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COMPUTER DEPARTMENT D. H. REES

The department is responsible for the centralised computing services to
Rottramsted and.other institutes supported by the Agricultural Research
Council (A.R.C.). In addition to the ORION we used the IBM 360/65
at University College, London (U.C.L.), a keyboard console linked to an
IBM 360/65 at Harwell (H.U.W.) and a terminal linked to an IBM 360/50
at the Edinbugh Regional Computing Centre (E.R.C.C.). Comments
on the performanct of all these are included in this report. Eventually all
programs will be transferred to the ICL System 4.70, which will be installed
in a new building now expected to be completed by early 1970.

These outside services have been used because the design and software
concepts of the ICL System 4 resemble ttrose of the IBM 360 series. There
are diferences between the respective operating systems but the Fortran
compilers are sufficiently alike for programs developed on the IBM
computers to be transfered to the 4.70 with little difrculty. However,
operating these services has been a major diversion of effort because it has
involved staff in many details of the IBM 360 operating system not directly
applicable to the 4.70.

Neither of the two multiaccess op€rating systems proposed for the 4.70
has developed satisfactorily. Both systems failed to meet tieir original
scheduled delivery dates and documentation has been sparse. We have now
decided to operate on the Multijob multiaccess system and not to introduce
7R until it has proved its reliability in extensive trials.

The range of tasks undertaken, coupled with the unc€rtainties about the
4.70, caused the programming effons to be diffused. This is reflected in the
report where prograrrmers have been associated with diverse programs.
The hope is that, as the 4.70 situation becomes stabilised, there will be
more opportunities to develop programs of general value to users and to
explore new computing techniques.

Computing serviccs

Orion Because of unsatisfactory equipment reliability a new maintenance
schedule was introduced in August, which guarantees 34 hours of useful
time per week.

Table I shows 17\ and 16l less useful and total running hours than
in 1968. Late working, at 461 hours, was 49Y" down on 1968. 614 faults
were reported, 20 fewer tban lasi year with seven lost working days, one
more than last year. The Orion will continue in use until l97l and there is
no intention of allowing the performance to fall below present standards.

As in previous reports the work done is measured in nominal cash terms.
\ ork was 2l I less than in 1968 and, for the fust time, excluding experi-

ments analysed, the proportion done by other institutes exceeded that by
Rothamsted. For the second year the percentage of Rothamsted's develop-
ment and productive work decreased by 7l and 3l respectively. The
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Faults
Restarts

COMPUTER DEPARTMENT

TABLE I
Orion performance, 196849 (hours worked)

Maintaiocd UnmahtaitEd Total %
-_.^__---^_/------]._l96E 1969 1968 1969 1968 1969 1968 1969

l@2 1619 905 'l6t 2507 2080 85 83
307 341 35 13 342 354 l2 14
62 51 t9 381 60 1r

1971 mfl 959 477 2930 2494 100 100

Additioml Mahtcaarce l07l 882

,lOOl 3375

TABLE 2

Distribution of vork 196849 (% total nominal value f.AN)
1968 1969

Rothamsted
Development 22
Prcductior !

Oth€r i$titutes
Developm€nt 9
Production !

Exp€riments
Systems

Totalwork({o00) 385 3m

TABLE 3

Replicated experiments atd variates analysed 196849
(fi totals)

Experimcots Vadatcs

I5
,,

t2
25

46

29

2l
4

lm

36

1968 1959 1968 1969
Rothamsted progr:ams

Data DrcDired at Rothamsted 7l 61 57 54
Data'preiared elsewherc n 30 't0 42

24
3

tm

98 91 n 96

2334
lm 100 lm lm

Other programs

Totals 7253 5150 53140 #918

Va.iat€s/Experimeot 7'4 8'2

proportion of development is still surprisingly large and for Rothamsted
is largcly attributed to the continued development of the General Survey
Program (G.S.P.). This program was used in the analysis of 12 Surveys
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and ac€ounted for 6l of the work done. Of the outside institutes, oDIy the
National Vegetable Research Station showed a large increase in work,
increasing from 7 \ in 1968 to 17 /" in 1969.

