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Computers for the Arts

Computers are like most tools—deaf, blind
and incredibly stupid. So stupid, in fact,
that they cannot imagine how to make a
mistake once they are programmed to do
what is expected of them. This makes
them different from other tools. Imagine
a hammer which, once programmed to
build a table, could do so on its own,
without the possibility of damaging or
splitting the wood. It would leave the
carpenter free to concentrate on the de-
sign of his table with no worry about the
difficulties of execution. The role which
computers can play is analogous to this.

Computers when used for the arts are
d?mz what they are not normally de-
Blg_ned to do. Their main use is economic
—1n science and business. However, their
uses are sufficiently versatile to justify
looking into a number of the special

techniques for the solution of creative
problems.
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We do not communicate with a computer
by telling it verbally what to do. Instead
we provide a structure on the basis of
which it processes whatever data we pro-
vide. The artificial languages in which
these programs are written vary, and
some are less comprehensible to the
mathematically unskilled than others. In
my own experience I have found that, in
spite of my lack of formal training in
logic or mathematics, it is easier to pick
up the basics of communicating with a
computer in one of the commonest of
these artificial languages, Fortran, than
to try to explain my intentions to an
engineer who lacks my motivations.

Suppose my project is a verbal one,
resulting in a listing of words which will
resemble verse. There are two parts to
achieving this: (1) my materials (verbs,
nouns, or whatever I happen to be us-
ing), which, for the machine, are simply
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data; (2) the method of treating these
materials — the program itself. Within
the program I will have to define a num-
ber of variables, one of which, for exam-
ple, might represent the sequential order
of each line, another the number of units
{words) per line. If I wish this number
to vary, I will be able to calculate a value
of a third variable to cause this to

happen.

To compose such a program, I will have
to understand the logic of the process
involved, what calculations take place in
what order, etc. If I wish to have five
words per line, I must decide that
“word(1)"” represents the first word of
the “word (2)” represents the second, and
so on. “Line” would therefore represent
a set of five values for “word,” and would
be calculated (and written out by the
machine) one fifth as often. The calcula-
tion to determine the value of “word”
would be logically “nested” inside the
calculation to determine the value of
“line.”

This is, of course, paper work, and is
independent of the physical nature of the
computers. The artist seldom sees the
computer, just as an author, tradition-
ally, seldom sees the printing press that
produces his book. The physical operation
of a computer is done by an “operator,”
who may or may not know anything
about the program he is feeding into the
machine. It is the programmer who pre-
pares the machine to function, just as the
musicians and recording engineers have
taken care of the necessary artistic and
technical questions by the time one places
a phonograph record in a turntable.

For many artistic applications the com-
puter system can make use of “analogue
devices.” While the output of a digital
computer consists of a printout on long
m of paper or magnetic tape con-
taining data, the analogue device can
fnterpnt this data in other ways. Once
Ilfhrpntgditcnnbefedbiakinton
digital computer for further analysis.
A drawback of analogue devices is that
they are not always available in the main
computer systems, and the more special-

!'zed machines are extreme
:ht‘,w are trmw_s when the use of special

qu:pnmrft 18 vital. For eXxample, a ¢q
poser might connect g microphone
some form of analogue devijce which
analyzes all the sounds present when ;1
says “hello"”: he might also haye the d:
vice analyze the sounds of a strin X
tet. He could then feed the result
alysis through another analogue device
(a sound synthesizer), and obtain a tape
or broadcast over a monitoring system
of the string quartet saying “hello.”
Though this is so simple that one could
find other, less expensive, electronic
means of doing it, in more complex
versions of this process it is possible that
only analogue devices could solve the
composer’s problems.
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Another interesting analogue device can
scan any body of visual material, then
distort it systematically along any axis,
simple or curved. For example, a line
drawing can be scanned, then systematic-
ally rotated to become a 45° angular
distortion of its original self, and then a
straight line. Such devices are used in
the design of aircraft parts. But similiar
analyses can be made from photographs
and projected back according to the
desired distortions onto a screen and
rephotographed by an animation camera
for use in inexpensive cartoons for tele-
vision, or for special typographic effects.

Digital computers can absorb informa-
tion only from special tapes which have
been encoded with punches, from punched
cards, or from magnetic tapes with
information from previous computer
runs. Usually, in communicating with
them, one starts with what is called a
“dimension” statement. This tells the
machine how to check that it has absorbed
all the required information and, in its
own “memory mechanism” how much
space to allot to the required program.
Next it must be told what exceptions
there will be to its usual methods. For
example, in Fortran it is a convention
that variables whose initial letters run
from “I” through “N" represent integers,
while all the others represent “real” num-
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bers, So, if we are anxious (in the verbal
project described) to use 5 units called
“WORD” to a line, we must either in-
clude the statement in the program “IN-
TEGER WORD,” which causes WORD
to stand for an integer, or rename the
variable to be initialed like an integer,
for example — “IWORD” so that the
machine will know it is calculating word
(1), word(2), ete, and not word (1.85),
word (2.6), ete.

