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Abstract: The paper starts with a brief description of the system and its chief features, from the hardware, software and
user viewpoints. It then goes on to trace the history of the project, from conception to its present state {currently the system
has been in production for two years, but has not yet had all features implemented.) Some of the areas examined include
equipment selection, performance and maintenance, software design, writing and supervision, and user reaction and

acceplance.

in Iopking at all the things “that went wrong”, an attempt is made to draw lessons which may be of help to others
contemplating an on-line system, and to show that on-line systems are quite different in kind from batch systems — more

different, in fact, than batch systems are from manual ones.

A. INTRODUCTION

The aims of this paper are fourfold —

{a) to give a brief overview of the principal
features of the system, principally from a user’s
viewpoint

(b} to give a history of the development of the
project, giving both the hardware and software

pictures;

(c}) to make a briefl comment on the file designs
chosen; and

(d) to draw some conclusions and lessons from the
project.

It takes the form of a case study — a study of what
has been done, what things went wrong and why. Some of

the lessons are perhaps only applicable to the author or to
those directly involved in the project. Nevertheless, there is
an extraordinary reluctance on the part of computer
professionals ever to admit that things went wrong, and it is
hoped, that by being a little frank about the writer's own
performance, it may be possible to draw out some lessons
which will be applicable generally. Hopefully, most of these
lessons will become self-evident as the saga unfolds.

B. DESCRIPTION OF SYSTEM FEATURES

1. System Configuration

The basic configuration chart (figure 1) shows the
system divided into four logical divisions. On the extreme
left is represented the major computer installed in the WA
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Figure 2 Charge terminal

Regional Computing Centre, to which the library system 13
linked. This link is not required for normal operation of the
system, which is designed for free-standing operation. The
next division represents the library computer and
peripherals, which are located in the basement of the
library. The next division represents the library staff
facilities, which can be operated either as a separate charge
station and enquiry station, or combined to form a “master
station”. At the next division are the public facilities,
consisting of public charge stations and public enguiry
stations. Finally, a stage not yet installed represents the
facilities of a remote branch library.

2. Components of the Computer System

The heart of the configuration is a DEC PDP-11/40
mini-computer with 32K words of 16-bit memory, and a
real-time clock. It has four RKOS cartridge disk drives, with
2.4 M byies capacity each. These store the on-line files of
the system, allowing for 18,000 borrower records and
24,000 loan records. A 150 lpm Tally line printer is used at
present for logging transactions, each line representing one
transaction on the system (enquiries are not included). The
Decwriter console terminal i5 used for startup, error logging
and other similar system functions. The system actually
starts itself up in the morning and closes itself down at
night, with the help of the real-time clock, and
automatically ]}E'rl'urm:. various shutdown pProcessing
functions, the results of which are logged onto the
Decwriter. Accordingly, the computer is left running 24
hours per day, 7 days per week. Connection of the eleven
remote devices and the line to the DEC System-10
computer at WARCC is over asynchronous ASCII lines
operated at 1200 or 2400 bps.

3. The User Terminals

(a) Charge Stations: There is a total of three charge
stations in operation. These are used to record (“charge™)
loans (see figure 2). All are situated on or near the Loan
Services Desk.

To effect a charge, it is necessary for the borrower to
identify himself to the computer. This is done using a
plastic 22-column hole-punched identification badge. The
badge is pushed into a slot in front of the station as
directed by an illuminated legend above the slot. The badge
is clamped there, to prevent its removal until the end or
interruption of the transaction is signalled, and another
legend is illuminated to indicate the next step.

If the borrower may not use the terminal for any
reason, this is detected by the computer and an appropriate
legend illuminated. Otherwise, he must now identify the
book he wishes to borrow. Book identification is contained
on 80-column punched cards which are held in a pocket

inside the back cover of the book. The information
contained thereon includes the accession (identification)
number, the Dewey class number, abbreviated author and
title information, and other useful information such as
publication date. Some cards are larger than the book, and
rather than have them protrude bevond the top of the
book, they are folded over. This can cause trouble if they
are not unfolded before being fed into the terminal! All
being well, the card is inserted into the terminal in the slot
under the next legend to be illuminated.

Provided the card has been inserted successfully, a
transaction slip (“charge ticket™) is printed. guillotined and
presenied to the borrower under an appropnate legend
through the third slot in the front of the termunal. The
book card is L,'jl_'l_'lud ;|I,I;1L1r|'|:_|lp.‘u||_l,- at this stage, and the
borrower instructed to return it to the pocket m the back
of the book together with the ticket.

At this stage, a legend 8 illuminated which indicates
that the borrower may inseri another book card, if he
wishes to make another loan, or may recover his badge to
conclude the session. This latter is done by pressing the
badge-release bar centrally located in the front of the
terminal, which simultaneously signals to the computer that
this has been done. This action, incidentally, may be taken
al any stage of the transaction, should the borrower want
to abort it.

Each ticket authorises the borrower Lo tuke a book in
and out of the library at will — a unique requirement ol the
University and College libraries — and I a key component
of the system. They come in several forms, depending on
the nature and length of the loan. Normal loans do not have
to be returned until the end of the current term at the
University of WA (unless recalled earlier). Special loans are
given extra prominence by blue and/or red colour stripes
down the side of the ticket.

