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ABSTRACT

Workstations have been introduced at CERN in 1982. After 5 years of experience, it is now
possible to draw some conclusions on their impact and weaknesses. The requirements for new
workstations and their integration in more conventional computing systems is analyzed.

Chapter 1
Introduction

Personal Workstations are now becoming a reality in the world of High Energy Physics. Low-end
workstations with the capacity of a VAX 11/780 and a high resolution screen are now cheaper than a
graphics terminal 3 years ago. Every month sees new announcements of still more powerful devices at
lower and lower prices. But conventional time-sharing systems and mainframes are still largely domi-
nating the wosld of computing in HEP. Many laboratories have massively invested money into these
systems in the past years. Should we see workstations as an alternative ?

I have been involved in the past 5 years in the evaluation of workstations. My experience is limitated
to the kind of work in which I am actively involved, development of large systems and interactive
graphics. Moreover I have worked mainly with low-end workstations of the same manufacturer (Apol-
lo) and my conclusions do not neccessarily apply to all kinds of workstations. In the first part of my
lectures, I will describe the reasons why, as a privileged user, I became quickly so enthusiastic. In the
second part, maybe moderating somehow my enthusiasm, I shall try to extrapolate my experience to
the case of large physics collaborations, analysing potential problems and proposing some solutions.

Chapter 2
Experience of a privileged user
2.1  Getting started

At the end of 1981 the PERQ workstation was presented at CERN. Like all my colleagues attending
the technical presentation, I was very impressed by the high quality of the screen and nice demonstra-
tion programs. A bee was flying on the screen when the system was idle and a finger moving on the
edge of the screen was showing the line number in a file while editing. This was really new at the time.
The device was left at CERN for tests and guinca-pigs were welcome. The famous game “Pacman”
became a pole of attraction and was indeed a nice tool to understand the concept and performance of
the so-called raster-operations (see I Willer’s lectures).
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I was, at this time, deeply involved in the reconstruction and simulation programs of the NA4 experi-
ment. I was very lucky to have in my office a Tektronix 4006 giving me full satisfaction. The 4006 was
not only used for event-scanning and program development for the NA4 analysis chain, but also for
the HTV[ 1] package, an interactive version of HBOOK and HPLOT.

During the spring of 1982, together with Ian Willers, we tried to implement the HTV system on the
PERQ but we failed. The PERQ was equipped with a small and slow 20 Mbytes Winchester disk and
only 512 K memory. The system was connected to the central machines via a serial line at 4800 bauds.
We had to split the HBOOK file (17000 lines) into 17 pieces and many changes were necessary in the
code. The PERQ compiler was very restrictive. As the results were not coming quickly, the imple-
mentation of HTV on the PERQ became a very low priority.

In May 1982, representatives of a small company (Apollo) came to CERN to present their first prod-
ucts. I did not attend the meeting, the PERQ experience was enough. A few days later I was strongly
encouraged to spend one week in Boston (Apollo headquarters) to implement HTV. I had been
working very hard in the previous months, so a one week interupt was welcome. As I had never been
in the States before, I accepted the proposition.

The week was very successful partly because I received good help from two competents persons i1 the
company. On the first day, I could implement HBOOK, ZBOOK, ZCEDEX and a subset of
KERNLIB (about 40000 lines of code). The second day I was able to run HPLOT and HTV with a
very primitive emulation of the PLOT10/TCS package. I spent the rest of the week in improving the
graphics interface, trying various implementations and learning more about the system.

When I came back at CERN, I was in the situation of somebody who had tasted some drug and has
to try again. I had to wait 3 more monthes and then the DD division decided to purchase two Apollo
workstations.

2.2 Hardware evolution
During these five years I had the opportunity to work with several types of workstations.
L The PERQ, as already mentioned,;

° The Apollo DN420 in 1982. This machine was based on the MC68000. It had a 1 Mbyte main
memory and a 60 Mbytes Winchester disk. Another DN420 has been running diskless attached
to the DN420 for a few months. A 1600 bpi tape unit was connected to the Multibus unit. The
communication with the central mainframes was achieved via a serial line at 9600 bauds. The
CPU was equivalent to 0.25 MIPS.! The bitmap display had a resolution of 1024 by 800 pix-
els. The DN420 has been replaced in 1985 by more modern equipment.

