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Thia paper reports on the usefulness of Modula for program- (
ming the control of experifents In a paychoacoustic labora-
tory. Module was designed for programing dedicated com-
puter systems. As such, it provides facilities for mul-
tiprogramming and for the control of machine dependent dev-
ices. Using Nodule a non-system programmer (the author) was
able to write the software for a stand-alone system to con-
trol the operation of a number of concurrent activities In

Man experimental laboratory. This was due to the simplicityof the language, the concept of encapsulating Independent

activities in to separate "modules" and the use of "signals"to communicate among asynchronous "processes".

INTRODUCTION The language MODULA was designed by H.Virth
(the designer of PASCAL), at ETH (Cldgenoesoisohe

A computer controlled laboratory is essential for Technische Hochschule, Zurich) and Is described In
research in modern psychoacoustics. Precise timing three consecutive articles In "3oftware-Practice and
of complex waveforms Is required, and the waveforms Experience" (2, 3, 4). It has been Implemented as a
themselves must be syntheslsed to exact specifics- cross-compiler running under UNIX for all types of
tiona. The psychoacoustic laboratory at DCIEM has PDP-11 from the LSI-11 to the largest PDP-11s, by
:evolved from an analogue network of oscillators, the University of York (U.K.) from whom It is avail-
filters, attenuators, noise sources, etc., In this able, with maintenance and update services, for a
direction. In 1979, a PDP-81 which had been used as nominal fee[21. This Implementation was chosen for
a signal generator and controller was retired In the development of the software for the DCIZM
favour of a PDP-11/40, which was to be used tc psychoacoustic laboratory, partly as an experiment
create and present the signals, communicate with up to see how easy It would be for a researcher with no
to three separate listeners, and control all facets system programming experience to develop a oompl-
of the experiment. cated concurrent real-tima system. The results have

been pleasing.
Using the PDP-81, assembly-language programming

appeared to be the only effective method of perform-
lg the required tasks at an adequate speed. The THE REAL-TIME APPLICATION
overheads, and more important, the possible timing
uncertainties associated with an operating system, The application for which Modula was chosen was a
made it almost imperative to work with the bare system to control experiments in a payahoacouStio
machine. A PDP-11/40 is, for some purposes, a laboratory. In setting up this laboratory the alm
slower machine than a PDP-8I, and speed of execution was to provide a facility which would allow the
as well as timing precision are more critical In the presentation or a wide range of auditory stimuli and
more complex system. The complexity of the system the Implementation of many different experimental
and the absence of an experienced programmer pre- paradigms. In general, our interest Is the process-
eluded writing In PDP-11 assembler code. On the Ing of auditory information Including speech and
other hand, mono-prooessing languages like Fortran non-speech stimuli. Specific areas of Interest are
were both cubersome as languages and unsuited for the relative advantages of presenting Information

--. development of highly asynchronous concurrent sys- auditorily rather than visually, determining methods
I - to"s. Another consideration in selection of a of improving a parson's capability to discriminate

development methodology was that the 11/40 should signals In noise, and finding uees used by humans In
not be the development machine. The host machine disorminating amongst oomplex sounds . A common
was an 1l/34 running the UNIX time-sharing system, paradigm is to present a stimulus or series of
which has a wealth of software development tools, stimuli to an observer and have him or her report On
and an early decision was made to take advantage of the presence of the signal or of a difference
those tools.

(2] The addres is I. D. Cottam, Department of
,,aaa=anaaaim,=,s,,ma Computer ceLne, University of York, Nelington,

(1 This is DCIDI Research Paper No. 80-P-05 York, 101 5DD, England.
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amongst the signals. With the *hang* in hardware there W"
requirement for now soft ware. Silce the system is