Of the three charge stations, one is for library staff
use, and two are for borrower use.

(b) Discharge Station: The single discharge station
is for library staff use only, and can double as an extra
charge station when necessary. It is made into a discharge
station by type-in at the master station, and turning a key
on the front of the station. Alternatively, any station can
perform temporarily as a discharge station when a special
badge is used.

The tickets produced as a result of discharges indicate
the following conditions: —

i normal discharge;

i  book had been recalled;

ili  book was overdue,;

iv book was nol on loan.:

v a combination of ii and iii above.

For an overdue loan, the ticket is used as a basis for
any fines which may be imposed. These are not calculated
or recorded automatically by the computer. For a recalled
book, the slip is held in the book, and the book shelved in a
holding area until the recaller comes to collect it. He is
notified of its availability automatically as a rezult of the
discharge.

(c) Enguiry Stations: The enquiry stations are
comprised of a badge reader and VDU (see figure 3 on front
cover). The badge reader component is used for identitying
the enquirer in the same way as is done at the charge
stations. Again, a badge-release bar is used to retrieve the
badge and to signal to the computer that the session is over.

The VDU is de-activated until an acceptable badge
has been inserted.

On this occasion, it is possible to differentiate
between various degrees of unacceptable enquirer; some
may be barred all access to the enguiry station, while others
may be permitted to enquire but not to effect a recall.

There are various options open to the enguirer upon
identifying himself. Typically, he might select to enquire
using class number as the key, and a screenful of loan
descriptions is presented to him. He can opt to see the
succeeding screenful, or to examine a particular loan.
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Iaving examined the details of the Ioan, e can recall that
book, recvert to the screcnful of books, or eénd that
particular enguiry.

Any tecall he may have requested will be Initiated at
that Hme auiomaticzally.

The sesmion is terminated by pressing badge-release.

{d) Master Station: This station consisls of o VDU
and a charge terminal- These can be wsed either scparately,
or in a combined fashion. The VDU in its rest state offers
all of the facilities availuble to the public enguirer, plus
saveral oilers. One other wspect of the master VDT |5 that
important systém messapes are displayed there, regardless
of {13 slatus al the time (e.g. stolen badge in nse at o named
terminzl).

One of the additional enquiries available al the master
VDU iz enquiry on a borrower, Having examined a
borrower's status and loan and recall quantitics, the lihrary
staff member has Lhe option to alter his horrowing status,
or record outslanding fnes apainst him, cte.

The ather prioncipal vse to which the master VDU (s
pul is for examining system performance statistics and
controtling the status of the terminals.

Any ferminal can be made inoperative or changed
from being, say, a charge station (0 being a discharge
station. hnf;.' VI canm be made inle an additional master
VDU, In fact, should the need arise, a public engquiry
station can be made into 3 master VDU by turning & key in
the badgs reader.

The charge lerminal can be used, of course, for any
charging or discharging operation. In addition, combined
with the ¥DU, it can be used to charge books for which no
badge i awvadluble. In this case, the bBorrower nurmber is
typed on the VDL,

(e} DEC-10 Computer Link: This inter<omputer
link {1200 bps) is used fo enable 3 master VDU 1o ba used
a5 a DEC-10 terminal, or for the transter of files 10 and
from the DEC-10. At present borrower names and addresses
are not held on the library systam. Accordingly, the Ole of
recall, avuilsbility and overdue notices which s
accumulated during the day, is transfered (o the DEC-10
duily for printing, and the names and addresses wre edited
an-line through the link.

(f} Magnetic Tupe: The mapgtape is used far
large-seale file transfer, [or transaction logging (in addition
o the line printer). and for regular file dumps for backup
PUrposes,

Al [unctivns  sssociated with the congrol of
circulation are thus automated, and as long as everything
gues well, the library staff and the users of the system are
weell satisfiad.

4. The Use of tha Logging File

The logging [ile. written to magnetic tape or disk, as
well a3 1o the line printer, serves many useful purposas,
gparl [rom the cbvious one of providing & measure of
prolection against disk file calamities. The hard-copy log
provides @ confinuous read-out of Lmansaclons in the
system, which can be wsed 0 check just what has becn
gning on, at the fime it has occurred, This has had a most
important impact on the degree to which the svstom has
been accepted by Lhe library staff. Thiz was particularly
useful in the early stages, though not so important now.

The mosl significant byproduct, however, of the log
(more especially becuuse it is available in machine-readable
form) has been to provide a great variety of management
information. For exzmple, just from the hard-copy log, one
can ohtain o chart of borrowing activity throughout the
day. Figure 4 shows loans made per half-hour pericd during
g typical day, which revcals a number of interesting and
useful facts about borrowing habits.

From a computer analysis of the lean flle, one can
obluin information on the distribution of loans among the
institutions making use of the Beid Library (figure 5, the
distribution of loans per botrower (figure 6), end the
distribution of recalls per borrower (fipure 7).
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Figure 4 Loans by pericd of day

Indeed, there is mo limit to the information one can
extract, given the data in machine-readable form in this
way, and suitable analysis programs.

