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UNIVERSITY OF YORK

HESLINGTON, YORK, YO1 5DD
TELEPHONE 0904 59861
TELEX 57933 YORKUL

DEPARTMENT OF CHEMISTRY
Professor G G Dodson

12 August 1985

Dear David

The main development at York has been the appointment of
John Helliwell to the Physics Department as a new blood
lecturer in protein crystallography. Obviously John will
continue to contribute to the development of the SRS and
he will to toing and froing a certain amount for a fair
period. Keith Wilson meanwhile has gone to Hamburg for
3 years to look after the protein crystallography there.
Fortunately we are not going to lose Keith. He will be
collaborating closely with us while at Hamburg and,
marvellous news, he will return to York in 3 years to a
lectureship in Physics.

As probably most people will know, Dorothy Hodgkin is a
frequent visitor to York; the University has made her a
Visiting Professor which is nice for us. Another connection
is with Peter Murray-Rust who has been made a Visiting Fellow;
this recognises our extensive shared interests in graphics
and structure. We are at present enjoying a short visit from
Ted and Heather Baker from Palmerston North in New Zealand.
Ted and Heather have been in Brian Matthews laboratory at
Oregon, on sabbatical leave.

Spicek and Mirka Dauter are about to return to Gdansk after
another 6 month visit working on the metal binding environment
in insulin and some small molecule structures. Our Polish
connection will be maintained by Zygmunt and Ursula Derewenda's
return next October; they will be working on various insulin
structures. Finally Keith Moffat now at Cornell, will be
coming next Academic year to work at York and Daresbury with
John Helliwell on synchrotron radiation and structural problems.

The arrival of the York PS 300 (and imminently the VAX) has
prevented the expected hiatus following the return of the Leeds,
Sheffield, York PS 300 system to Sheffield. From our point of
view the moving picture system was very successful; it got us
into efficient habits and gave us time to evolve our computing
organisation and support. But we are now facing a move of the
graphics and biochemical laboratories and this, together with
the refinement studies, the water structure analyses and the
films Rod Hubbard and Max Perutz are making is beefing up the
pressures ; so much so that Rod is going to Harvard for a week
to get some work done!

Yours Dr D Rice
C:j Biochemistry Dept
ey University of Sheffield
Sheffield
S10 27N
Guy Dodson
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Frodo and the PS300

P.R.Evans

MRC Laboratory of Molecular Biology
Hills Road

Cambridge

(B2 2QH

Over the last two or three years, the Evans & Sutherland PS300
has been displacing the earlier PS2 and Multi-Picture Systems as the
standard machine for molecular graphics, and many crystallographers
are mnow familiar with wusing them. The PS300 differs from previous
devices in that it performs many of the functions which were
previously performed by the host computer. This has the advantage
that most of the real-time operations (rotatioms, translatioms etc),
and most of the book-keeping of display lists are handled by the
PS300, but the disadvantage that operations on the transformed
coordinates are hard to do, in particular distance calculations
between different parts of a structure and bump checking for docking.,
Conversion of programs to run on the PS300 is not straightforward, as
decisions have to be made as to what is dome in the PS300 (most
operations that directly linked to interactive dials, buttons etc) and
what is to be done in the host (the setting up of display 1lists, ie
'drawing’ the molecule, maps etc). Most installations at present have
only a slow link (9600 or 19200 baud) between the host and the PS300,
which discourages frequent interchange of large amounts of data, and
this also complicates writing programs for the PS300. Thus although
the PS300 is in general more powerful than earlier graphics devices in
that it can display more vectors etc, a few facilities are difficult

to implement on it.
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Probably the most widely used molecular modelling program is
Frodo, written by Alwyn Jones. ¥Frodo was originally written for the
interpretation of electron demsity maps, and this probably remains its
major muse, but facilities have been added that make it useful for
general display and structure comparison, and to a lesser extent for
speculative model building, Frodo has been implemented on a number of
graphics devices, and various people have modified it over the years,
retaining its basic structure, but confusing its history. Frodo was
implemented on the PS300 by the group at Rice University, Houston,
Texas, originally by Jim Pflugrath and Mark Saper: this version has
been widely distributed. Over the last two years, I have developed an
alternative PS300 version, starting from a Fortran-77 version
constructed by Rod Hubbard from a Multi-Picture System Frodo and
pieces of the Rice University code. This has by now been extensively
altered to add new facilities and to make it easier to use. This note
describes briefly some of the differences from other versions of

Erodo.

