Implementation of PCs in the HERA Control SystemP. Duval (DESY-MKI, 22607 Hamburg FRG; duval@pktr.desy.de)

AbstractProgress in controlling the HERA machine at DESY with PCs is described, with emphasis on the use ofproducer-consumer communication links. To date the quench protection system for the superconductingproton ring, the proton collimators, and major portions of the beam diagnostic control and RF controls areincorporated in a control system using PCs running MS-DOS and WINDOWS-based software in aNOVELL network environment. Although dominated by PCs communicating with IPX protocols, thesystem also supports IP-based communications for links to UNIX machines and VME CPUs. HERAMagnet control is still performed by NORD minicomputers, but the coming upgrade is also discussed inthe context of the PC magnet control system planned for the HERA pre-accelerators and peripheralmachines, which is now being tested in the PETRA and DORIS rings.IntroductionThe HERA (Hadron-Elektron Ring Anlage) accelerator at DESY consists of a 6.3 km electron storage ring(30 GeV) straddling a 6.3 km superconducting proton storage ring (820 GeV). Prior to injection intoHERA, electrons and protons undergo similar sequences of acceleration starting with LINACs, passing onto small synchrotrons, and the PETRA ring. The beams are then accelerated in the HERA rings, stored atfull energy, and brought into collision. The design luminosity of 1.6E31 requires 210 bunches in eachring. Collisions are observed by the H1 and ZEUS experiments, each consisting of a large superconductingsolenoid surrounding the beam pipe at one of the interaction regions, and associated detectors. The electronbeam can also be polarized and used to study nucleon spin structure, while the protons diffusing out of thebeam are used to produce (among other things) B mesons to study CP violation.Since the smaller accelerators and the experiments have their own control systems, we can speak of theHERA control system as referring only to the HERA machine. However, we should keep in mind that eachsystem needs vital information from the others, so there has to be a mechanism for fast data exchange. Ofnecessity, each sub-system originally followed its own frenzied development during commissioning, andeach has its own view of the �Standard Model,� so establishing such a data-exchange mechanism is in somecases no small task.In this report we shall focus primarily on the HERA machine, but nonetheless present a few detailsconcerning data-exchange among the sub-systems.The HERA MachineBefore we begin discussing the relative merits of PCs versus something else, let us first take a quick lookat what we have to control. Beam storage and steering is achieved using magnets controlled byapproximately 1200 independently powered circuits in the two rings. Setting and reading these magnetcurrents is the primary task of the control system. Acceleration is achieved via coordinated ramping of theRF system frequency and voltage (consisting of 6 cavities and transmitters for the proton ring and over 80for the electron ring) and the magnet currents. Backgrounds are controlled by scraping off the beam haloswith 3 proton and 12 electron collimators. There are independent proton and electron vacuum controls. Asthe proton magnets are superconducting, there is a separate cryogenics control for these elements, and anassociated quench protection system. Monitoring the beam is of prime importance and to this end there are~300 proton and ~300 electron Beam Position Monitors (BPMs), and approximately the same number ofproton and electron Beam Loss Monitors (BLMs) and associated Alarm modules. As the proton BPMs havea external trigger, there is also a separate HERA Integrated Timing system with corresponding trigger anddelay modules for each BPM. There are several integrating beam current monitors for both electrons andprotons, as well as fast single and multi-bunch current monitors. Likewise, there are several beam profilemonitors, including wire scanners and residual gas monitors. The proton and electron tunes are alsomonitored, as are various state parameters of the machine in general, such as tunnel temperature.