Further information on the system  features as
uriginally planned can be found elsewhcre!.2.

C. HISTORY OF THE PROJECT AND SOFTWARE

DEVELOPMENT

Figure & give: an idea of the key events in the
development of the project a5 a whole, and the soltwure
development in particular.

As curly as 1907 some form of automation was first
considered for the library, and it was decided to move in
stages, introducing a semi-automated punched card system
in 1968. In this svstem, the punched card was held in the
boode wntil a Toan was o be made, when ol wos remnoved anad
held by the library as a record of the transaction. The
borcower wrote the date and his number ooto the card, as
well as onlo a “trunsaction card™ which was stamped by o
library assistant and kept with the book as the receipt.

In July 1971 the Regional Centre first became
involved, when it was invited to comment on a preliminary
prnﬁltmal reccived from IBM. It became clear that more
work would huve to be done by the University to devise a
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Figure 6 Loans per borrower

workable system, and the writer was given the job in
October 1971 of advising the library on hardware and
software selection.

The chief problem at this stage was in finding a
suitable charge terminal which could be operated by the
borrowers themselves. The library had become wedded to
the principle of “‘self-charging” because it was here that the
most dramatic staff savings could be effected.

No suitable terminal could be found. However, a firm
(Automated Library Systems — ALS) was discovered by the
Systems Librarian in a visit to England early in 1972. ALS
was willing and, it seemed, able to design and build such a
terminal. So it looked like a viable system could be put
together. Consequently, specifications were drawn up and
tenders called in August 1972. A combined DEC/ALS
proposal was chosen and funding approved by the
Australian Universities Commission.

It was agreed that the Computing Centre would write

the software as part of the contract, and take about one

man-year to do it. It was decided that a programmer should
be recruited specifically for the job, on a temporary basis,

Figure 7 Recalls par borrowar

and he duly arrived in July 1973.

At this stage, preliminary design only of the software
had been done. A decision was quickly reached to use
Fortran for the system because:

a) a good compiler was available on the PDP-11;
fb; development could be carried out on any other
large computer equipped with Fortran
(specifically, the Centre’s machines);
(¢) the experience of the programmer and other
Centre staff in Fortran;

(d) the desire for portability should the system ever

be marketed.

This has definitely iruved to be the correct decision
so far as the Library is concerned. However, another
decision made early in the piece, to use macro facilities,
proved to be not so wise. The potential of macro processors
is known and respected widely among academics bul to
date has gained little acceptance elsewhere. Essentially, it is
very similar to the COBOL COPY statement, bul with
extensive  nesting,  recursion,  conditional and
parameterisation capabilities. Such facilities will be
well-known to assembly language programmers where a
macro processor is pgenerally an integral part of the
assembler.

Used selectively and wisely, such facilities can be most
beneficial. They can provide a high degree of flexibility in
one’s programs, enabling changes to parts of the programs
involving record layouts, buffer sizes, characters per word,
etc., to be made by altering single parameter settings. This
increases portability and adaptability. Very extensive use
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PROGRAMMER ARRIVED —T— g1 1973

2 BACKLUP PROGRAMMERS TTT ] May
TR I
FIRST PROCRAMMER LEAVES TTJ* ul jam

WRITER TAKES OVER 1.|J_ net
|

DECIDED TO DITCH ALL SOFTWARE | — 1ap
DRAW UP PLANS FOR NEW SOFTWARE T T | rab

Vi | ¥
|- i
INTRODUCED PLELIC EMGUIRY FacILITY —j! | | %er
START PARALLEL RUNNING V1.04 T e
I
1 | Tl
[NTRODUCED PUBLIC CHARGING EXPERIMENT vi.os fH—T—p 7% 1975
LOAMLY ADOPTED; PUBLIC RECALLING V3.0 I |
| [ Bt
STOPPED KEEPING CARDS it
REINTRODUCED PUBLIC CHARGING ¥1-14 et
i
I
ONE FROGRAMMER CONTINUES DEVELODMENT +

Figure 8 History of the project — general and software
Australian Computer Bulletin, February 19758 — 9



was macle of these facilities: o mech 5o, in fact, thet at ase
point it was clairmed thot we were close oo system in
which a single pasameter would determine whether
redl-time Fbrory systemn, o real time sidine wservation
SYELOm: Or @ real-fime betting svetern would smerpe!

However, in this case § separate processor wis oeeded
(STAGEZ was usedd} and apart from the problem of
portability of such & systen: between proprammers, magro
processors s mot known for thelr Mrugal wse of computer
time. Soon 24-hew turnaround was the best that could be
schieved just 10 complle the programs weitien, This had o
disastegus effect on the productivity of the programmes.
The writer exercisedd inadequate supervision, and wrongly
allowed the situstion to contines uncl March 1974, by
which time it had become obvious that dlmost no progress
wins bring made,

To add fo the difficulfies, we had opted for o
“erand=alam™ appronch, by whleh no parl of the svstony was
to be installed and run emtil the whole system was ready,
This. 3= ion  contrast {0 the  more  Craditiongl
“incremental-dnstallation” apneosch, in which the svstemn &
firat installed in g primitive fashlon, end then graduslly
enhaneed thicugh later seleasss. The attmaction of the
grandslam appresch &5 st the wser 5 not inconvenienced
by o constuntly chapging system, and the problems of
tinkering with a production system are removed. However,
it unfortupately ke little pocount of the pavchalopy of
progromming, On long projects, progrommers are moilvaied
by small successes along che way, Deprived of seeing the fruit
of their labours oo & progressive binds, they can lose 2 Lot of
Uiz enthusiasm and drive,

With the ond of the 12 smmths temporery position in
slght, lwo more programmiers weie ssigned to the project
10 pick up the pieces. This proved furlle, and the writsr
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inaweil in himeseld in Ogtober 1974, By January 1975 the
inewimable conclusion was reached that all the work put inko
the existing system would have to be shandoned.

