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INTRODUCTION TO THE USE OF EMS-1

General

EMSmi.Ts a device orien?afed-]anguage, which means That the composers

have to transfate thelr musical concepTionsrTnfo device terms. Other
possible types of languages are for instance notation orlentated languages,
where +he composer s building a bridge between hls musical conceptions
and a notation system; and a composition technical orientated language,

where the bridge is bullt from the musical conceptionh to rules of composi-

_Tion. The guide line in preparation of EMS-] has beeh done on the basis

of the principles of tThe console.

Devices:

2.
2.1 Names ' _ _

In EMS-| abbrévia?ions for the name of devices are used. The rule of
abbreviation Is that 1f the device hame consists of one word, the
"three first letters of The'word.are used, if I+ conslists of several
words, the flrst letter in each word is used.

Example: channel = CHA, frequency generator = FG.

Below is a complete 1ist of devices:

AM AMPL I TUDE MODULATOR

AMP AMPLIFIER '

AT ANALOGUE TAPE

CD CHANNEL DJSTRIBUTOR

CHA CHANNEL

FF FREQUENCY FILTER

FG FREQUENCY GENERATOR

FS FREQUENCY SHIFTER

NG NO1SE GENERATOR

REV REVERBERATOR

RM RING MODULATOR

The device parameters

2.2

The device parameters are written in the following way.*The device
hame is followed by a left parenthesis, followed by the parameters

separated by commas, followed by a right parenthesis. The parameters
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2.3

in the following example

are written with names, not with values:

FG(NUMBER, FREQUENCY , LEVEL ;WAVEFORMYL. -

The device hame plos the

In practice the value of the parameters is USed-ahd'The same example .. = e

would look:
FG(1,444,146,2}.

device parameters are called a term.

Example (all devices): ABBREVIATION - COMPLETE EMS-| TERM -
' A  AMCNO, ENTRY, LEVEL Y
AMP ﬂ AMP(NO, LEVELY.
At © ATINO,LEVELY
oo CD(NO, CHANNEL; LEVEL)
CHA CHA(NO, LEVEL}
FF FF(NO,F [ LTERCHANNEL, LEVEL)
FG - FGINO, FREQUENCY, LEVEL , WAVEFORM)
Fs Fs -
NG NG(NO, LEVEL,COLOURI ,COLOUR2)
REV REV(NO,REVERBERATION TIME, LEVEL)

RM ~ RM{NO,ENTRY, LEVEL)

Examples with the value of the parameters indicated:

FG(I,44¢, | ¢¢,2)
FF(2,2¢,11¢4)
RM( | ,A, 168)
RM(1,B, 1¢¢)
REV(2,6, |08)
CHA(4,88)

'Abbreviafions

Observe that not all parameters need be written out! In cases when some

parameter is not written
parameter was set.

Example: FG(1,44¢,10¢,2)

out, I+ keeps'j+s value from the last time the

{new +1me indication)

)

FG(1,,20)

The example shows that the- frequency and the waveform are kept, but the
level is changed from 100 to 20 dB.




2.4.1

2.4.2

2-4-3

Connhections

The devices can be connected to .devlice chalns by using the
cohnection sign

>

and the connection can be broken by ‘the disconnection sign

Connection of devices and device chalns

in the example A below frequency generator | s connected to

output channel |, so that we can |isten to The ftone of the fre-

quenhcy generator, after time has been set. In example B frequency

generator 4 and frequency genherator 2 are connected to ring modulator

1, which 1s connected to output channel 2, and we can listen to the

result after time has been set. Ali-dévlce chains should be ended by

a semi-colon.

A)  FG(I1,448,188,2)>CHA(],80);

B)  FG(4,300, 108,2)>RM(I,A, 108)X>CHA(2,80);
 F6(2,358,108,3>RMUI,B);

C)  FG(1,440,100,2CHA(L,80);

See appendix | for a list of all cdnnecf¥ons al lowed.

Different devices can be collected In a g___R of devrces by un|+|ng
The device terms with the sign

& |
I+ is important to distingulsh 5é+heenia group of devices and a chain
of devices and/or device groups. A group of devices are for instance
a number of frequency geherators or a humber of fliter channels.
Below are some_examples.of_@eyice'chains, made up by groups of
devices and sinhgle devices: - ' 7
FG(I,44¢,lﬁﬂ,Z)&FG(2,66G,I¢¢,2)>RM(1;A,l¢¢l>CHA(i,8@)&CHA(2,8¢};
NG(1,188)>FF(1,4,1 1@)&FF(1, ¢, 1 1§>RM(1,B);

A group of devices, connected to another group of devices or a

single device, means that all deviées In the first group are connected
to all devices In the second group, or to the single device.
Examp!er'FGCI)&FG(4)&F69&REV(I},

FGUL, | B@Y&FG(2,200)8FG(3,30¢)&FG(4, 4¢¢x>CHA(!,|¢¢)
&

The iast |ine means that the frequency genefafors I, 2, 3, and 4 are
given a fregquency each and are then connected to channel |, given the
tevel {00 dB. '
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2.4.4

"

Groups of frequency generators and filter chanhnels can be collected

with the sign C

i

A condition is that no device between the lowest and the highest
number 1s fo be excluded.. The meahlng of -

FFCL, 512, 168) L - )
is for instance %EaT'The.channé}s.5_+o'IZ'Th Tﬁe frequency filter
no [ shall be set ‘o [00 dB. : '
Example: FG(|<6)

means that the frequency generators | to 6 shall be connected
somewhere keeping their old values.

Examp | e: |
FG(1)&4FG(7¢~12,,88,2)8FF(1, <3, |#@)>CHA(2) 8CHA(3 )&4CHA(4,98);

This way of wriTTng leads to frequency geherator | and also ho 2
and ho 3, all keeping their old’parameTer.Values, and the frequency
generators 7, 8, 9, 10, 1, and 12, all with thelr old frequencies,
with The new level 80 dB and waveform 2 and filfer |, are connected
to the.channels 2, 3, and 4. Channel 1.ahd 2 in filter | are also
set to 100 dB and output channel 4 to 98 dB.

Exercise |:

Make one or several groups consisting of freqqency'generafor groups
3, 6, 9, and 12 and the reverator 1, Connect what is possible +o
channel | via fllter | or else directly to channel 1. Let the units

keep the values they have been givén earlier.

Exercise 2:

3. Time

Make a suitable group, consisting of 5 or &6 frequency generators.
Let these be amplitude modulated to 90% (=99dB) by the frequency

100 Hz in. AM{2). Connect the resultfing signa! fto channhel 1. The

A-entry of an amplitude modulator modulates the B-entry.

{solutions see page 6.)

We make a distinction between TIME and DURATION so ‘that- TIME says when
somethling occurs and DURATION (DUR) indlcates the durafion of the occasion,
for instance The duration of a tone. ' N



=)

3.1

3.2

3.3

General 7
There are three dEferen+ ways of describing duration on the console.
First, the order T1DMATA (measure time), whlch means that the studio
Is made to sound during the time the TIDMATA- buTTon is pressed, I e
a duration. ' o ‘
The other way is the order LYSSNA-KONTINUERLIGT (Ilsten confinuousfy);
meaning that the studio is made to SQund'when the button for the
order LYSSNA KONTINUERLIGT is‘pressed;iand is made to stop sduﬁding
when the button for the order STOPPA KONTINUERLIGT LYSSNANDE (STop
listening contlnuously) is pressed. o

The third way to.describe time at the consoie Is the order TIDLYSSNA
(time Ilsten), functioning so that the time desired for the. studio
to sound s sef In the index register, wheréupoh the button for the
order TIDLYSSNA Is pressed. The studio then sounds during the time
set in the index register. |

" Time- and duration descriptions in EMS—I'do not coincide with The

orders at the console. At the console the composer orlentates himse!f
in Thé mﬁsic structure, or rather the digital fape vla record numbers.
lh EMS—| the composer orientates himself In the music sfrucfure via
Ifferenf +ime~ and duration concepTiona.

Global time .

The _expression Global Time (GT) refers fo The running composition
Tlme. For a piece of 10 minutes' IengTh Global time zero stands for
the beginning of the piece, Global Time 5 minufes for the middle of

the piece, and Glicbal time 10 minutes for the end of the plece.

- In EMS-1 beglnning time and end time, expressed in Global time, is

"~ automatically written on the commentary med Tum after each completed

block or PART - see point 7.18 and the examples on page' .. The

actual GT can be calculated by taking the time of the end of The
preceeding block and-add to 1T the beginning Tlme for The sound

currently being worked on plus the current Local time, | e where
the composer [s at The time being. a

Local Time

The time between each single tone has on the other hand its counter-
part In EMS=| and Is @alled Local time, In shorﬂ-LT(MS) or LT{SEC,MS).
The millisecond parameter must not contain a number greafer than

99 999, and the second parameter not a number greater than 8 333.
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The LT-term can more corfectly be sald to Indicate when the connection
settings and device é%ffings which follows before the next LT-term
are to be performed. | ' |
Examples of LT-terms:
LT(O) FG(I,448,188,2)>CHA(I,88);
LT(2¢¢¢1FG(!,66¢,I¢¢,BE>CHA(1,861;
LT(52,23¢) |
LT(52,8)
- LT(52,)

I+ is no demand that LT-terms come in time order.
LT(9@g)IFG(,28@)
LT(BIFG(I, 196, | gd)>CHACT, 180);

How to solve exercise |:
FGS)FG6;_

FGO*EGI2;
FGB&FGIZ2x>FF(1);
FFCI)8REV(1)>CHA(L);

How to solve exercise 2;

FGI55FGI8=AM(2, B, | 88)>CHAC I, 148); -
FG(24,108,99)>AM(2,A); o

3.4 - Duration . _ - _
While LT Is a time where something is going to happen, for instance
a frequency generator shall start to séund, the term duration,

shortened as D(MS}, indicates how long a certaln sound level is to
last.

Example:
LT(20,20@3FG( 1,448,108, 2)>CHA(1,88)>D(2000) ;

Exercise 3:
FG{1) and FG(4) are set, but not connecTed. FG(!)%ghall start sounding
after 31 seconds and 120 ms, counted from Thé beginning of the block,
and sound during 23168 ms. FG(4) shall start sounding after 23 seconds
and sound during 20000 ms. Both sound in channel 3. w



3.5

3‘6

3-7

Write the part of the program that handles this. (Solution page ‘8, )

While +he t&rm LT is valld for all devices untll the next LT, the
term D Is valid only for the device or group of devices that it Is

conhected to.

The Qse of a new LT-term is made either To introduce changes in the
device parameters — a new tone, a hew fhfensity - or especially fo
intfroduce O-values into the [evel parameter, which means fhaf the
device from now on will no longer sound. (About the D-term in
connection with ehvelopes and glissandl, read point 4.4 and 4.5.)

TIOMATA (time measure) Is a term which does not exist in EMS-1, but

only at the console.

TIDLYSSNA (time listen} exists also only at the console. A .close
counter—part is however the order PLAY (see point 7.8).

LYSSNA KONTINUERLIGT (]isten continuocusly) exists.only at the console,
but can naturally also be reached via EMS—1 by the order PLAY, under
the condition that what the composer wants to |lsten to has already

been given a very long duration.

4.]

4.2

4.3

Envelopes

The envelope, i.e. the chanhges of Intensity, .at the console, is planned
to be performed with the help of attenuators. The counter-part in EMS-|
is the term ENVELOP, in short ENV.

The complete term with parameters is written:

ENV(STARTLEVEL, ENDLEVEL,DUR,CURVETYPE, T IMESTEP)

meaning that a level can be changed To anh end level during a specified
duration In milliseconds, and following a declded curveshape with a
certaln time-step between the changes. The time-step 1s the difference
in ms between two on each other following changes. The time-step must

not be greater than the ehvelope-time.

Curveshapes

We have 19 different curveshapes, built up in Threeﬁ?lasses.

The first class consists of one untt, a linear change from one value
to another value. ' |

The second class consists of 9 units, all convex, and the third class
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of 9 units, all concave. The linear class is in EMS-| described by
the number @. The 9 convex units are described by the numbers 1-9,
where | ts the.least convex and 9 the most convex. The 9 concave

units are described by the number -1 to -9, where -1 is the least

ahd -9 the most concave.