This research project in a continuing on. entirely computer controlled. the amount or program-
originally, the laboratory for thoe experiments .mn required and the complexity of the programs to
consisted of a onglomeration or digital and analog be written is such greater than before. to a typi-
oomponents which the experimenter plugged together cal experiment.* the computer must control a number
Into Whatever configuration was required for the of activities at the saw. time, Including the
experiment being carried out at the time. stimuli tranafer of aignala either from a disc or from the .
were modified by twiddling knobs and dials. and data hoat computer to the 11-40 and from there to the
collection meant writing down totals from counters. observer via * d/a, the presentation of visual UiS-
This kind of system Is prone to human error and is Ing cuea to the observer on a terminal, the atteauim-
not suitable for answering the kinda of questiona tiog, of stimuli, the collection of responses mde.
that now concern us. Over time, parts of the system and data storage. Up to three observers participate
were put under computer control, naely, a PUP-el. in an experiment at one time and these activities
With the 81 it was possible to generate simple *S- muat be carried out for each observer simultaO"UalY
nals and collect and analyse observer responses.* and Independently. The software for auch a system
Even so. the system still was Inadequate to carry Is easy neither to design nor to write. The systeS
out the required research. Therefore, It was acm- supports a number of' special purpose Peripheral 4v-
pletely revamped Into the form shown In Figure, 1, ices to carry Out the required sotivites. * tandard
with the 81 being replaced by an 11-4O. Zn the handler& are frequently not available for mush dcv-
design Of the new laboratory, It ws anticipated ices and must be written. Even Where Standard dew-
that signal waveforms would be generated off-lne Lcs handlers exist they often cannot be used. Uta-
and passed to the 11/4O by a high-speed link from a dard bqdlera are designed to be all things t-) 41l
host computer (POP-i 1/34) for buffering via KOS people at the expense of speed of operation. "hore-
discs. Woan wanted, the waveform would be stripped fore, they are usually inefficient for this system
off the discs and passed through an digital to where many actions Involving many different penl-
analogue (dim) converter to the audio system. Colm- pheralm must be carried out In a brief time frame.
municatlona, between the observers and the computer
would be via standard terminals for maximums flexi- In sumary, the application was a System to
bility. Some of the analog equipment used previ- control the operation of an experimental laboratory
cualy would still be required, but It would all be with a large number of hardware Peripherals. The
controlled by the 11./50 rather than manually as experimental protocol uaually Involved ontrOlling a
before. large number of virtuallY simultaneous events.

Moreover, since Oe protocol varies onasiderably
from experiment to experiment the softinar must be
easily modified..

.ImITam Umus M0 86UTIOU OF NMUA

Given the complexity of the system being developed
"mwsit was desireal that the software be vrItte In
ba-00higher level isogage. ais was doubly Sest"m

sinee all or VWe pregramiog was to be lose by 4
we 6.aa ~person Wines sale Interet NOas earch act alte,

systems psepemimi. ot only does thie meo" a, lask
of expertie, aI ao meats tha the system woud a,:1 developed piesema Ma tie permitted. Tbe!~fote. a
languaegm an~ed that vwud he *"Impl to loam

6-0soand s wo ell4 o ""I mesin -q Wiqu p ts "Athappliestie. :In addition, the PUL W toSis ~
softvare me a PUP 11-34 wader th0 quIt AwSrttus

S system In ONd 6W t give wea PrOpmeu' 6004190 q to V1
seftive oela ovailabl wor "is3 MG. thboi~re
asoaed a ~aPtg$Mtfo i itm's

4"tom IId* Wes c.) - Therfes's, %"q Iumoae;
m54 had to be available Wide IZ, ThS 6194rM
tivee were %9 dvelop a mstan, a""i t"e 3M1tOperating systop or to Wits a stani-0leMe systea

6-.. ek using eliluer C or Mgula. asbo ff.11 mant learn-
In: another opersting ovate. m~ el s a lanus
in which to Write thm epes"Ia peeo bandleft end
experiments. There was als a 41841110% peasihility
that nXisting hadiles veuld have to he rowl~ttcn.
C provided the movbility frh writing a esal-aleme
system. Nowever, hirths article en Module (0~ oug.T seated It wse ass suitable for this kind Lof GPPiS-

s .*,,. "eo 1 f3 cation.

noun FIUR : a schematic of the hardware As sAnted previuswly, NAdula Won designe d fo
progrimiig a dedicated computer slstm such aIn the psyohoaccustic laboratory. these Wsed in proces oetOl &YO'-f end eaperime-
tal laboratories. &s mob, It hem ftGciitie for
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controlling too operation of peripheral devices and In writing up this system onsiderble advan-
It Is OlSaaKd to produce highly efficient code. tage was taken of the module. Instead of having to
Module Is basl d an Pascal and has meay of the cos - consider the desig of a omplex program to rut a
strute found in that lnuae. The compiler particular exparment It was only necessary to son-

developed at York University In Inoand for use alder the design of a particular functionl un~t ro
under UNIX "on it possible to write a stand-alone do a specific task. Initially, a number of basic
system for a PW 11. The large test plan and the modules aih carried out specific functions. such
real-time application programs included with the as device handlers, wae written. These basic
compiler, simplified the Introduction to the nou10n ort then combined Into a functional unit
language, that conformd to a typical tbsk that bad to be oar-

ried out. This function was added to a library of
functions which could be combined to control any

USEFULNE33 OF NODULA number of different experiments with very little
additional effort.