° The Apollo DN460 in 1985. Based on bit-slice technology, the CPU is equivalent to 0.9 MIPS.
The display is the same as the DN420. The initial configuration had only 1 Mbyte main memo-
ry, expanded later to 2 Mbytes, plus a 160 Mbytes Winchester disk and a Multibus interface.

1 1 MIPS (Million Instructions Per Second) is equivalent in our benchmarks to a VAX 11/780 with a floating point accelerator.
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o The IBM PC/RT (RISC technology) in 1986 with 2 Mbytes main memory and a 40 Mbytes
Winchester. The display unit was a low resolution terminal. The experience with that machine
has been very short, as I have not been able to edit even the shortest of all my files.

U The Apollo DN3000 in 1986. Based on the MC68020 running at 12 MHz plus the floating
point coprocessor 68881. This is the workstation which is currently on my desk. It is equiped
with 4 Mbytes of main memory and a 75 Mbytes Winchester disk. The CPU is equivalent to 1
MIPS. The display unit has a resolution of 1280 by 1024 pixels. The DN3000 is the low-end
workstation offering today the best HEP Fortran style environment. This is the workstation
which is currently on my desk. My comments in the next sections are essentialy based on this
workstation.

] The VAX station 2000 in 1987, based on the micro-VAX chip, running diskless and with 5
Mbytes main memory (ALEPH configuration). This machine has a capacity close to 1 MIPS.
The display unit has 1000 by 800 pixels.

About 60 Apollo workstations and 30 VAX stations 2000 (or GPX) were installed o1 the CERN site
in September 1987. The number of stations is increasing rapidly.

2.3  Description of Workstation facilities
2.3.1 A multi-task operating system

In contrast with the PCs, workstations have a multi-task operating system. The VAX stations run
VMS. This is a very important advantage for users who already have VAXes. The large majority are
running UNIX or UNIX-like operating systems. Even Digital seems to put more and more effort into
ULTRIX.

On the Apollos, up to 56 processes can be run concurrently. Each process may have an address space
up to 16 Mbytes and even more on the high-end stations. I can run on my workstation programs
which do not fit in the central mainframes. There are typically 3 or 4 processes running in the back-
ground (servers) and it is very convenient to run 3 to 5 additional user processes. For example, while
compiling a file in one process, one can edit another file (under the control of the display-manager pro-
cess) and run an interactive program (eg. PAW [3]) in a third process. Each process runs in a differ-
ent window.

2.3.2 The Display Manager
The Display-Manager (DM) is a high priority process which takes care of all the Input/Output (I/O)
operations in any of the existing windows on the screen and also growing, shrinking and popping these

windows. It may have its own I/O windows (eg. at the bottom of the screen on the Apollos) or it
may provide a user interface based on pop-up menus

2.3.3°  Graphics

Workstation manufacturers provide a native graphics system. The first programs run on the Apollo
were based on the GPR package which is simple to use and efficient. The Minimal GKS (MGKS)
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package[ 2] has been developed on the Apollo and then made available on other computers. It has
been used until recently by most of the graphics application.

The GTS-GRAL package (GKS/2D and GKS/3D) are now available on Apollo and many other
workstations. Applications like PAW are now based on GTS-GRAL. This version of GKS is consid-
erably better than MGKS, both in functionality and speed. One of the main problems remains with
the size of the metafiles. Metafiles can easily reach several megabytes and they must be transported to
the mainframes to get access to the plotting devices.

The native graphics packages are very attractive for applications running only on the workstation.
They provide facilities specific to bitmap displays and they are at least 10 times? faster than GKS.