1. Handling of density maps.

The parts of the program handling the display of maps has been
completely rewritten. The program will take maps as packed demsity
maps (contoured on the fly), as precontoured vector maps, OL as
ridge—line maps. These are all treated in similar ways in that the
selection of which bricks to be displayed is common to all types of
map. The minimum element of the display for each map is the vectors
at one contour level for a 'brick’, ie a volume of space defined by

NX x NY x NZ grid points. For all types of map, once a brick of
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vectors at a particular contour has been sent to the PS300, it need
not be sent again in the same session. Up to 4 maps (of different
types) can be handled, provided they are on the same grid, and up to a
total of 8 different contour levels, all of which may be coloured and
switched on and off independently. Usually, the program is rum such
that whenever a new set of atoms are selected, all bricks close to
those atoms are automatically displayed. The volume displayed may
also be edited by adding or removing a region around a point which may

be moved around the screen.

2. Symmetry.

The symmetry routines have also been rewritten. Both
crystallographic and mnon-crystallographic symmetry operations can be
used. Symmetry can be used in two distinct ways: in the selection of
both foreground and background atoms symmetry can be used to choose
all atoms which 1lie in a defined sphere. Alternatively, for
background display (see below), a molecule or subunit can be displayed
with a specified symmetry operation, so that oligomeric molecules and

crystal packing can be generated.

3. Background displays.

The background display part of Frodo (MOL) provides a very
flexible way of drawing molecules. These pictures can provide a
static backdrop for model-building, or can be wused to examine
structures. This part of the program provides flexible colouring
options (colouring by atom type, B-~factor or by region), molecular

surfaces (Van der Waals, or solvent—accessible surfaces calculated
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externally), external vector lists, extra linmes and points, and atom
or residue labels. The display may be divided into parts which are
separately switchable and colourable, and sub—pictures can be created
which are then displayed ('instanced’) with different symme try
operations. The PS300 facilities for creating hierarchical data
structures makes this sort of display easy: once a picture has been
created with a unique name, the host computer can forget all about it

except what it is called.

The background display is very useful to provide the context of
the region of the molecule being changed. The foreground atoms, which
are altered in model-building, are all drawn the same colour: this
would be difficult to change on the PS300 since for efficiency vectors
must be sorted into their colours. A superimposed background picture
coloured by atom type then provides both a visual identification of

the atoms, and a record of the starting point of the model-building,

4. Regularization

Some minor modificatons have been made to the regularization
option REFI. The anchoring (ANCH) of the ends of the refinement zone
now allows only one end to be anchored, and the definition of atoms to

be fizxed can be changed, so that nucleic acids can be dealt with.

5. Keyboard commands.

The format of keyboard commands is more flexible than in earlier
versions: parameters to commands may be given om the same lime as the

command, or otherwise the program prompts for the required input. All



commands may be abbreviated provided that they are unique. All typed
input can be recorded in a file, and ‘played back’ 1later (after
editing if necessary). 1In particular, this provides a convenient way

of saving complex background pictures.

6. Extra facilities.

Various minor extra facilities are provided. These include an
interactive Ramachandran plot, a ruler that can be moved around the

screen, and a hydrogen—bond search (with editing of the H-bond 1ist).

7. Missing facilities.

The major missing facility present inm earlier Frodo's is the
continuous distance calculation between parts of the structure moved
by FBRT or TOR. This is difficult to provide on the PS300, although
Evans & Sutherland have now provided functions which could be used for
a limited distance monitor on pre-nominated distances (not a
continuous mneighbour search), and it is possible to implement such
facilities doing the distance calculation in the host, but to avoid
swamping the speed of the slow interface, it is necessary not to

update the distances too often.
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Appendix A list of the most recent changes (for current users)

19/8/85 E2.3 Fixed small array dimension error in SCOLVW (MOLCUL)
The setting of atom colours and VDW radii for MOL needs making
more flexible sometime. Failed to get soft control/C interrupt
to work: it blows the GSR routines.

14/8/85 E2.3 New version of Frodonetl, all global, FBRT and move
networks replaced with simpler versions using the E8S supplied
user—written functions AAROT, TRANSPOSE, ORTHONORM.

