescope mounts.

* Instrumentation Framework, like the one that afiafficient development of the control software thoe
very many instruments installed on the VLT and VIuRits.

ACS does not provide at the moment any of the two.

The various telescopes using ACS have reused 8ie tedescope software initially implemented foe th
ALMA antennas or have implemented a new telescopéral software from scratch.

ALMA and the other projects using ACS do not haugtiple instruments and therefore would not benefit
significantly from an instrumentation framework.

But it is clear from the E-ELT evaluation and fravaluation prototypes implemented with ACS for the
VLT that the implementation of such frameworks wbbkcome a priority at the moment ACS would be
adopted by a major optical telescope project.
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When there is a big project that spans a wholergbsay, is developed across many development aitds
spans over many years (or combinations of thesecteistics) there are many sources of problems:

*The many development machines have to be aligridtie same software at the same level. The
framework we have described consists of very maeggs from many sources and it is very eas
encounter incompatibilities between these piecéstlam underlying operating system. It is therefore
necessary to centralize the definition of the “fiat works” and ensure that everybody gets thd righ
cocktail (possibly being able to check if a confafion is clean or not)

*All the pieces developed in the different sited &g different developers have to come togethertand
integrated. There should be standard ways of tp#i@ functionality of each single component
autonomously and automatically and of integrathm and test them as a unit. If there is an integra
team, very often it does not have the knowledgeleg¢o thoroughly test and debug the single compsne

*The deployment on the operational system invoilagasy hosts and possibly many sites. Downtime due to
deployment problems is very expensive and therafasamportant to have precise deployment antbaak
procedures.

*Debugging an maintaining the system can be vepgmsive.

*One should get the architecture, design and imgigation right in the first place. Therefore it is
very important to have means to evaluate (or, hatieasure) the quality of the work done and to
test it.

*When problems will come out or changes will bedeskit will become very important to have a
system that is homogeneous and understandable #ame patterns and tools are reused over and
over, everybody in the team knows where to puthaigs.

eFactorizing common code in a single place (then&aork) allow to “fix one and cure all”
.... Continues on next page
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All these troubles can be mitigated by adopting\8afe Engineering practices.

Balancing the cost of the overhead introduced Withcomplexity of the project and the benefits ttat be
reached will dictate up to which point it makesseeto push for formal practices.

But in any case it is counter productive to simgtigte rules on paper and ask people to follow t

It is essential to provide tools and support so tie adoption of the practices and their verifmats
transparent or becomes second nature.

For example, the choice of technologies can havenpact on the software engineering practices. s a
example we can consider the adoption of toolsli&eVIEW. These tools do not integrate naturallytmat
traditional source code configuration managemesitesy, because of the structure of the projectdagung
a lot of binary information. The E-ELT SW Enginggyiteam is therefore analyzing now what is the best
strategy to handle LabVIEW artefacts.

.... continues from previous page

*For a system that will take many years to implehzem that will be operated for many years by défe
people than the developers it is important notrtdenestimate the problem of personnel turnoversd?e
ownership of the code shall be avoided, becaube iperson disappears the knowledge will be lodt an
intervening on the code will require expensive regeengineering. Founding the architecture on
standardized patterns and pushing for factorizadimh reuse (coupled with code review and teamiootgais
of great help.

All these considerations typically appear as regquents for the system to be built.
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And what they translate into for practical usage
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Can the adoption of an observatory wide softwaaienéwork help with these issues?
Clearly yes.

As we have said already, first of all the wholetsgs structure becomes much more uniform and ceamijst
because everybody is pushed to use the same atahéteand design patte

Then new solutions of general usage can be inedjiatthe framework to be reused by other groups.

But it is also a good idea to integrate in therihistion of the framework also all the tools fofftea@re
engineering we have described in the previous pagédhe configuration of the development environtne

If the installation of the framework on a freshhgtfalled system produces a working environment for
development, testing or deployment it is much @adyave reproducible installations.

This approach is again a “global gain” paid ateRpenses of personal freedom for the developers and
therefore it is important to find the right balarz@sed on the characteristics of the team andegbithject.
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The ALMA Common Software is an example of the applodescribed in the previous pages.
This package diagram is a simplified version ofdbmplete ACS Package Diagram from the Architecio@iment

The architecture is divided in layers and eachrlage use the packages in the same layer and laytées below.
This allows us to keep under control the depena@srmétween packag

An imBortant aspect is that the “base tools” lagea thick and reliable foundation based on CORBA ather “off the shelf” publicly
available tools and software packages.

This includes or defines as pre-requisite for AGSallation:

* A standardized set of development tools (like civeng, Makefile extensions, installation proceduaesd tools, JUnit and
other test support tools, emacs configuration anohg

* CORBA implementation and services for the diffédlanguages
» ACE and other public domain libraries used by A4l available for application developers.
» DDS for new publisher/subscriber implementatiqulaeing CORBA Notify
It is a main objective to use whenever possibldilgavailable packages and not to re-implementises that already exist.

But for each service/package, ACS provides an timigation” of the way we want it to be used in téxens of design patterns and
support code implementing the design patterns kesé easy to use our “interpretation”. This regkithe learning curve and makes
the code more uniform across the distributed d@vetnt sites.

In some cases there is really no ready made impitatien that we can use and therefore we provid@wan implementation, but
keeping an eye at the OMG specifications.

We also recognize that this approach heavily cairgithe freedom of the developers to choose battteedifferent possibilities of

Bsing a |servi%e; therefore we allow to “drill adfoin the upper ACS layers and use directly theeulyéhg layers when this is justified
y a real need.

Typically such holes are later on closed agaimiapiiporating the new solution into ACS itself.

An %xamglel: of this is the ACS “Notification servigdhat wraps the CORBA Notify Service to provideyweasy access to the push-
push model.