2.3.4 The SHELL

I have always used the AEGIS shell (UNIX like). The command names are somehow clumsy, at least
not as user-friendly as VAX/VMS. For example to copy filel to file2 one has to type CPF filel file2.
Just typing CPF does not issue a prompt but an error message. This is the only negative point when
one compares AEGIS with VMS.

2335 The file base

The UNIX hierarchical file system is extremely powerful and simple. It is easy to structures files with-
in applications. The VM/CMS minidisks look old-fashioned and hard to use in comparison. With the
ACL (Access Control List) facility, one can specify the Read, Write, Execute permission at the file or
directory level. There is nevertheless one drawback in the system: it is not easy to specify disk quotas
per user. This is not an important restriction as, in general, a disk is allocated to one single user.

2.3.6 The Editor

Editors such as the Apollo screen editor are simple to use. One can edit several files at the same time,
each in a different window. One window may display up to 80 lines of code® (See Figure 1). In this
way one has a global view of an algorithm and printed listings are less frequent than with conventional
editors on alphanumeric terminals.

The editor is not particularly fast. For example, to edit the GEANT.CAR [7] file, it takes about 10
seconds to point to the last line and about the same time to save a new version. Note that the same
test on the PERQ would have taken at least 10 minutes.

A very intéresting feature of the editor is the ability to search in the tra.nscnpt pad of each process and
to copy parts of this pad into a normal edit-file.

2 benchmarks run with GPR or GMR on Apollo and UIS-DC on VAX stations

3 The number of lines depend on the selected character font for the window
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Figure I: The Editor. Examples of several edit-files on the same screen

2.3.7 Compilers

Good Pascal, C and FORTRAN compilers are available. The Apollo FORTRAN compiler has many
extensions like the VMS compiler. The speed of the compiler is a function of the selected options,
Debug, Optimization,etc. Eight minutes are require d for GEANT (1 minute to run YPATCHY). As it
is possible to do something else (edit for example) while a file is compiled, the speed is in general not a
problem.

I recompile frequently large pieces of code while I am thinking, or debugging a program, or during a
coffee break. I cannot do that on a time-sharing system if I want to be fair to the other users.

The Apollo FORTRAN compiler can be considered as very good compared to the other Unix sys-
tems.

2.3.8 Linkage editors, Librarians

Apollo has a good loader and linkage-editor (the so-called BINDER). It is possible to create
pre-linked modules and Installed-Libraries. We succeeded in making the CERN Library modules
KERNLIB, PACKLIB, GEANTLIB and GKS Installed-Libraries.
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Once a library is installed, it can be mapped to the virtual address space of a process. This is done
once per session and takes only a few seconds. The Binding operation is then extremely fast and the
image module generated small. The table below shows the linking time for PAW and GEANT on
Apollo and for comparison on VAX station 2000, VAX 8800 and IBM (VM/CMS).

I I Apollo I VAX 2000 I VAX 8800 I 1IBM I
PAW I 5s I 164s I 62s 48s I
I I I I
I GEANT I 3s I 182s I 67s I 55s I
I (GEXAM1)I I I I

- Time to link PAW and GEANT(example 1) on various systems -
Note that on the VAX 8800 and IBM, the link time may vary (in the bad direction) by large factors.
On VAXes the sharable library for GKS was used to link PAW.
I have found this fast linking to be a very important feature in the program development phase, where
the cycle EDITOR, COMPILER, LINKER must be repeated frequently. :

2.3.9 The Symbolic debugger

The Apollo symbolic debugger can be compared to the VMS debugger. There are two important fea-
tures missing :

. SET WATCH variable;
U CALL routine (very useful in interactive applications).

The macro facilities to set conditional breakpoints are very powerful, and the possibility to see large
pieces of code with an arrow pointing to the statement being executed is wonderful.

2.3.10 Communications

The Apollos at CERN are connected to ETHERNET and CERNET. Transfer of files to/from VAX
and IBM is better done using the FTP (TCP/IP) program. Reasonable transfer rates can be obtained:
15 to 22 Kbytes/s for text files and up to 50 Kbytes/s for binary files.

