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1 Introducing IMPAC 
f PrinciplesJ 

IMPAC is a computer-based system for musica1 performance and com-
position. Its design is based on three fundamental principles. 

1. 1. 1 The music is created primarily by direct control over compositional 
parameters such as pitch and amplitude range, and density; from these 
the program calculates the actual instrumental activity on frequency 
generators. 

1. 1 .2 The system is easy to use, requiring no previous knowledge of corn- · 
puters or programming; it can be mastered within a matter of hours. 
The only requirement is that the us.er has basic knowledge of the 
functions and operation of the EMS studio; this includes the computer 
peripherals such as dee-tape units, magnetic-tape stations, and the 
Tektronix display terminal. 

1.1.3 A fast interactive approach is adopted to allow the user to ·respo nd 
immediately to what he hears; this extends to real-time manual control 
over the compositional parameters. 

1 .2 (workin g with the program I 
IMPAC has two interdependent parts, the composition . program and the 
real-time program. It is possible to work with one of these elements 
without referen ce to the other: the user can, for example, choose 
to work with compositional structures only, exercising no real-time 
control what s oever; or he can use the real-time facilities alone, 
in which case the sys tem functions purely as a musical . instrument. 
But the most powerful feature of the system is that these two methods 
can be combin ed : .. composed structures can be played and modified in 
real-time. 

1.2.1 In the composition program the user creates musical structures, or 
BLOCKS, which can be played at once , alt ered in various ways, and 
mixed with other BLOCKS. 

The score for a compositional BLOCK would typically look lik e this: 

FREQUENCY 
.RANGE '·· 

DENSITY 
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Frequency and amplitude are to lie within the limits describe(! by 
their respective curves; _ density means "number of notes per. second" -
so a low value gives a sparse texture with few notes sounding. 

Working procedure would typically follow this pattern: 

1) Define parameters for one BLOCK. 
2) Listen to the BLOCK - it is automatically stored as a file which 
can be retrieved at any time. 
3) Make necessary alteration$ to any of the parameters. Each time 
an alteration is made a new file is created and stored. Go back 
to · (2) and repeat until . a satisfactory result is achieved. 
4) Listen to all of the files so far created as. a further check, and 
note the number of the file ( s) to be used in the final composition. 
5) Repeat (1) - (4) for all compositional BLOCKS. 
6) When all BLOCKS have been thus defined and tested, define the 
sequence in which the selected files are to be played, together with 
their start-times if they are to be mixed vertically. 
7) Listen to the final result. 

For the example on p. 1 , this whole procedure should not take longer 
than a few minutes. It is therefore possible to realize and test 
quite long and complicated structures in one 2-3 hour .session with 
IMPAC. Moreover, BLOCKS and combinations of BLOCKS can be stored 
on dee-tape f or future working sessions with the program • .•. 

1 .2 .2 In the real-time program these parameters, and others which define 
timbre, vibrato, attack-time, and so on, can be controlled manual ly 
with the help of the Joystick, the Digitizer and one of the manua l s 
on the Tektronix terminal, which functions as a twelve-key keyboard. 
Or they can be control led by four programmed pseudo-generator s , 

·producing random, s inus, trian g le and square-wave oscillations; 
these can, in turn, be controlled manually by the user. So, for 
example, at the same time the user might be changing frequen cy limits 
with the Joy stick X and Y axe s respectively, amplitude with t he 
sine-wave gener ator (whose frequency is being controlled by the 
Tektronix keybo ard), atta ck-time with a combi nation of random gen -
erator and the digitizer "s X-axis, reverberation with the triangular 
wave generator, and so on. 

And finally, it is possible to exerc i se a more structured control 
over some of the parameters with BLOCK-definitions made with the 
composition program, while at the same time controlling other para-
meters manually. 

1. 3 (Sys tem 

IMP AC has been developed, modified and expanded ove r a period of a 
few years. At first it was nothing but a primitive version of t,he 
col))position program, which wrote music information for . the twenty-
four frequency generator s to magne ti c tape; the studio facilities 
allowed for no real-tim e control, arid feedback fr om composition to 
composer was unbearably slow. But gradually H was realized at EMS 
that most composers require a dire ct contact with their . mus ic, and 

have been made in that ·These 
include Erik Nyberg "'s progra m DIP 1, . whi ch allows the co mputer to 
control ·the studio device s at the same time as· it calculates music, 
and, on the har dware s ide, the installation of a manually controlled 
J oyst ick, a Dig itizer, and a number of FM generator s . IMP AC has 
all t he time bee n expanded to include the new facilit ies , and it is 
expe ct ed that it will contin ue to deve l op in the futur e at the same 
pace as the studio it sel f. 



2 Formalities 

2 .1 I The disks I 
IMPAC reads information from two disk areas: 
1 ) DK <IMP>, which is a pre-defined area containing all the files · 
belonging to the IMPAC system; 
2) A user-defined disk area. 

2.1.1 The following files are on DK <IMP>: 

IMPAC XCT 
IMPAC XCU 
IMPAC BAT 
0 BIN 
0 CON 
1 CON 
2 CON 
3 CON 
4 CON 

IMPAC XCT and' IMPAC XCU are the EXECUTE files which contain the 
IMPAC system. 

IMPAC BAT is a BATCH file which performs some necessary operations 
at the beginning of a run. 

0 BIN is an OBJECT or BLOCK file, containing default values for 
the music parameters; if the user plays music with IMPAC before he 
has defined any parameters, the musical.result is governed by the 
information in this file. BLOCK files are described in more detail 
in §§4.2 ff, 0 BIN in §5.1.2. 
0 CON - 4 CON are connection files : they contain the information 
needed to make various device / amplifier connections in the studio. 
The y are described in detail in §2.4. 

2.1.2 As with all other programs and systems, the user must define part 
of the computer's disk as his own working-area. (Note that "$ 11 is 
never written by the user - it is written by the computer to show 
that th.e "' sys tern monitor is ready to receive commands . ) 

$LOGIN USE 
where USE can be any combination of three letters except SCR, EMS, 
or IMP. 

N.B. 
All user information files created during a run will be on DK <USE> 
when the run is complete. 

If the user has files created on previous runs which are to be used 
during the current run, he must ensure that t hey are on t he. defined 

not DK 
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2.2 fstarting the program I 
To start IMPAC 
a) write on the decwriter (TT) after the rnonito rAs $-sign: 

B DK <:I"MP> IMPAC 
b) turn on the main studio swi tch and the Tektr .onix . ... 

·. 
.• . . 

2.2.1 When the command in (a) above is written, the computer reads in a 
series of instructions from the BATCH file" IMPAC BATu on DK <IMP>. 
The following text is then printed automatically on 'F-T: · 

$B DK <IMP> IMPAC 

XVM/DOS VlAOOO 

$$,JOB 
$PIP 
PIP XVM V1AOOO 

>T DK-DK <IMP> O BIN 

XVM/DOS VlAOOO 

$$JOB 
4 

$A DK 14,15,16,17/DK <IMP> -4,1/TWl 4,11,20 

$E IMPAC 

( 1 ) 

(2) 

( 3) 

( 4 ) 

EXECUTE XVM VlAOOO 

{ 1) PIP is called, in orde r to transfer the default BLOCK file from 
DK <IMP> to DK <USE>. Note that if there is already a file called 
0 BIN on DK -<USE>., it will be destroyed. 

( 2) The command "BUFFS 4" increases the amount of core available 
to IMPAC. 
(3) Assignments are made here to inst ruct the system monitor that: 

a) DK <IMP> contains the required EXECUTE files and the 
GONNECTION files (1). 

b) D.K -<USE> will be used for reading and writing all user files 
15, 16, and 17). 

c) TW1 (Tektronix) will be used for user commands, i nteractive 
data input, error messages , etc. (4, 11 ) and for printing 
user files with the WR command (20). 

(4) .DAT slots not used by IMPAC are assigned to NON; th is is an-
other way of ensuring that IMPAC has sufficient core for buffers 
and data. 

N.B. 
The assignment "MTO 7" is assumeq, since this i$ standard for all 
programs at EMS. 



2 .2 .2 It may occasionally be desirable or necessary to alter the above 
assignments. 

1) If MT1 is to be used instead of MTO, write: 
$K ON 

$A MT1 7 

$B DK <IMP> IMPAC 
and at the end of the run, after exiting from IMPAC, write: 

$K OFF 
2) If interactive input/output is to take place at the decwriter 

instead of the Tektronix, TWl must not be assigned to 4, 11 . 
Write: 

$BUFFS 4 

$A DK 14,15r16r17/DK <IMP> -4,1 / TWl 20 

$A NON 2,3,5,6,12r13 

$E IMPAC 

3) If the WR command is to print BLOCK files on the line-printer 
instead of TW1, write: 

$BUFFS 4 

$A DK 14,15,16,17/DK <IMP> -4,1/TW1 4,11 

$E IMPAC 
N.B. It is important to note that when alternative 3 is used, or 
when any other deviation from the required assignments is written, 
there will not be sufficient space in core for the magneti c . tape 
(MT) routines to be able to function. Any attempt to use MT will 
result in the error message being written : 

NO ROOM FOR MT 
However, if the user is certain that he is not go ing to write to MT 
during a run, then the instruction "BUFFS 4 11 and the assignments to 
NON can be left out. 

It has stated that interactive input/ output takes place on 
.DAT slots 4 and 11, and that these units can be assigned to either 
TW.·1 or TT. Note, however, that the input/output referred to 
does not ·include the functions that can be controlled in real-time; 
this control can be exercised only from the Tektronix (TWl). 

2.2.3 The clock switch on the computer console must be UP (off) all the 
time during an IMPAC run. If the swit ch is on, the run will pro-
bably be interrupted at unexpected moments b y IOPS error messages 
on the decwriter. 



6 

2 . 3 IThe I MPAC pr ogr am moni tor ! 
This i s the pa r t of t he I MPAC sys -
tem t hat reads user commands , ,.check- . 
ing their val idity a nd i ssuing err or 
messages when required; when a legal 
command i s g i ven, th i s moni tor i n-
vokes the appropr i ate s ubprog ram 
whi c h i s to ca rry out th e command. · 

2.3 . 1 I nput commands are written in one 
of t he fol l owing formats: 
1) >XX 
2) n 1 

3) .:>XX n1 n2 

wher e: > i s pr i rit ed by the computer t o show tha t the 
pro gra m is r eady t o r ece i ve a command; 

xx is a mnemoni c consisting • of two letters , or 
one letter and a number (e .g . F1, A2), or one 
l e t ter only . · 

n1 and n2 ar e numbers de f i ni ng t he command mor e ,c l ose l y . 
Examples of t he t hr ee t ypes: 
1) >EX "Exit" from I MPAC; t his is the instruction 

wr i tten a t t he end of a run . 

2) 4 fre quency genera tors ar e t'o have wave- form 4 
(sawtoo th). 

3) >FG 1 12 music is to be pl ayed by generators to 12 
i nc l us i ve. 

Commands are c l osed wi t h carriag e re tu rn. 

N. B. 
If no value is given to .n1, i t · is assumed to have the value D. 
Thus : 

>WF 
and : 

>WF 0 . ' · 
are f r om t he pr ogram , s point of view identical. 
The command 

>FG 
i s th e;refore ill egal, si nce no gene r ator has the number 0 . ... 

- " The only characters that appear in n 1 and n2 are : 0123456 78,9- ; 
a ny .cha r acters otner than these . ar e wri t ten , t he number is put 

to zer o . 
Thus: 

>FG X 
is i nterp r eted as : " 

:>FG 0 
which is il lega l. However : 

X 
is in ter pre ted as 

> WF 0 
whi ch is a ll owed . There i s therefo r e no error message. 
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2.3.2 In some cases, a command to the program monitor is answered with 

instead of 
> 
'· 

This indicates that a SUBMONITOR has temporary control; each sub-
monitor has its own set of instructions arid formats, and will keep 
control until the command "return to program monitor" is · 
11 ED", for instance, which is used to edit compositional blocks, has 
fifteen instructions, some of them similar to the program monitor 
commands - e.g. A2, which al definitions of the A2 . curve..:. while 
others are used orily in ED; "AB", for example, means "abort", and 
is used to cancel any alterations made, l.. e. to retain the original 
block definitions. 

>ED 10 Edit block number 10. 

:A2 -8 A2 curve is to be 2 dB less than it 
was originally. 

10 BIN OK 

Empty line means "complete editing 
and return to program moni tor 11 • 

Program answers that editing is 
complete. 

> Program monitor has control. 

The mnemonics and instruction formats for each submonitor are de-
scribed in the relevant sections of chapter 4. 

2.3.3 The function key jEOrl on the Tek-
tronix has a number of special uses; 
it always: 

1) cancels everything that has been 
written in the current line; 

2) clears the screen; 

3) moves the cursor to the top left 
hand corner of the screen. 

If conversation takes place on TT 
instead of TWl, the place of this 
function is taken by control D (UD); 
in this Gase only ( l ) above is per-
formed. '·· 

DODD 
EJDDD 
DODD 
DDD ·D 
D [ J 

When the submonitors have control, IEoTI has various uses in addi-
tion to the three already mentioned. In "ED", for example, it per-
forms the same function as AB (see above); after the "SC" command 
(scale definition) .it signals "end of definition and return to pro-
gram monitor". 

Explanations of the special uses of jEoTl are given in the indivi-
dual descriptions of commands in chapter 4. 
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2.3.4 Comments can be written on any li ne that begins with the program -
>-si gn . 

1) If an instructi on is written first in the line, the comment must 
be preceded by at least one space . For example: 

>FG l 40 USE ALL GENERATORS 

2) If no instructi on is written, the comment must be preceded by at 
least two spaces. 

> -THIS IS A COMMENT 

Note that the program igno res comments completely . 

2.3.5 The command "PL" (PLAY, cf §4.2.1) hands over control to the real-
time submonitor . Here the key s on the Tektron ix have completely 
different fun ctions from the characters normally associated with 
them; consequently, when a key is press ed, the character is not 
echoed on the screen. Instructions are giv en by pressing sequences 
of one, t wo or three keys . Return to progra m monitor is achieved 
by pressing the SPACE key. 
The real-time program and its command set 'are discussed i n detail 
in chap ter 5 . 

2 . 4 !studio connections ! 
The command "CN11 makes connections in the studio. 

2 . 4 . 1 The forty generators can be thought of as being di vi ded into four 
groups : 
A: FGs 1 to 6 and· FM oscillat ors 25 to 2 8 . 
B: FGs 7 to 12 and FM oscillators 29 to 32 . 
C: FGs 13 to 18 and FM oscillators 33 to 36 . 
D: FGs 19 to 24 and FM osc i llato r s 37 to 40 . 
"CN" can be used to connect these groups of generators as fol l ows : 

>CN 
or CHA 1 & 2 >CN 1 CHA 12 3 4 

>CN 0 

CHA 
;>CN 2 3 

CHA 2 

CD 1 2 3 4 
>CN 4 

CHA 1 2 3 4 . . 

Here CHA stands for 11 c.hannel output ampl ifie r 11
, and CD stands for 

11 channel distribut or 11 • 

Note that connect ion s to appropriate reverberation uni ts are made 
at the same time as the channel output connect i ons; intensities of 
100 dB ar e also set on the channe l outp ut amplifiers . 
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2.4.2 Information about the different ways of connecting generators to 

st·udio outputs is contained in the CON files on DK <IMP>; the number 
writ ten after the command "CN" refers to the numbers ( 0-4) of the se 
files. 

It is possible for the user who can write FORTRAN programs to create 
his own connection files. These are given names of type "n CON", 
where n is a whole number in the range 5 to 99999; and they can 
be called with the "CN" command in exactly the same manner as the 
standard connection files. 
The techniques used in creating "CON" files are descri bed in §6 .9.3. 

2.4.3 Intensities and decay times can be set on t he reverberation units 
with the command "RV". Format: 

>RV n1 n2 
where n1 is the decay time, from 0 to 15; 

n2 is the intensity, from 0 to 400 ( 1 unit = 

These values are set immediately on all four reverber at i on units. 

2.4.4 All connections and amplifier intensiti es , as well as generator 
frequencies and amplitudes, are cleared wit h t he command: 

>CL 
To change connections which have been set before, write: 

>CL 
,.cN n 

where n is the number of the new connection file to be read in. 

The studio can also be cleared manually with the "no llsta ll " butt on ; 
similarly, connections and amplifier intensities can be set in the 
studio by hand. 

2.5 !Magnetic tape! 
The command "MT" functions as a swit ch to enable/disenable storage 
of music on magnetic tape. 

2.5.1 To enable storage on magnetic tape, write: 

or 
>MT n 

where rf is a posit i ve whole number. 
, . 

After this command has been given the MT-switch is ON, and music 
·played . .in the studio with "PL" is written to magnetic tape · at ' the 
-same time. 

2.5.2 To disenable magnetic-tape storage, write: 
>MT -1 

This turns the MT-switch OFF. Note , however, that it does not cause 
a STOP-mark to be recorded on magnetic tape - see §2.5.5 below. 
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2.5.3 When theMT-switchis on, the fo l lowing commands cause information 
to be written to magnetic tape as well as to the studio: 

CN, RV, CL, and PL . 

Connections must be written to tape before any other information 
is written there. If any attempt is made to write music before 
c onnections, the message: 

CONNECT MT! 

appears on TW1 (or TT), and control is returned to the program mo-
nitor. For example: 

>CN 2 

>RV 10 320 

,.MT 

>PL 

CONNECT MT.! 

>CN 2 

>RV 10 320 

make connections in stu dio 

se t re verb decay and intensity i n 
stud io 
turn on MT-swit ch 

attempt to play music 

but connect i ons were wri tt en before 
MT command 
this goes to tape as wel l a s stu -
dio, since MT-switch i s on 

•· put re ve r berat i on on tape 

now we can play music to studio and 
magnetic tape 

2.5.4 IMPAC has no facilitie s for playing back information re co rd ed on 
magneti c tape; this is done with the program A2 at the end of an 
IMPAC run. 
A2 plays magnetic tapes from the beginning of the tape until a STOP-
mark is found; the CONTI NUE command is then used to play the tap e 
from this point until the next STOP-mark is found ; and so on . 

2.5.5- In IMPAC, a STOP-mark is written to tap e with the command: 
>CT ( = CLOSE TAPE) 

It is a l so written aut omatically at th e end of a run in which mag-
net i c tape has been used but no "CT" has been issued. 
"CT" turns off the MT-swit ch automaticall. y ; t o rec ord more i nform -
at i on on .. magnetic tape , the user must therefore write : 

:._ 

et c . 

2.6 !completing the runl 
To complete a run with IMPAC, write: 

>EX 
This clears the Tektronix sc re en, and retur ns contro l to t he system 
monitor. 



3 The Music Parameters 

Music parameters in IMPAC are of three main types: primary, note-
defining, and spacial. 

3. 1 I Primary parameters I are those whi.ch define frequency range, amp-
1 i tude> range, and density. 

3. 1. 1 DENSITY - DE - represents the statistical probability of a given 
number of new notes being started per second. Thus, if DE= 1 , a 
new note will be started roughly once every second; if DE = 100, 
there will be about a hundred new notes every second.· However, 
these notes will not start at regular time intervals, since den-
sity is by definition a random process. 

