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accurulator, and there have been propesals to uss the manus
reglstor as a keyboard (sgee J.D. Robeyts, Diploma
Dissertation, 1958). However the full polentialities of the
instrunent do not appcar to have been exploited, mainly
becange the programming of virituoso pieces hag been too

tedious.

The purpose of the lMusic Compller i% to enable the
mwusic to be specified on a data tape in a form to which a
rpusical scove can eeslly be converted. Indeed it should be

possible to punch the data tape direct from the score

.

provided thet the wusie is not too complicated., MNost of the
usual musical facilities are provided, for exampl staccaio

noves, repealts, setting of key and tempo.

The notes are produced by sending a regular succession

of pulgces to the loudspesker. The
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to digits in registers p , w and D . Vhen the cubput
bu

regigter D 1s not in use, the contribution from register »p
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predoninates. A pulse is produced whenever vhe F2-Alals
of p chenges from O to 1 or vice versa. Register p
holds the obeyed address of en ovder. TIurther details ave

glven in section 3.

2. THE DATA TATH,

Pitch end duration of notes. The musclal scele is

divided into ochaves, each one starting at 2 ¢ . Octave O
¥ t%)

is tho octave fronm middle C uwpwards, and the octaves above

and below this ave numbored 1;2;35ee0 000 ~l;=2,=3; 00,

rospectively. Having specified the octave containing a
perticuler note, the pitch of the note is then completely
defined by giving its nane, i.e. 4, B, C, O, E, P or G ,
possibly with en sccidental (sharp, £lat or nabtural).
Sharpened or flatiened notes ave regarded as belonging to
the same koy as thelr 'paront' notes. Thus the note C flai
one gemitone below middle € is in octave O , whereas the
same note ealled B is in octave -1 . Bach note is
played at the correct pitch, using the equal-tempered scale,

irrespective of the speed of the machine.

The duration of a note is gpecified by the tempo of the

misic end the tine-value (i.e. duration relative to the tempo)

of the note. TFor the time-value of a nove, we adopt the

convention veed in time gignaiuvres in musical scores of
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representing a note by the nunber of then requlred to malie

O

up a whole note, or cemn wavvu,

Thae, 1l = genibreve o
2 = mininm J
4 = crotchet 5J
J\
8 = quaver
16 = seniquavex gk
and so0 on.
A dotted note is represcated by a decimal polnt after

this integer, followed by the number of dots. For exanple

aL is punched as 4.1 . In such a combination the intege

4 will be referred to as the basle time-value,

Triplets and similer combinations of notes are easily
tence, each of thc notes J j J

(3 quavers in the time of 2 ) has & time-valus of 12 .

dealt wlth. For ins

S

Ruleg for nunching the data tavc. The data tape consisis

of a sequence of itenms, each of which must ve terminated by
either {vo spaces or cr, g . Single spaces are ignored

everywhere.
Items may be of the following kinds

I. Key sstiing. The key of the music is set by an itenm of

e



% the forn KEY ns for sharp keys, or
XEY ni for f£lat keys, whewe n is an

integer between O and T , indicating the nunber of sharps

or flets in the key signature.

Tf the nusic is to be transposed, that is, played at a
different pitch to that at which it is written, the form

IBY 3g8/k is used, indicating that the
music is writtea with a keoy sigrature of 3 sharps (s2y),
but is o bo played k semitones higher (-12< k €12) .
This fecility will be found useful when playing music

written for a transposing instrument such as the clarinet.

If no key is sot before the first note, C major (or
A minor) 4is assumed. This key can be represcnted by either

KEY Os oxr KBY O£ .

2. Tempo _scotiing. The tempo of the musliec is set by an

iten of the Tfoxrm TEUPO m=r + This is cquivalent Vo
a metronone indication (e.g. ¢J = 06) in a muslcal score.