In a case where the intensity changes from lower fo stronger, convex
can also be deséribed as a cﬁescendo, where the greatest change of
intensity takes place in the beglhning of the tone. In a case where
the Intensity changes from a higher value to a lower, the choice

of a convex curve means that the greatest Intehsity change will come
at the end. [n the concave cases the conditlons are contrary. '

The curves cah graphically be illustrated In the following way:

How to solve exercise 3:

LT(31,128)
FG(1)>D(23168)>CHA(3, | §8) ;
LT(23,)
FG(4)>D{20000)>CHA(3, 18¢) ;

Commentary: The LT-terms need not come in time order. Observe that
the D-term must come before the chahhel-term to reach the effect
desirec. If we had written:

FG(1)>CHA(3, | §8)>D(23168): ..

resp. !

FG(4)>CHA(3, | #@)>D(20000) ;

and had the same sTarTPng—Times as above, It would have meant that
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4.5

4.6

Nz

both sounds had stopped souhdihg after 23 seconds + 20000 ms (5 43 s.}
instead of stopping at the times 54 s 288 ms resp 43 s.

In-t1me respect The envelope'ferm {é-a specTaI cese hasmuch as fhe

time is included as one of the parameters. Because of +his, two |nTer-

‘pretations were possible during the desigh of the language:

1} shall a tone, connected to an envelope, and thereby given an Inten-
sity going  from one leve| to ahother, continue to sound after the
end level has been reached, or .

2} shall 1t be considered that when the end level has been reached,
this tone shall stop soundlng?

in EMS-1 we- have chosen the sclution to consider that the tone conTinues

to sound and that the composer must give an order 1f he wants it not

to sound after reachling Thefend fevel; this order ‘is
N : 7 .

If The composer wants the tohe to ‘sound only during The time IT takes

to make the envelope, write as fol lows: '

ENV(D, 108,500,2,28)>7;

meanlhg that t+he tohe To which The enveiope is connecfed, starts

with the intensity of 0 dB, grows to [00 dB’ dur:ng a duration of

500 ms, .following curvetype 2, whereupon the level returns to .0 dB,

and the tone conseqUenTIy'ie hovionger~heard. The number 20 indicates

the time-step between the cﬁanges (The'sampling‘speed). '

The D—~term can also be applied to an envelope term so that the sound-
source sounds dﬂring the time specified in the envelope +erm plus

the time In the D-term; to which the envelope Term ls conhected.
Example: ENV(@,100,508,2,28)>D(1068); |

meaning, as In the previous example, that the intensity grows from

0 to 100 dB during a time of 500 ms, but that in This case it continues
to sound at the end-level during another |000 ms, i.e. the time of the
D~term. ' -

A chain of envelopes can be created by using The_eonnecfion sign
between the ehvelope terms.

Example: ENV({, |@@,580,20)1>ENV{10d, |84, 1¢>>ENV(|¢¢ #,500,2, 1@1
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4.7 Envelope terms and envelope chains can be connected to devices
or groups of devices by connectlon sign. '
Example: ,
LT(IFGLL, | 688, 188, 2)>ENV(E, | #8,508,2, 1B)>ENV (i 38, 13, | 0¢)>
TENVC L@@, 5d,5088,2,14)>Z;
FGU1)>CHACL, 1§6)8CHA(2, 1981 ;
"The term ENV(!¢d, |¢¢,E¢¢¢) s a spec!al case of the envelope +erm,
where the starting value and the end value are alike.
4.8 ESTEP and GSTEP
The composer can specify how often the computer shall set a new
value during the generation of envelopes and glissandi. If no value
s indlcated the computer will set a new value every ten ms. If the
composer wanhts the computer to set another value, more frequently or
less, this is done with the term ESTEP{MS)} regarding the envelope,
and the term GSTEP(MS) regarding glissandi. '
Example: ESTEP(I)
meaning that the computer will set a new level-value every ms;
: ~ GSTEP(26) o :
meaning that +he compu+er will set a new frequency value evéfy 20 ms.
If +he composer wishes to change the Time-§+ebboniy during one envelope
term, the desired Time—sfép is written as a pafémefer In the envelope
term. Thereafter, the value set with ESTEP resp. GSTEP is valild agaln
For technical reasons an envefope or a g¢lissahdo must no+ contain
more than 2047 time-steps.
5. Glissando
5.1 The parameters of the glissando ferm

Glissando ts written with a term much allke the envelope term, i.e.

GLIS, followed by starting frequency, end frequency, duration in ms,
curveform, and time-step. ' '

Example:

GL1S{FREQUENCY, FREQUENCY, DUR, CURVEFORM, BSTEP) (Regarding GSTEP see 5.2
GLIS(440,80¢, | 9806,2,5) : o



e

e

5.3

5.2 e

5.4

o g RE G T e e e e

5.5

rt srmme S M 3 4R TR SRRy vee e e Ay w8 neg e wpes

CUPMBSNAPES - oo o e
__The curveshapes of the glissando. term are the same as those of the

envelope term.

GSTEP Is The counler*parl for The gllssando Term of ESTEP for the
'mmdm“envelope Term, l.e, to |ndacaTe Ih mé-how ofteh he compuTer shall

give a new value = make a sample. I the values are too sparsely

set, There ls a risk +o geT a scale lnslead of a glissando. if the

values are Too densely seT, unnecessary lnformaflon is used.

An envelope Term is rela?ed to the closesT preceedlng device term.

The starting tTime In an envelope term is the latest indicated Iocal

time or in the case of envelope chalns, the end time of the closest

preceading envelope term (if no device term stands between, parting

‘the envelope chain:lnTo_Twouchalhsl. The same is valid for the
‘"‘""GLlS term. ettt i = e

—~Observe that envelope times and gllissando times” ignore the exlsfence

of one another, and consequehtly can be woven into each other. Envelope

terms ahd envelope chaihs can be mixed wlth glissando terms and glissando -

- Examp lez
FG(1e=3)&FG(7<9,,,2)> .

" ENV(50, 186, 500)56L15(220, 448,208, 2)>
GLIS(440,880, | BEB)>ENV (199,90,1206,1,18);
CHAC I, 1 B8)>ENV (88, 1 66, 2008, 1 )>D( | 6088) ;

At overlapping envelopes the last defined is valid.

Example: _

We have given a frequency generafor level the following envelopes:
90 T ».
80 1 F 4

70 ¢ -

60 *

2 time (sec.)



LT(8, BIFGUI =ENV (68, 180, 3008 ;

LTCH, @IFG1 )»ENV(73,80,2000) ;
LT(2,8)FG{1 )>ENV(EE, 108, | #¢8);
LT(3,BIFG{1 ENV(T5, 1 09, 1886, -3); o .o

The resulting envelepe is do%Teq'$n7§heefigure en,page‘ll;=ﬁ

@~ oM W N

6. The connection matrix of the frequehcy generafors,;
At the console, the 24 frequency genera?ors have their own connec+1on |
matrix. The connection matrix is designed to have 24 enTrles, the
same number as the number of frequency generators, but only 8 exifs.
The frequehcy generators are thus connected in groups of three so
that the frequency generators |, 2, and 3 have one exit called FG3,
4, 5, and 6 have exit FGﬁ etc. These 8 connection. p0|n+s are caIIed
FG3, "FG6, FG9, FGI12, FGIB Fcis, FGZI, and FG24.
6. Creafien of ‘a _souhd

You want a sound cone|s+|ng of a baslc *one wITh a frequency of- 200 Hz, -
an intensity of 70:dB, and with harmonic overTones, belng 1.5,.2 resp.

3 times higher than the basic Tone, each with a 3 dB lower intensity
than the closest preceeding tone. Each ?one shall be fed lnfo ‘a channel
of its own {each corner of the listening room}. The waveshape shali

be sine, 1. e. humber Q or numbér 1. The sound is +o sound during 30
seconds. How is this achieved with EMS-12

Solutlon:

| PART(ONE)

LT(8)
FGUI,2¢68,7¢,8)>CHACY, | 8d) ;
FG(4,308,67,8)>CHAL2, 188);
FGU7,400,64,8)CHAC3, 190);
FG(10,600,61,8)7CHAM4, 190)>
D(30000); |

PLAY

Commentary ‘o the soluf!on

Line |. For technical reasons all EMSl-programs*cons:sT of blocks.

One block contains at the most about 14.000 changes. The composer

must Indicate where»The block starts and where it ends. The beginhing
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of a block is 1ndica+ed by The word  PART{NUMBER) and the end WITh
END. Each PART must have a name. This is called (ONE).

Line 2 LT(Q) - Local Tlme - Tells when 1n the sound obJecT somefhihg 
Is to happeh. At The_f}me 0 the nearest following lines (3-7) are -
executed. ° ' ' SSUNRPS - o T Ty

Line 3. Freguency geheratehul Is heré”ééT'Tolfhekfrequgncylzoo Hz,
the level 70 dB,'andrsfne%wave, The frequency generaTorsk1; 2, and 3,
which are always connected, are further cohnected +orou+pu+ channel

| and Its out-level is set to 100 dB, meaning that you will not have
an9 relative amplification, 1.e..the sound level at listening will be
70 dB.

Lines 4-6. To be abie to connect the frequency generators further to

different places they must be chosenh so that they are not permanently

connected to each other..

Line 7. D(3¢¢¢¢) is an envelopé term. It is conneéTed'TO channel 4,
which. Thereby is made to keep its IeVeI durlng 30 seconds (30000 ms)
and then stop. As ho ofher +ime spec?f!cafioh eX|sTs, everyfhing stops

‘after 30 seconds.

Line 8. To TesT—IlsTen To the resuIT, use The order PLAY. Technlcally
the order results in the object being sorfed t T8 aII LT—Terms are
arranged iIn the right-order - Trahslafed To EMS~code, recorded on iis
magnetic +ape; and re-created In the studlo. .

To erase errors the prlnciple In EMS- | Is +o rewrite. If you have
wrltten for example:

LT(2198) FG(4,44@,92)>CHACI,T0gY;

LT(5408) FG(6,356,70,3)5CHA(4);

and want To chahge 92 into 80: ,

First, find out after which LT-term the féh]?'ls, then in which device,
and finally in which parameter. ' ' : }

If you are writing a text, the LT-term with the error is found by
writing LT{Z2188). Cohgéqﬁehfty, it 1s possible to correct errors
anytime anywhere in the existing text. After having found the LT-term,
the device is found by wr!fing its name - in this case the frequency
generator ho 4 - followed by the parameters of T@g device, Including
the corrected parameter. Write: :

LT(2100)FG(4,448,808) or  LT(2106)FG(4,,8¢)

and the efror ls corrected. |




6.3 CLEAR
At the console the order NOLLSTALL (set to zero) can be used to
make sure that ho old settings are left when the creation of af

hew sound is starting. The corresponding command In EMS-I-iS‘CLEAR:

SUMMING UP OF ELEMENTS [N EMS-I

Device terms:

~ AM(NO, ENTRY, LEVEL )
CD{NO; CHANNEL , LEVEL)
CHA(NO, LEVEL)
FF(NO, F1LTERCHANNEL , LEVEL)
FG(NO, FREQUENCY, LEVEL, WAVESHAPE)
NG(NO, LLEVEL,COLOUR! , COLOURZ )
RD(NO, CHANNEL , LEVEL)
REV(NO,REVT IM, LEVEL)
RM(NO, ENTRY, LEVEL)

Studio points:
FS 4
FG3,FG6,FG9,FGI12,FGI5,FGI8,FG2] ,FG24

Commands:
CLEAR

TEMP-commands:
PLAY

Local time: o ,
LT(MS}, LT(SEC,MS) Observe that LT(I,5) means the same as
LTC1,885), not LT(I,588).
" Envelope terms: -
ENV(LEVEL, LEVEL,MS, CURVESHAPE, STEP)
, T
D(MS)

Gliissando terms: :
GL1S{FREQUENCY , FREQUENCY , CURVESHAPE, STEP} ' 5;




Step terms:
ESTEP(MS)
GSTEP{MS)

EXIT stops the run and starts EMS-l for a new program.

» & sTaﬁdibeTween elements in connection chains,renyelope chains, and
glissando chains. If the chaln continues over several lines, I+
shall be divided so that one of these signs 1s the last on the |ine.

'; ought to end each chain.
<« cah be used in FG- and FF-terms.

*COMMENTARY' shall be used relatlvely often. Otherwise you will very soon

forget what a program is about.
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Examples of error printouts

In the following there are éome exémples'of_error prinfou?s; The first

example is commented here.

aposTrophes ('...'1 IT is a good habiT to wrife in The commentary what the:

program ts about as a help for The memory.

: PART (ONE)

(LT .

:FGUI, 238420)>CHACL, 188) ;

FGCI,230¢#)

g2 @il ILLEGAL DELIMITER . .