From the preceding paragraph, a dichotomy of controllable objects is clearly seen, namely those objectsrelated to diagnostics and those which actually control the beam. In the case of diagnostics, under mostcircumstances devices of a given type, say BPMs, can be read, controlled and coordinated from a single CPUfor the entire ring. Furthermore, if such a CPU needs to be rebooted (for whatever reason), it does not affectthe machine to any great extent. This is not necessarily true for a machine control object such as a magnet.It might not be possible to control all such objects from a single CPU, necessitating distributed control insome form or another, and if one of the controlling CPUs needs to be rebooted it could easily lead to loss ofcontrol and in the worst case a beam abort.PCs in HERA1. What is a PC?A relevant question these days is: When I say PC what do I mean? Do I insist on a hardware definitioncentered around the INTEL CPU and inexpensively priced end-units, or do I stick with an operating systemdefinition centered around Microsoft, or both? Although, when people run LINUX on a PENTIUM theystill refer to the machine as a PC, and when the same people run NT on an ALPHA they don�t, in thisreport we�ll generally abide by the third (i.e. both) definition, and go a step further and state that a HERAPC is an INTEL machine which runs either MS-DOS or MS-WINDOWS 3.1.2. Why PCs?Looking at hardware, arguments concerning costs are compelling. Granted, an extra high-end PC may comein around the same price as a run-of-the-mill SPARC, but one seldom needs a high-end PC. In fact, sinceold �forgotten PCs� can frequently do the controls job we�re interested in, hardware costs are sometimesnegligible. Keeping in mind the age-old adage: �If we just want to go shopping, do we need to drive aMercedes?� we should always ask ourselves if we are just going shopping.Looking at software, it�s not hard to beat MS-DOS and/or MS-WINDOWS as an operating system. Themajor shortcoming here is that the OS is not protected, and risks exposure to every vicious C program thattries to run on it. One should reiterate though, that neither MS-DOS nor MS-WINDOWS crashes by itself,and healthy programs will run on it indeefinitely (although development can be agonizing). Anyway, that�sthe down side. The up side is that Microsoft has around 80 percent of the software market and is in nodanger of disappearing anytime soon. There is an enormous culture base built around MS-WINDOWS, andan impressive array of commercial software which already covers most of our needs. The overwhelmingmarket share and user-feedback that Microsoft enjoys has essentially defined what is user friendly and whatisn�t.3. When and Where to use PCs:In truth there might be some times when we really do need a Mercedes. It�s therefore important to 1) planfor an integrated control system and 2) use the right tool for the right job. So where is a PC the right toolfor the right job?There is generally no disagreement that a PC can be effectively used at the CONSOLE side of the controlsystem (there might be some grumbling, but there is no major disagreement). This is true since theCONSOLEs are only displaying data and passing commands to the Front Ends. They are not directlysteering control system hardware. Since real-time is never an issue here, MS-WINDOWS is fine.Furthermore if a rogue program gets loose on the CONSOLE and MS-WINDOWS crashes, you loose thedisplay, but nothing more serious than that.When can PCs be used at the Front End? This is a more contentious issue. Even the most ardentVxWorks enthusiasts will nonetheless concede that there are simple control tasks, which don�t need RealTime by a long shot, and can be quite trivially controlled by a PC. For example, reading an ADC, whichmonitors the ambient tunnel temperature every few minutes. Such a task can be realized by a 286 PCrunning MS-DOS (cost: ~100 $). If the machine crashes (this will be a program bug, MS-DOS doesn�tcrash spontaneously), you are in no danger of losing the beam. Let�s take that a step further, and claimthat a good many diagnostic tasks can live quite happily on an MS-DOS machine with (for example) a

GPIB card. Such dedicated diagnostic Front Ends, whose temporary disappearance (although a nuisance) isnot fatal, we shall refer to as simple FECs (Front End Computer). Simple FECs are excellent candidatesfor PCs. By the way, this �temporary disappearance� might occur on any platform. Whether a bug causesthe process to �core dump� or the machine to hang is immaterial. You�ll still have to have a way ofdealing with it.Beyond Simple FECs are Complex FECs, i.e. Front Ends with multiple tasks, and/or Real Timerequirements, and/or crucial importance. At HERA, we have many PC FECs meeting all of these criteria(Note: there are several Real Time Kernels for MS-DOS commercially available). Nonetheless, we preferto leave the case of Complex FECs an open issue, and assume that we have a multi-platform controlsystem. Indeed, as we shall shortly see, we incorporate VxWorks FECs, and FECs running as servers on avariety of UNIX and VMS machines.4. Networked PCsFollowing the �Standard Model�, the CONSOLEs and FECs at HERA reside on an ETHERNET. Inaddition, the PC FECs and CONSOLEs are attached to a NOVELL file server. Furthermore, all controlsystem code is located on the file server (and not on the PC!), meaning that at boot time a PC logs in andmounts network drives to the file server, and then loads and runs its code. In the case of a CONSOLE or anFEC running WINDOWS (most FECs run DOS), WINDOWS itself is also loaded from the file server. AsWINDOWS generally has several open files and does considerable swapping, this does introduce a weaknessin that the connection to the file server is of paramount importance, since if the connection is lost theworkstation is almost guaranteed to crash. On the other