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Summary.

The ISOLDE project consists of the move of CERN's Isotopes Separators and their
experimental area from the recently de-commissioned Synchrocyclotron to a beam line
served by the Booster Synchrotron. A new control system was required.

Traditionally, control systems for accelerators are based on software tailored to
optimize potential utility and runs on sophisticated hardware. This results in "home
grown" products which often remain incomplete and are overtaken by the rapid
advances of the massive industrial base of commercial software.

~ The purpose of this thesis is to take the opportunity to explore the extreme opposite
approach for control systems. Namely to use "market leader" commercial software and
hardware available for the huge PC market, with in-house development limited to the
Graphic User Interfaces and to the necessary hardware and software interconnects.
The results are positive, as the system proved to work correctly, and the physicist

community is fully satisfied of its friendliness.
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1. Introduction.

The ISOLDE project (Ref. 21) consists of the move of CERN's Isotopes Separators
and their experimental area from the recently de-commissioned Synchrocyclotron to a
beam line served by the Booster Synchrotron. ISOLDE (Fig. 1.1.) is an on-line isotope
separator facility where two mass separators supply radioactive ions, from the whole
nuclear mass range, to about 250 physicists making experiments in the domain of
atomic and nuclear physics, astrophysics, nuclear medicine, and surface and solid state

physics (Ref. 22).

RADIOACTIVE LABORATORY

FROM PS-BOOSTER

EXPERIMENTAL HALL

Figure 1.1. View of the ISOLDE Facility.

Part of the project consisted in developing a new control system (Ref. 23), with the

only limitation of reusing the old CAMAC hardware. ISOLDE was commissioned by a




group of universities and research centers mainly interested in the physics they can do
with the facility Because of this, no extra budget to afford the costs of manpower to
develop and maintain the control system was available. It was then clear that an
inexpensive, user friendly, control system was needed.

Unfortunately, traditional control systems for accelerators are based on software
tailored to optimize potential utility and run on sophisticated hardware. These types of
control systems require many man-years of work of expert informaticians to be
implemented, developed, and tested. Also their maintenance is very expensive
requiring big amounts of time and money. Moreover, new applications and
rriddiﬁéations are rare, due to the investment in time and money they require (Ref. 2,6,

and 12).

It was then decided to implement a control system requiring a minimum of
manpower both for the implementation and for the subsequent maintenance. The idea
was that users of the facility, with little training, should have been able to maintain the

control system, and to write and modify the applications.

The purpose of this thesis is to take the opportunity to explore the extreme opposite
approach for control systems. Namely to use "market leader" commercial software and
hardware available for the huge PC market, with in-house development limited to the

Graphic User Interfaces and to the necessary hardware and software interconnects.

As a member of the group in charge of developing the system, my duties have been
to propose a "culture" for the user interfaces, and once achieved, to implement it, and
to build Some application programs. In order to reduce the training period for the users
to the minimum, many techniques to convey meaning to graphical representations have
been tested and regularly evaluated in the course of formal and informal meetings we
held with the users of the facility. I also worked in the development of some software

needed to control the equipment of the facility, such us some elements that are called




quadrupoles, steering quadrupoles and deflecting plates. The function of quadrupoles
is to focalize the ion beam, composed of charged particles, as it tends to drip. The
deflector plates are elements that modify the trajectory of the beam. They consist of
parallel charged plates connected to high voltage power supplies. The steering
quadrupoles combine the functions of the two other elements, as they are able to
focalize the beam and to slightly deviate it. To control this elements we insisted in the
basic principle of using only massive commercial hardware and software. The control

is then built by using commercial ISA bus cards, mounted on common PCs.

The results are positive, as the system proved to work correctly, and the physicist
community is fully satisfied of its friendliness. In particular the time to develop the
system has been strongly reduced, if compared with the time needed to develop similar
systems. Moreover, goals such as cost, flexibility, upgrading possibilities, and

maintenance, have been achieved.

The problem of implementing this control system has been attacked by making an
inside analysis to see what were the needs (Ref. 13 and 15), and by making a survey of
what the commercial products offered (Ref. 14, 16, 18 19 and 20). Once a trade-off
between problems and solution was found, a test system was implanted and we began
to write the software. Software is layered, so that functionality could have been tested

before applications were finished.

Concerning the Graphical User Interface (GUI) aspect, as basis of the study, we
considered the recent experiences done by two CERN working groups, that were
responsible of the new control systems of the PS complex of accelerators and of the
SPS ring collider respectively (Ref. 24 and 25). Some theoretical aids came also from a
study on GUTs presented by Marcus Aaron, principle of Aaron Marcus and Associates,
which is a consulting firm that designs and evaluates GUIs. A synthesis of this study is

proposed in Appendix B.




In conlusion this is the structure of this thesis.

In section two the CERN Reference Model for control systems of accelerators is
proposed. This technical report represents the state of the art for control systems. In
parallel we discuss the characteristics of the available hardware and software

alternatives for each layer of the system.

In section three we introduce the ISOLDE facility, we explain the physics that is

ddhe, and we describe the layout of the system.

In section four we describe the solution method. We show the conceptual
architecture of the system and we explain how the ISOLDE control system was

conceived layer, by layer.

In section five we describe into details how the upper layer (the console one) was
implemented. After a discussion on how we conceived the graphic interface, in which
we show also many pictures to explain how the concepts have been translated into
reality, we give an example on how the applications were written, discussing the
important parts of the code. As the discussion about the graphic interface consider

colors, in appendix F, color copies of all the colored figures of this work are collected.

In section six we enter into derails for what regard the Front End Computer (FEC)
level. This section starts with the description of a type of element, as an example. Such
element is a quadrupole, because it is simple in its working principles, and it profits of
most of the relevant functions of the control system. The definition of the parameters
and the hardware necessary to control the quadrupole follows, and the explanation of

the software module written to control the element concludes this section.
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Section seven describes the obtained results and explains how the system works.
After an example on how an operator should work to control the previously discussed
element, a critical evaluation of the project is reported, which describe good points and

drawbacks of the solutions adopted.

Section eight reports the conclusions of this work. It points out what we belive are
the most relevant characteristics that an easy and economical to built and operate

control system should feature.

Section nine reports references while some appendices have been added. Appendix
A gives some information about CERN, and appendix B contains a synthesis of the
tutorial on GUTs that can be useful to better understand some concepts we introduced
in the discussion of our graphic environment. Appendix C contains the C listings of the
software modules necessary to drive a quadrupole element, and appendix D shows the
contents of the database files. Appendix E contains the Reference Manual of the

ISOLDE system and Appendix F color copies of the colored figures of this work.
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2. State of the art for accelerator control systems.

2.1. Introduction.

In this section we will discuss a global architecture for modern accelerator control
systems, based on International Standards, which was presented as a Reference Model
for future control systems as a result of a survey conducted with the aim to make
recommendations for rationalization in the major technological areas (Ref. 1), and we

will review the characteristics and merits of the major components of that architecture.

2.2. The Reference Model.

Whatever the size of the project to-be controlled, one may identify the man machine
interface on one end and the equipment interface on the other. In between one finds a
communication network, covering the distances, and some computer power to allow
interaction between the operator and the equipment.

The study we said in the introduction has proposed a control architecture making,
as much as possible, use of open systems conforming to International Standards.

This architecture is based on three computing layers, interconnected by two types of
networks (Fig. 2.1.). The three layers are the control room layer with its consoles and
~ central servers, the front end computing layer in the local areas, and the equipment
control layer with its ECA's (Equipment Control Assembly) control crates which form
part of the equipment.

Hardware and software used on each level are adapted to the specific functions of
the layer, with a considerable diversity on the ECA level corresponding to the variety
of accelerator components to be controlled. This approach differs from the one which
was adopted for the old control systems where the same type of NORSK-DATA
computers has been used for both (Ref. 2) control room and front end computing. The

new architecture offers more flexibility and will permit continuous partial upgrading as

12




technology evolves, a feature which is essential in a time when computer power ata
given cost doubles about every two years and when hardware and software standards

keep changing fast.

UNX L ws N\ Zws ™\ Lws N\ ver/ /seyver”

control room network |EEE 802.X

e o g

gateway

global backbone network |IEEE 802.X

gt X fonso, Lseer”

gateway

" _regional network IEEE 802.X

1 DSC | RT-UNIX| pSC | RT-UNIX DSC

E Local display
i (ECA $
i Equipment fleld bus
i (CAMAC
ECA] [(EcA
--{CAMAC
$ Equipment
Equipment

Figure 2.1. The Reference Model control system architecture.

2.2.1. The control room laver,

The control room layer has to fulfill two main functions. First of all, it must provide
the operator with a reliable, user-friendly interface to the accelerators. As a second
function, it must offer a number of central services, such as coordination of various

control tasks, central data and file storage, model computing and collection of alarms.
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To fulfill these requirements the UNIX environment has been adopted for the

accelerator control systems at CERN (Ref. 3). In practice various versions of UNIX

are used (Ref. 4): SCO XENIX 2.3 on Olivetti PCs, AIX 2.1 on IBM RTs, Domain

0OS 10.3 on Apollo, UX 8.05 on Hewlett-Packard and ULTRIX 4.2 on DEC

workstations.

2.2.2. The front end computing layer,

TOKEN-RING or ETHERNET

TCP/IP and RPC

DIRECT 1/0
CONNECTIONS

o —
O o

T To wm

1o w

BITBUS RS232 RS485

!
¢l (]| me
P D CRATE
U L
GMT TIMING
GPIB

7T

1553 FIELD BUS and GMT TIMING
+
ECA ECA LOCAL J ECA
VME G 64 CONSOL

Figure 2.2. An example of a VME crate used as DSC at the front end level and

connected at some ECA modules via the 1553 Field Bus.
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The heart of the Front End Computing (FEC) layer are the Device Stub Controllers
(DSCs) which are usually diskless, real-time UNIX compétible machines, but we will
encounter some exceptions. Figure 2.2. shows a VME crate connected as DSC.

CAMAC was, in order of time, the first possible alternative as equipment to use as
DSC (Ref. 5). It supports a high speed processor for control applications, and
powerful modules for data acquisition. The first specification of the CAMAC system
was finalized in 1969 in the EUR-4100 Document.

Following  the success of CAMAC, more complex functions have been
implemented, resulting in an emerging profusion of bus systems. Today the VMEDbus is
thé‘ most popular bus system (Ref. 6). The VMEbus with its functional modules is
essentially an adaptation into EUROCARD format of the already existing Versabus
from MOTOROLA. This is why VME is the acronym for "Versabus Modele
Européen". The VMEDbus has also been accepted as [EC-821 standard.

The VMEbus has later been improved and expanded into a three bus combination
VME-VSB-VMS (Ref. 7). The VSBus is a fast multiprocessor and memory subsystem
bus, which uses 64 additional pins on the second dataway connector, while VMSbus
provides a serial connection between modules for inter processor communication. The
PC bus standards are the exceptions we mentioned above. The PC computer is usually
a disk-based system and runs an operating system which is not UNIX. Despite this has
been successfully used as a DSC in the LEP control system (Ref. 8).

The ATbus has been fully documented by two specifications, one from the IEEE
Standard Organization (Ref. 9) and the other from Intel Corporation (Ref. 10). The
generic name for the 8 bit and 8/16 bit AT compatible bus is Industrial Standard
Architecture (ISAbus).

Recently, an Enhanced ISAbus (EISAbus) has been developed and specified by a
manufacturer's consortium led by COMPAQ, (Ref. 11). The EISAbus provides a
compatible 8/16/32 bit bus for the latest Intel 80386 and 80486 microprocessors. In
developing the EISAbus specification the COMPAQ lead consortium added additional

15




features beyond the increase of the data width to 32 bits. Some of the features can be

used by ISA platforms that only support 8 and 8/16 bit slots.

TOKEN-RING TCP/IP AND RPC

PC - 386
] |
I
U
VME
B| B| B c Vv
VME CRATE cle|c P B PARALLEL
U M BUS
i ﬂ AT
VIC
BUS
<SMITIMING
1553 FIELD BUS
1553 FIELD BUS and GMT TIMING
ECA ECA
G 64

VME

Figure 2.3. The VICbus used in a Process Control Assembly - PCA-.
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To conclude our survey over the possible DSCs offered by the market we must
introduce the VICbus standard (Ref. 12). In fact the widespread use of high
performance, multi-processor systems based on backplane buses such as the CAMAC,
the VMEbus , and also the PC buses has inevitably led to the requirement to create
multi-crate systems. The VICbus (Vme Inter-Crate bus) is designed to achieve such
assemblies in a standard way.

The development of a transparent multi-master multi-crate VME interconnection
cable has started first at CERN in 1983. The objective was to use it for Process
Control Assemblies (PCAs) in the control system of the future LEP accelerator, (Fig
2.3).

The VICbus is a multiplexed, multi-master, multi-slave cable bus intended to
connect multiple backplane buses or stand-alone devices. It provides transparent,
softwareless interconnection for low latency short data transactions and fast data
transmission of data blocks over cables of up to 100 meters in length. Address and data
signals, each of 32 bits, together with those necessary for the control of the bus
protocols, signal multiplexing, reset and error reporting are transmitted on twisted
pairs using differential line drivers and receivers. Up to 32 devices are permitted on a
single VICbus cable.

For what regard the operating system it is well known that UNIX is not designed to
provide real-time features. For the front end process compuiers, a commercial real-
time POSIX compliant operating system (LynxOS) has been chosen by CERN's
accelerator control group (Ref. 13).

The acronym POSIX stands for Portable Operating System Interface and has been
written by IEEE working groups and has been accepted as International Standard
9945, (Ref. 14).

MS-DOS operating system has to be remembered as it is the native operating

system of the PC family.

17




2.2.3. The Equipment Control Assembly laver.

The Equipment Control Assembly (ECA) control crates are connected to the PCs
or VMEbus crates via field buses on one side and to the equipment on the other side,
by means of general purpose or dedicated electronic modules. Since no predominant
standard exist, a certain variety of solutions, both for the ECAs and for the field buses,
is to be expected and considered to be acceptable.

Their utility is to discharge work to the DSC. Some processes can be in this way
computed in the ECA directly connected to the equipment and the DSC is only used to
send commands and value requests. Possible ECAs are VME crates, local consoles and
G64 modules (Ref. 15).

In the present three field buses are used at CERN: the 1553 field bus (Ref. 16), the
GPIBbus (Ref. 17) and the serial CAMAC. (Ref. 18). In figure 2.2. is shown how

some ECA modules are connected to a DSC via the 1553 Field Bus.

2.2.4. Networks,

As it is shown in Fig. 2.1. the Reference Model architecture is based on three
computing layers interconnected by two types of networks. The communication within
and between the Control Room and the Front End Computing Layers 1s based on
modern Local Area Network (LANs) - Ethernet and Token-Ring conforming to IEEE
802.x International Standards and using the TCP/IP protocol. Where long distances (>
500 m) are involved a Token-Ring backbone network is implemented and transmitted
(Ref. 19) over Time Division Multiplex (TDM) equipment conforming the CCITT
G700 Standard.

To be as open as possible for future expansion, use of communication protocols
conforming to the emerging I1SO standards is recommended. Commercial products are
available for the lower layers: the Physical layer, the Medium Access Control (MAC)
layer and the Logical Link Control (LLC) layer as specified by IEEE 802.2. Figure 2.4.

shows a schematic representation of the Network Protocol adopted.

18




For the upper layers, the de-facto standard is the US. Defense Advanced Research
Project Agency (DARPA) suite of protocols. DARPA (Ref. 20) has defined the
protocol for communication over an interconnected system of networks called TCP/IP
(Transmission Control Protocol/Internet Protocol). This is exactly the framework of
large control systems which are made from a number of Token-Rings and Ethernet

segments interconnected by bridges, routers and gateways.

RPC

Network file

access

Network File transfert Remote login Simple mail

compiler TFTP TELNET SMTP

RATP ¢ ¢ ¢ /

4 User Datagram Protocol Transmission Control Protoco Transport layer
3 Internet Protocol Network layer
2 IEEE 802.2 Logical Link Control layer
1 IEEE 802.5 or 802.3 Physical layer

Figure 2.4. DARPA family of protocols (TCP/IP).

The DARPA suite of protocols is complete up to the Application layer and defines
also a File Transfer Protocol (FTP), a virtual terminal utility via TELNET
(TELecommunication NETwork) and a Simple Mail Transfer Protocol (SMTP). The
communication between the control center and the front-end process computers is
achieved via the IP (Internet Protocol) and TCP or UDP. TCP (Transmission Control
Protocol) offers to the user a fast and reliable connection-oriented protocol and UDP

(User Datagram Protocol) offers a fast connection-less protocol with broadcast

19




capability, but with no guarantee that the message is delivered. All this network
software is commercially available as portable packages written in C language.

On top of UDP, a Remote Procedure Call (RPC) mechanism offers a means for the
programmer to call libraries located in remote computers as if they were available
locally. The RPC software hides as much as possible the network to the user: it handles
internal representation conversions, offers transparent remote calls and supports
heterogeneous systems. A standard RPC is not yet available but IEEE and ISO
standardization bodies are actively working on proposals and commercial products are
expected to follow.

”Such a network architecture offers a good separation of data traffic between various
domain of activities. Typically, part of the data wraffic on the control center network is
separated from the backbone network and local traffic on the regional network does

not interfere with the global communication.
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3. The ISOLDE Facility.

3.1. Physics of ISOLDE.

Nature provides us with about 250 stable or very long-lived nuclei. The light nuclei,
such as OLithium and 12Carbon, contain equal numbers of neutrons and protons
whereas heavier nuclei have an excess of neutrons, for example, 2081 ead has 126
neutrons and 82 protons. A nucleus which contains its natural complement of protons
or neutrons resembles a wet sponge. As more particles are added, it begins to drip. It is
possible to create about 6000 artificial, radioactive isotopes, which spontaneously
decay, drip, after a time which may be very short, characterized by the so-called half-
life. Of these, some 2000 have been observed, many at ISOLDE.

Some of the very proton-rich isotopes, can be produced in several ways, for
example by nuclear fission, but neutron-rich nuclei can only be created by violent, very
high energy, interactions typical of ISOLDE (Fig. 3.1.).

In ISOLDE, a variety of radioactive reaction products are created in a thick target,
by bombarding it with 1 GeV protons. After a sophisticated combination of high
temperature chemistry, diffusion and ionization, the resulting isotopes are accelerated
to 60 keV. A meticulous choice of target-ion source techniques, followed by mass
separation in magnet are used to select and deliver isotope beams of the purity required
by the experiments. Extensive research to develop target-ion units specific for each
element has made about 600 different beams available, containing isotopes of over 60
elements from all regions of the periodic table, with intensities reaching 1012
ions/second.

ISOLDE supply today radioactive isotopes to about 300 physicists making
experiments in the domain of atomic and nuclear physics, astrophysics, nuclear
medicine, surface and solid state physics. As an example, an increasing number of

ISOLDE users are benefiting from the almost unlimited choice of beams, to investigate
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very low concentrations of impurities in materials. A major thrust is the study of
impurities in semiconductors, which are of considerable technological and economic

importance.

3.2. Description of the beam transport system of ISOLDE.

3.2.1, Lavout,

The view of the new facility is given in figure 3.1. The protons from the PS-Booster
(Ref. 21) are delivered to the ISOLDE targets zone via an underground transfer line,

about 100 m long, coming from the left in the figure.
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Figure 3.1. Layout of the ISOLDE Facility.

The beam can hit one of the two target stations which feed the General Purpose

Separator (GPS) or the High Resolution Separator (HRS). The radioactive ions
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produced in the target are accelerated to 60 keV, analyzed in the separators and then
distributed to the experiments.

The GPS separator is easy to operate and versatile. It has one bending magnet and a
switchyard of electrostatic deflector plates. HRS, with two bending magnets and an
elaborate ion optical system gives a mass resolving power (a measurement of the purity
of the separated mass compbnent) 15 times better than GPS.

The two isotope separators are arranged such that a beam from either machine can
be fed into a common beam distribution system to which almost all of the experiments

in the 700 m? experimental hall are connected.

2.2. Th m distribution system

A main objective in the design of the facility was to make best use of the available
space, particularly of the experimental hall. To reach this goal a complex beam
transport, elettrostatically driven, has been designed (Ref. 22). The most versatile
mode of operation was to be able to supply the experiments with ions from either

separator. To do this a "merging switchyard" has been constructed (Fig. 3.2.).
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Figure 3.2. The merging switchyard.

Referring to fig. 3.2. we can see that the beam coming from the HRS or the central
beam of the GPS are bent close to the final direction with the help of cylinder-shaped
deflector plates. The final kick is given by a parallel plate condenser which can be
excited with one or the other polarity. Since there are no moving parts in this
"merging" switchyard, fast switching are possible, but obviously only one beam at a
time can pass through it.

The beam distribution system is equipped with two five-way switchyards. Most of

the experiments will be connected to these beam-lines. At the GPS two short beam-
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lines will accept ions from the low and the high mass side of the mass spectrum. These

two side beam-lines can be used in parallel with the central line.

3.2.3. The control system.

With the move of the ISOLDE facility to its new site a modern control system for
both separators and the beam-lines had to be implemented. It was decided to have it
based on inexpensive personal computers running under MS-DOS and Microsoft
Windows and to make use of the CERN-wide installed network. The scope of this
work is to implement this control system. Thus, next sections will develop in details

the evolution of the system.

3.2.4. Numbers,

The implementation of a control system requires a first step in which analysis is
done. The next step, the decisional one, can take great advantage from a correct
analysis. In the case of ISOLDE analysis consisted in the determination of types and
quantities of elements, in the determination of the number of analog and digital
channels necessary to cope with them, in speed tests to guarantee a satisfactory
throughput to the system, and in previsions about the manpower necessary to develop
the system and about the cost of the system (Ref. 23).

The results of this step is relevant to understand the dimensions of the project and
can be summarized as below.

The project can be quantitatively described as composed of:

- 2 Faraday cage 60 kV power supplies.

- 6 Extraction electrodes.

- 27 Faraday cups.

- 5 Slits.

- 5 Lens collimators.

- 15 Beam scanners.

- 5 Wire grids.

25




- 6 Thermocouples.

- 18 Target power supplies in 60 kV Faraday cage.

- 9 Beam gates.

- 3 Separator magnets with gauss meter.

- 58 Quadrupoles.

- 25 Steering Quadrupoles.

- 8 Kickers.

- 7 Benders.

- 4 Correction plates.

-3 Multipoles.

- 5 Deflector.

- The Vacuum system.

This gives roughly 300 elements (devices) and 1700 analog or digital wires (control
channels) entering the control system on three buses (CAMAC, GPIB, ISA).

More than 80 ISA (PC/AT) boards are or will be installed in different PCs or PC
expansion crates. Eight FECs are then necessary, controlled by three consoles in the
contro! room.

The manpower necessary to design the system was calculated in about 1.5
man*year, while another 1.5 man*year is necessary for the applications and the
equipment modules.

Costs are equally divided between acquisition and computers. About 100 KCHF
have been invested in PCs and the same amount in ISA boards, while 50 KCHF was

the budged foreseen for cabling.

3.3. The Research Problem.

Trends in computer hardware and programming methodology are moving too fast
for any one to present a comprehensive survey of ideas that might affect accelerator

control systems. Nevertheless, there are several clearly identifiable developments which
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started within the fairly recent past, continuing today, and which hold considerable
promise for accelerator control in the near future. There are four major independent
areas.

They are:

-The introduction of high performance, low cost workstations;

-Emerging network standards and network transparency.

-New software developments with respect to the human interface. Workstations
incorporate many features that are a result of both software and human factors
research. Among these are pointing devices and screen windowing systems.

_The emergence of efficient, integrated commercial database software, which can be
used for all stages of an accelerator project, from early design, to construction, to
the operational phase.

The challenge of this project is to design and build an accelerator control system

that uses these powerful new developments in an appropriate and effective manner.
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4. Conceiving the ISOLDE control system: ISOLDE
and the Reference Model.

4.1. Architecture.

The ISOLDE Control system is simple. It has Olivetti personal computers (PC) at

all levels connected using the general purpose Ethernet network available sitewide.

80386 or 80486 PC Consoles, Isolde Control Room

Laser Printer /80386 Office PC
] Documentation,

Calculations,

CAD,

Logbook,

& statistics,

Control

v

PC/AT Add on Boards

d

80386 File Server

RS 232 Control

GPIB Instrumentation

)

EEED] 80286 or 80386 Front End PC
Serial Camac Connected to the Equipments

Figure 4.1. The ISOLDE Control System.

Figure 4.1. shows the architecture of the control system. The whole system is built
on a commercial PC networking product from Novell called Netware. This network
uses the protocol IPX/SPX (Internetwork Packet Exchange/Sequenced Packet

Exchange), and provides a shared file system, shared printers, computer to computer
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and computer to server communications that are used in the control system to share
databases and the hardware equipment between different consoles. The Front End
Computers are in fact just seen from the consoles as eqiiipment servers to which client
requests can be sent. It is indispensable to be attached to the ISOLDE server to
execute any hardware access. This let the ISOLDE control system inherit all the

security features that the Novell network provides.

4.2. The Control Room Laver.

————

The consoles in the control room are Olivetti 486/33 machines. The console
cofnputérs are equipped with 21 in. color monitors giving a resolution of 1024*768

pixels.

User Interaction
ﬁ j‘k \
Application

Network
Requester

VT

Network Request

CONSOLE

|

Figure 4.2. Data flow diagram showing how the software structure of a console

works.
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Besides the high resolution monitors, the consoles are fully compatible with all PCs
available in the offices as local workstations. The Graphic User Interface (GUI)
Microsoft Windows is a good complement to utilize properly the graphic performances
of such PCs.

Figure 4.2 shows the data flow diagram of the software structure of the console.
Application programs are written in C, using the Microsoft Software Development
KitTM, Visual BasicTM and ExcelTM.. Synoptics, the general purpose applications
showing the whole area they are able to control, are all written in Visual Basic, due to
its vocation for this kind of applications. Knobs are written in C to gain the maximum
in speed, as we will expect to have many knobs on the screen at the same time, all
competing for system resources. Applications, synoptics and knobs are shown in figure

4.3.
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Figure 4.3 Example, from the left to the right, of an application, a synoptic and a

knob.

The network requester, a C application named RPC-SERVER running in resident-
mode on each console, collects all the requests from the applications running on the
console and gives back to the client the requested information. Communications
between applications and RPC-Server use the Dynamic Data Exchange (DDE)
protocol. Every environment that supports Windows native Dynamic Data Exchange

(DDE) protocol can be used to build-up applications. Among these we find the
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Microsoft Windows Software Development KitTM (SDK), Microsoft ExcelTM,
Microsoft Visual BasicTM, Microsoft WordTM, ActorTM, ToolBook I and many
others.

Communications between RPC-Server and FECs is done via a Remote Procedure
Call (RPC) mechanism and the protocol here used is the Novell one, the IPX/SPX
(Internetwork Packet eXchange/Sequenced Packet eXchange). An alarm process
(Error Server) runs on all consoles and checks systematically for inconsistencies in the
element names, properties, rights or that control values remains between defined
ranges (Figure 4.4.). The alarm program in the console is normally minimized in a

green icon that becomes red when active alarms arise.

Error Server

File Options Help

DATE-TIME  APPLICATION ERROR MESSAGE

09-29-11:23 RPC Server Non existent Element -> Poke GPS.TEST_CCV
09-29-11:23 RPC Server Non existent Element -> Control Panel GPS.TEST
09-29-11:23 RPC Server Non existent Element -> Control Panel GPS.TEST
09-29-11:23 RPC Server Non existent Element -> Control Panel GPS.TEST

09-29-11:23 RPC Server Non existent Element -> Reading GPS.TEST ccy 0

Figure 4.4. The Error Server.

4.3. The Front End Computing Layer.

The personal computers connected to the equipment are called Front End
Computers (FEC) and are Olivetti 386/25 and old IBM 80286s. The performance of
these computers is entirely satisfactory as they have enough CPU power to drive the
equipment. The FEC PCs are identical in configuration to the Office PCs except that

they have additional control boards.
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All front end computers run NODAL for MS-DOS, a local NODAL interpreter
used to access, directly from the FEC, the controlled equipment, and which is used to
test and debug all FEC programs.

In figure 4.5. we can see a data flow diagram showing how the software structure

of a FEC works.

Network Request

A

v
IItI.e:work Nodal Interpreter
1stener Result of (local keyboard) Equipment
Acquisition Acquisition Module
Ac uisitio& Requey Re.s".ﬂ.t of Data Table
qRequest Acquisition in RAM containing
Eqipment W) property values
Module (’"/ ”’
Result of Acquisition
f / FECNOD.EXE
Hardware Hardware L FEC
Acquisition / / Control Initializa tlon/
[V , /
Hardware Database on File Server

Figure 4.5. Data flow diagram showing how the software structure ofa FEC

works.