IEG(L, 238, 28)

!

: "ERROR NOW CORRECTED'

The Iines | and 2 are correct, but in the third Iine fhere;is-énlerror.

The composer is told so by The comouTer after he has written the third line
and made. a carrlage return. The error prlnfouf of the computer shows the
composer b&th FhE symBol where™ Theferror !s, and The. symbol whlch ThereafTer
is correct, and with which the ‘composer shalllend the correcfions.

On a new |lne the code for the error is wrltten with two numbers and the
description of the error 'ILLEGAL DELIMITER'. The error In this case is that
the symbol for d1sconnection has been written as a puncfuaTion mark in a
frequency generator term. The composer corrects the error by rewriting the
full FG-term, when the computer has told him that it is ready to receive
corrections by writing an-éXCIamaTion sign In the beginning of a new line.
After The correction the composer makes carriage“refurn, and The computer
writes a colon In the beginning of the following Ithe, thereby informing that
it is ready to receive more EMS-] text, which In this case Is placed before
the term CHACI, |gg). | -




FMsl V1.3
NAME OF INPUTFILF?

INTFRACTIVF MODE? YFS OR NO?

tPART(FELLD

fLTOED
PFGCL, 1RB#S0, 53
FGCO1,100# )
B f11 ILLEGAL DELIMITER

YFGCOL, 1BR,88.5)

!

FFGCT7, A5 752

FGLTah0s ¥

0z gle FLLEGAL FARAMETFER
VFGCOT7, 308, 75)

¥

s w0,

'THE SYMBQL A IS RESFRUYED TO DENOTE AN ENTRY [N AM-

INTERACTIVE MODE? YFS OR NO7

YES

tFGCI,2s 3,4,5)

F( )

G (e PART COMMAND FIRST THING IN
1

tPARTC2)

tFGC1,25 3, 455)

FGC1,223545 )

@2 Bl ILLEGAL NUMBER QOF PARAMFTERS
TFGC 15853240

1

IFGORS, 1806

FGLE5, b]
w2 121 ILLEGAL DEVICE NUMBREER
TEGOR4, 166D

1

TFPGOLR, LE3am

FGC 16, 1600

A& BLOCK!

OR RMTFBMS?

Bz hee ILLEGAL FREQUENCY GENFRATOER FRFQUFNCY

FRPGCOLES 15939¢
FGC 1A, 15999¢

gz @1l ILLEGAL DFLIMITEER
PFGC 165, 159929)

1

tFG(8.5258)

FG(Bs»5)

Be Be3 ILLEGAL FREQUENCY GENEBATOR
TFGC8,,,7) -

!

tFGC12,5 120250

FGUI2,5120.25%)

WAUFFORM

ga Bad [LLEGAL FBREQUENCY GENERATOR INTENSITY

'
SFGCLE, s 1280

F2



FF(1.29,1021)

FF(1,29, )

pe 121 ILLEGAL DEVICFE NUMRBER
TFFC1,285,1212

FF(l1s:28,121>

Az B33 ILLEGAL FREQUENCY FILTFR INTFNSITY
PFRCL1. 28,1200

¥

SAMPC 3D

AMPC 3D
02 121 ILLEFGAL DEVICE NIUMBFR
TamMP(2)

1

PFGLeM)>CHAC LY S

A

02 051 ILLEGAL (DIS-3 CONNECTION
TFGCR4Y>FERA>CHAC LD S

L]

*REV(Z2: 16,98

REV(E5 16, )

Bz neg ILLFEGAL REVERRBATION TIMF
YREV(Z2, 15,38)

Y

TREV(Z, 0, 1300

REV(Z, 05 1362
9e D63 ' ILLFGAL REVERBATION INTENSITY
TREV(Z2,0, 123

§

RN Gp]

DCO

ve a7a TIMFE MISSING IN D-TEFRM
'DC186s

¥

: DO

D9
a2 71 ILLEGAL TIMFE

FDC 1

De o

ae 245 FNV OR GLISTIME LESS THAN STFP
TESTEPC 1)

1D

!

NG 1,90, RLUED

NG( 1,98, BLUE

B4 gem SYMBQL, NOT DEFINED

INGC L9808

NGC1-90s8)

@2 @81 TLLEGAL NOISE COLOUR
INGC 1,98, PINK)

1]

sNG( 1, 156

NGC 1, 1502

@z gE e ILLEGAL NOISE INTENSITY
INGC1s 1280

1

tAMC 3B, 10

A 3, b
Qe 121 ILLEGAL DEVICFE NUMRBER
YAMOZ2, PINK)

AM(C 2, PINKY
@0e @92 TLLEGAL AMPLITUDF MODULATOR BENTRY
PAM(2,8B, 170

AMC 2, B, 1760
o2 733 ILLEGAL AMPLITUD MODULATOR INTFNSITY

!

F3
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a

tRM{ 1, PINK.9

RM(C 15 PINK,

Ge 192 ILLFGAL RING MODULATOR FNTRY
TRMC1,B, 148D

MO 1,8, 1480

ge 193 ILLEGAL BING MODULATOR INTENSITY
TRMC 1, By 128D

1

sCDCiIs4: 1500

CDC 1,415

a2 t1e ILLEGAL CHANNFEIL., DISTRIBUTCOR INTENSITY
1

SAT3,~18)

ATC(3,-10)

02 150 ILLEGAL AYNALOG TAPE INTENEITY
TATC 3, 10)

i

:CHAC L, 180262

CHAC 1, 1008)

e 142 TLLEGAL CHANNEL INTENSITY
'CHAC 15 100)

!

PESTERPCAD

ESTERPC®?

pe 281 ILLEGAL ESTEP vaLUE
YESTEPC 10)

!

SFGCL)>ENVC 100, 128003

>ENUCLIOGs 12825

a2 241 ILLEGAL ENV SYNTAX
TFGCLY>ENVO 120,80, 180685

1

P>ENVC 100, 130, 10002

SENVCO 100, 130, p]

@z 242 [LLEGAL ENV AMPLITUDE
I=ENV 120, 126, 10062

i
>ENVE®, 110,00

>ENV(80, 116,00

2e 245 ENV OR GLISTIME LFSS THAN STEP
1

$RENUC 118, 106, 10, 182

>ENVCL118, 106, 10, 10D

ge a4a7 ILLEGAL FENVELOPE TYPE
P2ENVOLLIG, 106, 10,9

1

ENUC 2

@gg . 251 NO DEVICE TO ENV GIVEN

!

sLTC-5, 1782

LTC(~-%5, ]

we 261 ILLEGAL LOCAL TIME VALUE
YLTCS, 17&0

1

:GSTEPC - 4)

G5TEP(-4)
02 271 ILLEGAL GSTEP VALUF
FGSTEPC 4)

!

FF(1,28)>GLI SCA440,8806, 108025

> GLI SC p]

4P 361 NO DEVICE TO GLISSANDO GIUFRN
TFGC155828)>GLISCA440,5860, 100825

1

F4



tFG(7Y>GLITC1) S
>GLISC1Y3
pe 3@2 ILLEGAL GLISSYNTAX
VFGC7)>CLISC 108, 300, 2100)
1
:FGCE)>GLISC300, 102, 8
>GLISC300s 100, 8)
ne 045 ENV OF GLISTIME LESS THAN STFP
1>GLISC300, 100 300, ~18)
>GLISC300, 100, 358, - 16)
ne 304 ILLEGAL GLIS TYFE
1>GLI SC 380, 180, 300, -9)
'
1> GLISCOs 1EQAYs 30005 -4)
>GLISC0, 16000, )
B2 305 ILLFEGAL GLIS FRFQUENCY
1>GLISC@s 15999, 3060, ~4)

F5
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In the following one of‘several'possibfe working procedures is

- described. It Is based on the assumption that a composer creates his -

music structure by letting, as a basis, a group of single tones
compose a sound-object, and that he further creates his structure

with the help of such sound~obJjects. The single tones we call

sounds, a group of sounds an object, and a group of objects a PART.

With This technique the composer can bulid up a structure in the
form of a series of objects and PARTS. He can also work in two
steps, T.e. first build up a conditional series of objects, and,

later oh, place these objects in the right order with The help

EMS-2
7. Working procedures
7.1 General
of their names.
7.2 TEMP,  ACC, and AUX

The conscle works ih such a way that a sound is sTored in a register,

which In its turn is transferred to and sTored on a d|g|+ai tape.
During PLAY the information passes a buffer memory, before it is
restored In the regIsTer, and recreates the sound. What in EMS-2

best corresponds to the register of the console, is called TEMP,

'ACC, and AUX. EMS-2 has, in other words, three different storages.

where the console has one. This can be used so that a sound is builift
up in TEMP and Transferred +o ACC fThe command Ts MIX or APP). A new
sound can be built up in TEMP, and the two souhds be mixed and brought
back to ACC. The composer also has access to a TesT—meing, Where he
can listen to the resulfrand maybe change the latest sbund, This
differs from the final mixing, where the result cannot be divided
agalh. He must, of course, make sure that the object is mixab!e, i.e.
that one object deoes not use a device, which is also used in the

other one. When one PART is completed, you write END, and The contents

ih ACC is transferred to a magnefic tape.




7.3

7.4

7'5

7.6

7.7

e

Transmission of a sound in TEMP to ACC

A sound in TEMP is transferred to ACC via-+he command MIX(START).
Technlical ly, the command causes a sorting of the sound in TEMP,

l.e. the sound is transferred to ACC. TEMP is prepafed to have a

hew sound put in.'(éTART) Indicates the time reference for the

souhd in TEMP, whén TEMP is sorted fogéfher with a possible previous
content in ACC. When the sounds In TEMP and ACC are mixed, they
cdnseqﬂenT!y heed not start at the same time. ACC always starts at
LT{B), while TEMP for instance can be shifted 20 ms by writing
MIX(28) o

Test-mixing

When the composer wants to test—listen to a mixing he uses the command
TRY(START). If he Is satisfied with the result and wants to make a
definlte mixing, he uses MIX(START)}. Otherwise, he can make TRY with
another sTarTing time or use CLEAR.

CLEAR and CLEAR(MIX) -

The command CLEAR causes ah erasure in TEMP of the oid'séffihgs.

In the same way ACC canh be erased-by the order CLEAR(MIX). Both

TEMP and ACC can be erased at the same time with the order CLEAR(ALL).
However, CLEAR does not change any+settings gTréadyﬁexisTing in ACC,
nor CLEAR{MIX) anything rema:nlng from a previous block. At MIX, CLEAR
occurs too. At END, CLEAR(MiX) occurs.

Observe that PART(NUMBER) is not erased, being no setting.

The setfling to zero of TEMP at MIX can be neutrallzed if KEEP follows
immediately. The same is valid for ACC it KEEP(MIX) follows immediately
after END. This can be explained by saying that affer a CLEAR you

start again: in TEMP and erTe-over the [ines, which used to be there,
but after KEEP you continue to write where you ended. |f, for instance,
you want to sort In the same object at dlfferent times, you can write
MIX{time 1); KEEP (to regaln the object); MiX(time 2), etc. '

The console order SPELA (play) is in EMS-2 equivalent to PLAY, PLAY{MIX),
PLAY(ALL), PLAY(ONE), and PLAY(ONE,TWO).

_ N
The command PLAY means that the sound bullt up in"TEMP is played.
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7.9

7.15

7.16

N

The command PLAY(MIX) means that the sound stored 1n ACC is played.

The command PLAY(ALL) means that a!l ready PARTS are played. Thereafter
ACC 1s played.

The command PLAY(PART |, PART 2) means that the part of the composition,
which starts wlth PART | and enhds with PART 2, 1s played. PLAY(PART 1)
meahs that The part PART | is played. '

If you want to see the sound bull+ up 1h TEMP as a sound-object with
I'ts own object-name, you give the sound thls object-hame by the order
SAVE{NAME), for Instance SAVE(ADAM)Y. The corresponding text is then
stored on the DEC~tape. ‘

If, instead of creating a new sound in TEMP, you wanht to recall a
previous sound, which has been given an object-name and thus been
transformed info an object, use fhe command CALL(NAME), for instance
CALL(ADAM). If you, furthermore, want the text of_fhe object ADAM
wrinen out on the commentary medium, this is made by TOP({NAME}

fol lowed by LOOK(NUMBER), wheré NUMBER Is an integer, the number of

| ines you want to have atlook at.

