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KURZFASSUNG

Supervisory Control and Data Acquisition Systeme (SCADA-Systeme) werden heute
weitreichend fir die Uberwachung und Steuerung technischer Anlagen der Européischen
Kernforschungsorganisation (CERN) eingesetzt. Eine Vielzahl verschiedener SCADA-
Systeme dienen dabei der Uberwachung elektrischer, kryogenischer und anderer Systeme,
sowie der Steuerung und Kontrolle von Teilchenbeschleunigern und physikalischen
Experimenten.

Diese Diplomarbeit behandelt die Entwicklung einer auf SCADA-Technologie basierenden
Softwareapplikation fur zwei der zentralen Kontrollrdaume des CERN. Zweck der Anwendung
ist die Uberwachung des Super Proton Synchrotron (SPS), dem zweitgroften
Teilchenbeschleuniger des Labors, wahrend seines Neustarts nach schweren Pannen. Einer
CERN-Empfehlung Folge leistend, basiert die Anwendung auf PVSSII, einem
kommerziellen SCADA-Produkt, das die derzeit im Einsatz befindliche heterogene
K omponentenarchitektur zur Uberwachung von SPS-Equipment ablsen soll.

Die Installation des SCADA-Produktes a's redundantes und verteiltes System, mit dem Ziel
maximale Verflgbarkeit und Datenaustausch mit anderen PV SS Systemen zu garantieren, ist
einer der Kernpunkte dieser Arbeit. Um mit SPS-Hardware zur Laufzeit kommunizieren zu
konnen, musste ein PVSS Treiber entwickelt werden, der unter Zuhilfenahme einer
exigtierenden Middleware den Datenaustausch mit verschiedenartigen Geradten rund um den
Teilchenbeschleuniger erméglicht. Das  objektorientierte  Design und die C++-
Implementierung dieses Treibers werden im Detail diskutiert. Besonderes Augenmerk wurde
auch auf die Implementierung der Benutzerschnittstelle der Anwendung gelegt, jenem Teil
des Systems mit dem Operatoren auf taglich Basis arbeiten werden. Ein erster Prototyp der
Benutzerschnittstelle, bestehend aus einigen PV SS Panels, wurde in enger Zusammenarbeit
mit den betreffenden Kontrollraum-Operatoren entwickelt. Die Ergebnisse dieser
Zusammenarbeit werden im Rahmen dieser Diplomarbeit présentiert. Zusétzlich zur
Applikation selbst musste ein off-line Datenbanksystem zur Verwatung statischer PVSS
Konfigurationsinformationen entwickelt werden. Der Entwurf einer Integrationsstrategie fir
exigierende Konfigurationsdaten, das Design einer relationalen Datenbankstruktur zur
Speicherung dieser Informationen und die Implementierung von Perl Scripts und PL/SQL
Prozeduren zum Datenimport und —export werden in dieser Arbeit prasentiert.




ABSTRACT

Supervisory Control and Data Acquisition (SCADA) systems are widely employed in
monitoring and controlling technical facilities at the European Organization for Nuclear
Research (CERN). Various kinds of SCADA systems are used for the supervision of
electricity, cooling, cryogenics and other systems as wells as for the control of the
laboratory’ s particle accelerators and high-energy physics (HEP) experiments.

This thesis is concerned with the development of a software application for two of CERN’s
main control rooms, for monitoring the start-up of the Super Proton Synchrotron (SPS), the
laboratory’s second largest particle accelerator. Following a CERN recommendation, the
application is based on PVSS 11, acommercial off-the-shell SCADA product that will replace
the heterogeneous component architecture currently used for monitoring SPS equipment.

The set-up of the SCADA system in aredundant, distributed and scattered manner in order to
guarantee high dependability and the possibility of doing data exchange with external PV SS
Il systemsis acentra issue of thiswork. A PV SS Driver Manager to SL-Equip, a middieware
allowing data exchange with heterogeneous remote devices located around the accelerator, is
developed in order to communicate with SPS hardware. The object-oriented design and the
C++ implementation of this driver are discussed in a detailed manner. Special attention is paid
to the design and implementation of the application’s user interface, for thisis the part of the
system that the control rooms operators will be confronted with on a daily basis. A firgt
prototype of this interface, consisting of a series of PVSS pandls, is developed in close co-
operation with the operators concerned. In addition to the application itself, an off-line
database system for managing static PVSS configuration information is created. An
integration strategy for existing configuration data is developed, a relational database
structure for storing the information is designed and Perl scripts and PL/SQL procedures for
dataimport and export are implemented.




THANKSAND ACKNOWLEDGEMENTS

| would like to thank my supervisor at CERN, Luigi Scibile, for sacrificing a lot of his time
correcting this thesis as well as for the many insightful discussions we had during my
internship at CERN.

| gratefully acknowledge the support of Peter Sollander and Robin Martini, two colleaguesin
the ST/MO group who contributed a lot to this work. Peter’s profound knowledge of the
systems involved in the SPS start-up and Robin’ s expertise in database engineering have been
agreat help.

Of course, | want to thank Karin Prdll, my supervisor from the Polytechnic University of
Hagenberg for her support during my internship at CERN and while | was writing this thesis.

| al'so want to express my thanksto Gregory Curtis, my English teacher at the Upper Austrian
Polytechnic University, who sacrificed his time to correct this work and to improve my

sometimes modest style in English.

Especiadly, | want to thank Johannes Dirnberger and Yann Bieber who helped me out with
countless suggestions during my stay at CERN.

Thisthesisis dedicated to my family.

Jan Stowisek, August 2001

-V -



TABLE OF CONTENTS

R I 11 oo [ T 1 oo R SRRR 9
1.1 Organizational ENVIFrONMENT........c.cooviiiiiiie et s 9
1.1.1 CERN —The European Organization for Nuclear Research.............ccccevveveeceeienenninnnnns 9
1.1.2 The Technica Support/ Monitoring and Operation Group...........ccoceeeerreereerereresieninens 10
1.2 Motivation for thePIrOJECE .......cceeeice e 10
G I @ | o= ox (V=< S 11
1.4 Proj€Ct ProCeadinNg ......cccooieieieeeei ettt eneas 12
141 Project Development MOGE .........cccovieeeienisie st 12
1.5 Overview of the DOCUMENT .....cc.ooviiiiiiiinesese e 12
P22 = T T o A [ o L USSR 14
2.1 Supervisory Control and Data AcquiSition SYStEMS.......ccccevvvveevevi e 14
211 Définition of SCADA-REGEA TEMIS ...ooveiiirieieiesieeeeseeee et 14
212  General Architecture Of SCADA SYSLEIMIS........coeiirerieerieie et sae e 15
2 R O 1= o I 1 16
2.1.2.2 PrOCESSING LAYES ....oceeeiieieestieeeeetesee e st st st e e see e e sre e e e e e seestesaeeneenaeneeneesrenns 16
2.1.2.3 DA (SEIVEN) LAYEN .. .ccuiieieeeieeeeiesie ettt ettt e b s aesne e e e e e e 17

2.1.3  FeatureS Of SCADA SYSLEIMIS......ccieiirirereeiereese e se e ssessesseestesee e ssessesseeneesessessesaesnens 17
214  Benefits From the Use of SCADA ...ttt 18
215 Limitations of SCADA TEChNOIOGY .. .ccceeueriiriirieriintireeieiee et eesee e e sie e enens 18
216 OULIOOK tO the FULUIE........ceiiiiiictirieee e 19
2.2 PVSSII —An Exampleof an Industry SCADA System........cccccveveeeeveieveesieseenne 19
221 ProduCt DESCIIPLION ....cueiueiuieeieieeie ettt st e e e seesbe e saesse e e eneeseesbesaesnens 19
222  TheDataPoint CONCEPL........coiririeiirireeeereesees e stestese e eseeseesaesressessesresseeeessessessessessens 20
2.2.3 PVSS System Architecture — The Manager CONCEPL........cocevvreiereieeerreereeseseesesenseens 20
2.2.3.1 Event Manager (EM) ...ttt s 21
2.2.3.2 Database Manager (DIM).....ccceceeeerereseseieeeeeseeseesiestesressesseeseesseseessessessesseessssseseenses 21
2.2.3.3 Control Manager (CIM) ....cceceieeieeeeeerese st sre s e sees e et a s tesnesre e eneeneeneas 22
2.2.3.4 DIivVer ManagerS (DIV).....ooce et s st e e 22
2.2.35 User Interface Manager (UIM) ....ooeceiereie et 22
2.2.3.6 Other MaAnaQErS.......cooevuirieieetireceesestes e ste st s e e seesre s et s e e see e seestesaesresseeneeneeseenses 23

224  Scattered and Distributed PVSS SYStEMS........c.ooiiiiiie e 23
2.2.4.1 SCALErEA SYSIEIMS ..cueiie e cte et e e e ettt e e se e sre s re s e sae e e e e tesresresneeneeneenean 23
2.2.4.2 DiStIIDULEA SYSIEMS ......oveieicieieecieeeeesese st se e e s ne et sre st snesneeneenean 24

225 ThePVSS RedundanCy CONCEPL ........ccoeriririeeierienie et e e e see e snens 24
2.3 TheSL-EQUIP PaCKage .......ccccceiieie ettt 25
PG RSV (= I AN o T = ot (U SRRSO 25
2.3.2  Equipment Naming CONVENIONS. ........cceiirirriirieriesiesieseeeeseesie e e e eeseesbesaesresseeneas 27
233  SL-EQUIP CHENt CallS....cciiieceeeeeiesese st ste st e e st eeaenaensesnesnens 28
2.4 TheSuper Proton SYNChrOtrON........ccccieiiieeiece et 28
3. Problem DESCIIPIION ..cc.oitiiiieeee et 30
3.1 Overview of theProblem ... 30




3.2 Partsof the Problem — Scope of the Project..........covoeiiiiiniiinen e 30

321  Set-up and Configuration of the PVSS SysStem ..o 30
3.2.1.1 Design for High Dependability .........cccoovveierienieieere s 30
3.2.1.2 Design for Data EXChANQE ......coueeereeieie ittt ettt s 30
3.2.1.3 Implementation CONSLFAINES.......cc.eierieeiiereerie ettt se b e sreeaes 31

3.22 Implementation of a PV SS Driver to SL-EqQUIP.......cceoererererr e 31

3.23 Implementation of a Data L oader for Automatic Data Point Generation .............ccc....... 31

3.24  Mimic Diagrams for the SPS Restart AppliCation...........cocoooeiiiininieninieeree e 32

Y = T L=< T o S 33

4.1 SysStemM AT CHITECIUMNE....eiiiieeeeeeeee e 34

411 Redundant PV SS SYSIEIM......coiiiiiiieieeiereesie ettt see b ene e nean 34

L W D T - = = o 1= TS 35

G I D T = W A wlo [ U1 E= 1 o o DTSSR UUPR 35

414 PVSS COIE SYSIEM ...ttt ettt ettt sttt e st e e e s ae e saeesbeene s s e snsesbeanneans 36

415  PVSSUSE INEITECE. ..ot 36

4.2 Driver tO SL-EQUIP ...t 36

421  General PV SS DIVEr CONCEPL ....ocvevveiueeiieiieieiereese ettt e e e sre e e e e e e 36

4.2.2  Specification of the AdAress Mapping.......cocveeerereereereresieseseseeeeseeseesee e ssesessesseenees 38

G B O =SS 3 B L= T | o USSP 40
e T R O £ Y O 1= USSP 41
4.2.3.2 Transformation ClaSSES.........couourrireireerieneree s snene e 44
4.2.3.3  ULHITY ClIASSES.....couiueuireieieisieie sttt sttt st sttt eb e bbbt e e en 46

A @ o 1= o: D= [0 o [P 46
4240 INITEITSAION .o.evceieereeiresie e 47
A.2.4.2 HardWare ACHVITY .......ooiiieieeree ettt e bt 48
e T = 1 011 0 1o o O ST PRRR 49

4.3 Static Data Definition in an Off-line Database ...........ccoccovevreiininncniiccsees 49

G I R DT =02 = Sl B L= o o SRR 49
4311 General DESIGN RUIES.........oiiiiiiieeee sttt st e e e e e 49
4.3.1.2 TDREfDB Talle SITUCIUE.......ccv vt 50
4.3.1.3 TDREIDB USEr VIBWS....ocuiiiiciiirieiinesieieesie ettt 56

4.3.2 Datalmport inthe TDREFDB .........ccooiiiiiiie e e 58
4321 Overview of the Data Import SIrategy ........cccveeereererereriesesesseeseeseeseseseesreseeseeneens 58
4.3.2.2 Import of TDS Configuration Data..........cccovereieieririeeiereee e 59
4.3.2.3 Import of SL-Equip Configuration Data..........cc.ceeereereererieneneneeee e 61

4.3.3 DataExport From the TDRefDB to ASCIlI Manager File Format..........c.ccoovvvvvnveeenen. 63
4331 Anaysisof the ASCIl Manager File FOrmMat ..........ccocoreiiiinenienieeiee e 63
4.3.3.2 Specification of the Data EXtraction SCript..........ccooevirerieriieierere e 65

RV W10 o TToll D T=To | =T o 1S 65

IMPIEMENTALION ...t n e 68

5.1  SyStemM ArCNITECIUI ..o e 68

51.1  Set-up of the Redundant LinNUX SErVEXS.........ccceviereiiieeieereseseseeresseeseeseessesreseesaeseenes 69
5.1.1.1 Additional Hardware INStallation............ccooeereriiieierecse e 69
5.1.1.2 SOftware INSEalIEHiON .......c.ooiiiieieeee e e 69
5.1.1.3 Software CONfigUration..........ccccvieeerreesiereseseseseseeesees e e sressee e eseeseesseseesresseeneenes 69

512  Set-up of the Windows NT WOrKStations...........cccuerererenenenieiee e 69

-Vi -



5.1.2.1 SOftWare INSLAlIAtION .......cccueeeee ettt e e st e s st e e s s are e s s eareee s 70

5.1.2.2 Software CONfigUIatioN...........coeiereriieiere e se et s se e nes 70

5.2 Driver Implementalion ........cccccocvieeieieceese e 70
521  Implementation CONSLIAINES. .......ccoiirerereeie et e e et sae e seeaeseesbesaeeneas 70

522  Implementation Of the Classes.........ccceireiiiie e e 70
5221 SIEDIIVES .ottt 70

5.2.2.2  SIBRESOUICES.....c.eiiueetieieeeeseesie sttt ettt et et se e te bbbt bt st e e e st e b e besbesb e s st ene e e e eeneeseennas 71

A R 1= K= o] o= OSSR 72

LA S 1= Y=o 1@ o 74

5225  FIESIVHL ...ttt b bbb e 74

B5.2.2.8  FIETTANSXXX c.ettirieiererteienesieie sttt st sb bbbttt bbb bbbttt a e bt e e et ne s 75

5.23 Implementation of the Driver Configuration Panel ............cccccoevvevvienivcieereencne e 76

5.3 Implementation of the Static Configuration Database.............cccceeveieierieninienennens 77
531 TDREfDB Datahase StIUCLUIE .......coueiueiieieieieee sttt e e st e e see e e e 78
5.3.1.1 TDREDB TaDIES......ccoiiirieieiirierirreere e e 78

5.3.1.2 TDREDB USEN VIBWS.....coiiueiiririeiiisieiesesistees sttt be e basssssbe s sessane s 78

5.3.2  Import of Existing Configuration Information inthe TDRefDB ..........cccceveieienerennene 79
5.3.2.1 Implementation of PL/SQL Procedures for Importing TDS Configuration Data...... 79

5.3.2.2 Implementation of Perl Scripts for Importing SL-Equip Configuration Data............ 83

5.3.3 Implementation of an SQL Script for Exporting PV SS Configuration Data.................. 85

5.4 Implementation of theUser Interface........cccccoeveviievi e 85
6. Validation and VerifiCatiON ..........ccoeiiiieere e 90
6.1 COMPONENE TESLS ..o e r e r e e 90
B.1.1 PV SS SYSIEM SE-UD...ecueieeieriieieeeee e see st e ste s s saeeste e e st e te e teentesneesneesreenseeneennes 90

B.1.2  SL-EQUIP DIV ..ottt sttt e h et b et e b st e e e e sbenaesne s 92

6.1.3  Static Configuration Database and Data Loaders..........cocoverererienienenene e 93

6.1.4  User INerface PaNElS. ..o s 94

6.2 SYSLEIM T OO, ..ttt sttt et b e b e e he e ae e sae e et e e beebe e sbe e sheesaeeeaneaa 96

2 o ox ¥ o o PSSR 97
7.1 GOal @NA SOIULION ...ttt st st sbe e 97
7.2 UNSOIVEd ProbBlems.... ..o 98
7.3 POSSIDIE EXLENSIONS. ... .ottt st ae e e e enes 98
7.4 ConClUdiNg REMAIKS.......ociiieiiieee sttt st st s ae s re e nas 99

o T = o) 1= o o U] =SS 100
S I = o =) T g TS 101
10, LiStOf TAIES.....ceiieieieieese bbbttt 102
T (= = = 0Tt 103
I R I 1 (= = | = S 103
11.2  Papersand Internal REPOITS........ccooiiieieiieeese et 103
TG T O o 11 g T = 1 S 104
114 World Wide Weh ReEferenNCeS......c.ooeeeieeiee e 104

- Vii -



Appendix A.  PVSS Server Configuration ..........cccoeoeeerereneneseseseeeseseses s 107

A.1 “SET_REDU” Fileon the Redundant PVSS Servers........cccooeveninceennnenceneee. 107
A.2 “config” Fileon the Redundant PVSS SErvers.......ccccovviveevinieeceese e 107
A.3 “progs’ Fileon the Redundant PVSS SErvers........cocooiinineneneseieesenennens 108
Appendix B.  SL-Equip Driver (SIeSrVH) .......ooviiieeeceeeeeeeee e 109
Appendix C.  SL-Equip Data Import SCrHPLS.....cccieeeiiiiceese e 112
Appendix D.  Data Export: Data Loader SCript........cccoervreerineereseseesee e 118

- Viii -



A PVSS Application for Monitoring the SPS Start-up Introduction

1. INTRODUCTION

This thesis is concerned with the development of a software application for monitoring the
start-up of the Super Proton Synchrotron (SPS), CERN'’s second largest particle accelerator.
Asthetitle suggests, PV SS, the CERN recommended supervisory control and data acquisition
(SCADA) system, will serve as abasisfor the application.

This first chapter provides the reader with some background information about the
organizational environment in which this thesis was written, roughly outlines the problem to
be solved, gives an overview of existing solutionsto similar problems and, finaly, presents an
outlook to the following chapters.

1.1 Organizational Environment

This section starts with a general presentation of the European Organization for Nuclear
Research (CERN) and its activities, followed by a description of the author’s immediate
working environment, the Monitoring and Operation (ST/MO) group.

111 CERN-TheEuropean Organization for Nuclear Research

CERN, often referred to as the European Laboratory for Particle Physics but officialy called
the European Organization for Nuclear Research, is one of the largest and most important
high-energy physics (HEP) centres in the world. Established in 1954 with the aim to provide
for European collaboration in nuclear research of a pure scientific and fundamental character,
the indtitute nowadays attracts over 6,000 scientists of more than eighty nationdities.
Following its mandate laid out in the CERN Convention, the organization “has no concern
with work for military requirements and the results of its experimental and theoretical work
are published or otherwise made generally available” [CERN, 1954].

CERN is situated on the border between France and Switzerland, just outside Geneva, a
location that symbolises the international spirit of collaboration that is one of the reasons for
the laboratory's success. From the original 12 signatories of the CERN convention,
membership has grown to the present 20 Member States.

CERN's accelerator complex is the most versatile in the world, consisting of a set of ten
linear and circular machines. The first operating accelerator, the Synchro-Cyclotron, was built
in 1954, in paralel with the Proton Synchrotron (PS). The PS is today the backbone of
CERN's particle beam factory, feeding other accelerators with different types of particles. The
1970s saw the construction of the Super Proton Synchrotron (SPS), at which Nobel-prize
winning work was done in the 1980s. The SPS continues to provide beams for experiments
and is also the final link in the chain of accelerators, providing beams for the 27 kilometre
long Large Electron-Positron Collider (LEP). CERN's next big machine, due to start
operating in 2005, is the Large Hadron Collider (LHC), at which the fascinating quest for the
Higgs boson, the last undetected particle of the standard model, will be carried on.

For more comprehensive information about CERN, its accelerator complex, experiments and
contributions to the world of high-energy physics, please refer to [WWW-CERN].
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1.1.2 TheTechnical Support/Monitoring and Operation Group

Seeing that CERN is hierarchically organised in divisions, groups and sections, we will take a
closer look at the Monitoring and Operation (ST/MO) group, the subgroup of the Technical
Support (ST) division the author is working for.

Within the ST division, which has the mandate to provide technical support for accelerators
and related experimental areas, including the LHC project, the ST/MO group is responsible
for the monitoring and operation of all CERN technical infrastructure.

This activity is covered by four sections that are illustrated in Figure 1-1.

Technical Support
(ST)

I
Monitoring and

Operation (MO)
|
[ | | |
Industrial Technical Control System Div. Computing
Computing (IN) Room (TCR) Engineering (SE) Support (DCS)

Figure 1-1 How the ST/M O group is embedded in the CERN hierarchy

The Technical Control Room (TCR) with its 24h/day and 365days/year operational service
supervises electricity, vacuum, demineralised water, cryogenic, safety and control systems
and acts as a trouble-shooter in case of breakdowns.

The Industrial Computing (IN) section is responsible for the devel opment and maintenance of
the control systems for the TCR and the Safety Control Room (SCR).

The System Engineering (SE) section is in charge of the development and implementation of
the CERN Safety Alarm Monitoring (CSAM) System and for system engineering support on
safety-related control systems.

The Divisonal Computing Support (DCS) section provides Web and desktop support to
division members.

Thisthesisisthe result of a co-operation of three of the sections mentioned above: the TCR as
aclient, the IN section with Peter Sollander as technical responsible and the SE section with
Luigi Scibile, asthe author’ s academic supervisor.

1.2 Motivation for the Project

Two coinciding factors have lead to the launch of the SPS Restart Application project:

(1) In the course of the Gestion Technique des Pannes Majeures (GTPM) project, a
collaboration of the TCR, the Prévessin Control Room (PCR) and the SPS/LEP

-10-
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Controls (SL/CO) group, a thorough analysis of the functions and logic of the SPS
start-up procedure was performed. While the project’s main objective was to work
out system diagrams, operating instructions and technical descriptions in order to
facilitate the restart of the SPS after a magjor breakdown, it was aso decided to
develop an application for monitoring the systems involved in the start-up procedure.

(2) PVSSII, anindustry SCADA system developed by the Austrian company ETM, was
chosen as the CERN recommended SCADA system for all LHC experiments. As a
consequence, the ST/MO group determined to migrate its existing control systems,
notably the Technical Data Server (TDS), to PVSS. The SPS Restart Application
should become the group’s first application to be implemented using PVSS in a
technical services context.

The SPS Restart Application project was launched as a subproject of GTPM, at the same time
pursuing the objectives of the PVSS.TSI project. For more information about the two
projects, please refer to [WWW-STMOQ].

1.3 Objectives

The goal of the project is the development of a software application for the CERN Technical
Control Room (TCR) and the Prévessin Experiment Control Room (PCR). This software
application shall alow the control rooms’ operators to remotely monitor the start-up of the
Super Proton Synchrotron (SPS) after major breakdowns.

The application shall be based on PVSS and its user interface shall consist of a series of
mimic diagrams, so-called PV SS panels, that display the current status of all systems involved
in the accelerator’ s start-up, i.e. el ectricity, demineralised water, vacuum and other systems.

From a central view, consisting of some boxes displaying the system states on a very high
level (one box per system), the operators shall be able to get more detailed information by
clicking on the boxes and zooming in to the systems concerned. The user interface shall alow
the operators to localise defects, the cause of the defect will then be detected using existing
tools.

In order to implement such an application, it is necessary to set up a SCADA system that
acquires data from existing equipment control systems, notably the Technical Data Server
(TDS) and SL-Equip. PVSS Il was chosen to fulfil this task. The PVSS system shall be
configured in a redundant way in order to increase the system’s dependability. Furthermore,
data exchange with other PVSS systems at CERN shall be possible. In order to acquire data
from the control systems mentioned above, the implementation of a PVSSdriver to S_-Equip
isnecessary. A driver to the TDS already exists and can be reused.

Finally, the PVSS system has to be configured in order to acquire data using the drivers
mentioned above. The configuration information required for this purpose is currently stored
in:

* the Technical Data Reference Database (TDRefDB),
» formatted ASCII text filesand
*  paper files.

-11-
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This configuration data shall first be converted into a homogenous format (introduced in a
database) and then injected to the PV SS system at run-time.

1.4 Project Proceeding

This chapter deas with the project engineering aspects of the system development process.
The development approach chosen is described as well as important project milestones
(anchor points).

141 Project Development Model

As the SPS Restart Application was the first PVSS application developed within the ST/MO
group, little experience on this subject was available. Consequently, a complete specification
of the project was difficult to establish from scratch and several iterations were necessary to
capture all user requirements. Initialy, only four project anchor points were defined:

(1) the set-up and configuration of the PV SS system,
(2) theimplementation of the PV SSdriver to SL-Equip,
(3) the development of a dataloader and

(4) the development of the application’s user interface.

These four anchor points were treated as interdependent subprojects; each of them was dealt
with using an evolutionary prototyping approach. Prototyping means building a small version
of a system, usually with limited functionality, that can be used to help the user or customer
identify the key requirements of a system and demonstrate the feasibility of a design or
approach” ([Pfleeger, 1998]).

As opposed to a throw-away prototype that is not intended to be used as an actua part of the
delivered software, an evolutionary prototype is “developed to learn about a problem and
formthe basisfor some or all of the delivered software” ([Pfleeger, 1998]).

Accordingly, as soon as a basic set of requirements was defined, a first prototype was built
and presented to the potentia users. Based on their feedback, the requirements were refined
and further functionality was integrated in the prototype until a satisfactory solution was
found.

1.5 Overview of the Document

This document contains the description of the SPS Restart Monitoring Application, which has
been devel oped and implemented for the Technical Control Room (TCR) at CERN in order to
provide an appropriate tool for monitoring the status of all systems involved during the start-
up of the Super Proton Synchrotron.

The notation of this work is kept very simple. While textual descriptions and explanations of
mechanisms and functions are written in a serif font (Times New Roman), any source code
extracts as well as class, method and variable names etc. are written in fi xed- pi t ch font
(Courier New). Important names, key terms and central messages of a chapter are
emphasised using an italic font.

Chapter 2 gives an overview of the technologies and techniques used in the course of the SPS
Restart Application project. It serves as an introduction for readers who are not familiar with
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SCADA systems in general and with PVSS Il in particular. Furthermore, SL-Equip, an
equipment control middieware implemented and used at CERN, is presented. Last but not
least, a presentation of the SPS, CERN'’s second largest accelerator is given.

Chapter 3 provides an extensive description of the problem that triggered the launch of the
SPS Restart Application project. After an outline of the general problem, the subtasks to be
solved by the author are dealt with in detail.

Chapter 4 describes the proposed solution, particularly focusing on the system’s design. The
chapter follows the same structure as chapter 3, starting with an overview of the designed
system and then dealing with its components one by one.

Chapter 5 describes the implementation of the system, explaining the major concepts used as
well as some interesting implementation details. Special emphasis will be put on the
implementation of the PVSS driver to SL-Equip and the off-line PVSS configuration
database.

Chapter 6 deals with validation and verification aspects and describes how the SPS Restart
Application was tested.

Chapter 7 contains a concise summary of the thesis and gives a brief overview of unsolved
problems, possible extensions and potential weaknesses of the implemented solution.
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2. BASIC NOTIONS

This chapter introduces the reader to the most important concepts and tools used in the course
of the project. First, a brief introduction to the concept of SCADA systems is provided,
followed by a presentation of PVSS 11 as an example of an industry SCADA system. Finaly,
SL-Equip, the middleware that will provide equipment data for the SPS Restart application, is
introduced

2.1 Supervisory Control and Data Acquisition Systems

Asthiswork is mainly concerned with SCADA systems, an introduction to this technology is
crucia for readers who are not yet familiar with it.