° Here, m represents the time-value of the note, punched
according to the rules already described, and n (a positive
integer) is the wetronome rate, that is the number of notes
of time-value m in one minute. A tempo nust be set before

the first note is read.
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4. Hotes and rests. An

Xkn
wvhere X ds A, B, C ,.
X is s (meaning
or n (natural) o

n is a tine-value

Exenplesgs Ad
Bfs.2
Ej

I k 4ig onit

flattened according to the key selected.

thils octava.
.t

‘, vhere n is a positive or
notes (up to the next

Octeve O dis sssuned

nat in the case of traansposed

ers to the written notes, and not

when played.

iten of the Lform

D,E, Forg@
shavp) or T (£flat)
or may be onitted

punched according to the rules

P naturpl, o

ted, the note may be sharpened or

Por ingtance in

the firgt example above, the note would be pltyo& s A Tlat

if the key was B flat nmaj
en accidental (s, £ ox n)

that note.

or (EBY 3f) . If the nots cond c,,ins.

the LeJ setting ig ignored for



. P s e I R R - e e
A rest (silence) is denoted by an item Ra , vhere n

5. Staccalo notes. A note o be played siaccato is

denoted by a decinal point preceding the note itenm; this couse

the duration of the note %o be halved .
.8 - «Cs2 represents ¢ sharp, f?

This 1s equivalent to Cs4 R4 .

6. Phraging. Uanfortunstely, the programmer has no control
over the loudneas of the music and this makes phrasing and
the stressing of individual notes rother difficuld., The only

solution geems to be to separate phreses by very short pauses.

Y

This is denoted by the character 4+ y Wnilch mugt bo
punched a8 a separate item, and causes g slight pause to be

inserted after the last note read. Thig Tacility will also

be found useful for sevarating two notes at the same pltch

which would othervise tond to be heard as one nove.

( and ) .

This facility can be extended as follows:

3
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(n waere m  is en integer greater than 1, meons

] X o gy S B T £2 e KR
"play the folloving scqguence of noves, up vo wae

next ) , n Eiwes", Thus if n is omivbed, I
is taken o be 2
n vhere m is o positive inbteger, means thab the
vepeat is to exclude the last n  items, Vlere
(1) t4tema' hoeve neans notes and rests teling

gccovnt of eay intervening repeats
(i) a staccato note counts as 2 itens
(1i1) e pause, + , does not count as en itenm.

Thus 31f m ig omitted, it is teken as O,

( 28 B8 ) played as A8 B8 A8 E8

(3 ¢4 ) played as C4 C4 C4

( 62 Fs8 E8 )1 played es G2 Pe3 LS G2 FsS

Repecats can be nested inogide each other at will. For
example the ropeat of the consbtituent note’of a trill could
occur ingide the repeat of a few bars, vhich itself is part
of o repeabed movement. There is no practical limit %o the

depth to wvhich repeats can be nested.



9, Vait during inpeb. An asterisk punched as a preofix or
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as a separate item causes the machine Yo stop reading the

°

. tape snd light the Ywalt' lanmp,

Mevhod of Use.

(1) Read in the IMusic Compiler using Set Start end Cleew,
The machine will then measure its own speed (this takes 71
sccondf), print this as the number of microseconds per

microprogram step (for anyone who is curicus) and then walt.

(i1) Read in the data tape using the Run key. On reaching

'STOP' ox 'CYCIE', the machine walts with 2047 displayed

on the control pencl ncons.

(i11) On raising and lovering the Run key, the music will
be played after an initial pouse of gbout 2 seconds.
If the last item on the data tape was STOP, when the end

St

of the musle is reached there will be another 2-second

pause, thon the machine will wait, ready to reed in a

Turther data tape.
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in the data, it prints an inmut report aand halts with the
(]

OPtional Pptop lamp 1it, in the manner of the Assombdly

Routine., On pressing the Reset bubion, reading of the dat

CJ

tape is resumed, but when 'CYCLL' ox *'STOP' is reached, the

machine will gbop with the Report lamp on.

A f20lt in the nth line of data covsos a report n/n
where m 1s a report number identifyiﬂg the fault (sce list
below). Since a report causes the remainder of an item to
‘be ignored, an error may cause bogus reporits elsevherc, Fox
example an crror in the Pirst tempo~setting iten would
result in the tempo eppearing to be uneed, and would cause

reports on succeeding notes.

The exror detection facilities are not claimed 4o be

foolproof, but shovld trap all the likely errors.

Lict of Revort Numberg.

432 Integer omitted or containg illegael chavacterx.

479 Staccato mark not followed by note.
485 Incorreet item begimming with ¢ .
503 One or more repeabs not completed i.e. ( not

foiloaed by ) .