Legal values for DE: O to 2000 

N.B. 
1 
1) A dens_ity of zero (DE = 0) means that no hew notes are 

started; however, notes started before density is set to 
zero cbntinue sounding for their full duration. 

2) It is unlikely that a density as high as 2000 can ever be 
achieved when music is played directly in the studio; the 
time required for calculating the music will in practice 
always restrict the density to about 700 or 800 notes per 
second. 

3. 1 .2 FREQUENCY RANGE is defined by two values, F1 and F2 , which de-
the limits within which frequencies are to be chosen. Ex-

act choice of pitch is made by a random number but the 
user ·can determine the random distribution - rectangular or expon-
ential - and the type of interval relationships (sc ales) to be used. 

Legal values for and F2: 0 to 15999 Hz 

3.1.3 AMPLITUDE RANGE is defined by Al and A2; amplitudes on individual 
notes are chosen by the random number generator betw een these two 
limits. 

Legal values for A 1 and A2: 0 to . 4 00, where each unit is equi val en t 
to Thus 100 = 25dB, 400 = 100dB, and so on. 

3.1.4 The main structural principle of IMPAC is thus that t iming of notes 
is contr61led by DE on a probability basis; pitch and intensity 

set random between limits defined by the user. 

F2 .,,,.-----... ,, -- .......... 

,,- -.._ .... , - -_._. ___ _ 

A - -.-
____ . __________ ..... -

Al - -
DE 
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3.2 INote-defini ng parametersl 
Once DE, F1, F2, A 1 and A2 have determined that a note i$ to start 
at a particular time and with a given pitch and intensity, the 
character of the note is formed by the note-defining parameters. 

3.2.1 NOTE-DURATION (ND) defines the dB 
length in milliseconds of each A2 
note. 
Legal valu es: 10 to 131 OOO ms . A 1 

3.2.2 ATTACK TIME (AT) is an amplitude 
envelope factor; it defines the 28 
time in millisecqnds that it 
takes for a nqte to reach its 
maximum amplitude, which is the 
value chosen at rand om between 
A 1 and A2. 
N.B. 

AT time 
ND 

1) If AT is longer than ND, the note will stop before it reaches 
maximum int ensit y . And if AT is zero, the note will start at ?SaXi-
mum amplitude. 

dB --· d --
28 

ND 

2) The amplitude at the beginning of a note i s 28dB unless: 
a) the generator in question already has an amplitude greater 

than 28dB; in this case the start amplitude will be 4dB less 
than the generator's current amplit ude. 

b) AT is zero (see point (1) above). 
3) Envelopes are cal culated on a linea r basis. Amplitude de cay is 
such that it reaches zero at the end of ND; this means t hat a note 
may become inaudib le before it has sounded for its full duration. 
Legal values for AT: 0 to 131000 milliseconds. 

3.2 . 3 GLISSANDO (GL) defines the relationship between the frequencies at 
the beginning and end of a note. Values are given "per mil l e", in 
such a way th at: 
1000 = no _glissando H z 
2000 = glissando up one octave 800 00 

; ... (start freq. x 2 . 0) 
800"0 = gliss . up three octaves 600 OQ 

(start freq. x 8 . 0) 
500 = gliss. down one octave l!OO 00 (start freq . x 0.5) 
250 = gliss. down two octaves 200 00 (start freq. x 0.25) 

100 
Legal values for GL: 0 to 8192 . 0 



3.2.4 

N.B. 
GL is calculated on a linear 
basis, which means that rising 
glissando seems to move faster 
at the beginning of the note, 
while descending glissando is 
faster at the end of the note. 

13 

itch Boo----------- ...... 
700 
600 
500 
400 200 
300 100 
200 50 

logarithmic 

12g '""----- 2_5..__ ___ _ 

VIBRATO is defined by VD and VS (vibrato depth and vibrato speed). 
1) . Values for VD are given in percent, such that the differen ce 
between the vibrato's highest and lowest poin ts i s 11 vo·11-percent of 
each note's basic frequency. For . example: . . · . 

- If VD= 5 and a note's frequ ency is 440, then the depth (amp -
litude) of the vibrato will be: 5/100x440, that is, 22 Hz. · 
Vibrato will therefore be between 429 Hz and 451 Hz, 11 .· Hz 
on each side of the basic frequency. 

- If VD = 25 and frequency is 932, then vibrato-depth will be 
25/100x932 ( = 233 Hz). Vibrato will be between 815 ·. 5 Hz and 

560 

il48 
410 
380 

1048.5 Hz. 

VD = 5 

Legal values for VD: 0 to 1000. 

2) Vibrato is calculated by looking up values i n t he SINE- WAVE 
table (cf §6.10 ). VS determines the speed at whic h a pointer is 
to go through this table; thus 

- if VS = 4, this pointer is 
moved in turn to . e very 
fourth value; 

- if VS = 100 ,"' every hund-
redth value is taken ; 

- if VS = 0, · the pointer, 
and thus vibrato too, come 
to a halt. 

Legal values for VS: 0 to 2880 . 

VS = 4 

vs = 0 

..(---- c . 10 sec ----.-.) 

3.2.5 TIMBRE is d efined by: 
1) WF for·analogue frequency generators; 
2) . -MI and MF for digital frequency-modulating ge nerators. 

WF:· stands' for WAVE-FORM; the values which can be set on tbe fl?e-
quency ge nerator s are: 
0 & 1 sinus 

3 
5 

triangular 

s quare 

7 double pul se 

2 

4 

6 

WF has no effect on the FM oscillators . 
Legal valu es: 0 to 7 . 

parabolic 

saw-tooth 

single pul se 
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MI and MF .stand for modulation index an d modulation frequency. 

The user defines MI as piodulation-index x 100 (e . g. to get an index 
of 1.5, the user gives MI the value 150. 

MF represents, not the actual modulation frequency , but the ratio 
between carrier and modulation frequen cie s . Value s are assigned 
"per mille"; for example: 
1000: mod freq = carrier freq 
2000: mod freq = car freq x 2 
500 : mod freq = 0. 5 x car freq 
100 : mod freq = 0. 1 x c ar freq 

Legal values for MI : 0 to 4095 
Legal values for MF: 0 to 2000 

500 

carrie r freq a t 500 Hz 

3.3 !The spacial, or room -d efining parameters f are moving - sound and re-
verberation. 

3.3.1 MOVING-SOUND (MS) has two slightly different functions: 

1) In the real-time program it controls the positioning of sound 
between two of the studio's loud-speakers. If MS= 0, the 
is located at one of the loud-speakers; if = 1000, it is located 
at the other; if MS = 500, it is 
located at a point equidistant 
from the two speakers; and so on. 

Legal values for MS: 0 to 1000. 0 500 1000 

2) In connection with the MIX facility ( §§4.5 ff), MS can be used 
to contr ol the quadraphonic location of sound; here the user de -
scribes movements in terms of room -radi us, angle, ,and acceleration. 

3.3.2 REVERBERATION (RV) also has various functi ons: 

1) By giving the command RV from the progra m mon i tor , the user can 
set both times a nd levels on the reverberation units. See §2 .4.3. 

2) In the real-time program RV controls reverberatio n level s only. 
Lega l values : 0 to 400, where ea ch unit i s equivalent to dB -
100 = 25 dB, 400 = 100 dB, etc. 

3) It is also possible to set reverberation l eve ls with con ne ction 
files - see §2.4. 

3.4 jMiscellaneous parameters! 
It . 

There a number of other parameters which do not easily fit 
in.to the ,above categories. 

3.4.1 FG. (FREQUENCY GENERATORS) defines the number and typ e o f genera -
tors to be used: the analogue frequen cy gen era tors are numbered 

to 24, while the digital FM oscillators are numbered 25 to 40. 
Normally the user defines a block o f genera to rs, e.g. 1 - 12, or 
7 - 10, or 25 - 36, or 20 - 30 . The last examp le means t hat fre -
quency generators 20 - 24 and the first six FM generato rs will be 
used. Allocation of individual notes to generators is the n aut o -
matic and random, , depending entirely on the current value o f DE 
(density). The program does not l ook f or f ree generators; notes 
can therefore be interrupted before they have sounded for their 
full duration. 



calculate channel 
output & reverb. 
levels from MS & 

RV 

point to first FG 
in user's gener-

.ator block 

no 

no 

yes 

yes 

get random f r eq . 
between F1 & F2 
and random ampl i-
tude between A 1 

& A2 

calculate current 
freq - GL VS VD 
and ampl : AT ND 

calculate timbre 
WF MI MF 

point to nex t 
generator 

play music i n 
studio 

no 

Flow-chart showing music calcurations for one sample, 
using primary, note-defining, and spacial parameters . 

15 



16 

SA (SAMPLING) determines the rate in milliseconds at which music 
information is output to the studio; e.g. if SA = 10, new inform-
ation is sent to the studio every ten milliseconds .. However, if 
calc ulations take longer than the time defined by SA, then SA is 
ignored; in other words, SA defines only the minimum sampl ing rate. 
The program maintains an internal sampling rate counter, independ-
ent of SA ; when the necessary calculations for a sample have been 
made, this counter is adjusted to take into account the actual time 
it .took to calculate the sample. The logic of this is illustrated 
in the following flow-chart. 

calcu lati ons have 
taken longer than 
sampling time, so 
increase ISRC by 1 

samp-
l ing rate counter. 
Contains actual 
sampling time, di s -
played on t he r eg i s - . 
ter for ampl itud e m9-
dul ator 1. 

put I SRC equal to SA 

make music calcula-
tions for one sample 

no 

put out music to 
studio to sound for 
"ISRC" milliseconds 

no 

.ves 

calculations haven't 
taken as long as samp-
ling time, so decrease 
ISRC by 1 

put I SRC to SA 

yes 
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SA can also . be used, in conjunction . with tl1e MX and facil. ities 
of the 11composition" program, ' to determin e the ing rate for 
quadraphonic moving-sound (cf 

Legal values for SA: 1 to 65536 milliseconds. 

3.4.3 SE (SEGMENTS) and DU (DURATION) are structural parameters used only 
in the "composition" part of the program. SE defines the number of 
segments a compositional BLOCK is divided into, while DU defines 
the duration in milliseconds of each segment. For details of these 
parameters, see §4.1.1 and §4.1.5. 
Legal values for SE: 
block is allowed). 

to 50 (i.e. a maximum of 50 segments per 

Legal values for DU: 10 to 131 OOO ms. 

3.4.4 DS LF HF LA HA 
These parameters are related to DE, F1, F2, Al, andAP.respectively, 
and are used in the "composition" program only. They define values 
for the primary parameters at the start of a compositional block. 
They are described in detail in §4.1.4. 

3.4.5 SC (SCALE) defines the scale-patterns (interval relations within 
one octave) which govern tbe ra.ndom choice of frequency between F 1 
and F2. 

IMPAC contains a table of quarter-tones from 12 Hz to 19345 · Hz (a 
little more than octaves); a scale is defined by signalling 
which of the 24 within an octave are to be allowed; thus 
a whole-tone scale can be defined by taking every fourth 
1 5 9 13 17 21. 

The program procedure for finding a frequency for a new note is: 
1) Calculate a random frequency between F1 and F2. 
2) Look in the table to find the pitch which lies nearest 

below this random frequen cy. 
3) See if this particular is contained in the current scale-

pattern; if it is, then use it. If not, then go upwards through 
the table until a pitch is found which is allowed. 

There are nine pre-defined scales, each of which can be accessed 
instantaneously in the real-time program ( cf 11pitch mode" §5. 7 .2). 
These sc.al es are: 
l.: 1 '5 9 1 1 15 19 2 3 ..• .• •..•..•.. maj o r 
2·: 5· 7 11 15 17 23 •...........•... minor harmonic 

. 3:: 5 7 11 15 17 21 ..••..••...••.•• minor melodic 
4: 5 9 15 19 .••.•••••••••••••..••. pentatonic 
5: 5 7 11 13 17 19 23 ....•....•..• alternating Vwhole-tones 
6 : 5 9 13 17 21 .•.•..•...•.•....•. who! e tones 
7: 4 7 10 13 16 19 22 •........•... 3/4-tones 
8: 1 3 5 7 9 11 13 15 17 19 21 23 .. semitones (12-tone scale) 
9: 1 2 3 4 5 6 · 7 8 9 10 11 12 .. 

13 14 15 ·16 17 18 19 20 21 22 23 24 

During real-time performance scales can be transpose .d a given num-
ber of steps ( cf §5. 7. 2). When they are not transposed, po-
sition 1 is the note G. 
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The user can replace any -or all of the scales by giving the SC com-
mand from the program monitor. Command format: 

:>-SC n 

where n is the number (from 1 to 9) of the scale to be defined . 
The program answers 

and waits for 1;.he user to define the pos itions which are 
included in the scale. This is done by writing not niore ·\han 24 
numbers from 1 to 24 with one space or one carriage retur-n " between 
each number; after every .carriage · return the program writes 

and waits for further numbers. The user indi cates that input is 
complete by pressing I EQT I immediatel y after the program's 11 

·" 

>-SC 2 
:3 7 11 13 17 2 1 1 
: I EOTI 
>SC 3 
:2 6 8 12 14 20 
:22 24 
:"I EOTj 

Numbers less than 1 or greater than 24 are ignored ; i . e . t here is 
no error message. However, if all the numbers are illegal : or if 
no numbers are written, the progr am writes 

TRY AGAIN 
f ollowed by 

and waits for the user to redefine the scale . 

>SC 6 
: I EOTl 
TRY AGAIN 

3.5 Summary of the music parameters 

PRIMARY NOTE-DEFINING SPACIAL -MISCELLANEOUS 
. range note duration moving - sou nd frequency gen -

Fl . : F2 ND MS erators ..• FG 
·:nmpli tilde range attack time reverberation sampling rate, 

Al A2 AT RV SA 
density glissando segments and 

DE GL segment dur -
at ion 

. vibrato SE DU 
VD vs 

start values 
' timbre .. "LF HF LA HA DS 
WF MI MF .. 

scales 
SC 
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The Composition Program 

In the composition program the user defines, tests and modifies 
compositional BLOCKS; these BLOCKS can be combined with one another 
both vertically and horizontally, while all the time the user has 
complete control: he can listen, interrupt, and alter at will. 

4.1 lcompositional BLOCKSl 
The main structural element in IMPAC is the compositional BLOCK, 
within which the primary parameters DE, F1, F2, Al and A2 are de-
fined as curves with up to fifty segments. 

4. 1. 1 SE defines the number of segments in 
a BLOCK. Format: 

)'SE n 

where n is a number from 1 to 50. 
Default value: 50 
Within a segment a parameter curve 

·can ·go in one direction only: up, 
down, or straight. To define the 
curves in the example, seven seg-
ments are used; the segment divid-
ing lines mark the points at which 
a t least one or the curves changes 
direction. 

2 3 4 5 6 7 

4.1.2 DE, F1, F2, A1, and A2 are "dynami c " par ameters, in t ha t they can 
be defined by Thereare three ways of ass igning va lue s to 
them. (DE is here given as an example; the others ar e defined in 
exactly the same way.) 
1) To assign one and the same value thr oughout a BLOCK, write: 

>DE n 

where n is a positive legal value (from 1 t o legal maximum). 

DE = 100 

DE i s her e de fi ned as 
>DE 100 

s ince it has the va lue 100 thr oughout the BLOCK. 
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2) To assign specific indi victual values to the curves, write: 
>DE 

or 
0 

The program writes 

and waits for the user to give two values for each curve segment. 
These values are: 

a) the point reached at the end -of the segment .; 
b) the shape of the curve during . the segment. Shapes 

are defined as concave (-1 to -9), convex (1 to 9), 
or straight lines ·(O). 

Suppose that the following density curve is to be descri bed: 
50 
40 
30 

20 
10 

0 

In segment one the curve moves up to 15 wi th shape 0 (a straight 
line); then it rises t o 47 with shape 6, and stays there - i.e. it 
goes to 47 with shape O. The curve is defined as follows: 

(>SE 8) 
>DE 

:15 0 47 6 47 0 5 -5 10 0 15 0 

:20 0 0 4 . 

> 
Between each number there is either one space _Q!. one carriage re-
turn; if carriage return is written before values for all segments 
(the current value of SE) have been defined, the program writes 

and waits for further values. 

N.B. 
Two consegutive spaces, two consecutive carriage returns, one 
space followed immediately by carriage return, must never be written 
wi t°hin th'ese curve definitions; they will cause values to be as-
si$ned to ' the wrong segments, and may occasionally give r .ise ,to 
error messages. 
Input is terminated when either all values for the BLOC_K hav_e_ been 
written, or the key jEOTI is pressed. If jEOTI is pressed before 
all segments have been defined, then the defined 
for the remaining segments are kept; if no va lues have been given 
previously, the default values are kept. 

Default values: 
F1 16 
A 1 280 
DE 0 

F2 
A2 

3000 
320 
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' Wheri input is tetminated, the program checks the values. First it 
looks at the numbers defining po.ints at tl1_e end of segments; .if one 
is found to be illegal, a message is written together with the of -
fending value. For example: 

ILLEGAL VALUE 
123lJ56 

The user must then give one new value to replace this number; i f 
the new riumber is illegal, or if jEoTI is pressed, the error mess age 
is repeated, until a legal value is given . 
When all the point-defining numbers have bee n che cked, the s ha pe 
valties are inspected one by one in the same manner. 
Suppose that the density curve on the previous page .is wrongly de-
fined; conversation with the program might look like this: 

>DE 

:15 -1 0 lJT 6 4lJ47 

:-5 -5 10 0 15 0 

:20 20 0 4 

ILLEGAL VALUE 

4447 

:47 

ILLEGAL VALUE 

' -5 

: IEoTJ 

ILLEGAL VALUE 

- 5 

ILLEGAL VALUE 

-1 0 

: 0 

ILLEGAL VALUE 

20 

> 

0 

maximum legal dens it y i s 2000 

type in the de s ir ed value 

minimum l egal dens i ty is zero 

I EoT I doesn't hel p here! 

an empt y lin e is inter preted as 
zero, whi ch i s leg al 

- 9 is th e l owes t legal sha,pe 
value 

9 is the highest l ega l sha pe 
value 
empt y lin e means zero 

now everything is legal 
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3) I tisa l so poss i ble t o assign va l ues for eac h segmen t with ran-
dom and periodic functions. Format: 

>DE n 

wher e n is a negative whole number from - 1 to -6. 

-1 
- 3 
- 5 

-1 RANDOM 

random 
triangle 
squa r e 

a) The program asks: 
RANDOM LIMITS: . 

and waits for two numbers, speci-
fying the limits of variation . 
For exampl e: 

RANDOM LIMITS:10 100 
Both number s must be legal val ues 
for the parameter in question; if 
either or both of them are illega l 
the program wri t es: 

I LLEGAL VALUE 

and asks again : 
RANDOM LIMITS: 

- 2 
- 4 
-6 

100 
9·0 
80 
70 
60 

50 

40 
30 
20 
10 

0 

'" 

"" .. 

lo 

loo 

sinus 
sawtooth 
curve 

• I• ' . 