Fewer experiments were analysed on the Orion since 1965 but the ratio
of yariates analysed per experiment increased to the high 1967 level. The
proportion of experiments analysed prepared at Rothamsted fell slightly
but was still more than twice as many prepared elsewhere.

U.C.L. The U.C.L. service was the main prop for the program testing
service and 422 visits were made to tle Centre and 2461 jobs were pro-
cessed. Because of the delay in getting file handling procedures set up on
the Edinburgh computer the U.C.L. service was operated in parallel with
the Edinburgh link for the larger jobs. This will shortly change in favour
of Edinburgh, but the U.C.L- servic€ will still be required for selected
scientific and non-numeric programs.

H.U,W. An on-line teleprinter link to the IBM 360/65 at the UKAEA,
Harwell, was set up to improye Fortran testing and to provide operational
experience of a kind similar to that planned for the Rothamsted multi-
access service. The service was delayed 3 months and has largely been
replaced by the new link to Edinburgh. It has been used by the Institute for
Research in Animal Diseases and the Radiobiological Laboratory who, for
their convenience, use terminals at Harwell- Although it was used less than
plamed, three valuable lessons were leamed which are relevant to our
future multiacress service :

(l) the imFortanc€ of lucid and detailed instructions, well presented and
trusted by users,

(2) the need for a computer based message and broadcasting system
that keeps the user informed on the status of his work and of the
system in general,

(3) the performance of the G.P.O. lines require vigilant attention to
detect transmission errors.

E.R.C.C. As a major improvement to the program testing service an
IBM 2780 terminal was rented and Inked to the IBM 360/50 computer
at the E.R.C.C. where 5.5 hours of computer time was provided tlaily
under the A.R.C.-E.R.C.C. agreement. This terminal, which has a card
reader and a lineprinter, uses Datel 24N, the fastest public G.P.O. data
transmission service, on a part-time leased private circuit. Checks are
made by equipment against transmission errors and when necessary
transmissions from the 2780 terminal are repeated eight times before the
transmission is abandoned.

Tbree other terminals are connected to the computer and work is loaded
either through terminals or directly at the Cfltre. All work is assembled
into a common job mix for batch proc€ssing. Jobs loaded from remote
terminals are giyen priority, which speeds the job tum around tirne. From
a sample ofjobs run, turn around time ranged from about 15 minutes to
more than an hour depending on the computing requirements of the job
and the work load at the Centre.
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Jobs not finished when the G.P.O. circuit closes down are run to com-
pletion and the results stored on disc files ready for immediate transmission
to the terminal when the G.P.O. circuit next opens. Until recentlyjobs were

submitted or re-submitted from packs of cards, but there is a new system

facility for storing program modules and data sets on disc files. These files
can be linked into a working program using only a small set ofjob control
cards transmitted from the terminal.

Terminals of similar power will be installed at some of the outside
research institutes during the later stages of development of the Rotham'
sted multiaccess system, and the experience gained with this link is a most
valuable pointer for the future. Tables 4 5 and 6 summarise the perfor-
mance ofthe system between 6 October and 3l December 1969.

TABLE 4

General performance
wotking days 60
Nominal conn€ct hou.s 300
Iocide[ts 101
IrcideDts/day 2

Days with iocideDts 5l (85%)
Lost hours 87 (29%\

Irst time/iocidetrt 52 mitrutes

An incident is defined as having occurred when transmission ceases to
be effective. Transient faults, which were corrected either by the operator
or by the equipment, are not recorded, and no attempt has been made to
adjust for restart time. Also the terminal was often repaired when the
circuit was closed and this repair time is not included and the tables
present a favourable view of the performance of the litr.k.

TABLE 5
Work throughout

Total Petjob Per day
Job3 1535 26
CardsR€ad 301000 197 5017
Lires Prioted 38{nn 249 6333

Table 4 shows the general performance of the lint and Table 5 gives the
volume of work. Most jobs were program development runs in which
input cards are copied to the output as a check that the program has been
correctly loaded. Hencr the number oflines of output is closely correlated
with cards input. Making an allowance for the system messages, the average
new output generated per job would be contained on a single page.
Assuming the same proportion of cards read to lines printed, the present
load represents abort 36\ of the theoretical maximum capacity of the
terminal and link. Under practical conditions the actual card reading speed

TABLE 6

Breakdovn by source (% total)
Trrminal Lint CoEput€r System Total

100
100

Incidents (l0l) 15 ,{8 9 28
I-ost hours (t7) 7 71 12 lO
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is about 100 cards per minute, and on this basis about 501 ofthe capacity
of the line was used.