Network LAST.FUN also changes the sampling rate om all dials to
12 /second (this removes the sluggishness of the new rotate
networks), and increases the sampling rate of the tablet (’L')

14/8/85 E2.3 Nick Strauss fixed bugs in RIDGE

11/7/85 E2.2 Changed MAKERD so that residues have a legal number,
numbered from 1 at the beginning

10/7/85 E2.2 Added VDW radii for Cl1 (instead of Zn) (subroutine
SCOLVW/MOLCUL)

25/6/85 E2.2 removed switches of picking off and on from FBRT display
structure: this caused spurious atom picking when FBRT was
active. Changed DATASTRUC.FUN

24/6/85 E2.2 Added .Yes/.Fbrt option to activate all foreground atoms
as FBRT object (changed FBRT)
Fixed buglet in HBND, .NoDA can't restart h—bond search if .No
has been cleared by .NoID. .NOid now does not clear .No
(INTER)

27/5/85 E2.1 Key O or o restores last orig centre after 'C’
24/5/85 E2.1 Small bug in ridge—line display in MAPSUBS

23/5/85 E2.1 Fixed bug in READWH to allow you to read non—standard
"Hendrikson” format files,

22/5/85 E2.1 Fixed small bug in SYMGEN (SYMTRY) which caused the basic
molecule to be drawn as symmetry—related if the sphere was
larger than the unit cell.

21/5/85 E2.1 Changes to MOL: LABEL now sets flag, so that labelling
is done by all atom—drawing commands label is on.
Added options to read and draw molecule surface file (from
Connolly program): MSURFACE sets flag so that atom—drawing
commands select atoms, then read corresponding surface, and
DOTS reads whole surface file. See SURFACE.TXT for generating
surfaces.
Key 'C' now centres and scales picture to foreground atoms
(see FASGEN, FRODONET3)
Added SYMPrint command to Chat, now prints cell dimensions
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8/5/85 E2.0 Fixed bug in PSUPDT, since firmware Al changes first
vector in Send VL to P, so may have to be changed back to L.

7/5/85 E2.0 Changed stereo options to shear the two views rather than
to rotate them: this gives less problems with slab clipping.
The stereo "angle" is now fixed at ~3 degrees. Changes in
DATASTRUC. FUN, FRODONET2.MAC

2/5/85 E2.0 Trapped zero distances in Hbond search. Allow H-bond
search in MOL (command HBOND to draw H-bonds, BOND to draw
covalent bonds). MOL can now instance permanent objects
BOND, FBND, and HBND

30/4/85 E2.0 Made HBND object separately switchable, on function key
F4 instead of axes (now included in menu object). Changes to
DATASTRUC. FUN, FRODONET?2 .MAC,

HBND/DANG calls function ARCOOS instead of fortran function
ACOS so that cos(a)>l is trapped.

23/4/85 E2.0 Change ZLNK command to allow two pairs of link atoms
so that can draw proteins and nucleic acids together

19/4/85 E2.0 Added MOL option RLIST to draw list of residues., Also
made MOL and SAM help commands look at rest of line
MOL/FLASH checks for recursive instancing

4/4/85 E2.0 Added menu option .Hbnd, 1ike .Bond except draw dashed
bonds. Routine CLRHBN, entry HBND, also does H-bond search if
.yes & .no are not set.

1/4/85 E2.0 Changed to using GSR routines instead of PSIO routines.
All GSR calls are in P3GSRIO, alternative PSIO versions in

P3PSTI0
Small changes made to MAKMAP (MAPSUBS), NAYBR, FRODOMAIN to
make two versions compatible. Chat command TERM sets PS300
interface type (async, DMR-11 or parallel) as well as whether
you have a separate terminal or not. Displays are now switched
on or off on going between Chat and Inter, instead of being
toggled.
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RENEWAL OF CCP4 IN PROTEIN CRYSTALLOGRAPHY

Pella Machin (Daresbury)

The CCP4 in Protein Crystallography was initiated in 1979 as one of
approximately 10 collaborative computing projects supported by the UK
Science and Engineering Research Council (SERC) at the Daresbury
Laboratory. CCP4 is funded by the SERC and has aimed to coordinate UX
computing efforts in Protein Crystallography. It was initially funded for

three years and was renewed for a further 3 year term in 1982,

The proposal to renzw the CCP again has now been considered by the
various SERC committees, and I am very pleased to report that the renewal
has been agreed, with the recommendation that the associated RA post be

for 5 years, subject to review after 3 years.