:k 

r. 

: 

rando m values 10-1 00 

.It 

I EOTI returns control to the program monitor without al tering the 
existing curve definitions . 

b) The program then asks: 
SHAPE LIMITS: 

and waits for two more numbers, 
defin i ng the limits of variation 
for the curve s hapes · ( - 9 to 9) • 
Shape values are then chosen at 
random between these two numbers . 
For example: 

SHAPE LIMITS: - 9 9 
allows all possible curve shapes . 
If either· number .is il l egal, the 
program ::writes: 

ILLEGAL VALUE 
· and asks again: 

SHAPE LIMITS: 

90 - 1 8 7 4 - 3 

as above plus random · 
shapes -9 to 9 

IEoT I returns control to the program monitor without altering the 
existing shape 
To define the example in (b), write: 

( :>SE 5) 
>DE - 1 ' 
RANDOM LIMITS:10 100 
SHAPE LIMITS:-9 9 
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-2 to -5 SINUS TRIANGLE SAWTOOTH SQUARE 

If DE is fol lowed by one of the .numbers -- 2, - 3 , - 4 , or - 5 , the 
program asks: 

MI N, MAX,PERI OD ,SHAPE: 

and waits f or four numbers to be writte n, definin g t he structure 
of a periodic osc illation. 

MIN and MAX define the · lower and upper .limits of tne 
oscil:!-ation. 

PERI OD defines the period leng th in milliseconds. 
SHAPE ·. defines ·the curv e form deviation ( - 9 to 9) ; 

this i s not valid for -5 (square) . 

ISINUsl. 
L::LI 

· MAX 

MIN 

MAX 

MIN 

TRIANGLE 
-3 

+-----PERIOD-----

MIN and MAX are checked for ill egal values; if either of them is 
out side the parameter limits , the message : 

ILLEGAL VALUE 

is written, and t he prog ram asks aga in: 

MIN,MAX,PERIOD,SHAPE : 

PERIOD shou ld be iri the range 10 to 13 1000 milliseconds, and SHAPE 
should be in the range - 9 to 9 . If either of these values 1 ies 
outside .its prescribed range, it will be difficult to predict the 
structure of the resulting curve . 

When these va lue s are define d, the 
program . 'Cre at es an imaginary os -
cil l atio n, from which it t akes 
values f or the end of each segment . 
Note that the parameter do es not 
in fact get a smooth oscillation: 
instead it g ets straight lines be-
t ween the point s where t he seg -
ments and oscillation intersect. 

' I 

... 
' 

, , , \ 
,, ' , 

\ /' 

, , , 

Note a ls o that the durations of each segment must be defined f irst 
(see §4 . 1 .5 below). If t hey are defined a f terwards, the value s 
calculat ed for oscillations are not adj us t ed, which means that the 
oscillations become distorted . 
I EoT I returns control to the program monit or . 
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-6 CURVE 
The program asks: 

MIN,MAX,PERIOD,SHAPE: 
and waits for f our numbers. 

MIN 
MAX 
PERIOD 

is the starting point. 
is the end point. 
is the durati on in milliseconds 
( 10 to 131 OOO) . 

of the curve 

SHAPE is the deviation (-9 to 9) . 
MIN and MAX must be legal . values for the parameter being defined. 
If either of them is the 
program writes: 

ILLEGAL VALUE 
and asks again: 

MIN,MAX,PERIOD,SHAPE: 
I EOT] returns · control to the pro-
gram monitor without altering the 
existing curve definiti on. 
If PERIOD is shorter than ·the total 
duration of the BLOCK, the value 
MAX is kept from the point where 
it is first reached until the end 
of the BLOCK. 
If PERIOD is longer than the BLOCK 
duration, MAX is never reached . 

MAX 

PERIOD 
MIN 

As with the periodic functions, the program creates an imaginary 
curve from the data given (including .segment 'durations); values 
for each segment are then calculated at the curve intersec tio ns. 

4.1.3 Summary of the definition of dynamic-parameter curves: DE, F1, F2, 
A 1, and A2. 

>DE n >DE 7'DE -n 

same value throughout in dividual values and automatic funct i ons: 
the BLOCK shapes for each seg- - 1 : rand om 

ment - 2: sinus 
.. - 3: triangle 

.. ... - 4: sawtooth 
-5: square ... 

" -6: curve' .. 
" 

4.1.4 The s tarting values for the primary parameters at the beginning of 
a BLOCK are defined with: 

>DS n (DENSITY START) for DE curve 
>LF n (LOW FREQUENCY) for F1 curve 
>HF n (HIGH FREQUENCY) for F2 curve 
,..LA n (LOW AMPLITUDE) for Al curv e 
>HA n (HIGH AMPLITUDE). for A2 curve 

In all cases n must be a legal value for the parameter conc erned. 
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Note that if a primary parameter 
is defined by the first method de- ·. 
scribed above (one value through-
out the BLOCK),· the equivalent LF 

. start-parameter i s automatically . . 
given the same value. Thusi HA rn---

7F1 220 . . LA 

automatically assigns 220 to LF . 
as well. 

5 . DU (DURATION) defines the length in milliseconds of each segment. 
As with the dynamic parameters, there are three methods of giving 
values to DU: · 

>DU n >DU ,.DU -n 
same value throughout individual values for automatic functions: 
the BLOCK; e.g. every segment; e.g.: -1 random 

4'DU 1000 (,.SE 5) -2 sinus . 
. . . . -3 : triangle 

" if all segments are to >i.>U .:.4 : sawtooth 
". be 1000 milliseconds : 1000 500 . 5200 ·· " . ...5 square 

" long. ··· -6 curve 
:750 2500 questions and answers 

'• . " as for dynamic para-
·meters. 

" 
·N .B. 

1) Values assigned to :OU are always rounded down to the nearest 
multiple of ten. Thus 1317 becomes 1310, etc. 
2) ·The current values of DU are always inspected when automatic 
functions are calculated for the dynamic parameters; it is there -
fore essential that DU be defined before such functions are used. 

for example, that density is defined as follows : 

- 3 
MIN,MAX,PERIOD,SHAPE:O 20 5000 0 

>DS 20 

> 
"The shape ·or the resultant curve will depend on the current values 
of DU • . : .. ... 

>DU 2500 -·- --- > DU 
:10 00 250 0 4100' 
:3900 1000 

10 

o,,,_ __ _._ __ ...... ....... ...... __ _., ____ .._ __ ..._-=---&..-..z 

0 . " 2 4 6 8 10 12secs 
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4.1.6 FG, ND, GL, and WF are ''static 11 parameters; they can be controlled 

by single values only, not by curves . 

4. l • 7 

1) The normal way of defining static parameters is to write the 
mnemonic followed by a number, indicating that t here. is to be a 
const an t value throughout the BLOCK. Thus : 

note duration is 1 OOO milliseconds 
glissando goes up one octave 

>ND 1 OOO 

>GL 2000 

>Wf 2 

>FG 6 13 

wave-form 2 (parabolic) on all generators 
use generators 6 to 13 inclusive 

Note that two numbers are required for FG; if only one is given, 
on l y one generator wi ll be used. Thus: 

>FG 8 
gives exactly the same result as 

>FG 8 8 

If no number is written after the mnemonic, zero is assumed. 
2) It is also possible to assign automatic functions to the static 
par ameters. Def init io n and question I answer formats are the same 
as those for the dynamic parameters, with the exception that func-
tion -1 (random) has no ques t i on 
about 11SHAPE LIMITS". 
- 1 
- 3 
- 5 

random 
triangle 
square 

- 2 
-4 
- 6 

sinus 
sawtooth 
curve 

One value is calcu l ated for each 
segment, and kept throughout the 
segment. 

\ 

\ 
Note that when FG is defined by an autorr.atic function, the user 
gives values denoting the total number of generators to be used; 
thus the sequence 

>FG -1 

RANDOM LI MITS:1 2 24 30 
> 

means that a minimum of 12 and a 20 
maximum of 24 generators will be 
in operat i on; t he program chooses 
generatofls starting at number o ne. l 0 

N.B. 
Automatic functions on static parameters are calculated when t·he 
music i s played, not at the time of de f in it ion; i t is therefore 
not necessar.y to define DU before these f,..mct ions are used . 

Summary of the compos iti on-program parame ters: 

Structura l : SE DU 
Dynamic: DE Fl F2 A1 A2 
Curve - start: DS LF Hf' LA HA 
Static : FG ND GL WF 
These parameters constitute the BLOCK definition, and values as -
signed to them ·are associated with a par(icular BLOCK; 
so they remain unchanged eve ry time a BLOCK is played . 
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Here is an example of a graphic score for a compositional BLOCK, 
together with the parameter definitions needed to create t he BLOCK. 

>SE 5 

>DU 2000 

>FG 

>WF 4 

24 

1000 

500 
>GL -1 

3 00 
RANDOM LIMITS:990 1012 100 
>ND -5 350 
MIN ,MAX,PERIOD,SHAPE:50 750 4000 0 

>LF 247 310 

>F1 

:247 0 123 0 247 5 110 -4 220 -4 280 

>HF 262 250 

>F2 30 
:262 0 523 0 262 -4 1046 1 262 0 

>LA 260 10 

>A1 

:260 0 260 0 350 -5 24 

:350 0 315 0 

>HA 280 4 
>A2 

:310 0 340 0 270 -7 340 6 300 0 750 
>DS 250 
>DE 

: 20 0 5 7 30 0 30 0 l - 5 
1500 

> 500 

WF 

ND 

GL 

2000 20 00 . 2000 2000 2000 

4.1.8 SA (SAMPLING) is not associated with a ·sLOCK definition, but can 
be freely changed without affe cting BLOCK structures. Format: 

'» SA n 

where n i s a whole number from l to 65536 defining t he salllpling-
time (cf §3 .4. 2). 

Default value: 5 milliseconds 

·11. T . 9 Values assigned to the BLOCK'.""defining parameters are stored in t he 
BLOCK TABLE; this table can be list ed with the command: 

>L 

The BLOCK de finiti o n above, for e x a mpl e , wou l d be lis t ed a s f oll ows: 
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SE 5 
FG 124 

SA 5 
WF 4 

GL -1 

ND -5 
LF 247 
HF 262 

LA 260 

HA 280 

DS 

F1 

247 0 123 0 247 5 110 - 4 220 -4 
F2 

262 0 523 0 262 -4 1046 7 262 0 

Al 

260 0 260 0 350 -5 350 0 315 0 

A2 
310 0 340 0 27 0 -7 340 6 300 0 

DE 

20 0 5 7 30 0 30 0 -5 
DU 

2000 2000 2000 2000 2000 

Note 

1) FG 124 

Values for "FG11 are defined by the user as 

>FG n1 n2 

The y are stored in the BLOCK tabl e as one value: (nl x 100) + n2; 
"FG 124" . in the table means , therefore, "FG 1 24". 
2) SA 5· 
SA i s li sted in the BLOCK table even thou gh i t is not part of a BLOCK 
definition. 

3) GL -1 ND - 5 
When static parameters are controlled by automat ic functions, only 
the fun c tion number is stored in the table; the values for each seg -
ment are calcu l ated when the music is played. However, when dynamic 
parameters are assi gned a utomati c fun ct ion s , the segment values ar e 
cal cu l a t ed immedi a tely a nd stored i n the BLOCK table ; so t hey can 
be checked a t once wit h "L". 



4) The BLOCK table has room for ·· 
values fo r 50 segments; the "L" 
co mmand li sts as ma.ny segments as 
are spec i fied by "SE" . Thus if 
SE = 30, values for 30 segments 
ar e liste d, and s o on . If a BLOCK 
contains .. a large number of seg- .. 
ments, the values will not all fit 
on t o the Tekt r onix s c reen. When 
the screen is full, the program 
waits for the user to press the 
function butto n IBELl i th.is c l ears 
the screen, and all ows li st ing to 
continue. 

DODD 
DOD[;] 
D LJ:DD 
DGJDD . . .. . . 

DI I 
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4. 1. 10 The . BLOCK tab l e can .also be inspected parameter by parameter : 

4 . 1.11 

,.L n 

where n is a . parameter number accord i ng to the fo llOwing li s t : 
· ... 1 SE 7 LF 1.2 F1 

2 FG 8 HF 13 F2 
3 SA 9 LA 14 A1 
4 . WF 10 HA 15 A2 
5 GL 11 DS 16 DE 
6 .ND 11; . oo 

'4>;.. ... . . 

Fbr example: 

>L 16 .. 
DE 

20 b 5 7 30 0 30 . . ·. : . 0 -5 

The normal w·ay .to . change valu es in t he BLOCK tabl e. is to red efi ne 
the par ameter s . Thus : 

>WF 2 . · ··defines wave-form 

>WF 4 gives wave-form · a new value '·. 

The dynamic parameters are r edefi ned in way :' 

,,. .. ' . 

>DE ..;1 

RANDOM 25 

SHAPE LIM!TS:- 2 3 

.>DE• ".'"2 
.···• 

define .:density ·· ( ran dom) 

r edefi ne curve (iinus) 

25 15000 - 2 
.. 

·>etc • 
. . . 

!t is also possible to alter . values for ·individual segments with 
.the ,CS {CHANGE.. SEGMEN,TJ. c·omma,nd . . ....... , . . :. ·"· M .. .-. . 

. : 'i 

wher e n ·, i s the number · o f :the segment to . be ?1 ter ed . The .. program · 
the .":'.'.alues a .nd s hape s of the dynami c. parameter s fo r · 

. thi s segmen t , waitin g after each\)'ne for'' the' 'lisefft 'f6 o r al te r 
the .· , . . · · · · . · ·. ·· · · 

To ke ep ol d val tles , press · fE6Tl. · ' ,, 
. .;. To assign new va l 9'.es , .. them 
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For example: 
>CS 5 

Fl 220 

: l·EoT I 
F2 262 

:foor l 
Al 315 

: 280 - 4 

A2 300 

:250 

:0 

DE 

: f EorJ 
DU 2000 

ILLEGAL VALUE 

:2000 

> 

-4 

0 

0 

0 

-5 

change segment 5 

current values 

keep them 

keep these, too 

make this quieter, with 
faster decay 

this one quieter, too 

I forgot to give a value 
for shape! 

l eave this as it is 

carriage retu rn immedi -
ate l y after " : " is in -
terpreted as zero , il -
legal for DU 

4. l . 12 There are several other parameters which cannot be controlled f rom 
the compos i t ion program. 

.· 

Parameter 
MI 
VS 
MS 
AT 

Default value Parameter 
100 MF 
100 VD 
500 RV 
20 

Default value 

1000 
5 

240 

l ') Sing'.te va l ues can be set on these parameters with the command: 
· >SP n l n2 ( = SET PARAMETER) 

where n l is the .number of the parameter to be set (see below); 
n2 is the value to be assign ed . 

1 ND 2 GL 3 MI 4 MF' 
5 F1 6 F2 7 A1 8 A2 
9 DE 10 AT 11 MS 12 RV 

13 - 14 vs 15 VD 16 -
For example: 

>SP 10 40 

puts AT (ATTACK TIME) to 40 milliseco nds . 



2) The current values of these parameters can be obtained with: 

>SP n 

where n is the number of the parameter. The program prints the 
Value, foll owed by ": 11 , and waits for the user to give a new 
If the old value is to be kept, press JEoTI ... For example: 

>SP 1 1 inspect MS 

MS 500 program prints current 

:I EOT I 
value 
keep it 

>SP 14 inspect vs 

vs 0 program prints current 
va lue · 

: 175 type in a new value 

> 

WARNING 

It will be noticed that SP can put values on. t he dynamic parameters 
DE, F1, F2, A1, and A2, and on two of the s t atic parameters, ND and 

. GL. The user is advised to use this facility sparingly: SP has the 
effect of "freezing" a parameter, so that it is no longer control l ed 
by curves or other values assigned in a BLOCK definition. The pr o-
cedure for "unfreezing" a parameter is not complicated, but it is 
easy to forget that it must be done. This function belongs properly 
to the real-time program, and is discussed more fully in §5.2.5. 
·The beginner should therefore use SP for MI, MF, AT, MS, RV, VS, 
and VD only. 

4 .2 (Playing a BLOCK L 
When a compositional BLOCK has been defi ned, it can be pl ayed in 
the studio with one of the commands PL or PP . 

4 .2. 1 To play a BLOCK from its beginning, write: 

>PLf n] ( = PLAY) 
where n is a positive whole number. 

N.B. 
The parenthesis [ ril i.ndi cat es here and later .that this is an op -
tional of the command; the parentheses must not be writ te n by 
the user.• 

.1.} >PL 

When this command is g iven, a check is made first t o see if any 
values in the BLOCK table have been chang ed sin ce the l ast time PL 
o r PP was done. 
- If changes have been made, then this is assu med to be a new BLOCK 

definition, and acc ordingly the BLOCK table is saved. A file is 
created on DK <USE> containing this BLOCK's inform atio n; it aut o-
mati cally re ce ives a number, such that the first file created 
during a run i s call e d it 1 BIN11 , the seco nd is "2 BIN", and so on . 
The prog ram th e n reads from the newly c r eated file to play t he 
musi c in th e stu dio. The numbe r of the most r ecen tly c r eate d 
BLOCK file i s di s pl a yed a t all times on t he s tudi o r egister for 
the Noise Generator . 
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- If no chan ges have been made, the mos t recent l y creat ed BLOCK 
file is played; and if no fil e has been create d, va l ues in the 
de fau lt f ile "0 BIN" are rea d i n and played. 

2) >PL n 

Thi s command plays BLOCK- file number "n". 
- If n is negativ e or zer o , it i s interpreted as being und efin ed, 

and the comma nd is carried out as in (1) a bove. 
- If n is positive, but there is no file on DK <USE> with this num-

ber, the program print s : 

FILE n BIN NOT FOUND 
a nd control re verts to the program monito r . 

4.2.2 To play part of a BLOCK, wri te : 

>PP( n] = PLAY PART) 
where n is a po s i tive who le number ind i cating a BLOCK- file number. 

- I f n i s undefined, ze r o or negat i ve , the most recen tly created 
BLOCK-file i s rea d fr om. 

The program a sks: 

SEGMENTS : 
an d waits f or the user to gi ve two val ue s s t ating which segments 
in the named BLOCK file are to be played . For example: 

SEGMENTS: 10 20 

i ndicates that segments 10 to 20 inclusive are to be pl a yed . 

- If the fil e contains fewer than 10 segments, the program wri tes: 

SEG 10 NOT FOUND 

an d contro l is return ed to t he program monitor. 

- I f the se cond number i s greate r than th e t ota l numbe r of seg ments 
in the BLOCK, the BLOCK is played to the end; the re is no error 
message . 

4 . 2 . 3 Playing is comple ted eit her when the last segment in the BLOCK has 
been p l ay ed, or when the SPACE key i s presse d . In the l a t te r case , 
th e program pri nts : 

STOPPED I N SEG n 

where n · is th e n umber of the segment . being pla ye d at th e time of 
th e inti= rrupti on; and contro l rev erts to t he p r og ram moni t or . 