An object 1s added to an object by the command AEP,imeaning that the
object stored in TEMP ié appended after The‘objeéf stored 1h ACCy
lf, for instance, you have flirst called the object ADAM3 to TEMP

and then stored ADAM3 in ACC with the order MIX{START), you can let
ADAM3 be followed by The objécT ADAM4 by calling ADAM4 to TEMP,
followed by the command APP:

TOP(ADAM3) TOP(ADAM4 )
LOOK(3) " LOOK(58)
CALL(ADAM3) CALL(ADAM4)
MIX(8) ' APP

If you are uncertain if it sounds good to let ADAM3 be fol lowed by
ADAM4, you cah first test~listen to the object succession by using
the command TRAPP (short for TRY and APP}, whereupon you can definitely

-decide with the order APP.

. {r..
To better understand the different commands used in order to get
orientated in an already stored material, for example the object in

your own object library, we introduce pointer, a compufer technical
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conceptlion. A poinTerr}oinfs to what is to be used in a coming
operation. The pointer can be made to polnt at the first line in

a file named NAME, and this file contains - or is - The object.

This is done by the command TOP(NAME). The composer can tThen do
something with the object with this name, for Instance read in

| tnes from it with an IN-command. He.Then‘recelVes'These tines from
the flle and does not have To write what is written there on the
commentary mediuﬁ. Within the object The.poinTer can point out the
different lines, and the composer can then via commands do something
with the line the pointer points at, for instance move the pointer
fo the next |lne byva SKIP-command. After TOP(ADAM), where the pointer
is placed in the beginning of the object ADAM, the pointer can be
moved to point at line 51 with the help of SKIP(50). |

At this point we will also infroduce another technical conception.
Saying that an object is in TEMP means that the object is stored on
a disk, which we from now on will call the TEMP-disk. Consequently,
an object s not automatically in TEMP because it is.written out on
the TeIeTybe. If the composer only wants 1o have a lodk'a? what he
has written In the object, It is enough to wrlte it on the teletype,
and the obJect heeds not bé in TEMP. ' |

To have a look at an object use the cOmmahd_TOP(NAMEf;'fcllowed by
LOOK(NUMBER) . The number of Iines of the object asked £6r, are then
written out on the Telef?pe. The flrst Iine written out is also the
first line of The object. If; however, the ffrsT 20 lines are not
+o be written out, but only the ten lines from 21 to 30, write:

TOP (NAME ) |

SKIP(28)

LOOK(19)

" or

TOP{NAME)
SKIP(38)
LOOK( 18}

SKIP{2)}

LOCK(5)

etc. etc.

LA

The difference between only looking at the object and fo also have
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it in TEMP, is that you cannot transfer te ACC an object which Is not

in TEMP. To be able-to perform commands itke MIX, the obJect must

be in TEMP. We place an object in TEMP with the command CALL(NAME).

The whole object Is +hen:read ih to the TEMP-disk. If we do nct heed '
to have the full object Tn-TEMP; we canh use the orders IN{NUMBER)

and SKIP(NUMBER]. THe order SKIP is consequent!y used both for excluding
something in an object on the teletype and for ext¢iuding something on

. the TEMP-disk. On the other hahd, the command LOOK has been replaced

by the commanhd IN, for reading Into the TEMP-file. We can consequently
write: CALL(ADAM) if we want fo have the whole object én the TEMP-disk.
[f we only want to have the first ten |ines, we write:

TOP(ADAM)

INCIg)

If we first want to look at an object in order to possibly later on
read In only parts of the object on the TEMP-disk, we can, for:insfance,
write like this:

“TOP(ADAM)

LOOK( | gg@@)

TOP{ADAM)

SKIPCH)

IN(28)

SKIP(3¢)

IN(27) ,

The lines 2 to 2| plus the |lines 52 to 78 have then been read into
The TEMP~disk and can theh be made into an obJect with its own name
with the order SAVE(NAME).

Even if it is hecessary that the object is stored in TEMP to be able
to transfer it to ACC, it Is noT hecessary that the object is in TEMP
to be able to correct errors in It. The following error correction

procedure can be used.

The first {lne 1n an obJect is wrong. We call the object to the display
by TOP, followed by a LOOK. We observe that the first line is wrong.
With the order SKIP{1) we eliminate the first |ine and write in the
correct one. Thereafter we use the command IN and thereby read the
object to TEMP. | '

£



TOP({ADAM)

LOOK(5)

SKIP(1)

CLEAR
LT¢1,448,88,2) . .
IN(56) )

The fifth line is the correct text. The command CLEAR is made if
we want to store the corrected version of the object in the
I'ibrary agaln, but avoid to get any old ferms, possibly already
in TEMP.

A last example:

To correct an error In an object in the object {ibrafy, for instance.
use waveshape 4 Instead of 2 in generator no 5 starting to sound at
LT(28@@) and written in line 4 in the object ADAM3, and make this

_correcTion on the TEMP-disk, write:

|.  TOP(ADAM3)

2. LOOK(28)

3, IN(I3)

4.  SKIP(1)

5. LT(20¢@)FG(5,263,83,4)
6.  IN(27) |
CommenTaEy:

Line 2. LOOK writes out the text of the object on the display.

Line 3. The number in the parenthesis tells how many [ines we want
to have read in. ' '

Line 4. Skip The erraneous iine..

Line 5. Enter the correct text.

Line 6. Read in the rest of the text of ADAM3.

Always choose a number rather on the large side so That you make

- sure that all {ines can be included.

If we have made such Important changes that we want to give the
object a new hame, we use the commands: ' - '
SAVE(EVA)

ERASE(ADAM)
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.18

19

22,

meaning that the new name Is EVA and that ADAM is erased on the DT.(Be
careful In using ERASE, as it erases the whole object ADAM. You must be
positive that you will not need it again.)

PART (NUMBER} and END . _ ‘

The composer can Jjoin his objects |n+o parfs of a composiflon, here cailed
PART(NUMBER}. For technical reasons The composer must always sTarT the
creation of the first sound with the command PART(NUMBER), for Instance

. PART(ONE). Also for technical reasons, he must hot use more than about ,
14000 changes within each PART of the composition. A PART is ended with the -

command END. There are ho technical obstacles fto be generous with the num-
ber. of PARTS, the composition is divided into. After END, the part Is on
magnetic Tépe under the name given after PART, and in such a form that i+t
can be played in the studio Tmmedfafely. The next PART comes imhediafe!y
after END, and keeps all the values which the preceed ing PART has left.

The command STDTIM, standard time, allows a variation of the fempo in
which the composition is to be played. The reference for the tempo is
written as STDTIM( | §@@), meaning that the composif?on,is played in the
temposdecided by indication of the Local time terms. Thé:number 1000 stands -
here for 000 ms, and the term means Thaf programmed 000 ms shalt be per-
formed during 1000 ms, [.e. without ahy modifications. If we write

STDT IM(2088) the tempo has been doubled, as 2000 ms now Is To be played
within. 000 ms. The corresponding commanhd to play the comp051T|on with
half .speed is naturally STDTIM(5@@). STDTIM can consequent!ly be considered
as a metronome tempo, more precisely the humber of "beats with the length
of a formal millisecond" during one second real time. STDTIM 1s of Iimport-
ance only to the play-commands and is validrfor all performances until It
is rechanged.

Exercise 4:

A.

Hz

1000

500

Realize the two short compositions described in the following diagrams:

4

E

! e e Sek.




How to solvwe exercise 4.

_(diagram'A}

PART (TWO)

LT(@)

FG3&4FG6&FGO&FGI2>CHA (Y, 1 ¢) ; S
FG1, 10)FG(2, 208)FG(3, 306)FC(4, 400 FG5, 5005 -
FG(6,608)FG(7, 766)FG(8,808)FG(9,908)FG 18, 1608);
FGUILL, HIBBIFGLI2, | 268) ; '

LT(3) Fel4,,88)x>D{4088)

LT(2,) FG(6,,88)>D(4083),

LT(3,) FG(8,,80)>D(30gdY;

LT(5,) FG(2,,8@)>D(20¢¢);

LT(7,) FG(12,,88)>D(2008);

LT(7,5¢8) FG(9,,88)>D{25¢0),

LT(8,) FG{6,,80)>D(1¢0d);

LT(8,5¢@) FG(4,,88)>D(150¢);

LT(1g,588) FG(4,,88)>D(75@8),

FGle,,80)>D(7000),

FG(8,,80)>D(6508);

FG(12,,80)>D(5580)) ,
LT(12,) FG(5,,80)>D(1 | #¢0); SR
LT(13,) FG(7,,88)>D(7889); '

LT(13,588)  FG(9,,80)>D(5500),

cont.
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LT(14,) Fe(Ig,,8d)>D(9808);
LT(21,) FG(2,25¢,8¢)>D(4¢¢¢);

MiX

END
8. Macros and vartables
8.1 Macros

O @~ o AW N

To realize the diagram B the following 1s done.

Cl, DI, efc. stand for fTones ih The ohe marked octave:

PART{ONE)

LT(@) FG3>CHA(L, 188);

FG(1,262,80,3)>D(40@);

LT(5¢d) FG(1,,88)>D(408);

LT(L,50¢) FG(3,338,8¢)>D(488);

LT(2,) FG(2,294,80,3)>D(4¢0);

LT(2,588) FG(2,,80)>D(4¢g); o

After only three seconds, we remark that This ls getting laborious

s there no other way?

There are few frequencies and few durations. For each of these
repeated sounds, it is possible to defline so called macros for _
the corresponding terms or group of terms. With +he hefp of macros

the sequence would ook as below:. |

In the [ines 2-6 we give the names Cl, DI, etc. to the five FG-terms
that need to be used. In |ine 7-9 némes are given To The three
D-terms needed. In the following Cl cah be written instead of the
full term, etc. and a more readable program with less labour is
achleved.

i PART (ONE)
Cl="FG(I,262,88,3)";
DI="FG(2,294,88,31";

EI="FG(3,336,88,3)";
Fi="FG(4,349,88,3)}";
61="FG{(5,392,88,3)";
DURI9="D(19¢@)";
DURS="D{S@¢)";
DUR4="D(40¢)";

cont.
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LT(BIFG(1<6)>CHACI, 166);
Ct>DUR4; o
LT(568)C1>DUR4 ;
LTCI,)CI>DURS;

. LTC1,588)EI>DUR4;

LT(2,)DI>DUR4;

LT(2,5¢8)DI>DUR4;

LT(3,)DI>DUR4;
LT(3,58@)F i>DUR4;
LT(4,)E|>DUR4;
LT(4,588)E1>DUR4;
LT(5,)DI>DUR4;
LT(5,5@8)D1>DUR4;
LT(6,)CI>DURIQ
SAVE({ADAM)

CLEAR
LT(@)FG(1>6)>CHALI, 1 38);
EI>DUR4; !
LT(,588)E|>DURS;
LT(l,)EI-DUR4;
LT¢1,508)EI>DURS;

LT(2,)GI>DURY;

LT(3, Fi>DURY;
LT(4, )DI>DUR4;
LT(4,5@¢@)D|>DUR4;
LT(5, )DI>DUR4;
LT(5,58@3D1>DUR4;;
LT(6, }F i=DURY; -
LT(7, )Ei>DURS;
SAVE(BERTIL)
CLEAR

CALL(ADAM)

MiX

CALL(BERTIL)
MIX(89g@)
CALL(ADAM)
MIX( 1 6808)

PLAY (M1X)

END

25,
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- 26,

Here we define the two objects ADAM and BERTIL. We then make a
CLEAR to set the TEMP-file to zero as initial condition. The

symbcl table is not concerhed by CLEAR and the macro deflinitions
remaln therefore. .;_ :

By CALL(ADAM} the sound object ADAM Is read.

By MIX, ADAM is transferred to ACC. The effect is also the same as
after CLEAR, and after CALL{BERTIL) the sound object BERTIL is the
only remalning object in TEMP. By MIX(8@@@) BERTIL Ts inserted 8
seconds into ACC. The sound object ADAM retutrns after 16 seconds
from the beginning of ACC.

A macro is defined in the following way:
macro-name== "a text which can be terms or group of terms'";
The name shal!l consist of maximum six letters and/or numbers,

out of which the first must be a ]effer,

Exercise 5:

We want to create a tonica-dominant-subdominant- sequence (T-D-T-S)
and want It to sound with three different levels, 70, 80, and 90 dB.

A frequency table is in appendix 3.

How .to solve exercise 5.