The ACS distribution is used also to package asttidute other APIs and tools that are not paA®S and that are not used by ACS,
but are used by a number of ALMA subsystems antdsttherefore convenient to distribute as onelsiegtity together with ACS.
This can include for example FITS libraries, Astrorical Calculation libraries or device drivers.
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Details on container location information and carea startup:

« for the system to work, it is good enough to staritainers by hand on any machine. They dynaryicalt
themselves. This is only done for tests though.

* In the real ALMA, the central starter applicatidxecutive” starts containers on various machinefre

any application software gets run.
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ACS is fully based on public domain software.

The development is backed by a big project (ALMA]} there is interest in a wider community of users.

Therefore it has a good potential for being adoptedther projects.
ACS is installed in all ALMA development sites, hiis also used by a number of other proje
A commercial company can provide support, trairaing development:
Cosylab: http://www.cosylab.si/
Several collaborations with universities providesfi trained developers.

116



Let's summarize the steps that have led us to ¢fieition of the elements needed by a framework ¢toald
be used for the whole software infrastructure obbservatory.

The elements are listed down up in the order irciviive have encountered them following our logical
thread
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Who should try the path of adopting an observatdade framework like the one described?
| think that every project would find big gains lusing different approaches.

A new big project cannot probably avoid to adomthsa solutior
To get the better results, a technical architecteaen has to be established.

The team has to select a core technology amongatlle¢te of currently available recent but matureicds
(avoiding risky cutting hedge technology). Startfrmm scratch does not make sense.

Then the technical team has to work on defining iemdementing the high level framework, trying nigin
to do a good work of integration of existing sabuts and implementing only what is really necessary.

A new small project should fully adopt an existsaution built by a big project or by a collaboaoat] trying
to behave somehow as a subsystem of the collaborati

This would allow a very fast startup, with extregnedpid progress on the solid ground of proventsmhg.

A small team should concentrate the effort on theetional aspects and not on the technical framewor
Nevertheless some specific technical developméhbwivery likely necessary, because each projest h
some very specific requirements. This work couldlbee in the form of collaboration with the big jaat.

What about already existing systems that need tefoebished and upgraded?

There are many around and in most cases the owaar®t afford to put the resources for developing a
completely new system.

But hardware becomes obsolete and cannot be replsaftware maintenance becomes expensive and
localized interventions are unavoidable.

In such a case it will be probably most cost effecto take a recent but stable complete solufigst,like in
the case of small projects. Then apply the solutiahe critical parts, for example replacing sugbsgns
whose hardware must be replaced. Or to the patstve proven weaker and harder to maintain. Then
build bridges between the old and new system twathem to interoperate.

If the system to be upgraded is big the developriearh can probably give an important contribution i
form of ideas and collaborations for the developnoémew high level framework features to the team
developing the adopted framework.
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Experience shows that it is not easy to get acddmpyethe developers the introduction of a framewldd
the one described in this course.

The problem is that each developer or group hawrit different background, experience and cul
As said, the framework has the purpose of drivivgdevelopers toward narrow but safe technicalspath
Many developers would see this a limitation in tHeEedom, and this is certainly partially true.

Other would say that they can do the job much béttewhat they specifically need. And this is atsften
true.

The problem is that the advantages can be seen baitdr from above rather than from the perspedatfve
the single developer:

Non optimal solutions traded for uniformity and eoénce
Freedom traded for maintainability
Focus on functional work

Therefore the success is bound to one of two comtmuditions:

*The project is done by a small motivated develanbeam that is convinced of the advantages of the
framework solution and can push it up

*A strong management imposes the solution to th@levteam and establishes control procedures inetil t
project is sufficiently advanced that the gainsehbecome clear to everybody.
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*This conference contains a number of papers witerdetails on ACS or related with the topics &dah the course.
You can look in particular at the following papers:

* ALMA Software Management and Deployment (AS110-94)

« A code generation framework for ALMA common softe@dAS110-080)

« Introducing high performance distributed loggimgvice for ACS (AS110-091)

« Integrating a university team in the ALMA softwadevelopment process: A successful model for Bisteid
collaborations (AS110-126)

* New architectures support for ALMA Common Softwdressons learned and taught (AS110-052)

« Evolution of the VLT instrument control system tand industry standards (AS110-085)

« Instrument Control Software Requirement Speciftcafor Extremely Large Telescopes (AS110-087)

« Control Software and Electronics Architecture @esin the framework of the E-ELT instrumentatior5@A0-007)
*ACS Web Page: http://www.eso.org/projects/almadtigy/acs/

The ACS Web Page contains a lot of documentatioletailed architecture description and referencesher papers
and documents.

« C.Britton,IT Architectures and Middlewayéddison Wesley, 2001 ISBN 0-201-70907-4

This is a very interesting (and reasonably thimdlbfocusing on requirements and principles ofritisted systems,
offering an overview of middleware technology atiztives.

*CORBA/OMG web page: http://www.omg.org/

The OMG web page is the starting point to find @@RBA specifications, although what can be fouratdhis too
superficial or too detailed for a useful introdactiand startup. Better to look in other pages akbo

«D.C.Schmidt and TAO web page: http://www.cs.westl/~schmidt/TAO.html

Page full of papers on distributed design patteb@RBA design, high performance and real time ithisted
systems.D.C.Schmidt is one of the real gurus ofidte

*M. Voelter, M. Kircher, and U. ZdufiRemoting Patterns - Patterns for Enterprise, Reatand Internet Middleware
Wiley & Sons, to be published in 2004

This very good book describes the most importatiep@s used in Object Middleware and compares CORRET and
WebServices.

*M.Henning, S.VinoskiAdvanced CORBA Programming with C+Addison-Wesley, ISBN: 0-201-37927-9

Like the Bible: very old, but still the essentialeo

«Communications of the ACM, October 1998. Speasalie on CORBA

Old but very interesting collection of introductgrgpers on CORBA
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The material for this course comes from more thagelars of experience in the development of Common
Software but, most important, of discussions withp@ople involved in developing and using thistaaire.