hand, all backup strategies can be entirely focusedon the file server. The weakness can be (and will be this shutdown) patched by mirroring all relevantsoftware locally at login time, and always running from a local operating system.Control System ModelSo far, what we have described follows the so-called �Standard Model� of a control system, in that hardware-near FECs communicate with user-near CONSOLEs over the ETHERNET. We have not insisted,however, that FECs are VME CPUs or that anyone is running UNIX. On the contrary, we strive for amulti-platform control system, where CONSOLEs and FECs communicate with each other without concernas to what operating system is running at the other end. With that in mind, we make the following ansatz:�An FEC should present an integrated device to potential clients, i.e. a client should see an objectrepresentation of the device to which it is speaking, be it a magnet, oscilloscope, BPM or whatever. Aclient should never deal with raw data, but instead receive data ready for display, and issue commandsvia mnemonic properties.This goes hand in hand with saying that any change of state made by a CONSOLE should be seen by allother CONSOLEs.Also important is that there should be no distributed control over the ETHERNET, requiring one FEC to becrucially dependent upon knowing the state of another FEC. To be sure, an FEC can be (and frequently is)a client of another FEC. However, the possibility that information might not come in on time or mightnot come in at all should be anticipated.It remains to discuss specific communication models CONSOLE to FEC, and at this juncture we shouldmention our indebtedness to the ISOLDE project at CERN/PS and its developers. The ISOLDE conceptwas our starting point in 1991, and in some respects our system still bears a strong resemblance toISOLDE although our needs and development began to diverge rapidly from the original concept in late1992. Initially the communication model was pure client-server, in that a CONSOLE always asked anFEC synchronously for data. Polled data were requested from a timer on the CONSOLE. Also to be notedis that the original concept was a PC-only one and used only IPX-based protocols. In 1993, IP-basedprotocols were included, opening the door to non-PC communication partners. The fundamental modelremained, however, �client-server�. FECs were servers, and did not supply data unless specifically askedto.

Both IPX and IP communication channels were based on socket libraries, and specifically not commercialRPC products. This was largely owing to the fact that such products did not encompass both the IPX andIP worlds at the same time, whereas (working with sockets) the application layer and network/transportlayers were easy to keep separate, facilitating development.It soon became clear that certain data channels were of vital interest to a large number of CONSOLEs andFECs. These were items such as the energy and current of the proton and electron beams. And rather thanhaving N clients request the present values of these parameters from one server (where N is a large number!)it was decided to make such values available via broadcast. To be efficient, the value is broadcast uponchange (according to an appropriate tolerance) or at the system heartbeat of once per minute. In this way,no one has to ask, one only has to listen. Here, we are slipping over to a �producer-consumer� model ofdata exchange, where an FEC is seen as a data �producer,� who is simply providing data to any �consumer�who is listening. An FEC should be rightfully regarded as a �producer� anyway, in that it should be inbackground constantly reading hardware and preparing data for display. Requests for data from the client sideshould in most cases end up fetching data from RAM and not initiating a hardware read.This pure �producer-consumer� model was only applied to the most important machine parameters,however. Nevertheless, a crucial step in the �producer-consumer� direction was taken in 1994, by adoptinga registered consumer model in which data links were now registered at the Front End instead of beingpolled from the CONSOLE. In other words, an FEC would keep track of a �mailing list� of consumers ofpertinent data. A consumer could request values at a specific polling rate, or to be refreshed only uponchange. The data would then arrive entirely asynchronously. The reduction in wasted CPU time, not tomention network traffic, in such a model is considerable! It is not uncommon, for instance, to have apopular control application, which might be getting a data update at 1 Hz, run on 15 to 20 different clientworkstations. Rather than having all 20 stations individually ask a server-FEC for data (one packet to theFEC, plus a function call) and receive data (one packet from the FEC) at 1 Hz (times 20), the producer-FECkeeps track of all 20 clients, makes one and only one function call at 1 Hz, and sends the data out to itsmailing list (one packet from the FEC times 20). Furthermore, as the operation is connectionless andasynchronous, there is never any waiting on the part of producer or consumer.Acknowledgments are required under only one set of circumstances. If a client has requested to be refreshedonly upon change of data, and the data have indeed changed, then the producer-FEC asks to be acknowledgedupon receipt of data. Otherwise, a consumer-CONSOLE knows very well if its requested polling rate hasbeen met or not, or if the system heartbeat time of one minute has been exceeded. If warranted, it willsound an alarm and make an effort to relocate the FEC. Similarly, when a consumer-CONSOLE registerswith an FEC, it subscribes for a certain quantity of data updates. When the subscription runs down, it mustrenew its subscription, or it will be removed from the FEC�s mailing list. In this way, there can be nodangling consumers. Maximum efficiency regarding