Nodule more then met initial expectations. It
proved extremely simple to learn to use and to write
the software for the system. Even though the E aSng 1 - Xh a a da
software was written over a span of many months with At run time as well as at design time, each task is
much of that time spent on other projects (including an independent functional unit because of the caps-
one period of almost two months). the time spent in bility Modula provides for expressing concurrency.
relearning was essentially nil. Even the most cor- This makes designing the system as a series of tuns-
plex experiment was straightforward to program tional units even more reasonable. At run time
because of the capability for expressing coneurrency tasks are each started In turn and then appear to
that Nodule provides. Writing device handlers was run concurrently with one another, communicating by
no more difficult than programming any other tunc- means of shared variables and "signals*. Separate
tion. concurrent routines are called *processes. A pro-

cess is similar in form to a procedure except that
A detailed description of the language is not it runs concurrently with the routine that called

possible here nor would it serve any real purpose. it. It can both send and wait for signals, and test
irth provides an excellent explanation of Nodule whether anyone is waiting for a particular signal.

and how it is used in the three articles mentioned If the end of a process were reached It would not
in the introduction (2, 3, 4). An appreciation of return to the calling routine but simply go out of
the usefulness of Module Is better achieved by a existence. To prevent this (a fatal error), a pro-
brief description of some of the major constructs in cess contains a loop statement without an exit aon-
terms of how they were used in writing the software dition (see Figure 2) so that once It is nitiated
for this system. it continues indefinitely. However, It Is not exe-

cuted continuously. Most of the time all but one
process will be waiting for control to be passed to

MW awlb I it. A program usually consists of a number of
A program usually consists of a number of "modules processes with control being passed from one to
each dedicated to a specific function such as I1/0, another as events dictate. Each process carries out
data storage, signal generation etc. A module is a a different task. To the user the tasks appear to
collection of procedures, variables and constants be going on simultaneously.
which are segregated from the rest of the program-
ming environment. They are declared local to the Control is passed from process to process via
module and are not known to procedures outside it signals. A signal Is like a variable except that it
unless their Identifiers are deliberately exported can not have a value. In faot only two operations,
by being Included In a define list. Similarly, the procedures gwait(s,n) end "send(), and one
any variables or routines defined outside a module test, the procedure "awlted(s)* am be applied to a
are not known inside it unless they are included in signal. The procedure walt(s,n) delays at priority
the module's *use" list. However, procedures and wnw further execution of the process until the aig-
processes declared within a given module have access nal *" is snt by e other process. Send(s)
to all variables declard local to that odule. In passes control to a procedure that has been waiting
this way It Is possible to have a number of for Us6 the longest or with the highest priority.
subroutines (in Nodule called procedures) which have Awaited(s) returns true if at least one routine Is
access to comen variables, yet still restrict the waiting for *a". When a wait is encountered, con-
scope and visibility of those variables. This trol passes to some other process being executed
minilses Interactions and simplifies coding of very concurrently. It a send Is executed, control passes
large programs. from the routine with the send to a routine waiting

for the signal. Control returns to the sending
Nodules can be nested within modules making It routine only after the receiving routine finishes

possible to build functional units composed of two execution of its code or another wait I eoncoun-
or more modules. Variables are shared amongst the tered. This linkage of shifts of control at 8walt"
sub modules but are not visible to the remainder of and *send" statements means that Nodule is well
the program. This makes it possible to write a pro- suited only to mono-prooessor applicatloun. In a
gram as a collection of small relatively independent multiprocessor environment, a process that eand's a
units. In fact the program Itself Is a module signal would not need to wait while the concurrent
identical In form to all other modules. A module one began execution.
may In one application be the total program and in
another just perform one of a number of actions Part of the code for a process which controls
being caused by another program, the timing of events in a trial Is shown In Pigure

2. A trial is broken up into five parts get
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ready, stimulus interval one, interatimulus iater-
iD~Strialtime; Val etisulUM Interval 2, response latWTvl. SOUS9 o~ok. akof. tntab ruono unsrLsignal Is Presented In es of the two SiUlUIS
oil set , ovef, reiutab, readyn ; Intrvls.asamte, thispes SOV