515 Incorreet item beginning with 8 .

563 Hote not followed by time-valuc.
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590
611
624
628
647
649
680
687
690
696
132
34
T45

748

768
772

781
790

818

822

Note too low or too higl
Tenmpo not set.
Hote too long.

Hote too chows,.
Humbey of dots negative or wrongly terainated.

Incorrect iten
o metrounome rate in Tempo sotting.

Metronome rate negative or wrongly terminated.
Incorrect item beginning with 0 .

Illegal character efter Octave numbew.

Incorrect item beglinning with XK

Integer after KEY negative, or greater than 7 ,
or notv followed by £ or s .

Illegal cheracter after £ or s in Key setting

Attenpted trangposgition by more than 1  octave,

or number of genmitones wrongly terninated.

Firegt charecter of iten illegal,

Tumber following ( loss than 2 or wrongly
terninated,

Number following ) negative or wrongly
terminated

)} not paived with (




838 Number of

o ot a2 Ser . - - £
£ notes To bLe repeated negative or zero.
y i B s ¥ PR i oy
875 P00 many notes on data tope. (There is roon for

*, or = gccording to context. "™ircagly teraminated" means
vy ! ssominsless in th o e g i B
that the terainator used is meaningless in the context.

Purther loted.

(4) If the inbteryupt butbton is pressed (with the suitch

set to Manual) during the playing of the mueic, the machine
returns immediately to the Wail which occurred after reading

in the data tape, thus enzbling the musgic to be reglarted.

(i3) The lowest note than cazn be played denonas on the

=

speed of machine. At & speed of 2.65 microsces./step the
lowest note ig the P charp in Octave -2 , at about

93 cycles per second o This can be sustained for 12 sccondy
There is no practical upper limit to the pitch obbtainable,
but the higher notes cennot be sustbained for as leng as the
lower oneg. The top note of a piano (C in Octave 4

or 4186 cycles per sccond) can be held for oaly 1/4 sccond .
(3i1) If no outpnt device is connected to Channel 1, and an

exrror is detected, the machine will waltv and will not proceed

until one is coanected.

©
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(iv) The lettors a , £-and n whon represeating sha

LN X, Ty o oS, - D Sa o
and natural may eppear ia cliher figure-shift or 1Cuusﬂ~“h¢m,

Y s eyl A% oy s pyY T A
wracters mugt be punched in

otherwise ch

P

Subject to this requirenment any number of letter-chifts and

figare~shifts nay be punched, Thus letter-ghift is ellowed

inside an integer provided il -ig followed by a figure~chili
before the next digit.
o DESCRIPITON OF 476 PROGRAM,

The bhasic cyele vhich sounds o note is

T5a-1plL s Where n -is chésén
according to the frequency of the note requirved, snd s is
set inivially to twlce the number of cycles reguired. Zach
cycle takes 35 + 2 nicrosteps. If
is different from th 32-digit of the addregses vhere theso
orders are stored, a pulse will be sent Yo the loudspeaker
viien entvering the TS-order , and snother when entering the
66-order . These two pulses can be thought of as one puls
since the interval betveen them is less than 60 microseconds
Thus the loudsgpeaker veceives a Pﬂl'u for each cycle and

hence the note is generated.

-

The detalls of each nole occupy one register in the main
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gtore, in the form Okm , l274d y WVhere k d1g s
& 2L ¥ B, 1S o g . .5 oy S
if the 232-digit of m dis & 1 4 end is £ otherwise,

Foio

end 4 i the initial value for s (twice the nunbor of
12 eycles end with 8 = -1

! P o P I i rier Y ) s
ACY DO=0XUCY  GLVANS The SO0y BIse

required for the < facility. The siga diglt Xk deteraineg
which of wwo cycles shall Be obeyed, so that the 32-3igld

- - . Yy e wm o S I B o€ 2 w1 s i o
G fron that in the addrogses of the orders

~ 4 i N pp—— - 5 e ™) -
of the c¢yclec. A rest is stored in exactly )

1 BN

except that k is set 'wrongly
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Vhen the progron uuaﬁun; the machine gpeed 1s neasured,
volng the foct that diglt 2% of M Lollowing a 120816 order
contains 1 oxr O Lepe:cinv on the phage of the maing
voltage., Thus this digit changes every 17100 th of a
gecond., A count ls cerried out during aliternsbe half-cycles

of the nmaing; this ig continued over 150 half-cycles Tor

£

 the sako of sccuracy, and the speed is then calculated using
the Tact that the counting cycle tokes 64 nicrosteps.