A big problem remains with FTP. The user interface is different on Apollo, VAX and IBM. The
transfer of binary files is not always possible and results may be unpredlctable This situation is not

acceptable in the medium and long term.
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2.3.11 Terminal emulation

More and more sophisticated tools for remote-login® on central or other machines are coming. It is
sometimes difficult for a beginner to choose the right one.

EMT: Terminal-Emulator enables remote login via a serial line. With EMT many types of con-
nections are possible, mainly via the INDEX system. During the development of GEANT, 1
have used this sytem to communicate with a VAX at Carleton University in Ottawa. I could
transfer text files, just by listing them on the screen, at a time when no DECNET or BITNET
facilities were available across the Atlantic.

EMTG: This is a modification of EMT used as a Tektronix 4014 emulator. This has proven to
be very useful when debugging the GEANT graphics system on the VAX. In this mode of oper-
ation, two windows are open: one contains the normal alphanumeric output, and the second
one emulates a subset of the 4014. A 4014 emulator is also provided by Apollo, but graphics
and alphanumeric output get mixed in the same window.

TELNET: Remote-login facility running with TCP/IP. This is now the best tool to communi-
cate with VAXes at CERN or any other system running TCP/IP.

TELNETG: A modification of TELNET to run with graphics applications. It is similar to
EMTG? and slightly more powerful.

EM3278: This is a terminal emulator using SNA for communications with the IBM systems.
Unlike the other systems not mentioned here, the mapping of the function keys is correct, but
the system remains sometimes blocked for unknown reasons. EM3278 does not work for
graphics applications.

All these facilities, not yet mature, are nevertheless extremely useful. Most of the time, when working
on my Apollo, I am connected via TELNET to VXCRNA/VXCRNB and via EM3278 to the IBM
(See Figure 2).

4

Without remote-login tools a second terminal would be required

5 EMTG and TELNETG have been developed in collaboration with Ben Segal

351



//pa-/userlbr‘un/geant/geant.:ar [’} 14841

[ +0ECK, CPHOT:
CUBROUTINE GPHOTX

|/37 ONLINE-PRESS ENTER KEY T0 BEGIN SESSION

Calculates oross-seotion in ourrent material
For PHOTOELECTRIC EFFECT using m. empirical oross-section

w w MM MM Fornuia of L.Urban (ses HRITE U
w w MMM MMM NOTE:
W W MMMM MMMM 1> Above 6.858 GaV ¢ €6 MeV) » out is inposed as

he
contribution from photoeffec! iIs negligible For ecan.c1.0. 650,
(2) From 18KeV 10 160KeV a special parameirization

has been introduced

w VW MM MM MM MM
3333333333 777777777777MMMM - 00000000

sessesssnssnees

sresssnceses

4 INNANNO00ANNONNNNN0D

333333333333 77777777777 MM 0000060000 T aad B © PHTET eecsene
33 Yv33 7w 77 OOMM of
V33 W 7™ OOMM 00
33 w 77MM O0MM 00 +SEQ, GCBANK
3333vy WV 77 MM OOMM 00 peifRsaasid
3333 VWY 77 MM OOMM 00 s5€Q, CCONST
3w 77 MM 0OOMM gg .:::,gg.lb:c
33 77 00 "PEQ-C0ATA avose. ce22048/
33 33 77 [cl¢] 00 &
333333333333 7 0060000000 < i , reorr
3333333333 77 00006000 c vniverssl enarey oui=e

SICe8.
ECAR=ELONCIEKBIND
IF(EGAN.CT.0.85) COTO 98

IF(Z.LT.1.) GOTO 98
IFCIMIXT.EQ.B)THEN

RUNNING ~ CERNVM
o c sinple naterial C(elenent)
h 03 APlovH ~screen. cpy ¢

cess_78

JPROBLACINA-4)
SIC=GPHSIC(Z, EGAM) SAVOSDENS/A
ELSE

‘elnet vxernb c compound/nixture
c
ying... press ey
SI
ren oo 28 T=1,NLH
J-:HIKVQI
This is the VXCERN VAXcluster running VMS 4.6 amecn
WHAT=Q(J+2eNLN)
S-CPNSIC(ZZ ECAM)
SeSeNNA’
SICI&IDO‘VO.DE"SO'
20 CONTINUE