PART (TWO)
FREMAT="FG(|,262,,3);FG(2,338,,3);FG(3,392,,3)";
FREMADZ"FG(3,392,,3);FG(2,494,3);FG(1,587,,3);"
FREMAS="FG(1,262,,3);FG(2,208,,3);F6(3,175,,3);"
NIVIZYFG( le3, ,76)";

NIV2="FG( le3, ,80)";

NIV3="FG( 3, ,90)";

NIVS"NIVIY;
SEKVMA="LT(@);NIV;FREMAT;LT(2,50@) FREMAD;

LT (4, )FREMAT; LT(6, YFREMAS; FG (1«3 )>D( | 58@) ;"
LT(BIFG3>CHAL |, | @) ; '

SEKVMA

MIX{@)

NIV="NIV2"

SEKVMA

MIX{(7588)

cont.
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8.3

8.4

NIV="NIVEY
SERVMA -
MIX{ L 5P88) i

PLAY (MIX)

END

Observe that NIV'and SEKVMA are mécr0555ﬁﬁiéh ih their turn call
other macros. When SEKVMA is called, It calls. in Its turn NIV,

which calils NIVI, which sé?g‘fhe=ieve1 to 70.dB Ih +the first three
frequency generators. The control ls returned to SEKVMA, which

then calls FREMAT, and 'so oh. TEMP Ié sorted over to ACC by MiX{d).
After this TEMP ls CLEARed, but the macro definitions still remain
in the symbol table. The macro NIV Is redefined and executes NIVZ2,
next time It is used by SEKVMA. By MIX(758@) ‘the result from SEKVMA
is sorted, l.e. a serles of chords, now with the level 80 dB into
ACK. The third thord sequence Is realized in the same way wifﬁ NiVBV
and MIX(15009) . ‘ | o |

oLD

In a case where the starting value'of an envelope- or glissando term

‘is the same as that of the previous term, it is possible to write

OLD instead. If you want to shift the value of & preceed ing term,

for insfance with 10 upwards or downwards,xwkiTS?OLD¥!ﬁ resp OLfoﬁ,

Example: ' o |

LT(&) A

FG1, 188, 8)=ENV(OLD, | ¢8, 580, 2)>ENV(OLD;OLD, | 3@ >
ENV(OLD, 5@, 508, 2)>Z;

LTCI88@)IFG(|,0LD-5@, | @@Y>ENV(OLD+18,8,6080,3) ;

Observe that OLD Is no variable and therefore must be used solely

in ENV-, GLIS-, and device-terms. -

Constants

In EMS-2 there is a possibi!lity fTo signify numerical values with

a symbol instead of stating them exp}lcif1y, i.e. give a name fo The
numerical value. This Is done in the following way: '
KALLE=44@;
ANDERS=23
Al=44(

cont.
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28,

MF=70; F=80;FFM=90;-
A@=22¢;FQ=I75;CI=262;
El=338;G1=392;H1=4924;
0D2=582;

The solution to the exercise above cah’%hen be written like this:
FREMAT="FG{|,CI,,3)FG(2,F1,,3)FG(3,61,,3)";
FREMAD="FG(3,GI,,3)FG(2,HI, ,3)FG(1,D2,,3)";
FREMAS="FG(1,C1,,3)FG(2,Ad, ,3)FG(3,FE, ,3)";

NIVI="FG(1€3, ,MF)";

NIVZ2="FG(1e3, ,F)";

NIV3="FG( 1«3, , FFM)";

Variables

T is possible, if desired, to give numerical values fo names and
use the name in the place of the figures.

AB=1gg;

FG(1,AB);

AB=20@;

FG(1,AB);

If you write AB==17 the variabfe AB is proTecféd;from_fgrfher cHanges.
This possibility to change values is especially Qééful in connection
with macros. This can be iilusfrafed by reatizing the exampie in 6.1
(EMS-1) in a~more simple way:

PART(ONE}

CLEAR

LT(d)

MI="FG(NR, FREQ, NiV,@ CHA(NO, 18d);";

NR=1; FREQ=20¢; NIV=7¢;NO=1 ;

Mt ;

NR=4; FREQ=3Q¢; NtV=b7;NO=2; ,.

Ml; :

NR=7; FREQ=40@; N1V=64 ;N0=3;

Ml ;

NR=1@; FREQ=6@@; NLV=61;NO=4; ‘

Mi; _ 8.

LT(38, JCHAL | )>Z; '

cont.
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SAVE (ADAM)
MIX(@)
PLAY(MIX)
END;

. Exercise 6:
Realize the chord example in the same way by using 3 macros lnstead
of 8,

How to solve exercise 6:

PART (TWO)
FREMAA="FG (! ,FREQ!, ,3)FG(2,FREQ2, ,3)FG(3,FREQ3,,3)";
NIVAA="FG(1>3, ,DB>CHA(], 168)>D(7508)";
SEKVMA="LT (§)NIVAA; FREQ! =262; FREQZ 33&
FREQ3=392; FREMAA;-
LT(2,5¢¢)FREQZ=294;FREQI=587;FREMAA;,'
- © LT(4,)FREQ|=262;FREQ2=33%; FREMAA;
LT(6, )FREQ2=208; FREQ3=175; FREMAA; "
LT(@)
DB=7@; SEKVMA;
MIX(@)
DB=8@; SEKVMA;
MIX(7508)
DB=9@ ; SEKVMA;
MIX( 1 5¢88)
PLAY(M[X)
END

The so called macro expansion of SEKVMA locks as follows:

LT(#) '

FG(ie3, ,DB)>CHA(I, | 8@)>Dt75088) ;

FREQI =262;FREQ2= =330; etc.,

i.e. all that the used macros have done. By MIX(75¢¢) all w:il
therefore be sorted in again starting at 7.5 seconds, but we will
flrst give the variable DB a new value, 80. In +hé"-same way the
chord sequency is sorted in at 15 seconds with the leve! 90. Another

variation Is that the duration {ds set on a CHA-term in the level-macro.
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Exercise 7:
Reallze the example below. 1t is not al{owed 16 use other variables
+han OLD: ' o

dB

1909 |

How 1o solve exercise 7:

PART (THREE )

CLEAR o :
MI="ENV(OLD,OLD+ | #,38@)>ENV(OLD,O0LD-2¢,784)";
LT () '

FG(I, 1 8@,98,6)5MIsMI>MI>MI>Mi>ME-CHACL, 1 88) ;
SAVE(DESCND)

MIX

PLAY{MIX)

END
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Exercise 8:

Realize the example below:

dB . CHA(2)
CHA .
00 4__CHAD) | S S
e —=eni
S0
80 . . . : . - — y b-
C 0 ! 2 3 4 5 6 7 -sek
Hz relfativ begynnelsefrekvens 4" 7 sek
O‘—u—m_‘ — . - - . » P
(10
-50 |
o
sek

Channel | and channel 2 shal!l vary between 8¢ and !#% dB according to
the first figure. The frequency generators are given the following
starting frequencies: FG(l) 400 Hz

F6(2) 590 Hz

FG(3) 780 Hz

Each of these three frequencles are deduced With 60 Hz aCcérdfng to
the second figure. The level of the three frequencies goes from 90
To 80 dB.during the seven seconds the sound lasts.
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How to solve exercise 8: -

PART (FOUR)

CLEAR

LT(8) | o
FG(1,488)4FG(2,598)4FG(3,780)>
ENV(O@,88,7008)>
GLIS(OLD,OLD- 18, 3098)>

© GLIS(OLD,OLD-48, | ¢gg)>

GLIS(OLD,OLD-1¢,380d);

FG3>CHA( 1 )>ENV (188,96, 5508)>ENV(96, 88, 1 508) ;
FG3>CHA(2)>~ENV (88, 96, | 588)> ENV(96, | 88, 5508) ;
SAVE( SWOCHE) |
MIX

PLAY (MIX)

END

SUMMARY OF ELEMENTS IN EMS-2

Device terms:

AM(NO, ENTRY, LEVEL)

RD(NO, CHANNEL,, LEVEL)

CDNO, CHANNEL; LEVEL)

CHA(NO, LEVELY

FF(NO, F| LTERCHANNEL, LEVEL )
FG{NO, FREQUENCY, LEVEL, WAVEFORM)
NG(NO, LEVEL,COLOUR| , COLOURZ)
REV(NO, REVT IM, LEVEL)

RM(NO, ENTRY, LEVEL)

Studio points:

Commands:

FS
FG3,FG6,FG9,FGI2,FGI5,FGI8,FG2],FG24

APP |
CLEAR, CLEAR(MIX), CLEAR(ALL)
DELETE(SYMBOL)

KEEP, KEEP(MIX), KEEP(ALL)
MIX(TIME)

STDT IM(MS)

32.
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TEMP commands:
CALL(F ) LENAME)
ERASE(F | LENAME)
INCLINENUMBER)
LOOK( L1 NENUMBER) )
PLAY, PLAY(MIX), PLAY(PARTNAME), PLAY(PART!;PART2) |
REPL(F1LENMAE ) (functions as ERASE fol lowed by SAVE)
SAVE(F | LENAME) '

SKIP(L]NENUMBER)
TOPCF | LENAME )

TRAPP

TRY, TRY(MS), TRY(SEC,MS)

Allow a |ine of its own to each command.

Local time:
LT(MS), LT(SEC)MS)
Observe that LT{!,5) means the same as LT(!,f@#5), not LT(I,BQQ).

Envelope ferms: N
ENV(LEVEL, LEVEL,MS, CURVESHAPE, STEP)
Z functions as ENV(OLD,d,18,8,16)
D(MS) functions as ENV(OLD,OLD,MS)>Z

Glissando terms: .
GL1S(FREQUENCY, FREQUENCY,MS,CURVESHAPE, STEP}

Step terms:
ESTEP(MS)
GSTEP(MS)

EXIT interrupts the run and starts up EMS-I| for a new program.

>, #, & stand befween elements in connection chalns, envelope chains and
glissando chains. |f the chain contlhues over several lines 1+
shall be divided so that one o6f these signs Is the last ohe on the

| ine.

; ought to end each chaih

can be used in FG- and FF—Terms
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TCOMMENTARY!
H TS‘adVIsable . to use commentaries often. 1 is easy Yo forget

very soch what a program is about.

MACRO-NAME="...TEXT..." |
Macro definition. [t is net allowed to write anything else on the

same |ine after the end-sign.
MEX Can be Tncluded in the macro text (MACRO-EXITI.

Macros canh call each other up to 100 fevels. No macro must ‘include
CALL.

}r Arithmetic operation for exponentliation.
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Arltthmetic opera?uons D :
Besides the poss;billfy to give a number To a symbo[ it is also
possible to glve a symbol a value, as a result of an arithmetic
expression.

Example:

Al=20; A2=23; A3=5;

Ad=A2-Al+A3; A4=A4-5;

gives the result A4=3.

This operation is eépecia!ly useful together with macros. A variable
can theh be increased or decreased with a certain quantity each
time a certaln macro is called.
We réTurn_To the example in 6.1 (EMS-[)

| "PART (ONE)

CLEAR

MI="FG(NR, FREQ NiV,@)>CHA(NO, I¢¢)>D(3ﬁ6¢¢),

NR=NR+3 ;NO=NO+| ;NIV=NIV-3;

LT(BINR=;NIV=78;NO=1; FREQ=204;
M

FREQ=38d;MI ;

FREQ=44( ;M ;

FREQ=6@%;M| ;

SAVE(ADAM)

MIX (@)

PLAY(MIX)

END

AT R o T o Y S )

-_— =

W N

Line 3-4: The macro is defined as In 8.5 but with the addition of

NR=KR+3; NO=NO+|; NiV=N|V-3;

This addition gives the resulf that each Tlme the macro is used,

the value of NR is increased with 3, NO with | and N1V is decreased
with 3, giving these variables The values whlch shall be in the FG-

expression hext time the macro is used. &,

Line 5: Here NR=1; NIV=78; FREQ=2p(;

These values are used in the macro at the call on line 6 and are
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“a

then automatically changed to 4,2 reéb 67.

Line 7: FREQ is sé+ o 300 and used together with the values NR=4,

NO= 2, and NIV=67 in the macro. NR NO and N!V are Thereby changed .
to resp. 7,3,64, TBtE, f“; : - " -, ) o

The T!me in EMS*I is indicated with The Tlme from The sfarT of TheL
obJecT, i.e. absolute Tlme.‘ln£some cases It would be better with
relative time, i.e. to be ab}ea+o Indicate how long a cerfainffimé'
Iindication shall last wiThOUT.havihg to calculate the time for the
next occasion. _ ' ' '

We will now show how to use relative tlme indlcation with the help-

of variables which automatically are incremented in a macro,:ahd
thereby also with the help of a macro on a higher level, éan represeny

a whole sequence of occaslons to be executed at different times.