network traffic is maintained by packing together inthe same ETHERNET packet all subscriptions destined for the same consumer at the same time.Command-based requests of course follow a client-server approach. The client has the choice of sendingcommands synchronously or asynchronously. As the communication is connectionless, the turn aroundtime for request and reply is typically 2 to 3 milliseconds (IPX is marginally faster than UDP) plus anytime the FEC might need to read hardware.These types of detail are of course hidden from the control system application programmer. What he sees isan API which tells him how to link data from a Front End into his control program, in the case of aCONSOLE application, or how to offer data for linking, in the case of an FEC application. Important isonly that the Front End device shows up as a tag name in the API. The tag name is resolved atinitialization into an FEC address and an equipment function living on the FEC, both invisible to the API.The FEC address will be either an IPX address, if both partners speak IPX, or an IP address.At present, name resolution begins with a database file, which matches tag name to FEC name andequipment function name. This will be replaced by a name resolver during the 1996 winter shutdown. AnFEC address is then established by the following: If the client is not a PC attached to the control systemfile server, then the local host table is scanned for the IP address of an entry whose alias matches the FECname. If the client is a PC attached to the control file server, then the user list for the file server is scannedfor a user matching the FEC name. If a match is found then an IPX address is established. If no match is found then the local host table is scanned for an IP entry. All CONSOLEs speak both IPX and IP. All PCFECs speak IPX, and speak IP only if necessary. And all non PC-FECs speak IP. We should alsomention that there are non PC-clients to certain control system elements as well. These are principallymachines outside the HERA control room, and serve to integrate the various sub-systems of the HERAmachine and experiments.An important element to the control system structure is the concept of the Data Server. This is a machinedesigned to acquire all important machine parameters at a sufficient rate so as to be able to act as a datagateway to clients outside the immediate control sub-system. It is both a client and a server with a largenumber of channels, and is in general very busy. This is nonetheless a much more efficient model for Nclients to obtain machine data, than for the same N clients to form individual links to potentially manydifferent front ends (largely owing to the data packing mechanism described earlier). The most importantsubset of machine parameters is broadcast from this machine as described above. Furthermore, as thismachine always has an up-to-date record of the machine parameters, it also serves as the control systemarchiver.As to archiving, machine state variables are regularly archived (with appropriate filters) allowing dataretrieval and correlation throughout the year. Similarly, critical events (such as a magnet quench) caninitiate archive dumps of the state of a particular subsystem at the time of the event. This information is ofcourse of vital interest to the systems engineers.The control system is also designed to be open, in that office client machines also have access to controlsystem data and applications, but with certain restrictions. Namely, the FEC server itself always knows theidentity of the caller and can pre-specify a list of users with WRITE access. READ access is generallyallowed since data READs do not change the state of the hardware. Likewise, client applications can alsochoose to hide options from under-privileged users.HERA: Current StatusSo where are the PCs in HERA? As of this writing, CONSOLEs in the control room are either PCsrunning WINDOWS or NORD mini-computers running SINTRAN, in approximately equal numbers, withthe NORDs living on borrowed time. The current generation of PCs in the control room are 486 33 MHzor 50 MHz machines. These will likely be replaced by PENTIUMs in the coming year.Most components of the proton beam diagnostic controls, as well as some electron diagnostic controls, areincorporated on PC FECs running MS-DOS. A small minority run MS-WINDOWS, in cases where a user-friendly GUI is important at the front end. And there are also a number of non-PC FECs which are a fullyintegrated part of the HERA control system. These are summarized in Table 1.As the data exchange mechanism described above has been ported to most platforms seen at DESY, anumber of control sub-systems provide data server gateways and/or are clients to the HERA data server.The Proton Vacuum and Cryogenics systems, for instance, both of which are autonomous control systemsin themselves, are persistent clients to the HERA data server.HERA: Next YearOne of the last and most important steps in upgrading the existing HERA control system involves magnetcontrol. As yet the 1200 electron and proton magnet controllers are driven by 4 NORD minicomputers.There are two promising approaches currently being tested at DESY. One involves scaling the all-PCPETRA control system to HERA, and the other involves using Symmetric Multi-Processing (SMP) on amulti-CPU SUN workstation (see Herb and Wu, �Accelerator Magnet Control from an SMP Workstation�,poster session this conference). In any case, the 1200 individual channels necessitate a multi-CPUapproach. The SMP solution would control all magnets from one computer whereas the PC solutionwould span more than one. The PC solution appears to work well in PETRA. The number of magnetsthere is considerably smaller, and all magnets can be controlled from one PC. In HERA the horizontal andvertical correctors could conceivably be controlled from separate PCs.