ENDIF

WARNING OF POWER CUT IN Rios and terminal room in Building 2

p2324

c
96 IFC(SIC.CT.B.)THEN
GCJPHOT+IEKBIN)=1./§1C

1ere will be a power cut in Building 2 on:
Process_77 . n

5]
vt1601.b vt1861.dhb
vt1861.0v vt168s

¥t160s.dhb vt188s.dht

Monday 2nd May from 07:30 - 08:45

1is will affect the Rios printers (RMT41, RMT44 and RMT54)),
e Cernet nodes and Frigate FABA22 and the terminals in room 1/032.
1e reason for this interruption is the re-wiring of this area.
ername: BRUN
ssword:
Welcome to VAX/VMS version V4.6 on node VXCRNB

»and: —l

vt168s.0v

181 entries.
cpu time: 0.789. real time: 3.444.
$ cpscr trota_fig2

Figure 2: Remote login. Using TELNET and EM3278 to connect to VAX and IBM respectivsly

2.4  Reliability, Backup, Maintenance, Miscellaneous

During these five years, I had to report three hardware problems:

o The power supply for the DN420 had to be changed (machine unavailable for two days);
° the monitor of the DN460 has been replaced (machine unavailable one day);

o the Winchester disk of the DN3000 became too noisy and was changed at my request (machine
unavailable for three days).

I have never lost files (I have anyway frequent backups on the central machines). However one of my
colleagues had a serious disk crash and lost his files two years ago. We have encountered many prob-
lems this year with a 500 Mbytes disk attached to a file server DSP90. Users are responsible for the
backups of their disks, either on 60 Mbytes cartridge tapes or via the network. To my knowledge, no
problems with the CPUs or the memory boards have been reported.

With the exception of the DN3000, all the other stations cannot be installed in a normal office. They
are too noisy and they can replace the central-heating system. This remark in particular applies to the
high-end stations.
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2.5 Conclusions of a privileged user

I had the opportunity to test the first generation of workstations. I knew, when I started, that many
facilities were still missing, in particular in the area of communications. Being the first guinea-pig, I had
to solve many problems which may look trivial to-day. I am convinced that it was a good investment.
I do not see how large packages such as GEANT or PAW could have been developed in the same
time-scale without workstations.

Chapter 3
Trends

In the first parts of this lecture, I have concluded very positively on the usage of workstations. But I
had three workstations in five years, the first two being very expensive. This model cannot be applied
to the case of several hundred potential users. Economical parameters such as the hardware life-time,
must also be part of the analysis. In the following sections, I discuss a few points which are becoming
more and more important.

3.1 The operating system

As already mentioned, UNIX will become more widespread on workstations but also on mainframes.
The various existing SHELLs will, I hope, converge to something more user-friendly. Modern user
interfaces based on the portable X-Windows standard will be coming shortly. It is therefore important
to invest into UNIX systems now.

3.2 The Program Development environment

There are no doubts that workstations will continue to provide a better environment than time-sharing
systems. Computer Aided Software Engineering (CASE) is already offering tools for Visual Program-
ming systems based for example on the SADT methodology. Such systems, still in the infancy, will

play a major role in three to five years from now.

Symbolic Debuggers and Performance Coverage Ana.lyiers will continue to improve.

3.3  Text processing

A profusion of text-processing systems exist on workstations. They are either very sophisticated and
non-portable (INTERLEAF) or the quality of the output is not suitable for publication.

The SGML system[8] is now introduced at CERN on the VM/CMS system. It enables text and
graphics (GKS) to be mixed and it contains a very powerful and “simple to use” formula-processor

EQN. The high resolution bitmap displays are perfect for fast preparation of documents, the
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laser-printer being used only for final printing. It seems that the implementation of SGML on a work-
station will require several man years of effort. A new version of the INTERLEAF system coming
soon is interfaced to SGML. This solution (or equivalent) would present two major advantages:

J possibility to use a WYSIWYG (What You See Is What You Get) system on the workstation;

] possibility to send the results across networks for processing by the non-interactive versions of
SGML and vice-versa.