Next we ask the computer to read the
data we are going to work with, indicat-
ing the format — e.g., the card, tapes, or
both, etc. The last preliminary step is to
ask the computer to write out the data
and program that has been fed in, for
checking.

Because the ending portions of the pro-
grams are similar to the starting proce-
dures — they are both mechanical — I will
mention them before returning to the
main body of the programs. There is the
WRITE statement, which usually has a
form like this:

50 WRITE (6,102) (LINE(J),J=1, 5)

The “50” is simply the number of the
statement in the program. The WRITE
transfers the calculated information to
the output. The “6” indicates an output
device number which translates the
binary information stored by the ma-
chine into our normal decimal and letter
system. The “102” indicates that the
format of the written statement is given
in statement 102. The “LINE(K),
J=1, 5" tells the machine what it is to
write (LINE), but that LINE is actually
a set containing five numbers, each in-
dexed by a value of J that runs from
one to five.

The format is defined by equally mechan-
ical conventions. The FORMAT state-
ment can appear anywhere in the
program, so long as it has a statement
number, but many programmers like to
put the FORMAT statement after the
WRITE statement it refers to, or to put
them all in one place in the program in
order to be able to find them easily and
quickly. The format referred to in the
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Sample WRITE statement might look
something like this

102 FORMAT (10X,5A5)

if it were intended to produce not a four-
word line, as in the illustration Hank
and Mary, but a five-word one. The
FORMAT statement is one of the most
difficult things in Fortran to work out,
because it is involved in the conception
of “Conversion” which indicates how the
binary information the machine has now
calculated is to be converted into usable
data. The “5A5” means that there are 5
units when LINE is written (see the
WRITE statement), each of which has
5 letters. The “A” indicates “A-type
conversion,” which, in the Fortran lan-
guage, indicates a body of Alphameric
(alphabet or numbers) being fed into
the machine, indexed, and, then fed out
in exactly the same form the data was
fed in — that is, the letter will not be
reversed, and no cryptographic codes will
be used to disguise them. “H” conversion
in the FORMAT statement causes the
letters (blanks count as characters just
as numbers and letters do) following the
“H"” to be printed out as written in the
FORMAT statement. This is important
when one wants titles, but note the more
significant use in Proposition No. 2 for
Emmett Williams (see p. 000), “X”
conversion simply introduces however
many blanks are desired. When numeri-
cal outputs are wanted, there are not
only obvious ones (“I” conversion for
integers, or “F” conversion for real num-
bers) but wvery special ones for very
minute decimal places, mixtures of real
numbers and exponents, ete. These last,
however, are seldom needed by artists.

Normally the end of a program is indi-
cated by the statement to STOP. If one
were using one program as a subprogram
of another, it might say RETURN (to the
program from which the sub-program de-
parted), but this means of ending a
program is somewhat less common in
applications to graphics, poetry, music.
The last statement of all programs is
END which is a convention telling the
machine that no further calculations are
required of it, and it may move on to

(continued on page 11)
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ISNO. For labelling, the program was called
simply WORDS. “List” asks the machine to print
out the program, for convenient reference or to
check for error. “Ref” causes a cross-reference
index of each wvariable.

ISN1. This DIMENSION slatement asks the ma-
chine to reserve five and only five possible
locations in its “memory”™ for wvariable “IPT"
and four for variable “LINE.”

which follows the convention of providing three
possible courses, depending on whether J is
negative (sending the machine to statement 40),
zero (sending the machine to statement 45), or
positive (sending i, again, to statement 40)
respectively. The statement IFIMOD(J,10)-1)40,45,
40 is a rather tricky concept, testing not just if
a gven value is to route the machine o state-
ment 40, 45, or 40, but whether or not this given

value, i diminished by one, is an even multiple

ISNZ. The fact that there are only four words of ten. If it is, it will cause S Mol it
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to increase the number of each line by two, as
written (not as executed), we would wrile
*l=J+2."

ISN16. This stage decides if the line is to be
numbered. It causes the machine to test for the
value of J by using an IF statement. The state-
ment IF(J)40,45,40 (hypothetically again) would
exemplify the IF structure in its simplest form,