Al this stope, the coanpuier and  terminals weno
walting Lo he wsad, and it lad Iecome wvital that the
termdnals ke uwsed in o8 productive  environmen:.
Corseguently, plars were drawn up for new softwears which
would  =mbody  the |n.::-.‘|:|en1.a|:| installation approach.
Design was commenced by the  writer and another
programmer on 29 January 1975, and 16 divgs later, an 14
Felwuary 1575, a debupped svsem was incoodused shich
was able to handle all standard charpes, discharges aned siaff
enmuiries, By April, & peblic enquiry Gilily was relesied
and mexde available ona selecclon of the lean file o the
umers of the libiany.

Sraff still performed the charges ut this stape, and
they did mot recessarily put all charees theough the system,
In May L9795, however, the complete current boan file wis
transterred o the compater in a Sshour rom, and parallel
ruitning ciommenced with veslon 104 of LOAMLY . This
continued wnlil Aupust 1975, when LOANLY was adopied
a3 the primary system. A public recall Faciliny “was
simulianenusly released, with version 1,00 of the coftware.

The Library comtinged to relain the book cands, a5 2
safeguard agalnst Loss of their compurer file, wntild tey wers
sitishied as to the system’s integrity. in Octoboer 1975,

& momth later, in Movembor 1975, wilh sersion 1.14
of  LOANLY, public charging wis adopted. & brie
experioent had hesn underiaken in Jaly, bot adoption of
this us the standard mode ol operation was deferred for
harcdware  comgiderntions. These are cowersd in the poxt
secticn.

Dewelopment of the software has contimsed siice
then, with just ong progranmmer warking on the sysiem, ond
wi e now with version 118, Repular bulleting are isued
by the library as 1o the siage of implementation reached®.

Further  Ionfosmation  on the  methed  of
irnplemmeentution, ot least &5 orlginally planned, can be Foong
aleewhiere! 2.

o HISTORY OF TERMINAL HARDAYARE

DEVELOPMENT

Pigiere 9 depicts the ferminal hanlware story, and can
be laid aleagside the project/sotvware chart 1o ses the
inferuction betwsen e bwa.

Autornated Library Systémns of UK were the only
company who were prepored ond sufficiently experienced
in bracy systems o design and construct terminals to sud
the [ibrare™s needs, There wess plenty of devices which
would read islentity bodges of book cands o bath, but none
which provided a suiiable ficket as a receipt, When Lhey
were  pgwarded the contract in Janware 1973, they
Immediately commenced work on the detailed design.

The Manzeing Directar of ALS visited Perth o atiend
the Libkary Conference o Avgest 1973, and the
appothunity wes taken to establish what progeess had becn
made and clarily some ursl.jccts. of the design. By Blarch
1974, the units were sufficiently well advanced for the
writer to vigitl the factory and establish that they would
ndeed perlonm the functions specificd. With hindsight, it is
clear thal prealer henafit would have boen reaped by
sending someons thoroughly  familinr with the  desiga,
construction and maintenance o termingl hardware, as
Lhess becnme the oreas of greatest dificulty, and were
largely ovesluoked at the time, The writer assumed that if' a
piece of cquipiment peoformed the functions it had been
desipned to dog then ther was all thare was toit. Bo it did
nob oo bo ask whont would happen if the terminal broke
dow

In fote June 1974 the st terminal arrived in Perth,
Logether with the PDP-11 proceszor. Shocily thereatrer, the
ALS engineer who had desipned and supervised the building
of the terminals arrived. Other fermingls arrived fn Augost,
but were badly damaged In transil. Becaume they had been
specially built for the Library, replaceiment erminals conld
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nat be ardered from the factory, and s the damaged ones
bracl to be rebuid o Perth {without the kensfic of the 41X
factary lacilities). As a resull, and because of smodifications
insisted on after their ardval, we ended up wilh four
proltype terminals, raher than ooe protodype and three
production models, This accaunts for the long time thet the
ALS cnplness sp=nt om the sie.

Meanwditle, we were anxious b obtain 2 mainienanes
service in Perth. A couple of Frms quoced, hut becauss the
terminals wore very much an unknown quantiy, the hest
we coild obtain wes 3 “time and ralerinls”™ quotation, g
ahoul 523 per hour. Tn view of the stats of the terminals b
that stage, this wes quite umacceptable. Eventoally, the
Centre undeclock fo shoulder the risk, more of which Inter,

o will see that panic had stareed o st bn with the
software al this stage, Prior to this, thee had been mo el
urgene¥ o pelling che software working, as there were oo
termiogls to use with it MNow, however, [0 becume
impartant to he ahle fo test the Wwnnomals under conditions
dppeosching reality, leoce the decision o adopt the
incremental istallation approach.