Referring to the figure we can see that a program called FECNOD.EXE provides a
network listener to execute remote procedure calls coming from the different consoles.
The connection between hardware and software is made by Equipment Modules (EM).
They are C subroutines linked with the FECNOD program, accessible from any PC
connected to the CERN Ethernet network, and treated as functions by the NODAL
interpreter. There is for each EM a corespondent data table with equipment specific

parameters that are stored and maintained in the database on the file server. These
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hardware specific EM's give each FEC a different software configuration, which is
loaded from the file server together with the data table at the startup of the FEC

(Initialization).

4.4. The Equipment Control Assembly Laver.

The use of ECAs has been limited to the vacuum control system. They should close
the vacuum valves if the pressure becomes too high, inhibit their control from the FEC
if necessary, and start and stop pumping of given sections. Programmable Logical
Controllers (PLCs) from Siemens have been chosen. This system offers a secure way

to handle the vacuum system.

4.5. Networks.

As we saw the link between the layers consists of an Ethernet segment, connected
via a gateway to the CERNwide Ethernet infrastructure. A flat backbone was
suggested because of the simplicity of the system and the limited distances between the
equipment and the control system. The file server of ISOLDE (an Olivetti 486/33

MHz) runs Novell Netware/386, a commercial PC networking product from Novell.

4.6. Bus Standards.

PC-CAMAC, PC-GPIB, PC-AT are the three types of busses that has been chosen
to control the whole equipment:
_ CAMAC was chosen because a wide range of standard modules is available and in
order to allow the recuperation of the hardware from previous control systems.
- GPIB, a commonly used bus for measuring instruments, also known as IEEE-488
bus, was selected to drive sophisticated instrumentation.
- Industry Standard Architecture (ISA) boards that plugs into the PC directly or in

ad hoc extension crates, were chosen for direct interfacing to the equipment. A
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wide offer of this last type of boards exists and it has, for the moment, been

restricted to Analog to Digital Converters (ADC), Digital to Analog (DAC),

Digital Input Output (DIO), timers and RS-232.

4.7. Strategies.

The Man-Machine interface of the control system is based on a GUL The Graphic
User Interface is Microsoft Windows and provides a common access to all

applications. The shell to start the different applications is the default Windows

Program Manager (Fig. 4.6.).
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Figure 4.6. The Graphic User Interface.
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The system is entirely database driven. Databases are built using Microsoft Excel,
and stored in the native Excel format (BIFF) or in Comma Separated Value (CSV)

formats when they must be accessible from applications (Fig. 4.7.).

ula Format Data

:ADC Currentin Amps:

Figure 4.7. One Excel Database.

This provides a means to store, in an organized structure, all static and dynamic
variables. All parameters, scaling factors, node addresses on the network, default
parameters, card and channel addresses, crate numbers etc., are stored in the database.
This keeps the system maintenance to a strict minimum.

Excel also provides spreadsheets to calculate and display physical parameters of the

separator, graphic facilities to summarize several parameters in one single chart and a
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powerful macro language to write end-user applicati

personnel.

ons used by the operation
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5. The implementation of the ISOLDE control system:
the console level.

5.1. Experience in SPS and PS.

ISOLDE is not the first control system that uses consoles with the potential to
display a large number of windows. Some experience has been achieved at CERN from
the groups responsible of the rejuvenation of the SPS collider [Ref. 24] and the PS
complex [Ref. 25]. This experience consists mainly in the several iterations that were
necessary to satisfy the operators. In fact, the powerful environment of these control
systems permit the operators to run several tasks on a single machine, when they
previously had to monopolize two or even three consoles. The drawback is that it also
allows the operators to cover the screen with a multitude of windows, leading to
complete confusion.

Both groups passed from a context made of fixed screens and fixed commands, to a
context remarkable for the flexibility and the power of the consoles. For what regards
SPS [Ref. 24], the first requirement adopted to develop the software considered the
functionality of the system as a whole. Little time was first paid to the user interface.
The programs were layered and this permitted them to develop user interfaces straight
forward. Without going into details, and taking into account only the proBlems that are
inherent also with the ISOLDE project, we can summarize as below the points
experienced by SPS:

- With even a small number of windows, the screen can become very quickly
confused.

- Some tasks involve a number of windows and it is often difficult to associate them
with each other.

- Although modern window/graphics environments can deal with changes to window

sizes, there is often an optimum, or at least a minimum useful window size for a
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given application. If, as often happened, the operator accidentally changes the
window size, time would be wasted re-setting it.

- On-line help information is of limited usefulness. They noted that the operators
would often not bother to read detailed instructions on how to use the software,
but would instead call the system developers to get an answer.

- As long as the error reporting system presented much more information than had
often been the case with existing SPS software, the operators would be able to
resolve many problems themselves. However, in practice, they often immediately
called the system developers without reading the error message. This happened

| even when the reported error referred explicitly to equipment hardware problems.

- Many of the concepts in the system were not easily understood by the operators
despite training. A typical problem was, for example, the trim software. When
trimming the current function in a magnet system, one could choose from seeing
the function as it presently stood, (the reference) or the difference from the
theoretical current function (the trim). In practice, the operators were often
confused by the distinction.

In addition to these observations, there were a number of issues that needed to be
resolved. For example, the software design allowed the possibility of running multiple
copies of various applications. As a desirable feature this would obviously require
some management. Moreover the operators found the extreme flexibility of the screen
layout to be slightly disturbing, and there was a requirement to produce a consistent
"look and feel" of applications, covering such aspects as standard colors, positions and
labels of icons performing similar actions, behavior of "pop-ups,” menu styles and
mouse button use. With this in mind the SPS re-write the interfaces and developed a
console manager.

PS and his rejuvenation project [Ref. 25], started his work later and took benefits

| from the SPS experience. In this case a lot of work was done in the direction of giving
a structure to the system. They proposed a system with a structure Beam Oriented

rather than Hardware Oriented, and they introduced the concept of Application as the
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environment needed to operate a logical part of an accelerator in an autonomous
manner. They classified then tools contained in the Applications according to the
different stages of a process. They have selected:

- Synoptics, used to visualize the whole process covered in the Application.

- Individual controls, needed to access each piece of hardware in the Application.

- Physical Parameters, introduced to hide some variables like Voltage, Intensity, and
so on, and to give directly the relevant value to the physicist, like meters, radians,
gauss...

- Measurements, having no special structure, due to the particularities of each

) process.

Conclusions presented from this group reported that the system was readily
accepted by the operation team without a long training period. This positive reaction
made us consider to extend those principles in the implementation of the ISOLDE

Graphic User Interface (GUI).

5.2. _The use of a "culture".

The advice we can keep from this experiences is that controls tend to be more and
more sophisticated while operators need to work with simpler user interfaces. This
could seem hard to achieve, but we need just to give a look on the huge market of
commercial software to find a solution to this problem. The solution consists in
introducing a "culture" on a family of software. This culture, if consistent, will be
assimilated by the behavior of the user, who will keep it as a part of his knowledge.

To obtain this we must keep in mind that the success of this kind of solution is
directly linked with two aspects of the culture which are: the culture needs to be
consistent, and it needs to be uniformly spread out through the system.

In the PC world, Microsoft as an example, gives us several examples of culture
spread on applications. In the Windows environment, if you buy a new application, you

have in advance an idea on how commands will be interpreted. You know, for
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example, that [CTRL]+[INSERT] will let you load in a buffer named "clipboard" the
area of text, bitmap or vectorial image you have selected, and [SHIFT]+[INSERT] will
let you insert the cplipboard contenent, in the current application, starting from the
position of the cursor.

In our case, what was to be done was to obtain a consistent user interface by taking
into consideration both theoretical and empirical aspects. The theoretical approach
took into consideration a recent study of Aaron Marcus, who is the principle of Aaron
Marcus and Associates, a Californian consulting firm that designs and evaluates GUISs,
and which is condensed in Appendix B. The empirical approach considers carefully the
ekpet'iénce done by the groups responsible of the rejuvenation of the control systems of
SPS and PS, and the many conversations had with the future users of the ISOLDE

facility. In appendix F all the figures proposed are repbrted with colors.

5.3. Which culture we implemented.

1, Analysis of th rations n sar ntrol ISOLDE

The implementation of every control system, requires some preliminary analysis to
understand in details which and in which order functions need to be exploited, and how
operators would like to conduce their job. For this reason few meetings were held
before starting the implementation of the ISOLDE GUI, and some others were held to
show and discuss the evolution of the project. In our particular case the future
operators on the consoles will be the users of the facility, so they will be physicists and
engineers.

The result of these meetings was a better comprehension of the facility. Its scope is
to generate, separate and transport ion beams. The quality of the beam is determined
by its composition and its spatial distribution. The control system does not affect the
composition of the beam (the separator does it), but it is responsible for its spatial

distribution.
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The operator would like to control the direction and the spread of the beam up to
the experiment. The direction and the focusing of the beam can be modified by means
of electrostatic deflectors and lenses, due to the positive charge of the beam. The
control of these deflectors and lenses is done by changing the potential of the
electrodes that constitute the elements. The operator needs to have full control of the
elements that are on the way of the beam.

In order to "see" the beam some detectors are placed on the way of the beam. These
can be destructive or not. A detector is destructive if, when in place, stops the beam.
The operator need then to be able to place and displace the destructive detectors,
activate or not the others, and read the information given by the detectors in the most
convenient representation.

This is the minimum a control system should provide. But, for a modern control
system, some other functions are considered as a must. A modern control system
should provide the status of the machines, a complete error report system, database
functions for archiving, possibilities to store and retrieve configurations, report

generation facilities, modeling, etc.

2, Organization

To describe the implementation of the GUI is practical to follow the set of
principles given in appendix B. The first principle is organization. The concepts related
to organization are consistency, screen layout and navigability.

For what regards consistency we considered that Windows is a highly structured
interface, and any Windows user is familiar with the behavior of the system. To confer
external consistency to our structure we decided that programs should have followed
the Windows standards as far as possible. The basic idea was that the most a program
follows the Windows standards, the best was for the operator.

In this spirit we decided to create two new groups, the first containing the
programs, the second the databases. Then we introduced the concept of application.

An application should consist by one or more programs, be represented by one icon in
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the applications group, and should contain the code necessary to operate a physical
part of the system in an autonomous manner. The icons always shows a strong
relationship with the physical part controlled by the associated application. The
introduction of the concept of application fulfills the needs of navigability in the system
and the strict relationship between hardware and software helps to fulfill requirements
of real-world consistency. Figure 5.1. shows the contenent of the groups we created:

the ISOLDE Control and the Databases groups.
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Figure 5.1. The ISOLDE Controls and Databases groups.
Screen layout organization concepts suggested that applications, once called, should

open always in a fixed and known position, also if the user is then able to move them.

The size of each window is also fixed and depends on the amount of data it should
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show. In particular the size of each window is kept to the strict minimum, this to
minimize, as far as possible, problems of screen competition.

To add real-world consistency the control of the system is kept Beam Oriented.
This permits also to simplify the logic of the system and, as a direct consequence, the
training. The beam network has been divided into three Synoptics. Each one gives
access to a physical part of the beam network and the representative icons of these

three applications specify clearly to which part of the network they are referring at

(Fig. 5.2.).

Separator

Figure 5.2. Complete view of the beam network and related icons.

This division is introduced with the aim to reduce the number of zooms necessary to
control the system, the number of windows on the screen and to consequently improve

the speed of the system, as the loading of a picture requires some seconds. The
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division structure follows the schedule of the project, as the three sections are

implemented at different stages.
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Figure 5.3. On two vertical columns are two applications with the same internal

structure.

In figure 5.3. we have two examples from two completely different applications,
that shows how internal consistency was understood. The first example is taken from a
synoptic that controls the group of clements located on that trunk of the beam
transport system. The second example shows the control of a target where the 1 GeV
proton beam hit the target and the heavy ions are generated. The type of commands,
the size of buttons, the text, the type style, the relative position, the procedures and the

colors are kept the same. In particular when an application is called always shows an
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overview of the hardware you are able to control. When you click the part of the
hardware you want to control a new window shows a zoom of that area with the
names of all elements you are able to control. By choosing one element, or by double-
clicking one element you'l ask the control panel (or knob) of the desired element. For
each type of element a different control panel is used, and a database contains the
description of the control panel for each element. For what regards screen layout we

decided to standardize the screen layout as shown in Figure 5.4.
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Figure 5.4. Typical screen representation, with the screen divided into fou

areas.

r main

The screen is divided in 4 areas: The top left one is reserved for the Program

Manager of Windows. In this way the user is at any time able to call new applications,

utilities, change settings and printers, access databases and so on. On the top right we
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thought to display the first window of the application, usually a synoptic. From this
first window the operator is be able to call other windows which are displayed on the
bottom left of the screen while the bottom right is reserved for the control panels of
the elements.

Navigability is the last concept in organizing. To improve navigability we added
priorities within each application. For example windows which should not receive
commands, are always disabled and the same happens to buttons that should not be
clicked. Buttons also shows their inoperativity by assuming a light gray color , as

standard in Windows.

5.3.3. Economization,

This principle can be split into four main concepts, which are: simplicity, clarity,
distinctiveness, and emphasis.

Simplicity reminded us not to overload of information the control panels. We
decided to add the possibility to show or not the status and/or the working values of

the elements on the synoptic, as shown in Figure 5.5.
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Figure 5.5. One synoptic is clearer but without information. The other one is

more confused but shows the whole status of the target.

We then decided to implement a centralized service with the duty of creating knobs
when required. This presents some advantages. The use of a knob permits to have
detailed information only about the elements the operator is interested in. Moreover it
is possible, in this way, to know if two applications, running on the same console, are
demanding the same knob. The rule is then to create only one knob which will serve
both the applications. This permits to avoid redundancy and confusion.

Clarity is the second way to be economical. We thought to obtain clarity by being
consistent in the implementation of synoptics, icons, and other application. As an
example the FCUP application, was suggested from a group of physicists that would

like to tune the beam with the help of an indicator that represent the intensity of the
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beam. The first solution was a simple digital representation of the intensity of the
beam. But numbers requires interpretation which needs time and leads to errors. We
then built an application that showed the intensity in an analogic way, as shown in

figure 5.6.

Element

."“GPS FC490

Figure 5.6. The Faraday Cup Application.

The slice is proportional with the intensity of the beam and the external border of

the slice turns to green or red depending on an increase or decrease of the intensity.
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The windows created by the applications follow rules and keep colors from the
standard of Windows. We thought, in fact, that distinctiveness and emphasis proposed
were good enough for our applications, and we avoided, in this way, to double a

standard.

5.3.4. Communication.

Factors that affect communication are slightly less self explaining and are: legibility,
readability, typography and symbolism.

Legibility, readability and typography concern mainly the text in the applications.
Our graphical environment do not use large amount of text. Considerations were made
ohly on the use of the same type and size of fonts in all applications. Fonts type and
size were chosen in relation with the dimensions and resolution of the screens. Dark
fonts on bright backgrounds has been chosen considering that the control room is a
brightly lighted ambient. Moreover text flush from left and numbers from right,
uppercase and lowercase characters have been used to speed up reading.

Symbolism is a complex concept which includes consistency and imagery. The
scope to convey information can be achieved using photographically real, abstract or
mixed images. The problem in this case that visual identity changes from person to
person. A physicist who knows ISOLDE won't have any problem in understanding a
synoptic which we used for our control system. An external person in seeing that
synoptic may equally think that the total size of the machine is one meter, or a few
hundred meters. In our GUI we tried to use the photographically real imagery where
possible as shown in Figure 5.7, where we show the vacuum system, the target and the

gas mix synoptics with relative icons.
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Figure 5.7. Photographically real imaginary has been used for synoptics, GPS

gasmix and GPS targets.

Abstract imagery was chosen for applications such as Mass Control, Wiregrid,

Faraday Cup and GLM/GHM Calculator as shown in figure 5.8.
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Figure 5.8. Abstract imagery was chosen for applications such as Mass Control,

Wiregrid, Faraday Cup and GLM/GHM Calculator.

5.3.5, Multiple Views.

Great attention has been paid on the concept of multiple views. Three points, in
particular, have been considered.

The first one regards the type of representation. Where possible we tried to double
the type of representation. We always tried to have an analogic representation and a
digital one. This to permit to convey a qualitative as well as a quantitative perception
of the interested value. Scrollbars and pies have been used to give visual representation
of values while standard digits were always present to give the exact value and to be

stored and retrieved.
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The second point threats the problem of showing information. The screen is the
main but not the only output of the console. The output can be easily redirected to
printers when, for cxample, some data or configurations need to be saved on paper.
The point is that users will likely use b&w laser printers to do hard copies of the
screens. Color printers were not considered because of related speed and cost. The
b&w hard copy of the screen must contain the same information of the screen if we
want to consider it as a valid alternative. We were then not allowed to concentrate
information on colors only. Colors should just be considered as a help to convey
information. For this reason all controls that make use of colors always double their
information with text. In practice, text is the vehicle of the information, color helps the
system to convey meaning to the user.

The third point is about links across applications and metadata features. In the
implementation of the control system is important to have the possibility to take data
from one application and paste it into another application or into a document.
Windows has a built in, and very powerful Dynamic Data Exchange (DDE)
mechanism. This permits everyone to define either static or dynamic links within
different applications that supports DDE.

Excel supports DDE and this is one of the reason for which we choose it as our
database. Moreover on some applications (such as synoptics) we added a feature that
permits to store one variable of the system on the clipboard, so that it can be pasted n
any applications that supports DDE (Winword, Excel, Paintbrush. etc.). This link can
be either static or dynamic, in the sense that the link can be automatically refreshed
every time the value of the variable changes. In figure 5.9. we see an example on the

possibility offered by a link between the control system and Winword M,
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Figure 5.9. When we try to open the Word file TEST.DOC we are asked if we

want the linked values to be refreshed if the source changes.

This introduces the metadata concept. The Windows environment proposecs, with
DDE, a very powerful feature that checks and converts file formats and permits to
exchange data, text and graphics between applications. We decided to support this
feature in our system, and as a consequence, all commercial software used in the

system supports DDE.

lor

The discussion about colors will be slightly more complicated, due t0 the
complexity of the tool. The articulation of the discussion will affect principles like

color organization, economy, emphasis and communication.
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Recommendations about color organization suggested to use color to group related

items, and to use a consistent color code among the applications. We interpreted those

guidelines and decided, for example, to use the same background color in all widows

of one application and to use different background colors for different types of

applications Fig. 5.10.
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Figure 5.10. The set select window of the QP-Array application permits to choose
the set of elements to control. The QP-Array windows permits to modify, store

and retrieve configuration values.

Moreover as long as we decided to use a standard set of terms (as

OPEN/CLOSED, ON/OFF, IN/OUT, STANDBY, INVALID) we decided to code a

color language and to relate it with those terms. In particular we decided to relate the

green color with the situations that permit the beam to reach the experiment. This
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happens when valves are OPEN, power supplies are ON and intensity measurement
instrumentation (Faraday Cups) are OUT. We decided to use black text on green
background. Red was chosen to show circumstances that stop the beam. This is related
with valves that are CLOSED, power supplies that are OFF, and faraday cups that are
IN. To have a better visibility we chose white text on red background. a yellow
background with black text was chosen to show situations which may stop the beam,
such as power supplies in STANDBY or INVALID configuration, or communication
problems between the console and the hardware. A example of this rule is shown in

figure 5.11.

Experimenial Area

LAD & LA2 Ares

Figure 5.11. Although the information relay on text the color code help to convey

information.
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We also decided to use the color palette standard in Windows so that it is clear
which window has the focus (in Windows the title bar of the focused window is blue
while all the others are white) and the user feels well with the system.

The decision to group may terms into one color was taken considering
recommendations about color economy. Those suggest that a user is able to remember
the meaning of 542 colors. Infact color should be used as a redundancy, and to help
convey meaning. They should not be used as holders of information. They should
transmit the concept desumed from the information just to discharge the user doing
that. Under this point of view, grouping many terms into one color is not a loss of
information but an advantage for the user. The text inside always give the information
which is also clear if b&w hard copies of the screen are generated (like the figures we
are proposing).

Color emphasis principles helped us in the use of the color in the sense that red,
yellow and green in the order focus the user attention. The user attention infact should
be focused on the, hopely, few things that are going wrong, rather than on the whole
which is working fine. In a competition for user attention, with light background,
yellow wins on green, and red on both. High chroma red, aid then faster response.

To avoid confusion we tried to use those colors only in the described situations and
for all the remaining we used low chroma grays, blue and yellow that are at the bottom
of the spectral sequence and are perceived as little attention demanding colors.

In our guidelines color communication said that the outer edges of the retina are not
particularly sensitive to colors, and suggested high chroma colors to be used only in
the center of the screen, and to use blue black white and yellow near the periphery.
The problem in our case was that, for example, we wanted an icon on the low left area
of the screen with an application associated that checked the communications between
consoles and hardware. If there were problems this icon should show the operator the
presence of the problem. We wanted to keep also for that icon the standard color code,
green if everything is OK and red if there are problems. But red does not attract the

operator's attention if situated on the border of the screen. We opted then for a mixed
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solution, The icon, in case of problem should have blinked few times, while changing
from green to red. In this way the blinking was conceived to attract the viewer's
attention and the red to convey the meaning.

Another case in which recommendations for color communications were useful is in
the synoptics where we used black to write the most important information, such as

the name of the elements, and blue for data related to each element (slightly less

visible).
5.4. How applications are implemented.

5.4.1, Application structure,

The applications I did are all written in Visual BasicIM, and are: GPS, HRS,
Experimental Area, QPArray Targets, F.Cup, GasMix, and Vacuum. Their software
structure is somehow similar. For this reason we will only see an example on how an
application has been implemented, taking into account that all the others are not very
different. The application we are going to analyze is the General Purpose Separator
(GPS).

The application consists in seven blocks, as we can see in figure 5.12 in the

GPS.MAK list.
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Microsoft Visual Basic [design]
Debug Options Window Hel

File Edit View PRun

GPS.MAK

I3 GHM.FRM
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By GPS2.FRM  GPS2
L GPS3.FRM  GPS3
i+ ESYNCODE.BAS

Figure 5.12. The Visual BasicTM development environment, with the view of the

main form and the project list.

Six of them are forms, while the last one is a module. A form consists in a window
on the screen, usually containing drawings, labels, buttons, scrollbars, and so on.
Attached to each of this elements, there is the code that is executed if a required
operation is done on the element. Visual Basic M is an event-driven environment. This
means that when a program is executed, its process is an idle loop scanning for
predefined events. When an event is generated, as an example a button is clicked with
the mouse or a label is double-clicked, then the code attached to the event is executed.
The forms can be visible or not. Only used forms are made visible, to limit screen

competition and confusion. Only code contained in visible forms can be executed.
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Modules are groups of functions that can be called and executed by all forms. Error
handling functions, writing to hardware and reading functions and some others are
contained in the ESYNCODE.BAS module.

We will now see how the MainForm form is conceived and one of the others, as

the rest is quite the same.

5.4.2 The MainForm form,

This form is the first form that is made visible when the program is called and is the
one shown in figure 5.12. The goal of this form is to show the area that can be
controtled with this application, and to permit the operator to ask for the other forms
that have control possibilities. The background picture is a bitmap drawing obtained by
importing in DesignerTM using the dxf format of the Autocad TM layout of the
project, by resizing it with DesignerTM, and finally by touching and coloring the
picture with PaintbrushTM. Referring at the form we can say that there is the
possibility, by clicking the QPArray button, to call an application that permits to store
and retrieve configurations of elements with all their properties. The Exit button quits
the program, while the Control one opens one of the other forms showing the selected
area. If no areas have been selected the Control button remains of a light gray color
and is not active. To select an area, the user should click with the mouse on the name
of the area he wants to select.

Let's now see how all this can be done. To get used with the working principle of an
event driven environment, we will see how the QPArray button works. If the user
wants to open the QPArray application he has just to click on the relative button.
Every command has a number of properties and one of them is the identification name.
The identification name of the QPArray button is QPCommand, and if you click on
that button, the subroutine QPCommand_Click is executed. In figure 5.13 this

subroutine is listed.
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GPS.FRM

Sub gPCommand_Click ()

Screen.MousePointer = 11
X% = Shell({"1l:\ctarray\gparray.exe', 1)

Screen.MousePointer = 8

End Sub

Figure 5.13. The QPCommand_Click subroutine.

What happens is that the mouse pointer assume the shape of a hour-glass, the
program QPARRAY.EXE is loaded and the mouse pointer assume back the default
shape.

Let's now see the other subroutines. The Exit button subroutine is not relevant.
What is relevant is the Form_Load subroutine that is executed when the form is

loaded. Figure 5.14 contains this subroutine.
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Sub Form_Load ()

1% =18
Zonelabel{I%).Caption
Zonelabel {(I%) .Caption
ZoneLabel{I%).Caption
ZoneLabel(I%) .Caption
ZonelLabel{1%) .Caption
ZoneNumber® = I%

“Front End": I% = I% + 1
“Separator Area": 1% = I% + 1
»central Beam Line": 1% = I% + 1
"GHH': IR 1% + 1

“GLMC: IR % + 1

Figure 5.14. The Form_Load subroutine.

To understand this code we need to know that ZoneLabel is an array of labels, and

that Caption is a property of ZoneLabel that contains the text of the label. When the

subroutine is executed, it loads the names of the areas in the labels that are marked

with Zone in figure 5.12, and initialize the two variables ZoneNumber% and

ZoneSelected % to the number of existing areas and -1 (FALSE) respectively.

Now that the form is loaded and initialized, the operator is able to ask for a zoom of

one area that has control possibilities. Imagine that the operator wants to open the

GLM area, which is the last area and consequently has an index number of 4. The

operator clicks the label with index number 4. The ZoneLabel_Click subroutine, listed

in figure 5.15 is executed.
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GPS.FRM

Sub Z2onelLabel_Click (Index As Integer)
SelectElName Zonelabel(Index)

If ZoneSelected% »= 8 Then SelectElName ZonelLabel{ZoneSelec
ZoneSelected® = Index
ControlButton.Enabled = -1
End Sub

Figure 5.15. The ZoneLabel_Click subroutine.

When this subroutine is called, first of all the SelectEIName function, contained in

ESYNCODE.BAS, with ZoneLabel(Index) as parameter is executed. This function

just exchange the Backcolor property of the label with the Forecolor (the color of the

text) one, and is introduced to mark the selected zone.

The next statement means that the same function has to be called if ZoneSelected %

is not false, that means that if other areas were selected before, a second exchange take

them back to the normal colors. In the next step the actual area is registered as selected

and, as we are now sure that an area is selected the Control button is enabled.

The operator that selected the area is consequently enabled to push the Control

button, with the consequence that the attached code is executed (Fig. 5.16).
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kub ControlButton_Click ()

Screen.NousePbinter = 11
a$ = ZoneLabel(ZoneSelected%).Caption
Select Case a$

Case “Front End”
GPS1.Show

Case '"Separator Area”
GPS2.Show

Case "Central Beam Line"
GP33.Show

Case "GHH"
GHH.Show

Case “GLH"
GLM.Shou

Case Else
MsgBox "Area Not Yet Implemented™, 64, "Separator Area”

End Select

Screen.lousePointer = 8

End Sub
T -

Figure 5.16. The ControlButton_Click function.

This subroutine begins with changing the mouse pointer to a hour-glass, and after
having loaded the Caption property (which is the text of the label) in the a$ local
variable, it test this variable with the possible names and, if successful it make visible
the requested form. This is not the case, but in some other applications, not all the
areas were implemented. This is why an ELSE case has been introduced, with the
effect of displaying a dialog box in case of unsuccess. Once the new form is loaded and

displayed, the mouse cursor change back to its default shape.
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5.4.3. The GLM form.

The new form is slightly more complicated, as uses the Dynamic Data Exchange
(DDE) possibilities offered by the environment, and it is necessary to coOpe with error

handling situations.

Figure 5.17 shows the new form and the Form_Load subroutine.