2.1.1 Definition of SCADA-Related Terms

First of al, we will define the term Supervisory Control and Data Acquisition (SCADA)
according to our needs and try to point out the differences to similar concepts. Two of the
most important characteristics of SCADA systems are already included in the acronym:

(1) the capahility to collect data from some kind of installation and
(2) the ahility to control these facilities sending (limited) control instructions.

What is not mentioned, however, is that

(3) SCADA systems are typically used to supervise and control facilities in remote
locations.

Putting these three elements together, we define that SCADA is a “technology to collect data
from one ore more distant facilities and/or send limited control instructions to those facilities’
[Boyer, 1999].

Although SCADA systems limit the amount of control that can be exercised, they till do
allow (supervisory) control. This is one of the points that distinguish SCADA from similar
concepts, such as telemetry: SCADA systems are two-way systems, allowing not only to
monitor what is going on at a remote location but aso to do something about it.

As this thesis is exclusively concerned with the software aspects of SCADA technology, we
will refine our definition and describe SCADA systems as “commercial software systems
used extensively in industry for the supervision and control of industrial processes’ [WWW-
IT/CQ]. In thisinterpretation, a SCADA system is regarded as a purely software package that
is positioned on top of the hardware to which it is interfaced.

[Daneels and Salter, 2000] stress that “SCADA systems are used not only in industrial
processes|...] but also in some experimental facilities’. This fact is worth pointing out, as an
industrial SCADA system will be used for the development of the controls of the four LHC
experiments at CERN. Besides, the purpose that we want to use a SCADA system for in the
course of the SPS Restart Application project cannot be classified as a typical industria
process.
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2.1.2 General Architecture of SCADA Systems

Now that we have a basic idea of what SCADA systems are and what they are used for, we
will examine some architectural aspects that are common to virtually all products available on
the market. We do not want to lose ourselves in technical details but will understand the
functioning of a SCADA system from a (software) engineer’ s point of view.

For SCADA technology is utilised to monitor and control remote facilities, the system must
inevitably be divided in local and remote components that exchange information via some
kind of communication medium. In software terms, we could call it a layered architecture,
consisting of a client layer with a human machine interface and a data layer (referred to as
“data server layer” in [Daneels and Salter, 2000]), communicating with devices in the field.
Idedlly, these two layers are complemented by an intermediate layer, doing computations on
the data received, filtering information, etc. We will refer to this third layer as processing
layer and consider it equivalent to the business layer in traditional three-tier software
architectures.

[Boyer, 1999] describes a similar system structure, decomposing a generic SCADA system
into an operator interface, a Master Terminal Unit (MTU) and a series of Remote Terminal
Units (RTU) communicating with the equipment in the field.

Client Layer Processing Layer Data (Server) Layer Hardware
(black box view)

HW access
via Profibus,
Modbus, ...

> PLCs

5000

(MTU)

W access via
-t - Worldfip, CANbus

Remote Operator
Interface

Data Server
(RTU)

Figure 2-1 Example of a generic SCADA system (ar chitecture)

Figure 2-1 shows an example of such a generic SCADA system. Although it does not cover
al possible system architectures, especially all imaginable means of communication, it
illustrates the following aspects:

» the separation of client, processing and data layer.

» thedistinction between SCADA components and the equipment controlled.

» the different means of communication used for data exchange between client and
processing layer, between processing and data layer and, finally, between data layer
and the hardware.
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After this overview of the physical distribution of the software components, we will elucidate
the tasks fulfilled by each of the layers.

21.2.1 Client Layer

In the centre of a SCADA system are its operators who are accessing the system by means of
a human machine interface (HMI), known in other parlance as an operator console or user
interface. This HMI consists of a video display unit (VDU) that displays real-time data about
the supervised process and of an input device for sending control instructions. What kinds of
VDU and input device are used depends largely on the complexity of the supervised system.
In the case of very simple systems, a computer screen and some electrical switches would
suffice even though today’ s PC-based SCADA systems almost exclusively use colour screens
for displaying data and often include audible signals to attract the operators' attention in case
of emergency. Keyboard and mouse or touch screens are used for inputting the operators
commands or messages back to the process.

The following list gives an overview of functionality implemented in the client layer without
claiming to be complete.

» Combinations of synoptic diagrams, text and elements for navigation are displayed
on multiple screens.

» Graphica objects and user interface elements can be linked to process variables in
order to display/reflect their value at run-time.

» Configuration panels and/or tools allow privileged users to modify the system’s set-
up at run-time, to add/remove process variables and to customise the HMI.

e Trending charts visualise the evolution of certain process variables over time.
Trending can be done with on-line data as well as with historical information stored
in the system’ s database.

» Alarm screens inform operators about pending alerts (e.g. if the value of a process
variable or expression leaves it pre-defined good-range)

To sum up, we can say that the client layer’s main task is to display/visualise information it
receives from the processing layer and to interact with the user.

2.1.2.2 Processing Layer

Having said the above, it is clear that the HMI directly interfaces with a master terminal unit
(MTU). The advantages of having an MTU that acts as a system controller and hence as a
mediator between the operator interface and the RTUs can be summarised as follows:

* A series of tasks can be executed automatically and do not need any operator
interaction. They can even be performed during the operator’ s absence by means of a
built-in scheduler that repeats pre-programmed actions at set intervals.

* A special alert behaviour can be triggered whenever a process variable passes a pre-
defined threshold. The system can react by performing an emergency shut down,
notifying the operators via an aert screen or other communication systems such as
GSM phones or pagers.

* As all process variables are managed by the MTU that all clients connect to, al
clients see the same values at the same time. If clients connected directly to the data
servers, synchronising the HMIs would be a much more difficult task.
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* Complex computations, e. g. statistical functions, can be performed at the MTU-
level. This avoids that all clients have to do the same computation, which would be a
waste of computing power, especiadly if the clients are installed on average
workstation machines.

The core feature of the MTU is certainly that it collects data from the data servers and then
distributes it to its clients, usualy in an event-driven way. In this way, any piece of
information is transmitted from the remote location only once, which is crucia if remote
facilities are connected to the local components via alow-bandwidth communication medium.

21.23 Data(Server) Layer

The data server layer builds the final link to the hardware in a SCADA'’s data acquisition
chain. It consists of one ore more data servers (caled RTUs in Boyer’s terminology) that are
directly connected to one or more MTUSs via various communication media. As the data
servers are usually remote from the MTUSs, long-distance communication media, such as
radio, telephone lines, fibre optic cables etc., are used for this purpose. All the same, RTU and
MTU can equally be connected viaa LAN or, in exceptiona cases, be ingtalled on the same
machine, which will be the case at CERN.

The key task of a data server is data acquisition. The servers are connected to hardware
equipment, programmable logic controllers (PLCs) or, exceptionally, to other data acquisition
systems via a variety of protocols. Usually, field buses (e.g. Profibus, Modbus, Bitbus,
CANDbDus etc.) are used for communication.

In most cases, data is acquired from the hardware via a polling mechanism. In electronic
communication, “polling” is the continuous interrogation of other programs or devices by one
program or device to see what state they arein, usually to see whether they are still connected
or want to communicate [WWW-WHATIS]. This implies that it is up to the data server to
detect value changes and to forward these changes to the MTU as needed.

2.1.3 Featuresof SCADA Systems

At this stage, the reader is familiar with basic SCADA-related terms and knows how a typical
SCADA system is structured. The following section will draw attention to the features and
functions that modern SCADA products should include.

[WWW-ITCO] and [NFESC, 1991] identify the following features:

» Data acquisition with a very high data throughput (up to severa thousand values per
second)

* Ready-to-use drivers supporting standard communication protocols (e. g. field bus
protocols, OPC etc.)

» Extensive processing power that is often distributed on several computers.

* Extremely short response times.

»  Off-line processing.

* Automatic control mechanisms that do not require the operators to be present all the
time (e. g. scheduled tasks, emergency actions etc.)

* Alarmhandling (i. e. reacting to values passing certain threshol ds)

» Datalogging and archiving as well asthe possibility to manipulate historical data.
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» Access control mechanisms (e. g. an authorisation mechanism based on a user/group
concept)

e User-friendly HMIs including many standard features (e.g. alarm display, trending
etc.) and often based on graphical operating systems

It goes without saying that thislist is not complete. Even so, it gives a good overview and can
serve as a starting point when evaluating and comparing different products available on the
market.

214 BenefitsFrom the Use of SCADA

As it was mentioned before, the basic idea behind SCADA systems, as behind any remote
control mechanism, is to make it unnecessary for operators to be assigned to stay at or
frequently visit remote locations when those remote facilities are operating normally. From a
control system’s perspective, the advantages of SCADA technology are obvious:

e Processdatafor monitoring is centralised.

»  Process egquipment can be operated remotely.

* The number of site vigits required to remote stations is reduced (which leads to a
reduction of man-hours in operation).

All the same, we aso want to draw attention to the benefits from the use of industrial SCADA
systems, which are usually commercia off-the-shelf (COTS) products, from an economic
point of view:

» The effort invested in the development of an industrial SCADA system amounts to
50/100 person years. Re-implementing al this functionality could be compared to re-
inventing the whesl.

* The amount of specific development that needs to be performed by the end-user is
limited.

* Technica support and maintenance are provided by the vendor.

In spite of these facts, SCADA technology is not applicable everywhere. The ensuing section
will therefore show the limitations of SCADA technology.

215 Limitations of SCADA Technology

Although there are hundreds of application areas for which SCADA technology is excellently
suited, some process control and data acquisition functionality should not be handled
remotely. [Boyer, 1999] cites two types of systems that should in no case depend on SCADA:
(1) product measurement systems that are used for billing or paying taxes and are thus
required to keep an audit trail and (2) safety-instrumented systems. In the first case, the reason
isvery ssimple: systems used for the calculation of taxes are subject to government regulations
and require a paper trail allowing auditors to check whether proper accounting has been made.
The case of safety-instrumented systems is more interesting. The failure of a safety-
instrumented system may result in the injury or death of a person or cause damage to
equipment or the environment. Consequently, safety-instrumented systems must meet certain
design criteriathat considerably increase the system’ s complexity.
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It is also worth pointing out that SCADA systems can only reduce the number of site visits as
long as the remote facilities are operating normally. If the remote system fails or does not
respond any more, the maintenance team till hasto go on site.

2.1.6 Outlook tothe Future

The current trend in SCADA industry is the migration to completely open systems, the
ambition to build “open architectures, allowing RTUs to be interchanged between systems
from different vendors’ [NFESC, 1991]. It goes without saying that this goal is not new and
not at al limited to SCADA technology. The whole software industry is working on open
system solutions (e.g. markets for interchangeable components supporting standard
interfaces) but, unfortunately, these noble intentions are often counteracted by economic
considerations.

All the same, modern SCADA systems are usualy designed to be extensible to a certain
degree. PVSS 11, for example — the SCADA system we are going to take a closer look at in
the next chapter — permits the implementation of flexible control scripts and the development
of additional modules using the same API the vendor used for implementing the system itself.

2.2 PVSSII —An Example of an Industry SCADA System

PVSS IlI, the abbreviation of “ProzeRVisualisierungs- und SteuerungsSystem”’, is an
industrial SCADA product developed by ETM, an Austrian company with its headquartersin
Eisenstadt, Burgenland. The main reasons why we will take a closer look at this product are
the following:

o After a three-year sdlection process, PVSS Il has been sdected as the CERN
recommended SCADA system for al LHC experiments.

* PVSSIIiscurrently being evaluated as the standard SCADA system for the whole of
CERN.

* PVSSII forms the core of the SPS Restart Monitoring Application described in this
work. Its concepts should thus be well known to the reader.

This chapter introduces PV SS. It is necessary to explain the architecture of a PVSS system
and the basic concepts used, in order to understand how the problem was solved.

221 Product Description

According to [ETM, 2000], PVSS Il is an “object-oriented process visualisation and control
system [that] allows you to implement solutions tailored to specific customers”.

The vendor describes his product as follows:

“PVSS is an industry-neutral, universally implementable process-control system that
can be used to help visuaise, monitor and control technical sequences. It works
across multiple computer platforms, is multilingual and has a modern, totally graphic
User Interface.” [ETM, 2000].

! process visualisation and control system
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The author’s experience with the product has shown that the citation above is correct — at
least as far as the qualities listed in the second sentence are concerned. This does not mean
that PVSS is perfect but it provides a range of features that make it superior to comparable
products on the marked.

[WWW-ITCO] summarises the following strengths of PV SS that make it interesting in the
HEP domain:

e It canrunin adistributed manner with any of its processes running in a distributed
manner.

* ltispossibleto integrate distributed systems.

e It has multi-platform support (Linux, Microsoft Windows NT 4.0 and Microsoft
Windows 2000)

* Itisdevice oriented with aflexible data point concept.

» It has advanced scripting capabilities.

* It has a flexible API alowing access to al features of PVSS from an externa
application.

2.2.2 The Data Point Concept

PVSS Il is based on various concepts. The central element that is found in al areas is its
flexible data point concept. External and internal variables, user authorisations, the activation
of system images or alarms — all these things make use of so-called data points.

Before we go into details, we will define a couple of terms that will be helpful for the
understanding of this thesis: A data point type (DPT) defines a named data structure and
consists of one or several typed data point elements (DPE). DPEs can themselves be
structures and thus have subordinated elements. The term data point (DP) designates a named
instance of a DPT. Finally, so-called configs can be associated with DPEs and DPs. Configs
are pre-defined sets of configuration information that are used for multiple purposes, e. g. for
associating DPEs with concrete process variables, for archiving, for the caculation of
statistical values etc.

In many conventional SCADA systems, the organization of datais fixed and very inflexible.
Each process variable (i. e. each value acquired from the hardware and each internal variable)
is mapped to an individual data point, which means that complex systems are divided into
huge amounts of unstructured data points that are difficult to manage. ETM’ sintention wasto
create a data point concept that is oriented at the real structure of the data being processed and
thus “object-oriented”. Indeed, PV SS dlows the definition of data point types (DPTs) that
consist of several data point elements (DPEs) and are similar to structs in C or records in
PASCAL. All the same, they have nothing to do with object-oriented classes in software
technology, for they only define the structure of the data but do not include operations. If the
vendor claims that the DP concept is object-oriented, this is only true if we reduce object-
orientation to the possibility of creating structured data types that do not support inheritance,
dynamic binding and polymorphism.

2.2.3 PVSS System Architecture—The Manager Concept

To get a better understanding of how PV SS works, the present section gives a brief overview
of the PV SS system architecture and introduces the reader to the PV SS |1 Manager concept.
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In PVSS terminology, a manager is a process (known in other parlance as a task). The
manufacturer supplies several managers, each assuming a certain role in the system (e. g. data
acquisition, archiving, data processing, etc.). Additional managers can be developed by the
user — as a system extension — by means of the PV SS API.

Basicaly, PVSS |l implements a client-server architecture with the event manager (EM)
acting as a server for al other managers. The manufacturer presents his system as divided into
four layers that are depicted in Figure 2-2: (1) the user interface layer, (2) the processing
layer, (3) the communication and storage layer and (4) the driver layer. As we want to map
this schema to the three-tier architecture described in 2.1.2, we will simply group (2) and (3)
together.

PVSS system

Figure 2-2 General PV SS system ar chitecture

We now take alook at the different standard managers and at the functionality they provide.

2231 Event Manager (EM)

Asit was mentioned above, the event manager is the central part of a PV SS system; receiving
messages, evaluating and distributing them to other managers. It acts as a kind of co-ordinator
that al other managers connect to. Due to this, each PV SS system can only have one event
manager, with the exception of aredundant system.

2.2.3.2 Database Manager (DM)
In collaboration with the event manager, the PV SS database manager is responsible for

(1) keeping acopy of the current processimage (i. e. the current values of all data points)
in memory and
(2) archiving value changesin ahigh-speed database.

As there can only be one copy of the current process image, there can only be one database
manager per system, again, with the exception of a redundant PV SS system.

The archiving mechanism used by PVSS is very flexible. As al internal and external values
(process variables, interna variables and configuration information) are stored in a database,
al of them can be treated analogoudly. Individual value archives are used for different groups
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of data points (e. g. for different parts of the monitored system) and it is up to the user to
decide whether a value should be archived or not. All the value archives run as separate
processes and their activity is co-ordinated by the Database Manager.

2.2.3.3 Control Manager (CM)

As mentioned in 2.1.6, PVSS was designed to be very open and extensible. A specid
programming language called Control was integrated in the system to keep it “flexible and
universal” [ETM, 2001]. Control is ANSI-C compatible and for that reason easy to learn for
confirmed programmers. It is utilised throughout al PVSS I modules for:

» linking user components to DPES,

e creating complex control functions,

* testing and simulation tasks,

e batch configuration of data points,

e automatic execution of complex calculations,
e etc

One more argument for the use of Control is that it has aready been used for the creation of
standard components delivered with PV SS and is thus well tested by the vendor.

Control managers are used for loading custom or standard script libraries into memory and
hence for making library functions accessible to other managers. Functions can be linked to
DPEs via a specia config or also to user interface components and are then executed in an
event-driven way. Control offers language constructs for multi-threading and so Control
managers can concurrently process several functional blocks.

2.2.3.4 Driver Managers(Drv).

Driver managers establish the communication link between PVSS and the hardware to be
supervised/controlled. They are thus equivalent to the data servers in the generic SCADA
architecture described in 2.1.2.

On the one hand, drivers for the most widely used protocols are delivered with the product
(Muehbus, OPC, pager, Profibus, RK512, SSI and a simulator). On the other hand, the PVSS
API also offers the possibility to implement further driver managers supporting proprietary
communication protocols or recent developments. As the development of a PVSS driver is a
major concern of thiswork, we will come back to PV SS drivers later on.

2235 User Interface Manager (UIM)

The User Interface Manager is the PV SS implementation of the generic client layer described
in 2.1.2.1. So-called PVSS panels are used for the visualisation of process status information
and for forwarding user input to the event manager. Such panels are created using a graphical
editor and then saved as ASCII files, which makes them portable between UNIX and
Microsoft Windows platforms.

Panels can contain Control scripts for linking user interface components to DPE values. The
graphical editor considerably facilitates the creation of such scripts and several wizards
generate scripts for implementing standard functionality (e. g. displaying the value of a DPE
in atext field, changing the background colour of a Ul element etc.).
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2.2.3.6 Other Managers

The aforementioned managers can be found in virtually all PV SS systems. Some other, more
specialised managers are also supplied and used as needed, e. g. the redundancy manager, the
distribution manager or the ASCII manager. The ASCII Manager allows the export of PVSS
configuration data (DPTs, DPEs configs etc.) from the interna high-speed database to
specialy formatted ASCII files and also the import of configuration information from such
ASCII files.

2.2.4 Scattered and Distributed PVSS Systems

These two terms are slightly confusing, as they have a similar meaning in English but are
interpreted differently in PVSS terminology. A scattered PVSS system is defined as one
PVSS system with its managers distributed on severa machines, whereas the term
“digtributed systems’ designates an ensemble of independent PVSS systems that are linked
via a network to mutually access their data points. This section provides explanations and
examples of use cases for both system types. Anticipating that both concepts will be used in
the course of the SPS Restart project, their understanding is essential.

2241 Scattered Systems

One of the main advantages of PV SS over other commercial SCADA systemsiis the option to
distribute the PV SS managers forming a system on different machines in a network. As the
managers communicate via TCP/IP sockets, there are no restrictions concerning the operating
systems on which the managers run (with the exception that PV SS must be available for the
operating systems in question). A use case will illustrate the advantages of the scattered
system concept.

Use case for a scattered system. Following a series of performance tests that have shown
that the UNIX implementation of PVSS is more efficient than the Windows version, it has
been decided to run the core system (consisting of EM, DM, CM and a driver) on a Linux
server. Even so, TCR operators feed more comfortable with the Windows look-and-feel and
want to take advantage of the possibility to integrate ActiveX components in their PVSS
panels.

-_E

NT Workstation

PVSS SYSTEM

Figure 2-3 Example of a scattered PVSS system
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After the initial installation, new hardware, controlled by a driver usng OLE for Process
Control (OPC), is added to the system. As OPC is based on Microsoft's OLE/COM
technology, it is not available for Linux. The core system can still run on UNIX and only the
driver will be running on a Microsoft Windows NT 4.0 server. The structure of the resulting
system is depicted in Figure 2-3.

2242 Distributed Systems

As explained above, digtributed systems allow different PV SS systems to communicate with
each other and to exchange data. This feature is very useful in large organizations, such as
CERN, where several organizational units are responsible for data acquisition but also want to
share their data with others.

E ATLAS:1 E CMS:2 E DELPHI:3

Figure 2-4 Example of adistributed PV SS system

Distributed PV SS systems are linked via a separate distribution manager (DistM) that keeps
the linking of the systems as transparent to other PV SS managers as possible. A distribution
manager is able to maintain the logical connection to several distribution managers of other
PVSS systems over different networks. The drawback of the current PVSS distribution
concept is that al participating systems must know all other systems by their system id and
their hostname (i.e. the host name of the machine running the event manager). Adding a new
system therefore requires a lot of effort that could be saved if an intelligent naming service
was used.

An (imaginary) example of a distributed PV SS system isillustrated in Figure 2-4. In this case,
system LHC can access the data points of CMS and DELPHI (two LHC experiments). CMS
and DELPHI, however, do not know each other and can only read data points provided by
LHC.

225 ThePVSS Redundancy Concept

If SCADA technology is used to supervise and control a large number of mission-critical
components, it is vital to design the system for high dependability. One of the approaches to
increase the dependability of a system is the introduction of redundant components that back
up primary resourcesin case of failure. The option of having a redundant system is an integral
part of PVSS I and isimplemented asillustrated in Figure 2-5.

The same set of managers (EM, DM, CM, drivers etc.) is running on both systems, so that
each of themis able to operate independently of the other. Additionally, a special Redundancy
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Manager (RM) isinstalled, with the task of co-ordinating the two systems, so that only one of
them is active at a certain point in time. Ideally, the redundant systems should also dispose of
aredundant network connection, where oneis used for the exchange of data (synchronisation)
and the other oneis used for the exchange of status information.

@ view_host

()
() ()
(RM

redu_hostl (active) redu_host2 (passive)

Figure 2-5 Architecture of aredundant PVSS system

A user of a redundant system (UIM) always connects to both redundant hosts and all requests
are forwarded to both event managers. All the same, the passive system (redu_host2 in Figure
2-5) blocks the client calls. The active system processes the requests and then forwards the
results to the passive system. This mechanism that is equally used on the hardware side,
avoids inconsistencies between the two systems.

2.3 The SL-Equip Package

SL-Equip represents a set of equipment access routines that “offer a flexible and generic
interface to heterogeneous equipment, such as 1553, GPIB, BITBUS, RS232, as well as to
specific user software, such as industrial PLCs or SPS data modules’ ([Charrue, 1993]). This
package will be used for the implementation of a PVSS driver; we will therefore try to
understand its underlying concepts.

The idea of the SL-Equip package — SL-Equip stands for SPS-LEP Equipment — is to
exchange data with heterogeneous remote devices located al around the two accelerators.
The client side, which we are mainly interested in, consists of a set of equipment access
routines writtenin C.

231 System Architecture

Without going into details, this section gives a concise overview of how equipment access via
SL-Equip works and describes all the libraries and processes involved.
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Seen from a process-oriented point of view, SL-Equip is divided into four components:

(1) the application program on the client-side,
(2) the SL-Equip Message Handler,

(3) the SL-Equip Equipment Name Server and
(4) oneor severa Equipment Servers.

Three library packages are used in order to make the communication between these
components transparent for the user:

(1) theclient API,
(2) the Equipment Server API and
(3) the supported equipment libraries.

Figure 2-6 illustrates the interaction between the components enumerated above as well asthe
means of communication used.

Application
Program

SL-Equip API
(Application Program library)

SL-Equip \/
Equipment .
Name Server SL-Equip
Database

: D . :
; . SL-Equip API !
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i J ibraries) i
L T A !
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SL-Equip API
(Equipment Server library)

Equipment
Server

y

unsupported
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Figure 2-6 SL-Equip system architecture

The application program is a piece of software that makes data exchange with a piece of
equipment by means of functions provided by the SL-Equip API. It forms the client side of
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SL-Equip and can be written in C/C++ or NODAL? The PVSS driver to be developed in the
course of this project will be such an application program.

The S.-Equip Name Server is a UNIX background process that handles the Equipment
Database containing all information that is needed by the client API in order to communicate
with the equipment.

The SL-Equip Message Handler, like the Name Server, is a UNIX background process that
receives Equipment Messages sent from application programs and routes them according to
their types. It allows direct access to supported equipment as well as Equipment Server
access. It forwards the Equipment Message, waits for an answer and returns this answer to the
application program.

When talking about equipment in the context of SL-Equip, we mean a piece of hardware that
is accessed by the application program. Severa types of equipment are supported (1553,
MPX, CAMC, GPIB and BITBUS) and can be directly accessed from the Message Handler.
Other types of equipment must be accessed via special Equipment Servers.

An Equipment Server is a piece of software written by the user in order to directly control
equipment that is not supported or when there are complex actions to be performed on the
equipment. Equipment Servers are written in C and process messages forwarded by the SL-

Equip package.

2.3.2 Equipment Naming Conventions

Every piece of equipment that shall be accessed through the SL-EQUIP package is referenced
by alogical name that can have one of two formats:

(@) itis made with two 6-byte strings called family and member or
(b) it consist of a 64 bytes string.

We will always use form (@), as (b) is not supported by all equipment.

In addition to family and member, a so-called action designates a specific part of the
equipment accessed. Like family and member, the action consists of a 6-byte string and is a
mandatory part of each SL-Equip client call. A user option alows some extra data to be sent,
especially when the transaction is a read and the user needs to specify which data needs to be
read from the equipment. Finally, a so-called mode specifies the type of data exchanged and
its direction. The modes that are currently supported by the package are listed in Table 2-1.
Modes starting with ‘R’ are used for read access, those starting with ‘W’ for write access and
those starting with * X’ for bi-directional access.

Mode Explanation

RBR, WBR, XBlI  Read/write 32-bit floating-point numbers

RAR, WAR Read/write 32-bit floating-point numbers. The data will be converted to
an ASCI|I string before being transmitted.

RS, WS Read/write ASCI| strings (array of 8-bit characters)

2 NODAL is an interpreted language used by CERN and DESY, a high-energy physics centre in
Hamburg, Germany, to control their accelerator hardware. [WWW-HEUSE]
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Mode Explanation

RBI, WBI Read/write short integers (16-bit)

RAI, WAI Read/write short integers (16-bit). The data will be converted to an
ASCII string before being transmitted

RB, WB, XB Read/write binary (8-bit) data

Table 2-1 Definition of SL-Equip modes

233 SL-Equip Client Calls

Having explained how SL-Equip components interact, we describe the three steps that need to
be performed by the application program to access equipment data:

(1) Resolve the equipment name.
(2) Pack the datain anetwork format and call the equipment server concerned.
(3) Receivethereturned call, unpack the data and return a status to the calling program.

These three steps will be essential for developing the PV SS driver to SL-Equip.

2.4 The Super Proton Synchrotron

As the goal of this work is to develop an application for monitoring the start-up of the Super
Proton Synchrotron (SPS), this section provides the reader with some background
information about CERN’ s second largest accelerator.

The SPSisacircular particle accelerator, about seven kilometres in circumference and buried
50 metres under the ground. The SPS ring consists of six 1024 metre long curved sections
(the so-called sextants BA1 to BA6) that are interconnected by 128-metre straight sections. It
was originally built in 1976 to accelerate protons — and still does so — but it has since operated
as a proton-antiproton collider, a heavy-ion accelerator, and an electron/positron injector for
LEP. As a proton-antiproton collider in the 1980s, it provided CERN with one of its greatest
moments - the first observations of the W and Z particles, the carriers of the weak force
[WWW-CERN]. The SPS can aso accelerate lead ions to an energy of 170 GeV per nucleon,
with 208 nucleons in the lead nucleus. At present, this is the highest energy obtained in the
world, and it serves the study of the quark-gluon plasma which may have occurred shortly
after the big bang.

