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ABSTRACT
An interpretive program for Yhirlwind I is described
that will accent algebraiec equations, differential equa-
tions, etec. expressed on Vlexowriter punched paver tave
<v~ in ordinery mathematiéal notation (within certain limits
imvosed orincipally by the flexowriter) as inmput and

automatically provide the desired solutions,
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le Introduction

Nearly everyone who has had a problem to solve on a large-
scale digital computing machine has probably felt that it would be
indeed convenient if one could give the machine his problem in
ordinary mathemstical language with perhaps a suggestion for a
method of solution. We have been motivated by a sympathy for this
feeling in writing & pregrzm Sor Whirlwind I that will conétitute,
we_hope, a useful step in the indicated direction. The effect of
our program is to create a computer within a computer and the pur-
pose of the present report is to describe this computer and provide
8 progrsmmer's manual for its use.

The input to the computer is in the form of a paper tape
punched on a flexowriter, which is a specially designed typewriter
that produces a coded pattern of holes in the tape for each charace

ter (including backspace, carriage return, etc.) that is typed.

The problem to be solved is typed on the flexowriter in mathemati- -

cal form using ﬁhe conventions and notstions discussed below. As
the resulting tape is fed to the computer the coded characters are
translated by means of our program into a set of standar: Whirl-
wind instructions. After the translation is completed, the com-
puter carries out the indicated instructions to solve the problem,
presenting the answers requesied by the programmer in typewritten
forme Exzmples of typical problems appear throughout the report.

We have attempted to stey as close as possible to ordinary




mathematical notation; however, because of the limitations of the
flexowriter and of our program itself, certain typographical con-
ventions must be observed. Progrsmming rules are discussed
throughout the report and are summarized in a later section.

2. Basic Operations

A1l of the lower case letters are available as variables, and
equations of the following form are used:
x = ’
Here x stands for any lower case letter, and the blank between the
equals sign and the comma stands for a mathematical expression in-
volving lower case letters, numbers, plus and minus signs with
treir usual significance, parentheses, and slanting slashes /

indicating division. Examples of such equations are:

a= 5,
Y= =6+ 3a
= 0.0053 (a - 7) /2&?, (1)

The computer regards the rigﬁt hand side of an equation as a
set of computational operations to be performed. The result of the
series of computations indicated by the right hand side of a single
equation is always a mumber and after the computation is finished
this number is stored in the registers assigned to the letter that
appears on the left hand side of the equation. Equations are
carried out in the order in which they are written. Thus, in the
above example the value 5 is first stored in the space in storage
assigned to the variable a; it is then called forth in the second



eouation as the number stored in the registers assisned to 2,
multinlied by -6.3, and the result is stored in the swars iv
storage assigned to the variable y, The computer then prozeel:
to commute the right hand side of the third eouation, mza2kine uze
of the numbers stored in the registers assiened to the svmhole

a and y, and store the resultine number in the soace assiene’ to
the varizble b, Beczuse of this modus operandi such eouatiosns 2s

n=n+2,

(2)

W

i}
[}
<

are meaningruvl, The firast of theses 23ds the numher 2 to the con-
tents of the storage a2ssirFmned to the varishle n. subssaunsntiy
storing the result in the same location, ani t;ereby eansas the
current value of n tc be increzced by 2¢: the cecond causcz the
current value of w to be renlaced by its nerative,

It shoulﬁ be ohservad that a letter verishle miast somerr on
the left hand sile of an eouation so that it may be arciened a
definite value bafore it anneare on the right hend <ide nf an
equation., This vrincivle is illustrated in the sst of eouatinors
(1) where the variable a is first set #c the valua &, v ie then

assirned a velue deneniing or = numerien) conetsnt =n’ the current

veine of &, and s~ fort: On the othe: han? e nro~r= hesinning

]

n=ms«1>.