GLM Switchyard and Exp. Area ;
AGN  ElName STAQ
AQN EiName STAQ

A58

hordGN2
STAQ ¥|$mé(f> ;VE‘AQNE o0 ""7""""'? """"""""""""""""""""""""""""""""

STAQ ENameAGN

Sub Forn_Load (}

=10

ElNane(1%).Caption = “KIWB™: ElName(1%).Tag = “GLM.AQNSTAQ": 1% = 1%+ 1
EiNane(1t).Caption = "DET8": ElNane(I%).Tag = “GLH.AGNSTAQ": 1% = I% « 1
ElNane(1%).Caption = “DP18”: ElName(1%).Tag = "GLH.AQNSTAR": 1«13+t

ool 2X £1Hane(1%) .Caption = “SL16": ElName(1t).Tag = "CLH.STAQ": 1% = 1% 1
f ' EIName AQN A FlNane(1%) Caption = “BGIR": ElName(1%).Tag = "OLM.": 13 = 1% + 1

] Refresh Acquisition
7] Refresh Status

Elfane{I1%).Caption = "QPhE": ElHame(I%).Tag = “CLH.AQNSTAQ": 1% = 13+ 1

EIName AQN
EtHane(1%).Caption = “QP50“: £iName(I3).Tag = “GLMAQNSTAQ": 1% = 1% + 1

STA

q . ElName(1%).Caption = "QP68": ElName{I%).Tag = “CLH.AQNSTAQ": 1213+ 1

EiName AQ E1Nane(1%).Caption = “0S78": ElName(1%).Tag = “GLH. AQNATNZAGNISTAQ: TR=1%4H
£1Nane{1t).Caption = “UU75": ElName(I%).Tag = “ELR.STAQY: 12 = 13 ¢ 1

ElNane(1%).Caption = "FC9E": £1Name(1%).Tag = “GLH.STRQ": $-1%+1

ElNunbery = IR
ElSelected? = -1
End Sub

EiName AQH

STAQ

Figure 5.17. The GLM form and the Form_Load subroutine.

This form is similar to the prior one for what regards the background picture, the
labels that here are grouped into 7 array instead of one, and the Form_load subroutine.
It is different for what regard the functions, and we will now see how. First of all let's
look at the Back and Copy buttons. The first one hides the current form while the
second one permits to copy the acquisition value of the selected element into the
clipboard of the Windows system. This is useful in order to establish links between
applications, as for example this application and ExcelTM or Winword TM.

Suppose now that the operator wants to have the control of an element, let's say the
GLM.QP40 quadrupole. Then he has to select in the usual way the element label and

push the Control button.
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This time the code attached to the button is different and is listed in figure 5.18.

ontrolButton

Sub ControlButton Click () |

AttachControlPanel (LeFtS(ElName(ElSelected%).Tag, L) +
ElName(E1Selected%).Caption), Controllabel

End Sub

Figure 5.18. The ControlButton_Click subroutine.

This code is only a call for a function which is listed in figure 5.19., but it is

interesting to see the parameters that are passed.

Infact those parameters are a string containing the first four characters of the Tag

property of the selected label, which is a sort of hidden text attached to every label,

plus the Caption property of the label, and a ControlLabel which is used as hidden

buffer.
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ESYNCODE.BAS

ttachControlPanel

Sub attachControlPanel (ElemName fs String, Controllabel As gontrol)

‘lon Error GoTe ErrAttachControlPanel

ControllLabel.LinkTopic = "DDESRV|HAIN"
ControllLabel.LinkItem = “Dummy”

ControlLabel.LinkMode = 2

ControllLabel .LinkExecute ElemName + *°_ATTACH™
ControllLabel.tinkiode = 8

Exit Sub

ErrattachControlPanel:

DoErrorTreatment “Error with Element " + ElemName +

* attaching Control Panel”
Resume Next

5.19. The AttachControlPanel function.

This function begins with a statement that makes the process jump to directly to the
DoErrorTreatment function if errors occur. In this case after the error treatment the
Resume Next command reestablish the situation. After it, the properties of the
ControlLabel label are used to establish a DDE link with the Server application. The
scope is to ask to the server application to open the control panel of the selected
element. The procedure is as follow:

The LinkTopic property determines the server application name and the subject of
a conversation in a DDE link. In our case DDESRY is the name of the application and
MAIN is the fundamental data grouping used in that application.

The LinkItem property specifies the data passed to a client control in a DDE
conversation. In this case no data are passed and we gave a Dummy value to this
property.

The LinkMode property determined the type of link used for a DDE conversation

and the meaning of the possible value are: O for no DDE interaction, 1 for a hot link
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(that means that the client control is updated each time the linked data changes), and 2
for a cold link (that means that the link is never refreshed). In our case a cold link is
required.

LinkExecute is not a property but a method, and its action is to send a command
string to the other application in a DDE conversation. In our case we send the element
name and the command " ATTACH" that will be interpreted by the server
application.

Finally to stop the conversation a LinkMode = 0 is sent.

The error treatment function is listed in figure 5.20. and consists mainly in a CASE
structure to test the error code and make the correct information window describing

the error.

{general

Sub DoErrorTreatment (Situation As String)

NLS = chr$(13)
Select Case Err
Case 282
MsgBox “RPC Server (RPCSRU.EXE) not Running." + HL$
+ NL$ + "You nmust start the RPC Server before running
this application **, 16, “Fatal Error”
End

Case 286
Rem

Case 285, 295
MsgBox Situation + HL$ + NL$ + “Error Desrcription:”
+ NLS + Error$(Err), 48, “Varning”

Case Else
Ans% = MsgBox(Error§(Err) + NL$ + NL§ + "Do you want |
to resume program execution ?", 52, “Ervor™)
If Ans® <> 6 Then End

End Select

End Sub

Figure 5.20. The DoErrorTreatment function.
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Other possibilities offered by the form are to visualize on the picture the status of
the elements and the values of the tension. This selection is done by selecting the
options Refresh Acquisition and Refresh Status. The process is similar to the one we
saw for the control panel, with the difference that, this time, a hot link is established, so

that each time a value change the information is refreshed.
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6. The implementation of the ISOLDE control system:
the Front End Level.

6.1. Introduction.

The front end computer is the connection between the equipment and the control
system. The advantages guaranteed by the possibility of local interactivity, for testing
purposes, pushed for the use of PCs also at this level. Moreover performance test
showed that 80286 PCs have enough CPU power to drive the equipment (Ref. 26).
Another advantage, using this family of front end computer, is the possibility of local
mass storage, useful when debugging or testing the equipment. This architecture
supports three kind of control boards. These are:

- CAMAG, to allow the recuperation of all the existing hardware of the old project;

- GPIB to drive sophisticated instrumentation;

- Industry Standard Architecture (ISA), by the use of PC/AT boards fitted into the

PC directly or in extension crates.

Depending on the type of equipment to control adequate control boards had to be
chosen. The elements T had to control were : quadrupoles, steering quadrupoles and
deflectors. In this section we are going to describe how a quadrupole works and the
- basic principles of its control, taking in mind that a steering quadrupole and a deflector

are quite similar. A quadrupole will from now on be called QP, and thus quadrupoles,

QPs.

6.2. Description of a QP.

The element we chose for this analysis is the QP (Fig. 6.1.) because it is simple,
being driven directly from the FEC via some ISA boards, and complete enough to

show the main features of the control system.
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Electrodes

Power Supplies

Figure 6.1. Schematic of a QP.

The purpose of a QP is to focalize the beam. The focalization is necessary because
all the particles of the beam have the same type of charge and tend so to drift. In order
to contrast this effect a particular electric field is needed. A QP is the element where
this particular field is created. We know that the force that deviate a charged particle is
proportional to the present electric field. To obtain a focalization we need a field with
the characteristic of having its intensity proportional with the distance from the axis of
the element. This can be achieved using an electrostatic lens configured as a QP.
Physically a QP is formed by four cylindrical electrodes, disposed on the edges of a
square, and each connected to power supplies.

The theory that describes the QP lenses considers hyperbolically shaped electrodes.

A good approximation is possible if (see Figure 6.2.) R is equal at 1.147 G.
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Figure 6.2. Approximation of hyperbolic electrodes with circular ones.

For an electrostatic QP with a diameter of 2G( and electrode potentials £V, the
electrostatic potential distribution relative to the optical axis is (Ref. 27):

V (xy) = [(2 - y2)/Go?] VT

With E = -grad V, the components of an electrostatic field strength E are then
obtained as:

Ey (x,y) = - 8V/ 8x = -2V T/Go?) x

Ey (xy) =-8V/ 8y = 2VT/Go?)y

E, (x,y)=-08V/06z=0

yelding constant field strength gradients along the x and y axes. We can then
assume that the equations of the potential inside a generic QP is

Ey=-Ax

71




Coefficients A and B are responsible for a force which is proportional to the
distance of the particle from the optical axis of the lens. As far as particles are charged
positive, the negative sign in front of the A coefficient means that the beam will be
focused on the X plane. The opposite happens for the Y plane in which the beam will
be defocused. For this reason, to obtain a correct focusing, it is always necessary to
use two QPs rotated 90 degrees one from the other. This configuration is known as a
doublet and has been extensively applied in the ISOLDE optics. It can be useful to
specify here, that the total effect of a defocusing and focusing or a focusing and
defocusing action, results in a positive focusing. The explanation is that the focusing
effect take place far from the optical axis of the lens while the defocusing effect
happens near to it. Because of the linear growth of the focusing or defocusing effect
from the central axis towards the periphery, the focusing effect is always stronger than

the defocusing one and the total effectis a focusing action, as shown in Figure 6.3.

g

(1 RZ

R1>rl r2<Rz

Figure 6.3. Explanation of the focusing/defocusing effects. The focusing effect is

always stronger because R1 is bigger than r1 and R2 is bigger than r2.
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Now that we know the behavior of a QP we need to decide how to control it. In
practice, as long as the tensions have the same value on opposite electrodes we only
need to control two power supplies. Moreover, as the feature provided by the element
is to focus the beam, we decided that absolute values of positive and negative tensions
could be the same, just to simplify the control and without loosing any advantage. This
means that parameters A and B have the same value. By limiting the independent
variables into one, we offer a very simple control interface. The only value the operator
can modify is responsible for the focusing action of the element and is directly related

with parameters A and B.

6.3. The control of a QP.

To control the QP an hardware system as shown in figure 6.4. has been
implemented. Analog consideration are valid for the 58 quadrupoles, 25 steering
quadrupoles and the five deflectors that compose the whole system and are driven in

the same way.
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Figure 6.4. ISA expansion crates connected to the FEC.

The QPs system of ISOLDE can be divided in three different parts:
- The QP situated on the beam line;

- The power supply equipment used to power up the QP;

- The control system that enables the user to control the QP.

QP are used for symmetric focalization, and they are grouped in sets of one, two or
three. We saw that the two positive as well as the two negative electrodes of each QP
are on the same potential. Therefore only one positive and one negative power supply
are necessary, the negative one being the slave of the positive one, in the sense that the
negative power supply is directly driven from the positive one so that the number of

channels necessary to dive the system in reduced to the half.
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The old power supplies from the earlier project had to be reused. Those power
supplies can give, as output, tensions varying from 0 to 3000 V. Positive and negative
tension models are available and, for both, the choice of the value of the tension is
done by varying a monitor tension between 0 and 10 V. There is also a retroaction
monitor tension, representative of the tensions on the electrodes, which can vary
between 0 and 10 V and which closes the loop. Last, a digital signal of 5 V specifies
whether the power supply is on or not.

To control the power supply appropriately we then need a digital to analog
converter to impose a value to the power supply, an analog to digital converter to read
back the value of the power supply, and a digital input card to read if the power supply
is working or not.

We decided to use for this purpose some commercial boards which can be fitted
directly into the ISA bus of the FECs. This decision was influenced by the price and
the availability of this kind of boards. Moreover, to keep maintenance easy and
practical, we decided to buy some extension crates with the only purpose of not having
the boards fitted directly in the computer but in an easy to open or change box.

The boards that have been chosen were all from Blue Chip Technology and they are
the following:

- AOPS : This card provides 8 analogue outputs in the range 0 - 10 V, at up to 10

mA per channel.

- AIP24 : This card provides 24 differential 12 bit analogue inputs. It is suitable for

measuring voltages in the ranges 0 - 10, -5 to +5or-10t0 +10 V..

- DIO96 : This card provides 96 digital inputs. All channels could also be used for
output but we didn't used this possibility.

In order to conceive the control system for this kind of elements it has been first
decided to define all characteristics that were necessary to fully control a QP. Those
characteristics have been called properties, and their values, completely defines the
status of a QP. Some properties define the value of the tension on the electrodes, while

some others defines the channel number and the addresses of the card to which the
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element is connected. The software structure of each FEC, as we saw in section 4,
consists in a local database loaded in working memory, which contains the values of
the properties of all the elements connected to that FEC. Linked with this data table,
we find a network listener, and functions expressly written to control the particular
type of element connected to the FEC which are called Equipment Modules. Moreover
on each FEC we find a local Nodal interpreter that allows access to the equipment
from the FEC. This is used mainly by the equipment engineers to test modules locally.
Each time the value of a property is changed, an access on the hardware results, and
the same happens if the value of a property is requested. The access to the hardwafe is
done by other modules, expressly written for the boards we mentioned just above, and
which we are going to see later in this section.

The operator that want to control an element only see the relative knob and some
parameters. When he changes one parameter he modifies the value of a property, and
the console retrieve the address of the FEC controlling the element. Once this
operation is done a Remote Procedure Call (RPC) is sent on the network and arrives
to all the RPClistners on the FECs. The requested FEC then catch the request and
passes it to the correct module. The module verifies that the proposed value is within
the correct range, retrieves the address of the card the QP is connected to and the
channel number of the connection, weights the scaling factors to convert the value
from Volts to Bits, and modify the tension, via some functions written for the specific
boards. To make the system faster, during the reboot of the system all properties are
loaded in working memory (RAM). This implies that all computers need to be
rebooted each time a database is modified, but the system gain a lot in speed because it
require less accesses to the server (the bottleneck of those systems is always the

network).

6.4. Description of the properties.

The different properties implemented for a QP are:
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- MINV as MINimum Value;

- MAXYV as MAXimum Value;

- SCLR as SCaling factor Linear Read;

- SCCR as SCaling factor Constant Read;
- SCLW as SCaling factor Linear Write;

- SCCW as SCaling factor Constant Write;
- CCV as Control Current in Volts;

- ADRW as AdDRess Write;

- CHNW as CHanNel Write;

-—>AQAN as AcQuisitioN value;

- ADRR as AdDRess Read;

- CHNR as CHanNel Read;

- STAQ as STatus AcQuisition;

- ADRD as AdDRess Read;

- CHNIO as CHanNel Input/Output;

- and CTRW as ConTRol Word.

6.4.1. The MINV and MAXY properties.

The purpose of the MINV and MAXYV properties is to specify the minimum and
maximum working values of the power supplies. There are several types of power
supplies with working ranges varying from 0-1250 to 0-3500 V. By setting MINV t0 0
and MAXYV to 1250 the system will check that control values sent to the power

supplies will remain in the range 0- 1250 V.

6.4,2. The SCLR, SCCR. SCLW and SCCW properties.

SCLR, SCCR, SCLW and SCCW are the scaling factors. Their purpose isto fixa
relation between the 12 bit digital value sent to the DAC card, or received from the
ADC card, and the effective value we find on the QP. The 12 bit digital value ranges

from O to 4096. The DAC card converts it in a low voltage tension which ranges
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between O and 10 V. This tension is the monitor tension for the power supply which
will output OV for a monitor tension of OV, and its maximum value (MAXV) for the
10 V monitor tension. In conclusion scaling factors are important to know which is the
real tension on the QP while sending for each type of power supply the same range of
digital values.

The formula that converts the desired tension on the element in the digital value to
send to the DAC is:

DigitalValue = SCCW + (SCLW * ValueInVolts).

These properties are also very useful for calibration, because they permit to

implement a software calibration procedure to calibrate the DAC and ADC cards.

6.4.3. The CCV. ADRW and CHNW properties.

CCV is the value in volts we send to the QP. By the use of the SCLR, SCCR,
SCLW and SCCW properties this value is converted in the 12 bit digital value and
sent to the correct channel of the correct DAC card. Each QP as we can see in figure

6.5. owns a DAC channel, an ADC channel and a DIO channel.

2

Figure 6.5. Database of some of the QPs.

The property CHNW is used to know the channel of the ADC card, that is
connected to the power supply. The property ADRW is used to define the base
address of the DACs cards, as every card on the same bus has its own base address. It
was previewed to use two FECs for the QPs (including also steering quadrupoles and

deflectors). Infact all ADC DAC and DIO boards are located in four extension crates,
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controlled by two FECs, called POWER1 and POWER2. FEC POWERI is equipped
with two extension crates and POWER2 with two others. Each extension crate is
equipped with two ADCs cards for a total of 48 channels, five DACs for a total of 40
channels, and two DIOs for a total of 192 channels. Theretore every- QP belongs to
one FEC and the database specify which (Column 2 of Fig. 6.5.). As an example in
table 6.1 we can see the addresses of the cards which equip the POWERI FEC,

divided into two crates.

CRATE 1.1 CRATE 1.2
/O Address Component /O Address Component

100 DIO-%6 200 DIO-96
120 DIO-%6 220 DIO-96
140 X 240 X

160 AOP-8 260 AOP-8
180 AOP-8 280 AOP-8
190 AOP-8 290 AOP-8
1A0 AOP-8 2A0 AQOP-8
1B0O AOP-§ 2B0 AOP-8
1CO AlIP-24 2C0 AlP-24
1C4 AIP-24 2C4 AIP-24

Table 6.1. The POWER 1 cards and their base addresses.

In conclusion, to reach a DAC card we need to now in which FEC the card is
mounted, the base address of the card, and the channel of the card connected to the
power supplies. All those information are stored in the database but when a FEC is
initialized, it loads, for each element it has to control, all those parameters using them
as properties. For this reason the information about which FEC is responsible of a QP

is not a property.
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6.4.4. AON. ADRR and CHNR properties.

The AQN property is used to read back the monitor tension of the power supplies.
As before the ADRR property is used to know the address of the ADC card, and the

CHNR property to know the channel to which the power supply is connected.

6.4.5. The STAQ. ADRD, CHNIO and CTRW properties.

The STAQ property is used to know the status of the power supply. The power
supply has an output channel that gives 5 V if it is working and OV if not. This output
channel is connected to a DIO card, and CHNIO specify to which channel of the DIO
the. poWer supply is connected, the ADRD property specify the base address of the
card and CTRW is a control word used to initialize the DIO card to set all channels as

input.

6.5. The QP equipment module.

The purpose of the QP equipment module is to control the 58 QP elements. Those
elements can be controlied changing the values of their electrodes and reading back the
values of the electrodes and the status of the related power supplies. When using
consoles for operating the QPs, dialogue boxes have been made for controlling them.
The dialogue box for a QP contains a scroll bar to change the value of the electrodes
with the mouse, a windows where the desired tension can be introduced by typing it on
the keyboard, and two other displays that show the read-back value of the tension and
the status of the supplies. When the scroll bar, as an example, is moved by an operator,
the dialogue box calls the function D _POWP in the FEC with some parameters
defining what action to take. In our example, the action is to change the value on the
electrodes.

When operating the QP from the Nodal for DOS program that we saw runs on the

FEC, one has in addition to the same opportunities that the dialogue boxes in Windows
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offer, the ability to change addresses of the cards, channel numbers, control words and
SO on.

The QP equipment module consists of a function called D_POWP which returns an
integer value to the main program, some functions used by D_POWP that physically
control the hardware, an array of structures that contains the database POWP.CSV,
and some global variables.

The QP equipment module listing can be found in appendix C.

6.5.1. The function D_POWP,

“The function head of D_POWP looks like this:

NodalError D_POWP (real far*value, int rwflag, int eqno, char *property)

In the file called nodal.h NodalError is defined to be integer, and real is defined to
be double. Thus the function D_POWP is supposed to return an integer value to the
main program. If the returned value is 0 the call of the D_POWP function didn't cause
any errors, else the value corresponds to an error code that is sent to the console. The
list of errors can be found in the file errors.h in appendix C.

The function D_POWP can be accessed from the Nodal for DOS program, and the
QP system can be controlled via the commands set and type of the Nodal language.

Imagine we want to control a QP element named GPS.QP170. A look in Appendix
D which contains the database POWP.CSV reveals that the equipment number of
GPS.QP170 is 4, and that the working range of the power supplies is between 0 and
2000 V. Set a tension of 1000 V on the GPS.QP170 can be done, locally on the FEC,
with the following Nodal command string:

set POWP( 4, "CCV") = 1000

This Nodal command, once interpreted by the local Nodal interpreter, calls the
function D_ POWP:

NodalError D_POWP (real far*value, int rwflag, int eqno, char *property)

which gives the call:

D _POWP (1000, -1,4, "CCV").
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The nodal command is interpreted in the following way:
set : the WRITE flag is put in the rwflag of D_POWP;
POWP : calls the functions D POWP;

4 - refers to the equipment number 4, of the element GPS.QP170;
"Cvv" : defines the property in D_POWP to be used;
1000 : is the value we want CCV to assume.

If we want to read the status of the power supply of the element GPS.QP170, the

Nodal string command is:

type POWP( 4, "STAQ")

"where type implics that the READ code is put in the RWFlag of D_POWP which
is called as follow:

D POWP ( &value, 1,4, "STAQ").

The output from Nodal when reading a QP status can be 1 if the power supply is
OFF or 2 if it is ON.

When the D POWP is called some local variables are created, and they are the
integers i and eq. The integer i is just an ordinary counter. The integer eq is set to be
eqno-1 because the array of structures called POWP_Table goes from 0 to a variable
called MAX_ POWP. Before the eq is set to eqno-1 a test is performed to test
whether or not the variable eqno is within the range of legal number of QPs. If eqno is
out of range the defined illegal_equipment number variable (in errors.h) will be
returned to the user.

Below follows the explanation of the property CCV mentioned above. We will

explain that one thoroughly, as all the others are built on the same basis.
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* Property CCV Current Control Value */
/* Read value from Data Table */
/¥ Write value to data table, scale using SCLW, write to hardware */
if (!stremp(property,"CCV™)
{
if (rwflag == WRITE) /* write value to hardware */
{
if (POWP_Table[eq].ADRW =-1)
{

retumn device_not_connected;

}
if(*value < POWP_Tablefeq]. MINV Il *value > POWP_Table[eq]l. MAXV)
{

return out_of _range;

}

cc = OutValue(POWP_Table{eq]. ADRW, POWP_Table[eql. CHNW,
POWP_Table[eq].SCLW, POWP_Table[eq].SCCW, *value);

if (cc 1= 0) retumn cc;

POWP_Table[eq].CCV = *value; /¥UPDATE pow_tab */

return 0;

}

if (rwflag == READ)

{
if(POWP_Table[eq]. ADRW ==-1)
{

)

=valuc = POWP_Table|eq].CCV;
retumn 0;

retumn device_not_connected;

}

retum illegal_read_write;

Figure 6.6. Listing of the CCV property of the D_POWP function.

The purpose of the CCV property (Fig. 6.6.) is to change the tension on the QP's
electrodes. If the user calls the property CCV then the line:

if (!stremp(property,"CCV"))

will be TRUE and the subroutine will be executed. The function strecmp returns
zero if the strings are equal, a value that is less than zero if the first argument is smaller
and a value greater than zero if the first argument is greater than the last argument.

The rwflag tells the equipment module whether the equipment should be written oOr
read from. Writing means doing something physical on the QP, such as varying the
tension of the power supplies and therefore the tension on the electrodes. Reading
means just reading the last value which was sent and which is now stored in the
POWP_Table in the FEC.

The handling of the rwflag is done with the lines:
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if (rwflag == WRITE)

and

if (rwflag == READ)

If (rwflag == WRITE) is TRUE then the program checks if the card we want to
write on exists, and if it is the case checks also that the value we want to write 1S
within the permitted range defined by MINV and MAXYV. If one of this tests fail the
corespondent error is returned. Otherwise the program calls the function OutValue,
which is a function that controls the hardware with the line:

cc = QutValue(POWP_Table[eq]. ADRW, POWP__Table[eq].CHNW,

" POWP_Table[eq].SCLW, POWP_Table[eq].SCCW, *value)

Parameters such as the base address of the card, the channel number, the scaling
factors and the value to write are passed with this call.

If the function returns a zero then the value written on the hardware is updated in
the POWP_Table and a zero is returned.

In the case the (rwflag == READ) is TRUE the value in the database, if existent, 18
simply given back and a zero is returned.

In the case neither (rwflag == WRITE) nor (rwflag == READ) are true, then an

illegal_read_write is returned to say that an inexistent action was asked.

6.5.2, The special functions,

In Appendix C, following the function D_POWP some special functions taking care
of the requests from the D_POWP function are listed. These functions provide writing
the DAC cards (OutValue function), reading the ADC cards (InValue function) and
reading the DIO cards (InBit function).

The CCV property we saw above called the OutValue ﬂmction that we are going

to describe below (Fig. 6.7.)
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NodalError OutValue(int BaseAddress, int Channel, real SCL, real SCC, real value)
{

int pw,Low,High,Port;
NodalError cc;

if (ccenfix(value * SCL + SCC, &pw)) retum cc;
if (pw >4095 ) pw=4095;
if (pw < 0) pw=0;

High=pw>>8;

Low=pw & Oxff;

Port = BaseAddress + Channel * 2;

outp(Port ,Low); /* CHANNEL 0 LOW BIT*/

outp( Port + 1, High); /* CHANNEL 0 HIGH BIT */

inp ( BaseAddress + 15); /* UPDATE STROBE OUTPUT */

return O;

Figure 6.7. The listing of the function QutValue.

This function is quite simple. Once the value pw is calculated, the functions checks
that the value is within 12 bits, as the DAC board need a 12 bit information. The 12 bit
information need then to be split in an 8 bit word plus a 4 bit word. This is done via a
shift command for the 4 higher bits word, and via a mask for the lower 8 bits.

The address on which the correct channel is linked is calculated adding to the base
address of the DAC card the double of the channel number. This value is stored in the
variable port. The lower 8 bits are then transferred at the address stored in port, while
the higher 4 in the following address. By reading the continent of the address
BaseAddress+15 the value in the two address is converted in an analogue value and

sent to the power supply.
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7. Obtained results and critical evaluation.

7.1. How the system works.

In the previous sections we analyzed the system following an horizontal structure,
that means, that each part of the system has been considered separately. If we want to
see how the system works, it is better to identify and follow a vertical structure. This
vertical structure is the information routing, that begins from the console to join the
network, arrives to the FEC and from the FEC goes to the equipment. This is the
routing that regards the command that from the console reaches the equipment. There
is then all the way back, as for each command property, exists a read-back property
useful to check if things are going as wanted. As long as we saw the QP we will now
follow the information routing necessary to modify, as an example, the high tension on
a QP and to read back the modified value. In Figure 7.1. we can see all the hardware

involved in this operation and relative connections.
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FIGURE 7.1. Hardware necessary to drive a quadrupole and relative

connections.

7.2. Example.

7.2.1, Initialization of the FEC,

All devices that the POWP equipment module handles have addresse

s and initiation

values that are stored in databases. The databases for all equipment modules are stored

in the ISOLDE File Server. Upon startup of a FEC the database is read from the File

Server and logged into the memory of the FEC by a Nodal for DO

S function called

EMINIT. In our case the EMINIT transfers the data from POWP.CSV to an array

called POWP_Table of type POW_DESC which is created in the beginning of the

equipment module (Refer to POWP.C in appendix C). When compiling the equipment
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module and the rest of the files needed to create the executable file FECNOD.EXE
that will control the QP system under Nodal, we can tell the compiler to make an
executable that takes the argument SYSGO. In the DOS shell, typing FECNOD
SYSGO, the program FECNOD will tell the Nodal interpreter to load and run the
Nodal file SYSGO.NOD which looks like this:

1.10 type " Initiatializing the POWP equipment module"

1.20 EMINIT ("h:\eqp\powp\powp.csv)

1.30 type "Initiation done."

This small piece of Nodal code will be executed before the network listener is
stérted; It will load all the data for operating the QP system. A quick glance in the
POWP.CSYV in appendix D reveals that the database doesn't just contain the name of
the properties, addresses and initiation values, but also some comments like the first
line plus the words EqpNumber and FecName. These names will not be sent as
property-names to the equipment module because they are made of mixed cases, in
comparison to the property names. Properties that should not be initialized can be

1" 1"

empty or contain a "x" character.

7.2.2, Initialization of the console,

The initialization of the console is still database driven and consists in the
initialization of the RPCSERVER.EXE program and of the application with which the
element has to be controlled.

The RPCSERVER.EXE program loads, when started, three database files. They
are called EQPMOD.CSV, FECADDR.CSV and EQPNAMES.CSV. Those files
contain, respectively, data regarding the meaning of the weights of the bits of the
control words ( as 1 is OFF and 2 is ON and so on with OPEN, CLOSED..), the
ethernet addresses of all computers involved in the control system and the names of all
elements (see appendix D).

Each application controls a certain number of elements. Synoptics are Visual

BasicIM applications and the names of the elements with information regarding the
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properties they have are contained in the load procedure that is called from the Visual
Basic IM interpreter, when the application is started. In Figure 7.2. an example of the

data of a load procedure is given.