All this people has therefore given an importamitdbution and many have also provided slides eagifor
slides

First came the VLT project, where in particular Krtéstrand, R.Karban, A.Longinotti have to be trethk
for the past work together and for the discussisasave all the time to compare VLT, ALMA and tese
how the software world is evolving.

In the ALMA project everybody has shaped a piecA®S, but a particular thank for the discussiond an
slides goes to H.Sommer, J.Schwarz, A.Farris, Mitéoand the other members of the ACS team. Many
slides about ACS come from ACS presentations, jgaged courseware prepared by many ACS team
members. All these presentations are available faemACS web page.

The collaboration with M.Plesko and the Josephl&tegdnstitute in Ljubljiana for the design and
development of ACS is also of great importance.

The definition of processes and standards is dabémt the success in the usage of a softwarestfucture.
Therefore | value as very important the collaborativith the Software Engineering team in ESO (in
particular M.Zamparelli and G.Filippi).

In the last few year the contribution from the @thmjects using ACS has been extremely importawit) in
terms of feedback and active contribution. Sontesliare also derived from presentations giveneaAS

workshops by the teams using ACS and contributfran outside” to the ACS development. Also in this
case the original presentations can be found iR web page.

The discussions that are now taking places to défia initial architecture and software infrastauetfor the
E-ELT are bringing new ideas, fresh energy andtalanalysis of all what was done until now. Eer
R.Karban, A.Wallander, B.Bauvir, M.Kiekebush an®#&houx are playing a major role.

The architecture of the software for observatoisesonverging toward a common model. The discussion
we are carrying on since a bit more than a yedr sétveral people (some listed above) from manyeptsj
are having a very relevant role and | hope thatehaill trigger extensive collaborations.

Many ideas for the middleware slides come from gméstions on the web (cited in the bibliography).
In particular the ACE/TAO web page provides pleotexcellent material and good inspiration.
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This diagram shows an extrapolation, done by A.lioottj, of the foreseable lines of code and FTEsdeego develop

4 instruments for the E-ELT with and without antromentation framework, based on the calculatiasrsedor the VLT.

The numbers for the FTEs have been computed asvigllassuming as example that 4 instruments witldselopec

No INS Framework

1) Applications: (A+B)*N
A = average FTEs spent for VLT instruments basetherold INS framework (numbers got directly froomeortia)

B = 50% of the FTEs spent to develop the old INework. The assumption here is that every instnifmas to
develop on its own 50% of the old INS Frameworkctiomality. The parameter 50% is rough and to lagfent
arbitrary but it influences only marginally (abduit%) the global picture

N=Number of E-ELT instruments (four)
2) Maintenance: C*D*E
C = FTEs spent in development (point 1 above)
D = ratio between maintenance and developmenttgffaryear. Assumption: 10%
E = Software lifetime. Assumption: 10 years

With INS Framework

1) Framework: FTEs spent to develop the current WS framework
2) Applications: F*N

F = average FTEs spent for VLT instruments basettherurrent INS framework (numbers got directtynfir
consortia)

N=Number of E-ELT instruments (four)
3) Maintenance: G*D*E
G = FTEs spent in development (point 1 and 2 above)
D = ratio between maintenance and developmenttgffaryear. Assumption: 10%
E = Software lifetime. Assumption: 10 years
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There can actually be two types of Containers:

*Porous Container

A Porous Container returns to clients directly @tgect reference of the managed Components. Orge th
have received the reference, Clients will commueichrectly with the Component itself and the Corga
will only be responsible for the lifecycle managernand the general services the Container provies
Components, like Logging.

Tight Container

A tight Container returns to clients a referencandnternally handled proxy of the managed Compbria
this way the communication between Client and Campbis decoupled and the Container has the
capability of intercepting all calls to Components.

This allows us to implement transparently in thexgrlayer, for example, extra security and optirica
functionality or additional debugging aids, at theoense of an additional layer of indirection, vétime
performance penalties.

For example, the Java Container in ACS is a tightainer and interception is used to provide traresput
XML serialisation of complex data structures.
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This slide summarizes the overall architecturenefdcore CORBA.

From the logical point of view, eient get hold of theobject referenceof an Object it wants to talk to, for
example using thBlaming Service and then can invoke its operations.

The interface of the object is known to the CligiatthelDL interface published by the obje:

Under the hoods, th@bject Request Broker (ORBransports a client request to a remote objeceanns
the result. It is typically implemented as a setl@nt and server side libraries.

Interoperability is warranted by tli@eneral Inter-ORB Protocol (GIOP#and by its TCP/IP incarnation
calledlIOP.

All vendors are bound to support IIOP but can atgglement their own protocol, for example for
performance optimization or to exploit specific dhaare like ATM networks. There is also a stand&cuse
protocol based on SSH. This allows to exploit nekneapabilities transparently do the application
developers.

On theservantside the Object Adapter provides the environmenthich servants live. In particular it takes
care for:

*Mapping of object references into implementation
*Object life cycle
*Threading policy

Compiled interfaces are provided by #tabsandskeletonggenerated by thEDL compilers(more on this
later).

Interpretative interfaces are handled through:

sInterface RepositoryRepository of the IDL interfaces known to theteys. Used for language independent
introspection.

*Dynamic Invocation Interface (DIl)used on the client side to dynamically generatks ¢alobject
operations. Necessary for generic applicationsfanthe implementation of CORBA inside interpreted
languages.

*Dynamic Skeleton Interface (DSlysed on the servant side to dynamically impleméjeats that incarnate
a given IDL interface. Necessary for example tolamgent generic servants like protocol converters or
object-to-relational database interfaces.
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When we consider the traditional client-server nipoge think of a “client process” requesting a segv
from a “server process” (or, sometimes, a servathing).