Dr. John Campbell who has been working with CCP4 as an RA for the past
six years, has recently taken up a full-time post at Daresbury to work in
the Applications Group of the Computing Division on SRS software
development and support. T am sure that everyone connected with CCP4 will
join me in thanking John for his efforts over the past years and will wish
him well in his new job. The RA post is currently being advertised and I

hope that this vacancy will be filled in the near future.
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MEETING ON PROTEIN STRUCTURE PREDICTION,
AT DARESBURY 24/25 JANUARY 1985

Pella Machin (SERC, Daresbury)

CCP4 is organising a meeting on "The Prediction of Protein Structure"
which is to be held at the Daresbury Laboratory on 24/25 January 1984.
Dr. Mike Sternberg (Birkbeck College, London) agreed to organise the
scientific programme and we hope that this subject will be of interest
both to protein crystallographers and some gene saquencers who are non

specialists in structure prediction but will be familiar with principles

of protein information.

The meeting will be advertised more formally later this year and
copies of the poster and application form will be circulated to all those

on the CCP4 mailing list. Anyone requiring further information should
contact me (Tel. 0925-55000 Ext 3590).
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Unscrambling of harmonic reflection intensities from spots
on Laue patterns: Results on Pea Lectin

By S.Zurek, M.Z.Papiz, P.A.Machin and J.R.Helliwell
5.E.R.C. Daresbury Lab.

1. Introduction to problem and background
2. Method of solution

3. Implementation

4. Results from Pea Lectin

l. Introduction to problem and background

An unfortunate complication of the Laue method is the introduction of
harmonics superimposed to form composite spots on the film. The intensity of
one of these spots is given by the sum of the intensity contributions from the
spot's constituent reflections. Thus a particular spot's intensity may be a
function of several wavelengths, which cannot be deconvoluted with the
information on just one film. Before unscrambling, these multiplet spots cannot
be used in processing since a one to one mapping from intensity to wavelength
is required. '

As a fraction of the total number of reflections, multiplet spots

account for some 20% of Laue pattern data, none of which can be used in
Structure analysis involving the Fourier transform. Additionally it is
desirable to obtain low resolution data from the Laue pattern. Ironically low
resolution spots are also usually associated with harmonics and need to be
unscrambled.

The two points above illustrate the potential usefulness of unscrambling
multiplet spots.

2. Method of solution

It is clear that more than one film is necessary for unscrambling to

be possible, and in fact the number of films in the pack determine the degree of
unscrambling that can be accomplished. A pack of six films, as used in the

Pea Lectin study, gives a theoretical limit of six reflections, though in
practice the limit is much lower, since over- and under-exposed spots must be
rejected.

Assuming, however, that M good films are available, then we can

unscramble multiplets of order N, where N <= M, as follows:

For a given spot (x,y),

let Tobs(f) be the observed intensity on film f

let Iwav(w) be the intensity component on film 1 due to a reflection
of wavelength w

let tf(f,w) be the TRANSMISSION factor from film 1 of the pack
to film f, at the wavelength w

then

[ Tobs ] = [ tf ] * [ Iwav ]

or

Iobs(f) = Sigma ( tf(f,w) * Iwav(w) )

w

This is a set of linear simultaneous equations which can be sclved by
using a linear least squares method. The observed intensities are weighted
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according to their standard deviations, and the unscrambling process gives an
estimate of standard deviation for each unscrambled intensity.

3. Implementation

The above algorithm was implemented in FORTRAN 77 on a VAX 11/750
computer. Called UNSCRAM, the program accepts two files:

© a .VC file containing a set of Victoreen function coefficients
from which transmission factors are derived.

0 a .GE file which describes the integrated Laue pattern

Certain other parameters are also required which are obtained via
interaction at the terminal:

o unit cell dimensions

© intensity cut-offs -- used for rejecting over- and under—-exposed spots
o sigma cut-off -- rejects intensities with large standard deviations

o wavelength cut-offs -- maximum and minimum wavelengths for reflections

After unscrambling, Rsymm factors are calculated to give an indication

of reliability, although the acid test for unscrambling will be the comparison
of unscrambled Laue intensities and intensities derived from monochromatic
experiments (as has already been done for singlet reflections of Pea Lectin
Laue patterns and reported in the previous newsletter and in press in the
literature). ;

Finally the program allows the output of unscrambled reflections with

Lp corrections, in a file format suitable for LAUESCAL, a CCP4 program which
performs wavelength normalisation and allows comparison with monochromatic data.
4. Results from Pea Lectin

Unscrambling has only been applied to one pack -~ a further 4 packs are

now being processed. The following is edited output from the unscrambling
program.