CCO Area

File

Edit

View Run

STAG EiNamefAQH
STAQ ElNameAGN
STAQ El_NangAQN
hotAQN2
verAQN3

STAQ EIName’AGN

STAQEIName AQN

fisub Form_Load ()

#1% = 0

#EF1Hame (I%) .Caption
j ElName(I%).Caption
; ElName{I%).Caption
: ElName(I%)-Caption
#lE1Name(1%) .Caption
HE1Name (1%) -Caption
ElHame(I%) -Caption
ElName(I%) .Caption

~gc.STAQ : 1% = 1% + 1
“gCO_AQNSTAQ™: 1% = 1% + 1
“cCcO.AQNSTAR™: 1% = 12 + 1
“gCO.AQNSTAQ™: 1% = 13 + 1
“0Co.AQNAQNZAQNISTAQ™ : 1% = 1
“cCA.AQNSTAR”: 1% = 12 + 1
vopg. . 1% = 1% + 1
“0£e.STAQ : 1% = 1% + 1

»py45*”: ElName(I%).-Tag
QP2g8T: ElName(I%).Tag
«QP30": E1Name(I1%).Tag
“qP4B: ElName(I%) .Tag
“Qssat: ElName{I%).Tag
“KI78": ElMame(I%)-Tag
nwgege”: ElName(I%)-Tag
“Fco@": ElName(I%)-Tag

Wononowowow 8o
[T T A T T A T

ElNumber?® = I%
ElSelected? = -1
End Sub

FIGURE 7.2 The load procedure of a Visual BasicIM application.

72.3. The information routin

The user of the facility works in a transparent way on the control system. Suppose
the operator wants to modify the tension of the quadrupole GPS.QP170. The suffix of
the name of the element suggest that this element is part of the General Purpose
Separator. To control that element the GPS synoptic has then to be opened. Once

called the synoptic will show a view of the GPS section on the upper right of the
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screen of the console. It is now necessary to zoom on the area that shows the required

element. The general view proposes (as in Fig. 7.3) the names of the possible zooms.
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Figure 7.3. The GPS application used to control the GPS.QP170 QP.

The operator visually recognize the area it has to select and ask the control of that
area. The new synoptic appears in the lower left region of the screen and contains the
names of all elements. There is also the possibility to ask for the status and the tensions
in the elements by clicking on the options Status Refresh and Acquisition Refresh.
But, to have the control of an element, the operator should ask the control panel of the
element by double-clicking with the mouse the element name or by selecting it and
clicking the Control button. The RPCSERVER program creates then a control panel

on the lower right part of the screen and this permits the operator to control the
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element. Before the control panel is created the RPCSERVER program does a
complex operation to see:

- On which FEC the element is, by consulting the EQPNAMES.CSV database it

has loaded in RAM,;

- Which is the ethernet address of the FEC, by consulting the FECADDR.CSV

database in RAM;

- Which type of control panel the element requires, again by reading the

EQPNAMES.CSYV file;

- And finally to ask the working range of the element, the status and the actual

 tension of it, by sending requests to the interested FEC.

In Fig. 7.3. we can see how a control panel looks like. The operator can read the
status of the element (ON\OFF for a QP), and can read and write the tension value.

Suppose the actual value of the high tension is 500V and that the operator wants to
modify it to 1500V. The ways he has to do so are to write directly the requested value
in the window or to push with the mouse the arrow of the tension cursor. Once a new
value is established the RPCSERVER program send on the network a Remote
Procedure Call (RPC), which is a coded message that ask to a defined FEC (by the
FECADDR.CSYV file) to modify a defined property value (by the load procedure of
the application) of a defined element (checked in the EQPNAMES.CSY file).

The RPC is listened by all the other computers, but interpreted by the correct FEC
that will call the POWP procedure we analyzed in section 6, passing all the necessary
parameters such as the element number to control, the property to modify, the code to
specify we want to write a value and not to read, and the new tension value.

The RPCSERVER refresh with an interval defined by the user, all the values of the

active control panels.
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7.3. Applications.

In order to give an idea of the possibilities offered by this control system, in this
chapter a brief description of each application will be given. The applications that we

are going to see are: Targets, GPS, HRS, Experimental Area, QPArray, Vacuum,

GasMix and FCup.
7.3.1, The Targets application.

The Targets application (Fig. 7.4.) is used to control the different targets that can
be_‘mounted as ion source. The first window that appears when we call the Targets
application shows the possible targets. The actually mounted target has its name
written with green characters, while the others have red text. The control window of
the targets can be called by double-clicking the picture or the name of the target or by

selecting the name and asking the control with the Control button.
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Figure 7.4. The Targets application and the database file TARSET.CSV.

Once the new window is loaded it is possible to select the element and ask for its
control panel, or to ask the status of all the elements to be reported in the picture. In
the bottom of the picture a brief description of the target is given to let the user know
type and characteristics of the source in use. This information note as the information
saying which target 1s mounted is stored in the database file TARSET.CSV as shown

in figure 7.4.

7.3.2. The GPS. HRS, and Experimental Area,

Those three applications are in fact the same application that was split in three parts

to avoid screen competition. Each part is dedicated to an area of the system, as their
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names suggest. We saw their functioning in the example and the only thing we have to

add is that from this application it is possible to call the QPArray application.

7.3.3. The OPArray application,

The QPArray application was asked by the users for data logging and retrieving.
When the user reaches an optimal calibration of the beam for his purpose, he would
like to save the system configuration, to be able to retrieve it in the future. The
principle of this application is that the user should write in a database file all the
elements name that are interested in his calibration (those name changes in function of
where the experiment is mounted in the experimental area because different sections of
the facility are used), and call then the application. The application is shown in figure

7.5.
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Figure 7.5. The QPArray application and a database file.

The application permits to read the description of the saved configuration, which is
the first line of the database file, and once one file is selected it shows a window which
contains a scrollbar and the principal properties of all the elements selected. The user
can use the scrollbars to trim the beam and can then save the configuration pushing the
Save button. By pushing the Restore button the saved configuration is restored.

Confirmation message boxes avoid involuntary manipulation (Fig. 7.5.).

7.3.4. The Vacuum application.

The Vacuum application was written to control the vacuum system that maintains a
very low pressure inside the sections. Valves are used at the edges of each section to

permit the system to work while some experiments are mounted or dismantled. This
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application (Fig. 7.6.) shows the names of all the sections and by double-clicking this

names the user get the control panel that controls the pump of that section.
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Figure 7.6. The Vacuum application.

On the layout there are the valves which are represented by small squares. The color
of the square follows the convention that red means that the valve is CLOSED, green
is OPEN, and yellow is INVALID (which means that the valve is blocked between the

two possible position). The user can also select the refresh time of the picture as to

have an immediate refresh.

7 Th sMix lication

The scope of the GasMix application is to permit the formation of a mix of gases in

the targets in a remote controlled way (as the target area is strongly radioactive). A
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database file contains the name of the types of gas that is available (Fig. 7.7.), and an

options selection permits to control the valve to open. The database file is loaded with

the program.
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Figure 7.7. The GasMix application and the database file.

7 The Far lication

The F.Cup application was asked from the users to use in conjunction with the
QPArray application to trim the beam. Once the application is called, the user can
select, between all the installed Faraday Cups, which to connect to. The Faraday Cup
can be IN or OUT. If the selected one is OUT then a text saying this appears.

Otherwise appears a pie proportional to the beam intensity (Fig. 7.8.)
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Figure 7.8. Example of the Faraday Cup application.

7.4. Critical evaluation.

The ISOLDE control system project implemented Olivetti PCs as workstations.
They feature powerful enough CPU, high or very high resolution monitors and, very
important, they run an operating system which allows the user to interact with a
graphical environment, a Graphic User Interface (GUI). Last but not least, they are up
to ten times less expensive than other workstations.

Another major element of the system is the integrated network hardware and
software. These computers are designed to be part of a network of computers. For this
reason it was simpler and cheaper to incorporate them into a distributed control

system. Moreover, as those computers are inexpensive and easy to network, the
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control system gains a lot in flexibility. For example, a simple way to increase system
performance is to dedicate one or more PCs solely to the heavier applications. This
solution has been adopted when we decided to install three consoles, just to avoid the
usual bottleneck of more applications competing for display screens.

Using several, but economical computers, system downtime can be minimized,
because spare machines and consoles are now economically practical and users of the
system can monitor operations or examine data in their offices, using workstations that
tie into the control system (At CERN 1600 PCs are connected to the network). All the
advantages we identified are primarily function of cost. For this reason the choice of
thé less expensive family of workstations (the PC family) amplified these advantages.
The result is that every ISOLDE user has a PC in his office, sometimes because he just
had it before, other times because he could afford to buy one.

All this is possible because of the positive conjuncture the PC market offers today.
A mix of market leader products permits today to build a cheap, powerful and robust
control system. Last but not least the disponibility of developing software with respect
to the human interface, permitted to put less programming effort than into traditional
systems.

Of course the system presents also some drawbacks. The major problem we
experienced is reliability. The harsh industrial electrical network of the experimental
area caused some problems for the power supplies of both PCs and expansion crates,
which broke down in some occasions. We also registered some hard disk failures, but
we do not know if the cause is to be attributed to the age of the FEC computers which
are old AT-286 computers. The same happened with some ISAbus cards, which are
not optoisolated and are, as a result, sensible to tension spikes in the channel lines. The
software proved to be robust, and only few bugs have been encountered, principally
due to the friendliness of the developing system we used. One lack of the system is that
the operating system used (MS-DOS + Windows) do not implement a preentitive

multi-task. Thus, if an acquisition process is for some reasons blocked, then it is
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necessary to wait the time-out period to have back the control of the console and this
seems to be annoying for the users.

For the future we rely on the progress that the PC family will achieve, and on the
progress of operating systems and development environment. In the short term we can
think to the Intel PentiumT™, which will give a real speed boost to the PC family, for
what regard the hardware. Considering operating systems Microsoft Windows NT, will
be on the market in the short term, proposing integrated network features and the
possibility to exchange DDE messages between different computers. This means that
the RPCServer could be no more necessary, with improvments in operation speed
and, niaybe, communication modes. As an example it is envisagaged to have the
possibility to communicate between two FECs to syncronize them. Today this is not
possible, but it will certainly be in the future. Developing systems are evolving very
fast, and again in the short term we can rely on two new products. One is the C version
of Visual BasicITM, that will offer a compiled code with sensible speed improvments.
The second is Microsoft AccessTM, a‘powerful database with the possibility to add
interpreted code, windows and commands. This software permits to create control

systems with integrated database capabilities.
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8. Conclusions.

Traditional control systems frequently results in "home grown" products which
remain incomplete and are overtaken by the rapid advances of the massive industrial
base of software.

Conscious of this consideration, in implementing this control system, we tried, as far
as possible, to avoid this situation. The obtained results of our work can well be

synthesized in the following few points:

8.1. Simplicity.

Using the same type of computer (ISA PC compatible) at all level (console and
FEC) of the control system leads to a strong uniformation. The advantage is reinforced
by using the same operating system as the office machines.

All the persons involved in the design of this control system, understand it
completely and are able to solve any problem at any level, either at the front end, either
at the console. This global view on an uniform system reduces the skill necessary to
cope with different parts of the system, because the approach is always the same, data

driven from the Excel Database.

8.2. Development time.

The use of well tested, market leader products (hardware and software) has reduced
the development to a strict minimum. The very few necessary development done with
the available tools have shown that:

- Development is very quick because of the user friendliness of the tools.

- Informatic skills are not necessary: Physicists and equipment responsible can write

their own programs after very little training.

In particular, the time to develop the Application programs, that is normally

considered as being the largest investment in terms of manpower is very small. For
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example, it does not take more than 10 minutes to build a simple application using

Excel to display graphically several parameters acquired from the control system.

8.3. Integration.

The ISOLDE control system, although completely independent in case of problems,
is transparently connected to the office network and all its services are available.

Beside providing an access to the ISOLDE control system by nearly 1600 points at
CERN (the number of PCs installed), it is in the user culture by providing the same
user interface to control applications as to any administrative or scientific applications.
It is of course possible to Copy/Cut/Paste between any applications, for example, the
Excel chart acquiring the status of the ISOLDE magnets can be pasted into Microsoft
Word to produce a written report. Development of control application from any office
is possible without the installation of additional hardware.b

All A3/A4 laser printers (including the color ones), plotters, scanners, disks,
software and data of the office network are available, including the support.

By relying on this infrastructure, the information can be easily distributed
CERNwide as statistics and/or electronic logbook. Being the ISOLDE file system
shareable between different platforms and operating systems (DOS, Macintosh,
Windows, 0S/2, UNIX), all data in Excel format can be retrieved from any user on the

site.

8.4. Speed.

All benchmarks done with the Olivetti 386/25 computers has shown that this
computers are fast enough to control large processes where dozens of parameters form
different FECs are involved. The margin can be enlarged in this area by using Intel
80486 based 33 MHz machines that are much faster.

The speed of the control system is often limited by the network used. The Novell

network based on ethernet give us a performance of more than 100 Kbytes/second
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transfer rate on the busy CERN ethernet. A typical Remote Procedure Call with a
search in the element database to find which FEC and which equipment module to call

takes less that 30 milliseconds.

8.5. Cost.

The market of Personal Computer in the world is roughly of 60 Millions units and
with a strong competition between manufacturers. The PC production is more than 10
Millions/unit per year with performances increasing by a factor of 2 every year.

It' s a world wide standard, with binary compatibility, with major European
involvement such as Olivetti, Philips, Bull and Siemens. A crate, made in Europe, to
control 48 power supplies costs about 12 KCHF. The cost per control channel is 9

CHF per digital bit, 55 CHF per ADC channel and 155 CHF per DAC channel.

8.6. Resonance.

Few words have finally to be spent about the attention that this system received.
The system was presented at the Third International Conference on Accelerators and
Large Experimental Physics Control Systems that was held at Tskuba in Japan in
November 1991, and at the "Centro di Cultura Scientifica Alessandro Volta" in Como,
Italy. As a results of these presentation this control system has been adopted from the
Daresbury Laboratory at Warrington, Cheshire, and from the DESY experiment in

Hamburg.
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A.1. CERN

CERN is one of the world's largest scientific laboratories and an outstanding
example of international collaboration. The acronym comes from an earlier French title
- Conseil Européen pour la Recherche Nucléaire - while che actual name of the
laboratory is European Laboratory for Particle Physics. With its 600 hectares of

extension it straddles the French-Swiss border just west the city of Geneva.

A.2. Budget and Member States.

-CERN's annual budget (945.47 million Swiss francs in 1992 ) is mainly provided by
its eighteen Member States from Europe. These are Austria, Belgium, Czech and
Slovak Federal Republic, Poland, Finland, France, Germany, Greece, Hungary, Italy,
Netherlands, Norway, Denmark, Portugal, Spain, Sweden, Switzerland and United
Kingdom. Observers are Turkey, Yugoslavia, Israel, Russian Federation, Commission
of the European Communities, UNESCO.

Below is given a table showing the normalized contributions of the Member States.
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Figure A.l. Member States and their normalized contribution (%).
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This budget covers expenditures of research, accelerators and experimental areas,
technical support and administrative support. The graph below shows the contribution

of the budget on these areas.

Technical support Administrative Support

15% 13%

Research
24%

Accelerators and

experimental areas
48%

Figure A.2. Expenditure distribution.

A.3. Business.

Article I of the Convention stipulates that CERN shall provide for collaboration
among European states in particle physics research of a pure scientific and fundamental
character, that it shall have no concern with work for military requirements, and
theoretical work shall be published or otherwise made generally available.

In practice CERN's tasks are:

- to ensure the construction and operation of particle accelerators and their

necessary ancillary apparatus;
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- to define a programme of activities and to submit it fér approval to the Council

which is composed of representatives of its Member States;

- to organize and sponsor international co-operation in this field of research,

particularly with and between Member States laboratories.

CERN's business is then pure particle physics science. However, even in the short
term this research, with its stringent demands for accuracy and ultra-fast response,
frequently pushes modern technology to the limit, providing a catalyst for
technological innovation with important spinoff in other fiels. New techniques emerge
such as scanners for medical diagnosis, radioactive tracers, ion implantation,
radiocarbon dating, etc. In the long term, this new knowledge could lead to
unimaginable technological advances. Elecricity, X-rays, nuclear energy and lasers are
just a few examples of laboratory discoveries from previous generations of this kind of
research which quickly made their mark on technology and went on to become part of

our everyday world.

A.4. Human Resources.

To design and build CERN's intricate machinery and to ensure its smooth operation,
to help prepare, run, analyse and interpret the complex scientific experiments, and to
carry out the myriad of tasks in such a large and special organization, CERN employs
over 3000 people, encompassing a wide range of skills and trades: engineers,
technicians, craftsmen, administrators, secretaries and workmen. Below 1s given a

Figure that shows the type of job exploited by people employed at CERN.
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Figure A.4. Staff (Total 3126 as of 31st December 1991).

CERN's research programme, based on its unique range of big machines, attracts
scientists from the Member States and from further afield - the United States of
America, Latin America, Japan, Canada, the Russian Federation, the People's Republic
of China, Israel and India. While working at CERN, most of these visiting scientists are
paid by their university or research institute. In 1991, 4625 users have been coming

from 272 institutes or universities and can be divided as follows.
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Figure A.5. Number and countries of experimental physicists (Users).

A.S. Industries Involved.

CERN's and the Member States' success in controlling project costs owes much to
the Organization's purchasing rules. CERN has its own purchasing policy, governed by
clear procedures set out in its Financial Rules. Their purpose is to ensure that all goods
and services required are obtailned at the lowest market price, with preference being
given to European industry.

The simple graph of the distribuition of purchases, however, is not rappresentative on
the competitive level of a country. Several types of goods need to be purchased locally,
independently of its convenience. This is the case of electricity, services, maintenance
and transports. For this reason France and Switzerland profit the most from CERN
location. A relevant information can be desumed analizing conctracts of a big project.
LEP with its final cost of more than 1200 millions of Swiss Francs can give a good
idea of contracts distribution. In Figure 3.6 we can compare the differences between

the total expenditures of one year (1991 with a total of ~ 500 MCHF) and the

Appendix A page VI




expenditures for the LEP project (Relative to the 400 biggest industries involved

covering the 80% of the total costs).
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Figure A.6. Total distribution of purchases and for the LEP project only.

We see that for the LEP project the purchases distribution is more aderenth to the
industrialization level of different countries. Countries like Germany, Italy, Spain and
Belgium shows infact high percentages of purchases. Appendix A contains a list
including the names of the companies, the subjects and the amounts of major

conctracts stipulated for LEP realization.

A.6. Accelerators.

The best way to understand the intricate set of CERN's accelerators, that constitute
today the biggest research facility in the field of particle phisics, is to follow the

historical steps that conduced to the actual configuration. We need to look back to the
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Europe of the early 1950s, when a far-sighted group of scientists and politicians

envisioned a new adventure in science - a European scientific laboratory.

LINAC T s
LEAR

Figure A.7. The CERN's accelerators complex.

Even then, it was clear that state-of-the-art science needed research facilities larger
and more complex than individual nations could afford. In this way Europe's leading
role in fundamental science, so evident before 1939, would be restored, at the same
time bringing together people from countries which had been at war only a few years
before.

By 1954, enough countries had agreed to the idea for work to begin on the
undeveloped Meyrin site in Switzerland on a particle accelerator - a synchro-cyclotron

to accelerate protons to 600 MeV. This was not an ambitious project, even by the
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modest standards of the time. but it got a reseuarch programme underway quickly and
provided valuable experience.

In parallel, CERN began to build a very powerful machine - the Proton Synchrotron
(PS). This came into operation in November 1959 and for a time was the most
powerful particle accelerator in the world (supplying experiments with 28 GeV beams
of protons). Over thirty years later, this machine remains the kingpin of CERN's unique
system of interconnected accelerators. However it has long since stopped providing
particle beams directly to experiments. Most of the time it gives the particles (protons,
antiprotons, electrons, positrons, nuclei) their first big boost in energy before feeding
them to the newer and larger machines, where they are taken to even higher energies.

From 1971 to 1984, CERN used a new type of machine -the Intersecting Storage
Rings (ISR) - built on an extension of the Meyrin site into neighbouring French
territory. Beams of protons previously accelerated in the PS were stored in two
intertwined rings and smashed together. As well as opening up a new frontier of
physics, the ISR provided scientists with valuable experience in building and operating
this kind of machine, showing in particular that big detectors should surround the
collision point to intercept all the emerging debris.

To answer the questions which resulted, work began in the early seventies on a big
new machine, the SPS Super Proton Synchrotron. This produced its first 400 GeV
proton beams in 1976, and was later uprated to 450 GeV. To house this seven
kilometre ring, the CERN site was extended further into France, the protons Crossing
and recrossing the international frontier on each SPS circuit.

Even while the SPS was getting into its stride, a bold proposal was tabled to use it
as a particle collider. To avoid having to build a second ring, the idea was to accelerate
protons and their antimatter counterparts (antiprotons) in opposite directions in the
same ring and make them collide, Antiprotons are rare - one is produced haphazardly
for every hundred thousand or so protons hitting a target, but physics required about a

billion of them at once.
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The seemingly impossible was achieved by a new technique - ‘stochastic cooling' -
to control the precious anti-protons and shape them into an intense beam. In 1983, the
idea paid off with the discovery of the W and Z particles - the carriers of the-weak
nuclear force - confirming an elegant theory uniting the description of this force with
the everyday picture of electricity and magnetism.

This combined 'electroweak’ theory is one of the great achievements of twentieth
century physics. The discovery of the W and Z particles by Carlo Rubbia's team and
the development of stochastic cooling by Simon van der Meer earned them the Nobel
Prize for Physics in 1984. Science at this level needs foresight and planning.

Even while the SPS proton-antiproton collider was inching its way towards its
historic discovery, the plans for the LEP (Large Electron Positron) machine were being
finalized,and civil engineering began after a groundbreaking ceremony in September
1983 attended by the Presidents of CERN's two host nations - Francois Mitterrand of
France and Pierre Aubert of Switzerland. LEP began operations in July 1989.

For the future, CERN is considering the LHC (Large Hadron Collider) project,
installing a ring of powerful superconducting magnets in the LEP tunnel to collide
proton beams of up to 8 TeV (8000GeV).

The names, the type of particles accelerated, and the power of the accelerators are

summarized down here:
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NAME

ENERGY

DIAMETER /DEPTH

COMMENTS
ISOLDE (Isotope 1 GeV Facility served by the Booster
Scparators On Line) Proton-Synchrotron to study
nuclei far from stability.
PS (Proton Syncrotron) 28 GeV 200 m. Able to accelerate scveral types
surface hall of particles simustancously, and
to decelerate antiprotons. Today
mainly used as a pre-accelcrator
for protons, antiprotons and
heavy ions for the SPS, and for
leptons for LEP.
ISR (Intersecting Storage - World's first proton collider,
Ring) closed in 1984 for financial
rcasons.
SPS (Super Proton- 315+315 2.2 km. Initially designed as a
Syncchrotron) Gev 23-65m. underground | conventional accelerator, today
also operates as a collider for
protons and antiprotons.
AAC (Antiproton 3.5 GeV 50m. A facility supplying antiproton
Accumulator Collector) surface hall beams to SPS and LEAR
experiments.
LEAR (Low Energy 2t00.1 25 m. This unique machine decelerates
Antiproton Ring) GeV surface hall antiprotons for the study of
antimatter at low energies.
LIL (Linear Injector for 0.6 GeV 100 m. long The source of electrons and
LEP) positons for LEP.
LEP (Large Electron 55+ 55 8.6 km. The world's largest collider. An
Positron Collider) GeV

50-150 m. underground

increase in energy will be
achieved by gradual installation
of a superconducting accelerator

system.

Table A.1. CERN's accelerators.
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B. Basic Princigles of Visual Communication.

Researchers and developers need a high-quality, integrated approach to the graphical
presentation of all elements of GUI design. Principles from information oriented,
systematic design can provide guidance for simple, clear, consistent solutions to the
design of menus, windows, icons, dialogue boxes, and control panels that are not
explicitly specified by current GUI paradigms.
A GUI design must account for the following :

- A comprehensible mental image (metaphor).

- Appropriate organization of data, functions, tasks, and roles (cognitive model).

- Efficient navigation schema among these data and functions, tasks, and roles.

- Quality appearance characteristics (the look).

- Effective interaction sequencing (the feel).
Graphic design can help GUIs achieve their potential to communicate. Information-
oriented, systematic graphic design is the use of typography, symbols, color, and other
static and dynamic graphics to convey facts, concepts, and emotions. Graphic design is
found in almost every facet of life, from the design of books, films, magazines, and
videos, to the design of exhibits, highway signs, and maps. Information-oriented,
systematic graphic design helps people understand complex information.

k of GUI design. The concept of

B 1 ~ S i, L

The manipulation of the visible language is a basic tas
visible language refers to all the graphical techniques used to communicate the
message or contnent. The term includes the following:
- Layout: formats, proportions, and grids; 2-D and 3-D organization.
-Typography: selection of typefaces and typesetting, including variable-width sans
serif and serif fonts, as well as fixed-width fonts found on most computer displays.
_Color and texture: color, texture and light that convey complex information and
pictorial reality.

-Imagery: sign, icons, and symbols, from the photographically real to the abstract.
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-Animation: a dynamic or kinetic display that is especially important for video-
related imagery.
-Visual identity: the additional, unique rules that lend overall consistency to a user
interface.
A set of principles can be useful to improve visual communication in a user interface.
This can be summarized in:
-Organize: Provide the user with a clear and consistent conceptual structure.
-Economize: Maximize the effectivness of a minimal set of cues.

-Communicate: Match the presentation to the capabilities of the user.

B.1. Organize.

There are several important concepts within the major principle of organization:

consistency, screen layout, relationships, and navigability.

B.1.1. Consistenc

There are four aspects of consistency: internal consistency, external consistency, real
world consistency, and when not to be consistent; that is, when to deviate from the
norm.

The principle of internal consistency suggest to observe the same convenctions and
rules for all elements of the GUI. Figure 4.1. provide an example where the same kind
of elements are shown in the same place, and those with different kinds of behaviour
each have their own special appearance. Casual differences should be avoided. Without
a strong motivating reason, these casual differences cause the user to work harder to

understand the essential message of the display.
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Title 1 | | Title 2

Oltem1 O up [Ttem1 | [Item4 |
Oltem2 O Down Ttem2 | [Item5 |
Oltem 3 O Right [Ttem3 | [Item6 |
[ OK ] [CANCEL]

Figure B.1. Internal Consistency - Dialogue Boxes.

The second point is external consistency: follow existing platform and cultural
conventions across user interfaces. Figure B.2. provides an example. The tool icons in
the example comes from different graphical applications (PaintbrushTM, DesignerTM,

and Corel DrawTM) but in all of them they conserve the same meaning. The lack of

external consistency can cause confusion for users moving across applications.

Figure B.2. External Consistency for Text Tool Icons.

The third point is real-world consistency: make the conventions consistent with real-
world experience. Figure B.3. provides an example. It is possible to take advantage of
objects, processes, or events that are already familiar to the user and build upon this

knowledge. This principle is the basis of the success of the desktop metaphor.
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Figure B.3. Real-World Consistency.

The fourth and last point is innovation: deviate from existing conventions only when
doing so provides a clear benefit to the user. In other words, there shoud be a good

reason for being inconsistent.

B.1.2 reen L ut.

The second major way to organize visual displays is to design their spatial layout or
composition. There are three primary ways of achieving organization of screen layout:
use a grid structure, standardize the screen layout, and group related elements.

Grids of horizontal and vertical lines can help locate items in menus, major window
components, and other twodimensional compositions such as dialogue boxes or
control panels. The exact measurments must be worked out very carefully to take into
account the content to be displayed, spaces between text groups, the screen resolution,
and the viewing conditions. Generally, the maximum number of major divisions in the
horizontal or vertical direction follows what the human factors specialists cali Miller's
magic number, namely, 7 £2. This recomendation derives from the maximum number
of coding items we can easily retain in short-term memory.

The same idea can be applied to a control panel, menu, or dialogue box, or even the
small area of icons, in which case a small grid helps locate individual pieces of these
pictograms and ideograms. Another technique helpful in achieving visual organization
is to establish clear relationship by linking related elements and disassociating unrelated
elements. This simple precept may be complex to carry out in practice. Figure B.4.

presents an example where at the left, shape, location, and value can create strong

Appendix B page V




visual relationship that may be completely inappropriate. In the improved example on

the right, the relationship are clear, consistent, appropriate and strong.

Figure B.4. Relationships.

B.1.3. Navigability.

The final means of organizing visual elements is navigability. Important techniques
include to provide an initial focus for the viewer's attention, to direct attention to
important, secondary, or peripheral items, and assist in navigation throughout the
material. Figure B.5. provide an example of poor design and an example of improved
design. It is important to notice, in this example, how very simple techniques of spatial
Jayout and color (in this case, gray levels) can help focus the viewer's attention to the
most important titlebar areas of the display. Then, the bulleted items guide the viewer

through the secondary contents.
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Figure B.5. A Navigation Example.

B.2. Economize.