By Eebruzry 1975, all the teominals posed gome YETY
slmple scceptunue tests, which did net :Eﬁucl the situalicn
which mighl oecur undar hesvy usape. The verdicr was “all
lerminals are working”, and we allowed the engineer 1o
rztuen fo England

Lofortummtely, 8l fowr charpe atations  becanss
incperaole the very pexe day. Comlinuous attantion by the
Centre's enpinests enabled us to lunp alung, but it became
clesr thae much had to be donz to the lErmingls before we
would say they were really “mainczinabls™. Cemsequenthy.
ALS were pelitioned 1o sond an enpincer hack, and he
rovurned in April, This time, far mose stingent acceplance
tests were Laid down {under the poidanee of rhe Centre’s
engineers} and agreed o by ALS.

The rerminale duly passed these tesis and the engineer
l2ft again. Howewer, this did not signal the end to the
Ceiilre enginecrs worres, a5 the Lecminuls continued o
need almost the full-tirme services of one technician, The
difficulties experienced were parsiculady had when the
Umiversity mesumed  classez o Murch 1976, when the
tevninals mozived their fimr exposere o inexpenensced
OpErarocs in lirge outhe s

This culminated in 8 conference in Apdl o decide
whal to do. It was decided to tackle the problem on severi]
fronts ioe huding:

(@] releasing one change terminal every 2fiernoon as

i buckup or tor banch work;

(b}  carry oul exiensive procresive overhaul of cach

churgs termibnal;

{c)  eliemirte on-thespsl repairs as far as posdble;

{d} improve the construction of the charge

terminals in several respecis;

(2} dmprove documentacion.

As ioresul of hese steps there was § gruoace
improvement in the performence of the tenmanalis ns will be
seell fromn Cpure 100 this shows the supervisor and
lechnizian hours spemt on the system on o weekly hasis
Nore Laounry to September [976, Rines May thore was g
steady decling in the hours spent in cewor ke 1 rermingls
(bencli Lione) amd inocorrecting faults freatmes service 1.
Figurs 11 shows the éecling in the mumber of calla per wesk
fo regir the terminals,

This irnprivemiens flnally succreded w0 lurning the
tide of pessumism angd dofeat amorg Libracy staff evidend
guily i the picce.

o urder to gve an idea of some of Lhe problems
facing the rainiesoncs mmpincers (which have all been
swcoessfully overcome), it is instcuctive 1o nore the contents
ai zach of the charpe sratlons, [neach ars the hades ramdur,
carid reader, toker pinler and guillocine assamblics. leazzind
eanneclors, fgic boards and na less than 5 dillemant pover
supplies, Bear in midnd alse shat czch onioal &, in effaes, 2
protetypl, 30 the quality of the workmanship was less than
periecl, ind minor veriztions existed belwes lerminla

Oin the other land, one awst alss beos in mind skt
o0 sidlar tarmingls had been built anywhere in che weold,
arni nimost 0o experience avalible on the lkely affect of
sell-charying, Some of the problems which arose we eould
posibly have forecesi. For instapee, the foldiog wnis
mentioned earler have been pericdically heeried inta the
reaiber in a Folded sile, ind pet jammed thare. Helapsing
thean reuirses the services of a [ELI‘I.‘I:I:iiHI: who ns the risk
of demaging yonncetess on the card readess in the s,
Orther things, howevar, cochl not reasanahly have bean
fareseen. Foo ewample, there is a critical adjusbmend in be
made om  the badge readers which hns raken the
mninteoance peopls some lime in perfect.

It iz warth reiterating, alse, the researclh wahre of e
vanture when youare tirsg, o cannnd expecl everything
te b atcaigbilloraernd.

E. COMAPUTER HARDWARE PERFOREANCE

Lestit be felt that the problams wery monfined 1o the
software and ternunal hardware, both of which wese nowel,
2 few comments should he made on the generzl
periorminnec of the compute:s el Figure 12 shawe
woekly percent uplime during the perlod June-Nomie
1375 Apart [rem the slx calamities marked, uplime has
averaged about 97%, which s lairly vypical for a COmputer
fytlem, though far less than the Librne’s cupectations,
and, It 5 felt, rather poorer then should Rove been
chtainable for an on-line mind-computer systomn.

Chne dhe reasons behing even the major Breakdowns
in Hpure 12 are examinod. then i1 becomes clear thar
aalhing is simple and straightforwand. For instaice, (he
disk  problems weee psebly  caussd By poo
sirconditicnitg. The sic chosen by the Library for the
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Figure 12 Weskly computer upt|ms

computer was in a “flat spot” in relation to the main
girconditioning  svstem; it was rght next to the main
return-uir prille for that level of the Library. The poorness
of the condilioning became obvious at an early date, and a
separate unit was installed adjacent to the computer. Even
that has not eradicated all problems — the conditioner has
to work twice as hurd, being near the return-air grille, and
gxtracts copious quantities of water from the air. Becausa 1t
it pot cloge 1o an outside wall, this water 13 deained into &
latpe copper tank from which the water is frequently
bucketted out. The computer is effectively located in a
pussapewny, adding to the airconditioning problems.