As can be seen in Figure 2-7, the SPS continues to provide beams for the LEP/LHC machines
and forms the backbone of CERN's accelerator complex. Particles coming from the Proton
Synchrotron (PS) are injected to the SPS tunnel viatransfer tunnel 10 (TT10).
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Figure2-7 The CERN accelerator complex
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3. PROBLEM DESCRIPTION

This chapter presents an exhaustive description of the problem to be solved in the course of
this thesis work. To start with, the general problem of an application monitoring the start-up
of the SPSis presented and then, the overall task is broken down to subtasks to be solved by
the author himself. These subtasks are specified in detail.

3.1 Overview of the Problem

The project’s main objective is the development of a software application that facilitates the
monitoring of al SPS subsystems involved in the accelerator's restart after major
breakdowns. In particular, the supervision of electrical installations, the vacuum system and
the raw and demineralised water circuits are concerned. The application based on a PVSS
SCADA system shall provide an easy-to-use interface to monitor the subsystems of the SPS
involved in the start-up procedure.

3.2 Partsof the Problem — Scope of the Project

This section focuses on the parts of the problem to be solved by the author that are presented
in this work. The task of developing a PV'SS application for monitoring the SPS restart is
broken down to the following subtasks:

(1) the set-up and configuration of the PVSS system serving as a basis for the
application,

(2) the development of a PV SS driver to acquire datafrom the SL-Equip middleware,

(3) the implementation of a data loader for importing the static PVSS configuration
(DPTs, DPs, configs etc.) from an off-line database and

(4) the design of some mimic diagrams for the application’ s user interface.

321 Set-up and Configuration of the PVSS System

As PV SSwill be used as the core of the SPS Restart Application, the set-up and configuration
of the system in accordance with the functional requirements and constraints presented in this
section plays an essential role for the success of the project.

3.21.1 Designfor High Dependability

Dependability is “that property of a computer system such that reliance can justifiably be
placed on the service it delivers’ [Barbacci, 1995]. Software dependability includes arange of
characterigtics, such asrdiability, security and safety.

High dependability is required because the SPS Restart Application shall be used in two of
CERN'’s main control rooms, available 24 hours a day, 365 days a year without interruption.
The system design has to reflect this requirement.

3.21.2 Designfor Data Exchange

As all datathat is acquired from an equipment has to be transmitted via a dedicated control
network, it would be awaste of bandwidth to acquire the same information twice for different
PVSS projects. As a consequence, a mechanism for sharing the data acquired with other
PVSS systems shall be provided.
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3.21.3 Implementation Constraints

Tests carried out at CERN in order to evaluate the performance of severa SCADA products
under consideration for the LHC experiments have shown that the Linux implementation of
PVSS Il can handle twice as many value changes per second as its Windows (NT/2000)
version (see [WWW-ITCQ]). Seeing that the number of value changes per second is crucial
for the performance of a SCADA system, it was decided to install the core PVSS system for
the SPS Restart Application on a Linux platform. Like for all Linux Systems at CERN, a
Redhat Linux 6.1 distribution adapted to CERN’ s specific needs has to be used.

Nonetheless, as the Windows version of the PV SS user interface is more intuitive to use and
also alows the integration of ActiveX components, it was decided to run the PVSS front-end,
i. e. the mimic diagrams for the SPS Restart Application, on Windows 2000 workstations. For
more details concerning the mimic diagrams, please refer to section 3.2.4.

3.22 Implementation of a PVSSDriver to SL-Equip

Since all eectrical equipment involved in the start-up of the SPSis currently monitored and
controlled by SL-Equip, a driver to this middleware has to be developed. Bi-directional
equipment access, i. €. reading out data provided by the equipment and sending command
instructions to the hardware, shall be supported for integer, floating-point and string values.
Furthermore, a mechanism to propagate SL-Equip error codes to the PV SS application shall
be provided.

As both, the PVSS API and the SL-Equip client-side library, are implemented in C/C++, the
same programming language shall be used for the implementation of the driver. Seeing that
the core PV SS system shall run on Linux (see chapter 3.2.1.3) and the SL-Equip libraries are
not available for Windows, the driver will be developed for a Linux platform.

3.2.3 Implementation of a Data L oader for Automatic Data Point Generation

Apart from the basic set-up, specified in chapter 3.2.1, the data structures reflecting the
structure of the system to be monitored must be modelled and introduced into the SCADA
system. For PV SS this is done by creating data point types (DPTSs), data points (DPs) and
configs that represent the supervised hardware. Subsequently, these data points have to be
connected to the hardware so that the available drivers can start acquiring data.

There is a genera policy in the ST/MO group stipulating that configuration information for
al control systems the group is responsible for must be stored in an externa (off-line)
database, the Technical Data Reference Database (TDRefDB). This is to avoid becoming
dependent on atool supplier and to facilitate the migration from one system to ancther. For
this reason, all configuration information for the SPS Restart Application, i. e. DPTs, DPs,
configs and comments, will first be modelled in the TDRefDB and subsequently be injected
into the PVSS system by means of the PVSS ASCIlI Manager. A specia data loader for
extracting information from the TDRefDB and converting it into a format that is readable for
the ASCII Manager has to be developed. The author’s task with regard to the configuration
database can be broken down asfollows:

(@) Define and implement a database structure in the TDRefDB that is suitable for
storing PV SS configuration information.

(b) Import existing configuration information from different sources into the newly
created database structure.

-31-



A PVSS Application for Monitoring the SPS Start-up Problem Description

(c) Design and implement a data loading script that extracts PVSS configuration
information from the TDRefDB and generates an ASCIlI Manager-compatible
configuration file.

3.24 Mimic Diagramsfor the SPS Restart Application

Special attention has to be paid to the design and implementation of the user interface because
thisisthe part of the system that operators will work with on a daily basis. For one thing, the
mimic diagrams have to be self-explaining and therefore resemble existing applications' user
interfaces (especially regarding colour conventions, alarm signals etc.). Furthermore, it must
be guaranteed that no damage is caused by accidental errors, such as the click on a wrong
button.

The main screen of the SPS Restart Application, will depict a summary of the accelerator’s
state on avery high level (see section 2.4 for a description of the SPS). Each of the machine's
sextants and transfer tunnels will be represented by a box that is coloured in accordance with
the element’s current state (OK, Warning, Fault, No Data, etc.). The operator can click on
each of the boxes in order to descend in the hierarchy and get a more detailed view on the
sextant in question. He will then see the states of the sextant’s subsystems (electricity,
vacuum, demineralised water, etc.)

Although the mimic diagrams form an integral part of the SPS Restart Application, they will
not entirely be implemented by the author. The author will do one of the panels that can serve
as an example for TCR operators who will implement the application’s user interface.
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4. SYSTEM DESIGN

This chapter presents the approach that was chosen to solve the problem described in the
previous chapter. From a software engineer’s point of view, we concentrate on the system’s
design that specifies HOW the functional requirements settled down in chapter 3 are prepared
for the implementation. The objective of the design is to create a detailed specification of
tasks and to create a basis for the implementation. The codification shall become a
"mechanical" task. ([Mayr, 1998]).

Before we go into detail, a globa view of the SPS Restart Application is given. Figure 4-1
presents the project from three different perspectives.

(d) Configuration DB

(a) PVSS System

(e) External Systems

Figure 4-1 Global view of the SPS Restart Application
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First of al, al computer systems and servers involved in the SPS Restart Application are
identified:

(8) PVSSservers. The servers on which the operational PV SS system will be set up.

(b) Operators workstations. The workstations on which the application’ s user interface
will be running. Although the diagram only contains one workstation, an arbitrary
number of user interfaces can concurrently connect to the PV SS servers.

(c) Central file servers. The CERN central file servers where shared components,
e. g. PVSS panel and script files for the application, will be stored.

(d) Database server. The Oracle 8i database server hosting the TDRefDB.

(e) External systems. The systems that are used for communication with the SPS
hardware, i. e. TDS and SL-Equip.

Second, the main interactions between the systems listed above are pointed out:

(A) Data Acquisition. This arrow describes the bi-directional connection between the
PVSS system and the external systems via the TDS and SL-Equip drivers. Data is
acquired from the external systems and commands are sent to equipment in the field.

(B) Data L oading. This arrow describes the process of loading static configuration data
from the TDRefDB into the PV SS system via the PV SS ASCII Manager.

(C) User Connection. This arrow describes the interaction between the PVSS User
Interface Manager running on the operator’s workstation and the core PV SS system
running on dedicated servers.

(D) Mimic Diagrams. This arrow describes the User Interface Manager's access to a
shared PVSS project directory that is located on a central file server. The shared
directory can contain mimic diagrams, scripts and colour definitions that are used by
several operators working on different machines.

Third, the parts of the project designed and implemented by the author are highlighted. The
numbers (I ) reflect the order in which the subtasks are treated in this document:

Set-up of the PV SS system for the SPS Restart Application (section 4.1).
Design and Implementation of a PV SS driver to SL-Equip (section 4.2).
Development of a static PV SS configuration database (section 4.3).

Design and implementation of the application’ s user interface (section 4.4).

I |

4.1 System Architecture

This section contains a specification of the PV SS system’ s set-up, identifying the components
required for the implementation of the SPS Restart Application and explaining ther
deployment in the operational environment. An overview of the proposed system’'s
architecture is depicted in Figure 4-2. The motivations and considerations that have lead to
this architecture are discussed in the following subsections.

4.1.1 Redundant PVSS System

In order to increase the dependability of the SCADA system, as required in 3.2.1.1, the PVSS
system shall be set up in a redundant way. Since redundancy forms an integral part of
PVSS 1, this design decision does not require any additional development effort, apart from
the installation of a Redundancy Manager and the modification of severa configuration files.
As mentioned in 2.2.5, a redundant PV SS system consists of two identical systems, running
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on two dedicated servers that are linked by redundant network connections. Redundancy thus
necessitates the duplication of al hardware and software components except for the user
interface and the external systems that are supervised and controlled by PVSS (TDS and SL-

Equip).

4.1.2 DataExchange

As specified in 3.2.1.2, the PVSS system for the SPS Restart Application is meant to be
capable of doing data exchange with other PV SS systems at CERN. Accordingly, the SCADA
will be set up in adistributed manner (see chapter 2.2.4.2), which requires the installation of a
Distribution Manager and the maodification of all participating systems' configuration files.
The components and network lines used to establish a connection to other PV SS systems are
highlighted in dark grey in Figure 4-2.

4.1.3 DataAcquisition

As mentioned earlier, data for the SPS Restart Application will be acquired from two distinct
sources. the Technical Data Server (TDS) and the SL-Equip middleware (SLE). Two PVSS
Driver Managers, one of them being developed in the course of this project (SLE), will
perform thistask. They will be installed on the same servers as the core PV SS system and are
highlighted in grey in Figure 4-2.
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Figure 4-2 Architecture of the proposed system
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414 PVSSCoreSystem

An integration of the information provided above leads us to a core PV SS system consisting
of the following components (the names in parentheses are used in Figure 4-2):

*  Event Manager (Event),

o Database Manager (Data),

e Control Managers (Ctrl),

*  Redundancy Manager (Redu),

» Distribution Manager (Dist),

e TDSDriver Manager (TDS), and
» SL-Equip Driver Manager (SLE).

These components will be installed on two identical Linux servers equipped with two Intel
Pentium 111 600 MHz processors and 256 MB RAM each. Furthermore, the machines will be
equipped with two 100 MBit Ethernet cards in order to install the redundant network
connection; an indirect connection via the CERN controls network and a direct peer-to-peer
link. Redhat® Linux 6.1, the CERN recommended Linux distribution, was chosen as operating
system for the installation.

415 PVSSUse Interface

As specified in 3.2.1.3, the operators consoles will be installed on Windows 2000°
workstations in the TCR and PCR. Any other Windows NT 4.0 or Windows 2000 workstation
that is connected to the CERN network and has a working PV SS installation shall be able to
connect to the system as well.

Shared components, such as panels, scripts files and libraries for the SPS Restart Application,
will be stored in a shared directory on a central file server. The advantage of this approach is
that changes in the shared files are automatically propagated to all client machines without
having to copy them. Moreover, the CERN central files servers are regularly backed up so
that the risk of datalossis negligible. As each of the user interface managers needs to connect
to the PV SS Event Manager using a different manager number, each operator will be assigned
a series of five manager numbers for his persona use. The numbers assigned to each operator
will be published on the ST/MO Web site (WWW-STMQ]).

4.2 Driver to SL-EQUIP

This section presents the design for the PVSS Driver Manager to the SL-Equip middleware.
After a short general explanation of the general PV'SS Driver Manager concept and the tasks
to be performed by a PVSS driver (4.2.1), the design of the driver to be implemented is
explicated. The specification consists of the following elements:

(1) Specification of the mapping between PV SS and SL-Equip addresses (4.2.2).
(2) Specification of the driver’s class design (4.2.3).
(3) Specification of the driver’s run-time behaviour by means of an abject design (4.2.4).

421 General PVSSDriver Concept

The general PVSS driver is acollection of classes covering the functionality that all driversin
PV SS 11 should provide. It includes the following functionality:
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* Initiaisation of the driver’s internal DPT and DP containers that will be filled with
information received from the Event Manager.

* Registration with the Event Manager for the DPEs (or peripheral addresses) that are
configured to communicate with the particular driver instance in question.

* Registration with the Event Manager for driver-internal DPs.

e Conversion of the internal DP names to DP identifiers (via Database Manager).

* Mapping of peripheral addresses to hardware addresses and vice versa.

* Management of requests received from the Event Manager (e.g. query the value of a
particular DPE, write the value for a DPE).

* Polling.

e Transformation of hardware data formats to PV SS data formats and vice versa.

e Conversion and smoothing.

* Reconnection in case of Event Manager failure.

* Monitoring of connection(s) to hardware components (“alive” mechanism).

This functionality has been implemented using virtual functions in such a way that by
deriving a separate class and defining separate functions, the driver’s standard behaviour can
be modified. Naturaly, this shall only be done where it is absolutely necessary, e. g. for
hardware-specific parts of the driver.

Figure 4-3 shows a functional diagram of a genera PV SS Driver Manager, including all the
tasks that are performed (a) when doing data acquisition and (b) when sending commands to
the hardware.

PVSSIiI

)| A
A4

smoothing

4

conversion

v A

transformation

old/new

Y A
SW telegram

v (a)
SL-Equip

Figure 4-3 Functionality of the PVSSdriver layer

Naturaly, the most vitd functionality provided by a driver in a SCADA system is
communication with the supervised hardware/system. The genera driver defines an interface
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to the hardware-specific part but implements it as an empty class. A specialised subclass must
be derived and implemented for every real driver ((ETM, 2000]).

4.2.2 Specification of the Address Mapping

As explained in chapter 2.3.1, SL-Equip addresses (consisting of family, member, host, action
and user option) have to be mapped to a different address format that is internally used by
PVSS. So-cadled _addressand _distrib configs are used for this purpose. As it was mentioned
in chapter 2.2.2, configs are predefined sets of attributes that are assigned to DPs or DPEs in
order to regroup configuration information for a certain purpose. The _address config is used
for storing hardware configuration information; the _distrib config connects a DPE to a
particular driver.

Before we define a mapping for the SL-Equip driver, however, we anayse the structure of the
_addressand _distrib configs, which consist of the following attributes ([ETM, 2000]):

Attribute Type Description

_active bool Indicates whether a DPE is active (PVSS_TRUE), i. e. connected to the
hardware, or inactive (PVSS_FALSE).

_datatype i nt Specifies the data type of the hardware value associated to the DPE
in order to perform an appropriate transformation.

_direction  int Defines the input or output direction for the DPE as well as the
method used (polling, spontaneous input etc.)

_drv_ident text  Specifiesthe name of the driver to be used for data acquisition (used
for automatically opening the correct configuration panel in the
PARA module).

_internal bool Decides whether the DPE is internal to the driver (PVSS_TRUE) or
connected to a hardware element (PVSS_FALSE).

_lowlevel bool Decides whether low-level filtering shall be performed (PVSS_TRUE)
or not (PVSS_FALSE).

_mode char  Deprecated, formerly used for defining the input/output type.

_reference text  Reference used by the driver to access a particular hardware value.

_subindex uint  Sub-index within the value addressed by _reference.

_start tine Start timefor polling activity.
_interval tine Pollinginterval (in seconds).
_reply time  Timeout for hardware access.
_type i nt Type of periphera connection (DPCONFI G_PERI PH_ADDR_MAI N or

DPCONFI G_NONE)

Table 4-1 Structure of the _address config

Attribute Type Description

_driver char  Number of the driver that the DPE is connected to.
_type i nt Type of the driver alocation (DPCONFI G_DI STRI BUTI ON_I NFO or
DPCONFI G_NONE)

Table 4-2 Structure of the _distrib config

The most essential of these attributes is _address.._reference, for this string value is used by
the driver to address a particular hardware element in SL-Equip. For this reason, all relevant
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SL-Equip address information (family, member, host, action, mode and user option) needs to
be coded into the _reference string. The following format was chosen for this effect:

famly ” " nmenber [“#" host] “_” action “_" node [“;” useroption].

The _reference string is encoded when the user adds or modifies the _address config for a
particular DPE. It is then transmitted to the driver concerned and, finally, decoded by the
driver. The information contained is packed into a suitable SL-Equip data structure and used
asaparameter in al SL-Equip library function calls.

The _subindex attribute will be zero by default and ignored by the driver, for it is only useful
if apart of a composite value acquired from the hardware is returned to PVSS (e. g. asingle
bit out of abyte value). Our driver will not support this feature.

The _active attribute will be set PVSS_ TRUE by default, meaning that the hardware
connection is active. It can explicitly be set PVSS_FALSE by the user if data acquisition for a
certain DPE shall temporarily be suspended.

The _direction attribute is very important, as it determines whether a value shall be read from
the hardware or if acommand shall be sent to SL-Equip. In the first case, the attribute’s value
is DPATTR_ADDR _MODE | NPUT_PQLL (4), indicating that data shall be acquired via a polling
mechanism and that the parameters _start and _interval shall be taken into account for
determining the polling rate. In the case of sending commands to SL-Equip, the value
DPATTR_ADDR_MODE_QUTPUT_SI NGLE (5) is used.

Low-level comparison will be disabled by default. The _lowlevel flag will thus be
PVSS FALSE.

The SL-Equip driver will not require any internal DPs. The _internal attribute will therefore
be PVSS _FALSE by default.

The _mode attribute, which has been used to specify the input/output mode in earlier PVSS
versions, has been deprecated in PVSS version 2.11.1. It has been replaced by a combination
of the active, direction, lowmevel and _internal attributes. For reasons of backward
compatibility, _mode will always contain the same value as _direction.

The attributes _start and _interval are used to set the polling rate inside the driver. Basically,
the polling interval is specified in seconds. Additionally, a start time can be specified in order
to alow more complex time expressions, such as “daily at midnight”, “every Monday at
1:00 PM”, etc. Although this feature will be implemented in order to increase the re-usability
of the SL-Equip driver, it is not discussed in detail, for it is not relevant to the SPS Restart

Application project.

The _datatype attribute will not be specified by the user but directly derived from the PVSS
data type of the DPE concerned. The SL-Equip driver will support the PV SS data types listed
in Table 4-3.
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PV SS Data Type Description Vaue of the datatype Attribute
DPEL_FLQAT 32-bit real number DPATTR_TRANS_FLOAT_TYPE
DPEL_DYN_FLOAT dynamic array of 32-bit reall DPATT_TRANS FLOAT TYPE
numbers
DPEL_| NT 16-bit integer number DPATTR_TRANS_| NT16_TYPE
DPEL_DYN_| NT dynamic array of 16-bit DPATTR I NT16_TYPE
integer numbers
DPEL_STRI NG max. 1024-byte string DPATT_TRANS VI SI BLE_TYPE

Table 4-3 Mapping of PVSS data types

As can be seen from Table 4-3, the driver will make no distinction between single values of a
certain type and dynamic arrays of the same type. The difference will be handled internaly by
the PV SS Driver API.

According to [ETM, 2000], the _address.. type attribute can assume the vaues
DPCONFI G NONE  and DPCONFI G_PERI PH_ADDR _MAI N. As all DPEs managed by the SL-
Equip driver will have an associated peripheral address, they will be assigned
DPCONFI G_PERI PH_ADDR_MAI N by default. The same goes for the _distrib.._type attribute,
which will always be DPCONFI G_DI STRI BUTI ON_I NFQ.

The _address.._drv_ident attribute will be “SL-EQUIP". This value is used by the PVSS
parameterisation module in order to determine the file name of the configuration panel to load
when a user wantsto view the address configuration of a DPE.

The _distrib.._driver attribute associates a DPE with a concrete instance of a PVSS Driver
Manager. As the SL-Equip driver will connect to the Event Manager using the driver number
2, this attribute will equally be 2 for all DPES connected to SL-Equip.

Address information for DPES connected to the SL-Equip driver will be entered/modified by
the user by means of a specia PVSS pand that will be created in the course of this project
and integrated into the PV SS parameterisation (PARA) module.

The address mapping defined above will be relevant to the implementation of:

» the PVSS Driver Manager described in this section,

» the off-line configuration database specified in 4.3 and

» the configuration panel for adding/modifying/removing the _address config for a
DPE connected to the SL-Equip driver.

The next step in the driver design is the drawing up of an appropriate class design.

423 ClassDesign

As mentioned earlier, the implementation of the SL-Equip Driver Manager specified in 3.2.2
will be based on the PV SS Application Programming Interface (API). This set of classes, data
structures and data types included in the PV SS distribution provides a standard mechanism
for extending PVSS functionaity. The APl is implemented in C++ and available for
Microsoft Windows NT 4.0 aswell as Linux.
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The part of the API that is meant for the development of PVSS drivers, the so-called PVSS
Driver Manager API, is designed as an object-oriented framework, i. e. a set of classes that
embodies an abstract design for solutions to afamily of related problems, and supports reuses
at alarger granularity than classes ([Johnson and Foote, 1998]). The advantage of having a
framework rather than a traditional class library is that only a few classes need to be derived
and some methods must be overwritten in order to obtain a fully functiona driver.
Functionality that is common to all PVSS drivers, e. g. communication with the Event
Manager, adding/removing data points to/from the driver's internal polling list, periodic
processing of the polling list etc., isincorporated in the framework; the driver devel oper need
not re-implement it.

The most delicate task during the class design was to find out which classes of the framework
need to be derived and which methods have to be overwritten. As the documentation delivered
with the PVSS API is rather incomplete as far as driver programming is concerned, a
thorough analysis of the framework had to be carried out before a class design could be
established. The results of this analysis are presented in this section. Functionality that is
implemented in the framework is only covered as far asit is relevant to the implementation of
the SL-Equip driver.

4231 CoreClasses
From a user’s point of view, three classes are considered as the SL-Equip driver’s core:

* TheSL-Equip driver’s Manager class (SleDriver) is derived from the framework’s
DrvManager class and responsible for co-ordinating communication with PVSS and
SL-Equip respectively. Furthermore, it contains the main loop of the SL-Equip
driver, which manages its control flow (from initialisation to correct termination).

* TheHardware Service Handler class (SeSrvHdI) is derived from the framework’s
HWService class and responsible for doing data exchange with SL-Equip (initidising
communication, reading the current value of a particular DPE and writing the
changed value of a DPE to the hardware).

e The Hardware Mapper class (SleMapper) is derived from the framework’s
HWMapper class and performs the mapping between DP identifiers, their
corresponding peripheral addresses (encapsulated in PeriphAddr objects) and their
corresponding SL-Equip addresses (encapsulated in SeMapObj objects). Hence, it
implements part of the address mapping specified in section 4.2.2.

The relationships between these three classes are depicted in Figure 4-4, together with their
inheritance hierarchies. The base classes in the upper part of the drawing belong to the
framework. Their methods are only listed as far as they are relevant to the implementation of
the SL-Equip driver. The classes in the lower part of the figure (shaded in grey) have to be
implemented as a part of this work. Classes with a dotted border are treated in more detail
later in this chapter (see Figure 4-5 or Figure 4-6).
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Figure 4-4 Class diagram of the SL-Equip driver’score classes

We now take a closer 1ook at the classes mentioned above and define the functionality of their
most important methods.

4.2.3.1.1 SL-Equip Driver Manager

SeDriver is the SL-Equip driver's central class. It will be derived from the framework’s
DrvManager class, which provides common functionality required by all PVSS Driver
Managers. For one thing, it handles the connection to the Event and Database managers and
then, it co-ordinates communication with the hardware. In other words, it encapsulates the
entire control flow within ageneric PV SS Driver Manager.

Four virtual methods have to be overwritten in order to replace the generic functionality by
functionality that is specific to the SL-Equip Driver Manager:

* install_HWBervice() instantiates and installs the SL-Equip driver's Hardware
Service Handler (SeSvHdl), which is then used by the framework to co-ordinate
communication with the hardware.

e install_Hwapper ()instantiates and installs the SL-Equip driver’'s Hardware
Mapper (SeMapper) that is used by framework methods to perform the mapping of
PV SS to SL-Equip addresses and vice versa.
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* getHWDbject() creates new SeMapObj objects and returns pointers to them,
following the Factory Method design pattern described in [Gammaet al., 1994].
* signal Handl er () handles UNIX signals received by the driver.

The instal | _HWBervice() and install _HWapper () methods are called during the
driver’'s initialisation. They instantiate objects of derived classes and assign them to static
pointers declared in the super class. This standard technique in object-oriented design allows
it to replace generic functionality foreseen in the framework by a more specific
implementation.

The get HWbj ect () method is called whenever the framework needs a new HWObject,
e. g. when anew DPE is assigned to the driver.

The si gnal Handl er () method is called whenever the driver receives a UNIX signal from
the operating system (see [Toomey, 1995]). It handles SIGHUP and SIGTERM and calls a
method of its super classfor al other signals.

4.2.3.1.2 The SL-Equip Hardware Service Handler

The SL-Equip Hardware Service Handler (9eSrvHdl) will be derived from the framework’s
HWService class. It will implement the interface between the generic driver and the SL-
Equip-specific part as far as communication with SL-Equip is concerned. As no initialisation
is necessary for communicating with SL-Equip, only two virtua methods have to be
overwritten:

* singl eQuery() pollsavauefrom SL-Equip.
* witeData() writesavalueto SL-Equip.

Both methods receive a pointer to a HWObject containing the SL-Equip address of the value
to be read or written as an input parameter. In the case of wri t eDat a() , the HWObject also
contains the value to be written.

4.2.3.1.3 The SL-Equip Hardware Mapper

As mentioned in section 4.2.3.1, the driver's Hardware Mapper (SeMapper) is used for
mapping PVSS to SL-Equip addresses and vice versa. For one thing, it establishes a
connection between DP identifiers and peripheral addresses (i. e. the _reference strings
contained in the _address config). Secondly, it manages the connection between these
_reference strings and their corresponding SL-Equip addresses.

The following methods have to be overwritten:

* addDpPa() is caled to add a new peripheral address (PeriphAddr) received from
the Event Manager to the driver's internal list. Furthermore, it creates a new
SeMapObj from the peripheral address and calls the addHWbj ect  method.

* addHWbj ect () addsthe HWObject it receives as an input parameter to the driver’s
internal list.

* clrDpPa() is caled to remove a data point's peripheral address and the
corresponding Hardware Object from the driver’ sinternal lists. This is the case when
the user deletes a DPE assigned to the SL-Equip driver in the parameterisation
module or when he removes/changes such a DPE’s _address config.

-43-



A PVSS Application for Monitoring the SPS Start-up System Design

* conpare_HWW) and compare_HWonponent () are used for comparing the
peripheral addresses of two Hardware Objects.