The second major principle is to economize (doing the most with the least). The basis
is that, the fewers are the controls, the easier it looks to use and the easier it is to find
the relevant controls. So we shoud really investigate on the number of controls does a
device need and minimize them in order to make it look easy.

The concept of economy can be broken down into four major subtopics: simpiicity,

clarity, distinctiveness, and emphasis.

B.2.1. Simplicity.

Simplicity suggests that only those elements that are essential for communication
should be included in the control panel. In addition, we should be as unobtrusive as
possible. We should not assume that users are stupid; everyone has natural limits to the
rate at which he can take in information-rich content. If we exceed natural limits, we

will induce indifference, boredom, or anxiety. No matter to whom we are
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communicating, simplicity is a virtue, unless our objective is to confuse, entertain, or
beautify, in which cases, over indulgence may be justified. In general, the GUI
components should be modest and not overly attract the viewer's attention. Users
should be almost unconscious of the GUI working to convey meaning. Figure B.6.

pruvides an example.

Title 1 Title 2

Oiltem 1 Oltem 3 Tiem 1 IItem 4 |

Item 2 O Item 4 -
O O [Ttem 2 [Ttem 5
QJItem 5 ; .

Item 6 ) OK ﬁtem 3 F@m 6

O CANCEL

FigureB.6. Complicated and Simpler Design.

In the example on the left, the design is overdone, with useless differentation. At the
right, the presentation is simpler, with fewer extraneous changes of direction,

typefaces, and capitalization.

B.2.2. Clarity.

The second technique for being economical is clarity: design all components SO that

their meaning is not ambiguous. Figure B.7. provides an example.
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50 Zoom

oL

Help

Figure B.7. Ambigous and Clear Icons.

In this examples of icons, the ones on the left can be confusing, while the ones on the

right are more understandable. The same symbol appears in two situations.

B.2.3. Distinctiveness.

The third technique for achieving economy is distinctiveness: distinguish important

properties of essential elements. Figure B.8. illustrates this technique.
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Figure B.8. Too Little and Too Much Distinctiveness.

The first example shows a typical screen design in which everything is too bland, too
much the same. The second example shows an approach in which every component is

trying to be too distinctive. A happy medium is the correct solution.

B.2.4. Empbhasis,

The final technique of economizing is emphasis. In general, make the most important
elements salient, that is, easily perceived. De-emphasize non-critical elements, and

minimize clutter so that critical information is not hidden. Figure B.9. provides an

example.
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Figure B.9. Too Much and Improved Emphasis.

The first figure is busy and emphasizes too many thing at once, making a clutter. The
second example establishes a clear hierarchy. This approach can be used in achromatic

(black, gray, white) as well as polychrome displays.

B.3. Communicate

The previous discussions have explored the principles of organization and economy
The third main principle is to communicate.To communicate successfully, the GUI

must keep in balance these factors: legibility, readability, typography, symbolism,

B.3.1. Legibility.

The first factor is legibility: design individual characters, symbols, and graphic elements
to be easily noticeable and distinguishable. Figure B.10. shows some examples.

Type fonts, desktop icons, control panel symbols, and so on, all need to be designed
so that their parts show up well. You must select visualization techniques that are
appropriate to the output display technology (for example, the spatial resolution, color,
and animation characteristics). Another factor to remember is that dark screen

backgrounds in brightly lighted rooms may cause distracting reflections that can
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diminish screen legibility. In contrast. brightly lighted screens in dark rooms may be

too glaring and hard to see.

Tezt set in Vwaldi - Text set in Times New
Cypgface Roman Typeface

Figure B.10. Illegible and Legible Text.

The top left example is a classic case of an illegible font. The example on the right is

much better.

B.3.2. Readability,

Closely related to legibility is readability. The term readability means that the display is
comprehensible, that is, easy to identify and interpret, as well as inviting and attractive.

Figure B.11. presents an example.
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Unreadable: Design components to be
easy to interpret and understand. Design
components to be inviting

and attractive.
Readable

Design components to be easy to interpret and
understand.

Design components to be inviting and attractive.

Figure B.11. Unreadable and Readable Text.

The top example shows a more unreadable text in which it is difficult to detect the
presence of a subtitle. The second example shows a more readable arrangement of the

same contenents.

B T raph

One of the key contributors to legibility and readability is the use of typography in the
user interface. We still relay on text, tables, lists, and annotation, even if we are
showing charts, diagrams, or other graphical displays. Typography includes the
characteristics of individual elements (typefaces and typestyles) and their groupings

(typesetting techniques). Use a small number of typefaces of suitable legibility, Claxity,
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and distinctiveness to distinguish between different classes of information. Within each
typeface, select a set of enhanced letterforms, punctuation marks, and symbols. Within
menus, dialogue boxes, control panels, forms, and other window components, the
point size, word spacing, paragraph indentation, and line spacing should be adjusted to
enhance the readability and to emphasize criticﬁl information. The following are some
basic recommendations:

- Generally, a maximum of three typefaces in a maximum of three point sizes should
be used, no matter what the application.

- ,Line_:s of text should have from 40 to 60 characters maximum, and words should be
spaced correctly, usually the width of a lower case "r" or "1" for a variable-width
text.

- Text should be set in appropriate formats, that is, text flush left, numbers flush
right, avoid centered text in lists, and avoid short justified lines of text.

- For fixed-width fonts, justified lines of text can slow reading speed by 12 percent.

- Use uppercase and lowercase characters whenever possible, that is, avoid all
capital lines of text, which can also slow reading speed by 12 percent.

Of course, one can always find exceptions to these guidelines, but the basic

recommendations should serve for most typographic settings.

Typographic characters are not the only visible language elements that must be
designed so that they communicate their content efficiently. Icons, symbols, charts,
maps, diagrams, and photographic imagery used in the displays also must be carefully
selected and refined to communicate the desired contents. The specific principles for
designing charts, maps diagrams, pictograms, and ideograms aré more numerous than

space permit at this time.
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B.3.5. Multiple Views.

One important technique for improving communication in the user interface is to
provide multiple perspectives on the display of complex structures and processes. An
important principle of good design, then, is making use of these multiple views:

- Multiple forms of representation.

- Multiple levels of abstraction.

- Simultaneous alternative views.

- Links across references.

- Metadata, metatext, metagraphics.

B.3.6. Color.

Color discussions can be confusing because scientists, artists, designers, pro grammers,
and marketing professionals describe color phenomena in different ways. Let's first
discuss the color terms using one useful set of dimensions: hue, value, and chroma.
These color terms are derived from the Munsell system of color used by artists,
designers, and manufacturers. The dimensions differ from the red, green, and blue basis
of the RGB color system familiar to users of CRT display devices. The approach also
differs from another color system, the International Commission on Illumination (CIE),
which uses specific spectral measurements to unambiguously specify color.

Hue is the spectral wavelength composition of a color that produces perceptions of
being blue, orange, green, and so on. Value is the relative amount of lightness or
darkness of the color in a range of black to white (also called intensity). Chroma is the
purity of the color in a scale from gray to the most vivid variant of the perceived color
(also called saturation). Brightness, a fourth key term, refers to the amount of light
energy creating the color.

One important point to bear in mind is that color combinations can take place in
different media in several ways. CRT screens typically combine light additively, while
most hardcopy color is obtained through subtractive mixtures of pigments, dyes, or

tints. Typical four-color process printing of images on paper uses closely spaced small
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dots of cyan, vellow, and magenta, plus black (or CY;\'IK. the graphic arts industry's
specification of color) to achieve an optical mixing of colors due to the eye's inability
to resolve the individual color elements in "full-color" graphic arts printing.
A typical ﬁeed for screen design is to combine colors so they make visual sense.
Beyond the basic technology of color for screen display, it is important to understand
how color can help communication. Here are some basic advantages:
- Emphasize important information.
- Identify subsystems or structures.
- Portray natural objects in a realistic manner.
- Portray time and progress.
- Reduce errors of interpretation.
- Add coding dimensions.
- Increase comprehensibility.
- Increase believability and appeal.
With respect to learning and comprehension, color is superior to black-and-white in
terms of the viewer's processing time and emotional reactions, and there is a diference
in a viewer's ability to interpret information. People often can learn more from a color
display if color is used correctly. Another crucial factor is that color is more enjoyable.
With respect to memory performance, memory for color information appears to be
superior to black-and-white.
These benefits indicate that color can work for you in communicating facts, concepts,
and emotions; but color is definitely a complex tool. At the same time, color has these
potential drawbacks:

- Color requires more expensive and complicated display equipment.

- Color displays may not accommodate color deficient vision, which occurs in about

8 percent of Caucasian males.
- Some colors may cause visual discomfort and afterimages.
- Color may contribute to visual confusion or may catalyze negative associations

through cross-disciplinary and cross-cultural connotations.
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Because color can be misused easily there is a clear need for guidelines. Establishing
complete rules or specifcations for color use is difficult. Anyway the International
Standards Organization (ISO) has begun by publishing draft standards for some
aspects of basic color legibility. The complexity of the problem justify a chapter

describing the basis of color design.

B.4. Color Design Principles.

To keep recommendations simple, we can, as in the previous chapter, refer to basic
principles, but this time applied to color. We'll examine selected guidelines under the
following principles: color organization, color economy, color emphasis, color

communication, color interaction and color symbolism.

B.4.1 lor organization

The first set of recommendations about color concerns consistency of organization.
Use color to group related items, and use a consistent color code for screen displays,
documentation, and training materials. In general, similar colors should imply a relation
among objects. A viewer can sense the relatedness by color over space and over time
in sequences of images. Be complete and consistent in your color groupings. For
command and control colors in menus should be avoided for information
coding within a work area, unless a specific connection is intended.

Another recommendation is to use similar background colors for related areas. This
color coding can subtly orient the viewer to the conceptual link among these areas.
Once color coding is established, the same colors should be used throughout the GUI
and all related publications. This color continuity may require designing colors to
appear in different media. Remember: CRT screens use additive color mixtures, while
most hardcopy devices use subtractive color mixtures. The color gamuts (that is,

available color ranges) of these two media usually are not identical.
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B.4.2. Color Economy.

The next recommendations concern economical use of color. The principle of color
simplicity suggests using a maximum of 52 colors where the meaning must be
remembefed. Note that this maximum is even less than Miller's magic number from
human factors, 7+2. If appropriate, use redundant coding based on shape, as well as
color. The basic idea is to use color to enhance black-and-white information, that is,
design the display to work well first in black-and-white. For documentation tasks, for
example, using color to portray an object, the maximum number of colors needed is
dependent on the application. For aesthetic purposes such as design style, emotional
expression, or realism, many more colors may be required. To code a large set of
colors, use the spectral sequence: red, orange, yellow, green, blue, and violet. Francine
Frome, a human factors researcher, has shown that viewers see a spectral order as a
natural one and would select red, green, and blue as intuitive choices for the front,
middle, and back layers, respectively, when viewing a multilayer display. Note,
however, that brightness can change a viewer's perception of depth. If the colors are
balanced, then red seems to come forward. We should also take care to use redundant
coding of shape as well as color, which aids those with color-deficient vision and
makes the display more resilient to color distortions caused by ambient light changes or
by medium-to-medium conversion. Ambient light can cause changes in perceived hue,
value, and chroma. Conversion from one medium to another can cause unforeseen and
sometimes uncontrollable changes. Remember that among Caucasian viewers, 8

percent of males have some form of color-deficient viewing.

B.4.3. Color Emphasis.
Among the remaining principles, color emphasis suggests using strong contrast in
value and chroma to focus the user's attention on critical information. The use of bright

colors for danger signals, attention getters, reminders, and cursors is entirely

appropriate.
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High chroma red-alerts seem to aid faster response than yellow or vellow-orange if
brightness is equal, but of course this also depends upon the background colors. When
too many figures or background fields compete for the viewer's attention, then
confusion arises. The hierarchy of highlighted. neutral, and lowlighted states for all
areas of the visual display must be carefully designed to maximize simplicity and
clarity. Here again we fnd the basic maxim: simplicity, clarity, and consistency are
especially important for color design.

Use saturated or high-chroma colors for older viewers, or for those who have viewed
displays for very long periods of time. Bear in mind that frequent, but short-term
viewing can benefit from low-chroma displays, and that very bright displays of letters,

symbols, or lines tend to bloom, that is, the light spreads out against the background.

B.4.4. Color Communication,

In color communication, recommendations for legibility include the following:

- Use colors appropriately for the central and peripheral areas of the visual field.

_ Use color combinations whose discriminability is influenced least by the relative area

of each color.

- Do not use colors that are simultaneously high in chroma and spectrally extreme.

The outer edges of the retina are not particularly sensitive to colors in general. Thus,

red or green should be used in the center of the visual field, not in the periphery. If they

are used at the periphery, some signal to the viewer must be given to capture attention,

for example, size change or blinking. Use blue, black, white, and yellow near the
periphery of the visual field. The retina remains sensitive to these colors near the
periphery. Use blue for large areas, not for text type, thin lines, or small shapes. Blue-
sensitive color receptors are the least numerous in the retina (approximately 5 percent),
and are especially infrequent in the eye's central focusing area, the fovea. Blue is good
for screen backgrounds.

If the colors change in size in the imagery, you should bear in mind the following: As

color areas decrease in size they appear to change their value and chroma. Use colors
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that differ both in chroma and value (lightness). Do not use adjacent colors that differ
only in the amount of pure blues, because the edge between the two colors will appear
to be fuzzy. To avoid this you might use a dark blue and a light blue. Regarding use of
simultaneously high-chroma, spectrally extreme colors, you can see that strung
cuntrasts of red/green, blue/yellow, green/blue, and red/blue can create vibrations,
illusions of shadows, and afterimages. Unless you need to create a special visual effect,
avoid these combinations.

In general, use light text, thin lines, and small shapes (white, yellow, or red) on
medium to dark backgrounds (blue, green, or dark gray) for dark viewing situations.
Typical low ambient-light viewing situations are those for slide presentations,
workstations, and video. Video displays produce colors that are lower chroma. Use
dark (blue or black) text, thin lines, and small shapes on light (light yellow, magenta,
blue, or white) backgrounds for light-viewing situatiuns. Typical viewing situations are
those for overhead transparencies and paper. Reserve the highest contrast in figure-

field relationships for text type.

B.5.5. Color Interactions.

The interaction of color is a very complex subject that cannot be presented in this
limited space. Designers of users interfaces need to become familiar with these
phenomena, which students of art and design often study. We can simply say that color
interaction with the background color fields can create illusions like, for example, one

color that appears in two and two colors that appears in one.

B.4.6. Color Symbolism,

Finally, we recall the importance of symbolism in communication The suggestion 1s to
use color codes that respect existing cultural and professional usage. We should use
color connotations with great care. Connotations vary strongly among different kinds
of viewers, especially from diffrent cultures. The correct use of color requires careful

analysis of the experience and expectations of the viewers.
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For example, mailboxes are blue in the USA. bright red in England. and bright yellow
in Greece. If color is used in an electronic mail icon on the screen, this suggests that

color sets might be changed for different countries to allow for differences in

international markets.
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Appendix C : The listing of the POWP.C _equipment
module and the HWACCESS.C functions.




Appendix C : Listings.

Table of contents.

The POWP.C equipment MOodule. ..o I
The HWACCESS.C fURCHONS. ©ooveviieiiitcriiii it VI

The POWP.C equipment module.

/* Program POWP.C for an equipment module written in Quicke C */
/* POWP is built for Quadrupole */

#include "stdlib.h"
#include "I'\fecnod\nodal.h"

typedef struct
{
real MINV:real MAXV:rcal SCLR:real SCCR:rcal SCLW:rcal SCCW;
int ADRR;int ADRW;int CHNR;int CHNW;int ADRD:long CTRW;
int CHNIO:int CHNIF;int CHNIS:int CHNIR 1;int CHNIR2;int CHNIL;int CHNIE;
int CHNOO:int CHNOF:int CHNOS:int CHNOR;rcal CCV; int STCC;

} POW_DESC;
static POW_DESC POWP_Tablc[MAX_POWP |

#define WRITE -1
#define READ 1
#define OFF 1

#define ON 2

#definc STANDBY 4
#define INTERLOCK &
#define LOCAL 16
#define FAULT 32
#define RESET 64

int waitms(int delay);

int QutBit(int BaseAddress, int Channel, int Bit);

int InBit(int BascAddress, int Channcl);

NodalError OutValuc(int BascAddress, int Channel, rcal SCL, rcal SCC,

real value);
NodalError InValue(int BascAddress, int Channel, real SCL, real SCC,
real far *valuc);

NodalError D_POWP(rcal far *value, int rwilag, int eqno, char *property)

{

NodalError cc;
int eq,PI,LAL,R1,R2.RF:
real val;

if ((egno < 1}l (cqno > MAX_POWP))
{
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printt ("\nERROR: ¢ d is not a legal equipment number\n”, eqno):
return tlegal_equipment_number:

}

cq=cqno- 1;

/* Property CCV Current Control Value */

/* read valuc from Data Table */

/* Write value 1o data table, scale using SCLW, write to hardware */
if (!stremp(property,"CCV"))

{
if (rwflag == WRITE) /* writc value to hardware */
{
if (POWP_Table[cq).ADRW == -1)
{
printf ("\nERROR: Equipment N. %d is not connected to
DACW",eqno);
return device_not_connected;
}

il(*valuc < POWP_Tablcfeq]. MINV Il *value > POWP_Table[eq].MAXYV)

{
printf ("\nERROR: Equipment N. %d reccived %d as
CCV\n" eqgno,*valuc);
return out_of_range;

}
cc = OutValue(POWP_Tablc[cq].ADRW, POWP_Tablc[cq]. CHNW,
POWP_Tablc[cq].SCLW, POWP_Table[cq].SCCW, *valuc),

if (cc '=0) return cc;

POWP_Table[cq].CCV = *value;  /*UPDATE pow_tab */

return 0
}
if (rwllag == READ)
{
if(POWP_Table|cq]. ADRW == -1)
{
printf ("nERROR: Equipment N. %d is not connected Lo
DAC\W",cqno);
return device_not_connccted;
}
*value = POWP_Table[eq].CCV;
return €
}

printf ("\nERROR: rwilag is cqual to: %d\n", rwllag);
rewurn iflegal_rcad_write;

/*Property AQN Read current in Volts */
/*AIP is 1 ADC + Multiplexer; BascAdres + 0 = Multiplexer chan
BascAdres + 1 = Start Conversion....
*/
if (!stremp(property,"AQN"))
{

if (rwflag '= READ) rcturn illegal_rcad_write;
if(POWP_Table|eq]. ADRR == -1)
{
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printf ("\nERROR: Equipment N, ¢ d is not connected 1o ADCW" cqno);
return device_not_connected:
}
cc = InValue (POWP_Table[e].ADRR, POWP_Table{eq].CHNR,
POWP_Table[cq].SCLR, POWP_Table[cq].SCCR, valuc):
if (cc '=0 ) rcturn cc;
rcturn 0;

/* Property STAQ - Read/Back status of the power supply -
Off=0;0n=1; %
/* This register is sct by the Hardware when something goes wrong!...*/

if ('stremp(property,”STAQ"))
{
if (rwflag '= READ) return illegal_rcad_write;
if (POWP_Tabic[cq).ADRD == -1)
{
printf ("\nERROR: Equipment N. %d is not connected to DIO\n" ,eqno);
return device_not_connected;
}
AL =0;
if (InBit(POWP_Tablc[cq].ADRD, POWP_Table[cq].CHNIO) == 1))
AL = ON;

*valuc = AL;
return

/* Property ADRR rcad or writc the ADC BASE ADDRESS  */
if (!stremp(property, "ADRR"))

{
if (rwflag == WRITE)
{
POWP_Tablc|cq].ADRR = *valuc;
return (;
}
if (rwilag == READ)
{
*valuec = POWP_Tablclcq].ADRR ¢
return 0;
J
return illegal_read_write;
}

/* Property ADRW read or write the DAC BASE ADDRESS  */
if (!stremp(property,”ADRW ™))
{
if (rwilag == WRITE)
{
POWP_Tablelcq]. ADRW = *valuc;
rewurn O

}
il (rwflag == READ)
{
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=value = POWP_Table[cql. ADRW:
return O:

J

return tllegal_rcad_write:

J

/* Property CHNR read or writc the DAC ADC Channel %/
if (!stremp(property,”"CHNR™))

{
if (rwilag == WRITE)
{
POWP_Table[cq).CHNR = *valuc;
rcturn O;
}
if (rwflag == READ)
{
*value = POWP_Tablc[cq].CHNR;
return 0;
}
rceturn illegal_rcad_write;
}

/* Property CHNW read or write the DAC Channel ¥/
if (Istrcmp(property,"CHNW™))

{
il (rwflag == WRITE)
{
POWP_Tableleq].CHNW = *valuc;
return (;
}
if (rwilag == READ)
{
*value = POWP_Tablc|cq].CHNW;
return O;
}
return illegal_read_writc;
}

/* Property CHNIO ON Read/Back Input Register Channet #/
if (!strcmp(property,"CHNIO™))

{
if (rwflag == WRITE)
{
POWP_Table[eq] . CHNIO = *valuc;
rcturn 0
)
if (rwilag == READ)
{
=valuc = POWP_Tablc|cy].CHNIO:
rewurn ();
}
rewurn itlegal _read_writc;
}

/* Property SCLW rcad or writc the DAC scaling factor ("SCLWW™) */
if ('stremp(property,"SCLW™))
{
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il (rwilag == WRITE)
!
POWP_Table[eq].SCLW = *valuc:

return 0;

}

il (rwilag == READ)

{
*valuc = POWP_Table[cq].SCLW;
return ()

}

return illegal_rcad_wrile;

}

/* Property SCCW rcad or write the DAC scaling constant ("SCCWW™) */
if (!strcmp(property,"SCCW™))

{
if (rwilag == WRITE)
{
POWP_Tablc[cq].SCCW = *valuc;
rcturn 0
}
if (rwllag == READ)
{
*valuc = POWP_Table[ey].SCCW;
return (;
}
return illegal_rcad_writc;
}

/* Property SCLR rcad or writc the ADC scaling factor ("SCLRR"™) */
if (!stremp(property,"SCLR"™))

{
if (rwflag == WRITE)
{
: POWP_Tablc[cq].SCLR = *valuc:
return (;
}
il {rwflag == READ)
{
*valuc = POWP_Table[cq].SCLR;
return ()
}
rewrn illegal _read_wrile;
}

/* Property SCCR read or write the ADC scaling constant ("SCCRR™) */
if (!stremp(property,”"SCCR"))
{
if (rwilag == WRITE)
{
POWP_Tablc[cq].SCCR = *valuc;
return (;

}
it (rwilag == READ)

{
*value = POWP_Tablc[cq|.SCCR;
return O:
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}

return itlegal_read _write:

J

/* Property MAXV rcad or write the MAXIMUM VALUE ("MAXV") ¥/
il (*stremp(property,"MAXV™))

{
il (rwilag == WRITE)
{
POWP_Tablcleq]. MAXY = *valuc;
return 0;
}
if (rwflag == READ)
{
*valuc = POWP_Tablc[eq]. MAXYV;
return ()
}
o return illegal_rcad_write;
}

/* Property MINV rcad or write the MINIMUM VALUE ("MINV™) ¥/
if (!stremp(property,"MINV™))

{
if (rwflag == WRITE)
{
POWP_Table[cg|.MINV = *valuc;
return 0;
}
if (rwflag == READ)
{
*valuc = POWP_Table[cq].MINV;
return 0;
}
return itlegal_rcad_write;
}

return tllegal_property;

}

The HWACCESS.C functions.

/* Common Library to Access HW from POWP and MPOWP */

#include "stdlib.h”
#include "1\fecnod\nodal.h”
#include <conio.h>
#include <time.h>

int waitms(int dclay)

{
clock_t goal:
goal = (clock_t)delay + clock();
while( goal > clock(} ) ;

}
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int InBit(int BascAddress, int Channel)

{

int Port, Shift, Value, Mask, Bit, Npar, Pgr, Otfscl, Cnlg:

if( Channel <=0 i Channel > 98 ) return O,

if (Channel > 48) Channel = Channel - 2; /* Pins 49 and 50 arc occupicd by the +5VDC

supply and the ground */

Npar = Channel % 2;
Pgr = Channcl/16 +1:
if (Channel == 16*(Pgr-1)) Pgr = Pgr-1;

switch(Pgr)
{
casc 1:
casc 2;
casc 3:

if (Npar ==0) /* Channel 2-->16 */

{
Offset = 0x06;
Shift = 7 - ((Channel/2 - 1) % 8):
Port = BascAddress + Offsct:

)

clse if (Npar == 1) /* Channcl 1-->15 %/
{
Offsct = 0x02;
Shift = 7 - (Channcl/2 % 8):
Port = BascAddress + Offsct;
}
break;

if (Npar == () /* Channel 18-->32 %/

{
Offset = 0x05;
Shift = 7 - ((Channcl/2 - 1) % 8);
Port = BascAddress + Offsct;

}

clsc if (Npar==1) /* Channel 17-->31 %/
{
Offset = 0x01;
Shift = 7 - (Channcl/2 % 8);
Port = BascAddress + Offsct;
}
brecak:

il (Npar == () /* Channcl 34-->48 */

{
Offset = 0x04;
Shift = 7 - ((Channcl/2 - 1) % 8);
Port = BascAddress + Offsct;

}

clse if (Npar == 1) /* Channcl 33-->47 */
{

Appendix C page VII




Offsel = Ox00:
Shift = 7 - (Channcl/2 < 8):
Port = BascAddress + Offset:

}
break:
casc 4:
if (Npar==0) /* Channel 52-->66 */
{ .
Offsct = 0x0E;
Shift= 7 - ((Channel/2 - 1) % 8);
Port = BascAddress + Offset;
}
clsc if (Npar == 1) /* Channcl 51-->65 */
{
Offsel = Ox0A;
Shift = 7 - (Channcl/2 % 8);
Port = BascAddress + Offsct;
}
break;
case 5:
if (Npar ==0) /* Channcl 68-->82 */
{
Offsct = 0x0D;
Shift = 7 - (Channcl/2 - 1) % 8);
Port = BascAddress + Offsct:
}
clse if (Npar == 1) /* Channcl 67-->81 */
{
Offset = 0x09;
Shift = 7 - (Channel/2 % 8);
Port = BascAddress + Offsct;
)
break;
casc 6.
if (Npar==0) /* Channcl 84-->98 */
{
Offsct = 0x0C;
Shift = 7 - ((Channcl/2 - 1) % 8);
Port = BascAddress + Offsct:
}
clsc if (Npar == 1) /* Channcl 83-->97 */
{
Offset = 0x08;
Shift = 7 - (Channci/2 9% 8);
Port = BascAddress + Offsct;
}
break:

}
Valuc = inp(Port);

Valuc =~ (Value)y/* This Line is done to take into account that the input 1S open collector*/
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Mask = 1 << Shilt
Valuc = Value & Mask:
Bit =( Valuc >> Shift);
return(Bit);

NodalError OutValuc(int BascAddress, int Channel, real SCL, real SCC,
real valuc)

{

int pw,Low,High,Port;

NodalError cc;

if (cc=nfix(valuec * SCL + SCC, &pw)) rcturn cc;
il ( pw >4095 ) pw=4095;
if (pw < Q) pw=0:

High=pw>>§;

Low=pw & Oxf{T;

Port = BascAddress + Channel * 2;

outp( Port ,Low); /* CHANNEL 0 LOW BIT*/

outp( Port + 1, High); /* CHANNEL 0 HIGH BIT */

inp ( BaseAddress + 15); /* UPDATE STROBE QUTPUT */

return 0;

}

NodalError InValue(int BascAddress, int Channel, real SCL, real SCC, rcal far *value)
{

int Port;

int i;

int Low, High, Bits;

rcal val;

NodalError cc;

Port = BascAddress;
outp (Port, Channel); /* CHANNEL CHNR SELECTED */
for (i = 0; 1< 150; 1++);
outp(Port + 1,0);  /* START CONVERSION */
1=0;
do
{
++]
High = inp (Port + 3); /*READ HIGH DATA */
if (i >= 10000)

{
print{("\n ERROR: Can not rcad {rom ADC(Basc Address: %x, Channel:

%dNn",BaseAddress,Channcl);
return device_not_connecled;

}
}while (High & 0x20); /* Bit 5 at 1 when the ADC is busy e x/

Low = inp (Port + 2); /*READ LOW DATA */

Bits = ((High & 0x{) << 8) + Low;

val = ((Bits - SCC) / SCL);

i = (int) val; /* make integer o avoid numbers behind comma on console */
if ((val - 1) >=.5) i++; /* GIF 930301 */

*valuc = (real) i;

Appendix C page IX




rcturn (:

/* error.h listing*/

#define MIN_DELAY 2000

extern char *erist|};