M Sit clockwr eats, ed; 1g interrupt to hapen some time in the future#
fLOW waits for it.* then executes the appropriate made

SIP rumn TURNrelated to that meat in time. Tin often Ineludes
setolk(tistab(O 3); seding signals to other procose or setting flags
WILEt waited(ready) D0 sead(ready) MN; for other processes to check. niewr 3 show two
wait(clkoff)l setolk(tiatab( ~ 13;Processes that would rn ccnourreatly with Wtra-
VURLS swaited(ait) D0 sood(sil) M; time. Communication between these procsss wOihd
Wait(olkoff), solk(tiptab[23); be by means of the signals *ails. 6*128, and Osic-
WHILE auaited(sicver) DO sond(siover) KI01 ver' and the beebe.m variable OreeptimeA. Flaysig

sotak~tata~ll; wat~akor);waits for OWN1 and "oI29 and Osioer'. Nea IteetoLI atitab(91;)0 sait(lkof) ; receive* elurner Oasit or msil' It starts an auditory
.HL ( ated 2 D) seds2)KDtimulus playing. Waes It resolves Osiovor" It stops,
stolk(tistab(31); remptlee: xtrue; the sem stimulus. rDeafomme we"5 *iesptime to
wait(clkoff); resptism:sfalsel determine It the mesge being seat by an observer

CLAS wait (runstrt cbs) KID was sent during the response Interval. It Is pael-
WDblo to un so than mse subject q by starting each

KDtrlaltime; process In Figure 3 awe thean"e. Bobk time as
Instance of a proces is started the value or 00s0
(the parameter csho proess" Is calleid with) would he
dif ferent. aUuaea' and OrnmtrtO are used to

P101133 2: An example of the code for activate and Inhibit these press*s@" at the start
a process. Other processes and pro- and flats" of amok run.

* aedures would wait tor the signals
0*liP, ".12%, owl 'siover'. "CA A MalN

Providing the capability to progrM the handlers for
peripheral devices In a higher level lamgageW Is
usually difficult because, an PUlub Wtotodi

IPROCESS playeig(cbs: Integer); *such facilities are InherentlyUsE *all, s12, random, slgow, soift ON oven onfiguration-a lgoff. runon, rumstrt;, dependent ands Imnch elude6 a
VAN *:Integer; ocapreboelve abstract definitias.'

LOOP MVth a' solution was to enebese the macn depesi-
1F rumen Tom dent imes ide a apeelal type of mdulo called a
G aaraadom(2); device maul* (see FIVure 4). - lbs foatures of theIF ami INIl wait(il ,ohs) devise medial. refleat the features of the machinEam "Wait "i*bs) 110 the eampiow vae written fr '- In this ease a
BSigf(GbS5; atsover,cbs); -M--I. at ane Sme ime they awe prastleelly"for~bal Iietl"I is m fec' Ue 110 Stssdwd 10"U"l em-IF reaptloemalse I'M wait(siever,obs) KI; @trusts. There Is very little extra o 11"M 1A

* 31,13 ai(runstrt gobs) KID; Order to wrnto a hedier is Mdola. wbe esirs
* 3 fatura ilAae a Nmes of se~sban the PPrIor

* SIN playpiga ity at which a devise eperstee. a ms of ryig
PSOCIS rospcaee(os4ateger);a inthadaesitq datupslg

reert d. ruetut, runes,
as Usuor Wmer at she end of the amlI

Now&N deastin, s "a dowvieee priority .-

ureses~w~"M dvat aem
to anspwsb)ee 3W priority an hle MAU eg ael l os e a m4eu

watrmo-os M dvie' registerms em te mom me ft h

uS repoes;priority as the relevant ia merw.
the hardmwe registers assciated with a devise

) ~~are also treated In a saigtewsrdmm . am%is defined as a variable like my ether varleo110111 3: Two processes that could but with the hrduu 846d00 Writte n brS4Met
run concurrently with trialtime. following the idestifier (ter enmewle. the deaers.
Playsig Plays a signal In either tian of 'loa~1stmS , oite is nig 4). te regis.stimulus interval en or two. ter say he treated like nor other variable ad the
R eopen"e waits for the observers amat suitable Variable type em be ued. Usually,
response and Star" It ini 'sesm the status register is deelred to be ot typ 'te'Q