Input .ge file is pea

Victoreen coeffs file is peasl12345.vc

direct-lattice axes 50.3700 60.5800 135.500
intensity range 5000.00 100.000

number of SD's before cut-off 5.00000

wavelength range 0.300000 2.50000
Number of reflexions read and unscrambled = 711

index for pairing up is h
wavelength mismatch limit 0.0S5
R-factor rejection threshold 0.0 i.e. off

]
[\

Multiplicity

For the PACK
38.



R-symms on intensity
200 400 600 800 1000 1200 1400 1600 1800 2000 >2000
763 130 56 36 25 18 8 9 4 8 49
22.0 15.2 9.6 13.1 8.5 9.4 8.2 6.2 5.7 5.2 7.0

R-symms on wavelength
<0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 >2.3
30 120 120 168 180 144 108 114 48 54 20
17.4 14.7 7.0 11.4 5.4 5.9 10.0 13.9 22.6 17.1 30.7

R-symms on dhkl
>20 10 7 5 4 3.33 2.9 2.6 <L2.6
0 6 77 358 143 180 234 108 o
-1.0 5.0 11.2 6.6 11.7 10.6 11.7 25.9 -1.0

R-symm distribution across pack
0.0-2.5 2.5-5.0 5.0-7.5 7.5-10 10-12.5 12.5-15 15-17.5 17.5-20

92 113 98 92 72 72 54 52
Overall R-symm across pack = 9.5
Multiplicity = 3

For the PACK

R-symms on intensity
200 400 600 800 1000 1200 1400 1600 1800 2000 >2000
98 19 8 10 6 4 0 3 1 3 9
35.0 33.4 17.5 18.1 26.3 16.6 -1.0 9.1 3.0 9.5 16.0

R-symms on wavelength
<0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 3
0 18 36 42 24 0 12 6 12 6 5
-1.0 55.8 15.4 19.0 11.5 =-1.0 21.1 31.5 1
R-symms on dhkl
>20 10 7 5 4 3.33 2.9 2.6 <2.6

0 0] 24 11 66 18 24 18 0
~1.0 -1.0 33.1 35.3 14.7 24.7 24.2 38.0 -1.0

R-symm distribution across pack
0.0-2.5 2.35-5.0 5.0-7.5 7.5-10 10-12.5 12.5-15 15-17.5 17.5-20

8 6 7 6 8 8 10 7
Overall R-symm across pack = 18.3
Multiplicity = 4

*%** No suitable reflexions at this multiplicity ***

39.
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Multiplicity = 5

*** No suitable reflexions at this multiplicity

Multiplicity = 6

*** No suitable reflexions at this multiplicity

Overall R-symm across pack and all multiplicities =

*40.

%* %%

% % %
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Computing at the Laboratory of Molecular Biophysics

Garry Taylor (Oxford University)

The past year has seen a major improvement in the Laboratory's computing facilities.
The move to the newly-completed Rex Richards Building provided the opportunity to plan a
purpeose-built computer suite and we now have graphics, machine and terminal rooms with
false flooring and integral air conditioning. A patch panel allows allocation of terminal
lines to most of the other rooms on the two floors of the building occupied by Molecular
Biophysics. A VAX 750 and an Evans & Sutherland PS300 were installed in January; an FPS

array processor and a RAMTEK high resolution colour raster screen in March.

The figure shows a schematic view of the present facilities.

Graphics
(i) PS300 : Installation of this has stimulated a great increase in the use of graphics,
both from the ability to display more wectors and through the use of colaur. We run the
version of FRODO most recently updated by Phil Evans and Rod Hubbard. This is proving an
excellent version of the program, with FRODO being used in earlier stages of structure
analysis by molecular replacement into a low resolution map for the Fv fragment of the
mouse myeloma protein M315 (S. Collett & B. Sutton) and also for studying the structural
homology between B-lactamase I from B. cereus and a transpeptidase (B. Samraoui & P.
Artymiuk). The flexible MOL option is proving useful in model building studies : in
particular in the docking of the loop region of lysozyme into model-built Fv structures
to search for possible molecular interactions between the monoclonal antibodies and
lysozyme (B. Sutton & P. de la Paz).