Examining the CPU problems reveals that the most
likely cause hus been a poor power supply (and, possibly,
undue susceptibility to power fluctuations on the part of
the CPU). Varicus parts of the computer expect differing
voltage levels — 220, 230 and 240 volts compared with the
norninal supply level of 250 volts in Perth. The Perth power
supply s notoriously unstable; for example, on one
cocasion  the supply reached 360 wvolts for a fow
milliseconds. Fortunately, earlier problems had led the
Library to install a power regulator, which incldentally was
burnt out on this occasion. Unfortunately, one of the
computer cahinets was connected o a standard outlet, and
extensive damage was caused. The computer supplier has
gince, hut not because of the above, modified the disk
power level protection machanism.

The fact that equipment designed to run at 20 volis
wias being deliversd ?5{! yolis also contributes to the heat
genarated, and compounded the above heat dissipation
problems.

An early discovery was the inadequacy of astandard
9 to 5" maintenance agreement [or an oo-ine system. A
reluctance fo release the computer during business hours
for preventive maintenance led to its complete neglect. It is
a commen problem with minicomputer suppliers, certzinly
in Perth, that an out-of-hours maintenance service is hard to
obtain. Apart from the cost, which is designed 1o
discourage, in some cases it is entirely dependent on the
good-will of the engineer as to whether cut-of-hours service
is even possible.

Another problem, produced by this reluctance to
releage the system during the day, was that what preventive
maintenance sesslons were ced to were frequently
consumed performing tasks a corrective nature which
were not critical,

Finally, however, an agreement was reached whereby
preventive maintenance was performed on a fortnightly
basis on Wednesday momings, with the alternate
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Wednesday available for any postponeable correclive
maintenance.

An interesting, but nol very relevant, episode
followed this agreement. On the very first occasion of this
specially scheduled preventive maintenance, 3 spanner wus
dropped into the works (almost literally) and the computar
was E:um for a day and a half!

F. COMMEMTS OM THE FILE DESIGN

The proposed file designs {see clsowhere!-2) were
employed pretty well as described. That s, use of
hashed-key wddressing as the primary access method for the
two main [les (borrowers and loane), use of indexes for
speondery seeessing (e.p. enquiry on clais number), and
extensive use of chaining.

Although known o be the least efficlent of the
methods for handling collisions in a hash-addressed file, the
linear probing method was chusen. The reasons weare:

a)  its programming smnplicity;

{:% it was u “known technique”, and therefors
could be implemented in a hurry (refer to the
final implementution Umelable);

(¢) {3 seated performance, measuied by average
accesses for files of cerlain loadings, was
adegquate for the noeds of the system at the
timne.

Unfortunately, what was not published in the
Uterature® (and what to date has &fill heen overlooked® ),
was what happened to the pecformance of this technique
urnider a high insertion and deletion rate. What happens is
that the average and maximum access times for an insertion
steadily increase until become equal to the time

uired Lo read the whole file. Tt didn't get a3 bad as that
befome the elfect was noticed! A number of attempts were
made to rectify the sitwatlon, until finally the use of
hashing was abundened In favour of a crude but effective
index scheme, pending further investigations.

Meedless to say, subsequent attempts to alter the file
accessing methods have been preceded by healthy
simulations. The log files (B.4) hove been put to good use
here also.

More information on the use of Unear probing (in

icular) for a wolatile file is now being assembled for
publication?,

G. CONCLUSIONS AND LESSONS

Before eliciting some pgeneral lessons from  this
project, a few notes on the general success or otherwise of
the project are worth making.

Firstly, the project as a whole can be considered a
“success” in that it has indeed saved money, facilitated the
borrowing of books, and provided additional information
on homowlngs. Despite some early apprehension, the
systemn has puined thorough acceptance by the library staff
and by the borrowers. The bulk of the borrowers find the
enguiry facility particularly wseful and easy to use, and
generally prefer to use the aulomated system (attractive
library assistants notwithstanding!). There are a few peaple,
of course, for whom the system offers lttle advantage —
these being mainly those who use the library very
infrequently and so are never familiar enough with the
terminals to use themn with confidence.

The people using the terminals are essentially
untrained, and this represents a guite unique venture;
heowever, surprisingly few problems have been encountered,
in spite of difficulties with the terminals, and enquiry
dialogue which is far from perfect. The best indication of
borrower acceptance is perhaps given by the 40% growth in
borrowing that has occurred over the period 1975-1976,
despite a static borcower population.