Examples of automatic updating In a macro ,
Supposé‘fhaT the sound-object Is not !onger +han . 99999 ms. Local
time can then be indicated In only milliseconds. Suppose fbrTher
that we want a macro which Togefher‘w1+h-+he variables TICK and TACK
work in the following way: In the beginning of the souhd-object

TICK 15 set to zero. The object is supposed to start -with a:LT(ﬁ).
TICK is then Increased ‘l|ittie by Itttle and Ind]éé+é§ absolute time
within the sound-bbjecf.. ' R ' o
PART(ONE)

LTLd)

'definition of the macro RELTID'

TICK=¢ | |

'other macro definitlons, opéraTions, etc. to be executed af‘fhe
time zero! |

TACK=the TlmerunTll next occasion

RELTID

other macrocalls and operations to be executed at this Timeﬁ‘
TACK=the time until next occasion | ‘
RELTID '
ETC



Exercise 9:

Describe the macro definition for RELTID.

How to soiva exerc:se 9

The macro RELTID looks as fotIOWS;ﬁ‘**é?

RELTID="TICK=TICK+TACK; LT(TICK}" -

Nafurally, It is possible to mix—The use of relaTlve +1me and
absolute time, or set TICK to" zerd ahd sTarT describing a parallel

sequence.

- Exercise 10: _
Use the macro RELTID in the chord example in 8.2, The tonica s at
odd occaslons 2.5 secbnds (f.e. flirst, third, fifth, ... time} and

at even oécasjons 2 seconds. The domihant is as the subdominant 1.5

secohds.
PART (TWOX *

" as before

SEKVMA="RELTID;NIM}FREMAT;
TACK=25@@; RELT ID; FREMAD;
TACK=15@@;RELTID; FREMAT;
TACK=20@¢; RELTD; FREMAS;
TICK=@; TACK=(; SEKYMA:
NIV="NIVZY '
TACK= 50¢ ; SEKVMA
NIV=""N{V3"
TACK=150¢ ; SEKVMA
FG(I =3)>D(15¢8);
MIX;
PLAY (MIX)

. END;

TACK=...;RELTID can also be Included in the macro definitions:

cont.
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FREMAT="FG(1.,262,,3)FG(2,338,,3)

FG(3,392,,3);RELTID" o :

FREMAD="FG(3,392)FG(2,494)FG(1,587); TACK=| 56@;RELT ID"

FREMAS="FG(|,262)FG&2, 268)FG(3, 175) ; TACK=1 58#;RELT I D"

SEKVMA=""NIV; TACK=25@¢ ; FREMAT ; FREMAD; TACK=2088
FREMAS"

.
*

FREMAT must be given the value of TACK, as two different values
are used. FREMAD and ?REMAS contain ih themselves the value 1500
of TACK.
Example: |
The chord example in 8.2 can bé re-formulated in the following
Way:;i:'ﬁ- .
We want tTo have different appearance of the chord +¢hes; so that
the lower tones are attenuated somewhat faster than the higher ohes,
We therefore introduce three envelope macros.
ENVMAL ="ENV@, 90,208, ~ | )>ENV(98, 80, | 80, 2V pENVLBE, 50, 27003 ;"5 -
ENVMAZ="ENV(®, 98, 200, 1 I>ENV(90,82, | 8¢, 2)>ENV(82,56,27001;";
ENVMA3="ENV(d,90,208,-1 ) >ENV (98,84, | 80,2} >ENV(84,62,2708) ;";
FREMAD="FG(3,GI ,,3)>ENVMAL ;

FG(2,HI,,3)>ENVMAZ;

FG(I1,D2,,3)>ENVYMA3;

TACK=15@@; RELTID";
etfc.

Conditionals

Suppose that you want to repeat the following macro sequence 25
times: SEKVMA="FREMAT;FREMAD;FREMAT; FREMAS";
You can write: SEKVMA;SEKVMA;SEKVMA;......SEKVMA;SEKVMA;

! 2 3 24 . 25

This way of working is taborious and Is also noT%WOrking_because
TICK will be greater than 99999 ms 1n the macro RELTID after the
9th repetition of SEKVMA.
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How to befter and simpler realize the macro‘sequence? We want to
indicate Inh a simpler way that SEKVMA shall.be executed 25 Times,_
ahd theh we must-also start USIhg boTh argumen+s of LT (seconds, A

miiliseconds}.

Thls probiem can be solved with the help of another macro IeVéi,rj:ffzj”
a variable used as counter and a new-dénéepfion how introduced:

fn EMS-3 there are so called condifiéhals,4Wi+h the help of which "

the value of a variable can be made to generafe'fhe‘cdnffnue& COurse,-_
for Instance after the value of the variable has been operated with

an arithmetic expression.

The arithmetic conditionals in EMS-3 are:
LFPOS(VARIABLE)
IFZER(VAR| ABLE)
| FNEGWAR | ABLE)

VAR#ABLE is (according to prevlous Informaflon) a symbol of at The 7f
most six aiphanumerical characfers, of which the first s a IeTTer.
IFPOS(VAR}ABLE) means that what 1s between the fight parenfheses,),
and the nearest 4-symbo! is executed when The varlable 1s greater
than zero. The same is valid for iFZER(...) where The correspondlng
string is executed when the variable W|+h|h +he paren?heses has the
value zero, and also for IFNEG(VARIABLE), where the string 15 execufed
only when the variable Is less than zero.

Example:

NR=|; NO=@;

a) IFPOS(NRINR=NR-| ;NO=NO+| ;<

b) | FPOS{NRINR=NR—}; NO=NO*I ;<

In a) NR= f f.e. greaTer Than zero, meaning that the string is execuTed _
and that NR is =@ and NO Ts I. '
In b) NO=@, i.e. not greater than zero, meaning that the sTrlng Is
hot executed and the program continues after the <-symbol.

I we want NO to be =10@g@ for NR=@ and onty-for NR=@, we can:wrife:
|FZER(NR)NO= | g¢@ ;< | ' o
The general expfession for conditionals is: .
STRING TO BE EXECUTED IF
CONDIT IONAL(VARIABLE) <
CONDIT!ON FULFILLED

)

and svmhnl
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The program continues after the end symbol If the conditional is .

not to be execufed.

We return to the initial example: ‘ . B :
RELTED To avoid- Tha% the mlllisecend parf geTs Too greaf w'
can Tesf its value ‘and decrease T+ with 1000 If The L

mil|isecond part Is greafer Than IOOO, at the sahe time .
“as the second part is |ncreased with 1.
I} RELTID="TICK= TICK&TACK—IOOO,

2) IFPOS(TICK)STICK=ST ICK+ | 5<
3) IFZER(TICK)STICK=STICK+| ;<
4y [FNEG(TICK)TICK=T ICK+| #88;<
5) . LTCSTICK, TICK)";

Line 1: TICK ks set to the same as TICK+TACK (TACK is the time unti|

" next occurence. This Is as befere buT‘atsd | @@ (m51 is ?hen subtracted.

Line: 2?3" Af the result still is greaTer Than or equal to zero, 1.e.

TICK was greaTer than |000 before ‘the sub?rachon was: executed, the
second part STICK (which is supposed 1o already have a value) is-
increased by7l (second) and cohsequenle the mslllsecond part can be
kept down by using the second part. L

Line 4: If TICKETACK was less than IGOO The-resui}iaf¢er’fhe subtraction

by 1000 becomes hegative and we can {and must!) restore +he old value
by adding 1000 to.TICK. '

The main parf.of the example consisted of repeating the macro SEKVMA
25 times. This can now be solved in the followihg simple way: we'r«:

infroduce a macro on a higher lvel and a counter, RAEKN.

.

RAEKN=25;TICK=0; STICK=¢;
T25=" | FPOS{RAEKN)IRAEKN)RAEKN=RAEKN-1 ; SEKVMA;
T25 ;2" '

-

This means that If RAEKN Is greater than zero, RAEKN is decreased
by |. Thereafter SEKVMA 1s executed and The-procedure_is repea¢ed
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unti|~RAEKN 1s zéro. "

If a variable has not ever been ueed it can not have acquired anhy
value, and is therefore denoted undefined. There are two cond:fuona!s
which examine wheTher a symbol s defIned or noT These are: '
IFUND(SYMBOL)MEASURES £1F undefined o A "

lFDEF(SYMBOL)MEASURES ;<if defined ...

I'f it is considered practical not to have to define the variables of

- a macro before it is called, 1+ is possible to use the above condifionals

A practical use of this gives'RELT!D:ITS final appearance:
RELTID=[FUND(STICK)STICK=§;<
IFUND{TICKIT ICK=@; <
| FUND({TACK)TACK= ;=
TICK=TICK+TACK~ | §@@;
~ IFPOS(TICK)STICK=ST1CK+} ;.
 IFZER(TICK)STICK=STICK+1; < -
IFNEG(TICK)TICK=TICK+1g@g ;<
LT(STICK, TICK)Y

L [

Now it is possible To replace LT(ﬁi-by'RELT1D, for If the varlables
STICK, TICK and TACK are undef ined when RELT{D'fs called, they afe
def ined and set to zero and the resulf is consequenfly the time -
argumenfﬂfin the LT-term. - _

if by any reason you want a variable (or a macro) to be exc | uded
from the fable (symbol-table), where all used names and corresponding
values are stored, there is a possibility to do so. The cemhand for
this Is DELETE(NAME). a

If you want to use the macro RELTIBEIN the lFUND—aiTernaTuve, and in
several sound-objects, or for parallel courses, you probably want to
have STICK and TICK set to zero. One way of doing this is to make
Them undefined so That RELTID automatically defines them agaln and
sets the value to 0. The command s DELETE{STICK,TICK);

A few other commands °

Commands of the type WRITE(VARIAB) can be used to examine for instance
the course of complicated macros.

Example: ‘ ; e
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EMS1 V1.4
NAME OF 'INFUT FILE?

INTERACTIVE MODE? YES OR NO?
YES :

:TOP(ACVIEF)

:LO0K(88)
ACCVIB—"LT(TID)FG(1)>GLIs(h3h uus ,OTTD }>GLIS( kL, u3h ,GTID];
WRITE(TID,GTID); . .

SLASK'GTID/2¢,
GTID=GTID-SLASK;
TID=TID+GTID;
TEST=GTID-5%;

I#POS(TEST )ACCVIB<; " '

@5 gga END OF FILE ON ADDITIONAL INPUT FILE.
:CALL( ACVIEF)

g5 gge END OF FILE ON ADDITIONAL INPUT FILE.
:PART( ACVIBF)

:LT{¢)FG(1, ,80)scHA(k,198) ;
:TID=0 ;GTID=L ¢ ;

ACCVIB; _ _—

'TID = TYPE: ¢1 ' 'GTID = 55 TYPE: @1

IGTID = Lgg TYPE: @1 1ITID = 6981 TYPE: ¢l !

'"TID = 38¢ TYPE: g1 ! gTID = 53 TYPE: @1

'¢TID = 38¢ TYPE: ¢1 ! iD= 7¢32 TYPE: @1 !

'TID = Thl = TYPE: ¢1 ! IGTID = 51 TYPE: ¢1 °

IGTID. = 361 TYPE: @1 :PLAY

'"™ID = 1g84 TYPE: g1 !
By the command MESS(OUTPUT) the program stops, ‘writes out the text
OUTPUT, is set in error correctlion mode and waifs for commands.
Example:
EMS1 V1.L .
NAME OF INPUT FILE?
INTERACTIVE MODE? YES OR NO?

YES & B

:TOP(FLIMSF ) ;LO0K(99) ;

. GLIMES="TIFUND(TID)TID=0¢;FN=1;FR=55;<

FR=FN-1;

IFZER{FN)FN=3<;

MESS{NEXT FR)

IFPOS{FR)

LT(TID)

FG(FN >GLIS(FR,Lh¢,30008);

TID=TID+LP¢d;

GLIMES«;" _

g5  gge - END OF FILE ON ADDITIONAL INPUT FILE.

:IN(99)

42,
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END OF FILE ON ADDITIONAL INPUT FILE.
:PARTCMESDEM) :

ot
A

T

LT

R

tGLIMES

‘NEXT FR

IFR=22¢
t

NEXT FR

'FR=110 -
1

NEXT FR
1FR=55
!

NEXT FR

!FR=83
!

NEXT FR
IFR=110
1

NEXT FR -

'FR=165

NEXT FR
IFR=220
!

NEXT FR
!