HWObject

+HWObject()

+~HW Object()

+clear() : void

+clearShit() : PVSSboolean
+clearStatus() : PVSSboolean
+clone() : HWObject*
+cutData() : PVSSchar*
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-info : INFOREC
+SleMapObj()
+~SleMapObj()
+debugPrint() : void
+getAction() : char* 0..n
+getFamily() : char*/
+getHost() : char*
+getMember() : char*
+getMode() : char*
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Figure 4-5 Class diagram of the SL-Equip Driver Manager (1)

4.2.3.2 Transformation Classes

Transformations describe the relationship between values obtained from externa systems
(SL-Equip) and their representation in PVSS. In other words, they perform the conversion of
hardware values to PV SS values (in the read direction) and vice versa (in the send direction).
As a result, a separate subclass of the framework’s Transformation class needs to be
implemented for each data type supported by the SL-Equip driver. As mentioned in section
4.2.2, the SL-Equip driver is meant to support the following SL-Equip data types:

»  32-hit floating-point values and arrays (corresponding to modes RAR and WAR)
e 16-hit integer values and arrays (modes RBI and WBI)
*  Sring values (modes RS and WS)
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The classes SeTransFloat, SeTransint and SeTransSring thus will be derived from
Transformation, as shown in Figure 4-6.

Thetwo central methods performing the data conversion aret oPeri ph() andtoVar () :

* toPeriph() takesthe valueto be sent to SL-Equip as well as the maximum data
length as input parameters, transforms the given value to an SL-Equip compatible
format and returns the result to the caller via an output parameter. The method returns
PVSS_TRUE if the conversion is successful.

» toVar() does exactly the opposite. It takes a buffer containing the value received
from SL-Equip as an input parameter, performs a transformation and returns the
result to the caller via an output parameter (VariablePtr). Like t oPeri ph(), it also
returns PVSS_TRUE if the transformation is successful.

Thei t enSi ze() method returns the size of asingle value of the datatype concerned in bytes
(e. g. 2 for a16-bit integer value). It isinternally used by PV SSto alocate buffer memory.

The getVariabl eType() method returns the “preferred variable type” of the
Transformation. It is used by the framework to convert values received from the Event
Manager (to be written to the hardware) to the variable type expected by the Transformation.
For instance, a DPE might be of type float but the Transformation expects an integer value. In
this case, the framework will do the conversion from float to integer before the t oPeri ph()
method is called.

The i sA() method is used for comparing a given transformation type with the type of
transformation performed by the class.

Transformation Resources
+Transformation()
+~Transformation()
+clone() : Transformation*
+getNumberOfElements() : int
+getVariableType() : VariableType DrvRsrce
+isA() : TransformationType
+itemSize() : int +DrvRsrce()
+toPeriph() : VariablePtr +~DrvRsrce()
+toVar() : PVSSboolean +begin()
+bigEndianToHostShort() +closeCfg()
+bigEndianToHostLong() +end()
+littleEndianToHostShort() +generalSection() : PVSSboolean
+HittleEndianToHostLong() +init()
+hostToLittleEndianShort() +openCfg()
+hostToLittleEndianLong()
+hostToBigEndianShort()
+hostToBigEndianLong()
SleResources
-DriverName : CharString
-DriverVersion : CharString
SleTransInt SleTransFloat SleTransString -doConnectOnStart : PVSSboolean
+SleResources()
+SleTransInt() +SleTransFloat() +SleTransString() +~SleResources()
+~SleTransInt() +~SleTransFloat() +~SleTransString() +end() : void
+clone() : Transformation* +clone() : Transformation* +clone() : Transformation* +init() : void
+getVariableType() : VariableType +getVariableType() : VariableType +getVariableType() : VariableType +readSection() : PVSSboolean
+isA() : TransformationType +isA() : TransformationType +isA() : TransformationType +printHelp() : void
+itemSize() : int +itemSize() : int +itemSize() : int +setDbgLevel() : void
+toPeriph() : VariablePtr +toPeriph() : VariablePtr +toPeriph() : VariablePtr +switchDbgLevel() : void
+toVar() : PVSSbhoolean +toVar() : PVSSboolean +toVar() : PVSSboolean #saveSwitchDbgl evel() : unsigned long

Figure 4-6 Class diagram of the SL-Equip Driver Manager (I11)
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4.2.3.3 Utility Classes

Two more classes have to be derived: the SL-Equip Hardware Object (9eMapObj) class
mentioned before and the SL-Equip Driver Resources (SeResources) class that will read-out
driver-specific configuration information from the PV SS configuration file.

4.2.3.3.1 SL-Equip Hardware Objects

The SeMapObj class has already been mentioned when talking about the SeMapper class
(section 4.2.3.1.3). As shown in Figure 4-5, it is derived from the framework’s HWODbject
class. Its main task isto encapsulate the address information for a single DPE. Furthermore, it
contains a pointer to abuffer in which the periphery data, i. e. the value that has been acquired
from SL-Equip and hasto be sent to PVSS, is stored. An additional attribute contains the size
of this buffer in bytes. Moreover, the class manages the DPE’s transformation type and some
status information indicating whether the value received from the hardware is valid or not.

Most of these attributes are general and therefore managed by the super class. However, the
hardware address, which is received from the Event Manager in the form of the _reference
string described in 4.2.2, has to be decoded and split into parts corresponding to an SL-Equip
address (family, member, host, action, mode and user option). These parts will then be stored
in an INFOREC structure defined by the SL-Equip API, which can directly be used in SL-
Equip function calls.

Theoreticaly, the 9eMapObj would not need any additional methods, as the INFOREC
structure can be constructed from the PeriphAddr parameter passed to the classes
constructor. As the information might change later, however, get XXX() and set XXX()
methods will be implemented for each part of the SL-Equip address.

4.2.3.3.2 SL-Equip Resources

The SeResources class is derived from the framework’s DrvRsrce class, as shown in Figure
4-6. This class represents the driver’s interface to its resources (i. e. the PV SS configuration
file). As driver-specific functions primarily relate to driver-internal data points, which our
driver will not have, the begi n(), readSecti on() and end() methods will only contain
dummy functionality.

Theset DogLevel () andswi t chDogLevel () methodswill be used for debugging purposes
and are described in the implementation chapter.

4.2.4 Object Design

The class design contained in the previous section describes the static structure of the SL-
Equip Driver Manager. This section specifies its dynamic behaviour at run-time.

During its“lifetime” (= run-time) the driver hasto pass the following three phases:
(1) Initialisation
(2) Hardware activity
(3) Termination

These phases are described in the ensuing sections.
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4241 Initialisation

At its start-up, the driver ingtantiates its various “modules’ (Resources, Driver Manager,
Hardware Mapper, Hardware Service Mapper etc.) and initialises them. For the user of the
framework, thisisafairly simple task:

(1) Thestaticinit() method of the SeResources class has to be called, which causes
the framework to read the driver-specific section of the PV SS configuration file and
to store the values found in its static member variables.

(2) A signal handler for SIGHUP and SIGTERM must be installed.

(3 An instance of the SeDriver class has to be created and its mai nProcedur e()
method must be invoked. From thistime on, the framework takes over control.

However, we also want to understand what happens internally during this initialisation phase,
at least as far as the classes that have to be implemented for the SL-Equip driver are involved.
This simplified initialisation process is depicted in Figure 4-7. A more complete view of the
initialisation processis described below.

main()

[ (SleResources)

init()
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config

I (SleDriver)

":>
/ init
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>
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install_HW Service
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Figure4-7 Object model of the SL-Equip driver duringitsinitialisation
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First of al, the Driver Manager'sinit () method is called, which initiates the creation of
several objects:

* aDP Container (framework’s DpContainer class)

» aDP Config Manager (framework: DpConfigManager class)
» an SL-Equip Hardware Mapper (our SeMapper class)

e an SL-Equip Hardware Service Handler (our SeS'vHdI class)
» aPolling List (framework’ s PollList class).

After that, the SL-Equip driver will connect to the Database Manager (connect ToDat a() ).
Asaresult, it will receivethe _addressand _distrib configs of all DPEs connected to it. These
configs will be used to build up the driver’ sinternal lists by means of the Hardware Mapper’s
addDpPa() method.

Subsequently, the communication with SL-Equip is initialised by a call to the Hardware
Service Handler's i nitialize() method. As soon as a connection to the Event Manager
has been established (connect ToEvent () ), the hardware activity can be started invoking the
Hardware Service Handler'sst art () method.

At this point in time, the driver has taken up its regular activity and enters in its main loop
(Dr vManager . mai nLoop() ).

4242 HardwareActivity

Until it terminates, the driver remains in its main loop, in which it waits for messages from
the Event Manager, checks whether DPs should be polled and cyclically cals the
wor kProc() method of the SL-Equip Hardware Service Handler. This method will be empty
in the SL-Equip driver's implementation because al data is acquired via the polling
mechanism described below.

For handling the polling, the driver keeps an internal list in which the DPs to be polled are
noted with their next polling time. When such a time is reached, the Hardware Service
Handler’s si ngl eQuer y() method is called with the Hardware Object concerned as an input
parameter. The si ngl eQuery() method retrieves the requested value by means of an SL-
Equip function call (EQUI P()) and then invokes the Driver Manager's t oDp() method in
order to communicate the new valueto PVSS. Thet oDp() method accepts the new Hardware
Object, performs a low-level old-new comparison as needed, converts it to a PV SS-internal
data format (using a suitable Transformation subclass, dependent on the data format),
performs conversion and smoothing as necessary and sends the value to the Event Manager
(if it was not smoothed away in the previous steps). After the return of the si ngl eQuery()
method, the new polling time for the DP is calculated and sorted into the polling list.

In the command direction, the t oHW) method looks after the conversion of PVSS DPs to
hardware objects, which are then sent to SL-Equip by the Hardware Service Handler's
witeData() method. This method calls an SL-Equip library function (EQU P()) and
returns.

As mentioned above, this main loop is repeated until the driver isforce to exit.
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4243 Termination

When the driver receives SIGKILL or SIGTERM from the operating system, it has to
terminate. Before it exits, however, the connection to the periphera devices (SL-Equip) must
be closed down correctly. For this reason, the driver’s signa handler catches SIGTERM and
sets aflag in the DrvManager class that causes the mai nLoop() method to return. After that,
the stop() method of the Hardware Service Handler (9eSvHdl) is caled by the
mai nProcedur e() before the program terminates.

4.3 Static Data Definition in an Off-line Database

This section proposes a solution to the problem described in chapter 3.2.3. First of al, a
relational database structure suitable for storing PVSS configuration information has to be
designed (4.3.1). After that, existing configuration information has to be analysed, validated,
completed and inserted into the TDRefDB (4.3.2), and, finally, the information has to be
extracted from the configuration database and imported in the SCADA system using the
PV SS ASCII Manager (4.3.3).

431 Database Design

The table structure for the TDRefDB has been designed in co-operation with the ST/MO
database experts, R. Martini and S. Roy, who ensured that the ST/MO group’s database
design standards were complied with (see 4.3.1.1).

The fina objective of the database design was to model all PVSS configuration information in
a relational database structure, so that data point types (DPTSs), data points (DPs) and configs
can be defined in the database, extracted to ASCII files and, finaly, injected to PVSS using
the PVSS ASCII Manager. A definition of the PVSS data point concept (including DPTS,
DPs, DPEs and configs) was presented in 2.2.2 and shall not be repeated here.

Before we devote ourselves fully to the database structure that was designed for the PVSS
dataloader, we fix some genera design rulesthat will lead usto a more homogenous database
design.

4311 General Design Rules

According to ST/MO standards, applications must never access data directly via the tables
containing the records but via so-called “user views’ that present the data in an easy-to-use
format. Public synonyms for these views will be created in a separate database account. This
approach considerably facilitates unforeseen modifications in the database structure at a later
point in time. While underlying table structures may change, the user views on the data will
aways remain the same and applications using the database need not be modified.
Additionally, the risk of accidental loss of data is minimised as the user views are read-only
and only very few authorised users have write access to the real data.

It was decided to design the table structure for referential integrity rather than usability or
performance. Usability will be implemented in the user views mentioned above. Since the
TDRefDB is an off-line database and will only be used for periodic updates of the interna
PVSS high-speed database, performance aspects are secondary. Referential integrity,
however, must always be kept in mind. The user shall not be able to enter invalid values, for
this will inevitably lead to problems when the PVSS on-line database is loaded with
TDRefDB data.
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To guarantee referential integrity without influencing the flexibility of the database design,
surrogate keys must be used wherever possible. A surrogate key is a unique primary key
generated by the DBMS (e. g. by a sequence) that is not derived from any data in the database
and whose only significance is to act as the primary key. The use of surrogate keys increases
the flexibility of the database design, for rea data in the tables can be changed without
affecting dependent records.

Furthermore, some naming conventions have been established that will make the design
easier to understand and the database easier to use. The following naming conventions will be

applied:

» All table names shall start with the prefix “PVSS_", in order to distinguish them from
other TDRefDB tables. Moreover, al view names will start with “VPVSS " for the
same reason.

» All table and view names shall be descriptive and contain the singular name of the
entity they represent. The name of the entity may be shortened only if the
abbreviation is well known in the context of PVSS (e.g. DPT, DP, DPE etc.).

»  Several parts of a name shall be separated by an underscore.

» All fields of atable shall start with a prefix abbreviating the name of the table or view
concerned (e.g. “dpt _" for the PVSS_DPT table).

* Fields that are directly related to a PVSS entity, e. g. the _type attribute of the
_address config, shall conserve this name in the database (e.g. addr _t ype).

* Names of UNIQUE constraints shall start with the prefix “uni que_" and contain the
names of the fields the constraint appliesto.

* Names of FOREIGN keys guaranteeing the referential integrity of the database shall
start with the prefix “f k_" and contain at least the name(s) of the referenced field(s).

»  Sequences shall be named like the fields they are used for (e.g. DPT_I D for the field
PVSS DPT. DPT_I D).

Keeping these simple design and naming rules in mind, the database structure will be easy to
understand and easy to use.

43.1.2 TDRefDB Table Structure

Based on the file format described in 4.3.3.1, the table structure depicted in Figure 4-8 was
designed. It will form the basis of our off-line PVSS configuration database and will be
described in this section.

Severa groups of tables have been identified according to their purpose:

(1) PVSS Reference Tables. The tables PVSS DI STRIB TYPE, PVSS DPE TYPE,
PVSS ADDRESS DATATYPE PVSS ADDRESS MODE and PVSS ADDRESS TYPE
contain simple (name, value) pairs that represent PVSS constant definitions. These
constants are used in PV SS to define the type of a DPE, the address mode of a driver,
etc. The sole purpose of the reference tables is to guarantee the referentia integrity of
the database and to prevent the user from entering invalid constant values. The tables
will have to be filled with data manually before any other tables can be filled.
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(2) Data Point Type Definition Tables. Basicaly, DPTs are defined by their unique
names and their element types. As most DPTs are structured hierarchically, however,
the declaration of the DTP names and the definition of their structure have to be
separated. The DPT names are therefore declared in PVSS_DPT, the hierarchical
structure is defined in PVSS_DPE. Additionaly, so-called type references could be
created by means of the PVSS_DPE_TYPEREF table but this feature will not be used
for the SPS Restart Application.

(3) Data Point Declaration Table. The definition of DPs is much simpler. A DP
declaration associates a unique name with an existing DPT. This association is done
inthe PVSS _DP table.

(4) Config Definition Tables. Configs are sets of attributes associated with a DPE of a
particular DPT instance (=DP). The _address and _distrib config are always used
together. Therefore, the same table (PVSS_ADDRESS) can be used for their definition.

(5) DPE Comment Table. Like configs, comments are associated with a DPE of a
particular DP. The structure of the PVSS_DPE_COMVENT table is thus similar to that of
PVSS_ADDRESS.

The detailed structure of the tables mentioned above and their mutual dependencies are shown
in Figure 4-8. The server model was created with Oracle Designer and will be used for
automatically generating the table structure in the database.
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Figure 4-8 Server model of the TDRefDB table structure for PV SS configuration data
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43121 ReferenceTables

The structure of the reference tables PVSS DI STRI B _TYPE, PVSS DPE TYPE,
PVSS ADDRESS DATATYPE, PVSS ADDRESS MODE and PVSS_ADDRESS TYPE isidentical:

(1) The numeric xxx_i d column corresponds to the value of the PVSS constant
represented by arecord and forms the table’' s primary key. The primary key will later
be referenced by other tables, notably by PVSS_ADDRESS, PVSS_DPT and PVSS_DPE.

(2) The xxx_nane column corresponds to a PV'SS constant’s name, which must equally
be unique. The column is therefore protected by a UNIQUE constraint.

(3) The xxx_comment column is optional and can contain a free textual description of
the constant’ s purpose.

43.1.2.2 DataPoint Type Definitions

As mentioned above, DPT definitions will require entries in two tables: PVSS _DPT and
PVSS_DPE.

PVSS_DPT will contain alist of all DPT names and their associated element type from the
PVSS_DPE_TYPE table:

(1) The numeric dpt _i d column is the table’'s primary key. It does not correspond to
anything in PV SS (surrogate key) and is created by the DPT_I D sequence.

(2) The dpt _nane column will contain the name of the DPT. As this name has to be
uniquein PVSS, thedpt _nane column is protected by a UNIQUE constraint.

(3) Thedpt _type column defines the element type of the DPT. In most of the cases,
the element type will be DPEL_STRUCT (1) from the PVSS _DPE_TYPE table and
the subordinated elements will be defined in PVSS_DPE.

(4) The dpt _conmment column can contain an optional comment describing the DPT in
plain text.

PVSS_DPE describes the structure of the DPTs. Each PVSS DPE record consists of the
following elements:

(1) dpe_i d: a unique numeric identifier for the element that will be generated by the
DPE_| D sequence and isthetable’s primary key (surrogate key).

(2) dpe_dp_i d: the identifier of the DPT from PVSS_DPT the element belongs to. This
column must reference an existing DPT identifier, which is enforced by aforeign key
relationship.

(3) dpe_nane: that name of the DPE that has to be unique within each DPT definition.
Unicity is enforced by a UNIQUE constraint on the dpe_dp_nane and dpe _dp_dpt
columns.

(4) dpe_type: the dement's data type from PVSS DPE TYPE. type_id. This
relationship is also enforced by aforeign key.

(5) dpe_parent: thiscolumn will be used to build hierarchical DPTs. By default, its
value will be NULL. If the DPE has a different parent than the DPT itself, however,
it will contain the identifier of the parent DPE. The column is protected by a foreign
key to PVSS_DPE. dpe_i d.

(6) dpe_ful |l _nane: the full name of a DPE can differ from its name if the dpe_parent
columnis not NULL. In this case, the full name will include the names of al parents
up to theroot, separated by dots.
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The following example will illustrate how DPTs are defined in our table structure, taking a
DPT definition in PV SS Data Definition format (defined in section 4.3.3.1) as a starting point.

TypeA TypeA 1 # DPT decl aration for TypeA which is a struct
aFl oat 22 # containing a float value called ‘aFloat’,
aDFl oat 6 # a dynamic array of float val ues and
asSt ruct 1 # a substructure called ‘aStruct’.

anlnt 21 # This substructure consists of an integer
aBool 23 # and a Bool ean val ue.

Listing 4-1 Example of a complex DPT definition in ASCII Manager format

In order to declare TypeA in the database, a record in the PVSS_DPT table has to be created
(see Table 4-4). In this example, the identifier 35 is generated automatically.

DPT_ID DPT_NAVE  DPT_TYPE DPT_COWENT

4 ...
35 ‘TypeA 1 *A conplex DPT exanple’
36 ..

Table 4-4 Example of a complex DPT definition (PVSS_DPT table)

In order to define the structure of TypeA, several records have to be created in the PVSS_DPE
table (see Table 4-5). Again, the DPE identifiers 274 to 280 are assigned automatically. They
do not have any other relevance.

DPE ID DPE DPT_ID DPE NAVME  DPE TYPE DPE PARENT DPE FULL_NAMVE

274

275 35 ‘aFloat’ 22 NULL “aFl oat’

276 35 ‘aDFloat’ 6 NULL “ aDFl oat’

277 35 ‘'aStruct’ 1 NULL “aStruct’

278 35 ‘anlnt’ 21 277 “aStruct. anlnt’
279 35 ‘aBool 23 277 “aStruct. aBool’
280

Table 4-5 Example of a complex DPT definition (PVSS_DPE table)

We will reuse our sample DPT in the following sections, when talking about DP declarations
and _address configs.

4.3.1.2.3 DataPoint Declaration

Instantiations of DPTS, i. e. DPs, will be declared in the PvSS_DP table. In the database, a DP
is characterised by the following four elements:

(1) dp_i d: aunigue numeric identifier created by the DP_I D sequence (primary key).

(2) dp_nane: the unique name of the DP that will be used by PVSS (uniqueness
enforced by a UNIQUE constraint).

(3) dp_dpt _i d: the DPT of the DP, specified by its numeric identifier. As it must be
guaranteed that the DPT associated with a DP exists, the dp_dpt _id column
referencesdpt _i d column of the PVSS_DPT table by means of aforeign key.

(4) dp_conment : an optional comment describing the DPin plain text.
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In order to create an instance of our sample DPT “TypeA” (see Listing 4-1), arecord in the
PVSS_DP table has to be created (see Table 4-6).

DP_I D DP_NAME DP_DPT_|I D DP_COMVENT

127 ... L

1028 ‘a_TypeA DP 35 ‘an instance of TypeA
1029 ... L

Table 4-6 Example of a DP definition (PVSS_DP table)

As soon as a DP has been instantiated, configs and comments can be associated with its
elements. Thiswill be described in the following section.

43.1.2.4 Address Configuration

The PVSS _ADDRESS table represents both, the _address and the _distrib config associated
to a DPE. It consists of the following fields:

(1) addr_i d: a unique numeric identifier created by the ADDR | D sequence, acting as
the table’s primary key (surrogate key)

(2) addr _dp_i d: the numeric identifier of the DP the configs are associated with. This
column references the dp_i d column of the PvVSS_DP table by means of a foreign
key.

(3) addr _dpe_i d: the numeric identifier of the DPE within the DP that the configs are
associated with. This column references the dpe_i d column of the PVSS DPE table
by means of aforeign key.

(4) to (15): different attributes of the _address and _distrib configs that are listed in
section in Table 4-1 and Table 4-2. Some of these fields represent constants and are
thus protected by foreign keys to one of the reference tables.

To create associated addresses for al DPEs of our sample data point “a Type DP’, five
recordsin the PVSS_ADDRESS table have to be created (see Table 4-7).

ADDR |D ADDRDP ID ADDRDPE ID .. DI ST_DRV._NUM
789 e 1
799 1028 275 1
800 1028 276 1
801 1028 277 1
802 1028 278 1
803 1028 279 ... 1
804 e 1

Table 4-7 Example of address configurations (PVSS_ADDRESS table)

4.3.1.25 DPE Comment Declaration

In principle, the structure of the PVSS DPE_COWMENT is very similar that of the
PVSS_ADDRESS t abl e because comments are equally associated with a particular DPE of a
particular DP. The table contains thus the following fields:
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(1) dpec_dp_i d: the numeric identifier of the DP the comment is associated with. This
column references the dp_i d column of the PVSS_DP table by means of a foreign
key.

(2) dpec_dpe_i d: the numeric identifier of the DPE within the DP that the comment is
associated with. This column references the dpe_i d column of the PVSS DPE table
by means of aforeign key.

(3) dpec_al i as: an alias name for this DPE. This alias name must be unique; the
column is thus protected by a UNIQUE constraint.

(4) dpec_comment : the free-text comment to be associated with the DPE.

The creation of comments is fairly similar to the creation of addresses. To create comments
for the elements of out sample DP, the following records in the PVSS DPE_ COMMENT
table have to be created (see Table 4-8):

DPEC DP ID DPEC DPE ID DPEC ALIAS DPEC_COMVENT
1028 275 ‘floatVal’ “a floating-point value’
1028 276 ‘' dynFl oat Arr’ ‘a dynamc array of floats’
1028 277 ‘struct’ ‘a structure’
1028 278 ‘intval’ “an integer nunber’
1028 279 ‘' bool Val’ ‘a Bool ean val ue’

Table 4-8 Example of DPE comments (PVSS_DPE_COMMENT table)

4313 TDRefDB User Views

As mentioned 4.3.1.1, users will aways access TDRefDB data via read-only views. The
purpose of these views is to present the data in a human-readable format and to facilitate the
extraction of data by means of simple SQL statements. As the views will later be used by the
data extraction script (specified in 4.3.3), their structure corresponds to the columns required
for generating an ASCII Manager compatible configuration file.

The server model of the views that have been designed for the PV'SS database is depicted in
Figure 4-9.
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Figure4-9 Server model of TDRefDB user views

The views exclusively access the tables described in the previous section and follow the
naming conventions explained in 4.3.1.1.

The VPVSS_DPT view lists the records of the PVSS_DPT table’s content, hiding the surrogate
key and the comment column as they are not needed for data extraction.

The VPVSS_DPE view basically corresponds to the PVSS_DPE table (columns dpe_nane and
dpe_t ype). In addition, it contains the following columns:

e dpt_name represents name of the DPT that the DPE belongs to. To obtain this
information, ajoin with the PVSS_DPT tableis necessary.

* dpt_level representsthe level of hierarchy of the DPE. The level of hierarchy is 1
for DPEs that are directly associated with a DPT, 2 for DPEs whose parent is a first-
level DPE, etc.

* dpe_reftype references to another DPT. To obtain this information, a join with the
PVSS DPE TYPEREF table is necessary. This feature will not be used for the SPS
Restart Application.

The VPVSS_DP view corresponds to the PVSS DP table. The values for the dpt _nane
column will be obtained viaajoin with the PVSS_DPT table.
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The VPVSS_ADDRESS view selects those columns of the PVSS ADDRESS table representing
attributes of the _address config. Joins with PVSS DPT, PVSS DP and PVSS_DPE are
necessary to populate the dpt _nane, dp_nanme and dpe_full _nane columns with
values.

The structure of the VPVSS DI STRI B view is similar to that of VPVSS_ADDRESS, apart from
the fact that it only selects columns representing attributes of the _distrib config from
PVSS_ADDRESS.

4.3.2 Datalmportinthe TDRefDB

This section will explain how existing data will be imported in the TDRefDB table structure
described in section 4.3.1.2. Firgt of al, an overview of the overal data loading will be
presented in the ensuing section.

4.32.1 Overview of the Data Import Strategy

We have already defined and created a database structure that is suitable for storing PVSS
configuration data. In order to fill this structure, the existing configuration information needs
to be analysed and processed. As there are three distinct sources of data, three different
approaches to integrate the datain the TDRefDB have to be elaborated:

(1) TDRefDB: Information about equipment currently managed by the Technical Data
Server (TDYS) is already stored in TDRefDB tables. The records concerned only need
to be converted and introduced into the new table structure. Oracle Stored Procedures
implemented in PL/SQL (see [Feuerstein, 1996]) will be used for this purpose.

(2) Configuration files: Information about electrical equipment accessed via SL-Equip
is currently stored in ASCII configuration files. The data contained in these files
needs to be analysed, validated, corrected and introduced in the TDRefDB. This
sequence of tasks will be performed by means of Perl scripts.

(3) Paper files:. Some configuration information, e. g. concerning vacuum equipment
managed by SL-Equip, is not available electronically yet. It has to be entered in the
TDRefDB manually. Alternatively, the information can aso be entered in SL-Equip
configuration files and injected in the database by means of the script mentioned in

().

As soon as steps (1), (2) and (3) will be completed, we can start thinking about extracting the
data from the database:

(4) The well-defined configuration data will be extracted from the TDRefDB by means
of an SQL script that will generate an ASCII text file, ready to be injected to PVSS
by means of the ASCII Manager.

Figure 4-10 integrates the information given above and presents an overview of the data
loading strategy.
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TDS Data (already stored in the TDRefDB)

config
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Manager

PVSS.DB
(Raimer)

Figure 4-10 Overview of the data loading strategy

First, a method for importing TDS configuration data aready contained in the TDRefDB will
be described (4.3.2.1). Then, a strategy for introducing SL-Equip configuration data currently
stored in ASCIl text files will be developed (4.3.2.3). Finaly, the way additiona
configuration data that is not available electronically yet will be integrated.