Table 1. Front End Computers at HERA following the PKTR Control System Model.FecNameOSDescriptionHardwareADDADOSHera Tune Controli386, GPIBBEAMSCOPDOSHera P X-channel/Y-channel Beam Scope Monitori386, GPIBBPMDOSHera P BPMs,BLMs,MTMs,Delay Modules,AlarmLoop Modulesi486, 4x SEDAC, V24CMFLDOSHera P Fast Current (Lopez) monitori386, GPIBDATASERVDOSHera P Data Serveri486, WatchdogBEAMCURRDOSHera P and E beam current monitorsi386, GPIB, SEDAC, WatchdogFECSIMDOSHera P development FECi386, WatchdogHERA208DOSHera RF (208 MHz)i486, SEDACHERA52DOSHera RF (52 MHz)i486, SEDACHERAQDOSHera P X and Y tunesi386, 2 DSPsHITDOSHera Intgrated Timingi386, GPIBPETRA52DOSPetra RF (52 MHz)i486, SEDACSCRAPERSDOSHera P Collimator Steeringi386, SEDAC, WatchdogOSZISDOSOscillascope Steeringi386, GPIB, V24IPS104UNIXOrbit CorrectionHPMKI101UNIXOrbit Correction, Magnet DataHPSUN1UNIXDevelopmentSUN SPARCSUN2UNIXNORD GatewaySUN SPARCEMIT_PPDOSPetra P Residual Gas Monitori386, SEDACBLMEDOSHera E BLMsi486, 4x SEDACEMIT_HPDOSHera P Residual Gas Monitori386, SEDAC, ADCZLUM01UNIXZeus Lumi WorkstationSGIDORCAVDOSDoris Cavityi486, SEDACBUNCHCURDOSHera-P Bunch Currenti386, GPIBWIREDOSHera-B Wire Targeti486, SEDACDORQ1DOSDoris Q1 Senderi486, SEDACHFPET_RDOSPetra Senderi486, SEDACDORQ4DOSDoris Q Senderi486, SEDACVWMASTERUNIXVxWorks (Development)VME, CANVWSLAVEUNIXVxWorks (Development)VME, CANPETRAQDOSPetra Tunei286, 3 DSPsPETRAIDOSPetra Beam Currenti386, SEDACHFPET_LDOSPetra Senderi486, SEDACTICDOSHera Intgrated Timingi486. GPIBTUNNEL_ODOSTunnel Temperaturesi386, SEDACTUNNEL_WDOSTunnel Temperaturesi386, SEDACDORFBDOSDoris Q2 Senderi486, SEDACBCURREDOSE Beam Currenti386, GPIBLPSVAXVMSZEUS Roman Pot PositionsVAXPROXYDOSMiddleman FEC: Quench Proxy, Netmex Proxyi386, WatchdogBLMDSYDOSDESY BLM FECi386, SEDACDESYGASDOSDESY Gas Monitori486. GPIBTUNEMODDOSHera Tune Modulatori486, GPIBLPS_H1WINDOWSH1 Roman Pot Positionsi486, SEDACWINFECWINDOWSWindows FEC simulatori486DESYWSDOSDESY III Wire Scanneri486, SEDACHWESTDOSHERA Sender (Development)i486, SEDACHF_HE_SLDOSHERA Senderi486, SEDACHF_HE_SRDOSHERA Senderi486, SEDACHF_HE_OLDOSHERA Senderi486, SEDAC

Table 1. Front End Computers at HERA ... (continued).FecNameOSDescriptionHardwareHF_HE_ORDOSHERA Senderi486, SEDACHF_HE_NLDOSHERA Senderi486, SEDACHF_HE_NRDOSHERA Senderi486, SEDACHF_HW_FBDOSHERA Senderi486, SEDACMKI102UNIXOrbit CorrectionsHPIPS109UNIXOrbit CorrectionsHPVWWEST1VxWorksSPS MasterVME, CANVWNORD1VxWorksSPS MasterVME, CANVWEAST1VxWorksSPS MasterVME, CANVWSUED1VxWorksSPS MasterVME, CANVWWEST0VxWorksTransient RecordersVME, CANVWNORD0VxWorksCPU 0VME, CANVWEAST0VxWorksCPU 0VME, CANVWSUED0VxWorksCPU 0VME, CANVWWEST2VxWorksSPS SlaveVME, CANVWNORD2VxWorksSPS SlaveVME, CANVWEAST2VxWorksSPS SlaveVME, CANVWSUED2VxWorksSPS SlaveVME, CANZIZIUNIXZeus Lumi DataSGIEMIT_HPSDOSHERA Gas Monitori486, GPIBDESYSCOPWINDOWSDESY Scope Gas Monitori486, GPIBThe PETRA model is worth mentioning here. For one thing, it is a much more homogeneous modelwhere all of the players (with very few exceptions) are PCs running MS-WINDOWS. This in itself hasmerit, as we shall shortly see. Furthermore, the control system ETHERNET segment is kept isolated, withonly a gateway interface to the outside. Most of the traffic on that segment is restricted to pure producer-consumer traffic, or rather �producer traffic.