/* Error Number Definitions*/

#dcefine illegal_linc

1

[*or=10%

#dcfine illegal_format 2
#define illegal_arithmetic 3
#dcfinc ambiguous 4
#dcfinc illcgal_dclimiter 5
#define zero_divide 6
#deline WA _full 7
#define non_cxistent 8
#define wrong_typc 9
#define link_cxhausted 10
#define not_properly 11
#dcfinc un_allocated 12
#define no_such_linc 13
#define illegal_shuffle 14
#dcfine if_crror 15
#dcfinc escape_typed 16
#define ask_crror 18
#define argument_list_crror 20
#define file_error 21
#define dimension_crror 23
#define square_rool_ncgative 24
#define log_ncgative 31
#define device_not_connected 32
#definc unauthorised_action 33
#dcfinc hardwarc_crror 34
#define illegal_cquipment_number 35
#define illcgal _property 36
#dcfine out_of_range 37
#dcfine not_implemented 3
#define no_such_computer 39
#dcfine string_filled 40
#define syntax_crror 41
#define no_such_filc 42
#define no_file_space 44
#define link_not_open 45
#define remitted _data_lost 46
#define cnd_of file 47
#define def_arca_[full 52
#idefine def_syntax 53
#definc illegal_string_sct 54
#dcfine serrl 54

#dcfinc string_function_failure 55

#definc serr2
#dcfine Sif_crror
#delinc Sask_crror

55

57 /* SERR4 on NORD */

58

/* SERRS */
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#define string_expected
#define no_link

#definc link_crror
#dcfine code_failure
#define bracke(_missing
#define wrong_hcxa
#dcfine wrong_octal
#define illegal_characier
#dcfine illegal_operator
#dcfine not_allowed
#define illegal_rcad_write
#dcfine out_of_memory

59 /* SERR6G */
64
65
66
67
68
69
70
71
72
73
74

#define databasc_not_loaded 75

#define illegal_command

#define resources_exhausted

#definc file_not_opcen
#define camac_crror
#define no_such_loop
#define simatic_crror
#define driver_not_installed
#define port_not_availablc
#define scan_crror

#define no_high_voltage
#define non_cxistent_clem
#define non_existent_fec
#define non_cxistent_client
#define cannot_lock
#definc not_running
#define not_posted

#define not_accepted
#define dde_timeout
#dcfine illegal_protocol
#definc gpib_crror

#define rs232_crror
#define Fug_in_Transition
#define connection_Llimcout
#define illegal_mode
#define illegal plsline
#dcfine not_dcfincd
#define net_write_error
#define invalid_data
#define timer_too_low
#define access_denied

76
77
78
79 [*camac*/
80 /*serial camac™/
81
82
83
84 [*scanncr*/
85 /*lape station®/
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
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Appendix D. Database files: EQPMOD.CSV

FECADDR.CSV, EQPNAMES.CSV, and

POWP.CSV,
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EQPMOD.CSV

MQVE 0 0 255 invalid invalid 0
MOVE 255 0 0 Missing ]
MOVE 0 255 0 Running 2
MOVE 0 0 255 Standby 4
MOVE 255 0 Olntetock 8
MOVE 255 255 0 Local 16
MOVE 255 0 255-Fault 32
MOVE 255 0 0.End Left 64
MOVE 255 0: 0.End Right 128
MOVE 255 0, 0: Wire-grid Grid 256
MOVE 255. 0! 0:Slit Slit 512
MOVE | 255; 0i Q:In Target 1024
MOVE | 0 2551 0:Out of Target 2048
MOVE | 255' 0i Oiin In 4096
MOVE 0i 255 0;Out .Out 8192
MOVE 255 255 0:Half Half 16384
MOVE | 255| 0! 0:End Center 32768
MPOWP | -~ 0O 0 255! Invalid S 0
MPOWP 255 0 0lOff Off 1 ]
MPOWP 0 255 0/On -On : 2
MPOWP 0 0 255!Standby :Standby ; 4
MPOWP 255 0 O!InterLock : 8
MPOWP 255 255 OlLocal 5 16
MPOWP 255 0 255 Fault ; : 32
MPOWP 0 0 0 Reset | 64
MSG 0 0 255/ lilegal , 0
MSG 255 0 0iln the Beam In i 1024
MSG 0 255 0/Qut of Beam |Out ! 512
POWC 0 0 255! Invalid ! 3 0
POWC 255 0 oloft Off 1
POWC 0 255 0/On On 2
POWC 0 0 255|Standby iStandby 4
POWC 255 0 OlinterLock f i 8
POWC 255] 255 OlLocal ; 16
POWC 255 0 255|Fault 1 32
POWC 0 0 0 ‘Reset | 64
POWC 255 0 0jIn In 512
POWC 0 255 0|Out Out 1024
POWP 0 0 255/ Invalid 0
POWP 255 0 o|oft off 1
POWP 0 255 0lOn On 2
POWP 0 0 255|Standby Standby 4
POWP 255 0 OiInterLock 8
POWP 255 255 0!Local ! 16
POWP 255 0 255! Fault 32
POWP 0 0 0 Reset ! 64
POWSIM 0 0 255! Invalid | 0
POWSIM 255 0 0| Off Off i 1
POWSIM 0 255 0:0On On 2
POWSIM 0 0 255(Standby IStandby 4
POWSIM 255 0| OlInterLock 8
POWSIM 255 255! 0'Local 16
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Introduction

This paper does not pretend to cover the Isolde Control System neither in part,
neither in whole. Its purpose is just to introduce the users and all persons
involved in its setup to its concepts.

Experience has shown that this document has a certain tendency to become
obsolete rapidly. You can at any moment read the latest version by clicking on
the Isolde Reference icon of the Database program Group of the Isolde Console
on the Isolde Server. From the PS Network you can read this document by
issuing a login isolde/guest command to the dos prompt.

Pragram Manager
Window Help

File Options

Microsoft

Eqp Names

Microsatt

FEC Database

Eagp Types JC FCUP BGATE POWP BSCAN

Databases

Hicrozoft EQUPM  EQUPM  EQUPM_ EQUPM  EQUPM EQUPH
MO(IULE MOOULE MODULE MOOLLE MOOULE MODULE

g% " Double Chck Hcrc‘ e &% W aa

. EQUPM  EQUPM  EQUPM_ EQUPM_ EQUPM  EQUPM
% MOQULE MOOULE  MOQULE MOQULE HUDULE MOQULE

AN aa AW a

Isolde Reference WGRID MPOWP EXTR MAGNETSUIT POWSIM

This document can be easily printed on the printer of your choice that can be
selected with the applications Network Printers (Winspool) and Control Panel.

Program Ma

File QOptions Window Help

System

% &5 B

Controi Panel  Print Manager Clipboard

UARSPOOL

Network Printer: e 3 5] PiF Edito
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1. The Isolde Disk Server

The Isolde Disk Server is a 80386-based personal computer with a 300 MBytes
hard disk running Novell Netware. The partition used for the Isolde Control
System is in the volume isolde/usr: and is 255 Mbytes big. The remaining
disk space is in volume isolde/sys: and is used only by the server system.
The volume isolde/usr: is mapped to several DOS drives when a
workstation is attached. These are:

Drive L:
Contains all source and executable files of the control system. Files are
organized in subdirectories. For example
L:\FECNOD  contains nodal sources
L:\RPC contains the Remote Procedure Call (RPC) library
L:\DATABASE contains the Database access library
L:\DDESRV  contains the bridge between Dynamic Data Exchange
(DDE) and Remote Procedure Call (RPC)
L:\EQPMOD  contains all the Equipment Module Sources

Drive H:
Contains all database files, either in Excel Format or Comma Separated Value
(CSV). Both formats are Excel compatible. Files are organized in
subdirectories. For example
H:\EQP Equipment Database (Names, Front End Table etc o)
H:\EQP\xxxx Equipment Module database (Table and Specification)
H:\REFERNCE This manual

Drive G:

The home drive. Every registered user has a subdirectory for development.
Every registered FEC has a subdirectory where the FEC-specific version of
nodal is stored.

[USR] [USR USR]
gLy gaH:
| B DATABASE = — @@BRET
| g DDESAY GmFcuUP @ CATHERAL
: &mPOWC — @M CONSOLE
Em POWP | @m CSECSE
2aPOWSIM | |—BEDELOOSE
&3 POWC @A ISOLDE G DFORKEL
&a POWP | @R REFERNCE | @R EKUG
& POWSIM — @@ SYN - @RFECSIM
i — 8@ SYNOPTIC — @M GASE
_;Eﬁ%”oo L_gmvacuuM @@ GJF
|- @ SYN —ggEREST
:gi:c'"&mlc — B JONSSONO
L amWINNOD —BmMANAGER
| @m OLESEN
|— G OLOF
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This directory tree can be easily scen and explored using the File Manager
utility under Windows.
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2. Console Access to the Equipment

Any Windows application supporting Dynamic Data Exchange (DDE), as well
as any program written in C, Visual Basic or Nodal can directly access any
Isolde Equipment. The only requirement is to have the RPCSRV.EXE and the

ERRORSRV.EXE programs running.
AN

R Server Error Server

In the following sections it will be explained how to read and write from and to
the hardware and to attach Knobs. For every function some examples using
Microsoft Excel, Visual Basic and C will be provided.

Reading the Hardware: Hot and Cold Links

An hot-link is a permanent connection between an application cell or a variable
of a program and an equipment property. The value is updated whenever the
value of the property is changed. Once the hot link is established, the RPCSRV
program will issue an equipment call periodically (from 500 ms to several
minutes period) and refresh the application cell or the variable when the vaule
is changed.

A cold-link is a single call connection. The value is updated only once, when
you ask the cold-link. After it, the connection is closed.

The reading of the hardware can be executed establishing both hot or cold
connections. The way the link is established is application dependent and is
described in the client application manual. The data exported from RPCSRV
are all under the DDE topic DdeSrv/Main (DdeSrv is the application name
while Main is the topic) and requests have the following formats:

EquipmentName_Property RefreshPeriod_SizeSpecifi cation_Formai

EquipmentName and Property are mandatory for any acquisition, while

----- n

RefreshPeriod, SizeSpecification and Formai can be omiticd 0 be cquivalent to
their default values.For example GPS.QP030_AQN is a valid request 10 obtain
the acquired voltage of the GPS.QP030 lens. The voltage will be returned as a
ASCII string containing the value and, if an hot link is specified, will be
refreshed every 5000 milliseconds, the default refresh period. The default
refresh period can be modified in the RPCSRV.

RefreshPeriodis the period in milliseconds for the desired refreshment rate. For
example GPS.QP030_AQN 1000 will force a refreshment rate of 1 second of
the data in the client application. The value of 0 can be used to force a cold
link instead of an hot link: GPS.QP030_AQN_0 means that the voltage of the
GPS.QP030 lens is acquired only once and will never be refreshed.
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SizeSpecification is used 10 aquire arrays of data. The ficld has one of the four
following forms : 'HpVn', VnHp', 'Vn' or 'Hp" where n represents the number of
rows of the array and p its number of columns. For example, the following
array formula:

CA0.SC20_READSCAN_H3V5

request 3 x 5 = 15 points of the last trace of the beam scanner. The values will
be provided in a character string and can be seen as a 3 x 5 table: <Tab>
between values are used as columns separators, while <CR> are used 1o
separate columns.

The data for CA0.SC20_ READSCAN_H2V3 (6 value) will come as:

| value I <tab> ! value

l<tab> [ value |<cr> |value [<tab> Ivalue l<tab> IvalueJ

The data is then refreshed at the specified period or at the default period is
unspecified: Both CA0.SC20_READSCAN_H3V5_10000 or
CA0.SC20 READSCAN_10000_H3V5 will refresh the array every 10000
milliseconds.

If unspecified, N and P are supposed to be equal to 1. Therefore, row and
column properties are able to be acquired by specifying just one parameter. For
example, in the following formulas:

GPS.QP030_AQN 10000 h3
GPS.QP030_AQN_ 10000 v5

The first one acquires 3 elements and returns them in a row (<TAB>
separated), while the second one acquires 5 elements in a column (<CR>
separated).

GPS.QP030_AQN is of course equivalent to GPS.QP030_AQN_H1V1.

The last field, Format, is used to specify the way the data is represented in the
string of data sent from the RPCSRYV to the client application. The field has
the form 'Fx', where x is the format requested. Note that the Windows
Clipboard format is always text (CF_TEXT).

ES is the default value of the format. GPS.QP030 AQN is equivalent to
GPS.QP030_AQN FS and a value of 14. 2 is returned in a string as "14.2".
GPS.QP030_AQN H2 is equivalent to GPS.QP030_AQN_ H2 FS and two
values of 94.2,97.3 are returned in a string as "94.2\t97. 3", ascii codes:
57,52,46,50,9,57,55,46,51.

The format FC is used to send every value in one character only. The range is
limited in (0,255) or (-127,128). With GPS.QP030_AQN_FC__ H2, two values
of 94.2,97.3 are returned in a string as ascii codes: 94,97 or "~a". Note that
also 606.34,-159.0 will also be returned as 94,97.

The format FD is used to send every value in two bytes only. the range us

limited in (0,65535) or (-32767,22768). With GPS.QP030_AQN_FC_V2Z, two
values of 10094.2,40097.3 are returned in a string as ascii codes:
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39,110,156,161 (39*256+110=10096, 156*256+161=40097) or " 'n£i". Note
that owerflow errors are also possible as in the case of single bytes values.

The last format, FF, is used to send every value in 8 bytes double precision
values. With GPS.CP030 AQN FF_V2, two values of 10094.2,40097.3 are
returned in a string  MXXXXXXXXYYYYyyyyy", where xxxxxxxx and
yyyyyyyy are the representation of 10094.2 and 40097.3 in 8 bytes double
precision format.

All options in the DDE requests that are optional can be mixed in order:
GPS.QP030_AQN 3000 _FF_H3VZ is equivalent 10
GPS.QP030 AQN FF_V2H3 3000.

In the next section some examples using Microsoft Excel, Microsoft Visual
Basic and Microsoft C will be provided.

Reading the Hardware from Excel

i

Reading one Value
To read one Element property in Excel, the formula to be typed into a cell is:

=DDESRV | MAIN'! EquipmentName_Property Timer

For example:

=DDESRV {MAIN!GPS.QP030 AQN 1000

will attach the acquisition (AQN) of the quadrupole in the current cell and this
acquisition will be refreshed every 1000 milliseconds, see next figure:

Microsoft Excel
Data Qptions Macro

| S

=DdeSn{MainlGHM.QPS0_AQN_5000

:GHM.QP50
[-DdeSnManiGHM OPS0_AQN_5000 _JAmps

After a while ......

Microsoft Excel
Format

[Nomat NI

=DdeSrv|Main

TG GEED
I 2245625038

Quadrupole
AmMps

If the Timer ficld has not been specified by user, the acquisition will happen
every Default Refresh Period. The Default Refresh Period may be changed by
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selecting the Acquisition and Refresh Periods command in the Options menu in
the DDE Server window. The Timer value should be of course a strictly
positive integer, since it represents a time interval.

The default Timer is equal to 3000 milliseconds.

It is allowed to fix the Timer ficld to ‘0. In this case a cold-link will be
established: the acquisition will be done just once. This may be uscful when
some values of an equipment has to be acquired punctually.

For example, the following formula :

= DdeSrv|Main!GPS.TEMP1_AQN_0

will display just once the temperature associated to the thermocouple
GPS.TEMPI.

If the Timer field value is lower than the Minimum Refresh Period, the
acquisition will be performed every Minimum Refresh Period. This parameter
is also configurable in the Options menu of the DDE Server.

Reading data using the Excel Macro L.anguage

An other way to acquire data from an equipment, given a property, is to write a
simple macro like the following one:

Send RPC_Read To_Hardware

Channel=INITIATE ("DdeSrv","Main")

Value=REQUEST (Channel, "EquipmentName_PropertyName_0")
=TERMINATE (Channel) B
=RETURN ()

The INITIATE function opens a logical channel between Excel and an other
Windows applications. Its first argument specifies the name of the application
to be accessed, "DdeSrv". The second one specifies the name of the topic to be
accessed within the remote application. It has to be "Main".

The purpose of the REQUEST function is to retrieve the value of an item within
the application connected to the channel Channel. in the case of the DDE
Server, the item consists of the couple {EquipmentName, PropertyName). The
option '_0' is compulsory because it means that the data is asked just once. The
target value appears then in the cell where the REQUEST instruction has been
typed.

For example, the instruction :
= REQUEST (Channel, “"GPS.VS10_AQN_O")
will retrieve the pressure in the vacuum section number 10, while

= REQUEST (Channel, "GPS.VS10_STAQ 0")

will retrive its status (On, Off, Fault ....).
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The TERMINATE function closes the logical link established between Excel
and the remote application (DdeSrv). Every channel must be closed if it is no
used any more because the number of channels open simultaneously to/from
Excel is limited.

The next figure shows an example of a simple macro:

= Microsoft Excel - Macrol
§“-‘ File Edit Formula Format Data Qptiens Macro Window
Help

Normal

PdeChannel= INITIATE("DDESRV*"MAIN")
Value= REQUEST(DdeChannel."GPS HTROUG_AQON_0%)
N\ =TERMINATE(DdeChannel) .
(SFORMULA(Value A2)
=RETURN(TRUE) Value to read from Hardware

. e

The difference between using macros or hot links to read the hardware is that
with the macros the hardware is read once, while, with the hot-link, the
acquisition is generally periodic.

Arrays can also be easily linked. To do so, you have only to specify the number
of elements you want from the RPC call and in which format (row or column)
you want to receive them.

To hot-link an array, the formula syntax is the following one :
=DdeSrv|Main'EquipmentName_PropertyName_Timer_DataDisplay

The DataDisplay field must take one of the four following forms : ‘hPvN',
'vNhP', 'vN' or 'hP' where N represents the number of rows of the array and P its
number of columns.

A valid request is for instance the following array formula:

= DdeSrviMain!GPS.QP030_AQN 10000_h3v5

This will attach the array acquisition (AQN) of the quadrupole to an Excel 3 x
5 table and this table will be refreshed every 10000 milliseconds.
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If unspecified, N and P are supposed to be equal to 1. Therefore, row and
column properties are able to be acquired by specifying just one parameter. For
example, in the following formulas:

= DdeSrvIMain!GPS.QPO30 ACN _10000_h3
= DdeSrviMain!GPS.QP030 AQN 10000 _vS

The first one acquires 3 elements and returns them in a row, while the second
one acquires 5 elements in a column.

For example:

The formula =ddesrvimain!GPS.QP010_AQN 5000_H10 will read an
array of 10 acquisitions from the equipment module of GPS.QP10. The
Equipment module should support array calls, otherwise an illegal read write
attempted error is returned. The 10 acquisitions are returned in a row (H10 was
specified). The formula =ddesrvimain!GPS.QP010_AQN_5000_V10
would do the same but return the values in a column. Finally, writing
=ddesrv|main!GPS.QP010_AQN 5000_HSV2 is equivalent to read 10
elements and return them in a 5 x 2 table.

=| File Edit Formuls Format [Dats Options Macro Windc

foma G eEE = Gl EELE
519 "X[<| =ddesnjmaniGPS HTFINE_ACN2_5000_H4
Al 8 | ¢ [ o | € [ F 1 G 1
TR , - ¢

1] T

19
26

To do so:

- Select a Cell range, like B18:E18

- type in the formula as described in the previous paragraph. In this case, the
result must be sent in a row of 4 elements (it ends with _H4)

- press <Curl>+<Shift>+<Enter> (see Excel Manual)

=| File Edit Formula Format Data QOptiens Macro Window

[oma |6 CEEE G G EEE OO
: B18 { [{=ddesnimainiGPS HTFINE_AQN2_5000_H4}
Al B8 [ ¢ [ o [ € | F | G b

i7

AN BEFZATS: 423 445: 435435, 418567

1Q

The array is transferred (once every 5 seconds, as requested).

+ =z

[Nomal B =G & el Elels] G '
522 ~ddesnv{mainiGPS HTFINE, AQN2, 5000V B22 [{=ddesrjmainiGPS HTFIN
A B T C | D Al B

21 - 21|

(22| [FecesnmaniGPS HTFINE ADNZ 5001 Va ] 22

>3 2

[ 24| . 24

25 28

ki3 r——'—‘;:
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Reading Arravs using the Excel Macro Language

To read arrays or tables of data using the Excel Macro Language the sintax is
identical to the one used for the transfer of single values. The REQUEST
macro-function needs to be written the following way:

=REQUEST (Channel, "EquipmentName PropertyName 0_DataDisplay™)

For instance, the instruction :

= REQUEST (Channel, "GPS.VS10 AQN 0_h5v3")

will retrieve a S x 3 table of pressures in the vacuum section number 10.

Reading the Hardware from Visual Basic

If you want your Visual Basic applications to use data supplied by the
Hardware, then you can create a client link .A client link can be associated to a
text box, label, or picture box. In the code relative to one of the commands
mentioned you must declare, before starting the link, the link topic, the link
item and the link mode.

LinkTopic, LinkItem and LinkMode are properties of the command. The link
starts when LinkMode is different than 0, and that property also define the kind
of link. If LinkMode is set to 1 then a hot-link is started, else if it is set t0 2 a
cold link is executed. If you setup a cold link the value is refreshed every time
you ask a Request. It is recomended to check that the LinkMode property is set
to 0 before changing LinkTopic or LinkItem properties.

For example:
If you want a Label to show the AQN value of the quadrupole GPS.QP030, and

this value to be refreshed every 3 seconds, you simply doubleclick inside the
form:

Microseft Visual Basic [desig:

File Edit Code Run Window Help

Then, you should select the event that start the hot link. As long as you want
that value permanently displayed the correct event is the Load one:
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Micrusoft Yisual Basic |design|
File Edit Code RAun Window Heip

~{sub Form_Load ()

" ]end sup

Finally you can write the software to set the hot link. In this example we begin
setting to O the LinkMode property. The next step consists in the declaration of
LinkTopic and LinkItem, in DDE format. After that we can start the hot-link:

Microsolt Visual Hasic [design]
_ﬁ_ll_c__;dll Qod‘e__iﬂu’rj Window Help

" {Sub Form_Load ()

"’|Labert.LinkHode = 3
|Labelt.LinkTopic = “DDESRUJHAIN"
t:|Labert.Linkitem = “GPS.QPO3B_AQK_3800"
J@abelt.Link = 1

:lena sub

If otherwise you want to refresh a value every time you click in the command
you shoud set a cold link and add some code at the Click event of the command
Labell:

Micraosoft Visual Basic {design]
Edit Code Hun Window Help

Microsoft Visual Basic [design]
File Edit Code Run Window Help

File

‘Isub Form_Load () . JSub Labeld_Click ()

JLabeit.LinkMode = . JLabel1.LinkRequest

|Labelt.LinkTopic = “OPESRU|MAINT
|Labelt Linkitem = "GPS.QPO30_RQGR_30680%

Z: End Sub
|Labelt.LinkMode = 2 :

Reading the Hardware from Microsoft C
An other way of accessing the equipments from Windows is to use the C

language and the DDE functions available in the
L:\DDEFUNCS\DDEFUNCS . LIB library. The program should also include

#include "1:\ddefuncs\ddefuncs.h"

This file contains the following function prototypes and constants.
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Synchronous RPC (DDESvncRPC) ™

RIS
Lii

DDESYNcRPC (ElemName, Property, ElemSize, DataPointer,Datasize,DataFormat)

char *ElemName;

char *Property;

int ElemSize;

void far *DataPointer;
int DataSize;

int DataFormat:

A synchronous RPC executes the RPC immediately and waits for the return
values from the FEC. The functions returns the completion code and the valid
data in DataPointer.

The use on entry is :

ElemName - the pointer to a string containing the name of the element.
Property - the pointer to a string containing the property.

ElemSize - the number of values to read (positive) or write (negative).
DataPointer - a pointer to the allocated memory.

DataSize - size in bytes of the allocated memory.

DataFormat - the format of the data in DataPointer. Actually the following
formats are implemented :

- CF_TEXT : text format. Data is separated by tabs.

- CF_DOUBLE : the data is read or written in the 8 byte double format.

- CF_INTEGER : the data is read or written in the 2 byte integer format.
-CF_BYTE : the data is read or written in the 1 byte char format.

The use on exit is :
DataPointer - the allocated memory contains the data in case of a read RPC. If
the format is CF_TEXT and the property is STCC or STAQ, it gives the real

status name.
The return value is the completion code. It is zero when no errors occured,

otherwise it returns errors from the equipment (Hardware problems or Out of
Range data) and from the RPC Server (Communication errors, Non existent

Name).
For example :

¢#include “"windows.h"
#include "l:/ddefuncs/ddefuncs.n"
¢include “stdio.n"

WinMain(hlInstance,hPrevinstance, ipCmdLine, nCmashow)
HANDLE hlnstance:

HANDLE hPreviInstance:;

LPSTR lpCmdLine;

int nCmdShow:

{

int code:

double far value:;

char svalue[100}:

code=DDESYRcRPC ("BL.QP240", "AQN", L, (void far *)gvalue,sizeof (double),CF_3OUBLE):
if (code}
i
Reqiste:Error("My?roq:am",:cde,“BL.QP240",?RUE);
return;
4
else printf("The current in BL.QP240 is $.f\n", value};

code=CIESYNcRPC (MBL.QP240", "STAQ", L, (vola far «)svaiue,sizeofiaouble},CF_TEXT):
if {code)
1

Regis:erar:or("My?:oq:am",code,“BL.QP24C“,TRUE):

return:
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Asvnchronous RPC (DDECreateRPCHotlink)

int

DDECreateRPCHotlink (Nave,Prop, Timer,ElemSize, Format, Identifier, Request)

char *Name;
char *Prop;
long Timer;

int ElemSize;
int Format;

int Identifier:
BOOL Request;

A asynchronous RPC is used in application programs that want a continuous
update of his elements. A DDECreateRPCHotlink is in fact a request to add the
ElemName with the specified Property to an internal hot-link table. It means
that the value will be read from the equipment and sent to your application with
an interval specified by the Timer. An example is the Synoptic program (e.g.
Booster Transfer Line). The client (application program) doesn't need a timer,
since the data is posted to the window by a WM_DDE_DATA message captured
by the DDEWindowProc function.

The use on entry is :

ElemName - the pointer to a string containing the name of the element.
Property - the pointer to a string containing the property.

ElemSize - the number of values to read (always positive).

Timer - interval in milliseconds between two equipments aCCESSES.

DataFormat - the format of the data in DataPointer. Actually the following
formats are implemented :

- CF_TEXT : text format. Data is separated by tabs.

- CF_DOUBLE : the data is read or written in the 8 byte double format.
-CF_INTEGER : the data is read or written in the 2 byte integer format.
-CF_BYTE : the data is read or written in the 1 byte char format.

Identifier - an own specified integer value, used as reference, when receiving
the data, to update the correct item in your program.

Request - True if you want to send a request message to the server in order to
do an synchronous acquisition at the same time. Normally, it is not used in an
C-program.

The function returns zero if your request is accepted.

The received data is handled by the DDEWindowProc function.

int DDEWindowProc (hWnd,message,wParam, lParam);

HWND hWnd;

WORD message;
WORD wParam;
LONG lParam;

On entry .
The 4 parameters are the values from the actual Window

procedure.
On exit :

if the return value is positive then it is the identifier of the corresponding hot
link. Now you can read the data using the DDEReadData function.
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If negative then rewrn from the Window function.
If Zero, just continue;

int DDEReadData (lParam,DataPcinter,DataSize);

LONG lParam;
void far *DataPointer;
int DataSize;

Oon entry :

1Param - parameter taken from the Window procedure.
DataPointer - a pointer to the allocated memory.
DataSize - size in bytes of the allocated memory.

The return value is the completion code.

void DDERemoveRPCHotlink (Identifier);
int Identifier;

Identifier - value specified when DDECreateHotlink was called. If the identifier
is -1, all the RPCs according to this application are removed.
For example :

#include "windows.h"
#include "1l:/ddefuncs/ddefuncs.h"
tinclude “"stdio.h"

#define SIZE 2

double Value:;
char Names|[)={"GPS.TARGET", "GPS.HTROUG"}:

WinMain(hInstance,hPrevinstance, ipCmdLine, n{maShow)
HANDLE hinstance;

HANDLE hPreviInstance:

LPSTR lpCmdLine:

int nCmdShow:

{

int code, ident;
long timer:
HWND hWnd:

hWnd = CreateWindow("Class", "Windcw Title",
WS_OVERLAPPEDWINDOW,
CW_USEDEFAULT, CW_USEDEFAULT,
CW_USEDEFAULT, CW_USEDEFAVLT,
NULL, NULL, hinstance, NULL) ;

if (!'hWnd) return(FALSE};

ShowWindow (hWnd, nCmdShow} :

timer=5000;
for (ident=0:;ident<SIZE:ident++)
{
code~DDECreateRPCHotlink (Names{ident],"ACN", timer, ., CF_COUBLE, iaent, FALSE) !
if {(code)
{
Regis:erE.:or("MyProgram“,coce,Names!iden:,,TRUE):
return;

}

long FAR PASCAL MainWndProc(hWnd, message, wParam, lParam)
HWND hwnd:;
unsigned message;
WORD wParam;
LONG lparam;
£
char Buf{100};:
int id:

if (id-DDEWindowProc(hWnd,message,wParam,iParam),id<0) return NULL:

if (id>0)

{
DDEReadData{lParam, (void far +*)&Value,sizeof (doubie));
sprintf(8uf,"The current in %s is $1f", Names(id],value):
return NULL:

}

switch (message)
{
case WM_DESTROY:

DDERemoveRPCHotlink (~1);
break;
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Writing the hardware: Poke commands

The POKE DDE command can be used to write to the hardware single values
or array of values. The way the DDE Poke is executed is application dependent
and is described in the client application manual.