4322

Import of TDS Configuration Data

As mentioned above, TDS configuration data is already stored in the TDRefDB. A view
containing all TDS data to be imported in the new table structure was created by the ST/MO
database experts in order to facilitate the integration process. The structure of the view is

depicted in Figure 4-11.
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Figure 4-11 Server model of the VPTS PV SSview
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From the data contained in this view, the PVSS DPT, PVSS DPE, PVSS DP,
PVSS_DPE_COMVENT and PVSS_ADDRESS tables have to befilled. Thisis not atrivia task as
the view does not contain all the information required and its structure does not at all
correspond to the structure of our database.

First of al, we try to map the columns of VPTS_PVSS to the new database structure. Such a
mapping is presented in Table 4-9 (VPTS_PVSS columns that are irrelevant to the data import
have been omitted).

VPT_PVSS PVSSDatabasecolumn  Comment

Column

dpt nane PVSS_DPT. dpt _nane One PVSS_DPT record has to be created for each
distinct dpt nane.

dpnane PVSS_DP. dp_nane One PVSS _DP record has to be created for each
distinct dpnane.

dpdesc PVSS DP.dp_comment  The dp_conment column will be taken into

account when creating the PVSS_DP records.

at t r name PVSS_DPE. dpe_nane One PVSS DPE record has to be created for each
distinct combination of dpt nane and att r nane.
Additional DPEs need to be created if the
addr node column eguals ‘O'.

addr r ef PVSS ADDRESS. One PVSS_ ADDRESS record has to be created for
addr_reference each distinct address reference (addrr ef ) .
addr node - The addr mode, which can be ‘I’ for input or ‘O’

for output must be taken into account when
creating PVSS_DPE and PVSS_ADDRESS records.

attrdesc PVSS DPE_COMVENT. One PVSS DPE_COWENT record will be created
dpec_conment for each distinct combination of dpnane and
attrnane where the attrdesc column is not

NULL.

Table 4-9 Mapping between the VPTS PV SSview and the described database structure

The following subsections specify how each of the tablesin the new database structure will be
populated with records from VPTS_PVSS.

43221 DataPoint Types(PVSS DPT)

To fill the PVSS_DPT table, it will suffice to create one record per digtinct dpt nare in the
VPTS_PVSS view. The dpe_t ype field will be DPEL_STRUCT (1) by default, as all TDS DPTs
will have severa subordinated DPEs. The dpt _conment column will ssimply be ‘TDS' in
order to distinguish TDS DPTs from DPTs representing SL-Equip data structures.

4.3.2.2.2 DataPoint Elements (PVSS _DPE)

Filling the PVSS_DPE table is more complex, as not al required values are available in the
VPTS_PVSS table and some assumptions have to be made to fill the remaining columns. First
of al, the value for the dpe_dpt _i d has to be selected from the PvSS_DPT table, which
requires that all TDS DPTs have been declared in the PVSS _DPT table beforehand. The
dpe_nane column will correspond to values from the VPTS _PVSS. at t r nanme column. The
value of the dpe_type column has to be derived from the second letter of
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VPTS _PVS. attrnanme for evaluations have shown that the dpt ype column in VPTS_PVSS
does not contain accurate data types. If the second letter of attrname is ‘M’ or ‘C’, the
dpe_t ype will be DPEL_FLQAT (22), otherwise it will be DPEL_BOOL (23). The dpe_par ent
column will be NULL by default if the addr mode is ‘I’ (for input). If the addr node is‘O’
(for output) several subordinated DPESs have to be created:

» TagName (DPEL_STRING)
* ReportCode (DPEL_FLOAT)
* ReportMessage (DPEL_STRING)

The dpe_parent of these subordinated DPEs is thus the numerical identifier (dpe_i d) of
the record to which they belong.

43223 DataPoints(PVSS DP)

The PVSS_DP table only containsalist of all distinct dpnare fields with their corresponding
DPTs. The value to be entered in the dp_dpt _i d column has to be selected from PVSS_DPT
viathe dpt narre, which requires that all PVSS_DPT records have been created beforehand.

4.3.2.2.4 Comments relating to Data Point Elements (PVSS DPE_COMMENT)

The VPT_PVSS. at t r desc field will serve as a basis for filling the dpec_commrent column
of the PVSS_DPE_COMMENT table. As comments are attached to a precise DPE of a precise
DP, it will be necessary to retrieve the correct dp_i d and dpe_i d for each record to be
created. This necessitates that all DPEs and DPs have been declared in the database
beforehand. The dpec_al i as field will remain NULL by default.

4.3.2.2.5 Addressand Distribution Configuration

The PVSS_ADDRESS tables will be filled on the basis of the addref column of the
VPTS _PVSS view. One line in PVSS_ADDRESS will be created for each distinct address
reference. As addresses, like comments, are attached to a precise DPE of a precise DP, it will
be necessary to retrieve the correct dp_i d and dpe_i d for each record to be created. How the
remaining columns are populated is specified in section 4.2.2 (address mapping).

The import of TDS configuration data will be performed by a set of Oracle Stored Procedures
implemented in PL/SQL. We will come back to these procedures in the Implementation
chapter (5).

4.3.2.3 Import of SL-Equip Configuration Data

SL-Equip configuration information that is currently stored in ASCII text files must aso be
introduced in the TDRefDB database structure described above. Before the data can be
imported, however, the configuration files need to be analysed, corrected and completed. The
following section (4.3.2.3.1) will present an analysis of the SL-Equip file format. After that, a
strategy to validate and correct the information contained in the existing configuration filesis
described (4.3.2.3.2). Findly, the methods that will be used to import the data in the
TDRefDB will be presented (4.3.2.3.3).
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4.3.2.3.1 Anaysisof the SL-Equip File Format

Before the files could be processed, an anaysis of the proprietary file format had to be
performed. The results of this analysis are shown in Listing 4-2, which contains an EBNF
representation of the grammar describing the file format’ s syntax®:

file_set = { file }-;

file = equi pnent _rec, { “NEW.INE’, equipnent_rec};

equi pnent _rec = equi pnent, “ “, action_list;

equi pnent = nenber, “/”, famly part, “ “,
famly, “_", nenber;

action_list = {*“ ", action }-;

action = {letter}s;

famly part = al phanum al phanum

famly = letter, { al phanum }s;

nmenber = al phanum { al phanum }s;

al phanum = digit | letter;

letter = YA OB L] 2

digit = “o" | 1" | .. 97

Listing 4-2 EBNF representation of the SL-Equip configuration file format

Put another way, the file format is line-based, where each line represents one complete
equipment record. An equipment record consists of an equipment name (specified in two
different formats) and a list of supported actions, separated by spaces. We will make use of
this knowledge when designing an algorithm for validating the given information.

4.3.2.3.2 Vadlidation and Correction of the Given Information

Before the configuration data can be introduced in the TDRefDB, it has to be validated,
corrected and completed, for the available configuration files have not been updated for many
years. A Perl script transforming the set of outdated configuration files into a single updated
configuration file will be implemented.

The algorithm to be implemented in the script will execute the following three steps:

(1) Read the set of configuration files and merge the information.

(2) Vdidatethe given address information, correct and completeit (asfar as possible).

(3) Export a new single configuration file that contains al the corrected SL-Equip
configuration data.

4.3.2.3.3 Insertioninthe TDRefDB

The contents of the corrected SL-Equip configuration file resulting from the processing
described in the previous section will be introduced in the TDRefDB database structure
described in 4.3.1.2. Another Perl script making extensive use of the Perl Database Interface
(see [Jepson et al., 2000]) will be implemented for this purpose.

® Please note that ( expression ), stands for a “repeat the expression in parentheses exactly x
times” and { expression }, denotes “repeat the expression in braces zero to x times”.
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4.3.3 DataExport From the TDRefDB to ASCIl Manager File Format

All PVSS configuration data that is accessible from the TDRefDB user views described in
section 4.3.1.3 needs to be extracted from the TDRefDB and exported to ASCIlI Manager
compatible files These files will then be used for regular updates of the PVSS on-line
database, asillustrated in Figure 4-10. Before the script could be designed, however, the file
format required by the ASCII Manager had to be analysed. The results of this analysis are
presented in the ensuing section.

4.3.3.1 Analyssof the ASCIlI Manager File Format

The ASCII Manager file format is very versatile. All configurations of DPTs, DPs and
configs that can be created via the PVSS user interface (PARA module) can equaly be
defined as ASCII files and the created automatically using the ASCII Manager. Examples of
supported features are listed below:

» DPTswith an arbitrary number of DPEs can be defined.

»  PVSS supports 46 different scalar and compound data types for DPES.

» DPTs can be hierarchically structured and reference other DPTs that are then
included in the type definition.

* Upto 20 different configs can be associated with DPs and DPEs.

* Configsconsist of 2 (_distrib) to 78 (_alert_hdl) attributes each.

* Alias names and comments can be defined for each DP and each DPE.

« etc.

It goes without saying that this flexibility considerably increases the file format’ s complexity.
As we will not need al of the features mentioned above in the course the SPS Restart
Application, we will limit the scope of our database design to the following four features:

(1) Definition of an arbitrary number of hierarchically structured DPTSs.
(2) Definition of DPsfor the DPTs defined in step (1).

(3) Definition of _addressand _distribution configs for DPES.

(4) Definition of comments and alias names for DPs and DPESs.

Regardless of these limitations in scope, the table structure must be flexible enough to
incorporate further _configs later. The design that is used to represent the _address and
_distrib configs shall be applicable to other configs attached to DPEsin asimilar manner.

Listing 4-3 describes the format of the input files required by the PV SS ASCIlI Manager. The
Extended Backus-Naur Form (EBNF), a syntactic metalanguage for writing down the
grammar of a context-free language ([Scowen, 1998]), was chosen to represent the syntax of
the file format resulting from the analysis.

File
Section

{ Section }-;
(DPTSect | DPSect | ConfigSect | Commrent Sect), “\LF";

(* Section for defining DPTs *)

DPTSect = DPTHdr, {DPTLi ne}-;
DPTHdr = “TypeName”, “\LF";
DPTLi ne = ( DPTNane, DPEType, “\LF" ) |

( DPTNane, “1”, “\LF", {DPELine}- ) ;
DPELi ne = “\Tab”, DPENane, DPEType, “\LF";
DPEType = (“41", “:”, DPTReference) |
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Si npl eDPEType | ArrayDPEType | StructureDPEType;
DPTRef er ence = DPTNane;
DPTNane PVSSi denti fi er;
DPENane PVSSi denti fi er;

(* Section for creating DPs of existing DPTs *)

DPSect = DPHdr, { DPLine }-;

DPHdr = “DpNane”, “\Tab”, “TypeNane”, [ “\Tab”, “ID" ], “\LF';
DPLi ne = DPNane, “\Tab”, DPTName, [ “\Tab”, DPID], “\LF";
DPNane = PVSSi dentifier;

DPI D = | nt eger Nunber ;

(* Section for creating configs for existing DPs and DPEs *)
ConfigSect = DistribConf | AddressConf;

(* Section for defining the attributes of the _distrib config *)
DistribConf = DistribHdr, { D stribLine }-;
DistribHdr = “El ement Nane”, "\Tab”, “TypeNanme”, “\Tab”,

“ distrib.. type”, “\Tab”, “ _distrib.. driver”, “\LF";
D stribLi ne = El enent Nane, “\Tab”, DPTNane, “\Tab”,

DistribType, “\Tab”, “\”, DriverNum “\LF";

El enent Nane = DPNanme, “.”, DPENare;
DistribType = (“0" | “56");
DriverNum = IntegerNunber;

(* Section for defining the attributes of the _address config *)
Addr essConf = AddressHdr, { AddressLine }-;

AddressHdr = “El enment Nane”, “\Tab”, “TypeNane“, “\Tab”,
“ address.. _type”, “\Tab”,
“ address.. _reference”, “\Tab”,
“ address.. offset”, “\Tab”,
“ address.._subindex”, “\Tab”,
“ _address.._node”, “\Tab”, “ _address.._start”, “\Tab”,
“ _address.._interval”, “\Tab”, “_address.. _reply”,
“\Tab”, “_address.._datatype”, “\Tab”,

“ address.. drv_ident”, “\LF";

Addr essLi ne = El ement Name, “\Tab”, DPTNane, “\Tab”, I|ntegerNunber,
“\Tab”, DBQString, “\Tab”, IntegerNunber, “\Tab”,
I nt eger Nunber, “\Tab”, AddressMode, “\Tab”, Ti neVal ue,
“\Tab”, TinmeValue, “\Tab”, TinmeValue, “\Tab”,
I nt eger Nunber, “\Tab”, DBQString, “\LF".

Addr essMbde = “\”, | nteger Number;

(* Section for defining comments and alias nanes for DPs and DPEs *)
Comrent Sect = Comment Hdr, { CommentlLine }-;
Comment Hdr = “Aliasld”, “\Tab”, “AliasNane”, “\Tab”,
“Coment Nane”, “\LF";
Comment Line = (DPNane | El enent Nane), “\Tab”
Al i asNane, “\Tab”, DB@tring, “\LF";
Al i asNane = PVSSi dentifier;

Listing 4-3 EBNF representation of the ASCII Manager file format

Remarks on the EBNF listed above:
Theterminal symbol “\LF" denotes a new line in the text file, “\Tab” denotes a tabulator. The
following non-terminal symbols are not resolved in the above grammar:

* PVSSidentifier: acharacter string containing the name of aDPT, DP or DPE. For
restrictions applying to PV SSidentifiers, please refer to [ETM, 2000].
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* DBQString: adouble quoted character string (e.g. “adouble quoted string”).

e Sinpl eDPEType, ArrayDPEType, Struct ureDPEType: a numeric identifier for a
PVSS DPE Type (e. g. float, time, dynamic array of integers, structure of strings,
generic structure etc.). For acomplete list, please refer to [ETM, 2000].

* I ntegerNurber : any positive integer number.

As can be seen from Listing 4-3, the ASCII Manager file format is column- and line-based.
That means that different pieces of information belonging to the same definition, e. g. name
and numerical identifier of a DP, are separated by a single white-space character (e. g. a
tabulator). Two definitions are aways separated by a line feed. All sections containing
definitions of the same type, e. g. DPT definitions, DP definitions etc., are preceded by a
header line describing the structure (i. e. the sequence of fields) of the following definitions.

4.3.3.2 Specification of the Data Extraction Script

This extraction will be performed via an SQL script that makes use of the advances features
of the Oracle SQL*PLUS environment. The required information will be selected from the
views in the correct format and directly spooled to atext file.

4.4 Mimic Diagrams

The design of the user interface for the SPS Restart Application is described in this section.
As mentioned in the problem description, the user interface will consist of a series of PVSS
panels displaying the current status of the systems involved in the SPS start-up (see 3.2.4).
The primary objective of the SPS Restart Application isto alow for TCR and PCR operators
to determine in a very efficient way if the SPS is ready to produce a beam. If al the
machine’s sextants are in state “OK”, which means that al the sextants subsystems are
“OK”, the machine can enter the state “BEAM in TT 10". This means that the beam produced
by the PS can be injected into transfer tunnel 10, which then feeds the SPS ring itself (see
Figure 4-12 for a schematic representation of the SPS compl ex).

— e/
Figure 4-12 Schematic representation of the SPS complex
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Asrequired in 3.2.4, only one of the panels will be designed and implemented by the author
whereas the complete series of mimic diagrams will later be developed by TCR operators
who know the systems involved in the SPS start-up much better. The goal of this thesisis to
prepare the development of the user interface in away that the panel created by the author can
serve as an example for the devel opment tasks to be performed by the operators.

As mentioned in chapter 3, the start-up screen of the SPS Restart Application shall give an
overview of the SPS complex and reflect its status on a very high level (e. g. one box per
sextant (BA) and one box for each system that is common to all sextants). By clicking on one
of the BAs, an animated functional diagram of the sextant in question shall be displayed. This
functional diagram shall display the sextant’s subsystems (e.g. raw water, demineralised
water, power supplies, main magnets etc.) aswell astheir current state.

An example of a functional diagram that has been developed in the course of the GTPM
project and that shall serve as a basis for the development of the user interface is shown in
Figure 4-13. For a description of GTPM and the complete series of functional diagrams in
Excel format, please refer to [WWW-STMOQO].
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Figure 4-13 Functional diagram for SPSBA2

Figure 4-13 represents the subsystems of SPS sextant 2 (BA2), including their mutual
dependencies. The colours used in the diagram stand for the organic units at CERN that are
responsible for (emergency) intervention in case of a breakdown of the system concerned.
The meaning of the boxes represented in the diagram and their dependencies will not be
explained in detail. We will content ourselves with knowing that the functional diagrams shall
serve as a basis for the implementation and that the state of all the subsystems represented in
the diagrams should a so figure in the SPS Restart Application’s panels.

In order to guarantee a consistent look-and-feel throughout all the mimic diagrams of the
application, a set of user interface guidelines had to be established. The objective of these
guidelinesis to make the panels easy to “read” (self-explanatory) and thus easy to use for the
operators. In addition to some font and layout definitions that shall not be treated here, a set of
colour codes for representing equipment states has been defined. These colour codes are
presented in Table 4-10.
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State Colour Description

ST_K green The system in question is OK and switched on. It is thus
working normally.

ST_OFF white The system in question is OK but switched off. It is thus
inactive for the moment.

ST_WARNI NG yellow The system has a problem (e. g. acritical temperature has
been reached) but is still working.

ST_FAULT red The system in question is in a bad state and not working
any more.

ST_NO DATA blue The current state of the system cannot be determined
(e.g. due to a hardware, transmission or driver problem).

ST_I NH BI TED grey The equipment is out of service (e.g. for maintenance).

ST_NOT_ANI MATED  dark grey

Table 4-10 Definition of system states and colour codes

The most essential and at the same time most difficult task during the panel design was to
analyse and understand how the states of all the subsystems can be determined. First, all
hardware elements related to a subsystem (e.g. voltmeters, breakers etc.) had to be identified
in co-operation with TCR operators. Second, the PVSS DPE representing these hardware
elements had to be determined and finally, a set of conditions had to be defined for each
subsystem in order to find out whether the system is OK, OFF, FAULTY etc.

An example of such an analysis will be given in section 5.4 of the following chapter, where
the implementation of the user interface pand is explained.
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5. IMPLEMENTATION

Following the software project lifecycle, this chapter describes the technical details of the
project’ simplementation, based on the results of the detailed design presented in chapter 4.

5.1 System Architecture

The PVSS system for the SPS Restart Application was implemented exactly as specified in
chapter 4.1. No additional software development was required for the system’s set-up apart
from the modification of several operating system settings and the adaptation of PVSS
configuration files. How PVSS is ingaled in a redundant and distributed way is well
documented in [ETM, 2000] and shall not be treated here. All the same, we want to
summarise the tasks that had to be performed for the implementation of the PV SS core system
on the redundant Linux servers and for the installation of a PVSS user interface on a
Windows NT Workstation. Figure 5-1 gives an overview of the whole PVSS system
implemented for the SPS Restart Application.
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Figure 5-1 Overview of the PVSS system’simplementation
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Figure 5-1 is a synopsis of Figure 4-1 and Figure 4-2 of the System Design chapter,
complemented by the names of the servers and by the software parts and configuration files
that had to be installed on each of the computers. The machines represented by boxes have
been modified by the author whereas machines represented by pictograms have been used
“asis’ —as external systems.

511 Set-up of the Redundant Linux Servers

This section presents a list of all tasks that had to be performed to make the core PVSS
system for the SPS Restart Application run, as specified in 4.1.4. Both Linux servers,
Inxoptim1 and Inxoptim2, have been configured identically.

5.1.1.1 Additional Hardware Installation

In addition to the hardware specified in section 4.1.4, the following components had to be
installed:

» Two 100 MBIt network adapters on each of the servers.
e A direct connection between the two servers.
« A connection to the CERN network for each of the servers.

5.1.1.2 Softwarelnstallation

» Installation of Redhat Linux 6.1, including CERN-specific packages (see [WWW-
CERNLNX]).

* Installation of PVSSII 2.11.1 (see[ETM, 2000]).

» Installation of thelibraries required by the TDS and SL-Equip drivers (i. e. SL-Equip,
Xdal and Talarian SmartSockets®).

* Installation of the TDS Driver Manager developed at CERN.

* Installation of the SL-Equip Driver Manager developed in the course of the SPS
Restart Application project (see section 5.2).

* Installation of the database loader script specified in section 5.3.

5.1.1.3 Software Configuration

» Creation of auser account for the PV SS project.

» Creation of aPVSS project (called st _t si ) in the PV SS user's home directory.

* Modification of the project's configuration files to activate redundancy and
digtribution features. Relevant parts of the configuration files concerned are listed in
Appendix A.

* Creation of NFS mount points for the project directories of the redundancy partners
(Inxoptim1 mount Inxoptim2 and vice versa). These remote directories will be used
for synchronising with the on-line database of the redundancy partner on start-up.

* Moaodification of the shell environment of the PV SS user (activation of Oracle network
installation, setting of PV SS-specific environment variables, paths etc.)

» Extraction of static configuration data from the TDRefDB (by means of the database
loader script described in section 5.3.).

» Injection of gtatic configuration data (DPT, DP, DPE and config definitions) in PV SS
by means of the PV SS ASCII Manager.

5.1.2 Set-up of the Windows NT Workstations

The set-up of the NT Workstations for running the PVSS user interface was much simpler.
No additional hardware was required. The following task list is based on the assumption that
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the PV SS user interface project is set up on a workstation with a standard CERN Windows
NT 4.0 ingtallation (including network access).

5121 Softwarelnstallation
e Installation of PVSSII 2.11.1 (see [ETM, 2000]).

5.1.2.2 Software Configuration

* Mounting (mapping) of the file server's network share containing PVSS panels,
SCripts etc.

» Creation of aPVSS I user interface project (see [WWW-ITCQ]).

* Madification of the project’s configuration files to load panels and scripts from the
file server and to connect to the redundant PV SS servers.

5.2 Driver Implementation

This section covers the implementation of the PV SS Driver Manager to SL-Equip as specified
in section 4.2. Class design and run-time behaviour (object design) of the driver have been
described in the System Design chapter; we only concentrate on implementation issues that
have not been treated in sufficient detail. Some interesting details of the implementation are
highlighted, e.g. how UNIX signals are used for debugging purposes, how a connection to
SL-Equip is established and how the driver’ sinternal DP lists are managed.

521 Implementation Constraints

The SL-Equip driver has been implemented in C/C++, using the PVSS and SL-Equip
Application Programming Interfaces (APIs). Wind River's SNiFF+™ tool, an Integrated
Development Environment (IDE) for C, C++, Java, Fortran and CORBA IDL, was chosen for
source code editing, for it is one of the most powerful IDES available on Linux. One of the
Linux servers described in the previous section was used as a development machine in order
to guarantee that the driver is developed and tested in the same environment in which it will
later become operational. The driver was compiled and linked with the Gnu C++ compiler
(g++), using the standard UNIX nmake tool rather than the make utility provided by Sniff.
The C++ programming and documentation guidelines provided by ETM ([WWW-ITCOQ]),
which have been developed for the implementation of the PVSS API, have equally been
applied for the development of the SL-Equip driver.

Doc++, a documentation system for C/C++ and Java generating both, LaTeX output for high
quality hardcopies and HTML output for online browsing (see [WWW-DOC++]), has been
used for automatically generating a system documentation for the SL-Equip driver. The
documentation was extracted from special JavaDoc-style commentsin the C++ header files.

5.2.2 Implementation of the Classes

The structure of this section corresponds to the structure of the classes required for the
implementation (see 4.2.3), starting with the driver’s core class: SeDriver.

5221 SleDriver

As mentioned in 4.2.3.1.1, the SL-Equip Driver Manager (SeDriver) class is the heart of the
driver, managing the control flow of the process as well as the connection to PV SS and to the
periphery.
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The implementation of the install_Hwservice(), install_HMWapper() and
get HWbj ect () methods is obvious from their specification. We will thus concentrate on
the si gnal Handl er () method that handles two signals received from the operating system:

* Sl GTERM (15) isreceived when the driver is supposed to terminate.

* SIGHUP (1) isreceived in case of a hang-up of the controlling terminal. As the SL-
Equip driver will run as a background process, there is no need to handle SI GHUP.
The signal has thus been redefined as a “ S| GEBUG’ that causes the driver to switch
on/off debug messages.

How the signal handler was implemented is shown in Listing 5-1. When SI GTERM is
received, the driver's interna mode is set to DRVMODE_EXI TING which causes the
mai nLoop() method to exit and the driver to close down al its connections before it
terminates, as described in 4.2.4.3. When SI GHUP is received, the swi t chDogLevel ()
method of the SeResources class is called. This method changes the value of the
Resour ces: : dbgLevel class variable that is checked each time before debug messages are
issued. This feature is very practical, for the user can switch on/off debugging by sending a
kill -1 to the processfrom the command line, without having to stop/restart the driver. As
a conseguence, the current process image is not lost and the debug messages written to the
driver's log file perfectly reflect the situation that has lead to a problem. All other signals are
handled by the super class of SeDriver.

#i ncl ude <si gnal . h>
jmp_buf SleDriver::junpBuf;

void SleDriver::signal Handler( int signal ) {
switch (signal) {
case S| GHUP:
Sl eResour ces: : swi t chDbgLevel ();
cerr << "Debug node " <<
(Resources: : get DbgLevel () ? "ENABLED." : "Dl SABLED.") << endl
br eak;
case Sl GTERM
cerr << "exiting - please wait
i nt ernal Mode = DRVMODE_EXI Tl NG,
| ongj mp(j unpBuf, 1);
br eak;
defaul t:
Dr vManager : : si gnal Handl er (si gnal ) ;
} // switch
} // signal Handl er ()

Listing 5-1 Implementation of the sgnalHandler method (SleDriver class)

5.2.2.2 SeResources

As specified in section 4.2.3.3.2, the SeResources class manages static driver configuration
information. Its methods read driver-specific sections of the PV SS configuration file and store
its content in static class variables.

As the SL-Equip driver does not need any additional information from the configuration file,
the methods begi n() and readSection() contain a dummy implementation. Hence, the
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methods of interest are those that are used for the implementation of the debugging
mechanism mentioned in the previous section:

* The end() method is supposed to override configuration options specified as
command line parameters. Since the SL-Equip driver does not need to override any
of these options, it smply calls the end() method of the super class (DrvRsrce).
Subsequently, the currently set debug level (dbgLevel ) isread out and an additional
class atribute (Sl eResour ces: : saveSwi t chDogLevel ) is set depending on this
value. If debugging is active (dbgLevel > 0), the saveSwi t chDbgLevel attribute
is set 0, otherwise 1. The saveSwi t chDbgLevel variable is used to toggle
debugging on/off in the swi t chDbgLevel method.

* The set DogLevel () method sets the driver’s internal debug level by assigning a
positive integer value to the Resour ces: : dbgLevel class member.

* The switchDbgLevel () method exchanges the current value of the dbgLevel
variable with the value of saveSwi t chDbglLevel (toggle functionality). The method
is called by the handler for SI GHUP, as described in the previous section.

The code of the three methods described above is listed in Listing 5-2. Commands for
generating debug output and some comments have been removed for reasons of brevity.

unsi gned | ong Sl eResour ces: : saveSwi t chDbglLevel ;

/[** Initialise saveSwi tchDbglLevel variable according to the
* debug Il evel specified on the comrand |ine (dbgLevel).
*/
void Sl eResources::end(int &irgc, char *argv[]) {
DrvRsrce: : end(argc, argv);
i f (Resources:: get DogLevel ())

Sl eResour ces: : saveSwi t chDbglLevel = 0;
el se
Sl eResour ces: : saveSwi t chDbgLevel = Resources: : get DbglLevel ();

}

/** Set the specified debug |evel.
*  @aramlevel debug level to be set (integer >= 0)
*/
static void Sl eResources::setDbglLevel (unsigned |long |evel) {
if (level > 0)
Resour ces: : dbglLevel = |evel;
el se
Resour ces: : dbgLevel

0;
}

/** Toggl e debuggi ng on/ of f */

static void Sl eResources:: sw tchDbgLevel () {
unsi gned | ong ol dLevel = Resources::dbglLevel;
set DbglLevel (Sl eResources::saveSw tchDbglLevel);
Sl eResour ces: : saveSwi t chDbgLevel = ol dLevel ;

}

Listing 5-2 Implementation of the switchDbgL evel method (SleResour ces class).