Obviously, also with CORBA the communicating eestiare processes running on distributed hostshbe
communication abstraction is higher level.

A CORBA process providing a service to a clienttaors one or more CORBA object instances, called
“servants”.

Each servant implement one or more CORBA IDL irteefs and clients do address and communicate
explicitly with the servants.

The “server” is only the process inside which teerVant” lives and the client is not aware of that.
Clients always talk explicitly to the servants gsthe object reference in a fully object orienteade.

Deployment of “servants” in “servers” can be dedth in a way completely transparent both to cleand
servants themselves, as we will see later on.

As we have seen and we will see with more detaity ] CORBA also uses the term “service” to denote
fundamental, almost system-level services to OOiegmns and their components. Services are specifi
by means of interfaces, implemented by “servantsl’ @eployed within “servers”.

Therefore, make sure to keep always in mind thferdifice between:
*Servant

*Server

*Service
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Servants are addressed by means of their objextrafes or, more specifically, by their Interopérab
Object Reference (IOR).

An IOR uniquely identifies one object instance, itallows to locate the object in the network ashentify
what interface it implemen

Interoperability is warranted by representing 1GRsstrings that can be easily transported and arsed
heterogeneous systems.

CORBA object references can be persistent.
Some CORBA objects are transient, short-lived aatlby only one client.
But CORBA objects can be shared and long-lived

business rules and policies decide when to “de’sanyobject

IORs can outlive client and even server processslifans.This means that once a client has
obtained the IOR for an object, it can continuede it also after a restart of the server, unlike a
normal C++ pointer.

CORBA objects can be relocated
The fixed object key of an object reference dodsnwude the object’s location
CORBA objects may be relocated at admin time otiman
ORB implementations may support the relocationspanently

CORBA supports replicated objects

IORs with the same object key but different locasi@are considered replicas. The same IOR can
contain “alternative solutions” for getting in cant with the desired servant.

The flexibility of the IOR specification is one tife keys to CORBA interoperability and scalability.
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In order to invokes operations on a servant, atlises the CORBA reference to obtain a local Shjbct
(I.e. an object in its own language and instantiaeits own process).

Then it makes native language calls to the Stub.

The Stub and the underlying ORB map these calisdatis to the real Servant, but the client isawsére of
where the Servant resides.

It can be a local object as well, an object in happrocess on the same machine or an object themo
host.

There is some overhead in this mapping, but gooB @iplementations make this overhead minimal and
calls to local Servants can be reduced to a feeldenf indirection, avoiding any real inter-process
communication.

But this transparency makes it much easier to syatems and optimise performance by re-deploying
Servants on separate processes and hosts or rgpackagether Clients and Servants that have fretque
interactions.
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The Stubs and the Skeletons contain all the coddetkto interface the user code with underlying GRB
CORBA machinery.

Often the code in the Stubs and Skeletons is ORBmtent and you cannot normally use the code peatluc
by the IDL compiler of one CORBA implementation vihe ORB libraries of another one, but this is
important because:

the interfaces of Stub and Skeleton are basetiefotmal IDL to language mapping and thereforeuser
code does not change changing ORB (unless youarstov extensions)

«the communication between ORBs is also interoger@mless you use vendor extensions)

This allows to mix and match CORBA implementatidyased on your needs and to replace them with
others.
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The OMG has defined on top of the core CORBA aechitre an Object Management Architecture (OMA) lith
purpose of providing an architecture and interoipiitg foundation to allow the development of plagd-play software.

The basic idea is that when applications provid@ddfanctionality, they shall provide it via stamdanterfaces.
In this way:

*Multiple, interchangeable implementations of thene functionality can be interoperable but stilcharacterized by
differences in performance, price or adaptatiorutoon specific platform

*Specialized high level components, developed iaddpntly and for different purposes, can still lelminteroperable
because they use the same palette of basic bulidiegs (interfaces).

Applications - even if they perform totally differelbusiness tasks - share a lot of common functignabjects notify
other objects when sométhing happens; object instaare created and destroyed and new objectgmeés are passed
around; operation must be made secure and transattBeyond this, applications within a businessdin ]
gtelecommunlcatloln, transportann,...? share everemumctionality. The' OMA abstracts out this comnfionctionality
rom CORBA applications into a set of standard otgj¢hat perform standard, clearly-defined fundion

As it has been discovered at a high price in thet years, it is not sufficient to write softwarengsobject oriented
techniques or in any case specific languages t@rtakusable and interoperable with other softwéveo pieces of
software can work o%ether only if the%/ expectagion the environment t_he(}/ want to live in are catibfm Just like two
IC chips can live on the same motherboard onllyef/texpect the same kind of power supply.

The OMA defines:

*CORBA Services (COS) ) ) . ) )
Specn‘yt baasm services that almost every objectiaeEhis part of the OMA started first and is quitl developed and
supporte

eHorizontal facilities ) o . o )
Provide intermediate level services common to@flliaations. They can substantially help to develpplications in
any domain but are not strictly necessary.

*Vertical domain facilities ) o ) . . o

Are specifications for services useful in spec#pplication domains and are defined by Domain Faskes inside the
OMG with focus on a particular application domainch as telecommunication, Internet, manufactuasimgjso on.
There is an OMG .interest group on real time cordaral there could be one on Astronomy or, more rre?ﬂ,
experimenta] facilities. Some of the facilities dped here have found a widespread uSage venowsside the
original application domain.

This distinction is useful to clarify who insidestlOMG is responsible for the specification of avier or of a facility.

But from the point of view of users of services dadllities it is not really important and therearow vertical domain
facilities (like the Telecom Notification Servictjat can be actually considered for any purposesafe plain CORBA
services.

Therefore in the coming pages | will not distindu@nd only talk in general terms of CORBA services.
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The services are defined on top of the ORB.