Mot surprisingly, the Library is now planning the
replacement of the charge lerminals. It is expected that
these will he taken out of sarvice at the end of 1979. By
that titne, they will have seen 5 years of service, which is
not too disgraceful for electromechanical devices in the



hands of the public. The Lihrary’s confidence in
Automated Library Systems Ltd is still sufficiently great to
be looking to that fiem to provide replacement terminals,
which will almost certainly be their label-based equipment.
These devices have no moving parts and do not even require
;}]:BMHE of the book to have its identifying number read by

e computer. The punched cards will be eliminated — a
decision which, but for their existence in every hook, and
the lack of a suitsble alternative at the time, should pethaps
have been made at the outset of this project, Tickets will
also be eliminated, which move is expected to substantially
speed up the process of borrowing a book, The present
purpose of a ticket is to validate the loan at the exit gate,

and this function will be taken over by a book-reader al the

exit gate, operated by the attendant there — so the

computer itself will check that the book is on lown, and
hopefully in less time than it presently takes to open the
book and examine the tickel.

In this new system, greater consideration will need to
be given fo fall-back in the cvent of computer failure,
Pregently, it is a simple matter to revert Lo the previous
manual system, in which the book-cards are retained by the
library as its record, together with handwritten horrower
identification, and a manvally stamped receipt card issued
to the borrower.

Owerall then, the system can be said to have been
sugegssful, though far from perfect. And many of these
imperfections, it is hoped, will be ironed out in the above
improvements.

We will turn now to some of the conclusions und
lessons which can be drawn from this project, many of
which should have become obvious as the tale unfolded.

1. The specifications for this system developed as the
project did. This has dragged out the project
unacceptably. MNewvertheless, in any project where new
ground is being broken, it i8 to be expected that some
decisions will be rewersed as we see the result. In
addition, it i85 questiomable, for a long project,
whether the specificutions can really be frozen, A
library is a service organisation, and must respond to
the needs of its users; all improvement or change
cannot be halted just because a computer project is
under development.

2. Point 1 above begs the question as to whether the
specifications were adequate to start with — whether
the systems analysis had been done effectively. For
any on-line svstem, because the user is so much closer
to and dependent on it than in a batch system, it is
vital that the systems analysia be done thoroughly.

3. Developing a system while it is in production has
several serious disadvantages, especially when it is an
on-line system. Most of these will be patently
obvious, and require very careful procedures for
implementing new svstems (figure 13). The effect on
programiner morale of having access to the computer
only after 10 pm or at weekends can be rather severe!

4, Should systems be implemented all in one go (“grand
slam™} or bit by bit (Cincremental™)? Two
contributions can be made to this debate: firstly,
with the latter, the user might have to be forced to
accept, for a time, something less than the facilities
he had under his old system; secondly, PTOgrammer
moTale may need some external stimulus under the
former. Other relevant considerations were maised
under 1 and 3 above.

5, The matter of programmer morale raised in 3 above
points to the importance of having access to some
testing facility other than the computer being used
for on-line system., We had access to a DEC
system 10, for which was built a simple but effective
testing vehicle (“testbed™). Such a testhed, if set up
for use in batch as well (us was this one), makes it
possible to put each new version through a standard
test package of transactions before being installed,

PRIMNCIPLES TO OBSERVE WHEN DEVELODPING

A PRODUCTION SYSTEM

(1) Mever introduce & rew version without
axtensive testing in the off-line mode (the only
axception to this iz when samething a8 trivial
a change of dus-date |5 made — but see [2)
below].
Mote: testing showld include ol sorts of ganergl
aperations  which are not affected by the

: changes,

| {2F  Always run a few tests on the new version ones

| installed live; thase should include a favw narmal

| charges, discharges, enguirles, plus a8 faw

|

|

random operetions  relevant 1o the area |
modified. |

131 Always failsafe the disks befors introducing a
mew weraion which sither
18] modifies aspacts of accessing the disks, or

data recorded on disk; or

{b} makes significant ather chanoes.
(4]  Ewvery new version, no malter how brivial, must
| have a mew wersion number:

| la} if the naw wersion has o extornal ['.'i'iib|£
to uzer) chamges, then only the wersion
surffix [alphabetical) shiould b |
incramented; '
tb} if there are external changes, then the !
I yisible version number (humerich should |
ba incremented [and the suffix blanked |
outh. [

{8} For a type 4i{b] change, multiple coples of a full |

| written description of the differences should be |

| given to the user a few days before {for changes |
invalving significant alteration to the user's |
procedures or operation, considerable advance |
notice — even if not so detailed — should he |
given], along with a staternent such as “chenges |
to be made within the next faw days".

W6l For all changss (types 4{a) and (b} 1, warning
should be given the day before any attempt to |
introduce the new version. Motification should |
then be left with all concerned stating that & |
new varsion hae been installed, its wersion |
numkbsar, gnd & briaf summary of changes made.
{Note: For both types 4(a) and (b) changes). |

(7] The previous version should be renamed to |
clearly indicate whal version it was, and lefton |
the disk: the new version should be so named |
that it will be used automatically. |

(8] Written instructions should ba prepared which |

[ indicate how to ravert to the previous version

[ should it prove necessary. This is particularly
important  where file incompatibilities may
exist.

(8) Arrangements should be made prior to the
change for at least one officer aquipped at least Ir

with the information in (B8 above, to be on |

stand-by at the time the new wersion is first
| used, and the wser should be notified of who
this is.

Figura 13 Stepa to observe when changing a production system

with results checked automatically apgeinst the last
successtul min.

6. Orher-ambitious  programmers  and  negligible
supervision make poor bedfellows. It is clear that a
reasonable level uF supervision js essential, even for
professionals.