The demand for the PS300 is such that we are retaining the black & white P52. It

is still a very reliable device for electron density fitting and has the advantage over

the PS300 of having a refresh buffer. This allows plots to be made of exactly what is

displayed on the scope.
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(ii) RAMTEK : A high resolution (1280 x 1024 x 8 bits) colour raster screen was acquired
primarily for use in image analysis of electron micrograph pictures, but has also proved
useful for the display of surface images of proteins and in analysis of diffraction
photographs. We have installed SEMPER from the High Resolution Electron Microscopy
Laboratory in Cambridge. This is a very powerful program suite for the analysis of
pictures, providing, inter alia, masking, Fourier transformation, filtering and correlation
averaging on images of up to 1024 x 1024 pixels. The RAMTEK has a pen and tablet allowing
interaction with the picture as well as rapid zooming, panning and grey/colour scale
manipulation of the image. The system i1s being used by members of the Zoology Department
to study ordered 2-D arrays of the membrane cytoskeleton network in squid photoreceptor
microvilli, while future projects include study of the anion transport protein of the
human erythrocyte membrane.

We have also installed Arthur Lesk's CPK image program to complement our vector
graphics facilities and are using the device in the analysis of Laue photographs taken

at the SRS, Daresbury (D. Stuart).

vVAX 11/750

The VAX supports the PS300, RAMTEK and array processor, as well as acting as a node
on the academic network JANET. This means that we are now able to transfer files to and
from the University machines (VAX 11/780 and ICL2988) as well as to and from the CRAY at
ULCC and the CYBER at UMRCC. The VAX is used for structural analysis in general and we
have recently installed Dr. van Gunsteren's GROMOS suite of programs for energy refinement
and molecular dynamics. Program development includes use of the array processor (G. Taylor
analysis of Laue photographs containing up to 34000 diffraction spots (D. Stuart) and

searching for favoured ligand binding sites (P. Goodford).

Array Processor

The FPS 5105 consists of one adder and one multiplier, 256 Kwords (38 bit) of data
memory and separate table and program memories. Through the use of a multiple bus

structure, each 64 bit instruction word can achieve several operations in each clock cycle
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of 250 ns : this gives a theoretical maximum performance of 8 Mflops (8 million flcating
point operations per second). Dr. Fu?ey (Pittsburg) kindly provided us with his programs
written for the precursor of the 5105, the AP 190-L, including Fourier syntheses and
Hendrickson-Konnert refinement (PROLSQ). The 190-L was limited to 64 Kwords of data memory,
limiting the numbex of atoms in PROLSQ to about 2000. The program has therefore been
extended tc make use of the larger memory on our processor - not a trivial exercise as the
memory is arranged into 64 Kword pages and some thought was needed as to which page cne
placed various vectors and matrices for greatest efficiency. Only the structure factor
and derivative calculation is carried out on the array precessor. For o-lactalbumin with
1000 atoms and 15000 structure factors, one refinement cycle toock 18 minutes (3 minutes of
VAX cpu time & 15 minutes of AP time). This compares with almost 5 hours of VAX time when
run totally on the VAX. When we have introduced FFT's, the array processor time will also
be dramatically reduced and we expect to perform several cycles of refinement in house
in the time taken to send and retrieve one c¢ycle from the CRAY in London!

We are currently adapting the computer intensive parts of energy calculations and

molecular dynamics simulations for the array processor.

The Future

The major part of our crystallographic computing continues to be carried out on the
ICL2988 because of the large investment of effort in providing a coherent suite of ovrograms
over the past 20 years. The University will soon be looking for a replacement for this
machine and we shall be looking with interest, both from the view of interfacing our
facilities with it and with respect to our crystallographic suite which, kecause of the
idiosyncrasies of the ICL machine, has become somewhat machine-dependent. Another area
we are looking at actively is the upgrade of the computer control of our diffractometers
where a system based on micro PDP's or micro VAX's connected via an ethernet to our main

VAX would seem a good solution.
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