The TEX and LATEX systems are available on all workstations. A very good and fast LATEX viewer
is available on the Apollo. LATEX, being a de facto standard in most of the HEP laboratories, is cer-
tainly the best interim solution until cheap and efficient versions of SGML become available.

3.4 Workstations with Super-minis and Mainframes

It is likely that the life of Super-minis is coming to an end. Even when running the very popular VMS
(and may be because of that) they are always saturated. Multiplying their capacity by a factor 10 will
not change the situation. A user of GEANT will run ten events interactively instead of one.

Mainframes are still attractive. Centralized operations and I/O services are of good quality. They will
provide in the next years the bulk of the CPU capacity for “production jobs”.

One must therefore work on the hypothesis that workstations and mainframes will cohabitate. The
fraction of a mainframe devoted to time-sharing should be kept to a minimum to ensure a better per-
formance for number-crunching. The speed and the reliability of communications between the two
worlds must be improved.

Tools, such as VAXACCESS (Apollo — VAX) or INTERLINK (VAX —IBM) are steps in the right
direction. The Network File System(NFS)® or the Network Computing System(NCS)’ will make pos-
sible the access to mainframes without learning the Control Langage for these machines.

Getting access to central data bases from programs running on a workstation will become essential.
How can we transport data records in a transparent way between machines with incompatible floating
point formats? Systems such as ZEBRA[4] are already used to transport data in a machine indepen-
dent way. They will have to be coupled with facilities like FTP if one wants :

. to avoid having two copies of the same data set;

U to transport only a subset of a direct-access file;

U to provide a data-structure server.

6 from SUN Microsystems

7 from Apollo
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In a similar way, graphics tools must be developed to enable programs running on mainframes to com-
municate with the workstation. Programs such as TELNETG must be considerably developed. They
could be based on the emerging X-WINDOWS standard and on the user interface package KUIP[5]
developed in the context of PAW. The HIGZ[6] graphics package which offers high-level graphics
primitives could be interfaced to X-WINDOWS to provide more efficient communications.

3.5 Workstations for number-crunching ?

Workstations of 4 MIPS are now on the market. 10 to 50 MIPS Stations are expected in less than one
year; they should be available at the cost of today’s low-end station in a time-scale of three years.

Meanwhile, attached processors or compute servers (eg. Alliant FX8) are available. Arrays of transput-
ers or other kinds of powerful parallel machines (up to 40 MIPS) are being integrated into networks of
workstations.

It is possible and simple to use workstations in parallel. A LEP collaboration could for example run
the simulation program GEANT on 10 workstations (one event per station). A capacity equivalent to
central mainframes can be obtained at night time when workstations are not used for interactive appli-
cations.

Chapter 4
Conclusions

Workstations are now a reality. They will progressively replace in the next two or three years the ter-
minal which is to-day on each Physicist’s desk. They are invaluable tools for individuals or small teams
developing large systems. For the new big collaborations, I see two possibilities:

° Low-level integration. Collaborations continue to use workstations as we do now. This solution
does not require too much development. Communication facilities with the mainframes will be
gradually improved. But these workstations may become very quickly obsolete (two years
life-time) when new models are annrounced. They will become expensive terminal emulators
connected to bigger machines.

U High-level integration. A substantial effort has to be undertaken in the area of communications,
Remote-Procedure-Calls facilities, Graphics and User-Interfaces, access to mass-storage. The
ratio of (What is executed on the workstation)/(What is executed on the Mainframe) can change
with applications and within the same application as a function of the upgrades taking place on
both sides. The life-time of workstations should increase (four to eight years).

We are just entering a new and fascinating era of distributed computing on heterogeneous networks.
Workstations are going to play a major role in this scheme. This cannot be without consequences on

the design of the HEP software.
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