~ and a blank is fed intrr.t the machine. The "“S5H" to a WRITE statement thal uses a FORMAT
« means t:e muhme' is to read and store in statement which includes numbering the line.
: | -9 "memnry the next I’_nm characters of each IPT, It it isn*t, the machine will proceed 1o a3 WRITE
. Kol with the blank coming before each four-letter statement that refers to a FORMAT statement
| | o word in order to keep them from printing tee  which doesn’t include numbered lines.
: | g ::n::,:n:;:‘j:: Note that the first word consists IONTZ. (Metmment 2 “ e SRETR Thu. e
® e struction tells the machine to write out the lines
E'_ g ISN3. This WRITE statement simply causes the per FORMAT statement 102. LINE has only four
E ol machine t0 hesd the prinfeut with the full .. .00 2nd these are to be written out in
0 title. The number “6" referred to is, by conven- order, from member 1 to member 4. Note that
3 tion, reserved for printed output (as opposed to there is no instruction to write out J.
- - tape, for example). The number 100" refers to ) :
- —- the format statement numbered 100, which ISN24. Having written out the fine, we are
y E © causes the title to be printed, in which 1H1 ready to calculate the next line. But we must
. = simply starts a new page. “20X" means 20 thgrﬂnfe by-pass the second 'HRITE statement
< T3 blanks will be printed before the title, causing Which is reserved for the lines in which the
: o an indentation. “3I9H" indicates the 39 letters value of J is listed. So we '!-H'I'Ip'? route the
E © = (counting blanks as characters) of the full title, ™Machine on to ISN32 (statement 50).
= « =< etc. ISN25. As we noted in discussing ISN24, this
r = E by % E ISN4., “J=0" simply places variable J at the is the WRITE statltmmt.which mf:ludu Frintmg
¢ o o =S o starting point [of which we shall see more later.] out J. However, it requires a slightly .daﬂ-unt
: o 2 “ ~ - J itself is the index to the number of lines that FORMAT to refer to, because the machine must
‘ « e —d =) have been printed. be told how and where to write the value of J.
’ a = > T o ISNS. It is at this point that we enter a nest of ISN32. CONTINUE sends the machine back to
2 Z 3 E E DO loops. N1, N2, N3 and N4 are the indices of the beginning of the DO loop nested closest to
by E g : E 2 the four DO loops. I1h¢ end of the nest .l-lrul:’ll.ll‘ta if, of course, the
: < “ = = 80 ISN6. This statement places the five possible ''v® Possible values in that loop have all been
s e o T used up, it moves on to the next outer loop and
: - a s b= £ - s RESNAG W Y Pt sieber_of e Wit LU, starts the inside loop again; if both all the N4
2 . | -z T : Q. © designated LINE(1), successively into coms- and N3 values have been used up, it changes
| :? : . v ¥ ! . spondence with the five members of set IPT. N2 sed St bt 6 and M2 fevpn- aubi:. whe
. | = | : B b T : -_— E ISN10, 12 and 14 do the same in their respec-
- ‘35 , €z o 3 z' tive DO loops. ISN37 (statement 100). We have :Irnd)t dis-
i - | *2 L wa =l < % cussed this FORMAT statement in our discus-
3 Bas - l=5 92 22 E <223 o T RSt TN GNERE N Ny T WO Lok ey ST Guad Wy e Saken Bt e
X! 5 we_ = bn SnasaimE LT D2 2882 - - paraliel to ISN5 for the second unit in each line, way the line carries over. The “1” listed causes
,_5 < :;Eg ;-.EE::E.‘:EEE =8 5 E‘-‘igf o =< as do ISN11 and ISN13 in theirs. Note thm:I e R S e past the 72-character
s N eRs Erpigses 2.;?';%':5::! -] = has nothing to do with N1 —the names Ve maximum which a single IBM card can accom-
N Yo B Pl T e =| Tl e been made similar in order to emphasize their Pt <
3 2 BESCeloE ECELESITCEEINiiBe A e RIRGR. Yo ASIC 2% Joh Soint -anitl S st
\‘ <™ UL L -Jgdn-.liﬂ-d‘ﬂ-—'lg{ﬁuu._.u.ufww i ISN15. Each time we fill in the four members st 'h print ten spaces, so as to allow the
¥ - | E | ! o heg ol of the line, we want to see how many lines we word to align in columns. The 4A5 means that
,_: v | = | ¢ = have done, whether or not we actually want to there will be four units of five characters each
:; :51 e ‘ho_ur“:__‘,_'l_,h,. © walee m number all the lines. “J” — as mentioned in (see ISN2).
& - r I A W o it o . ISN4 — indicates the number of the line. Here L
; | ' f each time we wish to increase the number of ISN41 (statement 103). Here we have
| Ir | each line b,' one. If, hj’pllthlliﬂllh'- we wanted machine to print J, which will always be an

integer, with up to six numbers (more than
needed, but this is how it is customarily done),
followed by 4X (four bilanks) totailing the 10
blanks we called for in ISN40.

ISN42 and 43, All FORTRAN IV programs end
in this way, by convention, to indicate to the
machine that there are no more instructiens in

this program.
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Since computer time (the amount of time needed
to rate a particular program) is extremely ex-
pensive, it is billed not by the job but by the
minute. Note that the time at the end is shown
to be 1.64 minutes, as opposed to the 16 hours
needed to make the original typewritten version.
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Printout of hank and mary as realized by Dick H

and James Tenney.