The DDE Poke command should use the DDE topic DdeSrv/iMain (DdeSrv is
the application name while Main is the topic) and requests have the following
formats:

EquipmentName_Property RefreshPeriod_SizeSpecification_Format

EquipmentName and Property are mandatory for any acquisition, while
RefreshPeriod, SizeSpecification and Format can be omitted to be equivalent to
their default values. In particular RefreshPeriod is meaning less and should be
omitted. The only supporied format is FS that is the default: Format is also
meaningless and should also be omitied.

In this way, the client application can poke to the RPCSRV the string
"128.47" to GPS.QP030_CCV to write 128.47 to the CCV of the
GPS.QP030 lens or can poke to the RPCSRYV the string "128.47\t27.1" to
XXX.YYYNNN_CCV_H2 to write a two value array {128.47, 27.1} to the ccv
of the XXX.YYYNNN device.

For STCC properties, strong as "ON", "OFF", "OPEN", "CLOSE", ... etc. can
be poked directly. The equipment will receive the translated value according to
the H: \EQP\STCODES .CSV database.

Writing the Hardware with Excel

Writing one Value

The only means to send data from Excel is to write its owns macros. This can
be done by following this model :

Send RPC Write To_Hardware
Channel=INITIATE ("DdeSrv", "Main")
=POKE (Channel, "EquipmentName_PropertyName" , Data_ref)

=TERMINATE (Channel)

=RETURN ()

The purpose of the POKE function is to send data to the application connected
to the channel 'Channel'. In the case of the DDE Server, the item consists of the

couple {EquipmentName, PropertyName).

For example, the instruction :

= POKE (Channel, "GPS.QP030_CCV", B1l)
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will send the value from cell Bl of the Excel sheet to the CCV of the
quadrupole GPS.QP030.

The POKE function returns TRUE if successful or an error status if the remote
command has failed.

Writing Array of Data
Sending an array is possible by calling the POKE function just once :

Send RPC Write To Hardware

Channel=INITIATE ("DdeSrv","Main")

=POKE (Channel, "EquipmentName_PropertyName_DataDisplay" , Data_ref)
=TERMINATE (Channel)

=RETURN ()

The DataDisplay field must take one of the four following forms : 'hPVN',
'vNhP', 'vN' or 'hP' where N represents the number of rows of the array and P its
number of columns. If unspecified, N and P are supposed to be equal to 1.
Therefore, row and column properties are able to be sent to the hardware by
specifying just one parameter.

For example, the instruction :
= POKE (Channel, "GPS.QP030_CCV_h2v3", B1:C3)

will send a 2 x 3 array from the range of cells B1:C3 to the CCV of the
quadrupole number 30.

Writing the Hardware with Visual Basic

Although the flow of data in a DDE conversation is usually from the server
application to the client application, the client can also send data to the server.
This is called poking data, and it is done with the LinkPoke method. LinkPoke
sends the contents of the control to the server application. In the example below
the value in the label is sent to the hardware each time we click the command.
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Microsoft Yisual Hasic |design]

File Edit Code [ a1 Window Help
4 ¥ Labeit

Sub Labelt_Click ()

LinkkHode = 8
LinkTopic = "DDESRU|HAIN"
.Linkitem *GPS.QPO30_CCU™
.LinkHMode 1
.LinkPoke
.LinkHode

Labeld.

it

[

Writing the Hardware with Microsoft C

For what regards writing the hardware in C you can refer to the section Reading
the Hardware with Microsoft C because the syntax is the same. The parameter
that specify that you want to write a value is the ElemSize. In the case you
want to write to the hardware, the number of values to write should be negative.

Creating and attaching Knobs: DDE Execute

Knobs are control panels that are serviced by the RPC Server. You can create
new knobs or attach knots to your applications. After a brief description of the
knobs you can use we will see how to create new knobs and how to attach them
to your applications.

To attach a Knob you should use the following DDE Execute commands:

ElementName_ATTACH - 1o attach a object-dependent knob to a
particular object

ElementName_ICONIC - to minimize an opened control panel
ElementName_RESTORE - to restore a minimized control panel

The type of Control Panel that is opened when this command is received
depends on the object and, to be more precise, it is read from the contents of
the "Control” field of the H: \EQP \EQPNAMES . CSV database.

In particular, this value can be:

"Analog", for an analog control Panel
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€C0.aP40

QUADRUPOLE No: 0
rValue

+28.000000

*f: ias
-140 AMPS +180
AQN: 26.912073

 Status

Status: ON

"OnOff", for an On/Off control Panel

“InQut", for an In/Out control Panel

"OpenClose”, for an Open/Close control Panel
) HRAS.SL685

Siit
Status Contral

Air Conditioning No:
Status Control

Vacuum Valve
Status Coatrol

Status: On

Status: Out

Status: Open

"HTSupply", for an analog control Panel for double acquisition (used for the
high tension power supplies).

"SteerQuad", for an Control Panel designed for the Steering Quadrupoles

Steering Quadiupoles Control Panel
E - Quadrupole Voltage
era— ]S
B s G R
HT Power Supply No: 3 rDelta 1 -
[ale g EEE— T 03
e ] (| e | | e
coviz00 [ox] p AQN: 023
GLI____ Tejiffea™
i ; Delts 2
Current: 2345 rIl:l! MIN Amps MAX
Voltage: 70.32 AON: -1.34
r Status r Status tner
Cou ] o) ese] ond o] (e e (o || - |
N Status: On (i
Status: On i i

"Scanner", for an Control Panel designed for the Beam Scanners

BEAM SCANNER  Nb: 0 5%;“"‘““'1 i Exit |

i
O Medium | 08/20/31-18:09:48
i ) Repetitive | | @ High | Points Drawn

__| suo

[Scan

“Fcup", for an Control Panel designed for the Faraday Cups
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"NMR", for an Control Pancl designed for the Nuclear Magnetic Resonance
measurement
"Vacuum", for an Control Panel designed for the Vacuum Sections

= CAD.FC30 -
; -] = HRS.NMR30 [ -]
FARADAY CUP No: 0 NUCL. MAG, RESONANCE  No: 0

Position FNMR .y
E LE"_“I Magnet: 0.00985124 Exit

o g LoCKED [—f VACUUM SECTION

. : R |

Position: IN cson Beset Pressure (mbar}; 33.5405
Measure rSearching Time Probe

Measure: 0.00930724

X Refresh

o (1) 2 | | Comeo
- - - . ri—loﬂ moﬂ [_jétm

1 Speed 6 |1 Level 8

Several other control panel are available and those shown here are just
examples.

Creating a Control Panel

It's possible to create your own defined panel, compile and link it together with
the main RPCSRV modules.

1/ Creating a local copy of the RPC Server.

Put the DOS prompt in the directory where to add the RPCSRYV directory. Then
call a batch named CTRPCDIR (CReateRPCDIRectory). This will create the
RPCSRV directory, the two subdirectories SOURCE and KNOBS:; and copies
all the source files from the installed version L: \RPCSRV. Afterwards it will
automatically generate all the necessarily files to be able to build the
executable (see point 3).

2/ Creating a new knob and adding it to the RPC Server.

The subdirectory KNOBS contains all the control panels. Each panel consists of
tree files. The C-program (*.C), the dialog source (*.DLG) and the dialog
resource (*.RES) file.

If you want to create a new knob, e.g. named DigName, execute 'CTDIALOG
DigName'. This program will create the 3 standard files. It will create a
standard dialog box with the description and sequence number fields, and also
the Exit button. Use the Dialog Editor in Windows the edit the dialog box
(using the KNOB-IDS.H include file).

The C-file contains three functions, starting with 'DigName’.

a/ the Dialog message function. Called by Windows (DIgNameDialogFunc).

b/ the Initfunction. Called when the knob is created (DlgNamelnit). Here you
add all the asynchronous RPCs. To establish a continuous RPC that
simultaneously updates a well defined control of your knob, use the
AddRe freshTable function (see later).

¢/ the Refreshfunction (DIgNameRefresh). This is optional and is called after
the RPC server updated the elements of that control panel. This function allows
you to add some non-standard refresh functions.

The second line is a special comment used to automatically generate the make
files. The first element stands for the name of the functions DigNamelnit,
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DlgNameRefresh. The second one is the string that corresponds with the

EqpNames database Control ficld (capital letters). The third is the name of the
dialogfunction (DlgNameDialogFunc).

3/ Generating the make files.

After you added a new knob or you changed the name of a function in a C-file,
the make files has to be generated. Use 'MKRPCSRV -g' to do this. It wil
generate files for the Windows-SDK and the QCWIN compilers.

4a/ Building the RPC Server with the Windows-SDK compiler/linker.
Use 'MKRPCSRV' without option. The executable file RPCSRV.EXE is stored
in the SOURCE subdirectory. Now, you can use CodeView (double screen) for

debugging.

4b/ Building the RPC Server with the QCWIN compiler/linker/debugger.
Start QCWIN in Windows and open the RPCSRV.MAK project.

Functions available to establish and remove RPC hot-links, to be used in the
dialog C-files.

int Updateltem(hDlg,CtlID,DataPtr,Property);

HWND hD1lg;
int CtlID;
char *DataPtr;
char *Property:

This function writes the data in the equipment and updates the control with that
value.

Use on entry :

hDlg - window handle of the dialog box.

CtID - control that has to be updated.

DataPtr - pointer to the memory that contains the data in string format
(RPC_TEXT).

Property - property to be updated.

eturn zero if no errors occured.

int AddRefreshTable (hDlg,CtlID,Property,CallRefreshFunc);

HWND hDlg;
int CtlID;

char *Property:;

BOOL CallRefreshFunc;

This function add a RPC hotlink and updates the control of a dialog box.

The use on entry is :
hDIg - window handle of the dialog box.
CuID - identifier of the specified control (e.g. ID_CTL_DESC).

Property - property to read.
CallRefreshFunc - TRUE if the DIgNameRefresh function has to be called after

the control has been updated.
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It returns zero when no errors occured.

void RemoveReire

fresnTable (RD1g,CtlID) s

HWND hD1lg:
int CtlID;

This function removes a RPC linked with a control.

The use on entry is :
hDlg - window handle of the dialog box.

CuID - identifier of the control which to remove the RPC. If -1 all the RPCs for
that dialog box (hDlg) are removed.

Example - Attaching Knobs from Excel

The first macro in the next picture attaches a Knob to the Specified Element
CDO0.QP20, while the second one minimizes it.

. Microsoft Excel - RPCCALL.XLM [Read-Only]
Bl File Edit Formula Format Data

Options Macro Window Help

2 CD0.QP20

QUADRUPOLE
rValuye ™ — ]
cov{-Tons_] (3 |
T
-100 AMPS +160
L I|AQN: -2.931224

Status: O

As usual, these macros can be attached to buttons

File Edit Formula Fol

Example - Attaching Knobs with Visual Basic

In this example you can attach a control panel to the application by cliking the
control ATTACH CONTROL PANEL.
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r-ﬂ] Microsoft Visual Basic [design]
File Edit Code Run Window Help

ERREE f"',Eloba_bas

Sub Commandi_Click ()

LAbel1.LinkTopic = “DDESRU|HAIN"
LAbeld.LinkItem = “‘Dummy"

LAbeld1.LinkMode = 2

.LinkExecute “GPS.QPO4O" + “_ATTACH"
LAbel1.LinkMode = 8

End Sub

The R_PC Server

Alarms Program

The RPC Server, alias RPCSRYV, is a program that replaces the DDE Server,
the Knobserver and the Alarms program ~his program has been written in
order to increase the equipment access speed & flexibility.

RPC Senver

Select the Start Alarms Program option to start reading the alarms on the
selected Front End Computers. To select a FEC, you have to set the
AlarmCheck field in the FECADDR.CSV database to 1. If a FEC is not
responding, the alarms program removes that computer from his list alter one
try.

The refresh period can be set in the Set Refresh Period dialog box (minimum
value is 10000ms).

File WYELUEN RPC Options  Help
Start Alarms Program

Send Reset
Set Refresh Period

After the alarms program started, the window size changes to a fix setting to be
able to display the alarms. Also the alarms menu changes. You select an
alarmline by a single mouse-click (line inverted) in order to disable it or to send
a reset (sends the required property). To display the disabled alarms, choose the
View Disabled Alarms option.
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A double mouse click will launch the control panel of that element. '
At any time the alarms program can be stopped and restarted. After a restart,
the program restores the original FEC-AlarmCheck list

ease MIlieh B.OCmY wass
‘slus Properiy Pequired Valus

ble

- / View Active Alarms
View Disabled Alarms

Send Reset

Set Refresh Perlod

B

-

FELSIN

BTP.GNO40
QUADRUPOLE  No: 0

Value

covi6i2661

0 VOLTS
AGN: 6.13275

Status: ON

&

DDE Server

The alarms porgram reads only an alarm table from the FEC. On his part, the
FEC compares the required and the measured properties of every initialized
equipment; and fills up that table. The properties to be compared are defined in
the COMPARE . CSV database.

Normally the program runs as an icon. When alarms are detected, the icon
changes to the next one.

RPC Server

For explanation see the DDE Server program, but replace DDESRV by
RPCSRYV to establish a DDE link.

If the Simulation Mode is set, the alarms program is stopped and cannot be
restarted. In that mode every "RPC" returns a random value between 0 and ihe
Simulation Maximum Value (see RPC Options menu).
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3. The Error Server

The Error Server is a program that receives error messages from all the running
applications using the RegisterError function. The program normally runs in
background and you see a green icon. There are two errorlevels possible :

- low level : the icon becomes red when a message arrives. It stays red until the
user activates the server in order to read the message.

- high level : the errorserver is automatically activated and shows the message
during 6 seconds. Afterwards it schrinks back to a green icon.

Normal

iy
%&:

Error Server

_I-_iel -
APPLICATION

FEile gptlos
DATE-TIME

ERROR MESSAGE

:12-05-13:38 RPC Server Link not open -> Alarms (BORCH)
12-05-13:38 RPC Server illegal readjwrite attempted -> GPS.TARGET (STAQ
12-05-13:38 RPC Server illegal readjwrite attempted -> GPS.TARGET
12-05-13:38 RPC Server value out of range -> GPS.TARGET [CCV]
12-05-13:38 RPC Server value out of range -> GPS.TARGET

To send a message use the RegisterError function.

void RegisterError(ApplicationName,ErrorValue,Description,Activate);
char *ApplicationName;

int ErrorValue;

char *Description;

BOOL Activate;

The use on entry .

ApplicationName - the name of program that sends the message.

ErrorValue - value corresponding with the errorlist in I\fecnoderrors.h. If -1,
the value to string is suppressed.

Description - optional description field, put NULL if you don't want to use it.
The Error Message field in the program is thus the combination of the
ErrorValue and Description (ErrorValueString -> Description).

Activate - TRUE if the Errorserver has to be activated (high level).

There are no return values.
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For an example see the RPCSync-example.
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4. Access to Excel Databases

int
int
int
int

int

In the Isolde Control System, Databases are handled as tables using Microsoft
Excel. All Databases are stored in a subdirectory of the H: drive mapped to the
isolde/usr:database disk. When a database must be accessible from a
program it is saved in Comma Separated Value (CSV) format in a filename
with the .CSV extension.

For Example, the spreadsheet:

Microsoft Excel - EXAMPLE.CSV
File Edit Fogmula Format Data Options acro  Window

Neme  Type it :FecName

GPS HTROUG 80KV Rough Volts FECSIM
GPSHTFINE ~ “B0KVFine — Volts ~FECSIM 'POWS .
GPSHTMEAS 80KV Measure Valts :FECSIM :POWS
GPSTARGET :Target : :
GPSLINE ~ tine
‘Fitament
GPSANGCDE! -Anodel ‘A

would be stored in the file example.csv as:

Name, Type,Unit, FecName, EgqpModule
GPS.HTROUG, 60 KV Rough,Volts,E‘ECSIM,POWS
GPS.HTFINE, 60 KV Fine,Volts, FECSIM, POWS
GPS.HTMEAS, 60 KV Measure,Volts,FECSIM, POWS
GPS.TARGET, Target, Amps, FECSIM, POWS
GPS.LINE, Line, Amps, FECSIM, POWS
GPS.FILMNT,Filament, Amps, FECSIM, POWS
GPS.ANODE1, Anode 1, Amps,FECSIM,POWS

A library of C routines to access easily this kind of databases is available.
To use the library, you should:

1) include the L: \database\database.h file

#include L:\database\database.h

2) add the L:\database\database.lib library in your program list
(using Quick C) or in your makefile (using MS C)

Then you can use the functions:

GetDataBaseSize(char "filename):

ReadDataBase(DataBaseElemsStruct *elems):
SearchDataBase(DataBaseElemsStruct "elems,char *searchstr,char *colname);
SearchDataBaseFromFiie{char *filename,char *searchstr,char ®colname,

char =datacol,int da en,char *data,int datalen):

GetDataBaseProperties(char "properties,int size,char “file):

to read a .CSV database or to search for a particular value in a table. The
structure DataBaseElemsStruct is defined in
L:\database\database.h as:
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typedef struct
{
char ColName[207]:
long Type;
void far *Address;
}DataBaseElemsStruct;

Return errors, defined in L: \fecnod\errors.h can be not_implemented
or no_such_file and are inverted in sign.

Here follows an example to read the H: \EQP \FECADDR.CSV database, from
a C program:

Microseft Excel - FECADDR.CSV
| File Edit Formuls Format Data QOptioi

T

ecName:FecNetwork .FecNode

000000C0  :08004E0344C3
.000000C0_ "08004E£03463F
:000000C0 - *08004E0249C7
000000C0_ 0B004ED1BIIE

tinclude L:\database\database.h
typedef struct
{
char Name{RPC_FECNAMELEN+1l};
BYTE Node{6]:
BYTE Networki{4}:
} RPCFecStruct:

RPCFecStruct far RPCFec[RPC NUM FECS]:

int RPCNumRecsRead=0 -7

DataBaseElemsStruct RPCFecElems(]={
"H:\\EQP\\FECADDR.CSV", sizeof (RPCFecStruct), NULL,
“FECNAME",STR,RPCFec(0].Name,
"FECNODE", HEX, RPCFec [0} .Node,
YFECNETWORK", HEX, RPCFec (0] .Network,

ny
main()
{
int index:;
RPCNumFecsRead=ReadDataBase (RPCFectlems):

1f {RPCNumFecsRead<d)
return DATABASE_NOT_LCADED:

index=SearchDataBase (RPCFecElems, "FECSIM", "FECNAME™) ;
printf(“FEC named FECSIM is numoer %a in the FECACDR.CSV gatabase\n®, index):

return 0:

Supported formats are HEX (hexadecimal), STR (string), INT (integer), FLT
(double).

If you want to add comments in your spreadsheet, you must put a % character
in column A, as shown in the next figure:

This Line is a Comment Iil
FecName FecNetwark :FecNade
FECI (00000C0  :08004EC1BI1E

-~ AR AAAAAA YARAA A AN

It is very important to use the GetbataBaseSize() function to allocate the
memory before calling the ReadDataBase () function.
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Functions for reading the CSV databasés

To read a database you have to define the filename and the columns you want
to read.
Each column is an element of the following structure :

typedef struct
{
char ColName (40];
long Type:
void far *Address:
}DataBaseElemsStruct;

a/ColName  : string that defines the column name in the first active line
from the database.

b/ Type : variable type (STR,INT,FLT)

c/ Address - base far address of the array where you want to store the data.

The first element of this structure is an exception and defines the following :

a/ ColName : full path and filename of the database.

b/ Type - size of an element of the memory data structure.

¢/ Address : always NULL

Include file "o :\>a-a3asz\saTa3asz.:" into your source and link with the
v :\oaTa3asz\DartaBast . 213 library.

Available Functions :

ReadDataBase (DataBaseElemsStruct *DataElems)

This reads the database and fills up the memory locations.
The function returns the number of lines read, or -1 if there is an error.

SearchDataBase (DataBaseElemsStruct *DataElems, char
*SearchString, char *ColName)

After you read the data, it's possible to search in the list by using this function.

Parameters :
SearchString : the string you want to look for.
ColName . the column name in which the function has to search.

The function returns the array index of the string found. It returns -1 if not
found.

GetDataBaseProperties (char *Propertylist, int Size,
char *FileName)

This call provides you a list of all properties of a given equipment module.
Parameters :

PropertyList . two dimensional array of characters (number of
properties x stringlength)
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Size : Length of one clement (stringlength of PropertyList)
FileName . Full path and name of the equipment module file.
Return value : number of properties read.
Example :

Memory structure :

int EgpNumper:
i CatasStruct:
Satastruct far Data(S00}:

DataBaseElemsStruct
u

Zatatlems!{ =i

", ST ata:!l!.Name,
“EQPMODULE", STR,Data{0].EgpMc
YEQPNUMBER", INT, 4Jata {0} .EgpNumber,

BT TN
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5. Writing Application Programs

There are three supported environments where application programs can be
developed. These are Windows Nodal, Microsoft Windows and Microsoft Excel.

Every developer can choose the developing environment according to the
performance requirements of his application. Simple applications should be
developed using either Windows Nodal or Microsoft Excel. These two
environments provide all the basic tools to access the equipments and to have
an user friendly interaction with the user with graphics displays, control panels,
buttons. Microsoft Excel provides the possibility to build the user interaction
using all the Microsoft Windows gadgets such as pull down menus, dialog
boxes, push buttons, charting and drawing. To use this advanced features of
Excel, a good knowledge of the Exce! Macro Language is necessary.

Advanced high performing applications, that require a custom design of the
user interface can be developed using the Microsoft Windows Software
Development Kit. A good knowledge of the C programming Language is
necessary.

Using Windows Nodal

The Windows Nodal Application is a Nodal Interpreter that emulates the old
Isolde consoles.

o
WinNodal

When started, it provides a alphanumeric terminal window, a graphic display
window, two knobs and a touch panel window. The manual of the old console
to access these devices is still valid. Some new extensions are available from
the nodal to access the equipments directly from their names instead than from
the {FecName, EqModName, EqModNumber} set. This is the RPC function.
Knobs can be started from the KnobSrv with the KNBCTL function. Lot of
these extensions are not documented and can be found by debugging running
nodal applications or examples.
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Windows Nodal
File Window Edit Commands Seftings
Knob 2 Knob 1 ﬁ DicoDime Display E’E

Value : 200

3.1l SSEt legend(ﬂ)- "0k [
i 4.20. type “Hutton Pressed"buttun

Using Microsoft Excel

All the Excel facilities can be used. This include the Spreadsheet Formulae and
the Macros. All features of Excel are documented in the Excel Reference Book.
To write advanced Macros that uses pulldown menus and dialog boxes, the
Excel Dialog Editor should be used. It is available in the Accessories program

group.

Program Manager

Options Window Help

Accessories

més’@-

DayBook Notepad Recoder Cardfie

M 8 G l‘\

TBook Tow Calculator Desk Tools Remote PC Anti Virus
& a8
@
Scannet L XL Dialog E ditor gl TR
b P " Excel Dialog Editor
L EQE‘ 1 oo IE: T -d {3

The Excel Dialog Editor allows you to easily create your dialog boxes.

Eilc Edit ftem
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Using the Windows Software Development Kit

To write a Windows application, the Microsoft C compiler and the Windows
Software Development Kit are nceded. The manuals of both products are
necessary. All necessary tools are available in the Development program group.

%Erﬁ Program Manager
File Options Window Help

Development

DiadogEdtar 5K Parnt Sey

Ff &

Fort EdRor 2oom Uty CodeView Heap Walket

¥ & ©

Shaker Paintbrush DCS Prompt

The development all the development products are documented in their
manuals and behind the on-line icon named SDK Reference.

SDKPAINT - ARCHIVE.ICO
File Edit Image Brushsize Palette HotSpot

ea000M0RN0Nt
Dialog: GA\HOME\PACE\CONTROLS™ GAHOME\PACE
Inciude Dialog Edit Control Options

= xx%.YSyy j
|| Vacuum Sectien

Pressure
Penning: 1.00E-10

Pirani:  1.00€-10

.LeﬂRigh(
O color [
@ Screen [

rStatus Contrel ™|

Status: Off

Q lnverse R :
GlobalHandle
Syntax DWORD GlobaiHandle( wifem }

This function retneves the handle of the global
memary object whose segment address or selector

% is spectfied by the wifem parameter.

MicreseftPainth Parameter Type/Descriptica
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6. Equipment Module Definition

Equipment Modules (EM) are C Subroutines cailable from any PC on the
CERN Ethernet in one of the three methods described before (Nodal, C or
Windows DDE - Excel). For security reasons, PCs accessing the hardware in
Write Mode, must be declared in the console table and be attached to the Isolde
Server.

The Equipment Module subroutine is used to access the hardware, and is
implemented in the PC that is physically connected with the equipment.

The equipment module file

The equipment module implementation should be done in a file with the same
name of the equipment module. For example, the POWP equipment module
should be implemented in a file named POWP.C. A template of such a file is
Ineqpmod\dummy.c that defines a dummy equipment module. The Equipment
Module file must contain only one subroutine. The name of the subroutine must
be equal to the name or the equipment module preceded by aD_

The file must include the 1:\fecnod\nodal.htype definition file:

#include "1:\fecnod\nodal.h"

and the syntax of the equipment module is the following:

NodalError D_eqname(real far *value, int flag, int
eqno, char *property)

egname must be replaced by the equipment name.

value is the long address of the double precision floating point value that is
received or returned according to £lag

flag is the read/write flag. Its sign defines if it is a read (positive sign) or a
write (negative sign) equipment access. Its absolute value defines the numbers
of equipment to read or write and it is generally set to one.

eqno is the equipment number. Remember that an equipment module is
handling several homogeneous equipments.

property is the property, dependent on the Equipment module.

The return value of D_egname should be zero when successful or a
NodalError defined in nodal.h
Valid Errors for an Equipment Module are:

hardware_error

illegal equipment_number
illegal property

illegal read_write

not_ implemented

out of range

zero divide

WA full
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The following e¢xample shows the implementation of a DEMO equipment
module that supports the propertics ADDR and CHNN. The file containing this
source should be called ZEMO.C

/= Note: MAX_ZEMO is cefired in g:fecdef.inc */

NodalError 2 _Cemo(real far *va.ue, , int egne, char *preopertyl
{
if(egqno < 1 ! egno > MAX DEMO

return illegai_equipment_number:

if (!strcmp(“ADDRY,preperty))

1€ {rwflag==WRITE)

Zata_Table egno, .ADCR = "value:;
else if (rwflag=-READ)

*value = Jata_Tadleieqno..AIDR:
else return illegal_read_wrize:

else if {istrcmp{"CHNN“ property))

1€ (rwflag==WRITE}
Cata Tab.eleqnc!.JHNN = *value;
else if (rwflag=-REZAD)
*vaiue = Data_?ab;e[eqnoi.CHNN:
else return illegal_read_write:

else
return illegal property:
return 0O:

Note that this equipment module will run on several FECs and the maximum
number of equipment (FEC_DEMO) is a FEC-dependent information that has to
be included from the g:fecdef.inc file in the g: home directory that
should contain, for example:

tdefine FECNAME "“FECDEMO"
¢define EMFUNS /% to have availapie the EMINIT function */
tdefine MAX_DEMOC 100

Once an equipment module has been developed and is bug-free, it should be
moved in the LAEQPMOD directory, where all the reference Equipment
modules are kept, one file per equipment module.

Choosing the Equipment Module Properties

The properties are string keywords passed to the equipment module to select a
particular function.

All the properties used to write into the equipment module's data table some
constants such as the channel number on which every equipment number is
connected can be chosen freely. Examples are CHNW or CHNR for the Write
or Read channel.

Digital Status Control: STCC and STAQ

If the Equipment Module controls equipments that have a Status then the
properties to control the status must be STCC (control value, read/write
property) and STAQ (acquisition, read only property). The meaning of the
*value variable passed to the equipment module subroutine is then coded
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according to the database STCCiSTAQ Codes available from the Database
program group.