They are defined by means of formal specificationwments that include IDL interfaces and semantic
description in English text. They shall be impleteeshas CORBA Objects (or appear as internal CORBA
Objects, l.e. CORBA objects that are not access$ibla outside the process but only to the locakoty )

The vendors or CORBA implementations are free twosk what services they want to implement. But if
they implement a service, they are bound to impteareaccording to the specifications. Some wideagr
services are implemented by every vendor, but saimer are extremely specific and seldom implemented

But it is important to notice that it is in manysea possible to select any implementation of asernd use
it with another ORB, thanks to the fact that irdeds are through IDL and the interoperable CORBA
communication bus.

142



What follows is a list of CORBA services with adfrdescription:

Naming Service-- Supports both persistent and non-persistent teleical mappings between sequences of strings ljedto
references. In addition, the Interoperable Namiewyi8e defines a standard way for clients and seneelocate the Naming
Service, as well as any other CORBA sen

Event Service-- Supports decoupled communication among multipfgosers and consumers using the standard GIOP/i@fcol.
Notification Service-- Is a more powerful form of the Event Service thapports filtering and correlation.

Logging Service-- Allows applications to send logging records treatralized logging server.

Audio/Video Streaming Service- Defines a model for implementing an open distebdunultimedia streaming framework.
Lifecycle Service-- Provides a standard means to locate, move, esyremove objects.

Concurrency Service-- Provides a mechanism that allows clients to aecamd release various types of locks in a distetbsystem.
Time Service-- Provides globally synchronized time to distrikditdients.

Property Service-- Supports the association of name-value pairs GIfHiRBA objects.

Persistent State Service- Provides a way to make a service persistent. f#8&ents persistent information as storage objleatseside
in storage homes.

Security Service- Provides identification and authentication of ssand objects, authorization and access contmlyisg auditing,
security of communication between objects.

Trading Service-- Implements a mapping between attribute conssaintl sequences of object references that matsé domstraints.
Therefore it supports the finding of CORBA objelsésed on properties describing the service offeyetthe object

Transactions-- Coordinates atomic access to CORBA objects
Query -- Supports queries on objects
Relationships -- Provides arbitrary typed n-ary relationships betw€®RBA objects

Externalization -- Coordinates the transformation of CORBA objectand from external media
TAO for example implements most of these servibaspther vendors implement only a subset.

In the following pages we will look at some exanspigth more details, with the purpose of undersitamdhat Services are and what
they can bring to the developers.
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The naming service is a simple locating service allaws clients to look up an object location gsaname
as a key. The name can be specified in a humarabéadtringified name format or in a raw name fdrma
Typically, a tree-like directory for object refes is used, much like a file system providesectbry
structure for files.

Before a client can look up an object, the assinridietween the object location and its name mest b
created. This association is known aohject bindingand it is normally made by a CORBA server.

Then a client caresolvethe name asking the Naming Service by name andviegdack the reference to
be used.

The Interoperable Naming Service (INS) is a URLdubsaming system on top of the CORBA Naming
Service, as well as a common bootstrap mechaniatietts applications share a common initial naming
context.

Naming Services can be federated. A federatedcepriovides a single logical service to clients, bu
consists of a number of physical servers. Thisaglscalability and redundancy of the system.
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The standard CORBA operation invocation resultsyimchronous execution:
*Both client and servant must be active

*The client blocks until the operation returns

eCommunication is poi-to-point

For many application it is required to have asyanbus communication, eventually with multiple su@rs
and consumers.

The Event Service provides a model for asynchromonsmunication based on the “publish/subscribe”
paradigm with arevent Channethat plays the role of a mediator between suppéecdsconsumers of events
and encapsulates the queuing and propagation semant

Some examples are;

*A telemetry system where telemetry data is publisind displayed on many consoles, on top of being
archived in a central database.

*An alarm system, where alarm conditions can bdighdxd by many objects and need to be collected in
central service and dispatched again to many slient

eSynchronisation events emitted by one object a®d to synchronise the action of many other ohj&cts
example a “target reached” event used to start@xeoand data collection.

The Notification Service is mostly an extensiorttad Event Service, but provides very importantfezd.

Filtering is extremely important, because withdttthe Event Service is actually a broadcast mesha
all subscribers receive all events published orcttanel and have to select themselves the ongaithe
really interested in.
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A centralized logging system is essential for theedlopment, monitoring and administration of ardisted
system.

Events happen in many different hosts and procesmtseed to be correlated to be able to understend
inter-relationships between things occurred in diffeygates

Therefore developers want to be able to log actionksevents and collect them in a central place.
It must also be possible to store this informafensistently for later analysis.
Also “telemetry” information about the behaviourtbé system has the same typical life cycle.

A logging system is really a common service nedueeny application and is also very complex if aket
into account the requirements for scalability aglthbility.

The OMG Telecom working group has defined a loggegrice supporting the CCITT X.735
recommendation and base on the CORBA Notificatierviges that is now widely used also outside the
Telecom vertical domain and has been implementedakipus vendors.

Scalability is based on forwarding specificationattallow log objects to forward messages onedamther
building hierarchies and redundant nets.

Quality of Service specifications and a thoroughdfined Administration Interface take care of the
reliability requirements.
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Here | summarize once more the main design godEdRBA Services.

These goals map well with the requirements thaé hed us to identify the need for adopting a Midee.

By picking the right services from the palette eéidable specifications we can find a ready madetiem
for wide sets of application requirements.

The fact that the services have been specifiedvit @onsortium level guarantee that they have been
thoroughly thought and are coherent and consistent.

Although often the specification appears complidaad over killing, implemented in house what pdexd
by a Service results very often in over simplificatof the problem and under estimation of the mespents
with the result that it is often necessary to raffljcextend and change the architecture of the ‘thdmewed”
service during development with inconsistent artdrofiot scalable and unreliable results.