5223 SeMapper

As the name implies, the SeMapper class performs the mapping (1) between PVSS DP
identifiers and peripheral addresses (PeriphAddr) and (2) between peripheral addresses and
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SL-Equip Hardware Objects (SeMapObj). As specified in 4.2.3.1.3, its most essential task is
to add/remove peripheral addresses to/from the internal lists managed by the HWMapper
super class. This task is performed by the addDpPa() and cl r DpPa() methods with the
interfaces listed below:

PVSShool ean Sl eMVapper: : addDpPa( Dpl dentifier &dpld, PeriphAddr *confPtr)
PVSSbool ean Sl eMapper: : cl rDpPa(Dpl dentifier &pld, PeriphAddr *confPtr)

The cl r DpPa() method tries to find the hardware object (SeMapObj) corresponding to the
peripheral address it receives as a parameter by means of a tool function provided by the base
class. If such an object is found, it is removed from the internal list of hardware objects by
means of a call to the cl r HWDbj ect () of the HWMapper class. Subsequently, the
cl rDpPa() method of the base classis called in order to remove the peripheral address from
theinternal list aswell.

The addDpPa() method is fairly more complicated; its code is listed in Listing 5-3. First of
all, an appropriate Transformation has to be assigned to the PeriphAddr object received as a
parameter. The Transformation subclass to be instantiated is determined in accordance with
the transformation type of the periphera address, which was specified by the user during the
configuration of the _address config (see 4.2.3.1.3). The fully configured PeriphAddr object
is then added to an interna list by a call to the addDpPa method of the super class. If this
operation succeeds, a new SeMapObj is created and filled with information contained in the
peripheral address (address string, transformation type, data length etc.). The fully configured
hardware object is also added to an internal list by a call to the addHWj ect () method
provided by the super class. If all described steps are successful, PVSS_TRUE is returned,
otherwise the method returns PVSS_FAL SE.

PVSSbool ean Sl eMapper: : addDpPa( Dpl dentifier &dpld, PeriphAddr
*confPtr) {
/1 Set the appropriate transformation type for the config
switch (confPtr->getTransfornmati onType())
{
case Sl eTransl nt Type
conf Ptr->set Transform(new Sl eTranslint); break;
case Sl eTransStringType
conf Ptr->set Transforn{new Sl eTransString); break;
case Sl eTransFl oat Type
conf Ptr->set Transf orn( new Sl eTransFl oat); break;
defaul t :
/1 Error handling for types that are not handled by the driver
ErrHdl ::error(

Err d ass: : PRI O SEVERE, /'l Severe error

Err d ass: : ERR_PARAM /1 1t was a wong type
Err C ass: : UNEXPECTEDSTATE, /1 Never expect

"Sl eMapper", "addDpPa", /1 Cass and net hod
CharString("lllegal transformation type ") +

CharString( (int) confPtr->getTransformati onType())

);
if (!confPtr->get Name)
return PVSS_FALSE;
conf Ptr->set Transforn{new Transformation());
/1 Al though there was an error add the config to the |ist
/1 but don’t create a HWhbject for it.
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return HWapper: : addDpPa(dpld, confPtr);

}
/1 Call the addDpPa nethod of the super class, which adds the fully
/1 configured PeriphAddr object to its internal |ist.
i f (!HWhpper::addDpPa(dpld, confPtr))
return PVSS FALSE;

/1l Create a new Sl eMapbj for the given PeriphAddr.
Sl eMapObj * obj Pt r= new Sl eMapQbj (confPtr);

/1 Set address and subi ndex appropriately

obj Pt r->set Address(conf Ptr->get Nanme());

obj Pt r - >set Subi ndex( conf Ptr - >get Subi ndex());

obj Ptr->set Type(conf Ptr->get Transform()->i sA());

obj Ptr->setDl en(conf Ptr->get Transforn{)->itentSi ze());
/1 add the new Sl eMapQbj to the |ist

addHWDbj ect (obj Ptr);

return PVSS_TRUE;
} // addDpPa

Listing 5-3 Implementation of the addDpPa method (SleM apper class)

The implementation of the act ual i ze() method isvery similar to that of addDpPa() . It is
called if achange in the peripheral address is triggered by the hardware, which will never be
the case for the SL-Equip driver.

5224 SeMapObj

The SeMapObj class was implemented following its specification in 4.2.3.3.1. As it mainly
consists of set XXX() and get XXX() methods for reading and writing the different
components of an SL-Equip address (specified in 2.3.2 and 4.2.2), we will not treat it in more
detail here.

5225 SleSrvHdI

As specified in 4.2.3.1.2, the SL-Equip Service Handler (9eSrvHdI) class handles read and
write requests to the SL-Equip middieware. The singl eQuery() and witeData()
methods — the fina links in the data acquisition and command chain of the driver —had to be
overwritten for this purpose.

The framework callsthe si ngl eQuery() method whenever the value of a periphera address
needs to be polled from SL-Equip (e. g. when the polling time for a particular DPE has been
reached). The peripheral address of the DPE to be retrieved is packed into a HWODbject by the
framework and then passed to the si ngl eQuery() method as an input parameter. The
si ngl eQuery() method first finds the SeMapObj corresponding to the HWObject received
from the SeMapper’sinterna list. The SL-Equip address information contained in this object
is then extracted and some SL-Equip variables (name of equipment host, timeout etc.) are set.
The address information is packed into an SL-Equip client call (EQUI P() function) that is
supposed to acquire the desired value from the hardware. If the client call is successful, the
received data is packed into a new SeMapObj and communicated to PVSS via a call to the
t oDp() method of the SeDriver class. In return, the SeDriver calsthet ovar () method of
the Transformation object associated with the SeMapObj and finally communicates the new
value to the Event Manager. If the client call fails and SL-Equip returns an error code, the
error number is converted into a binary representation and the status bits of the SeMapObj
are set accordingly. Also in this case, thet oDp() method isinvoked in order to communicate
the error information to the Event Manager and, as a conseguence, to the user.
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ThewiteData() method does exactly the opposite of si ngl eQuery(), writing changed
values to SL-Equip and transmitting them to the equipment in the field. The logic
implemented in the function is still very similar, as the EQUI P() function provided by the SL-
Equip API works in both directions, for sending as well as receiving data. Naturally, no value
is transmitted to PV SS as aresult of the action.

The C++ code for the si ngl eQuery() andwiteData() methodsislistedin Appendix B.

5226 SeTransXXX

Derived from the general Transformation class provided by the PVSS API, the SeTransXXX
classes are used for any transformation from SL-Equip values to PVSS DPE values and vice
versa. The functionality of these classes methods is specified in chapter 4.2.3.2. We take
SeTransFloat as an example to describe the implementation of a transformation; SeTransint
and SeTrans3tring have been implemented analogously.

The itenti ze() method returns the size in bytes of a single value of the type to be
transformed. For SeTransFloat objects, thei t eni ze() method returns 8.

ThetoPeri ph() method is used for converting data in the command direction. The driver
framework writes the data to be transformed into a Variable object and passes it to the
method as an input parameter, together with the length of the data and, eventually, a sub-
index designating the position of the element within a dynamic array. Furthermore, the
framework allocates a buffer in which the t oPeri ph() method is supposed to write the
transformed value (output parameter). t oPeri ph() first checks if the type of the Variable
object received is either FLOAT_VAR (for floating-point values) or DYN VAR (for dynamic
arrays). If the type is FLOAT_VAR, the value is directly copied into the right position of the
output buffer, which is calculated from the sub-index and the itentSize (buffer +
subi ndex * itensize()). If the variable type is DYN_VAR, each of the array’s elements
has to be processed separately. All elements (which are expected to be of type FLOAT_VAR)
are extracted and transformed in recursive cals to toPeriph(). The method returns
PVSS_TRUE if the transformation is successful.

PVSSbool ean Sl eTransFl oat: :t oPeri ph(PVSSchar *buffer, PVSSuint |len ,
const Variable &var, const PVSSuint subi x) const

{

/1 Be paranoi ac, check variable type
if (var.isDynVar()) {
const Variable *varPtr = 0;
int i =0;
for (varPtr = ((const DynVar & var).getFirstVar();
varPtr = ((const DynVar &) var).getNextVar(); i++) {
/1 call yourself recursively
if (! toPeriph(buffer, len, *varPtr, subix+i))
return PVSS FALSE;
} I/ for
Yy oILOif
/1 Single float (in reality: double) val ue
else if (var.isA() == FLOAT_VAR) {
/1 Check if subindex and data length (len) match - avoid
/1 overwiting the end of the buffer
if ( len > subix * itentize() ) {
double d = ((Fl oatVar&) var).getVal ue();
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mencpy( &buffer[subix * itentize()], &d, itentSize() );
Y ILOif
el se {

/1 Data | ength was incorrect

ErrHdl ::error(

Err Cl ass: : PRI O SEVERE, /1 Data will be | ost

Err d ass: : ERR_PARAM /1 Wong paraneterisation
Err C ass: : UNEXPECTEDSTATE, /1 Never expect

"Sl eTransFl oat", "toPeriph", /1 File and function nane

"Wong variable length for data" /1 don't know DP
)
return PVSS FALSE;

} I/ else
} I/ else
el se {
ErrHdl ::error(
Err d ass: : PRI O SEVERE, /1l Data will be |ost
Err d ass: : ERR_PARAM /1 Wong paranetrization
Err d ass: : UNEXPECTEDSTATE,
"Sl eTransFl oat", "toPeriph", /1 File and function nane
"Wong variable type for data" /1 don't know DP

);

return PVSS FALSE;
} I/ else
/1 Everything OK
return PVSS_TRUE;

Listing 5-4 Implementation of the toPeriph method (SleTransFloat class)

The toVar () method is used for transforming values obtained from SL-Equip to PVSS
variables; it is thus the counterpart to the t oPeri ph() method. A buffer containing the data
to be transformed, the size of the buffer and a sub-index are passed to the method as input
parameters. Firgt, it has to be ensured that the given sub-index, multiplied by it enfi ze(),
does not exceed the size of the input buffer, which would inevitably lead to an exception. If
the input parameters are correct, the value is copied into a FloatVar variable which is then
returned to the cdler. If theinput parameters are incorrect, the method returns NULL.

Finally, the i sA() method returns the TransformationType represented by the class,
i.e Sl eTransFl oat Type.

As mentioned above, the implementation of SeTransint and SeTrans3tring is very similar,
apart from the fact that SeTransString does not support dynamic arrays. Contrary to floats or
integers, the length of astring (i. e. itsi t enti ze() ) cannot be determined in advance.

5.2.3 Implementation of the Driver Configuration Panel

In order to configure the DPES to be retrieved by the SL-Equip driver conveniently via the
PV SS user interface, a new panel had to be created. Thanks to a PV SS naming convention,
this pandl is integrated into the PV SS parameterisation module and displayed as soon as the
_address config of a DPE connected to the SL-Equip driver is modified.

A screenshot of the panel implemented for the SL-Equip driver is shown in Figure 5-2. The
left part of the screenshot shows the DP hierarchy browser of the PVSS PARA module while
the right part shows the parameterisation panel described in this section. In the left upper part
of the panel, SL-Equip address information (consisting of family, member, host action and
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user option) is entered. The host and user option fields are optiona. In the right upper part,
polling start time, polling interval and request timeout in seconds are configured. In the lower
part of the panel, the number of the driver to which the DPE shall be connected, the
input/output direction and the SL-Equip mode (~ datatype in SL-Equip) are specified.

i‘;iq\l"isiun_t data point parametrization
Fle Panel 2
r filter options:
™ internal datapoints . .
P 4 SL-Equip Driver Manager
dp-filter: —SL-Equip Address——  —Palling StatTime———————— —Polling Options
o8 ELEC2 " Farnily: IELECA]. ; Morthly Interval (secs.): ISDD
-] ELBARI_EMD413 Weekly . = )
: - - I H : |1n
& () ELECAT EBD213 = hember: |EBD411  Daily aur 0 = Timeout (secs.):
EI-(J ELECA1_EBD41 . I & Every Hour {min winute: [0 =l
Bl allgemein Infoit w Wit =
B sperre Action: IPAV
=-[53] Py
: User Opt.: I
o == i
agemen —Drriver Configuration
SPEe
LLE verteil . . - ™ Lowlevel
-5 PUW Driver Mumber: |2 :I
#-[54 Qay o Eend
) GR& Driver Type: Wite to SL-Equip )
-[53] 54D @ Read data from SL-Eguip
[-[58] SaL . -
(5] 5TV hode: AR (32-bit real array) J
1[5 WA
B-C2] ELECA1_EMDOOT
-3 ELECAI_EMDO0Z
-2 ELECA1_EMD110
@[ ELECAT_EMD111 oK Appl Cancel Hel
-] ELECA1_EMD112 | pply | | p
- ELECAT_EMD2M hd

Figure 5-2 Screenshot of the parameterisation panel for the SL-Equip driver

An initialisation script is executed whenever the pand is displayed. It cals alibrary function
that reads out the configs attached to the current DPE and fills the GUI elements with
appropriate values. Subsequently, the user can modify these values conveniently via the panel
and save them by clicking on the OK or Apply button. Clicking on one of these buttons also
triggers the execution of a script that processes the information contained in the GUI elements
and saves them to the appropriate configs of the DPE concerned. The PVSS run-time system
then takes care of transmitting the changed values to the Event Manager, which forwards
them to the Database Manager and the SL-Equip Driver Manager. As soon as the driver has
received the changes, it appliesthem to itsinternal lists (SeMapper class).

This pandl will only be used for configuration purposes once the system has become
operational, for the initial driver configuration is generated automatically from information
stored in the TDRefDB (see chapter 4.3). Even so, it will serve as a practical means for
testing whether the configuration information was imported correctly and for experimenting
with parameters as the polling interval or the different timeouts.

5.3 Implementation of the Static Configuration Database

This section focuses on the implementation of the static configuration database. First of al,
the implementation of the TDRefDB database structure specified in 4.3.1 is presented. After
that, the code of the scripts for importing data into this structure is explained. Finally, the data
loading SQL script for extracting data from the TDRefDB and generating ASCII Manager-
compatible text filesis explicated.
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5.3.1 TDRefDB Database Structure

For the implementation of the TDRefDB structure described in chapter 4.3.1 (Database
Design), the creation of the tables containing the data (4.3.1.2) and the creation of the user
views (4.3.1.3) have to be distinguished.

53.1.1 TDRefDB Tables

The TDRefDB table structure was generated automatically from the server model diagram
depicted in Figure 4-8. The diagram was created using Oracle Designer® 2000, a powerful
CASE tool for database design that supports the automatic generation of database schemata
from so-called server models. A re-engineering option, called design capturing, allows the
generation of server model diagrams from existing database structures. This inverse approach
was chosen for creating the server model diagram of the user views described in the ensuing
section.

53.1.2 TDRefDB User Views

The user views depicted in Figure 4-9 were created manually, by means of an SQL script. The
SELECT statements for assembling the data contained in the views are rather complex,
including multiple joins, subqueries and meta columns. Thisis why tool-supported generation
would not have facilitated the task of view creation. So, only the reverse-engineering option
of Designer 2000 was used to create the server model diagram depicted in Figure 4-9.

We illustrate the view creation process by means of an example, the VPVSS_DPT and
VPVSS DPE views. As mentioned in 4.3.1.3, DPTs are declared in VPSS DPT and their
hierarchical structure of DPESs is defined in PVSS_DPE. The SELECT statements used for
creating the views are listed in Listing 5-5.

CREATE OR REPLACE VI EW vpvss_dpt AS
SELECT dpt _name, dpt_type, dpt_conment
FROM pvss_dpt
ORDER BY dpt _nane;

CREATE OR REPLACE VI EW VPVSS_DPE(
dpt _name, dpe_l evel, dpe_nanme, dpe_type, dpe_reftype

)
AS SELECT
dpt. dpt _name, dpe_l|level, dpe_name, dpe_type, dpt2.dpt_nane
FROM (
-- hierarchical subquery as one of the data sources
SELECT dpe_dpt_id, dpe_id, level dpe_level, dpe_name, dpe_type
FROM pvss_dpe
START W TH dpe_id IN (
SELECT dpe_id FROM pvss_dpe WHERE dpe_parent IS NULL )
CONNECT BY PRI OR dpe_id = dpe_parent
) dpe,
pvss_dpt dpt,
pvss_dpe_typeref dpet,
pvss_dpt dpt2
VWHERE
dpt.dpt _id = dpe.dpe_dpt_id AND
dpe. dpe_id = dpet.dpet_dpe_id (+) AND
dpet.dpet _dpt _ref = dpt2.dpt_id (+)
ORDER BY dpt _nane;

Listing 5-5 Statementsfor creating the VPVSS DPT and VPVSS DPE views (SQL)

-78-




A PVSS Application for Monitoring the SPS Start-up Implementation

The statement for creating the VPVSS_DPT view only selects three columns of the PVSS_DPT
table and sorts the results by dpt _nare.

The definition of the VPVSS_DPE view isfar more complex. First of al, it contains data from
four different sources:

* PVSS DPT isused twice: once for selecting the name of the DPT associated with the
DPE described by the record and once for selecting the name of a DPT that could
eventually be referenced the DPE.

* PVSS DPE TYPEREF isused to find theidentifier of DPTsthat are referenced by one
or more DPEs.

* A hierarchical subquery presents the columns of PVSS_DPE in a different format and
includesthe level of hierarchy for each DPE.

These four sources require the definition of threejoin criteria

* PVSS DPT (dptl in the statement above) and PVSS DPE are joined by an inner
join on the DPT identifier.

* PVSS DPE and PVSS DPE TYPREF are joined by a right outer join on the DPE
identifier.

e PVSS DPE TYPREF and PVSS _DPT (dpt 2 in the statement above) are joined by a
right outer join on the identifier of the referenced DPT.

Finally, the returned records are ordered by dpt _nane.
We illustrate the abstract description given above by an example, falling back on our sample

DPT TypeA, defined in section 4.3.1.2.2. A query for all elements of TypeA would return the
following result:

DPT_NAVE DPE_LEVEL DPE_NAME DPE_TYPE DPE _TYPREFF
‘ TypeA 1 ‘aFloat’ 22 NULL
‘ TypeA 1 *aDFl oat’ 6 NULL
‘TypeA 1 ‘aStruct’ 1 NULL
‘ TypeA 2 ‘anint’ 21 NULL
‘ TypeA 2 ‘aBool 23 NULL

Table 5-1 Example of a DPT definition in VPVSS DPE

The SQL statements for creating the remaining four views (VPVSS_DP, VPVSS_ ADDRESS,
VPVSS_DiI STRI B and VPVSS_DPE_COWENT) are not discussed in detail.

5.3.2 Import of Existing Configuration Information in the TDRefDB

This section describes the implementation of the data import scripts and procedures specified
in chapter 4.3.2.3. First, the implementation of the PL/SQL procedures for importing TDS
configuration information is explained. Thereafter, the implementation of the Perl scripts for
importing the contents of SL-Equip configuration filesis dealt with.

5321 Implementation of PL/SQL Proceduresfor Importing TDS Configuration Data

This section describes the implementation of the import strategy for static TDS configuration
data as specified in chapter 4.3.2. As mentioned above, PL/SQL, Oracle's procedural
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language (PL) superset of the structured query language (SQL) [Koch and Loney, 1997], was
used for the implementation. The following four procedures have been implemented and
grouped together in a PL/SQL package named PVSS:

(1) I nport_DPT (for importing DPTs and their subordinated DPES),
(2) I nport_DP (for importing DP declarations),

(3) I nport_Coment (for filling the PVSS_DPE_COMMENT table) and
(4) I nport _Address (for filling the PVSS_ADDRESS table).

The four procedures have to be executed in the order in which they are listed above (though
(3) and (4) can be exchanged), respecting their mutual dependencies. As the import strategy
for each of the TDRefDB tables has been described in avery detailed manner in chapter 4, we
only pick out one of the procedures (I nport _DPT) that serves an example for the discussion
of implementation-specific issues. The other procedures are very similar in functioning and
logic.

Oracle Stored Procedures usually consist of three parts:

(1) a declarative section in which all variables, constants and cursors used in the
procedure must be declared,

(2) an instruction section consisting of a series of procedurd language constructs and
SQL statements and

(3) an optional exception handler section in which errors occurring during the
procedure’ s execution are handled.

We dgart with the | nport _DPT procedure’s declarative section. In addition to severa
constants representing PV SS DPE types (DPEL_FLQAT, DPEL_| NT, DPEL_STRUCT etc.) and
some auxiliary variables, the procedure declares two explicit cursors® for selecting the data to
be processed from the VPTS PVSS view (see 4.3.2.2.1, Figure 4-11). The first cursor
(dpt _cursor) retrieves alist of distinct DPT names to be declared in the PVSS_DPT table;
the second one (dpe_cur sor) retrieves alist of distinct DPE names and address modes for a
specific DPT specified as a cursor parameter.

The instruction section of the | nport _DPT procedure isimplemented as follows:

(1) The cursor containing the names of the DPTsto be created is opened.
(2) For each row fetched from the cursor:

(@ A new PVSS DPT record is created. The element type for the DPT is
DPEL_STRUCT by default, for all DPTs have subordinated elements and are thus
represented by structuresin PV SS.

(b) A list of DPE for the DPT is obtained by means of the dpe_cur sor. For each
row fetched from this second cursor, one record in the PVSS DPE table is
created. If the address modeis‘I’, the element type is derived from the attribute’s
name; if the address mode is ‘O’, the element type is DPEL_STRUCT and three
subordinated (child) PVSS_DPE records are created. These three dependent

* Cursors are PL/SQL constructs representing named work areas for the execution of SQL statements
and for storing processing information ([Oracle, 1997]). They are particularly useful when a query
returns multiple rows that need to be processed one by one.
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records represent the elements of a special TDS command structure consisting of
a TagName, a ReportCode and a ReportMessage. This command structure is used
for all TDS DPEsin the command direction.
(c) The current transaction is committed.
(3) An auxiliary procedure that automaticaly fillsin the dpe_f ul | _name column of the
PVSS_DPE tableis called.
(4) The current transaction is committed.

The current implementation of the | mport _DPT procedure does not have an exception
handling section. The (simplified) code is listed below.

PACKAGE BODY PVSS | S
PROCEDURE | MPORT_DPT | S

-- auxiliary constant val ues
dpel _struct CONSTANT NUMBER(2):= 1;
dpel float CONSTANT NUMBER(2):= 22;
dpel _i nt CONSTANT NUMBER(2):= 21,
dpel _bool CONSTANT NUMBER(2):= 23;
dpel _string CONSTANT NUMBER(2): = 25;
dpel _typeref CONSTANT NUMBER(2):= 41,

v_dpt _id NUMBER(9); -- DPT identifier

v_command_dpt _i d NUMBER(9) ; -- ldentifier of the Comrmand DPT
v_dpe_i d NUMBER(9); -- DPE identifier

v_dpe_t ype NUMBER(?2); -- DPE type identifier

CURSOR dpt _cursor 1S
SELECT DI STI NCT dpt name dpt _nane
FROM VPTS_PVSS
ORDER BY dpt _nane;

CURSOR dpe_cursor (p_dpt_name IN VARCHAR2) IS
SELECT DI STI NCT
dpt name dpt _nane,
attrname dpe_nane,
addr node dpe_node
FROM VPTS_PVSS
WHERE dpt nane = p_dpt_nane
CRDER BY attrnane;

FOR dpt I N dpt_cursor LOOP
| NSERT | NTO PVSS_DPT VALUES (
dpt _id. nextval, dpt.dpt_nane,
dpel _struct, 'TDS Data Point Type'

);
FOR dpe I N dpe_cursor (dpt.dpt_nanme) LOOP
-- Get IDfor existing DPT
| F dpe.dpe_nbde = '1' THEN
| F UPPER( SUBSTR( dpe. dpe_nane, 2, 1))
UPPER( SUBSTR( dpe. dpe_nane, 2, 1))
v_dpe_type : = dpel _float;
ELSE
v_dpe_type: = dpel bool;
END | F;

M OR
"L' THEN
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ELSE
v_dpe_type: = dpel _struct;
END | F;
SELECT dpe_id. nextval INTO v_dpe_id FROM dual
| NSERT | NTO PVSS_DPE VALUES (
v_dpe_id, dpt_id.currval, dpe.dpe_nane,
v_dpe_type, NULL, NULL
)
| F dpe. dpe_nbde = 'O THEN
-- Explicitly create instances of the comand type's DPEs
| NSERT | NTO PVSS_DPE VALUES (
dpe_i d. nextval, dpt_id.currval, 'TagNane',
dpel _string, v_dpe_id, NULL
)
| NSERT | NTO PVSS_DPE VALUES (
dpe_i d. nextval, dpt_id.currval, 'Report Code'
dpel _int, v_dpe_id, NULL
);
| NSERT | NTO PVSS_DPE VALUES (
dpe_i d. nextval, dpt_id.currval, 'ReportMessage'
dpel _string, v_dpe_id, NULL);
END | F;
END LOOP;
COW T;
END LOOP;
-- Call the Update DPE procedure to generate the full nanes
-- of the DPEs
Updat e_DPE;
COW T;
END | nport _DPT,;

ot her procedures .

END PVSS;

Listing 5-6 Implementation of the Import_DPT procedure (PL/SQL)
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5.3.2.2 Implementation of Perl Scriptsfor Importing SL-Equip Configuration Data

As specified in section 4.3.2.3, SL-Equip configuration data was extracted from existing
ASCII files and inserted in the TDRefDB by means of Perl scripts. These scripts are
described in the present section.

{ Original SL-Equip }
i Configuration Files | s ) ) :
RS - . Read the given set of input files
. Build up separate lists of
equipments and actions

. . Test all given actions for all given
Perl script ----------- ) h
pieces of equipment
. Build up list of supported actions
for each given equipment
. Write results to a new file

:"I Corrected SL-Equip \"L ______________ >
\  Configuration File ",

Read the lines of the input file.

. Build up a list of DPTs from distinct
lists of supported actions.

. Build up alist of DPs, assigning a
DPT to each given equipment
(depending on its list of actions)

. Write the results to the DB by

means of prepared SQL statements

Perl script -

—

TDRefDB.PVSS

Figure5-3 Import of SL-Equip configuration data

As shown in Figure 5-3 and explained in 4.3.2.3, two scripts had to be implemented: one for
validating and correcting existing configuration data and one for inserting the corrected
information in the TDRefDB.

5.3.2.2.1 Vadidation and Correction of the given information

The first Perl script has to read and merge the information contained in a given set of input
files. This only requires a few file and pattern matching operations that are rather easy to
implement in Perl. When looking for a strategy to validate the given information, however,
the task becomes more delicate. Two questions have to be answered:

(&) How can it be checked whether a given piece of equipment supports a given action?
(b) How can it be discovered whether a given piece of equipment supports any other
actions?

As far as question (a) is concerned, the answer is fairly simple: The equipment has to be
“asked” by means of an SL-Equip client implemented in C/C++. If SL-Equip does not return
an error code (e.g. 66 for “egquipment not found” or 36 for “invalid action”), we conclude that
the equipment supports the given action.

Question (b) is more challenging. Theoretically, we would have to test all possible actions
(i.e. all 26° three-letter combinations) for all given pieces of equipment. In practice, this is
neither feasible nor sensible. We will thus proceed as follows:
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(1) Equipment name and action are separated. Consequently, we obtain one list
containing the identifiers of all pieces of equipment and one list containing all actions
associated with ANY equipment.

(2) Each of the actions on the action list istested for all equipment on the equipment list.

(3) As aresult, a map (i. e. an associative array) of supported actions for each given
piece of equipment is built up and written to the output file.

This procedure does not guarantee that al supported actions for a given piece of equipment
will be found, for there could be actions that are not mentioned in any of the configuration
files. Hence, they would never be tested. For this reason, a manual check of the results by the
persons responsible for the equipment would be desirable.