Table 6 shows that troubles on the G.P.O. circuit are the major source
of incidents. In one week alone 20 hours 25 minutes were lost. This is
much below the expected performance of the line and the G.P.O. are
investigatiug the reasons. Further dificulties were encountered when
establishing which part of the chain from the terminal, the link, the com-
puter or the computer system, was at fault. Inexperienced operators rely
geatly on the staff at the computer centre when difficulties arise.

Mes$rements of computer 6{ge. The management of a computer service
depends on information on a wide range of actiyities. Haying defined suit-
able user and management objectives, the problem is to relate these to the
feasibility and cost of collecting the required data.

On the Orion the unit of work was calculated as a nominal cash value,
done by measuring the duration and extent of use made of the various
Orion resources, to weight these resources by some cost function and
produce a total cost. This worked because the Orion operating system
proyided the essential information. The situation on new computers is
more complex and there are, as yet, no working procedures for measuring
work Ioad or performance. Yet the need to do so, especially with a multi-
access service, is clear and this problem will have to be solved. In the mean-
time, the simplest measure of work load is the number of jobs run and
these are given in Table 7.

R.ES
Computer
Statistics
OtheE

NIAE
EMRS
NVRS
GCRI
NIRD
IRADT
SOIL SURVEY
GRI

Total

TABI,E 7

Usage of extemal comlruting services
U.C.L E.R.C.C. Toral

Jobs "l lobs o/o lob6 %

Subtotal 1889 76.8 9$ 60.8

l4l
35
13
31
26
4

572 23.2

2461 100 1535 100 3996 100

1099 493 1592
7$ 237 98344 243 U7

Subtotal

28n 70.6

536
300
127
42
78
27
4

@

214
159
92
29
47
I

60

6A2 39.2 tt74 29.4

t Ow! arr.ngrgme. $irh U.C.L.
I Also uses H.U.w.

The notion of a job is that of an entity of work, which except for the
operating system, is independent of any other loaded program. There are,
of course, large jobs and small jobs and time is an obvious measure to
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associate with a job. The question is which time to record' It could b€ the

*nii"i o.o...toi time, the elapsed time of the job or the connect time from

itr" i."i ita. AII are important in determining the share of the computer

i.ro"-i"r. tut"o up by the job. An aDalysis of tbe outside servicf,sty these

factors was not possible because the i ormation was not ava able'
'- 

fn" "u.U.t 
.if;obs run seems large, but the total of the UC'L' service

is aoorox.imatelv a week's work on their computer, and the same ls

;J;blr a*; oith" Ediob*g! total. These services are available to other

i-rrtGi." 
"ra 

ih.y u""ourt f;r 29 % of the jobs run' Considerable advice

uJ *ri.tuo"" was given to more than 40 users both at outside institutes

and at Rothamsted. lCteOUitt, Bicknell and Clarke)

hopntring
Extendert Mercury Autocotle (E.M'A')' Additions were made to the

"iozr-u- 
to nooAJ interleaYed data from two or more amino acid analysers

;'hrfr;s-";;;" data logging equipment' Investigations continued into

-"tno'a. f- a"ufirg with spurioui data values' The program started to be

uJ-iJir"fy for- the Institute of Animal Physiology in December'

(Bicknell)'-F.o-L', 
"ruporation 

formu.la was computed weekly for.L' W' Wellings'

Cf"aOtno.p"t Eiperimental Station for use in an irrieltion experiment'

i" .J"-*i.i Uit tervice against machine failure the Orion version of this

n-*uri *ur transferred to the U.C.L. computer' (Clarke)
'' fork 

"ooti"u.a 
on C.S'P. to remove residua[ errors aod to im-

prore operational efficiency. The following are examples of added new

facilities:

(l) reDeat analvses on successive batches of data,

iii i.'p.ou"O methotls for transferring and storing batches of tables

and for making trial runs,
(3) additions to th; instructions for combining tables, and for printing

sets of tables in parallel columns.