,, Program Manager
File Options Window Help

Databases ' » V ' :

I T

Eqp Names Eqp Types CamS VACJUMPOWC  FCUP B3ATE POWP BSCAN

£ ¥ _ RERRR

FEC Database  Isode Aeference ToNg WGRID MPOWP MOVE MAGNET POWSIM
STCC/STAN oo3:
N

N Cades for STCCISTAD pr

«{oe0) . f300]: *1x 0D
LT SOOI Y1 RO [T %1 § [ty

il_ud_gs:-Pxog-)m sole Comnete:: - Liges: &

- (388] - ERB
->{3a0 11y Sue

 Gares. Copowrions

This database defines all the basic status that are common to all Equipment
Modules. For Example the database could contain:

Microsoft Excel
Options Macro Window Help

STCODES.XLS
tNub W:hl ;escrlplon :Commnt
0 invalid
1:0ft
2:0n

8:Interlock
16:Local Mode
32 Fault
64:Reset |
128:Half ‘Collimators only ix
256 Vacuum Status Vacuum Sections:
512:0ut X
1024in ; X

TR T RIvE IS (O L PN

XIX IX X

—iolwimiNiorinisaiwini—io

i

for example, the line
SET EQMOD (5, "STCC")=2
sets the equipment ON, while the acquisition

TYPE EQMOD (5, "STAQ™)
10.000

tells that the equipment is ON and has an INTERLOCK (8+2 = 10).

Analog Status Control: CCV and AQN

If the Equipment Module controls one analog value, this should be accessible
‘through the CCV (control, read/write property) and AQN (acquisition, read
only property) properties.

If the equipment module controls more than one analog values, the most
important one should be accessible through CCV and AQN while the others
with other properties, starting with the three CCV and AQN characters, for
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examples CCVx and AQNx, where x is a digit (1.2, ....). A letter can also be
used as x but its use is not recommended.

ADCs and DACs Scaling Factors

Two additional properties for every analog value (CCVx or AQNXx) should be
foreseen to set the Scaling Factor and the Scaling Constant

This properties should be named

SCLW for the DAC Scaling Factor, attached to the CCV property
SCCW for the DAC Scaling Constant, attached to the CCV property
SCLR for the ADC Scaling Factor, attached to the AQN property
SCCR for the ADC Scaling Constant, attached to the AQN property

if CCVx and AQNx properties are used, then SCLWx, SCCWx, SCLRx and
SCCRx properties must also be defined.

The formula to transform the Value in volts to the ADC or DAC bits is:

Valuegj = ValuePhysycalUnil * SCLx + SCCx

For example a 12 bits DAC has a value in bit ranging from 0 to 4095. If this
should be mapped to a current from 0 to 1000 ampere, we would have
SCLW=4.095 and SCCW=0. If this should be mapped to a voltage from -100 to
100 volt, we would have SCLW=20.48 and SCCW=2048.

Properties Documentation

All the Equipment Module Properties must be documented by the responsible
of the equipment module in its corresponding database file in the database

program group.

Program Manager
File Options Window Help

Databases

EQUPM_  EQUPM_ EQUPM_  EQUPM  EQUPM
Eggrﬂ'.‘{ HgBULE MOGULE MODULE MOQUWLE MODULE

ata
Eqp Types VACUUMPOWC FCUP BGATE POWP BSCAN

Eqp Names

. _ EQUPM  EQUPM  EQUPM  EQI EQUPM_ EQUPM
Microioft Higgpsoft MOQULE  MOQULE  MODULE NO&TE MODULE MODULE

© daa gt dta dada

FEC Database \ lsolde Reference WGR{D MPO{'{P EXER MAG|NET Sll-” PU/WSN

\ L] . LY T l ) | L4
Isolde Names Equipment Modules'Reference

Testing and debugging the Equipment module
To test and debug your equipment module you should:

1) put the equipment module file in a dedicated subdirectory in your g:\home
directory. For example, if your login name is XYZ, and your equipment module
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—

ile is called demc.c, you should put the demo.c file in the
:\home\xyz\demo directory.

(8]

2y start Quick C with the ¢C command.

3) create, in your g:\home\yourname\youregpmod directory the file
emdecls.inc by selecting the "New” option in the "File” menu of Quick C.
This file should contain the equipment module function prototype in one line,
and nothing else. For example in the DEMO equipment module, the prototype
of the D_demo function is:

extern NocdalError D_:em:(:ea; far *ya..e,int flag,int egnc, char "propl

This file is included during the compilation of the L:\fecnod\nodfuns.c
file.

= DO0S Prompt
[P Edit Uiew Search Make Run_Debug Utility

\HOMESPACENPOUWSSUNTITLED.C
[ ew | :
Opon« » - L
Open Last File F2
Merge...
Save
Save As...
Save All

Print...
DOS Shell
Exit

Alc+P4

4) create, in your g:\home \yourname\youregpmod directory the file
emspecs.inc by selecting the "New" option in the “File” menu of Quick C.
This file should contain one line, and nothing else. The example for the DEMO
equipment module should clarify what you should put in this file.

data_module,('D','E‘,'M','O',C,O), {0,0,9,0i, D_demo,

This file is included during the compilation of the L: \ fecnod\nodfuns.c
file.

5) create in your g: \home\ yourname\youregpmod directory the
fecnod.mak file by selecting the “Set Program List" option in the “Make"

menu of Quick C

DOS Prompt
Yiew Search Debug Utility Options

Compile File UNTITLED.C
Build Program UNTITLED.EXE
Rebuild All UNTITLED.EXE

Edit Program List...
Clear Program List

You can now create the fecnod.mak file:
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DOS Prompt

Utility

POUS .C

bug
POUSN

File Name: [fecnod

S~ Type in the name FECNOD

File List: Drives / Dirs:

G:\HOME\PACE\POWS

N\ -6-1
This should be the directory [-B-1
e i (-c-1

there your EM file is (-p-1
[-E-1

(-F-1

T T T Y
¢ OK > <(Cancel> < Help >

Then you should set the program list and fills all the files you will need:

Tt Uicw Search LW RUn Debug Utility Optiocas

FPile Name: [L:\FECNOD\NODFUNS.C ]
G:\HOME\PACE\POWS A Note that the directories
Pile List: are different !l Drives ~ Dirs:
POWS.C .. 1
[-A-] !
[-B-1 3
(-C-1 $
i

L O RN
Program List: FECNOD.MAK

POWS.C MATNNOD.C NODSUBS.C ERLIST.C | <Add/Delecte>
COMMANDS .C NODAL.C PCNOD.C
DOSNOD.C NODPILES.C  SERUERS.C {Clear All>

LINKCHDS .G ATABASE.LIB
*l§§§§§§§&@gé&&§§§@§§§§§§§§§§§§§§§§§§§
¢Save List> <Cancel> < Help >

re
Pi=Helo

The files you need are:

Your Equipment Module File (demo.c or pows.c in the figure).
:\fecnod\commands.cC

:\fecnod\dosnod.c

:\fecnod\erlist.c

:\fecnod\linkcmds.c

:\fecnod\mainnod.c

:\fecnod\nodal.c

:\fecnod\nodfiles.c

:\fecnod\nodfuns.c

:\Nfecnod\nodsubs.cC
:\fecnod\pcnod.c
:\fecnod\servers.c
:\database\database.lib

[on i e e Y e B e o o o e e

Now you can click on "Save List" and then select "Rebuild All” in the "Make"
menu followed by a “Go” in the "Run” menu.

Equipment Module Initialization

Every Equipment Module has a Data Table that must initialized. This is
achieved by starting the FECNOD program with the SYSGO argument.
SYSGO is the name of a Nodal program that will be executed before the
network listener is started.
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You can type fecnod sysgo directly at the DOS prompt or, within Quick C,
sclect “Run / Debug ..." in the "Options” Menu and type in sysgo. See next
figure.

DOS Prompt
Pile Edit Uiew Search Make Run Debug Ytility
I ————————— m— >+ \ || OME\FPECS [ M\PECNODNUNT 1T

Comnand Line: [sysgo_

: FZ finimate Speed
Type in SYSGO < ) $low < > Medium <¢<> Fast l

Screen Swap Debug History
[ (*> Auto ] (e) Record All

¢ > On ¢ ) Record Debug Commands
¢ > Off ¢ > Record User Input

¢ OK > <Cancel> < Help >

The sysgo.nod nodal program will then initialize all the data table either by
calling the equipment module to be initialized for each element number with
the different properties or, as recommended, by calling the EMINIT nodal
function that will call the equipment module several times in order to fill the
whole data table.

For example, if the file H: \EQP \POWS\POWS .CSV contains the following
(excel) database:

EquNo | Name FecName MINV MAXV SCLR SCCR SCLW SCCW
1 GPS.QP20 FECSIM 0 1000 0.45 0.44 0.23 -0.32
2 GPS.QS30 FECOTH -100 100 0.11 0.12 0.23 -0.32
2 GPS.DE40 FECSIM -200 200 0.27 0.34 0.23 -0.32

the nodal line:

EMINIT (POWS, "H: \EQP\POWS\POWS. csv'™)
in the FEC named FECSIM is equivalent to the following list of EM calls:

set pows (1,"MINV")=0
set pows (1, "MAXV")=1000
set pows(l,"SCLR)=0.45
set pows(l,"SCCR")=0.44
set pows(l,"SCLW")=O.23
set pows(l,"SCCW"=-O.32
set pows(2,"MINV")=—200
set pows (2, "MAXV")=200
set pows(2,"SCLR)=O.27
set pows(Z,"SCCR")=O.34
set pows (2,"SCLW")=0..23
set pows(2,"SCCW"=—O.32

The calls using "Name" or "FecName" are not generated because they are
mixed case field. Properties are identified as being in upper case.

Note that the line concerning GPS.QS30 is ignored because it refers to the
initialization of another FEC, namely FECOTH.
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[Tl

Properties that should not be initialized can be empty or conwin a "X
character. The Empty ccll means that the property is not supporied by that
element and the cell with an "x" means that the property is supported but does
not require an initialization.
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6. The Front End Computer

All Front End Computer (FEC) runs the FECNOD program, a NODAL for
DOS program that listen to network requests and executes them. The
Equipment Module Subroutines are linked with FECNOD.

When the FEC is switched on, it connects to the Isolde Server with a username
equal to its name and starts the FECNOD.EXE it finds in its
G: \HOME\ fecname\FECNOD directory. )

A FECNOD program for a FEC is defined by:
- its name
- the list of the Equipment Modules it is handling

When all necessary Equipment module files are installed in the L:\EQPMOD
directory, you must ask the Control System Supervisor to:

1) Add the FEC in the FEC table if not done yet (h:\eqp\fecaddr.csv)

2) If the FEC is new, create an account on the Isolde Server with the Username
equal to the FEC Name.

3) Create the EM  Table list for that  particular FEC
(g:\home\ecname\fecnod\emdecls.inc and
g\home\fecname\fecnod\emspecs.inc ) and fill the parameters L0 dimension the
Equipment Module Data Tables (g:\home\fecname\fecnod\fecdef.inc ).

4) create the makefile to compile and link the FECNOD for that FEC. The
make file must be named FEC (no extensions) and must be in the
G:\HOME\ fecname\FECNOD directory.

Then, when loging into the Isolde Server with the username equal to the Fec
Name, the FECNOD for that FEC will be automatically regenerated every time
it is not up to date.

The emdecls. inc file

This file is included by NODFUNS . C and contains the function prototypes of all
equipment modules needed.

Example of the emdecls.inc file for a FEC with two EM, namely POWS
and FCUP:

extern NodalError D_pows{real far «value, int flag,int eqno, char *prop}:
extern NodalError D_fcup{real far «value, int flag,int eqno, char *propl:

The emspecs . inc file

This file is included by NODFUNS.C and contains part of the functions
translation table.
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Example of the emspecs. inc file for a FEC with two EM, namely POWS
and FCUP:

The fecdef.inc file

This file is included by the L:\fecnod\nodal.h also included by every
equipment module file and contains the definition of the fecname and the
maximum number of equipments for each EM. This file contains also some
compiling/linking option that couid be:

#define EMFUNS
#define ALARMS
#define SERVER
#define CLIENT

EMFUNS, when defined, provides the EMINIT function and all other future
tools for Equipment Modules. ALARMS install the alarm checking process in
the nodal kernel, SERVER install the network listener and CLIENT install the
network functions such as IMEX, RPC (winnodal only) and remote €xec.

It is recommended, if you use with QuickC only the EMFUNS definitions in
order to use the QuickC debugger.

Example of the fecdef.inc file for a FEC called "FECSIM" with two
EM, namely POWS and FCUP. The FEC has 20 equipments on POWS and 15
on FCUP

#define FECNAME "FECSIM"

#define EMFUNS

#define MAX POWS 20
#define MAX FCUP 15

The fec Makefile

This file is passed to the MAKE utility to generate the FECNOD, at FEC
startup. The fecnod is, of course, regenerated only when some modifications
occurred in the source files.

The FECNOD programs is supposed to be generated with the Microsoft C v6.0
or later and not with the Quick C Compiler.

Example of the fec makefile for a FEC with two EM, namely POWS and
FCUP:

cc = cl -c -AMd -G2s -Oceglt -Wl -FPig?

nodpath = 1:/fecnod/
egppath = 1:/eqpmod/

home = g:

commands.obj: S{nodpath)commands.c S ({nodpath)nodal.h fec.
$({cc) $(nodpathjcommands.c

dosnod.obj: S{nodpath)dosncd.cC Si{nodpath)nczal.h fec.
${cc) ${nodpath)dosnoa.c

linkcmds.obj: $(nodpath)linkcmas.c S(rogpatnjnodai.n fec.
$(cc) S{nodpathliinkcmds.c

mainnod.obj: $(noapath)mairnoa.c §(noapatn)nodai.h fec.
${cc) $({nodpath)mainnod.c

nodal.obj}:

S(nodpath)noda..c S(nocpatninodal.n fec.

S{cc) S{noapath)nodal.c
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nodfiles.obj: $(nodpath)nodfiles.c $(nodpath)nodal.n fec.
$(cc) $(nodpath)nodfiles.c
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nodfuns.obj: $(nodpathj)nodfuns.c $(nodpath)nodal.h ${home)emdecis.inc S{hcme)emspecs.inc 3(home) fecdef.inc fec.

$(cc) ${nodpath)nodfuns.c

nodsubs.obj: $(nodpath)nodsubs.c §{nodpathinodal.h fec.
S{cc) $(nodpath)nodsubs.c

pcnod.obj: $(nodpathl}pcnod.c $(nodpath)ncdal.h fec.
${cc) $(nodpath)pcnod.c

servers.obj;: $(nodpath)servers.c $(nodpath)nodal.n $(nodpath)novell.h fec.
S({cc) S(nodpath)servers.c

fcup.obj: $(eqppath) fcup\fcup.c $(nodpath)nodal.h §(home)fecdef.inc fec.
$(cc) S(egppath) fcup\fcup.c

pows.obj: $(eqppath)pows\pows.c ${nodpath)nodal.h $(home)fecdef.inc fec.
§${cc) $legppath)pows\pows.c

fecnod.exe: commands.obj dosnod.obj linkcmds.obj mainnod.obj nodal.obj
servers.ob} pows.obj fec. linklist
link @linklist

nodfiles.obj nodfuns.obj nodsubs.obj penod.ob)
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8. Network Call translation

This small chapter explains you how an RPC call is translated into an
Equipment Module Call.

In reference to the following picture, let us take an example of a
set rpe("QP010","CCV")=2.5

command given to the Nodal for Windows interpreter.

Console Server
3 _ set RPC("QP0O10","CCV"}=2.5

. POWFEC
E D_powp (25, WRITE, 27, "CCV")

QP10

The "QPO10" Name is decoded into the eclement database
(h:\eqp\eqpnames.csv) and as a results, are found:

The FEC Name (POWFEC) of the FEC that is controlling the QP010 element .
The Equipment Module Name (POWP) that is controlling QP010 on that FEC.
The Equipment Number (27) of QP010 in POWP.

The FEC Address is then extracted from the h:\eqp\fecaddr.csv database from
its name (POWFEC) and a RPC call is sent to the correct FEC, specifying the
Equipment Module to call (POWP) and the Equipment Number (27), the
property (CCV), the Read/write Flag (WRITE) and the Value 2.5).

The Network listener of the FECNOD programs, running in POWFEC, receives
the messages and execuics it by calling the POWP subroutine with all
parameters received. All the parameters plus an eventual return value and a
completion code are then sent back to the client console when the execution of
the POWP subroutine has terminated.

The RPC is a synchronous call because it waits the equipment module to finish
execution. Asynchronous call can be obtained with different properties, one to
trigger the measurement, one 1O check if the measurement is finished and a
third one to read the measure.

The eqpnames and fecaddr databases are read once, at the beginning of
program execution and then kept in RAM (of the client console). The search in
these databases to retrieve the FEC name, EM name and equipment number is
extremely fast and give to the application program a complete independence
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from these latter. The only hard-coded things inside the application programs
are logical names and properties of the control system.
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9. Isolde Names

An Isolde Name is a character string up to 10 characters that defines uniquely
an element of the control system that can be accessed.

Element Names and Equipment Modules properties (see later) are hard-coded
into applications programs and can therefore never be modified once baptized.
This is an important point to keep in mind when deciding on new names.

D?.ﬁ.’.’l([m /N

The first three characters of the name define the zone in which the element is.
Valid zones are:

GPS - for the General Purpose Separator
GLM - GPS Low mass side of beams

GHM - GPS High mass side of beams

HRS - for the High Resolution Separator
MSW - Merging Switch Yard, for vacuum only.

In the Experimental hall, the three character zones are defined in the following
way:
The first character is C for the central beam line, otherwise L for the Left side

and R for the Right side of the beam line.
The second character can be A, B, C, D or E and identifies the different

sections counted from the merging switchyard.
The third character is a digit indicating the different branches of the section.

Examples of sections are shown in the next picture.

The fourth character is a period ().
The fifth and sixth characters describes the element types. These are:

QP - Quadrupole
QS - Quadrupole Steering
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MP - Multipole

GR - Guard Ring

XY - X-Y Correction Plate

BE - Bender

KI - Kicker

DE - Deflector Electrical

DP - Deflector Position

FC - Faraday Cup

UC - User Cup (Measurement Point)
SC - Scanner

SP - Scanner Position

WG - Wire Grid

SL - Slit

LC - Lens Collimator

BG - Beam Gate

VS - Vacuum Section

VV - Vacuum Valve in the beam line

The Isolde Control System Reference

The last two or three characters are a three digit number. The first digit

represents a sub-zone of the main zon

e. The second digit and the third digit are

a sequence number. In the design phase, elements will be named in step of 10
to allow insertion of new elements. At the machine startup, the last digit of all

names should always be a zero.

All elements that have well known names that identify them, can have a unique
6 character name preceded by the zone name and the period (.).

Example of this last names are: HRS.FILMNT, GPS.HTMEAS.

Example of names following the gene

CB0.QP20
CB0.QP30 ™~

CB0.GP40
apao

CAD.QP50
CAo.on\
m—

-
RAD.GP20
RA0.QP30

ral rule are shown in the next figure.

CB0.0S50

Y RAS5.QP20
T AAS.QS30

RAD.Q540
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Annex: Equipment Module List and Element Database

Here you can find the Equipment modules defined up to now, together with all
Equipments and their names.

As this document, experience has shown that equipment modules have a certain
tendency to become obsolete rapidly. You can at any moment read the latest
version by clicking on the icon of your Equipment Module in the Database
program Group of the Isolde Console on the Isolde Server. From the PS
Network you can read this document by issuing a login isolde/guest

command to the dos prompt.

Program Manager
File Options Window Help

Databases

Hicrasott Hicrsatt EQUPM_ EQUPM_ EQUPM_ EQUPM_ EQUPM_  EQUPM
MOOULE  MODULE  MOQULE MOOULE MOQULE MOQULE
i - R dW aWw dW a%h &
Eqp Names Eap Types VACUUM POWC FCUP BGATE POWP BSCAN
) EQUPM
Microsaft nu:‘.‘g‘s_aﬂ MOOULE ﬁggGEE F\ggﬁgﬁ EgHE?E F‘ggﬁEE EngPJEE
. 7 AW % AW A% a%
FEC Database Isolde Reference WGRID MPOWP EXTR MAGNET SLIT POWSIM
| | 1 Z
Y v 2 ] T l 1 rd
Isolde Names Equipment Modules Reference

Databases can be easily printed on the printer of your choice that can be
selected with the applications Network Printers ( Winspool) and Control Panel,

as shown in the introduction.

Example of an Equipment Module listing

/* POWSIM.C - Flle containing POWSIM Egul

pment module */
A ~ Used to Simulate POW functi .

ns

tinclude *“stdlib.h"
#include "L:/FECNOD/nodal.h"

#define WRITE -1
tdefine READ 1

typedef struct
{

real CCV;

real MINV:
real MAXV:
real SCLR;
real SCCR:
real SCLW:
real SCCW:
real STCC:
real STAQ:

} DATA_TABLE:

static DATA_TABLE DataTaple(MaxPCWSIMj:; /* Note: sme initiaiization Va.ues should cisapper .. */
NodalError D_powsim(real far =Value, int RWFlag, int EgNo, char "Property)

{

int Eq:

/e

printf("pOWSIM: egp no = %d, Property = ¥s, flag = %d“, EqNo, Property, RWFlag):
.
/
if (EqNo < 1 :i EqNo > MaxPCWSIM } |
printf ("\a\niLLEGAL EQUIPMENT NUMBER\N"):
return iliegal_equipment_number:
}
Eq = EqNo - I:

if (!strcmp{Property,"CCV")) |
switch{RWFlag) {
case WRITE:
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if( *Value < DataTableiEg}
orintf("\a\nVALLE
return out of ran

LMINV ¢ "Value > ZataTabl 1
SUT OF RANGE = $1f\n®, "Value):
e:

g

}
DataTable(Eg!.CCV = ~Value:
break:
case READ:
*yalue = ZataTable{Eg).CCV:
break:
default:
printf(“\a\nILLEGAL READ WRITE ATTEMPTED\n") :
return illegal_read_write;

}

} .
else if (!strcmp(Property,“MINV")) {
switch(RWFlag) {
case WRITE:
DataTable{Eq}.MINV = *Value:;
break:
case READ:
*Value = DataTable(Eq]}.MINV;
break:

default:
printf(*\a\nILLEGAL READ WRITE ATTEMPTED\N") :

return illegal read_write:

}

}
else if (!strcmp(Property, "MAXV")) {
switch(RWFlag) {
case WRITE:
DataTable[Eg] .MAXV = *Value:
break:
case READ:
*Value = DataTable{Eq].MAXV;
break:

default:
printf("\a\nILLEGAL READ WRITE ATTEMPTED\n") ;

return illegal_read_write:
i

}
else if (!strcmp(Property,"SCLR")) {
switch(RWFlag} |
case WRITE:
DataTable[Egq) .SCLR = *Value:
break:
case READ:
*yalue = DataTable[Eq].SCLR;
break:

default:
printf (“\a\nILLEGAL READ WRITE ATTEMPTED\n"):

return illegal_read_write:
}

}
else if (!strcmp(Property,"SCCR"}} {
switch(RWFlag) {
case WRITE:
DataTable[Eq]) .SCCR = *Value;
break:
case READ:
*Value = DataTable(Eq).SCCR;
break:

default:
printf{"\a\nILLEGAL READ WRITE ATTEMPTED\n"):

return illegal_read_write;

}

}
else if (!strcmp(Property,"SCLW"}) {
switch(RWFlag) {
case WRITE:
DataTable{Eq)}.SCLW ~ *Value;
break:
case READ:
*Value = DataTable(Eqj.SCLW:
break:

default:
printf ("\a\nILLEGAL READ WRITE ATTEMPTED\D") ;

return illegal read_write:
}
}
else if {!strcmp(Property,“SCCW")) {

switch (RWFlag) {
case WRITE:

DataTable(Eq].SCCW = *Value;
break:

case READ:
xyalue = DataTable(Eq].SCCW;
break:

default:

printf("\a\nILLEGAL READ WRITE ATTEMPTED\n") :
return illegal_read_write:
4

}
else if (!strcmp(Property,"AQN'")} {
switch{(RWFlaqg) |

case READ:
svalue = DataTable(Eq].CCV *(1 + (({real) rand())=32000.)/330000):

break:

default:
printf{“\a\nILLEGAL READ WRITE ATTEMPTED\Nn®):

return illegal_read_write:
}

}
else if (!strcmp{Property,"sSTCC"}) {
switch{RWFlag) ¢
case WRITE:
if( *value < 0 |1 *Value > 64)
printf(*\a\nVALUE OUT OF RANGE = $1f\n", *Value):

return out_of_range:
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}
DataTablelEq|.STCC = =Value:
break:
case READ:
*Value =~ DataTabie(Eq].STCC:
break:
default:
printf("\a\nILLEGAL READ WRITE ATTEMPTED\n"):
return illegal_read_write:
}
}
else if (!strcmp{Property,“STAQ")) |
switch{(RWFlag) {
- case READ:
*Value = DataTable{Eq].STCC:
break:
default:
printf("\a\nILLEGAL READ WRITE ATTEMPTED\n"):
return illegal_read_write:

else {
printf("\a\nILLEGAL PROPERTY\n"):
return illegal_ property:
/* '
printf(", value = %if\n", *Value):
*/
return 0:

The Isolde Control System Reference
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File Options
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AQN: 1720
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Figure 4.3 Example, from the left to the right, of an application, a synoptic
and a knob.

Error Server

File Options Help

DATE-TIME  APPLICATION ERFROR MESSAGE

09-29-11:23 RPC Server Nen existent Element -> Poke GPS.TEST_CCVY
09-29-11:23 RPC Server Non existent Element -> Control Panel GPS.TEST
09-29-11:23 RPC Server Non existent Element -> Control Panel GPS.TEST

09-29-11:23 RPC Server Non existent Element -> Control Panel GPS.TEST
1 09-29-11:23 RPC Server Mon existent Element -> Reading GP5.TEST CCY¥ U

Figure 4.4. The Error Server.
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Figure 4.6. The Graphic User Interface.




Microsoft Excel
Formula Format Data i Macro Window Help

7 77
Database fo
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ANIT ADCCurrent the same on all poles
iCCV ‘ ADC Currentin Amps! '
CCVD ~_IADCinBits
AQN DAC Currentin Amps
DAC in Bits
CC\;’Z ADC Currentin Am s

Figure 4.7. The Excel Database.
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Figure 5.1. The ISOLDE Controls and Databases groups.
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Figure 5.3. On two vertical columns are two applications with the same

internal structure.




son

o

N
3
=
5
2%

S5
S
s
NS
a N
ER
o RN

33
R
2R

Program M.
le Optivns Window  Help

3

SRR

2

=
K&

S

Isalde Controls

W \,';;\
R

e & =

RPC Seever  Eror Server R:‘lea;’:lox EaspAccess  WinNoda!  StatusLog  High Tension

A 4G % .

Tagsts G.PS. H.R.S. Expermental  Logbook  Aschives Scannes
Aiga Loge

® % ¥ B uo® )

FEUP Tape Station  Ca'bration Gas Mix Mass Scan éweep gim ghm
calculator

=
R

i
}\\‘%\E\
3 e

S

Databases Comms Accessoies  System User Statup  Development

R R IR A AAL 72 # ,'/,W' m—— - WWI
= GHM Swilchyard and Exp. Ares . %%QJ GHM.QPSD o
FCS8 4 .
T : ”/5 QUADRUPOLE  No: 1 STEEFING QUASRUPOLE
oo, ] ¥ 2142 f’, -;4? - rE - Quadrupole Voitage
Vg Iff % o covfw ]
GO, e ver 37 S
- 5 .
o7

Redresh Aquisition

[
4 [500  VOLTS

B Horizontal

r
-500 VOLTS

[ ] QP50 1328

GHM.QPS0 4| [ Vertical -
[ ] II qr4p 1817 QUADRUPOLE g B : CCV'EQ

Ki0e // g 500 VOLTS 500 ,on: 37
L { 863D b
DE1D b / [} [ Status Incr
- 1 |
2‘ 33 ¢ / QaN: 1278 g Status: ON %

& v - / S
LI 1 oog Status: ON R W / T /;f’,f; //”fﬁ,ﬁ'

N A ;f%/;w ‘i r,/ﬁfi%/,%ﬁ

1- AT S S R P T B A% R e ,,,//%/%/Z/ ZZM&;{M%%%@%W
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Figure 5.9. When we try to open the Word file TEST.DOC we are asked if

we want the linked values to be refreshed if the souce changes.
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Figure 5.10. The set select window of the QP-Array application permits to

choose the set of elements to control. The QP-Array windows permits to

modify, store and retrive configuration values.
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Figure 5.17. The GLM form and the Form_Load subroutine. 3
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Figure 6.2. Approximation of hyperbolic electrodes with circular ones.
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Figure 6.5. Database of some of the QPs.
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