NEXT FR

?
NEXT FR
'PLAY

!FR=1760

|
NEXT FR

'FR=1320
i

NEXT FR
1FR=88p
'

NEXT FR
1FR=660
1 .
NEXT FR
'

NEXT FR
'FR=440

.
NEXT FR
!

NEXT FR
IFR=0

]

:PLAY
IMIX

. SEND

_.LT(@)FG(1>3,,8@>>cﬁgt2g;a@jg;-
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In non-Interactive mode (if you answer NO to the question
AINTERACTIVE MODE? YES OR NO} MESS 1s not worklng and WRITE does

not write on the commenfury medium, but only on: The IisT-medlum #_

(Ioglcal unlf 5}.ﬁ~

- -EMSI Vled o S -
' NAME OF ‘INPUT FILE? :

INTERACTIVE MODE? YES OB NO?
YES

: PART(ONE)
CaMM=TMS; MM

:MS:" 1 p— - - ]
tWRITECCNT);
:CNT=CNT-15

:1 FZER( CNT)MEX <"

:CNT=23

tMM 3
'CNT = 2 TYPE: @1 °
*CNT = 1 TYPE: @1 °

:'PAA DETTA SETT KAN ALLTSAA ETT UNDERORDNAT
. $tMAKRQC AVBRYTA ETT OEVERORDNAT'

L3

. LIST and NOLIST

The file, which has been created by‘SAVE, can naturally contain
macro calls. There is a way to get better contrel of how the macros
develop. By the command LIST it is possible to get in the text,
not macro calls, but the terms the macro expands into. if the macro

calls other macros these terms are glven, etc.

In this way it is simpleter to see the consequences of a macro ‘call,
which otherwise might be difficult to look through.

The command NOLIST annulls the expansion.

Example:

NAME OF INPUT FILE?

INTERACTIVE MQDE? YES OR NO?
YES ‘ _ r
:PART (BONE) ' -9
sBMAK="FG(17,131);" |
BS="FG(I8,262)"

cont.
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:LiST
:CLEAR
tFGIB>CHACL, | 88);
: BMAK
(FG(I7)>D(5¢);
:SAVE{CONE)
:M1X; END w
- OBJECT NO: . BLOCK TIME: g.000 :@.¢59 FREE MIXREC.S: 1382¢
" BLOCKLABEL: - .. BONE .GLOBAL TIME: ?.008 @.659 FREE MIXREC.S: 1382¢
: TOP(CONE) ; LOOK(9)
P 'BA0EST FGI8>CHACL, 198);
'dggge’ 'r-~MACRO-=-: BMAK'
'PEgET FG(IT7,131);
'geges! 1——~-MACRO-~—-: BS!
'P@PES FG(18,262)
"BegI6T FGLITY
TG >D(5¢);

g5 gg2 END OF FILE ON ADDITIONAL INPUT FILE.

EMS| VI.4 .
NAME OF INPUT FILE?
——— END OF RUN. EXIT TO MONITOR-—---

o

1Z2. More about the arithmetic in EMS-3

The arithmetic operations in EMS-3 are:
+ addition

- subtraction

x multiplication

/ division

P exponentiation -

They .are always used in such a way that a variable is set equal to
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*

‘the expression where the operations can be Included, operating on
numbers or variables. It is consequentiy not allowed-to have opgra?iqns
within terms. TherexcePTion is OLD+ and QLD—,:as-iﬁ FG(I,OLD+2¢@5,

but OLD Is no variable. There can be two operatlons in the right hand
term. ’ ' o

Example:

x=2x3x4 gives x=24.

As the level can be set to [/4 deceibel in the studio, the variables

cah also be indicated in |/4s.

Example:

x=81.20235 gives x the rounded value 81.25. The rounding Is in this
and similar cases always done to the nearest |/4. Numbers .created
with the help of a decimal point are called floating numbersfas
contrary to integers.

y=6@.1 gives y=6@.0

x and y are floating numbers and used in EMS-3 terms in all places

indlcating level, but not ih other places.

When a variable has been given a value it becomes of the same type,

integer or floating number, as the first value 1o the right of the

equal sign.

Example: ;

VAR=|#.25+5 VAR becomes a floating number variable
VAR=5+1(@.25 VAR becomes an Integer varlable '
VAR=SYM+|7~NR VAR becomes of The same Type as SYM

Observe that when two integers are divided the rounding is made

downwards, so called integer division. The result is an integer.

Example: : _
x=99999 glives x the highest value that can be given directly
x=9@@@B+41071 glves x the highest value that can be represented
at all, 131071. '
x=32767.75 glves x the highest possible floating number Value.

This number Is also the greatest humber that can

result from a multiplication. s,
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It 1s necessary to pear. In mind the !lImitations in precision and

range and organize so that they are best taken care of. If you

for example want to increase a varfable VAR with a 20th of Its old

value (for instance in a macro) there are the following three bad

alternatives: ) o ) ' :

VAR=VARx2! /20 If VAR 1s greater thah 158¢ you will have
overflow on multipllcation

VAR=VARx! .85 .05 Is rounded to 1.0, VAR is not changed at

all.
VAR=VAR/20x2 |  The precision is lost. The product can only

take on values which are muttiples of 21.

The best way to do it is:
VAR=VAR/2(+VAR.

SUMMARY OF ELEMENTS IN EMS-3

Device terms:

LY

AM(NOS ENTRY, LEVEL)

AMP(NO, LEVEL)

CD{NO, CHANNEL , LEVEL)

CHA(NO, LEVEL) |

FFCNO, F | LTERCHANNEL , LEVEL)
FG{NO, FREQUENCY , LEVEL , WAVEFORM)
NG{NO, LEVEL,COLOURI , COLOURZ)
REV(NO, REVTIM, LEVEL)

RM(NO, ENTRY, LEVEL)

Studio points:

Commands:

FS
FG3,FG6,FG9,FGI2,FGI5,FG18,FG2I , FG24

APP

CLEAR, CLEAR(MIX), CLEAR(ALL)

DELETE(SYMBOL )

KEEP, KEEP(MIX), KEEP(ALL) S
LIST |

MESS (TEXT)

cont.
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MIX(TIME)
NOLIST
STOTIM(MS)
WRITE{SYMBOL)

TEMP commands:

kY

CALL(F | LENAME)

ERASE (F | LENAME)

INCL I NENUMBER)

LOOK( L | NENUMBER) |

PLAY, PLAY(MIX), PLAY(PARTNAME)., PLAY(PART!,PART2)
REPL(FILENAME) {works as ERASE followed by SAVE)
SAVE(F | LENAME)

SKIP(LINENUMBER)

TOP(F | LENAME )

TRAPP

TRY, TRY(MS), TRY(SEC,MS)

Allow a2 |lne of Its own to each command.

Local tTime:

LT(MS), LT(SEC,MS) w
Observe that LT(I,5) means the same as LT(|,@@5; not LT(I,508).

Envelope terms:

ENV(LEVEL, LEVEL,MS,CURVESHAPE, STEP)
Z works as ENV(OLD,@,1¢,d,18)
D(MS) works as ENV(OLD,OLD,MS)>Z

Gl issando terms:

GL IS(FREQUENCY, FREQUENCY ,MS,CURVESHAPE, STEP)

Step~terms: ‘
ESTEP(MS)
GSTEP{MS)
EXIT stops the run and starts up EMS-] for a new.program.
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=, #, & stand befween elements in connection chalns, envelope chains, and
gllssando chalns. If the chain contlhues over several lines I+ shall

he divided so ThaT}one of these characters Is the last che on the |ine.

; ought to end each chain,
e can be used in FG~ and FF-terms.
TCOMMENTARY !

IT is adviseable to use commentariss often. it is easy to forget

very soon what a program is about.

MACRO NAME="...TEXT..."

Macro definition. It is not allowed to write anything else on the
same |ine after the end-character.

MEX Can be included Tn the macro text (MACRO~EXIT}.

Macros can call each other up To 100 levels. No macro must include
CALL. '

ty Ta ¥ /n/" D
Arlthmetic operations for addition, subtraction, multiplication,
division, exponentiation.

Example: CfD%E+F Maximum three Integers or variables in the right hand
L link. |

|FPOS(VARIABLE) .. . <

IFZER(VARIABLE) ... <«

|FNEG(VARIABLE)... <

IFUND(SYMBOL}.., <«

IFDEF(SYMBOL).so <



APPENDTX 1., TILLAATHA STUNINKNPPI_INGAR,
FRAAN TILL

F(1) CHA (1)
FG(2) CHAC2)
FG (3 CHAC(3)Y
FG3 CHA(4)
co)
FGA

FG(ay  CHAC1)
FG (s CHA(2)
FG(RY CHA(3Y
FGA CHA (4)
ene1)
¢ Frg
RM{1,A)
REIT,R)
PH(2,R)
REV (1)
REV(2)
A C1,R)
FF (1)
FF{2)

FG(73 CHar1)
FGea) CHAC2)
FGEGY CHAL3)
FGO fHAC4)
Coe1)
FGt2

FGE1%)Y  CHACY)
FG(11) ChAC2)
FGL12)  CHACY
FG1o CHA(A)
rneL)
FR15
RH (1,83
RM(1,t)
HM(2,R)
REV (1)
REV (23
AMC1,B)
FF(1)
FF(2)

FGL13) CHA(1)
FG14) CHA(2)
FGl158) CHA(3)
Fi15 CHA(4)
cory)
F1R
JFJFCT




FJECT

FRAAM

NG

FF(11

FF(2)

REV(1)

TILL

CHACL)
CHA(2)
CHACI)
Ckafa)
cneyd

Cra(2)
CHA(Z)
CrAL4)
Coey)
RI(1,A)
HM(1,R)
R (2,8
REV(2)
A (1,A)
Af"i{R;E’:)
FF (2
AmP (1Y)
AMP (D)

CHA(R)
CHAC3)

THA(C4)

cooy
RM(2,B)
REV(2)
Ab (1, R)
AM(2,4)
FF(1)
aMp (1)
AMP (2)

CHA L1

CHA(2)
CHA(3)
CHACA)
£ne)

AM(1,B)
Ab (o, B)
AMP (1)
AMP(2)




SEJECT

FEAAN

REV(2)

RM(1)

RM(2)

Rrp (3

Ar (1)

TILIL

CHA (1)
CHA(2)
CHACI)
CHAC(4)
CDeyd
AMC1,B)
AMIT2,R)
AMP (1)
AMP (2)

CHACL)
CHAC2)
CHA(S)
CHA(A4)
chiyd
REV(2)
AM(Y,A)
AM(2,B)
FF(1)
FF(2)
AMP (1)
AMP (2)

CHACT)
CHA(2)
CHAC3)
CHACA)

tney)d

REVE2)
A (1,8)
AM (2,03
FEC1)
FF€2)
aMpP (1)
Anmp (29

CraC1)
CHAC2Y
CHAMI)
CHACY)
NN D]
REV(2)
Ak 2, B
FF(1)
FF(2)
AMP (1)
Amp (2)

CHACL)
CHA(2)
CHACR)
CHACA)
Cocy)




FRAAN

FG(16)
FGI17)
Frei8)
FG1A

Folio)
Fiog

FG(203

Fa(21)

Froa

FG(22)

Fiz(23)

FG(24)

LEJECT

TILL

CHAC1)
CHA(2)
CHAC3)
CHACA4)
cney)
FGay
RHM(1{,R)
RM2,’)
REV (1)
REV(2)
AMOYL,RY
At (2,R)
FF1)
FF (o)

CHACY)
CHAC2)
CHATI)
CHACAY
AN
Fro4

FG21
Fs

Fraod

RMEY,A)

CHA(1)
CHA[2)
CHA(3)
CHACA)
Chfe)
RM(1,R)
RMCQ:E)
REV (1)
REV(2)
AR(1 ,R)
AMCED, )Y
FF(1)
FF{2)

FG24
RM (0, 4)

Fiog
AM1,4)

FGoa
ARCR, 8)



LEJECT

FRILL

AM(2)

AMP (1)

AMP (2)

TILL

CHAC1)
CHA(2)
CHA(3)
CHA(4)
cney)d

RM(1,8)
EM{2,8B)
REV (2)
AMCL, B
AM(2,R)
FF{1)

FF(2)

M1 ,R
RM(D,R)
REVLZ2)
AM(1,B)
AM(2,R)
FF(1)
FF(2)




APPENDIX 2.
Samtliga mdjliga felutskrifter I EMS-I, EMS-2 och EMS-3.