The general (but not absolute) interoperabilitpwa to select the implementation that better satighe
requirements and there are often available “ligilementations” that are simpler and thinner thenfall
blown implementation at the expense of featuresésiones unneeded in the application domain).

Even in the case where it is not possible to usexiting implementation, it is often very produetito start
from the OMG specification and take it at the b&sisa home made partial implementation.
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A centralized logging system is the most esseséalice for the operation of a distributed system.
It is also probably the most important debugging for a distributed and concurrent syst

Using a source code debugger, it is in fact imfdesd debug concurrent issues, because breakspidtfunction
stepping heavily affect concurrency.

The standard CORBA Logging Service provides a ypamwyerful and scalable logging infrastructure.
But this infrastructure is still too generic forrquurpose.

In particular it does not provide any guidelinelaw to structure the contents of the messages.

In ACS we have therefore decided to structure ngessasing XML and we have defined an XML schemater
contents of logs.

Then we have implemented wrapper APIs in the supgdanguages and a generic server for other slibat make
trivial to use the logging system and generate agess properly formatted according to the schema.

Doing this we have taken into account that Javaaheegtive logging API and that therefore Java dmeais should
have been very happy of being able to use thiglatanAPI to log transparently into the centralibeghing system.

The driving forces in designing the ACS layer op ¢d the standard CORBA logging service have been:

*Define how the flexible and generic CORBA loggsygtem shall be used: choose a path for the furaitaeveloper
*Make the usage as simple as possible

*Hide native CORBA and make it look like APIs thevelopers are already comfortable with.
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This is a list of the most important attributesadbg.

It shall be possible to uniquely identify the megsahe place in the code and the runtime contexhe
messagt
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This is an example of log in the native XML format.
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...continues

*Error trace

In a standalone application running in a singlecetable, a low level error is propagated up throtighcall
chain until it reaches somebody that is capableaofiling it or until the application is terminateéd.each
level useful context information can be added. Stanguages like Java provide native suppor
retrieving and manipulating the call chain, butesthlike C++ do nc )

This is the Backtrace design pattern and it is wesful to provide an implementation that worksrove
CORBA network calls.

*Error loggin

With a d?s rlbguted system the Backtrace patterovmadlto trace the chain of errors across distributed
components, but the error traces end up all thestiim different places, i.e. where the componeatt fihally
handles them resides. ) o ) )

It is important to have a centralized place whére possible to browse and search for errors, adthtext
information allowing to identify where each errarcarred.

This can be done sending all error traces to theaéed logging system

*Synchronous and asynchronous error handling ) ) ) B
The exception mechanism works for synchronous :déiésexecution of an operation fails, an excepigon
thrown and it is caught by the caller. ) S

But in highly distributed systems many actions heveake place asynchronously: often an activitstésted
by a method call, but the method returns immedjsdeld later on a callback is used to report thelted/e
need to have a standardised mechanism to reporseatso in such asynchronous situations.

*Error browsin? and definition tools ]
It is convenient to have friendly tools to browke errors and to define the error structures useeport
context specific information.
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Different middleware systems provide support dedént levels for such issues, but they cannotigeoa
comprehensive solution, because they want to hedeheral and here we often have some percol&ton the
application domain requirements.

?C%tfor exaimple provides a solution on top of CORBAhese problems taking into account our Obseryégcientific
acility needs.

This diagram shows the architecture of the ACSresysten

Essentially we have:

E%’E%T a ?/Ivay to produce and transport error gad¢h exceptions and propagate them consistentlysa languages in
calls.

*Designed an XML schema for the definition of erconditions and for their storage in the loggingtegn.

eImplemented code ?enerators that from the XML rededfinitions produce IDL definitions for the exdems and
conve{mence support classes in the various progmgilanguages, to overcome limitations in the CO port for
exceptions.

eImplemented some standard error management dpattgrns
*Defined how to propagate errors in asynchronolis ca
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There are 4 different issues related to this problem:

1. input of data by the user
System configurators define the structure of thstesy and enter the configuration d

2. storage of the data
The configuration data is kept in a database.

3. maintenance and management of the data (e gjomarg)
Configuration data changes because the systentsuand/or the implementation of the system’s
components changes with time and has to be ma@ttainder configuration control.

4. loading data into the ACS Components
At run-time, the data has to be retrieved and tseditialize and configure the DOs.

A CDB implementation has to take all these isste &ccount.
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ALMA has very strong requirements for the amountiatia that needs to be transported by
software communication channels, in particular fitie correlator to the archive (raw data fr
the antennas is luckily enough not under softwaspansibility).

The bulk data system is devoted to the transpdntigé amounts of data and is based on the
CORBA Audio/Video streaming service specification.

We have implemented very easy to use classes auf thp A/V streaming that implement the
use cases we have identified for ALMA shielding pdetely CORBA and the details of the A/V
itself.

Using this system we avoid the performance penaitgduced by the CORBA communication
protocol, transmitting data out of band directlyTi@P or UDP format. On the other hand, we still
use a well defined and standardized protocol ferindshaking and administration saving the
effort of designing and implementing our own pregpairy solution.

Unfortunately the only implementation we have aafali is the TAO C++ implementation. For
the time being we do not have strong requirementate the bulk data transfer available in Java
or Python. We think anyway that it would be a reedie effort to port to Java the basic
components that would be needed to have our uss gawking.
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ACS Sender Component class diagram

The ACS Characteristic Component relative to thed8eis implemented as a C++ template class. The
template parameter is a callback which can be fareskending asynchronous data. This callback class
provides methods for sending data at predetermise-configurable time intervals. To allow sending d
in a synchronous way, a default callback classasiged, which disables the asynchronous mechanism.

ACS Receiver Component class diagram

The ACS Characteristic Component relative to thedRer is implemented also as a template class. The
template parameter in this case is a callback clesish has to be provided by the user and musised to
actually retrieve and manage the received paramatet data stream (see description in the nexbsgct
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We are well aware of the fact that both Notificat®ervice and Bulk Data have limitations.