(an array of 16 haes variables) while bilfer



constructs. Eob device handler can be written as a
DEVICE OUL9E clock[61; separate unit. Its internal details, Including the
DEFINE tick, time; operation of the device process. are Invisible to
VAR time:integer; the rest of the system.

tick: signal;
los( 1775163] :bits; riting a device handler offered no special

(a In Nodule, octal constants problems, eves though the writer had no previous
are terminated with the character 3 s) experience with device handlers. The structure that

had to be followed was clear and conolae. It ma
PROCESS kwillook (1003]; easy to translate the speaifications in the hardware
VAR ticks:integer; manual into a device module. The simplicity of

structure also meant that the scope for error was
BEGIN less which out down the time required for debugging

ticks:xO; a routine. Integration of several device handlers

LOOP was never a problem. It is taken care of by *peo-
lo[6]:true; fylng a priority and by the us* of a device process.
dol; At run time the device process for each device is
Ino(ticks); Initiated. Thereafter, whenever the Interrupt for a
IF tlcks'O0 THEN inc(time); tlcks:aO END; partirular device is enabled, interrupts to that
s end(tick); device are handled at the priority specified. Dev-

END ices operate concurrently with one another In con-
END kwllclock; junction with ordinary processes.

BEGIN The primary reason for writing special purpose
time:zO; kwllclook handlers was the inefficiency of standard handlers.

END clock; The Modula compiler Is written with code efflcaency

as a major design goal. The test of this was the
signal playing function. Successive samples of a

waveform are transfered from a buffer in core to the
FIGURE 4: A device module to control d/a, one word at a time, on successive Interrupts of
the operation of the kwi1-I clock. a programable clock which runs at top priority.
This sodule only contains the process This buffer Is refilled when required, from an REOS
to handle the interrupt. Other pro- disc, double buffered. If the clock interrupts hop-
cedures that alter the value of 0ls pen at too high a rate nothing else gets done. The

could also be included. Outside the Module system can handle the disc-to-core transfer,
module clock "time' Is road-only and the ocre-to-d/a transfer, the clock interrupts, and
'tack' can only be waited for. terminal interaction with a clock interrupt once
'Ticks", the tick count, Is Invisible every 90 microseconds. It ie doubtful If it would

outside the process kwlclock. be possible to achieve a much better rate of
transfer under any other system.

In aumery, as claimed (2), the language was
registers are declared to be type *integer* or well suited for this kind of application. Not only
"character". In this way, individual bits In the is it possible to write the concurrent software
status register can be modified at will, while the required, but as an additional benefit, Modula
contents of the buffer can be dealt with as the almost sem to force one to write more clean,
numbers or characters that they truly represent. elegant and generally useful software. Writing

functional units that do a specific task is pote -
The actual hardware interrupts are handled in a tially more useful and sore flexible than writing a

'device process', which functions In the same way a* total system right from the start. Defining the
any other process except that It will ordinarily actions as separate processes %hich all run role
contain a 'dol' instruction. Only a devioe process tively concurrently results in a program which
can contain a 'doio' statement and only one instance corresponds more directly to the actual operation or
of a device process can be activated at a time. the experiment. This makes It easier to understand
Each device process declaration includes the address the software and hence to debug it and to modify It
of the Interrupt vector (for example, the line "PRO- later on.
CESS kwilolock (1OOB];" in FIg 4). The doe state-
mont is the link between the actual interrupt and
the user program. It acts like a wait statement,ITATION O ODA

for which the signal Is sent by the system when an

Interrupt happens at the vector specified in the The limitations of Module arise mainly out of one of
device process declaration. When a dol Is exe- the features that initially attracted us to it;
outed, control Is relinquished by the device process namely, It Was simple to learn. Modula was dei4ged
until the proper interrupt occurs. At that time, to be as simple as possible so that it could run On
control returns to the device process just as In any very eall computers. Virth's philosophy of
ordinary interrupt handler, unless a higher priority language design Is to provide as few primitives as
process is in execution. Normally, the device pro- possible for the job, to ensure that thes are
cos will disarm the Interrupt, do its work, rearm defined In a natural and general way, and to strip
the interrupt, and loop back to the doie statement off all possible 'ornamentation'. Consequently, a

to await the next occurrence of its interrupt. number of potentially very useful constructs avail-
able In most higher level languages do nOt exist is

The extra facilities of device modules are Module. There Is no capability for inlirect

similar In form and use to the rest of the Module (pointer) addressing, no inherent file structre, so