4 . 2 . 4 BLOCK files can a lso be c r ea ted (but not played) with the commaHds 
F and PF. 

l ) >F ( = FILE) 

crea tes a fil e from the cu rrent values in the BLOCK table; t h i s 
file is numbered in the normal way (see §4 . 2.1 ) . 
2) >PF[ n] ( = PART FILE) 

creates a new BLOCK file from a se c tion o f an al read y existing one . 
The progr am asks:' 

SEGMENTS: 
and waits for the user to give two numbers stat ing which segments 
in the named file are to be i ncluded in t he n ew file . 



4.2.5 

For exam ple : :. 

>PF 5 

SEGMENTS:4 :S' 

17 . BIN OK 

> 
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' create a new file from 
part o f BLOCK file no . 5 
i t wil l consist o f seg -

. nients 4 to 8 .in c l usi ve 
program answers that . a 
new file has been cre -
ated ·· called · ·11 17 BIN". 

, . 

Files created ' with 0 PFH are ,I"!Uiribered. automatically _ :i n the same way 
as al l BLOCK .files. · 

If n is undefined, negative or zero, _ the most recently created 
BLOCK-.file is read fr om . .;_ 

Suppose that the BLOCK definitions in §4 . 1. 7 •have been made at the .. 
beginning of a r.un. . This BL.OCK m.ight then be .. tested and .:adjuS;ted 
in the following way • . · 

>CN 2 

>PL 

>WF 2 

>PL 

STOPPED IN. SEG 3 

>GL 1000 

>PL 

10000 

>DE 

:10 0 2 1 15 0 15 0 1 - 5 

>PL 

>SP 15 

:.YD 5 

. : 12 

>SP '14 220 

>PL 

>PL 1· 

>PF 

SEGMENTS:4 5 

5 BIN oi( . 
,! . . 

>PL 

... · . . 

·. make studio cof}ne ct i ons 
f ir st 
play .the BLOCK - a file 
is preated: 11 1 BIN" 
see what it s ounds 1 ike 
with wave-form 2 
"2 BIN" is crea ted and 

· .. played 
playing is interrupted 
with SPACE key . 
try it with wave - form 3 

a nd without g l issando 

"3 BIN" is created and 
played 
try it with very l ong 
notes 
and with density half 
of what it was befo r e 

"4 BIN" is created and 
played 
have a look a t vibrat o 

. depth (VD) 
it's 5% 

riiake it 12% 

a.nd make v ib rato speed 
a fa ster 

rio change t'<j BLOCK tab le 
so·. BIN" a:gain 
play" 1. .BIN"· -: . with new 
v i brato 

. make.:a file -. 9 f segments 
· -4 ·& fro m BLOCK no. 1 

"5 
. .. . _: .. ·. .. . .. . . . 

new f ile no.5 is played 
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4 .2 .6 Normally BLOCK files are numbered automatically in the order in 

which they are created. The numbering can, however, be controlled 
with: 

>FP 0 n ( = FILE POINTER) 

where n is a positive whole number defining the number which is to 
be given to next BLOCK file created. 
Suppose for example that ten BLOCKS, numbered 1 to 10, are created 
during a run; in the next run it is desired to keep t hese ten files 
on the disk, and to start numbering new BLOCKS from ,: 1 onwards. 
Write: 

>FP 0 11 

"FP" is discussed more fully in §6.3.5. 

4.2.7 BLOCK files can be renamed with the command: 

>RN n1 n2 ( = RENAME) 

where n1 is the number of an existing BLOCK file; 
n2 is a positive whole number, stating the new number that 

the file is to receive. 

1) If file "n1 BIN" is not found on DK <USE>, the program writes: 

nl BIN NOT FOUND 

and control reverts to the program monitor. 

2) If n2 is undefined, negative or zero , the program writ es : 

ILLEGAL VALUE 

and control reverts to the program monit or . 

3) If there is already a file on DK <USE'> called "n 2 BH l1', the 
program writes: 

FILE ALREADY ON DK. ARE YOU SURE?Y/ N 

The user can answer 11 Y" or "N11
• 

Y: The existing file "n2 BIN" is deleted, and "n 1 rr bec omes "n2". 
N (or any c haracter other than Y): Control is returned to the 

program monitor without the re-num bering taking place. 

When the operation is complete, the program writes : 
n2 BIN OK 

4.2.8 BLOCK files can be insp ec ted with the command: 

: .. >WR( n) = WRITE) 

whe re n . is the number of the BLOCK file to be li sted ; if n , is 
zero or negati ve , the recently created BLOCK fi le 

i s listed. Listing with "WR" is performed on .DAT slot 20 (us ual ly 
assigned to TW1); if th er e is too much informat ion in the fil e to 
fit on to the screen, the lsEq key must be pressed to c l ear t he 
sc reen and allow listing to continue. 
The fprmat o f these fil es is discussed in detail in §6 .9.1. 

4.2.9 Summary of BLOCK-file manipul a tions 

Play 
Cr ea t e 
Name 
Li st 

PL (PLAY) 
F (FILE) 
RN (RENAME) 
WR (WRITE) 

PP (PLAY PART) 
PF (PART-FILE) 
FP (FILE-POINTER) 
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4.3 . . IEDITI 

IMPAC has an internaL EDIT .,facility ._. which to alter 
parameter values in -previously created BLOCK files • 

. ..... : . · .. ; .-.. 

4.3.1 · EDIT is a subprogram with .lts own submonitor and set of commands • 
. . To enter EDIT·,", write: .. -

·· >ED[ ri] 
where n specifies the BLOCK file which is to be edited; if n, is 
undefined, negative or zero, the . most: - recently created BI:..OCK ·rue 
is opened for edit ing. 

. .· : 

4 .3.2 When · the submonitor is ready to r _ecei ,:ve a. · command, _ it prints: · : 

Commands are ·of .two types: 
. 1) parameters: DU . DE · F1 ·. 
2) · file-manipulation: . . • D . . G 

F2 Al . · A2 ·FG ·. WF . GL · ND 
AS . IEoT( SE 

4. 3. 3 _: The parameters are changed Cl.S 

_1) Multiplicatibn . . 2000 

: ' 

. ... . 

:DU· n n) 
:DE n n) ·20 
:F1 n (O n L -819 2). 
:F2 n· (0 . !!: Ii !: 8192) . 

Here n . r e presents a · multiplfoation ·. 15 
fa c tor, such that the new value e.quals . 
the old value times ri /1000 . .. · .. . : 
For examp l e : lO 

•:DE .. 2000 

indicates that density values are to 
be multiplied by ., 2000 / 1 OOO , whi ch 5 

. means that they are to be doubled . · 
Similarly : 

:Fl 1059 

·.,. .. 
. ' . 
·' \ 
' 

.. 
\ 

\ 
. \ . . .. 

\ . . ' ,_ .. ' .. 
- : ... ·I \ 

\ 

o ld curves 
edited c urves indicate s that values f o r F1 are to 

be multiplied by 1 .059, which has the 
effec t of raising them by a semitone. 
See also the table on th e next page • 

340 :A2 -20 

.. , 
2) Addition 

.;A 1 n 
:A2 n 

Here n is to be added to the . old 
values in the file. Thus: 

:A 1 16 

320 

300 

280 

adds 16 to values for Al, i.e. they 26 0 
are increased by 4 dB. Similar ly: 

:A2 -10 2 40 
has the effect of lowerin g A2 value s . · 

by 2 ! dB. 220 -----------------
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Table of multiplication 
for raising and lowering 

(unit = 1000) 

Interval Raise 
Unison 1000 
Minor second 1059 
Major second 1122 
Minor third 1189 
Major third 1260 
Perfect fourth 1335 
Aug. fourth 1414 
Perfect fifth 11198 
Minor sixth 1587 
Major sixth 1682 
Minor seventh 1782 
Major seventh 1888 
Octave 2000 
Minor 9th 2119 
Major 9th 2245 
Minor 10th 2378 
Major lOth 2520 
Perfect 11th 2670 
Augmented 11th 2828 
Perfect 12th 2997 
Minor 13th 3175 
Major 13th 3363 
Minor 14th 3563 
Major 14th 3775 
Two octaves llOOO 

factors 
pitches 

Lower 
1000 
94li 
891 
841 
794 
7119 
707 
667 
630 
595 
561 
530 
500 
472 
445 
420 
397 
375 
354 
334 
315 
297 
281 
265 
250 

3) New values 
:FG n1 n2 ( 1 ! n1 n2 40 ) 
:WF n {O n 7) 
:GL n (0 n 8 192) 
:ND n (0 n 131000) 

The values gi ven with these para-
meters are new values which ar e 
to replace t he old ones. For ex-
ample: 

:WF 4 

means that wave-f orm no . 4 is us ed 
instead of t he old va l ue. 

N.B. 
Definitions given wit h mult ip l i -
cation and a ddi t i on factors may 
result in values ou t side t he 1 e-
gal limits being ca l culated. If 
this happenst t he program auto-
matically puts the parame te r to 
the lega l mini mum or maxi mum. 
For example t a f t er t he command: 

: Fl 2000 
{raisin g a ll val ues by an octave) 
frequ enci e s of 8000 Hz or more 
are edi t ed t o 15999 Hz exa ct ly . 

4. 3. 4 When one of the pa ramet er-comm ands above is g iven t i t s val ue i s 
che cked and then stored; th e a ctua l editin g takes pl ace when an 
extra carria ge return is done immedi ately after the 
For example : 

' 

>ED 2 

:DU 500 

:GL 2000 

2 BIN OK 

> 

edit BLOCK f i le 2 

ha l ve segment dur at i ons 

put GL to 2000 

car ri age re tu rn to com-
plet e edit ing 
edi ti ng done & a ll well 

In thi s case a ll th e seg ment s a r e changed . Note however t hat no 
c hanges a r e made until t he extra carria ge re tur n is done ; so the 
sequenc e : 

: DU 500 

:DU 800 

is qui te l egitimate : 800 r epl aces 500 as mul tip l ication fac t or. 
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lt.J.5 It is also possible ;to. edit individual segments, by writing: 

·.,. 

:SE n ( : SEGMENT) 

where n P.Qsitive whole number .. denoting which segment is to be 
altered. The 11 SE11 command can be given at any time .before the extra 

,is ,.,dqne; thus: 

.. · ':·sE··5 

. :DU ·200 
. - ._:_,. .,_. . . . ' . -·.:·' 

-_. ·r...o: .. • 
· : A 1 8 

.··'·. 

.. alter . segment 5 only 

carriage return to per-
form editing 
program waits for mor e 
commands 

In this "example .the first rotir segments segment 5 
is altered ( :'ou 200 and :Af'.8) arid .the I?rogran ( for more in-

. structions·: In other words 11SE 11 followed at some stage .bY .. .an extra 
carriage :·return moves' ' a "pointer" to the named performs 
editing there, and then leaves the pointer. immedi a tel y aft er t he 

-·· · named segment. · 

EDIT always counts segments from. the beginDin g of , the f'.i).e; so t he 
number given in anY ·fi.lrther .·"SE". qonimarid .must bei hig!ie r t_han t hose 
given preYiously. Thus: 

2 

:SE 5 

:DE ltOQO 
·: .·. 

.• 

:SE l . . ;. 

ILLEGAL VALUE 

:SE 6 
.,..'·· .,. .... 

... :ND 50 

·in . s.egmen t . 5 · •. . 

. mul tipl"y •,den sity by 4 

carria ge ·i'-eturrr to per-
form this ; 
pointer i s bet·ween seg -
ments and 6: it can't 
go back wards 

; . 
I • .•: • .•.• · ,· ',' . ··:···· ""1 " '' .. ,. ·: 

·' 
50 ms .. on ND .fpr seg 6 
·:--: 

. ,: 

·: ·:/,Qb; i t i· .. 
_: ?,', :· .. · ....... , .. '• :_ . 

·: . 500 :<, _ . :" rest 

. ••. . . . , OK 

. If the file does contain maqy as defi ned after 
· .. n SE'', the is closed a nd 'a 

1 . '; - . ':'1; •' ·: ;, ·.t 

SEG n NO) FOUND . 
• ....., ••. ., • A ... ' .... . ,., 'f" '' "f' . • , ... ...... .:.., ••""' '<•1°'.J'·••' ' •: , , 
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4.3,6 Single segments can be deleted with: 

:D ( = DELETE) 

SE must be defined before "D" can function. For example: 

>ED 10 

:SE 5 

:0 

:SE 10 

:D 

BIN OK 

If SE is not defined, the program 
prints an error message, and the 
submonitor waits for further com-
mands: 

" D ' ONLY AFTER " SE " 

ori gi nal f ile 

1 Axxxxxxxxxxxxxxxxxx 
2 Bxxxxxxxxxxxxxxxxxx 
3 Cxxxxxxxxxxxxxxxxxx 
4 Dxxxxxxxxxxxxxxxxxx >-i+ l!:muumxxxacxxxxxxiiuEx 

Fxxxxxxxxxxxxxxxxxx 
after :SE 5 

:D 

edited file 

1 Axxxxxxxxxxxxxxxxxx 
2 Bxxxxxxxxxxxxxxxxxx 
3 
4 Dxxxxxxxxxxxxxxxxxx 

Fxxxxxxxxxxxxxxxxxx 

After "D" the pointer is positioned between the deleted segment and 
the next one; note that following segments r etain their original 
numbering until the file is closed. 

N.B. 
For the dynamic parameters, a segment contains information about 
the final value reached by the curve and the shape of the curve; 
so when "D" is used the effect is usually a compromise between the 
deleted segment and· the one foll owing it. In the following figure, 
for example, the diagram on the left represents the frequency curve 
in an unedited BLOCK-file. The diagram on th e right sho ws what the 
curve looks like after the EDIT commands: 

:SE 5 

:D 
2 3 4 5 6 2 

original fil e edited file 



4 1" BLOCK. files can be combined with: . 

. ' \· . 

··· .. ·· .. . · '· 

:G n ( = GET) · 

where n is the mimber of a BLOCK file which is to · be combined with 
the current file. · Thus: 

>ED 2 
. . ,. ·-

, :G 5 
. . . ·.. ; 

·:DU 2000 

. ' :GL 8192 

! : 

2 BIN OK 

> 

.. ..: 

,',.· open BLOCK file "2 BIN" 
, for ·edi-ting 
read in ' "5 .BIN" . 

' . . . . 

. . t ,he ·pointer. is n().W after 
· last seg o( "5" & before / · 
· ·(irst seg ·of 112 11 ; cha n-

. ·ges affe ct "2 Biij" only 
perform editing · 

'· .. · ... 

The file read in with "G" is copied without a1 teration . into the 
place where the pointer is; it is thus possible to place a:n ·outside 
BLOCK anywhere within the current BLOCK. For exampi e·: 

>ED 2 .. 

:SE 2 

· :G 5 

:SE 4 

:G 5 

:etc 

11 2 BIN" for ,editing 

move the pointer a fter 
seg2 
read in ·"5 BIN" 

move ppinter after seg -
ment 4 
read in "5 BIN" again 

Suppose that the · frequency curves in the original BLOCKS . "2 BIN" 
and "5 BIN" l ooked like this: 

2 BIN 5 BIN 

'2. 1 '2 .2 2.3 2 .4 2.5 2.6 

.. f2 
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In the combined file the frequency curves will be as f ol lows: 

2.1 2.2 5.1 5.2 5.3 .2 .3 2.4 5.1 5 . 2 5.3 2.5 2.6 

It will be noticed that segments 2. 3 and 2 . 5, which come immediately 
after the inserted BLOCK, are. adjusted automatically t o achieve a 
smooth transiti .on; however, the first segment of the inserted BLOCK, 
5.1, is not normally adjusted. 

A smooth transition can be obtained here with 

:G nl n2 

where n1 is the number of the BLOCK; 
n2 is any non-zero whole number. 

Written in this format, the command has t he effect of ignoring the 
curve start-values at the beginning of segment l. For example: 

:G 5 
instead of 

:G 5 

in the sequence of instructions on the previous page woul d give 
the following result: 

2.1 2.2 5.1 5.2 5.3 2.3 2 .4 5.1 5.2 5 . :3 2.5 2 . 6 
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4. 3.8 If at any time the user should regret t .!1e alterations made with 
EDIT, one of the commands: 

:AB = ABORT) 
or : IEoTI 
will restore the BLOCK to its pre-edit form . This can be done, of 
course, only if the file is still open for editing. For example: 

>ED 2 

:SE 

:G 10 

:AB 

ORIGINAL FILE KEPT 

>ED 2 

:etc 

open BLOCK "2" for ed-
i ting 

point after . segment 

get BLOCK 11 10 BIN" 

it should have been "9 11 

so abort from this ed-
iting and ..• 

start again 

4.].9 Summary of the ED-submonitor commands 

PARAMETERS OTHER 

mult i plicati on addition new values OPERATIONS 

DU Al FG SE 
DE A2 WF D 
F1 GL G 
F2 ND AB 

., 
(EOTI 

4.3.10 A word of warning! 
It is vital that the user distinguish between the following commands: 

( 1 ) >GL 2000 (2) > ED 

:GL 2000 
:et c. 

•' 

C1 ) He're a change is made to one of the parameters in the BLOCK 
table. The next time "PL11 is done a new BLOCK file will be created , 
containi ng this parameter value . 
( 2) Here the most recently create d BLOCK file is altered, but the 
BLOCK table remains unchanged . So the next "PL" will not cause a 
new file to be created; it will instead play the old one in its 
edited version. 
Thi s means that the next time a new BLOCK f ile is created it will 
still have the old value for GL , not the one given in the EDIT 
command. 
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4. 4 IHorizontal I sequential mixing I 
KP (KEEP) is used t ·o mix BLOCKS sequentially. 

4.4.1 Format: 

>KP n1 n2 

where n 1 is the number of the BLOCK which is to be "kept " (mixed); 
if n 1 is zero, negative or undefined, the mos t recen t ly 
created BLOCK file is kept; 

n2 is an optional 11 tran s ition-switch"; if it is non-zero there 
will be a smooth transiti o n into this BLOCK ( in o t her words 
the start-values of this BLOCK will be i gno red - cf §4 . 3.7 
: G n 1 n2); if it is zero or undefined, this BLOCK will be 
mixed without alteration. 

KP copies the contents o f "n 1 BIN" t o a special- pu rpose BLOCK called 
"999 BIN". Successive KEEP commands copy the named files to "99 9 
BIN" in the order in which the commands are given . For example, · 
after these commands : file 999 BIN looks li ke this: 

>KP 2 
>KP 4 
>KP 

>KP 3 

2 
BIN 

4 
BIN 

1 3 
BIN BIN 

) 
The KEEP-file is open (new BLOCKs can be copied on to it) until "999" 
is referenced with one of the commands: 

>PL 999 ,. PP 999 

>PF 999 >WR 999 > KP 999 
>ED 999 >TM 999 is ILLEGAL! 