For example the notification service:
» Has performance limitations due to the serviceitecture with a central delivery po

 Does not allow to retrieve historical values. Tikipad for clients interested in slowing published
information like status: how can a client cominglate (a late joiner) get to know what was the last
published value?

The Bulk Data is based on a specification thassestially implemented only by TAO and with limited
maintenance and support. We need to look at songethat would be better maintained and supported
providing at least the same level of performance.

From the analysis done until now on DDS for thelH-Eand SPARTA projects, we believe that integrating
DDS into ACS to replace the natification servicewld resolve all these problems.

The basic DDS architecture and the quality of sergontrol features it provides would allow usatvs all
above mentioned problems even keeping for the E®bannel the same interfaces.

With respect to CORBA Notification, Publish-Subsberiis more efficient in both latency and bandwifdth
data exchange because it is designed as a pureatdatac model.

Specific features of DDS include:

* A lowest-latency, best-efforts delivery mechanism
* QoS policies for predictable delivery.

* QoS policies for resource management.

» Status notifications.

DDS has the ability to utilize low latency transisoffor example UDP instead of TCP) to further mmizie
end-to-end latency. It optionally supports preditdaoperation with guaranteed delivery.

Also Multicast is supported.
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The resource tier is composed of the sources ahala.e. applications that monitor the hardware e
software to detect malfunctioning. Each alarm seuras a definite set of FS whose state can chaoge f
active to inactive. The sources can be writtengudifferent programming languages and run on dsffer
platforms.

ThelLaser-source APhas been written to connect the sources to thenéssitier and is very small in order
to be as simple as possible for the user. The é&Rfitten in java and in C++ and runs in all softeva
environments used at CERN like embedded and mael $iystem, different operating systems or hardware
platforms and so on.

The sources build a message containing the FSraadteon, like active or terminate. The APl embtds
message into a structure and publishes the megsag#MS topic to the business tier.

Each source periodically sends a heartbeat tolénmaervice to notify that it is in a healthy stat
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The business tier is the core of the alarm service:
elistens for FS changes and heartbeats from theesu
ereads the further data of a received alarm froendidtabase

ereduces or masks the FS depending on the knowlefdipe environment and the current status of
system

epersists the FS

traces and archives the changes of the FS

«allows management changing and definitions of KBowt stopping the alarm service
sauthenticate users on the client GUIs

All these services are realized by EBJ and the comications between the upper and the bottom layers
happen through a definite API.

In order to maintain easy and short taser-source ARIthe sources send to the business layer only the
triplet describing an alarm with the time of iteation. For each alarm received, the businesseiats its
complete definition from the database in orderrEspnt to the operators a complete snapshot of the
situation, its possible solution and consequeritable 21 shows some of the information stored én th
database for each alarm.
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One of the most relevant parts of the businessstiire reduction of the alarms. In a complex emvinent
where a failure can cause a cascade of secondarysalit is very important to show to the operathes
root cause of a problem. Operators are also codifwben the operators GUI shows a great number of
repeated alarms of the same type. Alarm reductiginesses both these problems.

To perform the reduction, the alarm system reani® fthe database a set of dependency rules between
alarms describing their correlation. Whenever #hwise receives a FS change, it applies that setles
and eventually marks some alarms as reduced.

All the alarms, both reduced and not reduced, vélsent to the client because some clients cantéeested
in receiving all the alarms regardless their reiducstatus: it is the GUI that hides the reducedlnas to the
operators depending on the specific configuratibar€ are two types of reduction rules:

node reductionwhen it is known that a failure in an equipmentri§ggers a failure also in the equipment B
then the latter alarm is reduced, with the effaat bnly A, the root cause of the FS, is shown;

multiplicity reduction when there is a great number of alarms of theesgpe then these alarms are reduced
and a new alarm is shown with the effect to redheenumber of alarms shown in the client GUI.
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The client tier is composed of java applicatiores tbnsume the data published by the businessTtier.
client connects to the business tier by meansedfdlser-console ARIThe business tier supports both login
and configuration facilities.

Once connected, the clients can access servidbe blsiness tier by means of tteser-client APl This
API allows the clients to access active FS aftedi#® a message to the service with a definitiowtath
kind of messages the client is interested in. /&t ploint the communication between the core seraiwbthe
client proceeds asynchronously with the alarm sergending the alarms selected in the first message

Three GUIs developed with Netbeans are part otlieet tier: the definition console, the alarm colesand
the admin console. The definition console and tiraia console allow the user to define alarms, sesiend
categories as well as create accounts and confignsafor the operators of the alarm console.

Whenever the alarm consol receives an alarm, iwsteline in the table with the label N that me&aren”.
When the operator presses the mouse button ovatah®, the N changes to the date when the alarsn wa
issued by the source. If an active alarm becoemsinate, its entry remains in the main panel uhgl
operator explicitly acknowledges the alarm by agdircomment.
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All Control Systems need to provide telemetry dateonitoring clients and send it to an archive for
offline analysis

Since we map monitor points into Properties, weiggslement a generic monitoring system in the
properties as a standard service for all developers

Archiving is enabled/disabled and configured oneperty basis. ACS Properties publish their vadne

a specific ArchivingChannel naotification channelstisictured events, by using the ACS Logging System.

The parameters for data publishing are definetiénGonfiguration Database and it is possible tai§pe
on a per—Property base:

*Archive priority
Max time interval between two archive submissions
*Min time interval between two archive submissions

*Min value change that forces an archive submission
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The Acs Architecture requires the ability to semdiy Data as Value Objects from one subsystennadteer or to
retrieve Entity Data from the Archive Subsystem agd it locally, until it is time to commit the atges in the archive.

Thie applies, for example, to Persistent Objedts, User”, “ObservingProject”, “CorrelatorConfig”

XML as the Format for Value Objects

We have chosen to use XML as the format to be fagdtie serialization of Value Objects.