A section of G.S.P. was successfully compiled and run on an I'C'L' 1907

at The ioyal Aeronautical Establishment, Famborough, from a modffied

orion E.M.A. source program. (Yates)- a" f.lt.e.-fott an translater program, developed by Mrs' Linda

Aitken G.R.C.C.), is available on the Edhburgh link' So far as possible,

tni. t uritut". e.M.A. programs line by line ioto equivalent Fortran' Where

inir i. oot possible the E.M.A. source text is replaced by a call to a sub-

ioutin". W-n* this fails, the E.M.A. line is marked as not translateable'

Subroutines are written either in Fortran or some other suitable language'

It is now being used in an attempt to translate the General Survey Program'

nr."rrse the ethod of making subroutine calls increases the program

size and running time, our strategy is to restructure G'S'P' in E'M'A'
and test the restrirctured program on the Orion before using the translation

,r.o**. At our requesi Mrs. Aitken altered the translation program to
[li#nate csus 1,,7hgn dgaling with E.M.A. integer units. Both improved

ihe perfo.mance of the section of the program tested, shortening the central

277

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-124 pp 8

ROTHAMSTED REPORT FOR 1969, PART I

processor time on the IBM 360/50 from 30 to 8 seconds. Comparable times
on the Orion and the ICL 1907 were 42 and 7 seconds. (yates and
Clarke)

The translator was successfully used on small progmms but has yet to
be proved on a large program. Tiere is st r 

"ncerriinfi 
atouiii" iout ,lr"

of the completely translated G.S.p. but it is expected that it can be con-
tained vithin a lm 000 byte partition of the 4.70 core store with increased
space for tables.

_ We acknowledge the excellent co-operation reccived from Mrs. Aitken.
Responsibility for exploiting the program further rests in the department.
(Clarke)

Forhan Most of the jobs were run using either the Watfor or Fortran
IV_(G) compilers on IBM 360 series compuiers. Eventually these programs
will run under the ICL Fortran compilir which, regxetf;lly, is not com_
pletely compatible with either. A list of these differenLs wiliG circulated.
(Bicknell)

Application programs usually requiring complex calculations were
written for workers at Rothamsted and elsewhere.- (Bicknell, Clarke and
Thomson)

Spocial purpose programs for U.C.L. and the Edinburgh linl were
prepared. (Clarke)

A generalised input and validation program has been prepared for
tapes produced by data logging equipment from the East MalfingiResearch
Station, Glasshouse Crops Research Institute and the Nationi Institute
of Agricultural Engineering. (Clarke)

. pgnelal purpose routines for the program library were written.
(Bicknell and Clarke)

Td! "ryrlty latguage. A generalised input program was prepared
that loads data from 5, 7 and 8 channel paper tape-and punched cards
from local devices, and eveDtually from remote terminals. The program
will assemble these inputs as files and provide means to connit ihese
flles to a user's program. This has been x'ritten for a batch processing
operating system but has to be made compatible with the multiaccess
operating system. (Sharma, Mr. C. Dewick (ICL) and Rees)

- Several othe-r routines were prepared for the program library, all in a
form suitable for use in a Fortran program. @icknill and Clarie)

Systems. Modern computing systems are controlled by operating system
p-rograms yhich_ ar9 usually provided by the manufactuer and largely
determine the effectiveness of the computing system to the user. There are
three systems planned for the 4.70-7J, which is a basic batch processing
system; Multijob, an initial multiaccess system with many features in
common with 7J; and 7R which is a much more powerful multiaccess
system. Members of staff allotted areas of special study on all thrce
systems, will deal with queries, give advice and undertake additional
programming as required. We were able to influence some features in the
closing design stages of 7R (Re€s and Gledhill). From experience with
278
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the on-line links, extra facilities, suoh as better communication between

the users and the centre, will have to be added' (Thomson)