The code of the Perl script for validating the input filesislisted in Appendix C.

5.3.2.2.2 Insertioninthe TDRefDB

The second Perl script takes the corrected SL-Equip configuration file produced by the script
described in the previous section as input. It reads the data contained in the file and processes
it in away that PVSS DPTs, DPs and _address configs can be extracted and entered in the
TDRefDB.

We illustrate this processing by means of an example. Let us assume that the following
configuration file (which is extracted from areal configuration file) is given:

EMDO02/ A2 ELECA2_EMDOO2 --- --- --- VSN
EBD213/ A2 ELECA2_EBD213 STV SAL SAD ---
EME200/ A2 ELECA2_EME200 --- --- --- VSN
EVD212/ A2 ELECA2_EMD212 STV SAL SAD ---
EBE215/ A2 ELECA2_EBE215 --- --- --- VSN
EVMD213/ A2 ELECA2_EMD213 STV SAL SAD ---

Listing 5-7 Example of a corrected SL-Equip configuration file

First of all, the script has to define DPTs for groups of equipment supporting the same list of
actions. The DPTs are automatically named ELEC1 to ELECn since the information contained
in SL-Equip configuration files mainly concerns electrical equipment.

For the example above, two different DPTs would be defined:

e ELEC1: supporting one single action called VSN and
e ELEC2: supporting the actions SAD, SAL and STV (in alphabetical order).

In a second step, DPs corresponding to equipment names are defined and assigned a suitable
DPT. For the example above, six DPs would be defined:

e ELECA2_EMD002 of type ELECL
e ELECA2_EME200 of type ELECL
+ ELECA2 EBE215 of type ELEC1
e ELECA2 EBD213 of type ELEC2
+ ELECA2_EMD212 of type ELEC2
e ELECA2 EMD213 of type ELEC2
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Finally, _address configs have to be generated from the given information. All fields of the
_address config are filled with real or default values, following the rules for PVSS address
mapping defined in chapter 4.2.2.

As soon as al therequired information is defined, it is written to the database by means of the
Perl Database Interface (DBI) package. This object-oriented package allows the creation of
prepared SQL statements and their consecutive execution. The code of this second Perl script
isequally listed in Appendix C.

5.3.3 Implementation of an SQL Script for Exporting PVSS Configuration Data

This section deals with the SQL script for extracting PVSS configuration information from
the TDRefDB. The requirements for the script have been specified in chapter 4.3.3.

The script is divided in two parts:

(1) A seriesof commands configures the SQL* PLUS environment and the script’ s output
format.

(2) A succession of SQL statements extracts PVSS configuration information from the
database and writesit to an output file.

The commands in the first part of the script mainly assign values to SQL*PLUS environment
variables (see [Oracle, 1997]) with the intention of formatting the script’s output in a way that
it can directly be spooled to atext file. For this purpose, al SQL*PLUS options that could
unintentionally re-format the queries’ output (e. g. command echoing, column headings, line
wrapping, automatic page breaks etc.) are turned off. Furthermore, the output of the script is
redirected to atext file instead of being displayed on the screen (SPOOL  command).

The SELECT statements in the second part of the script extract information from the
TDRefDB user views. The datais formatted in a way that the results are printed in an ASCI|
M anager-compatible format (see section 4.3.3.1):

ASCII Manager files are divided in sections, where each new section must start with a header
line “declaring” the PV SS attributes represented by the columns of the following section. As
SQL*PLUS does not support simple “print” commands, the sections' headers had to be
selected from Oracle's DUAL table (e.g. “SELECT ‘test’ FROM DUAL;” would simply
print “test” to the output file). The sections' bodies are created by means of SQL queries
accessing the user views described in chapter 4.3.1.3. These statements select the information
required from the database and concatenate the columns retrieved in a way that the output can
be read by the PV SS ASCII Manager. (e.g. “SELECT DPT_NAME ||‘ ‘|| DPT_TYPE FROM
VPVSS_DPT; ” would print ‘TypeA 1’ to the output file).

The complete code of the SQL script islisted in Appendix D. In order to execute the script, a
connection to the Oracle database account containing the PVSS user views must be
established. The script can then be executed by entering “START fil enane. sql ” on the
SQL*PLUS command line.

5.4 Implementation of the User Interface

To complete the implementation of the SPS Restart Application — from the data acquisition
level up to the user interface level — this section explains how the application’s user interface
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has been created. As mentioned in section 4.4, only one PVSS panel has been developed by
the author, further panels will later be developed by TCR operators.

The sample panel created in the course of this thesis work is based on the functional diagram
of SPS sextant 2 (BA2), which is displayed in Figure 4-13 of the previous chapter. BA2
contains a number of subsystemsinvolved in the machine' s start-up:

» 18 Kilovolt electricity,

e 400 Volt eectricity,

e Vacuum,

* Demineralised water for cooling,

» Raw water (aprimary water circuit feeding the demineralised water circuits
e gtc.

Each of these subsystems had to be analysed in order to find out how the current state of the
system (see Table 4-10) can be determined. For this purpose, existing applications displaying
SPS equipment information have been analysed. Figure 5-4 displays a mimic diagram of such
an application that is currently used in the TCR. The figure represents dectrical instalations
in BA2: (1) the “18 Kilovolt stable” subsystem in the upper part of the diagram and (2) the
400 Volt stable subsystem in the lower part.

[ s50A | [ 34A |
Voltmeter
EMD DD EMD D |- | (SL-Equip: ELECA2_EME200)
212 213 - L
EMD2/A2 19.3kV |18 kV bus bar
| (no data available)
'EMD ‘ —
" o1 il e | Circuit breaker
i i (SL-Equip: ELECA2_EMD211)
-1,0 MV —
18A

_ | Transformer
(no data available)

Circuit breaker
(SL-Equip: ELECA2_EBD213)

| Voltmeter
(no data available)

EBD2/A2

) | 400 V bus bar
Couplage i (no data available)

Figure 5-4 Screenshot of UMM application

The diagram provides all the information we need to animate the corresponding boxes in our
PV SS panel. We see that the “18 kV stable” subsystem is “ST_OK” if there is a voltage on the
“18 kV bus bar” (purple line in the above diagram). This voltage is measured by a voltmeter
labelled “EMD2/A2" and can be read out via SL-Equip. If there is no voltage (or a voltage
much lower or higher than 18 kV), the “18 kV stable” subsystem shall be in “ST_FAULT"
state.
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A third state, “ST_| NVALI D', had to be introduced in order to indicate that the value of a
piece of equipment could not be determined at run-time, due to a hardware, transmission or
driver error.

The “400 Volt stable” subsystem is dlightly more complicated as it depends on the voltage on
the 18 kV bus bar. As the voltage on the 400 V bus bar cannot be read out directly (the
voltmeter concerned is not connected to SL-Equip), three parameters have to be taken into
account when determining the state of the 400 V bus bar:

(1) thevoltage on the 18 kV bus bar must be OK (~ 18 kV),
(2) thecircuit breaker “EMD 211" must be closed and
(3) thecircuit breaker “EBD 213-06" must be closed.

All the information required for the “18 kV stable” and “400 V stable” subsystems is
available via SL-Equip and can therefore be accessed from PVSS by means of the SL-Equip
driver developed in the course of this thesis work. Information about the “vacuum” and *18
kV pulsed” subsystems is equally acquired via SL-Equip while “raw water” and
“deminerdised water” information is acquired viathe TDS driver.

All other subsystems depicted in the Figure 4-13 are supervised and controlled by systems
that are currently not accessible from PVSS. Consequently, the corresponding boxes in the
PVSS panel could not be animated (ST_NOT_ANI MATED). For each of the subsystems
mentioned above, a box in the PVSS mimic diagram had to be created. The resulting panel is
shown in Figure 5-5. As it was mentioned in the design chapter, the panel looks very similar
to the functional diagram of the BA, depicted in Figure 4-13.

#%__QuickTest__: 5PS BA2 = S
File Panel ?

\sps BA 2 \

!| — ——

ZORA | ZORA Sirenes
Search BA2

CPS Beam
to
TT2 dump

C I i3

=1 Colli-
mator

R - - B - ]

oW =N 0= =0 o 3

Demineralised
Water

Main Magnets
— o — =—[""wPs

SPS BA 2 \

Figure 5-5 Screenshot of the PVSS pand for SPSBA2
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The background colour of the boxes represents the current state of the subsystem concerned,
following the colour conventions described in Table 4-10. How the background colour is
changed at run-time whenever the state of one of the supervised systems changes, is explained
in the following paragraph, taking the “400 V stable” box as an example.

The run-time behaviour of PVSS panels is implemented by means of CONTROL scripts that
are executed whenever certain events (e.g. initialisation, mouse click etc.) occur. In order to
change the background colour of our “400 V stable” box dynamically, depending on the
values of the DPEs concerned, an “initialisation handler” had to be implemented. This
function is executed as soon as the pand is initialised and connects to the DPEs concerned by
registering a call-back function.

The cal-back function is called by PVSS as soon as the value of one of the registered DPEs
changes. It evaluates the new values and sets the background colour of the box accordingly.
The code of theinitiaisation handler and the call-back function islisted in Listing 5-8.

mai n() {
dpConnect (" EP_set BackCol or CB"
/| ELECA2_EBD213
"st _tsi:ELECA2 EBD213. STV: _online.._val ue"
"st _tsi:ELECA2 EBD213. STV: online.. _aut_inv",
/| ELECA2_EBMD211
"st _tsi:ELECA2 EMD211. STV: online.._ val ue",
"st tsi:ELECA2 _EMD211. STV: online.. _aut_inv",
/| ELECA2_EME200
"st _tsi:ELECA2 _EME200. VSN: _online.._ val ue"
"st tsi:ELECA2_EME200. VSN:. _online.. _aut _inv"
)
}

EP_set BackCol or CB(
string ebd213val Str, float ebd213,
string ebd213invStr, float ebd213 invalid,
string end2llval Str, float end211,
string enmd211linvStr, float end21l1 invalid,
string eme200val Str, float ene200,
string eme200i nvStr, float ene200 _invalid

{
if (ebd213 invalid || end211 invalid || ene200_invalid) {
this. backCol = "ST_INVALID";

}
else if (eme200 > 0 && ehd213 == 2 && end21l1l == 2) {

this. backCol = "ST _OK";

}

else if (ebd213 == 1 || end211 == 1) {
this. backCol = "ST_FAULT";

el se {
t hi s. backCol = "ST_| NVALID";

}
}

Listing 5-8 PVSS Control Script embedded in a user interface panel

All other boxes have been animated in asimilar way, using different DPEs.
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The colour convention described in the previous chapter was implemented in PV SS by means
of named colour constants. These colour constants have been applied to al user interface
elements representing equipment/system states (as can be seen from Listing 5-8, for
example). In addition, a “help” panel explaining the meaning of the different colours was
created (see Figure 5-6).

4‘;1: _ QuickTest_ : [NoMame]

File Panel 2

Colour Convention

OK and ON

OK bhut OFF

Warning

Fault

Invalid Value (currently no data)

Inhibited (no data)

T E N E

Not animated yet

Close

Figure 5-6 Screenshot of the colour convention panel
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6. VALIDATION AND VERIFICATION

This chapter outlines the measures that were taken to test the different components of the SPS
Restart Application as well as the system as a whole. Following [Sommerville, 1995], testing
involves two different aspects:

(1) “Do we build theright product?” (validation)
It has to be ensured that the produced software system meets the needs of the
customer.

(2) “Do we build the product right?” (verification)
It has to be checked whether the system conforms to its specification and produces
the expected results.

[ESA BSSC, 1994] defines validation as the evaluation of software at the end of the software
development process to ensure compliance with the user requirements. This definition sees
validation as end-to-end verification, which means that checks whether the “right product”
has been built are only done once the product has been finished. In the case of the SPS Restart
Application, validation steps have been included in the software engineering process. In order
to make sure that the proposed solution meets the users' requirements, the application has
been developed in close co-operation with TCR operators. Informa reviews and early
presentations of prototypes proved to be very constructive. Furthermore, the participation of
future users in the development process assured that the users identified with the product and
were thus satisfied with the final solution.

According to [ESA BSSC, 1994], the verification aspect of testing is supposed to show that
(a) the product performs as specified and (b) the product does not contain defects that prevent
it from performing as specified. Due to a lack of development time, verification has not been
done in a very structured way. A series of white-box tests has been performed at the end of
the implementation phase but there was not enough time to elaborate a structured test plan
and to test the system in an exhaustive manner.

6.1 Component Tests

This section explains how each of the SPS Restart Application’s components presented in this
thesiswork has been tested, starting with the PV SS system’ s set-up.

6.1.1 PVSSSystem Set-up
Two kinds of tests regarding the system'’s set-up (see section 5.1) were performed:

(1) Redundancy tests evaluating the general stability and robustness of the system.
(2) Distribution tests checking whether data exchange with external PVSS systems is
possible.

As high dependability was one of the system’s central design goals (see section 3.2.1.1), it
had to be verified whether the system continues to work in case of a partial or complete
breakdown of one of the two redundant servers. This redundancy test procedure was
facilitated by the fact that PVSS provides a standard redundancy overview panel for
displaying the current state of all the components making up a redundant PV SS system. This
standard panel was slightly modified in order to reflect the particular configuration of the SPS
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Restart Application (see Figure 6-1). The modified redundancy overview panel and the PV SS
PARA module were then started on a Microsoft Windows NT 4.0 machine for test execution.

#% Vision_1: redundancy overview

File Panel 2

. Redundancy Overview :
Inxoptlm1 1'2 3 4 5 6 T 8 a 10 41 12 13 14 15 16 1T 18 18 20 Inxoptlmz

error status

Preference position | BB ) Preference pasitian
Emergency switch active | @ @ Emergency switch active

Emergency switch passive

Emergency switch passive |

Leave emergency switching

QOO Q@O

redu  archive  @en. gen.  archive redu

I HD: 14164 5 ME free of 17040.1 MB I HD: 12641.2 ME free of 170479 ME

1
IMEM' 67.8 MB free of 510.4 MB 2

State Mt :I State Me :|
onling 0o online oo
stop o1 = stap a1 |

Close | Help |

Leave emergency switching

I MEM: 285.9 ME free of 502.6 MB

Figure 6-1 PV SS Redundancy overview panel (both serversup and running)

The following (non-exhaustive) list gives some examples of redundancy tests that have been
performed:

* One of the redundant PVSS servers was switched off unexpectedly in order to
simulate the breakdown of one of the two redundancy partners. The objective of this
test case was to check whether the remaining server becomes active (as specified in
[ETM, 2000]) and ensures the uninterrupted availability of the system. The test was
successful; no datawas |ost.

*  The primary network connection between the two PV SS servers was removed at run-
time in order to check whether the system remains stable although no data can be
exchanged (as the secondary network connection is used for the exchange of status
information only). As expected, the system continued to work without interruption
and no data was lost. When the network connection was re-established, the inactive
PV SS system was restarted automatically in order to synchronise its database with
the active one.

* The secondary network connection, i. e. the direct link between the two servers, was
removed at run-time. In this case, status information was exchanged via the primary
network connection and the system continued to operate normally.

» Selected tasks (managers) of the active system were killed in order to check if the
other system (i. e. the system in a better condition) becomes active and ensures the
system’s operation. The test case was successful; the killed manager (in the case of
the Event and Data Managers: the complete system) was restarted automatically and
no data was lost.
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As mentioned above, the correct functioning of the distribution mechanism had to be checked
as well. For this purpose, a second (non-redundant) PV SS system was set up and configured
for data exchange with the redundant system for the SPS Restart Application. Subsequently, a
synoptic panel accessing data points (DPs) from both systems was created. The set-up for the
distribution testsis shown in Figure 6-2. The test panel was executed on both systems in order
to verify if the systems can mutually access their data points. All data was displayed
correctly; we can thus conclude that the distribution mechanism works.

User Interface Project

ﬂ

et letonly e
=) ® e

st_tsi st_tsi st_tsi_dev
Inxoptim1.cern.ch Inxoptim2.cern.ch Inxdevtiml.cern.ch
Redhat Linux 6.1 Redhat Linux 6.1 Redhat Linux 6.1

SPS Restart Application Test System

Figure 6-2 PVSS Set-up for distribution tests

6.1.2 SL-Equip Driver

The SL-Equip driver was thoroughly tested towards the end of the implementation phase. Its
correct functioning is crucia for the entire SPS Restart Application. First of al, it had to be
ensured that the driver conforms to its specification and provides all the required functionality
(see 3.2.2 and 4.2), and then it had to be checked whether al data acquired and sent by the
driver is correct.

It goes without saying that read and write actions could not immediately be tried out on
operational equipment, for the risk of accidental damage would have been intolerable. For this
reason, a piece of non-functional equipment supporting all SL-Equip modes without causing
any hardware action was used for a first series of tests. Only when these tests had been
completed successfully, the driver was tested on operational SPS equipment.

On the PV SS side, the tests were prepared by creating a new DPT with elements of all types
supported by the SL-Equip driver (see Table 4-3). A DP of this type was instantiated and
_address configs were attached to all the DPEs in order to connect them to the test equipment.
Subsequently, read and write actions were performed in order to test data acquisition and
sending commands for all supported data types. The following (non-exhaustive) list gives
examples of test cases that were executed:
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* New _address configs were attached to DPEs via the PVSS PARA module and and
via the PVSS ASCII Manager. They were configured in a way that the DPES were
connected to the SL-Equip driver in order to verify whether new address information
is (a) transmitted to the driver and (b) correctly processed.

o Different parameters of existing _address configs (e.g. SL-Equip address, polling
interval etc.) were modified in order to check whether the driver is capable of
reacting to these modifications.

e Exiging _address configs were removed via the PVSS PARA module in order to
check whether the address information is equally removed from the driver’s internal
lists. This was to ensure that the driver does not continue to acquire data that is not
used/required by PV SS.

o Data was written to SL-Equip in order to check if the information is sent in the
correct format.

» Data was read from SL-Equip in order to check if the information is read out and
converted in the correct format.

LI < (o

Some dysfunctional tests were also performed in order to check the driver’s error handling
(e.g. if invalid addresses are rejected). The debug mechanism described in the previous
chapter proved to be very useful during testing, especialy for checking whether the driver's
internal lists of data points are managed correctly (adding/removing _address configs).
Furthermore, several implementation mistakes in the transformation classes (see 5.2.2.6)
could be detected, located and corrected in an efficient way.

As the SL-Equip driver has to run in a technical service context and must be available 24
hours per day, 365 days per year without interruption, the detection of memory leaks was a
main concern during testing/debugging. For this reason, ParaSoft’slnsure++ suite, a
comprehensive tool suite for error detection in C/C++ programs, was used to spot bugs and
inefficienciesin memory handling.

Performance and load tests could not be performed due to alack of development time.

6.1.3 Static Configuration Database and Data L oaders

This section covers the test procedure for the static configuration database described in 4.3, its
data import scripts and procedures (4.3.2) and the SQL loader script for data extraction
(4.3.3). Basicdly, the configuration database works “off-line” and has no run-time connection
to the PV SS system. A connection to PV SSis only established when the text file produced by
the export script isinjected to PV SS by means of the ASCII Manager. The approach that was
chosen for testing the off-line database was thus different from the test methods described in
the previous sections. The whole functionality of the database system (import, storage and
export of configuration data) was tested in one big test case, consisting of five steps presented
in below. Before the test could be executed, however, a number of preconditions had to be
established:

« The TDRefDB table structure described in 4.3.1.2 as well as the user views described
in 4.3.1.3 have been created.
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« The reference tables (PVSS ADDRESS TYPE, PVSS ADDRESS DATATYPE,
PVSS_ADDRESS MODE, PVSS DI STRI B_TYPE, PVSS DRI VER and PVSS_DPE TYPE)
have been filled with data correctly.

» The remaining tables (PVSS DPT, PVSS DPE, PVSS DP, PVSS DPE_TYPEREF,
PVSS_ADDRESS and PVSS_DPE_COWMENT) contain no data.

* The VPTS_PVSS view exists and selects existing TDS configuration data from the
TDRefDB (see 4.3.2.2).

* Thedatacontained in the VPTS_PVSS view is consistent (no duplicate identifiers, no
unexpected NULL values etc.).

* A set of correctly formatted SL-Equip configuration files (see 4.3.2.3.1) isavailable.

* The PVSS system for the SPS Restart Application is correctly set up and running
(required for test step (5) only).

As soon as these preconditions had been established, the five test steps listed below were
executed. Each test step is followed by a postcondition that represents the immediate result of
the action performed:

(1) Execute the stored procedures for importing TDS configuration information.
Postcondition: The PVSS DPT, PVSS DPE, PVSS DP, PVSS ADDRESS and
PVSS_DPE_COWVENT tables have been filled with data from the VPTS _PVSS view.

(2) Execute the Perl script for validating and correcting the existing configuration files.
Postcondition: A correctly formatted SL-Equip configuration file containing
validated and corrected configuration data has been generated.

(3) Execute the Perl script for importing SL-Equip configuration information.
Postcondition: The data contained in the corrected SL-Equip configuration file has
been imported in the PVSS_DPT, PVSS_DPE, PVSS_DP and PVSS_ADDRESS tabl es.

(4) Executethe SQL script for extracting datafrom the TDRefDB.

Postcondition: An ASCII Manager-compatible text file containing al PVSS
configuration information stored in the TDRefDB tables (see 4.3.1.2) has been
generated.

(5) Import the generated text file into the PV SS system by means of the ASCIl Manager.
Postcondition: The DPTs, DPs, _address configs, _distrib configs and comments
specified in the input file have been created in the PV SS system.

In order to verify whether the test was successful, the postconditions listed above had to be
checked. Naturaly, the correctness of the imported and exported data could not be verified
for al data only but by means of some randomly chosen examples. As all the postconditions
were met for the sample data, the test of the configuration database system was considered as
successful.

6.1.4 User Interface Pands

The application’s user interface described in chapters 4.4 and 5.4 could not be tested “ stand-
alone’, for it requires at least a running PV SS system with TDS and SL-Equip data points
defined. Idedlly, the SL-Equip and TDS drivers should aso be running in order to verify if the
machine state displayed by the SPS Restart Application is identical with the machine state
displayed by existing TCR applications used for comparison.

When the panel was tested on the PV SS system for the SPS Restart Application (see chapter
4.1), it displayed exactly the same machine states as the TCR applications (see Figure 5-4, for
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example). This proves that the whole data acquisition chain —from the driver up to the user
interface panel — works. All the same, the panel’s functionality also needed to be tested for
other machine states (e.g. when one of the subsystem fails, when information about a certain
subsystem is temporarily unavailable etc.). It goes without saying that it was out of question
to cause a malfunction of the particle accelerator just for testing a new PV SS panel. For this
reason, failures had to be simulated by changing values internally in PVSS. An example of
such asimulation is given below.

Figure 6-3 shows a screenshot of the PV SS PARA module that is used to edit DPTs and DPs
at run-time. The current values of read-only DPEs can be changed without affecting the “red
value” in the connected hardware element. The value is only sent to the hardware if the DPE
concerned is configured for sending commands (write direction). alows the configuration of
all DPs of a system as well as changes of the current value. For instance, we could change the
value of the DP representing the voltage on the 18kV bus bar (see chapter 4.4, Figure 4-13) to
100.000 Volt.

i;ﬁ\l"isiun_l: data point parametrization

File Panel 2

r filter options:

™ intemal datapoints i Original attributes ==t tsi ELECA2 EME200.VSh
dp-filter: _ \ialues
B spen || || itz \,a,ue:lmuuuu.suu
EI werteil
B el : - [2001.08.28 17:09:21 225
(2] ELECAZ_EME100 = alert text: I t|me_|
=] ELECAZ_EME200
LB all i
Zoeman online value | 100000.500
el it I time: I 2001.08.28 17:09:21 225
[ ELECA3 EME100
- Warnable bits Info bits
[:I Active Diefault val. | Irwealid | default value invalid
&-{20] ELECAG_EBE414 JJJJJJJJ Lty E
-5 ELECAR_EMET00 User Bits: 1121 3| 4|5|6|7|8 L
- ELECAG_EME200 I imvalis due 1o [D][E][R]
-3 ELECA7_EME100
B ELECA7_EME20D Dietails | oK | Cancel | Apply | Help |
-2 ELECB3 EME203 -

Figure 6-3 Screenshot of the PVSS PARA module during test execution

The application’s user interface should react to this value change and change the colour of the
box representing the 18 kV subsystem of BA2 has changed to red (ST_FAULT). Figure 6-4
shows the result of the test.

Many other tests like the example above were tried out and all of them delivered the expected
results.

-05-



A PVSS Application for Monitoring the SPS Start-up Vdidation and Verification
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Figure 6-4 Screenshot of the BA2 mimic diagram during test execution

6.2 System Tests

As the tests of the user interface panel described in the previous section required a fully
configured PV SS system including SL-Equip and TDS drivers, they can be regarded as a first
series of system tests. A complete system test including functional tests, performance tests,
stress tests and load tests will be performed as soon as the entire SPS Restart Application,
including the panels to be implemented by TCR operators, is finished. A test plan document
defining the test suite to be used for the acceptance testsis being prepared.
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7. CONCLUSION

This last chapter summarises the main points of this thesis. The goal of the work is reiterated
and a summary of the proposed solution is presented. Furthermore, some future extensions
and potential improvements are suggested.

7.1 Goal and Solution

The aim of this thesis was the development of a SCADA application (see chapter 2.1) for
monitoring the start-up of the Super Proton Synchrotron, CERN’s second largest particle
accelerator, after major breakdowns. The application had to be based on PVSS I, the CERN
recommended SCADA product, developed by the Austrian company ETM (see chapter 2.2).

The problem posed in chapter 3 was broken down to four interdependent subtasks:

(1) A redundant and distributed PV SS 11 system had to be set up on two UNIX servers as
abasisfor the application.

(2) A PVSS Driver Manager for doing data exchange between PVSS and CERN’s SL-
Equip middleware (see chapter 2.3) had to be designed and implemented.

(3) An off-line database system for managing static PVSS configuration data and
importing it to PV SS 11 had to be developed.

(4) Several mimic diagrams, so-called PV SS panels, for the application’s user interface
had to be created.

(D), (2) and (4) are closdly related and correspond to the layers of the SCADA system’s three-
tier architecture (see Figure 2-2): the driver corresponds to the data layer, the PVSS |1 core
system to the co-ordination and storage layer and the mimic diagrams to the user interface
(presentation) layer.

The set-up and configuration of the PVSS Il system was a challenge. For one thing, high
dependability was a central design requirement, as the SPS Restart Application has to run in
two of CERN’s main control rooms and is therefore supposed to be available 24 hours a day,
365 days a year. The possibility of doing data exchange with other PVSS systems at CERN
was also demanded. Furthermore, the system had to be installed on different operating
systems. Redhat Linux 6.1 and Microsoft Windows NT 4.0/Windows 2000. These
requirements and constraints have led to a redundant, distributed and scattered PV SS system
that had to be well tested before it could become operational. The first series of system tests
was successful, as described in chapter 6.

The SL-Equip Driver Manager has been developed following the Unified Moddling
Language (UML) methodology. After a thorough analysis of the problem, object-oriented
class and object designs have been established. The driver has been implemented in C++ on a
Redhat Linux 6.1 platform, using the PVSS and SL-Equip APIs. Contrary to other PVSS
drivers, the SL-Equip driver is only available for Linux platforms, for the SL-Equip API has
not been ported to Microsoft Windows platforms yet. The driver has been debugged and
tested intensively in order to guarantee high stability and availability.

The design for the static configuration database described in chapter 4.3 has been established
in accordance with the ST/MO group’s database design rules. A server model for the database
has been designed using the Oracle Designer 6 tool suite and then automatically exported to
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an Oracle 8 database. In addition to the database structure for storing PV SS data point types,
data points and configs (see 2.2.2), a set of PL/SQL procedures and Perl scripts for importing
exiging configuration data from various sources has been designed and implemented.
Furthermore, an SQL script for extracting configuration data from the database and exporting
it to ASCII text files that can be injected to PV SS by means of the PV SS ASCII Manager has
been devel oped.