- <3

Charactlers from the data tane are read by a subroutine

[
g
|~y

(entry at p6 ) vhich exits with the charecier in

§

a(7) having ignored single space; and passed over figure

3 P ) A da oy A b - e - ~ 2 £
shift and letter-chify, vhile keeping o nmarker in resisher %0

to denote the current shifs.
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like KBY end OCTAVE ewxe road by a subroutine (eatry at p69 )

B wrt de g myd Lt e - D N S e T - S oy ot ol o vy - g
vhich exits with the charachters packed into the accumaletor

o 7 I cqnFymrs ATt : 2 .
a opecified number of them, or if double space

2, . L0

or c¢/r is encountered. A character in figure-shifi ceouse

UJ

= sl o8 it . oA A o % a
an exit with the accumulator equal to zero,

Regicster 32 holds an indication of the state of the

current item: whether it is incomplete or terminated, and if

thether by double spsce or e¢frv .
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This is used to determine the course of action when an item
heg bﬁen cealt with, and ig also usgeful to the Report Routine
in deciding vhether there are any characters to igaore.

Humbers are read by an Integer Input Routine vhich exits
on  60I0 er the terninators =, « , LTores , and on
60£1 after double space or c¢/r . An input report occurs

if an illegal character is read or if a terminator is reed

"3

Vhen the first character of an item hags been read, &

Junp is made to the section of the program which deals with
the type of itenm that begins with this character., Thig is
acconplished by reference vo a table of jump addresses

(at. p62 ). For the cheracters A, B, D, E, Fand ¢ the

address in the table is not a Jjunp address but en integer

representing the relatlve pitch of the corresponding nobe.
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£ the firet choracter reod igs an % or C , tests have
N L K 3 sl b o ~ i g o st . L o e

to be made to determine whethed the iven ipg CYCLE ox thoe

note € oxr an asverisk prefix,
The procedure for cecnmpiling a note is as follovs:
(i)  Read next character to see if it is 8, £ or n .

(ii) I it is not, adjust relative pitch according to key

If n , do nothing.

If s or £ , adjust relative pitch by 1 semitone.
(iii) Transpose if neceosary.

(iv) TPorm ‘yseca/cycle as if in Octave 0- , using

look-up table.

(v) Torm corrsct /!secs/cycle according o currvent cchave

NUMhe,

(vi) Convert to address for 66-order , and Torm modificy

(N

according te 32-digit .
(vii) Read time-value.
(viil) Convert to nusber of cycles, using current tempo.

(ix) Halve length of note if staccabo, end plaant details of

(x) If staccato, change modifler to form rest, and plant

in main store.
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of notes is to be conied (di.e. one less than the nunbor of
ﬁ is to be played). vhen the ) corwesponding to
his repeat is read the copying cycle is entered. The
location of the enbtwy in the list corrvesponding to the nost
vecently read ( , that is the innermost repeal, io held
in a(20) . The list can hold up to T0 eniries at a tine,

that is, repcats nogted to a depth of TO !

64~70

200~223 " Constuonts

300--1035 Compiler program
1900 onvards Repeat list
2041 Junp for inberrupt.

Main Store 0 Indirect address (during complling)
Initial pause (during playing

1ton Data for pleying routine (n notes
end regte)

—on [PV I X N < S o . ) 2
ause (omitted if music is

n+l Final
te cycle)

N2 Zoro, to moxri end of mugi
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fixed—point Lorm.
0 Subrouvtine links
2 Count éz lines of data
4 Octave numbe:
6 {7} = character just vecd

P

fie
Xey wvord - indicwtc; noies tojbn_““ﬂscd ox
flattened for current key

o

10 Ponpo  ( },-ecs/s~mibreve )

12,14 Genoral working space
16 /usess/cyclc of cuxwent note
18 vord for main store
20 a(20) = pointer for wepeat list

22 350

: where u  is the nmachine sgpeed in }Becs/step
24 1/2u g

‘..4

26 Trensposing conslont
28 General vorking space
30 wrrent ohilt if Tipgure-chifd

e
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