Using CORBA and different programming languages,dhly alternative would have beE®RBA valuetype.
XML serialization has the following advantages o@&RBA valuetype:

* XML is suitable also for Data Persistence

* XML is usable also on transport protocols diffarfom CORBA, like http or email.

* XML Schema allows stronger typed declarations wétpect to IDL and allows to use versatile autaonatlidation
tools

* CORBA valuetype is not supported by many ORBs

« XML can be easily manipulated “by hand” or usingmy publicly available tools. This is particulaityportant for a
step-by-step development of the software, wherameild manipulation tools will be developed in Iqtleases of the
project.

With the advantages of XML data added to CORBAts tigpes, ACS lets the developer make the best
choice for every parameter in every component ntethdhe IDL:

*To send simple data by value, the built-in dafeesyof CORBA can be used, with the advantage et
binary transport;

*For more complex, usually hierarchical data, thgadlefinition can be provided outside of the IDlan
XML schema file, and has to be referenced in thie. [Chis option is expected to be chosen for nested
structures such as an Observing Project and itsdsding Blocks, where the size is of the order &ha 100

XML transport is realized in IDL using an ACS-deafthCORBA struct as a vehicle; it contains a stfielgl for the
serialized XML, plus complementary administratioatendata, such as a unique ID.

As a rule of thumb, large data structures shouldrb&en up into smaller groups, each describedsbgwwn XML
schema. For example, ALMA's Observing ProjectRheposal, and the Scheduling Blocks are each modejgarately.
A balance must be found between quickly accessirggelparts of the data tree in one call, and aosporting too much
data at a time when only a part of it is needed.

167



XML transport is realized in IDL using an ACS-dedith CORBA struct as a vehicle; it contains a stfielgl
for the serialized XML, plus complementary admirdibn meta data, such as a unique ID.

XML binding frameworks are used to generate natiwguage binding classes from XML schemas.

Binding class instances can forn-memory representations of any XML document thatg@s with the
schemas used for the code generation. Bindingedasifer static methods to instantiate objects fiivii,
and methods to serialize binding objects to XMLeYlalso allow validation against the schema.

Applications are written against the type-safe aseeand manipulator methods of the binding classes

Every component implements one interface thatfine@ in CORBA IDL; the methods of that interface
may use XML data as string parameters or returaegl

However, without additional support, both the diand the component implementation would send or
receive XML data as strings rather than as

trees of binding class instances, even if theytyse-safe binding classes inside their implemeomati ACS
and the ORB could only guarantee that a valid gtisireturned. At both ends of a remote call, the
applications would be taking on the burden of panfag their own marshaling and unmarshaling.

ACS resolves this problem by integrating transpanesrshaling and unmarshaling of XML binding classe
in the container:

» The “XML" component interface is the IDL interfaseen from outside the container. XML data used as
IDL method parameters appears as plain CORBA #rifige Java container provides an implementation of
this interface.

*The “transparent-XML" interface is a Java integfaghich ACS generates using a custom IDL compiter.
resembles the XML interface, except that Java hipdiasses are substituted for XML-strings. The
component implements this interface and receivaa@ming XML transfer object as a tree of Javadbig
classes; likewise, it returns binding classes wiearXML is expected on the IDL level.

*The mapper class is part of the container and tstmaés parameters from XML strings to binding oésss
and back.

*A component that uses another component canvetfiem the container a transparent-XML view of the
other component. Thus both in implementing its amtarface and using other components, a composent i
provided with the “illusion" of sending around Javiading classes. In fact, for calls between calted
components, the container is free to shortcut XMtiadization.
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Many Components, in particular in the area of tatfl Software, have a multithreading
structure. This means that there are threads afuéire, like control or monitoring loops, that ¢
intrinsically associated with the Component, ire. started when the Component is initialised and
stopped when the Component is taken down.

We have seen that the management of such thre@dimgponents was a source of problems in
the application code, with threads left hangingra@omponent destructions and other
misbehaviour.

We have therefore decided to provide support fdt behaving thread design patterns, in
particular for C++ and Java.

Each Component now has an associated pool of thré&e ContainerServices provides
Components with a Thread Manager object that carsbd to get hold of Component-specific
threads. This makes it possible to tie the lifeeya the threads to the lifetime of the Component.
It is actually very important to make sure that wiezeComponent is de-activated all related
threads are cleanly terminated. Failure to harfdgesituation might introduce large instabilities i
the system, often difficult to diagnose. Problemthis respect can come from the integration in
Components of functionality coming from 3rd pargckages: in this case we cannot rely on the
Thread Manager to handle threads spawned by teenaxtlibraries.

In C++ we have built threading classes based owtadipe very good APIs provided by the ACE
framework. Sub-classing and overriding one metlsoslifficient to have a thread function
executed once (in order to have one-shot asyncheoaction) or in a repeated loop (as in the
implementation of a control loop). Complete managenof the thread (start, stop, resume, etc) is
possible.
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A first step in the direction of code generation ALCS has been the implementation of an ACS comptone
generation framework that starts from IDL comporspecifications.

The acsGenerator has been implemented by the HAT dad contributed to the ACS code base and is a
very good example of the advantages of using three software infrastructure in multiple projec

Now the code acsGenerator is used by various fspjaithough it has not been integrated in theciafi
distribution of ACS.
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This nomenclature is only introduced to explain riegt slide
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For each category and programming language thesmonding tool is shown
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Introducing NRI: what does it bring
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Generic layout of NRI. Dynamic NRI in particulartsbe considered as an early warning system.
NRI is also thegluewhich holds together all the tools mentioned ab@el probably more)
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For each and every blue box there may be an outodrmigccess or failure. The specific path followed
determines whether the TEST will be considered R PASSED or UNDETERMINED.
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To make the point clearer, this is a snapshot faamoment in time last year.
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