A prototype for the SPS Restart Application’s user interface has been implemented as a series
of PVSS panels. The pand layout is based on functional diagrams of the Super Proton
Synchrotron, developed in the course of the Gestion Technique de Pannes Majeures project
(see 1.2). The panel has been animated with live data acquired by the SL-Equip and TDS
Driver Managers and reflects the current state of one of the SPS sextants (BA2).

7.2 Unsolved Problems

This section covers open issues — parts of the problem that have not been solved in the course
of thisthesis work.

Although the implementation of the full series of user interface panels was not included in the
scope of this thesis, it has to be mentioned that the user interface still needs to be completed
before the SPS Restart Application can become operational. At least 8-10 further panels
similar to the one described in chapter 5.4 need to be created in co-operation with TCR
operators. Of course, the panel developed in the course of this thesis work will serve as an
example for future devel opments.

7.3 Possible Extensions

This section deals with possible extensions to the components of the SPS Restart Application.
In my opinion, the SL-Equip driver and the PVSS configuration database could both be
improved.

Regarding the S_-Equip Driver Manager, it is thinkable to extend its functionality to al data
types (modes) supported by S_-Equip. Currently, only the data types listed in Table 4-3 are
supported. Such an extension is not at all necessary for the SPS Restart Application.
However, it would increase the usability of the driver for other projects.

Regarding the static PVSS configuration database, the current data loading strategy is a very
rudimentary solution. First of all, there is no way to edit the configuration information
contained in the TDRefDB in a reasonable way. As a consequence, a tool for modifying
PV SS configuration data directly in the database, e. g. viaaWeb interface or an Oracle Forms
application, would be very useful. Second, the data loading procedure is not very efficient, for
al information contained in the configuration database is first exported to an ASCII file that
is then injected to PV SS via the ASCII Manager. Even if only one database record (e.g. one
DP) changes, the whole file has to be reloaded — a procedure that took more than one hour
during tests. For this reason, it would be very useful to have a more flexible database |oading
tool, e g. an additional PVSS APl Manager that connects to PVSS and the TDRefDB
respectively and synchronises the two databases. Naturally, the development of such an API
Manager requires alot of development effort and has to be done in a separate project.
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7.4 Concluding Remarks

Summing up, we can say that the project was very interesting and highly challenging from an
organizational aswell asfrom atechnical point of view. Co-operation of several organic units
at CERN, notably the Technical Control Room, the SL/CO group and the ST/MO/IN section
was crucial for the project’s success, for expert knowledge in many different domains was
required (e.g. knowledge about the systems involved in the SPS restart, knowledge about the
SL-Equip architecture etc.). A lot of different technologies, eg. SCADA systems, object-
oriented design and implementation, UNIX and Microsoft Windows operating systems,
database management systems etc., had to be mastered to successfully develop all the
system’s components. However, a globa vision of the system was equally important, to
integrate the application’s components in a way that a highly dependable and reliable PVSS
application, ready to be deployed to the CERN control rooms, was reached.
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APPENDIX A. PVSS SERVER CONFIGURATION

Al “SET_REDU” Fileon the Redundant PVSS Servers

The SET_REDU file of a PVSS project is checked by the PVSS start-up script in order to
determine whether the PV SS project shall be started in redundant or stand-alone mode. The
redundant hosts, all view hosts and the mount point for the redundancy partner’'s project
directory must be specified.

REDUHOST_1=I nxopt i ni
REDUHOST _2=| nxopt i n2
VI EWHOST_1=pcst 291
MOUNTPO NT=/ nf s

A.2 *“config” Fileon the Redundant PVSS Servers

The confi g fileis the centra PVSS configuration file and read by all managers Resource
classes. The Managers first read the genera section ([general]) and then jump to their own
specific section (e.g. [redu] for the Redundancy Manager, [dist] for the Distribution Manager
etc.). The listing below only contains entries that are non-standard. All lines that have been
copied from the sample configuration file for redundant systems have been removed.

[ general ]

# These two pat hs rmust be identical on both machi nes.
pvss_path = "/opt/pvss/pvss2_v2.11.1"

proj _version = "2.11.1"

proj path = "/home/ PVSS/ ST_TSI "

# The nanes of the redundant hosts are defined as “host 1$host 2”
dat aHost = "I nxopti ml$l nxopti n2"
event Host = "I nxopti mL$l nxopti n2"

# Language settings (US English)
I angs = "en_US. i s088591"

distributed = 1

[dist]

# Configure connections to distributed systens

e an restrame T # System name.

" Gistpeer 1 “Inxoptimisimcoptim 0 0 360 # "st_isic
di st Peer = 2 "pcst 100" 0 0 360 # "st _tsi_tst"

e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e me— e -

[ redu]

# Det ernmine which redundancy nanager shall try to establish a
# connection to the other. The client (1) is active by default.

1
0

(I nxoptiml) client
(I nxoptinmR) client

# server port for the redundancy nmanager (identical on both machi nes)
portNr = 8989
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# primary connection to the redundancy partner

(I nxoptiml) ipPeer = "Il nxoptin2"

(I nxoptin2) ipPeer = "Il nxoptimL"

# (optional) secondary connection to the redundancy partner
(I nxoptiml) ipPeer = "I nxoptin2_pvss"

(I nxoptinmR) ipPeer = "I nxoptiml_pvss"

A.3 “progs’ Fileonthe Redundant PVSS Servers

The progs fileisread by the PVSS start-up script in order to determine the managers to be
started as well as their command-line parameters. The progs file listed below will cause the
PVSS start-up script to attempt a recovery with the redundancy partner and to launch the
following managers:

« Database Manager (PV SS00data)

*  Event Manager (PV SS00event)

e Control Manager with number 1 (PV SS00ctrl) for running PV SS standard scripts

e Control Manager with number 2 (PV SS01ctrl) for running the PV SS redundancy script
¢ Redundancy Manager (PV SS00redu)

e Distribution Manager (PV SS00dist) with manager number 1

e TDS Driver Manager (PV SS00tds) with driver number 1

e SL-Equip Driver Manager (PV SS00sle) with driver number 2

START _RECOVERY

#clr _ip -a locknmgr &

#Hmip -f 600&

PVSSOOdat a DUMMY RECOVER -1 o0g +stderré&
PVSSOOevent DUMW RECOVER -1o0g +stderré&
PVSSOOctrl DUMMY -|log +stderr -f pvss_scripts.lst&
PVSSOlctrl DUMMY -num 2 redu_ctrl -1og +stderré&
PVSS00r edu DUMWY -| og +stderré&

PVSS00di st DUMMY -num 1 -1og +stderr&

PVSS00t ds DUMWY -1 o0g +stderr&

PVSS00sl e DUMW -num 2 -1 og +stderré&
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APPENDIX B. SL-EQUIPDRIVER (SLESRVHDL)

The listing below contains the code of the si ngl eQuery and writeData methods of the
SeSvHdI (SL-Equip Server Handler) class. The design description of the methods is presented
in chapter 4.2.3.1.2, the implementation is explained in 5.2.2.5. The code of the si ngl eQuery
method has been abridged in such away that the listing only contains the acquisition of floating-
point values although the SL-Equip driver also supports the acquisition of integer and string
values.

/*

* Convert an integer nunber to a binary val ue represented by
* an array of bools.

*/

void intToBinary(int x, bool bin[8]) {

int i;

for (i=7; i >=0; i--) {
bin[i]= (x® == 1);
x=x/ 2;

}
} // intToBinary;

/*
* Retrieve a value from SL-Equi p and comunicated it to PVSS.
*/
voi d Sl eSrvHdl :: si ngl eQuery( HADbj ect *obj Ptr)
{
struct | NFOREC i nfo; /1 SL-Equip address structure
unsi gned short asynch;
unsi gned | ong cycl e;

unsi gned short bytecount; /1 length of data returned by SL-Equip
short cnt;
char errnsg[ 80]; /1 potential SL-Equip error nessage.

/1 Find the Sl eMapCbj corresponding to the HWbj ect paraneter
Sl eMapQhj * exi stingjPtr =
(Sl eMapObj *) Dr vianager : : get HAWWapper Pt r () - >f i ndHWObj ect (obj Ptr);

/1 Initialize all variables for the EQU P() call
info = existingQObjPtr->getlnfoRec();
errmseg[0]="\0";

byt ecount = existingObjPtr->getD en();

asynch = 0;

cycle = 0;

/1 Copy the nane of the equipnent host to global SL-Equip variable,
/1 as required by the SL-Equip library
strcpy( EgpHost nane, exi stingQoj Ptr->get Host());

/1l Retrieve the data and convert it to the correct fornmat,

/1 according to the data type

swi tch(existingObj Ptr->get Type()) {

case Sl eTransFl oat Type: {
doubl e data = 0.0;
cnt = EQUI P(& nfo, &asynch, &cycle, &bytecount,
errmsg, (char*) &data);

/1 1.) Convert data to PVSSchar
PVSSchar *pBuf = new PVSSchar[exi stingCbjPtr->getD en()];
*(doubl e*) pBuf = (double) data;
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/1 2.) Fill SleMapOnj
obj Ptr->set Type(exi sti ngoj Ptr->get Type());
Ti meVar ti ne;
obj Ptr->set OrgTine(tine);
obj Ptr->setDl en(existingCbjPtr->getD en());
obj Pt r->set Obj SrcType(srcSi ngl eQ ;
obj Pt r - >set Dat a( pBuf) ;
/1 3.) Set user and invalid bits (if necessary)
if (cnt I=0) {
/'l set status bits to VALID and clear user bits
obj Pt r->cl ear Shi t (DRV_I NVALI D) ;
for (int i=0;i < 8; i++)
obj Ptr->cl ear Shit (DRV_USERBI T1 + i);
}

el se {
char errsStr[3];
strncpy(errStr, errnsg, 2);
errStr[2]="\0";
/1 set DRV_INVALID bit and print an error nessage to the |og
obj Ptr->set Shi t (DRV_I| NVALI D) ;
cerr << "ERROR on " << obj Ptr->get Address()
<< " [SleSrvHdl ] [singl eQuery]: (" << EqpErrno << ") err="
<< errnsg << endl;
/1 convert the EqpErrNo supplied by SL-Equip to binary fornmat
bool binErrNo[ 8];
i nt ToBi nary(atoi (errStr), binErrNo);
/1 set the user bits accordingly
for (int i=0; i < 8; i++)
if (binErrNo[i])
obj Ptr->set Shit(DRV_USERBI T1 + i);
el se
obj Ptr->cl ear Shit (DRV_USERBI T1 + i);

}

/1 5.) Call toDP function
DrvManager: :get Sel fPtr()->toDp(objPtr, existingObjPtr);
del et e pBuf;

br eak;

case Sl eTransStringType: {
br eak;

case Sl eTransl nt Type: {
br eak;

defaul t:
cerr << "ERROR on " << objPtr->get Address() <<

[ SrvHdl ][ si ngl eQuery] Unexpected Transformation type: " <<
(unsi gned | ong) existingObjPtr->getType() << endl;
} /] switch
} /] singleQuery

PVSSbool ean Sl eSrvHdl ::witeData( HADbj ect *obj Ptr) {
struct | NFOREC i nfo; /1 SL-Equip address structure
unsi gned short asynch;
unsi gned | ong cycl e;
unsi gned short bytecount; /1l nunmber of bytes to be witten
char errnsg[ 80]; /1 potential SL-Equip error nsg.

/1 Find Sl eMapObj corresponding to the HWXject paraneter
Sl eMapQbj * sl eCbhj Ptr =
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(Sl eMapObj *) Dr vianager : : get HWWapper Pt r () - >f i ndHWbj ect (obj Ptr);

/1 Initialize data and bytecount according to paraneter infornation
PVSSchar* data = obj Ptr->getData();
if (objPtr->getType() == SleTransStringType )
byt ecount = strlen((char*)(objPtr->getData()));
el se
byt ecount = obj Ptr->getD en();

/1 Initialize all additional variables for the EQU P call
info = sl eQbj Ptr->getlnfoRec();

errmsg[0]="\0";

asynch = 0;

cycle = 0;

/1 Send information to SL-Equip
if (EQUI P(& nfo, &asynch, &cycle, &bytecount, errnsg, (char*) data))
/1 Everything OK = return PVSS TRUE
return PVSS_TRUE;
el se {
[l Error > print SL-Equip error nessage and return PVSS FALSE
ErrHdl ::error(
ErrC ass(
Errd ass: : PRI O WARNI NG,
Err Cl ass: : ERR_PARAM
Err C ass: : UNEXPECTEDSTATE,
"SleSrvHdl ", "witeData", EqpErrMessage

)

)
return PVSS_FALSE;
} I/ else
} /] witebData
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APPENDIX C. SL-EQUIP DATA IMPORT SCRIPTS

This appendix lists the code of the two Perl scripts described in section 5.3.2.2 of the
Implementation chapter. The first script listed below merges the contents of a given set of SL-
Equip configuration files, tests all actions associated with the equipment and produces a single
corrected configuration file.

#! [/ usr/ bi n/ perl

# Check if the user has entered thee comrand |ine argunents.
# If not, print an error nessage and abort execution.
if ($#ARGV ne 2) {

print "The foll owing $#ARGV paraneters w |l be used:\n";

print * input dir: $ARGV[ 0]\ n";
print " input pattern: $ARGV1]\n";
print " output file: $ARGV 2]\ n";
exit;

}

# Specify a directory for the data files
ny ($filedir) = $ARGV 0];

# Read the file filter (e.g. "*.dat") fromthe command |ine and
# bring it in regular expression fornmat (e.g. ".*\.dat")
ny($filefilter) = $ARG 1];

$filefilter =~ s/\./\\\./g;

$filefilter =~ s/\*/\.\*/qg;

# Read the nane of the output file fromthe comand |i ne.
ny ($outfile) = $ARGV 2];

# Decl are gl obal variables

ny (@il enanes); # list of all files to be processed

ny (@l !l _equi prents); # list of all equipnents

ny (Yequi prent_map) = (); # associative list of egpts. and actions
ny (@l _actions); # list of all actions

ny ($action_list); # string representation of the action |ist
ny ($filenanes);

# CGet alist of all files fromthe specified directory whose name natches
# the specified pattern.
opendir (DR $filedir);
ny (@ilenames) = grep { /$filefilter/ } readdir DR
closedir DR

print "lnporting Sl-Equip equipent definitions ...\n";
Print Mmoo \n";

# Process the files one by one
foreach $file (@il enanes) {

print " inporting " . $file . "...\n"
# Read all lines in the file
ny (@ines);

open (FILE, $filedir . "/". $file);
@ines = <Fl LE>;
close (FILE);

# Process each of the lines
foreach $line (@ines) {
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# Split the line into the equipment nane and a |ist of
# accepted actions
($trash, $equi pnent, Sactions) = split (/\s+/, $line, 3);

# Add the equi prent nane to the equi pment list.
push (@l | _equi prents, $trash . " " . $equi pnent);

# Add all actions contained inthe line to the action Iist
@ctions = split (' ', $actions);
push (@l | _actions, @ctions);
}
}

# Renove duplicate equi pnent nanes and duplicate actions
# and sort the lists.

undef %Y%saw;

@l | _equiprents = grep (!$saw{$_}++, @l _equipnents);
@l | _equi pments = sort {$a cnp $b} @l | _equi pnents;

undef %saw,
@l | _actions
@l | _actions

= grep (!$san{$_}++, @l | _actions);

= sort {$a cnp $b} @l _actions;

# Convert the action list to a string and renove the dummy action "---*
$action_list = join (' ', @ll _actions);

$action list =~ s/™--- [/;

# For each equi pnent, test all actions contained in @l _actions using
# a sinmple SL-Equip client. Elimnate actions for which a value ot her
# than O is returnd and build up a map of all equiprments with their
# supported actions.
foreach $equi pment (@l | _equi pnents) {

| ocal ($actions);

($trash, $nanme) = split (' ', $equiprent, 2);
($famly, $nenber) = split ('_', $nane, 2);

# Test each action for the equipment currently processed.
foreach $action (@l | _actions) {
$return= systenm("./chk_equip $fanm ly $menber S$action RAR');
if ( $returneq 0) {

$actions = $actions . " " . S$action
}
}
# Add the equipment with its supported actions to the nmap.
$equi prent _map{$trash . " " . $nane} = $actions

}

# Print the results to the output file
open (FILE, ">%outfile");
while (( $equi prent, $actions ) = each %equi prent _map) {
print FILE $equi prent . "$actions\n";
} #while
cl ose (FILE)

exit;
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The following scripts reads a corrected SL-Equip configuration file and enters its contents in the
TDRefDB, using the Perl Database Interface (DBI) module.

#! [ usr/ bi n/ perl

# Inport the DB Interface (DBI) nodule
use DBI;

# Create a DB connection to ORACTCR and check for errors.
ny $dsn = 'dbi: O acl e: host =or adev; si d=D ;
ny $user = 'control _st';
ny $pass = 'tcer';
ny $dbh = DBI ->connect ($dsn, $user, $pass);
unl ess (defined $dbh) {
die $DBl::errstr;
}

# Deternmine the name of the input file (either use the file name
# specified on the command line or "./in.t" by default).
ny ($infile) ="./in. t";
if (($#ARGV + 1) == 1) {
$infile = $ARGV[ 0] ;

}
# Read the given input file
my @ll _I|ines;
open (FILE, $infile);
@l!l _lines = <FlILE>;
cl ose (FILE);

# Duplicated the array of input |ines (needed |ater)
my @ines = @ll _lines;

# Remove el ement nanes and only keep a list of distinct actions
foreach $line (@ll _lines) {

#renove enpty nenbers

$line =~ s/ ---//g;

$line =~ s/\n//g;

# renmove famly and nenber fromthe line
$line =~ s/Mw\/\w\s*\w_\w\s*//;

#sort all actions in the |line

$line = join (" ', sort {$a cnp $b} split(/ /, $line));
}
# Sort the equi pnent nanes
@l | _lines = sort {$a cnp $b} @l _lines;

# Renove duplicate equi pnent nanes
undef Y%saw;
@l _lines= grep (!$saw{$_}++, @ll _lines);

ny ($cnt) = 1;
ny (%ypes) = ();

foreach $line (@ll _lines) {
$types {$line} = "ELEC " . $cnt;
print $types{$line} . "*\t: *" . $line . "*\n";
$cnt ++;
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}

undef $acti ons;

undef $type;

ny $DPTYPE _COWPLEX = 1;
ny $DPTYPE_FLOAT = 22;
ny $type;

ny ($actions)= ();

my( %l enents) = ();
$trash;

$nane;

$acti ons;

$ref erence;

@ipt _i d;

@pe_i d;

@p_i d;

@ddr i d;

Prepare SQ. statenent for creating PVSS DPT record
$sth_dpt = $dbh- >prepar e(

"I NSERT | NTO PVSS_DPT VALUES " .

"(?, ?, ?, 'SL-Equip Electrical Equipnment')"

2F 33333333

~

# Prepare SQ. statenent for creating PVSS DPE record
nmy $sth_dpe = $dbh->prepar g(

"I NSERT | NTO PVSS DPE VALUES (?, ?, 2, ?, NULL)"
).

#, Prepare SQ. statenent for creating PVSS DP record
ny $sth_dp = $dbh- >prepare(

"I NSERT | NTO PVSS DP VALUES (?, ?, ?, 'SL-Equip')"
) .

# Prepare SQL statenent for creating PVSS ADDRESS record
ny $sth_addr = $dbh- >prepare(
"1 NSERT | NTO PVSS_ADDRESS VALUES ("
"?, ?, ?, 16, ?, 0, 4, 0, to_date('01.01.1970 00: 00: 00",
"' DD. MM YYYY HH24: M :SS'), to_date('01.01.1970 00: 02: 00",
"' DD. MM YYYY HH24: M :SS'), to_date('01.01.1970 00: 00: 10",
'DD. MM YYYY HH24: M :SS'), 8, 'SL-Equip', 56, 2)"
)

# Prepare SQL statenent for selecting next DPT_ID from dat abase
nmy $sth_dpt_i d_nextval = $dbh->prepare(

"SELECT dpt _i d. nextval FROM dual "
) .

# Prepare SQ statenent for selecting next DPE | D from dat abase
ny $sth_dpe_i d_nextval = $dbh->prepare(

"SELECT dpe_i d. nextval FROM dual "
) .

#, Prepare SQ. statenent for selecting next DP_ID from dat abase
ny $sth_dp_i d_nextval = $dbh->prepare(

"SELECT dp_id. nextval FROM dual "
) .

#, Prepare SQ. statenment for selecting next ADDR | D from dat abase
my $sth_addr _id_nextval = $dbh->prepare(

"SELECT addr i d. nextval FROM dual "
) .

#, Prepare SQ statenment for finding DPT_I D by DPT_NAME
nmy $sth_dpt_id = $dbh->prepare(

"SELECT dpt_id FROM pvss_dpt WHERE dpt _nanme = ?"

)

# Prepare SQ statenent for finding DP_ID by DP_NAVE
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ny $sth_dp_id = $dbh->prepare(
"SELECT dp_id FROM pvss_dp WHERE dp_nane = ?"
) .

# Prepare SQ. statenent for finding DPE ID by DPT I D and DPE_NAVE
nmy $sth_dpe_id = $dbh- >prepare(

"SELECT dpe_id FROM pvss_dpe " .

"WHERE dpe_dpt _id = ? AND dpe_nane = ?");

while ( ($action_str, $type) = each %ypes ) {
local (@ctions) = split(/\s+/, $action_str);

$st h_dpt _i d_next val - >execut e();
@lpt _id = $sth_dpt _id_nextval ->fetchrow_array;

$st h_dpt - >execut e($dpt _i d[ 0], $type, $DPTYPE_COVPLEX)
or die $DBl::errstr;

foreach $action (@ctions) {
$st h_dpe_i d_next val - >execut e() ;
@lpe_id = $sth_dpe_i d_nextval ->f et chrow_array;

$st h_dpe- >execute ($dpe_id[ 0], $dpt_id[O0], $action, $DPTYPE_FLOAT)
or die $DBl::errstr;
$sth_dpe_i d_nextval ->finish();
}
$sth_dpt _i d_nextval ->finish();

}
foreach $line (@ines) {
$_ = $line;
($trash, $nanme, $actions) = split (' ', $line, 3);
$actions =~ s/\s?---//g;
$actions =~ s/\n//g;
$actions = join (' ', sort {$a cnp $b} split (/ /, Pactions));
$actions =~ s/™\s//g;

$el enent s{ $nane} = $types{$acti ons};

}

while ( ($nanme, $type) = each %l enents ) {
$sth_dpt _i d->execut e($type);
@lpt _id = $sth_dpt _id->fetchrow array;
$st h_dp_i d_next val - >execut e();
@lp_id = $sth_dp_i d_nextval ->fetchrow_array;

$st h_dp- >execut e($dp_i d[ 0], $nane, $dpt_id[0]);
$sth_dpt _i d->finish();
$sth_dp_i d_nextval ->finish();

}

my (%actions_by type) = reverse % ypes;
while ( ($nanme, $type) = each %l enents ) {
@ctions = split(' ', $actions_by type{$type});
foreach $action (@ctions) {
$st h_addr _i d_next val - >execut e() ;
@ddr _id = $sth_addr_i d_nextval - >f et chrow_array;
$st h_dp_i d- >execut e( $nane) ;
@lp_id = $sth_dp_i d->fetchrow array;
$st h_dpe_i d- >execut e($dpt _i d[ 0], $acti on);
@lpe_id = $sth_dpe_i d->fetchrow_array;

$reference = $nane . " " . $action . " RAR'
$st h_addr - >execut e(
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$addr _id[ 0], $dp_id[O], $dpe_id[O], $reference
)
$st h_addr _i d_nextval - >fini sh();
$sth_dp_id->finish();
$st h_dpe_i d->finish();
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APPENDIX D. DATA EXPORT: DATA LOADER SCRIPT

This appendix lists the data loader script used for extracting data from the TDRefDB, generating
a file that can be injected to PV SS via the ASCII Manager. The design of the data loader is
presented in chapter 4.3.3, the implementation is described in section 5.3.3. The script can be
launched from an SQL*PLUS prompt using the START command.

/************************************************************/

/* PVSS dat abase | oading from TDRef DB (ASCI | file) */
/* */
/* Author: J. Stow sek, ST/ MO */
/* Created on 06/08/ 2001 */
/* Last nodified on 11/08/2001 */
/* */

/* Cenerates an ASCI| Manager-conpatible text file from */
/* the configuration information stored in TDRef DB tables */

| * */
/* Uses: VPVSS _DPT, VPVSS DP, VPVSS DPE, VPVSS_ADDRESS, */
| * VPVSS_ DI STRI B, VPVSS_DPE_COWVENT. */
| * */

/* Usage: Run from SQ*PLUS pronpt using the START conmand */

/************************************************************/

/[* OUTPUT FORMAT SETTI NGS*/
set echo off

set ternout off
set underline off
set headi ng of f
set timng off
set feedback off
set flush off

set shownode of f
set verify off
set headsep !

set enbedded on
set document off
set |linesize 240
set recsep off

set tab on

set trinmout on

set trimspool on /* renove bl anks at the end of the line */
set warp on

set colsep ' ' /* colum separator: a tab */

set pagesi ze 2000 /* we don't want page breaks */

/I* REDI RECT OUTPUT TO A TEXT FI L E*/
spool c:\pvssconf

/I* DATA POI NT TYPES DESCRI PTI ON *

rem r epheader ' #DpType'

SELECT ' #DPt ype' /* Comment */

FROM dual

SELECT ' TypeNane' /* DPT section header */
FROM dual

colum A noprint
col um B nopri nt
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SELECT '1' A, dpt_nane B, dpt_nanme || '.' ||

dpt _nane || ' " || dpt_type

FROM vpvss_dpt WHERE dpt _nane LI KE ' ELECY%

UNI ON

SELECT '2' A, dpt_nanme B, LPADX(' ', DPE_LEVEL) ||
DPE_NAME || ' " || DPE_TYPE

FROM vpvss_dpe WHERE dpt _name LI KE ' ELECY%

ORDER BY 2, 1;

/I* DATA POI NT I DENTI FI CATI ON SECTI ON?*

SELECT ' #Dat apoi nt / Dpl d' /* Comment */

FROM dual ;

SELECT ' DpNane TypeNane' /* DP section header */
FROM dual ;

SELECT dp_name || ' " || dpt_nane

FROM vpvss_dp
WHERE dpt _name LIKE ' ELEC%
CRDER BY dp_nane;

/[* DI STRI BUTI ON SECTI| ON?*/
SELECT ' #Di stri butionl nfo' FROM dual ; /* Comment */
SELECT ' El ement Name TypeNane _distrib.._type ‘

_distrib.. driver' FROMdual; /* D stribution section header */
SELECT dp_nanme || '." || dpe_full _name || "' || dpt_nane || " " ||
dist _type || ' \'" || dist_drv_num
FROM vpvss_di strib;

/I* PERI PHERAL ADDRESS SECTI ON¥/

SELECT ' #Peri phAddr Main* /* Conment */

FROM dual ;
SELECT ' El ement Name TypeNane _address.. _type
_address.. _reference _address.. _offset _address.._subi ndex
_address.._node _address.. _start _address.._interval
_address.. _reply _address.._datatype _address.. _drv_ident'
/* Address section header */
FROM dual ;
SELECT
dp_name [| "." || dpe_full_name || ' "|| dpt_nanme || " " ||
addr _type || ' "' || addr_reference || '" '
addr_offset || ' ' || addr_subindex || ' \' || addr_node || ' "
TO CHAR(addr _interval, 'DD. MM YYYY HHR24:M:SS') || '.000 "
TO CHAR(addr _interval, 'DD. MM YYYY HHR24:M:SS') || '.000 "
TO CHAR(addr _interval, 'DD. MM YYYY HH4:M:SS') || '.000 "
addr _datatype || ' "' || addr_drv_name [| ""'

FROM vpvss_addr ess
CRDER BY dpt_nane, dp_nane, dpe_full nane;

/I* CLOSE THE OUTPUT FI L E*/
spool off
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