� Data are flushed from the front ends onto the net via broadcastat a cycle frequency of 1 or perhaps 2 Hz. The consumers only listen; they don�t introduce any extra traffic.Of course allowing commands from the console necessarily implies that client-server traffic also appearsfrom time to time, but not in sufficient quantity to upset the overall loading.Which, if either, of these solutions will be adopted remains to be seen. However, we should note that ifthe SMP approach is adopted, this will add yet another make of ’Mercedes’ on the control system. Is thisbad, good, or irrelevant?There is much to be said for keeping a system as homogeneous as possible. The expertise developed indealing with a specific platform is then shared by many, and no one person ever becomes indispensable. Onthe other hand, there is also a danger in putting all of our eggs in one basket (however mighty Microsoft orWind River appears at the time). In this regard it is perhaps more prudent to relax our definitionofhomogeneous a bit. In the end, �How we got there� is more important than �Where we went.� In otherwords, if I can take the same code and compile and run it on another platform with minimal effort, then mylearning curve on the new platform is not so steep. On the contrary, I am likely to feel at home in my newenvironment, and my general knowledge will increase steeply. I then also have the ability to �plug andplay� at the front end, where (as long as I adhere to our initial ansatz of the control system model) I cancompletely alter the machine and reconnect it to the control system, without any of the other participantsknowing. Rather, the application layer will know that something has changed and figure out how to dealwith it, but the applications programmer still sees the same object on the other side of the API.As to the data exchange mechanism, the homogeneity of the HERA system lies in the API, which is anidentical C interface across all of the previously mentioned platforms. Reading hardware might of courserequire a completely different expertise on one system than on another, and in this light there remains a strong bias in sticking to the PC environment. Nonetheless, as UNIX offers a fairly standard workingenvironment across many platforms, UNIX solutions to controls problems are not to be avoided, on thegeneral principle of hedging our bets. Being able to easily incorporate a special UNIX solution to acontrols problem and at the same time to allow an engineer who has tested and developed his hardware witha PC to trivially include his work in the control system proper are both good capabilities to have.The waters will undoubtedly be muddied even further in 1996 as the control system API will be ported toWINDOWS-NT, i.e. to the WIN32 API.C or C++ is the natural language of choice when interfacing with the control system API. The notableexception is under WINDOWS where, since it offers such an outstanding GUI, Visual Basic is used. VisualBasic itself fills a development tools niche so well that there has been over the past two years a flurry ofactivity from several vendors either to offer something similar (or better) or to port Visual Basic to non-PCplatforms. The ease with which one can learn and program something useful with Visual Basic isastounding. This point should not be taken lightly, as a good many of our own CONSOLE applicationshave been written in this language by machine physicists whose last programming experience had beenFORTRAN IV several years ago. This in turn enables the software engineers to devote more time at lowersystems levels. Future incarnations of Visual Basic will almost certainly offer inheritance andpolymorphism to its GUI objects, making it a legitimate object oriented language.AcknowledgmentsI would like to express my indebtedness to A. Pace and I. Deloose at CERN/PS for many of the thoughtsand ideas presented here. I would also like to explicitly thank S. Herb, K.H. Mess, H.G. Wu, and F. Petersfor many useful discussions and rounds of constructive bickering.