>MX 999 

These commands g o through the following operations: 

1) Close "999 BIN" and rename it, in such a way that _the first 
KEEP-file becomes "1 OOO BIN", the second becomes "1001 BIN", and so 
on; this leaves "999" free to be used wit h any furt her KEEP f il es. 
2) Perform the desired task on the renamed file. 
3) Output message to show what number this KEEP-file has received. 
For example: 

>KP 

;_;>FG -1 

RANDOM LIMITS:l 40 

">PL 

>KP 

>PL 2 

>PL 999 

1000 BIN OK 
> 

KEEP the l atest BLOCK 

redefine generators 

create & pla y a new BLOCK 

KEEP this new One 

play BLOCK •i2 11 

and KEEP it 

play KEEP fi le 

it gets name 11 100 0 BIN 11 
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Note that files created .·with "KP" are identical in format to all 
BLOCK files; they can therefore be in exactly the same 
ways. · Thus:· · 

· >PL 1000 

>ED 1000 

>KP 1000 

>etc 

are all legal commands. 

4 .4 .2 ·The numbering of KEEP-'files can b.e directed with: 

>FP 1 n ( = FILE-POINTER) 

where n i s a positive whole number defining the name which is to be 
given to the KEEP-file created. See also §6.3.5. 

4.5 lvertical I parallel mixingj 

BLOCK files can be mixed vertically with MX (MIX) and othe r related 
commands. 

4.5.1 The user creates a .MIX-FILE by g ivin g the numbers and start - times 
of the compositional BLOCKS that are to be in it. Format : 

>MX(n) 
where n is a whole number specifying the BLOCK that is. to be mixed. 
If n . is undefined, negative or zero, the most ·recently created BLOCK 
is mixed. 

The program asks: 

START TIME: 

and waits for the user to write a floating -point number defining 
the time in seconds at which this BLOCK is to start, relative to 
the beginning of the MIX-FILE. Write, for example: 

START TIME: 1.5 
if this BLOCK i s to start 1 seconds after the begi nnin g of the 
MIX-FILE. Note that if no decimal point is written, the whole number 
is interpreted as seconds . Legal formats: 

0.5 ! .5 
" .50 

second 

: .. 1 .o j 
' 1 • 

. 1 
second 

When the operation is complete; · the program writes: 

OBJECT NR n MIX TIME f 

where this is the nth BLOCK· to have been put on t o the MIX-FILE, 
and the total duration of the MIX-FILE is . "f 0 seconds. There is no 
limit to the number o f BLOCKS that can be combihed in MIX-FILE. 

I EOTf a fter "START TIME:" returns control to the program monitor 
without performing the mi x . 
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Here is an example of a score for mixing compositional BLOCKS, and 
the instructions necessary to define the MIX-FILE. 

>MX 2 
START TIME:O 
OBJECT NR 1 MIX TIME 6.5 
>MX 4 
START TIME:l.6 
OBJECT NR 2 MIX TIME 14.7 
>MX 10 
START TIME:5.5 

· OBJECT NR 3 MIX TIME 14.7 
>MX 2 

START TIME:12.25 
OBJECT NR 4 MIX TIME 1S.75 
>MX 9 
START TIME: 10.0 
OBJECT NR 5 MIX TIME 20.0 

0 5 10 15 sees 

Note that BLOCKS need not be mixed in the order in which they start 
in the MIX-FILE. The order of mixing is important only when over-
lapping BLOCKS use the same generators, in which case the last-mixed 
BLOCK is valid. 

4.5 .2 MOVING-SOUND files, containing information about quadraph onic sound 
location and movements, can be createg and mixed on to a MIX-FILE 
with: 

)MS ( = MOVING SOUND) 
The program asks: 
1) START TIME: 
and waits for a floating-point number defining the time in seconds 
at which this series of movements is to start. 
l]2!f returns control to the program monitor without a moving-sound 
file bei·ng created. 
2J 'MS#, DIRECT LEV, REVERB LEV: 
Write here three whole numbers, separated by single spaces. 

MSf or 2 

DIRECT LEV !: 0 
REVERB LEV 0 

1: uses the four channel outputs; 
2: uses the channel distributor. 
reference level for di r ec t sound - unit = 
reference level for reverberation 

If any of the values given is illegal, the program writes: 
ILLEGAL VALUE 

and asks again: 
Msf,DIRECT LEV,REVERB LEV: 

IEoTI returns control ·to the program monitor without a moving-sound 
file being created. 
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3) · DURATION,RADIUS,SHAPE,ANGLE,SHAPE: 

Write here five whole numbers describing one spiral I circular move-
ment of sound. RADIUS and ANGLE define the point where the sound 
will be located after "DURATION" milliseconds. 

DURATION is the number of milliseconds the whole move takes; if it 
is zero or negative, the move will be 1nstantaneous. 

RADIUS 0 is the centre of the room, 1 OOO the distance from the 
centre to any one of the loudspeakers. 

SHAPE is the curve-form (-9 to 9) describing the rate of change 
of the radius. 

ANGLE o0 I 360° is midway between loudspeakers 1 and 2. 

SHAPE is the curve-form (-9 to 9) describing the rate of change 
of the angle. 

If the values given for SHAPE are outside the legal limits (-9 to 9) 
the program writes: 

ILLEGAL VALUE 

and asks again: 

DURATION,RADIUS,SHAPE,ANGLE,SHAPE: 

For more detailed information see the documentation of moving-sound 
in EMSETT (MOVSRA); but note that IMPAC does not simulate a Doppler 
effect. 

* 
The values given in answer to 
question ( 3) constitute one seg-
ment of a MOVING-SOUND file; the 
file can consist of any number 
of segments, and questions for 
new segments will be asked until 
end of input is signalled with 
I EOTI • The segments follow on 
directly from one another in the 
order in which they are defined. 

When jEoTI is pressed: 

1) The MOVING - SOUND file is 
closed and given a number, such 
that the ..first MOVING-SOUND file 
created during a run is called 
11·1 MVS" the second is "2 MVS", 
atid so .on. 

* 

I 
I 

I 

, 

* 

--, -.. .. 

The numbering of these files can ____ ·- ____ _ 
be controlled with: lQOO 500 

>FP 3 n 

where n is the number to be given 
to the next MOVING-SOUND file 
created. 

2) The MOVING - SOUND file is 
mixed automatically on to a MIX-
FILE, and the program prints the 
OBJECT NR and MIX TIME. 

.... ... --180°/-180° ' 

.. 

\ 

' ' ' - _ __ ._J 

, 
, 

• • 
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The diagram on the previOus page shows the way in which the MIX-FILE 
in §4.5.1 is to move. 
The sound starts in the centre of the room - it is automatically 
there at the beginning of a run. Then it: 
1 ) moves out to a point on the circumference between speakers 3 & 4; 
2) spirals anticlockwise to: radius 500/angle 45°; 
3) spirals clockwise to: radius 2000/angle 360°; 
4) moves in a straight line into the centre. 
Suppose that the MX instructions in §4. 5. l have already been given; 
and that each segment is to last · s seconds. Define the movements 
as follows: 

N.B. 

>MS 

START TIME:O 

MSf,DIRECT LEV,REVERB LEV:1 400 360 

DURATION,RADIUS,SHAPE,ANGLE,SHAPE:5000 -1000 -2 0 0 

DURATION,RADIUS,SHAPE,ANGLE,SHAPE:5000 500 0 -315 -1 

2000 -4 360 

DURATION,RADIUS,SHAPE,ANGLE,SHAPE:5000 0 -3 0. 0 

DURATION,RADIUS,SHAPE,ANGLE,SHAPE:fEoTI 

MVS OK 

OBJECT NR 6 MIX TIME 20.0 

>etc. 

a) The user must himself make sure that suitable connections are 
made on magnetic tape for moving-sound to function properly . 

- For two moving-sounds (FGs 1. to 12 on MS*2, and FGs 13 to 24 
on MS#1 ) use: 

>CN 4 
- FoF (FGs l to 24 on MSf1) use: 

. . 
'">CN 1 

that the MT switch must be on for connections to be wri'tten 
to magnetic tape. (See §§2.5.1 ff.) 
b) Sampling-ttme for moving-sound can be defined separately from 
the normal music sampling-time. Format: 

>SA nl n2 
where n 1 is a whole number from 1 to 65536 giving the sampling-time 

in milliseconds; 
n2 is any non-zero number. 

The time defined here should be greater t han the music sampling-time; 
if it is not, it will be ignored. 
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4 .5.3 By calling previously defined MOVING-SOUND files, the user can repeat 
movement-patterns exactly. Format: · 

>MS n 

where n is a positive whole number specifying the file name ( 1 MVS, 
2 MVS, etc.). The series of movements defined on the previous page, 
for instance, can be remixed at a later stage with: 

>MS 1 

The program asks, as usual: 

START TIME: 

and, when the mix is complete, prints the OBJECT NR and MIX TIME. 
The same pattern of movements is thus mixed on to the MIX-FILE, but 
starting at a new time. If MOVING-SOUND files with the same MSJ 
should overlap, the file that is mixed last is valid. 

4.5.4 The current MIX-FILE can be saved with: 

>SM ( = SAVE MIX-FILE) . 

Files saved in this way are numbered automatica l ly; such that the 
first MIX-FILE saved becomes "1 MIX", the second is "2 MIX", and so.on. 
If there is no current MIX-FILE, the program writes: 

NOTHING ON MIX DISK 

and control reverts to the progr am monit or. 
The numbering can be directed with: 

:>FP 2 n 

where n is the number to be . given to the next MIX-FILE saved. 

N.B. 
When SM has been done, there are two identi cal fil es on the di s k -
the saved file ( "n MIX") and the int e rnal MIX-FILE. Future MX com-
mand s do not, therefore, start fr om scratch, but continue t o mix 
BLOCKS on to this internal MIX-FILE. 

4. 5. 5 When a MIX-FILE has been saved, it can be mixed again on to t he 
current MIX-FILE with: 

>MM n ( = MIX MIX-FILE) 

where n is a positive whole number specifying a file t hat has been 
s ave d with SM. 

Suppose for example that BLOCKS have been mixed as in §4 .5.1, a nd 
that exa c tly the s a me sequence is to be repeated immediately. Writ e : 

>SM 

1 MIX OK 

>MM 
START TIME: 20.0 

OBJECT NR 6 MIX TIME 40.0 

Reme mbe r tha t the curr ent MIX-FILE r ema in s on th e di sk eve n a ft e r 
"SM"; so on l y one "MM" i s required, e"ven tho ugh t he mix e d BLOCK i s 
to app ear twi ce. 
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h.5.6 With the command: 
>AP n ( = APPEND) 

it is possible to append a previously saved MIX-FI LE , "n MIX", on 
to the end of the internal MIX-FILE. It is thus the equivalent of: 

>MM n 

START TIME:end of current MIX-FILE 
If there ·is no file "n MIX" on DK <USE>, the program writes: 

n MIX NOT FOUND 
and control reverts to the program monitor. 

4.5.7 The internal MIX-FILE be deleted with: 
>DM ( = DELETE MIX-FILE) 

There are two occasions when this operation may be necessary: 
1) when an error has been made in mixing. Suppose the foll owing 
commands are given: 

>MX 2 
START TIME:10.0 
OBJECT NR MIX TIME 25 .0 

and it is then realized that it was BLOCK "3" that sho uld have been 
mixed, or that START TIME should have been "1 . 0" . The only way to 
repair the damage is to delete the internal MIX-FILE and sta r t again. 
2) when SM has been done, and a new independent MIX-FILE i s to be 
started. Thus : 

MIX OK 

>MX 4 

START TIME:etc. 

delete internal MIX-FILE 
( 1 MIX i s sti ll on dis k) 
this is written on to a 
new,clean MIX-FILE 

4. 5. 8 The duration of the current internal MIX-FILE can be obtained with : 
>TX 

4.5.9 cannot be played directly in the s tu dio; but they can be 
written to magnetic tape to be played lat er with the -
6f §2.5.4. Format: 

>PM 
which reads from the curren tly active interna l MIX- FILEand write s 
music information on magnetic tape. If there is no internal MIX-
FILE, the program writes: 

NOTHING ON MIX DISK 
and control r eve rt s to th e program monitor . 
The MT-switch ne.ed not be on when PM is sta rted, but conne ct i ons 
must have been writt en to magnetic tape at some stage; see §2.5.3 . 



Suppose that two BLOCKS which have 
already been defined, "5 BIN" and 
118 BIN", are to be mixed and trans-
ferred to magnetic tape: 

>MX .·5 

·START. TIME:O 

OBJECT NR 1 MIX TIME 12.0 

>MX 8 

START TIME:6.5 

.OBJECT NR 2 MIX. TIME 22 .0 

>MT 

>CN 

>PM 

N.B. 

5 10 

turn :an MT.:.switch . 

,49. 

20 
sees 

and write .connections to 
magnetic tape 
PLAY..:Mrx·, and wai.t while 
the MIX-FILE' is .written 
to magnetic tape 

At the end of the above operation, the internal MIX-FILE is deleted, 
so that further MX commands start a new MIX-FILE; if the sa!lle mix-

is to be used again "SM" (SAVE-MIX) must be done before PM. 

4.5.10 Summary of the MIX commands 

MX (MIX) SM (SAVE MIX) TX (TIME OF MIX-FILE) 
MS (MOVING-SOUND) DM (DELETE MIX) . . 
PM (PLAY MIX) ·• MM (MIX MIX-FILE) 

AP (APPEND MIX-FILE) 

4.5.11 WARNING! 

In view of the proposed hardware developments in the EMS studio -
analogue multi-track tape-recorder and mixer - the MI X subprogram 
in IMPAC has not been altered since its first conception; it is 
therefore in many ways primitive. Note the following: 

1) The .. FM generators cannot be used • . There is no error message • 
. . 

2·) Only the parameters of the composition -pro gram are valid; the 
eommand · "SP" (SET PARAMETER - see 1.12) has no function h,ere. 
There is therefore: 

- no vibrato (VS = O, VD= O); 
- no attack time (AT = 0); 
- no modulation index or modulation frequency; 

moving-sound and reverberation are controlled with MS ·riles. 

3) The execution of PM requires a large amount of memory space: 
it uses the same space as the various tables and stores of the real-
time program. The user who has been working with the real-time 
program is therefore advised to save -these stores with "PT" (see 
§5.9.2) before doing "PM". 
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4.6 !Miscellaneous commandsl 

4.6.1 

4.6.2 

( = TIME) 

where n is the number of a BLOCK-file . 

1) If n is undefined, negative or zer o , the program prints t he 
duration of the musi c that was last played in the studio. 

2) If n is a positive whole number, the program print s the dur -
at i6 n of BLOCK-file "n BIN". 

>IN ( = INIT IALIZE) 

return s the composition program to its state at the start of the run. 

1) All BLOCK-files, from" 1 BIN" to the l atest defined BLOCK-file 
inclusive , are deleted, except those that ha ve been created with KP; 
the file-pointer (set with >FP 0 n) is put to 1. and 
MOVING-SOUND files are not deleted. 

2) If the KEEP-file 999 · is active , it is closed and numbered in 
the normal fas hion. 

3) · All parameters in the BLOCK table are put to default va lues: 

SE 50 DE and DS 1 FG 25 40 
DU 13.1000 Fl and LF · 16 ,. ND 10000 

F2 and HF 3000 GL 100 0 
A1 and LA 280 . ,• WF 0 .. 

. . 
SA 5 A2. and HA ·. 320 

4) The MT-switch i s turned off (but no stop-mark is written) . 

5) The tables and stores used in the real-time program a:re cleared 
and put to default values. 

6) The Tektronix screen is cleared, as are all studio registers. 

7) The program writes: 

IMPAC Vnn 

where nn specifies which ver sion of IMPAC this is. 
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The Real-time Program·, 

5. 1 !Introduction I 
In the real-time program the user controls the music parameters 
whtle the music is being played; he can connect the parameters to 
various analogue or programmed devices, or choose to control them 
from a BLOCK file. 

5.1.1 The real - time program is with: 
>PL ( = PLAY) 

Control is returned to the program monitor when 
.1) the SPACE key is pressed; or 
2) the end of the BLOCK file being played is reached. 

5.1.2 The normal working procedure at the beginning of a run is : 

>CN 

>RV n1 n2 

>PL 

The program reads information about 
parameters from the default file 
"O BIN11 ; or, if a BLOCK number has 
been given in the "PL" command, a 
file with this number is read from 
instead. 
"0 BIN" contains. ,the same values as · 
the default values in the BLOCK-
table (see §4.6.2). This file will 
play for 1 hr 49 min 10 sec, un-
less the SPACE key is pressed. 

SE 
F1 
Al 

DE 
FG 
GL 

make studio connections 
(see §2.4.1) 
set reverberation time 
and level (see §2.4.3) 

50 DU 131000 
16 F2 3000 

280 A2 320 
0 

25 40 WF 0 
1000 ND 10000 

5. 1. 3 Instructions are given by pressing the keys on the Tektr onix in 
certain special ways; the characters printed on the are of no 
significance! 
Instructions are of five types: 

·Parameters 
Devices 
Multiple-key functions 
Single-key functions 
Keyboard 

A full plan of the Tektronix as ·it 
is used in the real-time program 
is to be found in§§ 6.7 and 6.8. 

MANUAL 

MANUAL 

MANUAL 

MANUAL 

1 

2 

' 
3 

4· FUNCTION 

KEYS 

Note that groups of keys will be referred to as MANUALS 1 to 4and 
FUNCTION KEYS, as in the diagram above. 
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5.2 lThe parameters and devicesl 
There are sixteen repre sente d by the sixteen fun6tion 
keys on the right-hand side of the Tektronix. 

5.2.1 The music parameters are: ND, GL, 
MI, MF, F1 , F2, A 1 , A2, DE, AT, MS, 
RV, VS and VD; these are described 
fully in eh 3. SI and XX are dis-
cussed later. 
To reference a parameter , pre ss 
the key asso ciated with it; when 
this is done, the current value -of 
the parameter is written on the 
screen. Thus: 

10000.000 
,. 

5.2.2 The devices used t o control the parameters are: 
1) JOYSTICK X-axis 
2) JOYSTICK Y-axi s 
3) DIGITIZER X-axis 
4) DIGITIZER Y-axis 
5) KEYBOARD (MANUAL 3) 
6) RANDOM GENERATOR 
7) SINE-WAVE GENERATOR 
8) SQUARE-WAVE GENERATOR 

·9) TRIANGULAR WAVE GENERATOR 
0) FILE 

1 - 5 are controll ed manually. 
6 - 9 a re software devi ces. See §§5.6fffor con trol faci litie s . 
0 is not, strictly speaking, a devi ce - it repr esents the in-

formation on the BLOCK file being played. 
For the sake of convenience, all the devices - analogue and pro-
grammed - are referred to as ANALOGUE DEVICES (AD). 
The devices are represented on the Tektr onix by the corresponding 
numher i:? .. in Manual 1 • 

: ... 

JOYSTICK DIGITIZER 
X Y X Y KB RAN SINE SQUA TRI FILE 

(KB- = KEYBOARD) 
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5.2.3 A parameter is connected to a device by pressing the 
· followed by the device key. 

If, for example, DE is to be controlled by the JOYSTICK X-axis, press; 

IfF1 is to be controlled by information in the BLOCK file, press: 

There is no limit to the number of parameters which may be controlled 
by a given device at any one time. Thus the sequence: 

means that the amplitude limits A 1 and A2 are controlled in parallel 
by the digitizer X-axis. 