7. It is clear that macro processors make inappropriste
developmental tools, because of lack of wadespread
knowledge of them, and because of high processing
COELs.

8. A compuler

project  consisting of  one
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Figure 14 Circulation systam running costs

anatvst/programmer  sulfers  the  least  from
communication breakdowns, and ought to have the
besl chooce of success (given the task i3 not oo
greal). Tlowever, if just one progranuner leaves, the
project is  thrown  into  chaos, particularly &
mon-standard  or  novel  lachodgues  have  been
employed. Howewer, this experience has failed to
shake the writer's [aith in the superiority of one
“superprogrammer’ over a “Maongolian horde".

9. Where o project breaks new ground (has & research
conlent), then all parties must be thoroughly
prepared to back dowm on o requirements andjor
produce more resources when things ao wrong,

Hh  Arising trom pmnt ¥ is the observation that when
there is only one supplier prepared to offer the poods,
then you must be prepared either lo compromise on
YOUr requirements, or to abandon your plans,

11. Both points 9 and 10 are compoundad when the
supplier of custom-built gocds is 10,000 miles away.
It is not feasible ro continue a thorough dialogue over
Lhat distance as specifications are refined and progress
moritored.

12, Because the project was 10 lead to a fully productive
syspem, it owas embarked on ooly after a cost
Jjustitication had been done (before the (‘nmpuﬁﬂf
Centre was Involved in the project), One might be
[orgiven fur wondering if the project was ever
propecly costjustified; cortainly, the trade-offs wers
never kept before all parties, so that decisions on
consuming, extra 1esources of cutting losscs wers
never posgible. The writer personally sclved this
difficulty by assuming the project was largely 3
resaarch one [encourapement to do so was received
from both the Computing Centre and the Library).
Research projects are not necessarily designed 1o
make a profit, but to contribute to the discovery and
dissemination of knowledge (which purpose is parily
served by this paper).

The main justification for the project was in the staft
savings which could be schieved. However, ane feels
that the costs of running (as  opposed to
itnple menting) the SYSIEm were Tadly
underestimated. One tends to talk in terms of (fiox
example] “a computer system costing §100,000 will
save 5 people per yeur”. The ranning costs are i Tact
quite high (figure 14) tocalling owver 330,000 per vear
ut prescnt.

The actual staff savings have been variously estimated
by library staff at from 2 te 7. though no official
statement has been made. In fact, all of the atfected
staff are being wsed to augment other functions in the
library. Computer-cavsed redundancy is, of course, 2
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6. SEYERANCE, [ and I:I'I.I'I!‘-.'Ff. ..

dirty waord.

13. Finally a poini, which has been highlighted in the
above points, s the overwielming complexity of
an-line svsieims, Trom all aspects, compared wilh
manuzl or conventional batch dvitems,

The care required in specifying an on-line gystem, was
mentionad {point 2); and the special provisions which
must be made for testing on-line system releascs was
discussed (points 3 and ). The problems of providing
for hardware maintenancg in an on-line systemm were
coverad {sectlon E). Mention was made (section Bd.)
of the value of some kind of hardeopy ouwiput;
humans typically hove had an ootdtode lowerds any
kind of system set up to streumline their function (e
it computer or manual). where some tangible
documents are &t the heart of the system, that “in the
final analysis'’, they could go back to the documents
and “work it out by hand, albeit somewhat
tedicusly, Thizs fall-back optlon, held in the back of
the mind, haz fremendous psvehological benefic In
providing people with a sense of securdty. On-line
systems remove this hard-copy reference point, and
can wnduce all sorts of insecurities unless introduced

carefully,
Another very important safety otor, which is ollen
everlooked, s the wbilily, i o batch sysizm, o

“rerum  the job™ iF it fails For soone  epson,
Frequently, the user need never konow aboul the
Tuilure, The wser may, of covrse, develop o much loo
oplimistic view of computer systems, which will not
stand him in good stead when he 5 gdven an on-line
syitem. There is no room for such errors here,
hecause the transaction information is transient, and
mst he reeorded correctly inside the syetem at the
time of the fransaction or i1 may be forever Jost.
Many more transactions may ooccur before the
problem is noticed or can be fixed, s0 2 complex
back-track may be neccssary (o leng way [rom Lhe
simple father-son and transaction tape files). And the
user will not only know about the failure, he will
konow aboul it & long lime before the computer
PECEOI.

An an=line svitem thus requires a much greater
dependence on the compuier than has heretofore
been required, and can lead o all sorts of new
situations,

Omne fuiling thal muny -:.'-U[[lFIIlL‘I people hawe, and
which is worsened by an on-line system, is to tend to
helieve that he system is “the computer”, or at besl
“the computer system™. Humans are still the most
imporiant ingredient, and more 30 with an on-line
gystern whers the syvitem and the hurman are wedded
more closely, Computer people are fond of saying
that the computer is “just another tool™ and while the
computer & certainly just a tool, itis also imporeant to
recopnise thut there is such a difference in magnitude
between it and any other tool as 1o constitule a
differenice in. kind. On-line systems underscore this
differénce, and should only be attempted after very
careful analysis and planning.
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