S
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standard I/0 commands, no data type *float" to code Interesting functions and procees ; 0ns it
('real'). and hence no floating-point arithmetic, proves that the compiler is working reasonably relit
The absence of I/0 commands and of a file structure ably. This last feature L a great psychological
L required by the uhiloophy of Nodula. It Is not, aid when program bugs appear. You ass believe that
and does not revlaes. a neneralixed operating sys- the bugs are your one foult rather then the fault of
tem. It was designed for the construction of the omrpiler. This belief has so far been well-
Prooess-oontrol applications, and the effective founded. There are a w known eopller bugs, for
deserloison of 1/O processes in a concurrent &syn- which fixes are available from the University of
chronous envircnment. The absence of Indirect York as part of the maintenance servieo, but these
addressing is required by the strong segregation of bugs seldom appear. When they do, It is usually
modules. Indirect addressing could permit modules obvious that there is a compiler bug rather than a
to affect other modules If the pointers were program bug.
Incorrectly set, resulting in bugs of great diffi-
culty In a complex conourrent system. The absence
of Indirect addresslng In. however, annoying when CONCLUSIOu
dealln with devices such as a DNC-11 (a high-speed
Inter-computer link). which asks for and returns the Writing a stand-alone system for an experimental
address of a buffer. It would save time and storage laboretory is not a simple task, no matter what the
to be able to store that address in a pointer and language. The requirements are stringent and usu-
Dick up the contents of the address by Indirect ally the work Is never completed, an the uses for
addressing. Floating-ooint arithmetic Is also very the system are constantly shifting. With Nodula the
useful in many real-time applications. However, it task seemed more reasonable. It was written for
is also very time consuming If there Is no floatlng this kind of application. Consequently, one does
point hardware on the machine. Therefore In many not have the problem of adapting constructs to fit
applications, such as this one, it could not be used one's needs. Rather the constructs sem to assist
whether It was available or not. Nevertheless, prO- In the definition and design of the system. The
vision of a 'float' data type would probably be one result is that it is possible for a non-system pro-
of the most useful extensions of Nodula. grasmer to design, write and debug a stand-alone

system and produce software that is easy to read,
The small number of constructs limit the range flexible, efficient, and easy to modify at a later

of applications for which Nodule Is useful. It Is date.
not a aneral purpose language. This was noted by
Holden and Wand (1) in their easement of Nodula.
They felt that Modula was most useful for the g Cgs
development of mall real-time systems written by a
single programmer. It would not be possible to
write a neneral operating system in Nodule beoause (1) Holden, J., and I. C. Wand, An Assessment of
it does not allow ore-emption which is necessary to ndula. York Computer Slenoe Report so. 16,
Implement a soheduler. Since what it does, it does University of York, Uemlington, Ragland, 1978.
well, it Is worth learning Nodule to write the
software for a mall real-time system. (2) Mirth, N., Nodula: A Language for Nodular Nul-

tprograsming. Software-Protlce an Experl-
ence, 7, 3-35, 1977.

TMU CONILIM
(3) Wirth, N., The Use of Ndula. Software-Practle

The amount of use a language gets on a particular and Experienoe, 7, 37-4S, 1977.
system usually depends on the quality of the con-
piler written for that system. The implementation (I) Mirth, U•, Desian Implemtation of Ndula.
used In this application was Release 2.0 of the 3oftware-Praotloe and gzprleneo 7, 67-8,
University of York (UK) Nodule ompller. This ca- 1977.
plier is written In 3CPL, and can he built on a
PUP-11 running UNIX, or on a DEC-10 or D-20. It
runs under UNIX, and produces code for any here

PDP-11, from an L31-11 to an 11/70. Normally, the
target mohine will be one of the smaller PP-11's.
There Is a possibility that versions for DIC operat-
Ing systems on the PP-11 will be available.
Release 3.0 Is expected to be available on UNIX In
Spring 1960. The PASCAL User's Group Newsletter
lists other implementations of Nodule, with various

target machines, and running on various hosts.

Our experiene with the York compiler has been
mainly favourable. To start with, It was easy to
Install. It complled and ran on the first attempt.
This Included compilation of all the 0CPL source
code using a binary-only DCPL compiler supplied with
the Nodule system. The compiler Includes a large id/OZ
test plan (about 10 pages of Nodule code) to check A
out each of the constructs of the language. This
has proved of inestimable value. It shows clearly
by example how to use each construct and what hap-
pens when you do; It provides many examples of ways
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