5.2.4 Parameters can also be controlled 
by combinations of devices: 

I PARI-+ EJ-t! 
Control is then divided in equal 
proportions between these device s; 
so if F2 is connected thus: 

each of the devi ces contributes 
1/3 towards the r esult. 
The exception to this multiple-
connec tion facilit y is device 0 

which cannot be combined 
with any other device; as soon as 
the FILE key is pre sse d, the rele-
vant is controlled fr om 
file only. 

A combination of sinus, 
square and triangle 

becomes 

5 .2 .5 It is often desirable to find a suitable value for a parameter· with 
one of the analogue devices, and then freeze the parameter there; 
i. e. leave it at that value while the device is freed to contro l 
other parameters. This i s done by pressing: 

9 and,PARI 

at the same time. The parameter can be unfrozen at a later stage 
by repeating the action - it function s therefore as an on/off switch. 
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When a parameter is frozen, its value will not change until 
a) it is unfrozen; or 
b) it is connected to a device. 

For example, to find a suitable value for MI with JOYSTICK Y-axis: 
1 ) 

2) 

3) 

Move the JOYSTICK until the right value is found. 

to freeze the parameter. 
4) When the parameter is to be changed again: e andEJ 
5) To control MI with another device, e.g. the random generator, 
press: 

5. 2. 6 Exact values can be put on the parameters by giving the command: 

5.2.7 

>SP 
from the program monitor (see §4. 1. 12 for format and other details). 
Note that when this is written the parameter in question is auto-
matically frozen. 

the keys in MANUAL 1 except 
, which freezes all parameters, 

e varying functions depending 
on which key is pressed immedi-
ately before them. Keys 1 to 9 
and O, if preceded by a parameter 
key, make connections to the ana-
logue devices; their functions with 
other keys are discussed later. 

r a parameter key: 
puts.,one parameter to its de-

. t and freezes it; 
.ND ' 10000 GL 1000 
MI 100 MF 1000 
F1 16 F2 3000 
A1 280 A2 320 
DE 0 AT 20 
MS 500 RV 240 
SI 4 vs 100 
VD 5 xx 0 

m writes the value of the latest 
Ism.meter pressed. 

DEVICES 

put to default 
and freeze 
freeze all para-
meters 

list 

I 

[ 

[ 

[ 
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5.3 IThe AD tablel 

The program maintains a table con taining informatiQn about para-
meter/ device connections and parameter ranges. This is . called the 
AD (ANALOGUE DEVICE) TABLE. . 

5.3.1 .The AD-table .is with two keys in 2. 

I I I I I I I I 
For example, the table can be listed by pressing either of these 
keys followed by the LIST key in MANUAL 1. 

Column 1 contai 'ns the names of the 
•· 

Column 2 contains the numbers of 
· ··the devices to which the parameters 
· are connected; for example, 789 in-
. dicates that the parameter is con-

.. nected ; to devices 7, 8 and 9. An 
asterisk immediately before the de-
vice number shows that the para-
meter is frozen. 

Colwnns 3 and 4 show the limits of 
the range - from column 3 
when the device has a low value 
(left or bottom) to column 4 when 
H · has a high value (right or top) . 
Note that in the example VD's left 
limit is higher than the right one; 

ND 789 
GL *2689 
MI 1 
MF 2 
Fl 0 
F2 0 
Al 57 
A2 57 
DE *1 
AT 3 
MS 0 
RV *O 
SI ·o 

' VS 6 
VD 6 
xx o· 

100 10000 
0 8192 
0 1000 

25 1000 
16 3000 
16 3000 

2·4·0 320 
260 3ll0 

0 200 
0 1000 

" 
19 . 20 

240 360 
0 2880 

" 
150 200 
20 10 

0 511 

this means that when the random generato r produces a low number, VD 
a high value, and vice versa. Vibrato depth is thus made in-

versely proportional to vibrato speed. 

5.3.2 It has already been shown how parameter/device connections can be 
made in real-time. Connections and parameter ranges can also be 
altered from the program monitor with the command: 

>AD n ( = ANALOGUE DEVICE) 

where n is the number of a device ( 0 to 9) to which parameters are 
to be connected. 

"ADil is a subprogram with its own submonitor; it · p·rints: 

and waits for the user to give one of the following commands: , 
' ·parameters Other functions 

:ND n1 n2 :GL nl n2 :MI nl n2 :MF nl n2 : L ( = LIST) 
: Fl nl n2 :F2 nl n2 : A 1 nl n2 :A2 nl n2 :S n ( = SAVE) 
:DE nl n2 :AT nl n2 :MS nl n2 :RV n1 n2 :G n ( = GET) 
:SI n1 n2 :VS nl n2 :VD r:i 1 n2 :AD n ( = A?-JALOGUE 

DEVICE) 

Control reverts to the program monitor when I EoTJ· or · carriage return 
is done immediately after ":". 
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1) PARAMETER COMMANDS 
n 1 and n2 specify the- new parameter range. Thus·: 

:Fl 220 440 

gives "Fl"a range between 220 and 440 Hz. At the same time it is 
connected to the device stated in the AD-command. For example : 

>AD 5 

:A2 300 350 

: RV 400 200 

>etc. 

MS (moving-sound) is defined in a 
slightly dif'ferent way. Here n 1 
and n2 specify which output chan-
nels the is to move between; 
the numbers used are the statldard 
EMS designations. 

nl is the left channel (MS= 0), and 
n2 .j.s the right channel (MS = 1 OOO). 
For example. to move the sound be -
tween channels 2 and 4 t write : 

:MS 20 22 

. .- . .. 
we re . cormectin .g to de-
vice 5 
Ai 'limits ••• 

and reverb from 400 down 
to 200 
empty line to return to 
program monitor 

CHANNEL CHANNEL 
OUTPUTS DISTRIBUTOR 

1 : 19 1 : 15 

2: 20 2: 16 
•· 

3: 21 3: l7 

lt : 22 4: 18 

Both numbers must come fr om· the same group o f amplifiers, 19 to 22 
or 15 to 18. 

t-Jote the followin g s pec.ia.l cases: 

a} Parameter ranges cannot be altered after: 

>AD 0 
which connects pa r ameters to BLOCK-file informatiol'); this is 
becauserangeshave no significance when a file has control . 

b) To put all parameter / device connections to zero, write: 

>AD -1 

c) To alter parameter ranges without defining parameter/device 
connections, write: 

N.B. 

>AD 10 

and then parameter commands as usual; the connections in the 
table remain unchanged. 

All parameters can theoretically be connected to BLOCK-fifes; how-
ever, files have information· f'or ND, .GL, F1, F2 , A 1 A2 and DE only. 
If the other pa r a met ers ar e conn e c t ed . t o "0", they are, _ in effe c t, 
frozen. 



2) To list the AD-table, write: 

:L 
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This is also done automatically when the AD-subprogram is entered. 

3) To choose a new device for connection to parameters, write: 

:AD n 

This performs the same fun ct ion as the program-monitor command "AD". 
For example: 

:MI 0 250 .· 

:AD 7 

:MF 500 750 

:AD 10 

· :Fl 16 100 . 

connect random genera tor 

to modulation ·index 

connect sine -wave gener-
ator to ••. 
MF-ratio 

no device! 

so change range only 

q) The values in the AD-table can be stored with: · 

:S n 

where n is a whole number from 1 to · 9 specifying which of the nine 
AD-store positions this table i s to go into. Values · which hav e been 
saved in this way can be retrieved with: 

:G n 

where n specifies which of the nine AD-stores . is to be referenced . 
Both of these c-.ommands cause the Tektronix screen to be cleared and 
the AD-table to be listed. 

5.3.3 In the real -time prog ram the AD-stores are referenced with: 

B and I GAEDT I-+ B 
With the other keys in MANUAL 1, SAVE. and GET have the f'ollowing 
functions: 

·1GET I AD 

OJ 

put all connections t o zero · 

complement all connections, i.e. untreez .e 
all frozen parameters, . and vice versa 

rn list the current AD-t able 
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5.3.4 A certain amount of control can be exercised over parameter ranges 
with the key PAR RANGE in MANUAL 2. 

I I I 1111111111 
Three keys are pressed in this op -
eration: EJ 
1 ) the parameter whose 
be modified; 

range is to I PAR I 
2) IPARI 

3) one of the keys in MANUAL 1. 

The actual range then becomes a 
given percentage of the original 
range in the AD-table. This is 
done by l owering the upper limit; 
the ·lower limit is not changed. 
For example, suppose .that in the 
AD-table F1 is to lie between 100 
and 900 Hz - a range of 800 Hz. 
After: 

the range becomes 603 of 800, which 
is 480; so the upper limit is de-
creased to ( 480 + the lower limit) , 
which is 580 Hz. But note that the 
original range limits always appear 
when the AD-table is listed. All 
the parameter ranges are restored 
to their original 1003 values with: 

I PARI r=l 
f L.:.J 

RANGE 

2 

3 

4 

5 

6 

7 

8 

9 

0 

= 

i 
[ 
} 
] 

proportion of 
range 

103 

203 

303 

403 

503 

603 

703 

803 

903 

1003 

all parameter 
ranges to 100 3 

list 

·5 .4 JThe Parameter tablel 

5. 4. 1 

The PAR (parameter) TABLE contains the current values of all 16 
parameters. It is each samplebyany analogue devices and 
BLOCK-file information that may be controlling parameters; and it 
is from this table that music is calculated. 

l· I 
..• 

I 
tAAVREI I I I I I I I I I I I 

There are nine positions in memory reserved for stor ing the PAR 
table. These are with: 

which saves the whole of the cur -
rent PAR table (i.e. the values 
of all the parameters at the mo-

.ment the number key is pressed) to 
one of the positions in the PAR 
store. 

and [1m R >B 
which retrieves values that have 
been stored with SA VE PAR, and 
puts them in the PAR table; then 
it freezes all connect ions in the 
AD-table. 



5.4.2 

The other keys in Manual 
and GET PAR. 

R G 
R GJ rn 

DJ 
The AD and PAR stores can 

r'\ 
shift 

.. ,B R 
1-9 
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have the same functions for both SAVE PAR 

put .all parameters to legal minimum and 
freeze them. 

all parameters to default and freeze; see 
§5.2.7 for default values. 

. , .... 
list PAR table. 

be accessed simultane,ously with: 

shift 
and 'B R 

1-9 

. which stores the current ,AD-table 
in position "n 11 of the AD-store, 
and the current PARMtable in pos-
ition 11n 11 of the PAR-store. 

which fetches values fr om pos-
it ion "n 11 9f the AD-store and pos-
it ion of the PAR-store and 
puts them in AD and PAR tables 
respectively. 

5.5 jThe Joystick Storel 

Movements with the Joystick can be stored in the JOYS.TICK-st ore, 
and then recalled later to reproduce exactly the same, or slightly 
modified, sequences. Two keys in Manual 2 - JOY REC and JOY PLAY 

Record and Joystick Playback) - are used to start storage 
and retrieval of Joysti ck information, while three keys are used to · 
exercise control over playback - JOY DEL (Joystick Delay) and JOY 
SAMP (Joystick Sampling) in Manual 2, and JOY DIREC (Joystick Dire c-
tion) in Manual 4. 

Manual 2 

I I I I JOY I JOY I JOY I DEL REC /LAY: 

Manual 4 

.. 1 L. -1----.1---1_....._ ......... _ -.L---L.-J 
5.5.1 There ate nine memory banks in the Joystick store, each with room 

for 1023 pairs of coordinates; during recording, ohe pair of joy-
s:tick coordinates is stored every sample . To start 
. . .(J'OYl r:-:1 where the number specifies one o f the nine ) CJ memory banks .. 
Recording is completed: 
1) after 1023 samples; 

2) after 

3) when recording is re-initialized. 

4) ' when . playback is started. 
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5.5.2 To play back Joystick movements, press: 

where the number specifies one of the nine 
memory banks. 

Each sample, one pair of coordinates is fetche d fro m the store, and 
these coordinates replace information coming fr om the actual 
stick; so parameters connected to the joystick (devices 1 and 2) 
are controlled by the store information instead. 

Playback is completed: 

1) when another playback is started; 

2) when joystick recording is starteQ; 

3) after 

Otherwise, each memory bank is treated as if it were circular - the 
last pair of coordinates is followed by the first. 

Note also: 

IJoYl rn 
l rJOY1 

writes the numbe r of the current memory 
bank being played back. 

5. 5. 3 Playback from Joys ti ck store can be manipulated in a number of ways . 
Normally, a new pair of coordinates is retrieved each sample; with: 

--4 c:J where n is a number: - 9 or O 

the user can control the rate at which informati on is fetched, such 
that each pair is valid for n+ 1 samples. For example : 

[;] >G 
means that new coordinates are fetched every tenth sample;. playback 

is therefore one tenth of the speed during recording . 

restores the original speed. 

writes the current delay factor. 

5.5.4 With the function: 

---tG where n is a number: 1 - 9 or O, 

the us e r con trols the playback sampling rate, in s uch a 
n pairs of coordinates a re skipped each time new values are 
For example: 

(1) 

The following i nformation is 
{ 1) ... ..... + 

I ' I I I • I I I • ' I 

( 2) 

f etc hed : 

"""' 
..... .... 

I • 1 • I • I I 

·fJoYl r:l 

..... ""' ""' ;a; 
I I I I ' . I I I I I ' I 

way that 
fet ched . 

(2)'t1 ::t :I: 
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restores the original sampling rate. 

writes the current sampling rate. 

The difference between JOY DEL and JOY SAMP is thus that JOY SAMP 
determines which coordinate-pairs are to be fetched, while JOY DEL 
determines how long each pair is to be valid. 

5.5.5 The direction of playback can be 
changed with: 

This is a single-key switch - each 
time it is pressed, the direction 
changes . A memory bank that is 
read backwards is still c ircular; 
the last coordinate-pair follows 
the first. 

5.5.6 Summary of the Joystick-store functions. 

El start recording to 
memory bank "n". y 

[I] stop recording 

[;] 
m 
DJ write memory -bank 

number 

L EJ set delay factor n 

[I] no delay 

[;] 
m rn write delay factor 

20 24 . 
8 

. . 12 

20 16 

EJ 
G 
[] 
rn 
DJ 
EJ 
G 
[J 
rn 
rn 

start playback from 
memory bank "n" 

stop playback 

write memory- bank 
number 

skip n points each 
sample 

no sk ip 

write sampling 
factor 
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5 .5. 7 The dummy parameter X:X: is used to store information .in the Joystick 
store; it is like the 0-ther parameters in that it can be controlled 
by one or more devices, but it has no direct effect on the musical 
result. Its primary purpose is to construct complex wave-forms and 
record them in to one of the memory banks, so that they 
can be fetched with JOY · PLAY and used to . control other parameters. 
For · example: · 

1) Construct a complex wave-form on XX: 

- a combination of sinus and triangular waves and manual key-
board control. 

2) Record this wave-form into memory bank 4: 

3) Stop recording: 

4) Play back memory bank 4: 

- parameters that are connected to device 1 (Joystick X-axis) 
are controlled by the complex wave-form. Parameters connected 
to device 2 get a slow sawtooth wave-shape, risin g from mini-
mum to maximum in 512 samples. 

5.6 fcontrolling the devices! 

Four of the "analogue devices" - the sinus, triangle, square and 
random generators - are program-controlled. 

5.6.1 The sine-wave generator is controlled by the paramet er SI (SINE-WAVE 
INCREMENT), which determines the number of values in the sine-wave 
table that are to be skipped each sample. I f SI = 10, t he gen erator 
takes every tenth value from the table; if SI = 200, it takes every 
two-hundredth value; if SI = 0, the generator stops, and so on . 

The maximum value for SI is 2880 (see §6.10 for more informa tion 
about the sine-wave table. 

SI can tl'e connected, listed, frozen, et c . in exa ctly the same way 
as every other parameter. 

5. 6. 2 'the r andom genera tor is controlled 
with: 

where n is a number: 1 - 9 or 0, 
such that a new random number is 
chosen every (n x 10) samples. For 
the other samples, values are cal -
culated on a linear-interpolation 
basis between the random numbers 
before and after. 

0 100 200 300 400 500 
samples 
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fRANl lol'' 
---tL_J ..... -··· .. 

ensures that a new humber chosen every sample. 

5. 6. 3 The triangular-wave generatt5r is controll·ed with: 

5.6.4 

. . I G ··where n is a .r:iumber: 1 - 9 or O 7 

such that the period of the generator. is (n + 1) x 20 samples. 

The square-wave generator is controlled wit h : 

lsQUl rl where n is a number : 1 - 9 or 0, 

such that the period of the generator is n x 20 samples. 

>0 
gives the shortest possible period: 2 Sijmples. 

5.6.5 Summary of the periodic devices 
Manual 4 

rAN 
1 

SQU 
1 

TRI 1 :GEN : GEN: GEN: I I I I 
period period period 
len gth length l ength 

B 
(sampl es) (samples} (samples) 

EJ EJ n x 20 (n+ 1)x 20 GEN n x 10 
N 

... .• ... . ,_,.._. · 

GJ .GJ 20 G 2 

m m m 
ITJ rn m 
rn write DJ write rn write 

curren t current current 
value va l ue value 

5 . 6 . 6 Contro 'l of the Joystick, Digitizer and Tektronix Keyboard (dev i ce 5 ) 
i s manual , arid should pr esent no problems. Note however (hat only 
the r eg ion 8 to 1100 of the Digitizer is used; coordinates below or 
abo ve these limits are adjusted to 0 or 11 00 respecti vel y . 



64 

5.7 IMiscellaneous multiple-key functionsl 

5. 7. l The control exercised by the analogue devices can be inverted· with 
the DEVICE INVERSION key in Manual 2. 

5.7.2 

I I 
fiIBvl invert device "n". 

I I 
restore all devices to normal. 

put all devices to inversion of normal 
state. 

For example: 

means that the Joystick X-axis will give high values to the left, and 
low values to the right i values read from the Joystick-store are 
inverted in the same way. Pressing: 

again restores the device to its original state; DEV INV functions 
therefore as an on I off switch. 

Interval relations and scale-patterns are controlled with 
and SCALE TRANSPOSITION in Manual 2. 

PITCH MODE 

111111 I MODE TRAN 
With PITCH MODE the user chooses 
between different scales; nine are 
pre-defined and can be accessed 
with: 

PiTCH-tQ L.:J 
Any or all of these scales can be 
repla ce d by scales of the user's 
own choice - see §3. 4. 5. After: 

frequencies are chosen on a purely 
random basis. 

r;:;J transposes all scales 
L.Jdown n steps 

r:l transposes all scales 
L....:Jdown 10 steps 

rest ores all seal es L.::J to original positions mwrite s current no. of 
tran spos iti on steps 

PITCH 
IMODEj 

I I I I 
major 

minor harmonic 

minor melodic 

pentatonic 

I whol e tones 

whole tones 

3/4 tones 

tones 

tones 

random 

write number of 
current scale 
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5. 7 .3 The GRAPHIC DISPLAY key in Manual 2 is used to plot parameters and 
devices. 