Proccm mck s€s. These are groups of programs thai provide a complete

"nA".o*it 
tt"o-tiu" facility of geneial value to users' ICL are offering a

i"ro pu"tug". on the 4.70. Therl are many on other machines and if they

"Luti 
t" t.lr.f"oed to the 4.70, would be valuable additions' Transferring

L-;;-;;." is raretv straightforward, and the ensuing responsibilities

ioi-Ot"u-rn."tution, mainten'ance, advice and modification demands

;"h;fl;. Becauie of this only two conversions are currently-being

riL-ot.a-tn" Continuous Systems Modelling Progam, C'S'M P'

isici;ett a"a Rees), and a suite of crystallographic programs (Coles'

[Jolory bepattmen4. The transfer of C.S'M'P' is being attempted in

-fiutoTutio"'*f, B.R.C.C. ana if successful will be available exclusively

oi-tn" Svtt"- + computers at both centres. This is a very important pack-

"g" 
*niJn increasingiy finds favour with users' The following examples

indicate the scope of the work:

(l) Simulation of a lamb growth and grass crop management scheme'

iii si.ufutioo of plant ph'ysiological processes such as the diffusion of
COg and water movement in Plants

(3) A non steady state model of elution and absorption of substances

in the soil.

All of these have been processed in some degtee on an IBM 360''- 
ihe crvstalloeraohic package is being tackled in collaboration with the

e.ni. Unit oistructural Cliemistry and the Pedology Department with

tne asslstance of the computer department on technical computing

problems.' il"r. u." many other interesting packages (for example, techniques

foi eiucidating st'ructure in organic compounds), information retrieval

ichemes and iap drawing and contouring prograrns' No attemPt has yet

G, -aa" to convert these packages but in preparation for this- future

commitment a systcmatic study is being made of the compatibility of
ICL System 4 and IBM 360 operating systems' (Ihomson)

Prep$atiom for the ICL System 4'70

Buftfirus. Both the completion of the building and the commissioning

oitne alr-conditioning plant are late and the delivery of the 4'70 computer

has to be postponed 1o 1970. Equipment reliability is- of paramount

i.p"rt"o* l, a multiaccess computing service, and mlch attention was

paiO to att services in the computer rooms. (Rees and Fearne)

Eddometrt Remote teletype terminals were ordered for 16 outside

inltiirt.s nrutiog a total of 22 consoles and one video display' to be

.rr"*t"a on [ie to the computer during the initial phase of the multi-

;;;;."i*. An additional eight G.P'O' lines have yet to, be installed

io 
"ooo."t 

the outside users. Thre€ IBM 029 card punches and one
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IBM 056 card verifier were delivered, and three Creed Envoy g channel
paper tape punches and one Datek Verifier will soon be delivired.

Advisory and publicrtion seryic€s, Most of the outside institutes were
visited to exchange ideas on immediate and future developments (Gledhill).
Four issues of the Newsletter were prepared and 120 coiies of each circu-
larcd (Mary Edwards). The User Liaison Committee met and a Fortran
advisory service was set up with reserved sessions for telephone enquiries
from outside institutes. (Bicknell and Thomson)

Program testin^g and punching services. A more formal method ofpresent-
lng requess tor punchrDg programs or running jobs was introduced
because of the increased demand for these servicri. For example, card
yl1ry^ 

^og !!-" punching services has increased from 180 000 (1963) to
.140 000 0969). (Fearne and Margaret Whittingham)

Couses, committe€s and working parties. Arrangements were made for
over 60 people, including 30 from outside institutes, to attend Fortran
programming courses. Members of the department attended company
trainiDg courses and visited System 4 installations. The department is
represented on all committees and working parties related io the ICL
System 4 computer.

Steff

H. J. V. Gledhill was appointed. As part ofthe contract with International
Computers Limited for the new computer, Colin Dewick joined us for a
year to help with programming.

- D. H. Rees attended the joint I.E.E.1I.E.R.E. Conference on.Computer
Science and Technology'. F. Yates attended the 37th Session of the Inter-
national Statistical Institute in London and presented a paper on his
General Survey Program. He was appointed Senior Researih Fellow of
Imperial College and made an Honorary Fellow of the British Computer
Society.
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