ag a1 ILLEGAL DELIMITFR
0o 612 TLLEGAL PARAMETER
ng nid TLLEGAL MNEMONIC
ng 14 JILLFGAL NUMBER NF PARAMETERS
n2 w21 TLLEGAL FREOUENCY GENERATOR NUMRER
ngp TLLEGAL FREQUENCY GENERATOR FREGUENCY
w23 ILLEGAL FREGUENCY GENERATUR WAVEFORM
w24 TLLEGAL FREQUENCY GENERATOR INTENSITY
732 CTLLEGAL FREQUENCY FILTER CHANNEL
733 TLLEGAL FRFEAQUENCY FILTER INTENSITY
na1 ILLEGAL AMPLIFIER NUMBER
na2 ILLEGAL AMPLIFIER INTENSITY
w51 ILLFGAL (DIS=) CONNECTION
W2 TLLEGAL REVERBATION TIME
neE3 ILLFEGAL RFVERBATION INTENSITY
are TIME MISSING IN D=TERM
G79 ILLEGAL TIME
w72 TIMFE QVERFLOW,
72 A73 TEMP NISK OVERFLOW, NOTHING MORE WRITTEN ON THE DISK,
ng n8y ILLEGAL NOTSE COLOUR
no nR2 TLLEGAL MOTSE INTENSITY
a2 pot TLLEGAL AMPLITUDE MODULATOR NUMBER
72 nG2 JLLEGAL AMPLITUDE MODULATOR ENTRY
a2 “93 ILLEGAL AMPLITUDE MODULATOR IMTENSITY
ag 102 ILLEGAL RING MODULATOR ENTRY
fo 123 TLLFGAL RING MODULATNR INTENSITY
n2 112 ILLEGAL CHAMNFL DISTRIBUTQOR INTENSITY
no 121 ILLEGAL DEVICFE NUMBER
np 150 TLLEGAL ANALNG TAPE INTENSITY
72 142 ILLEGAL CHAMNNEL INTENSITY
n2 271 ILLEGAL ESTEP VALUVE
no 241 JLLEGAL FNV SYNTAYX
P 242 ILLEGAL ENV AMPLITUDE
b 245 FMV OR GILISTIME LLFSS THAN STEP
a2 246 ILLFGAL FMV TIME
oF 247 ILLEGAL FNV TYPRE
np 2514 MO ODEVICE TQ FNVELOPE GIVEN
re. 261 TILLFGAL LDCAL TIME VALUE
b’ 271 TLLFGAL GSTEP VALUE
n2 3at NN NEVICE TO GLISSAMDN GIVEN
0o ang ILLFEGAL GLIS SYMTAX
np Ing TLLFGAL BLTIS TIME
p] 34 TLLEGAL GLIZ TYPE
nQ ing ILLEGAL RIS FREQUENCY
P 142 TLLEGAL CHANMEL INTENSITY
4 pey SYMBOL WTTH MNRF THAN 6 CHARACTERS,
né4 ue2 INTEGER HITH MORE THAN 5 FIGURES
na nel THO DFCIMAL POINTS
na ey A DECIMAL POINMT (,) MUST NOT RE USED AS A DELIMITER,
4 wim IN THE EXPRESSIOMN 'aAsB' B IS NNT A DEFINED SYMROL,
nd hon SYMROL NNT NEFINED,
4 c}-§ SYMRO| DEFINED AUT NOT PNSSIBLE IN THIS PART 0OF THE TEXT,
74 702 DELETION OF MACROS MOT PERMITTED IN MACROS
na 03y TOP NOT EXFCUTED IF READ FROM SECONDARY TEXT INPUT
n4 Ky UNIT 2 NOT FILENRIENTED
A4 $33 TN,SKIP,NDELETF,LN0K NOT EXFCUTED IF READ FROM SEC. TEXT INPUT

24 n34 FILE NOT PRESENT ON UNIT 2



@35 -

636
w37
nhnp
ne4
p74
a75s
a7 6
oo
171

162
104
143
103
in6
Bl

any
ena
2ay
po2
aB3
pAa
eas
gng
ee7
fes

99
any
paz
wasd
no4
pad
pas
nn7
pog9
a10
@15
n1e
ni7
f18
B19
029
N2t
624
p2s
adn
fn31
@37
el
Bl
642
nd43

n5p
28n

app 2

NO TOP EXECUTED OR SEC, FILE EMPTY

PARAMETER NOT INTEGER

ILLEGAL DELIMITER, SHOULD BE ( 7 OR CARR, RET,
LABEL ERROR

¢ / ~ DR ) NOT POSSIBLE AS FIRST ELEMENT OF AN EXPR,
OVERFLOW, ADD OR SUBTRACT

OQVERFLOW,. MULTIPLICATION

TRY TO DIVIDRE BY ZEROD

A 'a! 15 PNSSIBLE ONLY AFTER A SYMBOL OR A tat,
ATTEMRT TO ASSIGN A FIXED SYMBOL

(R A SYMBOL STARTING WITH A NONALPHABETIC CHAR,
SYmBOL TABLE FULL

AT B b FOUND IN A MNON-MACRO TEXT,

A MACRO MUST NOT BE CALLED IN ERRQOR MODE,
DECIMAL POINT (,) USED ILLEGALLY

NESTING TOO DEEP, RETURN TO LEVEL &,

END OF INPUT FILE WITHOUT AN TEXIT?

INPUT FROM UNIT 4,

SECOND LABEL NOT ON THE MT,

FIRST LABEL NDT ON THE MT,

NO EXTENSION TGO FILENAME

INPUT FILE FILEORIENTED, FILENAME %

QUTPUT FILE FILEORIENTED. FILENAME ?

FILE NOT FOUND.

UNIT 3 NOT FILEORIENTED,

FIL.LE FMNEMOD EM8 NQT FOUND

FILE ERROR EMS NOT FOUND, .

NO FILENAME ON FILEORIENTED DEVICE, -

LT E-F ¥ 1. EXITQ END DF THIS RUN.P“’""'"“

NOT A PERMAMNENT SYMBOL

NOT A COMMAND

ILLEGAL PARAMETER IN 'PLAY'! TERM

NOTHING TO PLAY

TIME PARAMETER MUST BE INTECGER,

TIME PARAMETER NEGATIVE,

THE ONLY POSSIBLE PARAMETERS 70 'CLEAR! ARE 'MIX! OR 'ALL'
THE ONLY POSSIBLE PARAMETERS TO 'KEEP! ARE 'MIX'! OR 'ALL!

KEEP WITHOUT MEANING HERE

SAVE,ERASE,REPL NOT EXECUTED IF READ FROM SEC, TEXT INPUT

LEFT PARANTHESIS MISSING AFTER SYMBOL

» AFTER SYMBOL
TEND! AFTER PREVIOUS TPART'! MISSING

" NO SORTRECORDS ON THE 'YMIX! DISK

PART COMMAND FIRST THING IN A BLOCK!

TPART' AFTER PREVIQUS 'END' MISSING

LEFT PARANTHESIS MISSING IN 'STDTIMIwTERM

ERRAONEUS TIMEPARAMETER IN 'S8TDTIM'=TERM

FILE ALREADY PRESENT

FILE NOT PRESENT ON UNIT 6.

ILLEGAL DELIMITER, SHOULD BE ( } OR CARR, RET,

ERROR DETECTEDR IN "MERGE", NOT ENOUGH SPACE ON QUTPUT UNI?
DURATION OF MIX =0}

NO RECORDS ON THE TEMP DISK '
CODEGENERATION ERRQOR, CODE ON THE MT WILL NOT BE SAVED
MIX AND TEMP DISKS ARE SAVED,

LABEL ERROR

GLOBAL TIME OVERFLOW, GLOBAL TIME SET TO @,
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75 ne2 END OF FILE ON ADDITIONAL INPUT FILE,
10 129 FREQUENCY |LESS THAN @, PROGRAM SETS FREQ, TO @,
12 {n2 FREQUENCY GRFEATER THAN 15999, PROGRAM SETS FREG, TO @,
10 173 INTENSITY LESS THAN @, PROGRAM SEFTS INTENSITY TO o,
10 1744 INTENSITY GREATER THAN 128 DB, PROGRAM SETS INENSITY TO @,
10 em1 ADDRESS ERROR IN SORTRECORD, SNRTRFCORD IGNORED,
63 1% | -ATSER ERRDOR
15 254 UNCHECKED ERROR IN DFCODE PACKAGE,
32 710 BAD ARGUMENT IN IFMT CALL (<3), REPORT TO SYSTEM MANAGER,
28 reg BUFFER QVERFLOW ON LREAD
Q9 nme EMS1 Vi,44 73.,u2,21
& a4 NAMF 0OF THPUT FILE?
99 pAs UNTIT 3 NOT FILEQRIENTED,
99 el NOT ENQUGH FREE CORE,. MUST BE AT LEAST 20fm (DEC,)
99 neE INTERACTIVF MODE? YES Ok NOZ
Q9 wey

nee
AR NOME SPECTFIED ERROR.




APPENDIX 3.

TABELL QFVER *VARTSTDB R

c

65,41
130,814
261,63
BR3,.258

1R48, A0
2po3. nn
41 86,81
8372,R2

DISS
18,48
38,89
77,78

155,56
311,13
622,25

1944,51

2489 ,02

4978,03

956,67

FISs
23,12
46,23
02,59
186,89
369,89
730,49
1478,08
2050,080
510,01
11838,82

A
55.08

110,80
220,08

a4m,060
a8p,.p0

1768,00

3520,.00
7046,00

14086,27

16,35
12,74

33,66
67 .32
134,65
260,20

538,58

1077 .17
2154,33
4308 ,67
8617 ,34

20,02

4%, 03
86,086
160,12
320,24
641,49
1280,97
P561,95
5123,00
1P247 ,80

23,80

47 .60

95,21
190,482
380,84

761,67 .

1823,34
3046,69
6EH3,.38

12186,76

28,31
56,61
113,22
226,45
452,88
905,79
1811,57
3623,14
7246,29

14492 ,548

16,83

14917 ,24

cxsa e
17,32 17,83
34,68
B9 ,30 71,33
138,59 142,65
277,18 DAS, 30
. B54,37  B78,.61
1108,73 1141,22
0217 ,486 DoR2 .44
4454,92 4564 ,880
_BBBY .85  0129,75
E ;
on, 60 21,21
41,20 . 42,41
@mg%« 54182
164,81 166,64
329,63 339,29
659,26 678,57
1318,51 . 1357,186
2637 ,62  2714,29
En74,84  542B,58
1a548,08 1&357,17
G S
24,58 25,022
49,00 50,44
aa, 60 100,87
196,60 201,74 .
302,88 - 4D3,48
783,99 BAG,96
1567 ,08 1@10,93 :
2135,08 3227 .85
6271,.63 Sdﬁﬁﬁ?i
12543.86 12911.,.42
ALSS , _
RO, 14 20,99 .
58,27 50,98
116,584 110,96
.. 233,48 239,91
466,18 479,82
032,33 959,65
1864,66 1019,29
3729,31 3838,59
7458,62 7677 .18

15354,35

A5.66 . .

15804,27

16267 ,37

1

w
D I ;
18,38 . 18,89
36,71 .. 37,78
L T7BLA8 78,87
146,83 181,13
293,66  3gp,a7
. BB7,33 684,54
1174,668 0 1220,08
L 2349,32 2418,16
4698 ,04 = 4836,32
L 9397,87  9672,.64
Foo . .
21,83 . 20,47
43,65 44,93
(oi, 8987
174,61 e 79,73
348,23 359,46
698,46 ;,71a,92 o
[1396,91y - 1437,85
p703,8%  2875,69
'B5887,68 575138
111?5 31 115@3,77
sts L
25,96 . 26,72
51,91 . 53,43
183,83 106,87
RB7,65 213,74
415,30 . 427,47
B3A,061 Bﬁdagﬁm .
1661,28 1709
; aakpgaa,, 3419‘?9
- 6644,88 6839,59
13289,75  13679,17
M
AQRLB7 . LB NTT
61,74 63,54
123,47 127,69
. R48,94 254,18
493,88 508,36
087,77  1816,71
19765,53  2033,4p
3951”@7 4P66,84
7982,1% 8133,68




APPENDIX 4. =

The relation between modulation In % of the signal entering the B-entry
in ar amplitude modulator, ahd the level in dB of the modulated signal
on the A-entry. -

Modulation . Level
A | B
100 100
30 | 99
80 98
70 | 97
60 o 95.5
50 | 94

a0 92
o 30 o 89:5

25 88
20 86
15 83

10 ’_ 80
5 | 74
i 60

~2 times corresponds to 6 dB
5 n "n } L] ! 4 "
'O 1 " " 20 "
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