I I I I I I I I I I I I 
Format: 

where n1 and n2 are devices (1 - 9 ) or param e ter keys. 
1) When nl is pressed, that parameter or devic e is plotted on the 
Y-axis, against time on the X-axis. 
2) When n2 is pressed, the first parameter or device is moved over 
to the X-axis, and the second is plotted on Y. 
N.B. 
After stage 1 above, the program will interpret the next pre ss ing 
of a parameter key as a GRAPH instruction, even if the user intend s 
it to be part of a device connection. If it i s desired to plot one 
parameter or device against time, the user is recommended to press 
any key in Manual 2 except GRAPHIC DISPLAY immediatel y after 

GRA'PH r::l 
Examples : 
a) To plot Jbystick-X against Joystick-Y : 

G"RAPrI '11 r;-1 1Drs1 ---, L.J--+ L.:J 
b) To plot the sine-wave generato r alone: 

G'RAPH --1 G°l (or any other key in Man ual 2) joisrj , LJ -, AM 
c) To plot Fl against the random generator: 

EJ---; 
d) To stop GRAPHIC DISPLAY: 

GRA'PTI --7 rc;I fDrsPf L..:.J 
e) To see which parameters and devices are being plotted: 

G'R'APrl rn '"IDIS1-7 l 
this i nformation i s writt en as "X Y": pa rame ter s are repre s en te d 
by their two-character mnemonics, device s by the number s 1 t o· 9; 
time on the X-axis is represented by T. The above examples g ive: 

a) 
c) F l 

2 
6 

b) 
d) 

T 
0 

7 

Graph information i s drawn on th e sc reen at a rate of one point per 
sample , except that t he program does not allow t ext messages and 
g r aphs to be outp ut at -the same t ime . Text messages have pri ority; 
.so graphic dis play is temporar il y disenab l ed whil e messages are 
bein g written . 
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Scaling with GRAPHIC DISPLAY: 

Devices are scaled so that the minimum value is drawn at the lower 
or left edge of the screen while maximum is drawn at ·the upper or 
right edge. . 

- Parameters that are connected to 0 (file-information) are scaled 
from zero to legal maximum. 

- Parameters connected to devices (1 - 9, frozen or unfrozen) are 
scaled between the · minimum and maximum values in the AD table. 

5.7.4 Reverberation time is controlled 
with: 

.where n is a number (1 - 9 or 0) 
giving reverberation times as in 
the diagram. 

5.8 lSingle-key functionsl 
There are nine functions which are 
operated by pressing a single key. 

5.8. t All parameters are frozen with: -FREEZE 
IPAR I 

Note that this is the only key in 
Manual 1 with a fixed function; 
it does not matter which key was 
pressed before. 

5.8.2 The RIGID/FLUID key is an on/off 
switch which allows parameters two 
completely different modes of op-
eration. 
In RIGID-mode the parameter values 
valid at the beginning of a note 
are kept throughout .· tbe duration 
of the note. 

In FLUID-mode, every note follows 
changes ' made in the parameters; 
So all generators that are playing 
notes at a given moment have ex-
actly the same values for ND, GL, 
MI' MF' AT'. VS' and VD • 
.N. B • . 

l) wave-form is always rigid. 
2) At . the start of a run, this 

switch is set '·'FLUID'!. · 

reverb time 

2 

4 
6 

8 

10 

12 

14 

15 

15 

0 

write rev time 

"'--------'""-
MI \. 

' RIGID - start-values follow 
the curves, but each note 
keeps its own value. 

. FLUID - new notes, starting 
at x, . follow . the Micurve. 
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5.8.4 
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The CLEAR SCREEN key clears the screen, stops any message that is 
in the process of being written, and sets a\program flag to ensure 
that the next message is written at the top of 'the screen. Graphic 
d isp.lay is not affected. · · 

ZERO DENSITY puts density to zero no matter what the actual value 
on the parameter DE; no new notes can start, though all old notes 
wil 1 complete their envelopes as usual. It is an on I off switch: 
pressing it a second time returns control to DE. 

Every time playing is started in the studio, this switch is auto-
matically put to the non-zero position. 

RIGID CLEAR ZERO JOY 
FLUID TV DEN DIREC 

EXP 
LIN DEN MT 

TRIG 

5.8.5 JOY DIREC changes the direction in which data is fetched from the 
Joystick store. See §5.5.5. 

5. 8 .6 With MT ON/OFf it is possible to enable/disenable storage on magnet ic 
·tape • . When it is "on", music is written to magnetic tape as well 
as to the studio; when it is "off"', music is played in the studio 

. only • 

. When the switch is turned on, a check is made first to see if con -
nections have been written to magnetic tape; if they have, then all 
is well, and music can be written there too. If not, the message 

CONNECT MT! 

is written on the screen, the music stops, and control rev erts to 
the program monitor. Connections can then be written to t ape. (See 
also §§2.5 ff.) 

5.8.7 . ,The switch EXP/LIN control s the distribution of random frequencies 
between Fl and·F2. 

5.8.8 

5.8.9 

EXP = exponential (logarithmic) 
LIN = linear (re ctangular) 

At the start of a run this switch is set to EXP. 

When DENSITY TRIGGER is pressed, all the generators which are being 
used - those defined with >FG n 1 n2 - start a new note simultaneously ; 
in other words, dens ity i s put to its maximum l ega l valµe for one 
sample only. 

FREEZE SOUND i s an on/off s wit ch which is operated by pressing SHIFT 
·and the DENSITY TRIGGER key at the same time. As l ong as it is on , 
all studio functions are frozen; no changes are made on any of· the 
generators, reverberation units .or amplifiers. However, gra ph func-
tions, messages, and calculation of devices and parameters continue 
as normal. 

This switch is automatically "off" 
every time playing is started in 
the studio . DEN 

RIG 
= 
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5.9 JProgram-monitor commands and real-time! 

There are a n\,\mber of program-monitor commands which exercise control 
over the music played with the real-time program. 

5.9.1 Some of these commands have already been discussed: 

>SP (SET PARAMETER) sets single values on parame te rs, and freezes. 
them (see §4.1.12). 

>AD (ANALOGUE DEVICE) controls the AD table, with information about 
parameter/device connections and parameter ranges (see §§5.3 ff). 

>SA (SAMPLING TIME) controls the rate at which information is sent 
'to the studio (see,§§3.4.2 and 4.1.8). ' 

>ED (EDIT) makes changes to previously created BLOCK-files (see 
§§4.3 ff); it can also be used to alter the default file 0 BIN, 
which is played if no definitions have been made with t he corn ... 
positio'n program. In fact, this is the only way to control the 
number of generators and the wave-forms to be set on them . 

Supposet for example, that at the beginning of a run the user 
wishes to play music on generators 1 to 12 with wave-form 5; 
but in all other respects, the default file is to be used: 

>ED 

:FG 12 

:WF 5 

0 BIN OK 
>PL 

STOPPED IN SEG 

>ED 

:FG 25 40 

0 BIN OK 

)PL 

N.B. 
1 ). The "commands: 

-1 ; T1·!e>if"rir:'cif '' s : 
a.·nd t:: A: .. ,_: 
:i:; :: . >PL[ Ol 

use EDIT to change ge n-
er a tor and waverform de .. 
finitions 

play · t he result , with 
real-time cont rol. 

now try it with genera-
tors 25 to 4.0. 

and play t his. 

·,pi\ , .. , 
always mean •lEdit (or Pl ay) the lat est BLOCK-file createdu; they 

i bnl;y- when_,, tlO!. f9:r .. 
•.h::av'e1 !D:Seh ... :·iWwe,veJ?l:o.: ;.:"' .. ... , ., :· ··:r · .:, .. ,'i i' ' >:.L: t 

bf m2du· . ;;.·) 1.-: i.;: '1/ C·:··: 

file-pointer to its pos ition at the begi nning of" t he 
will ,oe ·c 

11 1 
:Ha:tcest: >:f'.i!J.IeXiJS-.'!Q B:It:rn,:)wni e..h·i,s ;:: 

t h s f .i J. i:.: J:.·.::; · • · · · , ·, ·. · ·"·t ··, i u..., :·_\G a n d :-.· PL .. 
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Similarly, "0 BIN" can .be accessed by renaming it: 

>RN 0 7777 

>PL 7777 

110 BIN" gets new name 
117777 BIN" •. 
play this 

.. >ED 777T and edit it • 
. ·:etc. 

2) At the start of a run file "0 BIN" on DK cIMP> is transferred 
to the user-defined disk-area, destroying any file "0 11 that may 
previously have been on- this disk. If, therefore, a version of 
"0 BIN" which has been edited during one run is to be used in the 
next· run too·, it -must be renamed before the start of the second run. 
For example: 

$PIP·· 

>h DK 777 BIN DK 0 BIN 
>etc. 

>WR (WRITE) is used to inspect BLOCK-files, including default-file 
"0 .'BIN". See also §4.2.8. 

5.9.2 Some of the operations performed in real-ti me can be saved for use 
in future runs with: 

>PT ( = PUT) 
which creates a file "n IMP" on the user-defined disk area; t he first 
such file created during a run is "1 IMP", the second is "2 IMP", 

so on. · 

files contain: 
··1) the AD-store, i.e. the nine versions of the AD-table which have 
been saved wifh: 

or >AD 
:S n 

2) the PAR-store, i.e. the nine versions of the Parameter-table 
which have been saved with: 

3) the J oystick-store, i.e. the nine memory banks Joystick 
wave-structur es have ·been stored with: 

The numberin g of these files can be direct ed wit h : 

>FP· 4 n 

where n is a positiv e whole number specifying the name of t he next 
"IMP" f il e to be creat .ed. 
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5.9.3 Files created with PT can be accessed with: 

>GT n ( :: GET) 
where n is a positive whole number stating which "IMP" file is to . 
be read in. The previous contents of the AD, . PAR, and Joystick 
stores are destroyed and replaced with the information in the file. 

If there is no file called "n IMP" on the user ·-def'ined disk, the 
program writes: 

n IMP NOT FOUND 

and control reverts to the program monitor. 

5.10 (combining real-time facilities with the composition programJ 

BLOCKS created with the composition-program can always be modified 
in real-time by the operations described in this chapter. Such 
modifications are not permanent: but each time a BLOCK is played, 
thesamereal-time control must be exercised if the musi cal result 
is to be the same. 

5.10.1 Suppose that the following structure is to be realized: 

Fixed Values Dynamic Values 

FG 1 40 GL 1020 ND keyboard: 100 - 5000 
MI 400 MF 667 Al file: 280 - 330 
Fl 110 F2 880 A2 file: 300 - 350 
AT 5 MS 500 DE digitizer X: 0 - 100 
WF 0 RV 10 360 vs random: 400 - 600 
duration: 2 minutes VD random: 8 - 12 

Note that both VS and VD are to be set at random; suppose, however, 
that they are to be controlled by different random functions, so 
that they do not move in parallel. This can be done by conne c ting 
the dummy parameter XX to device 6 (random genera tor) and recording 
1023randomnumbers into one of the Joystick-store;s memory ·banks. 
When music is played, the memory bank containing the random numbers 
is recalled with theJOY PLAYkey, and connected to VD; VS is con-
nected to device 6. The sequence of numbers controlling VD is re-
peated every 1023 samples, but since this takes at least 30 se conds 
when forty generators are being used, there is little danger of the 
composer#s becoming aware of the repetitions. 

A 1 and A2 are to start with low .values rising continuously throu ghou t 
the BLQCi<. 

: ... 
on frequency generators will be set by hand, since dif-

ferent ·values are to be used at the same time. 

The following real-time switches are to be set: 

RIGID parameter mode 
EXPONENTIAL frequency distribution 
RANDOM GENERATOR CONTROL: 0 (as fast as possible) 
PITCH MODE: 8 (semitone scale) 
PARAMETER RANGE: all parameters to full range 

The parameters GL, Fl and F2 can be set either with "SP" 
(set parameter) values in the Here they will be de-
fined in the BLOCK-file. 



: .. . . 
71 

.. : .- -, . . . .·:_ -_-._. - -

This structu .re can be· wi tti the ·following sequence of in-· 

.. . . >CN . . 

.. 
>RV 10 360 . 

>PL 

RIGID 
FLUID a...;__, 

[;] ---t 0 

---+ 

(PTRl -

SPACE r 
STOPPED IN SEG 

>AD -1 

:AD 5 

;ND 100 5000 
... 
:AD 3 

:DE 0 100 

:AD 6 

:VS 400 600 

:AD 

: VD 8 12 

·· .. '• . 

:: : 
.. 

make 

set · 

· and play the .default file ncit to 
make music, but to set 
switches. 
this is FLUID at start of run, so 
·pres s it to get RIGID-m ode . · 

fast rand om generator. 

.semitone-scale. 

put all parameters to full range 

EXPONENTIAL does not have to be 
pressed at the start of a run -
this is the default mode . 

conne<;:t XX to random generator . 

record XX random numbers int o Joy-
stick memory-bank 1, 
and wait until the message "END 
STORE" is written. 

get the r ecorded values - this will 
still be valid the next time "PL" 
is done! 

end playing 

put all parameter/device connec -
tions to zero. 
now set connections and ranges for 
ND (device 5) , DE ( 3) , VS ( 6) and 
VD ( l). .. 

empty line to exit from "AD". 
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5 . 10 . 2 

>SE 

>DU 120000 

>FG 1 24 

>GL 1020 

>WF 0 

>F1 110 

>F2 880 

>LA 280 

>Al 

:330 0 

>HA 300 

>.Ll.2 

:350 0 

>SP 3 400 

>SP 4 667 

>SP 10 5 

>SP 11 500 

>PL 

etc. 

Note the following 
BLOCK-files created 

now create the BLOCK- file. 

fixed values first. 

and now the dynamic values A 1 and 
A2. 

(MI) put fixed values on the parameters 
which are not controlled from file 

(MF) 

(AT) 

(MS) 
prepare t o control ND with key-
board and DE with digitizer and 
then play the music . 

points when combining real - time functions and 
with the composition program : 

1) Make sure that any parameters whic h a r e to be controlled from 
a BLOCK- file are connected to zero in the AD- table. 
2) All functions, switches and connections valid when PLAY is com-
pleted ' .. a r e also valid for the next PLAY. The only exceptions are 
FREEZE SOUND and ZERO DENSITY, whi ch are off when PLAY 
3) The real-time and MIX facilities are completely incompatible . 
None of the operations performed in rea l- time is saved on a MIX-
file, and indeed many parameters which can be controlled in real -
time do not exist at all in MIX. The user who intends to work with 
MIX is therefore advised to write as follows at the beginning of 
the run; this ensures that when a BLOCK is listened to with npL", 
it sounds exactly as it wi ll when written on to a MIX- file. (See 
a l so §4 . 5.1 . ) 



>SP 10 

AT 20 

:o 
:l'SP 14 

Vs 100 

:0 

>SP 15 

VD 5 

:O 

>etc. 

: •' 

. . . : . . : ·. ·. · .. 

put ATTACK TIME to zero. 

put VIBRATO SPEED 

likewise VIBRATO 

.. 

... . •'. 

.• .. 

. .. .. ... _ . . 

·· ... 

t o zero . 

DEPTH . 

. ·.·. < : 
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6 Summary 

6. 1 Connections and 
other formalities 

6.2 BLOCK definition 

6.2.1 Structural 

6.2.2 

parameters 

Dynamic parameters 

Input format: 
1) >DE n (positive) 
same value in all 
segments 
2) >DE(o) (zero) 
individual values 
3) >DE -n automatic 

6.2.3 Curve-start 
parameters 

6.2.4 Static parameters 

Input format: 
1) >WF n same 
value throughout 
2) >WF -n automatic 

6 .2. 5 Non-file 
parameters 

6.2.6 BLOCK-table 
functions 

>CN(n) 
>RV n1 n2 
>CL 
>MT( -1) 
>CT 
>EX 
>IN 

>SE n 
>DU 

>DE 
>Fl 
>F2 
>A1 

>DS n 
>LF n 
>HF n 
>LA n 
>HA n 

>FG n1 n2 
>WF n 
>GL n 
>ND n 

>SA n 
>SC n 

>L( n) 

>CS n 

CONNECT "n CON" 
REVERBERATION time & level 
CLEAR STUDIO 
MAGNETIC TAPE O:on/-1=off 
CLOSE TAPE (s t op-mark ) 
EXIT from IMPAC 
INITIALIZE 

SEGMENTS 1 50 
DURATION input as for 10 131000 

dynamic parameters 

DENSITY 
FREQUENCY 1 
FREQUENCY 2 
AMPLITUDE 1 
AMPLITUDE 2 

0 
0 
0 
0 
0 

2000 
15999 
15999 

400 
400 

-1 Random RANDOM LIMITS: 
SHAPE 

-3 Triangle . -2 Sinus ! 
-4 Sawtooth MIN,MAX,PERIOD,SHAPE: 
-5 Square 
-6 Curve . · 

DENSITY START 
LOW FREQUENCY 
HIGH FREQUENCY 
LOW AMPLITUDE 
HIGH AMPLITUDE 

FREQUENCY GENERATORS 
WAVE-FORM 
GLISSANDO 
NOTE-DURATION 

SAMPLING TIME 
SCALE - submonitor -
fEDTjc ompletes input 
LIST BLOCK- table .Q!:. 
named parameter 11 n" 

0 2000 
0 15999 
0 15999 
0 400 
0 400 

1 . 40 
0 7 
0 8192 

10 131000, 

1 65536 
1 9 

0 17 

CHANGE SEGMENT 1 50 
IEOTI keeps old val ue 
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6.3 BLOCK-file manipulations 

6.3.1 Playing and 
creating BLOCK-
fil es 

6.3.2 I nter nal 
EDITOR 
Submonitor 
- Parameter 

commands 

- Other operations 

6.3.3 Horizo nta l 
mixing 

6.3.4 Vertical mixing 

6.3.5 Numbering of 
files 

>PL[ n) PLAY "n BIN" 
>PP( n] PLAY PART of "n BIN" 

SEGMENTS:n1 n2 
>F FILE : create new file 
>PF ( n) PART FILE : create new file from 

SEGMENTS:nl n2 part of existing one 
>RN n1 n2 RENAME : n1 old name/n2 new name 
>WR ( n) WRITE "n BIN" 
>TM [ n] TIME: write duration of "n BIN" 

>ED[ EDIT BLOCK-file "n BI N" 

: DU 
:DE 
: F1 
:F2 

multiplication 

: A 1 nn} 
: A2 addition f actor 

:FG n1 n2! 
:WF n new val ue :GL n 
:ND n 

factor 

: empty line = perform 
:SE n SEGMENT 
:D DELETE one segment 
:G nl n2 GET file "nl BIN" 

0 
0 
0 
0 

- 400 
- 400 

1 
0 
0 

10 
editing 

n2 i 0 : smoo th transiti on 
:AB ABORT - ORIGINAL FILE KEPT 
: IEOTI ABORT - " -

>KP( n 1 [n2]) KEEP "n 1 BIN" 
n2 i 0 : smooth transition 

>MX(n) MIX "n BIN" 

1 3107 1 
131071 

8192 
8192 

400 
400 

40 
7 

8 192 
131000 

START TIME: floating - point number 
>MS [ n) MOVING-SOUND: mix "n MVS" to inter -

nal mix-file, QL create new MVS file 
START TIME: 
MS# ,DIRECT LEV,REVERB LEV: 
DURATION,RADIUS, SHAPE,ANGLE,SHAPE: 
End ihput with I EOTl 

>PM PLAY MIX 
>SM SAVE MIX 
>DM DELETE MIX 
>MM n MIX MIX-FILE "n MIX" 

START TI ME: 
n APPEND mix-file "n MIX" 
START TIME: 

>TX TIME OF MIX-FILE 

>FP n1 n2 FILE POINTER default 
n1 0 BLOCK files l BIN 

= 1 KEEP files 1000 BIN 
= 2 files 1 MIX 
= 3 MOVING-SOUND files 1 MVS 

4 REAL-TIME STORE files 1 IMP 
n2 i s number of next f ile t o be created . 
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6.4 Monitor commands r ea l-tim e control 

6.4 .1 AD-table 
submonitor 
- Parameter r anges 

- Othe r operations 

6 .4.2 Fixed values on 
real-time 
parameters 

6 . 4.3 Real-time store 
save and get 

6 . 5 Memory inspect 
and modify 

>AD n ANALOGUE DEVICE connect to device n 
:ND n1 n2 10 131000 
:GL n1 n2 0 8192 
:MI nl n2 0 4095 
: MF n1 n2 0 2000 
: Fl· nl n2 · 0 15999 
:F2 nl n2 0 .15999 
: A 1 n1 n2 0 400 
: A2 n1 n2 0 400 
: DE n1 n2 0 2000 
: AT n1 n2 0 131000 
: MS n1 n2 15 18 or 19 22 
:RV n l n2 0 400 
:SI n1 n2 0 2880 
:VS nl n2 0 2880 
:VD nl n2 0 1000 
: L LIST AD- table 
:S n SAVE table to AD-s tore 1 9 
:G n GET table fr om AD- store 1 9 
:AD n ANALOGUE DEVICE 

1-9 : connect to device and define 
range 

0: connect to BLOCK- file (no 
range definition) 

-1 : put all parameter/device 
connections to zero 

10 : alter ranges on ly (no con-
nections) 

: empty line r 'eturns to program 
monitor 

>SP n1(n2) SET PARAMETER "nl" with value "n2" 

1) ND 2) GL 3) MI 4) MF 5) F1 6) F2 
7) Al 8) A2 9) DE 10) AT 1 l) MS 12) RV 

1 3) SI 14) VS 15) VD 16 ) XX 

n2 must be legal va l ue as in AD above 
MS: O to 1000 XX 0 to 511 
If n2 is undefined, negat ive or zero, 
current va l ue printed - define new val ue 
or j EOT j to keep old one 

>PT PUT current AD-store, PAR- store and 
Joystick-store on to a 

>GT n GET file "n IMP11 , created with PT, 
into real -t ime stores . 

>RM n READ MEMORY - 32 words, starting at 
octa l address "n", are printed 
: car riage return = continue 
:IE oTJ =re tur n to progra m moni to r 

>WM n 1 n2 WRITE MEMORY - octal value n2 i s put 
into word at octal address n l. 



6.6 Multiple - key functions i n rea l- time 

ISAVEl 
L!£..J 
[GET"] 

GRAPH 

PITCH 

SCALE: 
I I 
TRANS ....____,, 

fDEV1 

fJOY) 

Man 

lfunc 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

.. 
2' 

2 

lj 

lj 

lj 

R 
connect t o 

device 

(nx10) % 
range 

save to AD 
store 

get from AD 
store 

save to 
PAR-store 

get from 
PAR-store 

lowest of 
{nx2)&15 

plot de-
vices and 

par ameters 
th scale n 

transpose 
n 

steps 
in vert 

device n 

delay n 
samples 

record to 
JOY-store 

get fr om 
JOY-store 

skip n 
values 

n x 10 
samples 

n x 20 
sampl es 

(n+ 1) x20 
samples 

lol r=i· 
connect to default & 

file freeze 

100% range all ranges 
100% 

a ll con - complement 
nections all con -
to zero nections 

all para- all para -
mete rs to meters to 
minimum & default & 

freeze freeze 

zero n/a 

off n/a 

random n/a 

tl"'anspose all scales 
10 original 

steps position 

all devs all devs 
normal inverted 

no de lay n/a 

stop 
recording n/a or 
playing 

no skip n/a 

1 sample n/a 

2 samples n/a 

-. 
20 samples n/a 
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rn Comments 

write cur- shift+ PAR 
rent value =(un)freeze 

writ e I PAR I key 
range first 

list 
AD 

table 

B-8t list 
PAR PAR & AD 

table tables 
together 

write 
rev time 

list names followed by 
of plottec! one or two 

1 devs & pars keys 

write define with ! 
scale no. >SC 

wr ite no. 
of t r ansp. 

steps ! 

n/a 

wri te 
delay 

JOY REC -i 
write me-
mor y bank I number 

wri te sarr.-
pling rate 

.. 
write -. 
period .. 

write 
period 

wri te 
period 



MA N U AL 1 : D E V .I C E S a n d F U N C T I 0 N C 0 N 'r R 0 L,_ 

JOYSTitK p!GITIZER 
x y x '/. 

KEY-
B 0 A R D RANDOM SINE 

[.!]' /'2 : :1.3 . ' · 
. ' z ·· , 

. 

MANUAL 2: CONTROLLABLE FUN CTIONS 

TRI-
SQUARE ANGLE FILE . 

m ,, 

INVERT FREEZE 
ALL 

PARA-
METERS 

LIST 

PARA- AD TABLE .P A.R TABLE SCALE DEVICE JOYSTICK STORE · 
METER REVERB GRAPHIC PITCH TRANS- INVER- PLAY-
RANGE SAVE GET SAVE · GET TIME DISPLAY MODE POSITION . SION DELAY RECORD BACK 

. Mil · ·W W w 
MANUAL 3: KEYBOARD (DEVICE 5) 
shift 

SAMP-
LING 

Q 
j 

(j D D ·o D D D D D D D D D 
M A N U A L 4: G E N E R A T 0 R C 0 N T R 0 L and SW I T C H E S 

RANDOM SQUARE TRIANG 
GEN. WAVE WAVE / 

shift CONTROL CONTROL CONTROL FLUID 

o m·· mm Lill . 
. 
. 

ZERO 
CLEAR DENSITY 

SCREEN ON/OFF 

JOYSTICK 
STORE 

ITm [[]·;:::;.::::: .. 
·:.:N;.:- ·::M .:" . .. ' • . . •, : .. . ·········· ...... . 

MT 
ON/OFF 

[] . . . 

FREEZE 
SOUND 

DENSI TY 

•• ? ...... 1 

:;. I ::"!: , .. • !<: 

I. . STOP PLAYING J 

shift 

0 

a-. 
....:i 
(1) 
;>;" 
(T 
"'S 
0 
::1 ...... 
x 
...., 
c 
::i 
0 

"' I-'• 
0 
::i 
IJl 

..... 
::I 

"'S 
Cl) 
Ill ..... 
I 
(T ...... 
a 
(1) 



6.6 Mult i ple - key fu nct i ons in real - time 

I PARI 

f'PATil 

ism 

fGETl 
Ll.!LI 
rsmi 

fffi'l 

rREvl 

GP.APf1 

t·:ootj 
SCALE 
hMis 
'-j"-' 

rwri 
l!!!.Y..I 
r:ron 
POYl 

fJoTI 

fJOYl 

fRA1Il 

rsouJ 

fTiITl 

'unc 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

4 

connec t to 
devi ce 

Cn x 10)lb 
range 

save to AD 
sto r e 

get from AD 
sto r e 

save t o 
PAR- store 

get f rom 
PAR-st ore 

lowes t of 
(nx2 ) &15 
pl :it de-
vic es and 

pa r ameter s 
th sca l e n 

transpose 
n 

steps 
invert 

device n 

del ay n 
sampl_es_ 

reco rd to 
JOY- store 

get f rom 
JOY-s tore 

skip n 
values 

n x 10 
samples 

n x 20 
sampl es 

{n +l )x20 
sampl es 

con nect to def ault & 
file fre eze 

1003 range all ranges 
100% 

all con- complement 
nections all con-
to zero nections 

all para - all para -
meters to meters to 
minimum & defau l t & 

f r eeze f r.eeze 

zer o n/a 

off n/a 

rando m n/a 

t r an:;;:ose sca l es 
10 &-tone or i ginal 

steps pos it ion 
all devs a ll devs 

norr.:al inverted 

no del ay n/a 

stop 
rec ord ing n/a or 

playin g 

no skip n/a 

1 sample n/a 

2 sampl es n/a 

20 sampl es n/a 

write cur- shi ft+ PAR 
rent value = (un ) fr eeze 

write EJ key ra nge first 

lis t 
AD 

table 

list 
PAR PAR &'Rf/ 

table t ables 
t ogeth er 

writ e 
r ev time 

llist nar.:es t 0 1 towed by 
of plot ted one or two 
devs & par s k e jS 

write define wi t h 
scale no. •SC 

wr tt e no . 
of tr ansp. 

steps 

n/a 

writ e 
delay 

JOY REC"" 
write me- xx .. oE:VICE 
mor y bank 

number 

wr ite sam;-
pli ng rat e 

wr ite 
per iod 

wri te 
peri od 

write 
period 

El 6 
8 G G 
B El EJ 
B G G 
l(Ms>I I ( VS) I 

6 
6 
G 

°' . 
co 

'1j 
Cll 
'"S 
DJ 
3 
Cl) 
C'1' 
Cl) 
'"S 

Cl) 
'< 
':/) 

f-' • 
::l 

'"S 
Cl) 
Cll 
t-' 
1 

C'1' 
I-' • 
3 
(!) 

'° 
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6 . 9 !survey of IMPAC files I 
6. 9. 1 BIN files are those which contain the information for user-defined 

blo cks . 
A BIN file consists of any number of binary records, each contain -
ing eleyen data words: 

word contents 

1 - 2 a single-precision number de finin g the 
start time in seconds of this activity - e .g. 1.5 de -
notes that this activity i s to start 1.5" after the 
beginning of the blo ck . 

3 activity number - 40, 41, or 48. 
4 - 11 infor mation - type depe nds on activity number. 

time act infor mation 
1 2 3 4 5 6 7 8 g 10 11 

TIME 48 LF HF LA HA DS 0 0 0 start 
values 

TIME 41 F 1 F 2 A 1 A2 curve 
to shape to shape to s hape to shape infor mation 

TIME 40 DE 
DU FG 1 FG2 WF GL ND 

parameters 
to shape & music 

Act ivities 41 and 48 provide information for activity 
Activity 40 causes music to be calculated and played in the studio . 
Each segment contains therefore one record of activity4 0 , option -
ally preceded by one record of ac tivity 48 and/or one record of 
activity 41. . 

. . 
Within each segment, curves . for primary parameters are calculated 
FROM either previous activity 41 or activity 48, TO current acti -
vity 41. 
Here is an example of an IMPAC score and the instructions required 
to describe it: 

>SE 3 
>FG 1 12 
>WF 2 
>GL 1000 
>ND 3000 
>LF 400 
>HF 440 
>LA 300 
">HA 320 
>OS 10 
:POU 
: 1500 . 1500 2000 
>F1 
:220 -1 296 -2 296 
>F2 
:70 0 2 315 -4 392 0 
:>"A 1 
:300 0 280 0 280 0 
>A2 
:32 0 0 340 0 340 0 
>DE 
: 10 0 10 0 20 0 

WF 2 
GL 1 OOO 
ND 3000 
FG 1 12 

0 

1500 1500 2000 
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The BIN file .created when this is played looks like .this: 

o.o 48 400 440 300 320 10 0 ' 0 ' o· 
o.o ' 41 220 -1 700 2 300 ' 0 320 0 
o.o 40 10 0 1500 1 12 ,2 1000 3000 
1.5 41 296 -2 315 -4 280 0 340 0 
1.5 ' 40 ' 1.0 0 1500 1 12 · 2 1000 3000 
3 .o ' 41 296 0 ' 392 0 280 0 340 0 
3.0 40 20 0 2000 .1 12 2 1000 3000 

N.B. 
When l3IN files are inspected with the • WR .command, the segment num-
ber is written at the beginning of each record; this is on1¥ for the 
convenience of the user -· the segment number is not contained in 
the file. 

6.9.2 It is possible for the user proficient in FORTRAN· to create IMPAC . 
block files externally. The following points should . be noted: 

· 1) IMPAC reads BIN files with FORTRAN unformatted READ statements. 
DIMENSION IARRAY(9) 

READ(12,END:999)TIME,IARRAY 
No checks are made to see if 

a) the file is in the correct mode (alphanumeric, binary, etc.) · 
b) the records are of the correct length 
c) the parameter values are legal. 

If the records are not of exactly the type required by IMPAC, the 
results will be unpredictable. 
2) Activity 48 is not restricted to the beginning of a block; it 
can be used whenever a primary-parameter curve is to start at a 
point different . from the one reached at the end of the previous 
activity 40. For example: 

Here we need activities 48, 41 and 
40 for the first segment, but ·only 
4 1 and 40 for the second; since · it .· 
starts with the values reached at 
the end of the first. 

In this example, both segments re-
quire activities 48, 41 and 40, as 
the starting-point of segment 2 is 
not the;,"end point of segment 1. 

3.) When ·.music is played with the commands PL or PP, the start - ti'me 
given . in each record is ignored; each segment follows on as soon 
as the previous segment has been played. Only in conjunction with 
the MX facility are start-times of importance. 

4) The last record in a · BIN file must be Activity 40 if the file is 
to function properly with MX and related commands. 
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6.9.3 CON files contain data for studio connect i ons, disconnections, and 
amplifier intensities; they are executed with the command: 

>CN n 

where n is the number of the file to be performed. The five pre-
defined CON files are discussed in §2 .4.1. 

A CON file consists of any number of binary records, each containing 
twenty-five data words. 

word 

1 - 2 
3 - 25 

function 

3 

4 

5 

<3 

contents 

·not used 
function number s (3, 4 or5) and data; a function number 
indicates that all foll owing data is of that t ype, until 
another function number i s given. 

data 

amplifier intensities; format in each word i s AAIII, 
where · AA is amplifier number (as in EMSDEV and DIP1) 
and III is the intensity in For example: 

20400: 100 dB on channel 2. 
1360: 90 dB on reverberation unit 1. 

studio connections; format in each word is FFTT, where 
FF is the number of the device which is to be connected 
to TT. For example: 

7172: 
219: 

FG3 connected to FG6. 
reverberation unit 2 connected to channel 1. 

studio disconnections; format and numbering as . for con -
nections. · 

there is no more data in this 

For example, the following record connects four groups of generators 
to channels 1 , 2, 3 and 4 and reverberation units 1, 2, 3 and 4 re-
spectively, and 100 dB on all of the channel output amplifiers: 

o, o, 3, 19400, 20400, 21400, 22400, 1', 7 172, 7219, 720 1, 7374, 7420, 
7402, 7576, 7621, 7612, 7977, 8077 , 7778, 8178, 8278, 8378, 7822, 7813 

6.9.4 MIX files and MVS files consis t of an unlimited number of binary 
records, each containing twenty-five data words defining one segment 
of music or moving-sound. 

word contents 

l -
3 
4 

2 ... 

25 

single-precision floating-point number defining the 
start-time in seconds of this segment. 
activity number: 0, 1, or 2. 
data; type depends on activity number : 

1) activity 0 and - music segment 

4: duration ms 5: FG l 6: FG 2 7: not used 
8: wave-form 9: glissando 10: note-length 11 : Fl from 

12: F1 to 13: Fl shape 14: F2 from 15: F2 to 
16: F2 shape 17: Al from 18: Al to 19: Al shape 
20: A2 from 21·: A2 to 22: A2 shape 23: DE from 
24: DE to 25: DE shape · 
act 0: this segment has user-defined start-va l ues: DS LF HF LA HA . 
act 1 : no user-defined start-values. 



2) activity 2 - moving-s6und segment 

4: duration ms 5: MS .(1 or 2) 
6,7: reverberation level, real ( = 10.0** (REVLEV/40.0-10.0) 
8: radius from 9: radius to 10: radius shape 

11: angle from 12: angle to 13: angle shape 
14, 15: direct level, real { = 10.0 ** (DIRLEV/lrn.0.:..10.or 
16-25: not used 
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6.9.5 IMP files consist of one logical binary record . containing 10,2 2ll 
data words; they are written and read with FORTRAN unformatted I/ O 
statements. 

INTEGER PARSTO,ADSTO,JOYSTO 
COMMON PARST0(288), ADSTO{ 720), JOYST0{92.16 ) 

C PT - CREATE IMP FILE 
c 

WRITE(12)PARSTO,ADSTO,JOYSTO 

C GT - READ IN IMP FILE 
c 

READ(12)PARSTO,ADSTO,JOYSTO 

PARSTO has nine banks of thirty-two words each for storin g t he PAR 
table. 

ADSTO has nine banks of eight y words each for storin g t he AD table . 

JOYSTO has nine bank s of 102 4 words each for stor i ng Joy s t i ck move-
ments; the first word in each bank contains the number of coordinate 
pairs which have been recorded int o the bank, minus 102 3. 

6.10 !The sine-wave tablef 

The r eal-time program's sine-wave g ene rator and the vi br a to func t i on 
on frequen cy gener a tors are cal c ulated by look i ng up values in t he 
sine-wave t a ble. This consist s of 1000 00 2880 integers, between -100000 and ,----,.r----------. 
100000, which de s cribe on e period 
of a sinus oscillation. 

6 .10.1 The sine-wave generat or i s merely a 
point e r moving thr ough thi s table , 
its speed govern ed by the par ame ter 
SI; the ,higher t he value for SI, the 
faster the pointer moves . 

6 .10.2 For cal culation of vibrato, there 
i s one pointer for each of the fre-
quency generator s ; these pointer s 
move indep endently of one ano ther, 
their s peed governed by VS. 

N.B. 
0 1ll4 0 2880 

1 ) If a pointe r moves with a _spee d of zer o o r 2880 it r emai ns , i n 
e ffect , stil l - t he oscil l a t ion comes to a ha lt. 
2 ) Val ues bet ween 1440 a nd 2880 are mirr or images o f t hose bet ween 
zer o and 1440; s o a o f 28 79 i s t he same as a spee d of 1. 
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6.11 jspecial uses of the studio registers! 
The studio registers for the noise generator and amplitude modula to rs 
are used for special purposes. 

6. 11 . 1 The noise-generator register shows the number of the most re cently 
created BLOCK-file. 

6.11.2 Amplitude-modulator di s plays the 
sampling time in millisec onds. This 
is not the time defined by the user . 
with "SA", but the actual time taken 
for See also §3.4.2. 

6.11.3 Amplitude-modulator 2 displays the 
status of three switches: 
1) on= RIGID 

off = FLUID 
2) on = MT-swit ch on 

off = MT-switch off 
3) on = exponential fre quenc y dis-

tribution 
off = linear distribution 

8 8 ( 1) 
· RIGID 4- 4. FLUID 

2 
/ _l (3) 

1 1 2'* 
0.0 0 
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