(=)

n

m=1,
wonld be ineorrect since m would have no nreacniesns? vrius whan

the comuter attemmted to find the welue of n, The meanines of

this reatriction is, of course, that methnds of gn’wtinn mmst da
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explicitly stated in generale

Basically, the computer performs the elementary operations
of addition, subtraction, miltiplication and division. Certain
conventions of a typographical or interpretatiohal nature should
be mentioned in connection with these operationse

A. Parentheses

Only standard parentheses are available typographically. No
braces or square brackets may be usede No more than four paeren—

theses may be open in a single equation at any one time, thus,

= alb+ e+ o+ gl +1) 4 + VI,

(4)
is allowed while

a(b + c(d + (¢ + glb + 1(3 + VN,

X

(5)
is not. Stated in snother way, the pumber of left parentheses
n(n minﬁs the number nf right parentheses m)# lying to the left
of any point of the equation must not exceed four; otherwise use

of parentheses is unrestricted.
B. Division

A little reflection will show that an expression such as

a + 2b/c +d ' (6)

is mathematically ambiguous. The computer of course, assigns a
particulér interpretation to such an expression. The rules by
which it does so can be most corveniently explained as follows:
a plus or minus sign has the effect of separating any mathenati-

cal expression into two terms to the left and the right of it.




This separation with respect to a plus or minus sigm occurring
within parentheses only applies, of course, to the total ouantitr
within the parentheses. Thus, if an expression such as that ahave
js written without use of parentheses, the plus and minus sienec
separate the exoression into sevarate terms, In the case cited,
these terms are the quantity a, the quantity 2b divided by c, and
the quantity d. If in the above example, one had wished that the
result should be the sum of & and the quantity 2 divided by (c+d),
one would have had to include the quantity c+d within parentheses:

a + 2b/(c + 4) (7)
If, on the other hand, one had wished to consider this quertity
as the ratio of the sum a + 2b to the sum ¢ + 4, then both of
these quantities should have been included in the varentheses,

(a + 2v)/(c + ) (8)
If it is merely kept in mind that pluses and minuses acf as sepa-
rating symbols, no confusion can arise., 4s a further examnle, one
can write an expression such as

cd/a(d +¢) + 4 (9)
The comvuter interprets this expression as the sum of the ouantity
d and the ratio whose numerator is the proiuct cd and whose de=-
nominator is the product of a with the guantity d + c.

One more form of mathematical expression involving division

is worthy of comment. The use of more than one division within
a single mathematical term is edmissible and is correctly inter-
preted by the cpmputér. Thus a/b/c is properly interprated es

the product ac dividei by b. On the other hand the exoressinn



a/ (b + ¢/d) (10)
is interpreted as the ratio of a to the,quantity which is formed
by adding to b tlie ratio ¢ over d. In the latter case, the quan—~
tity within the parentheses is itself interpreted as a single
nathenatical expression to be evaluated by the comcuter. In
effect, an expression contained within parentheses is isolated
from the rest of the equation and the normal rules of multipli-
cation and division apply without regard to the remainder of the
equation.

C. Numerical Quantities

Although it has been assumed implicitly in writing the above
material it is worth stating explicitly that the computer correct-
1y interprets numbers in ordinary decimal notatiou;a Ho standard
form is assumed for numerical quantities by the computers Thus
if interprets corrcctly such quantities as 0.012, 012,.012, 48,

321 etce, without ambiguitye

D. Exponents

i'-ner cese nunbers on the flexowriter appear as expcnents;
there is zn upper case minus sign but no upper case plus signe
The computer will handle positive (unsigned) and negative inte-
gral exponents. Some examples ares
= 52’ |
(2 - 2)7%,

(ab2)?
a(b + 0)2/ (¢ ~ a) a-B:

-~ 0 o P
n
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3 The Number System

Numbers are stored and arittmetic operations are cerried out
by the computer in the 24, 6 mumber system. In this system nm-
bers appear in the machine essentially in the form a .2b vhare &
is a signed 24 place binary number with 1/2<a<lora=Canibd
is a signed 6 vplace binary number. Thus, it is useless to sunpir
more than 8 significant decimal figures, although in general no
difficulty is caused by supplying more - roundoff occurs autc-
matically, If numbers, including, of course, numbers produced

63 _ 239 (or, roughly,

as the result of commutations, exceed 2
9.2233995 + 10°°) in absolute velue, =n alarm will result. Any
integer up to the preceding number can be written explicitliyr:
e.2., 9223314040000000000 is a permissidle number. The same
pumber could also be written 9.22331&04-1018. It should be noted,
hovever, that the commuter first rezds in a number as an integer,
vlacing the decimal point only after the number is comvwletely
read in. This means that no number is allowed which, without
benefit of decimal point, would be interpreted as an integer ex-
ceeding 263 - 239. Otherwise, numbers mey be written in ouite
arbitrery decimal forr. =g has been 3111ustrated to some extent in
the preceding examples.
4 Outggx

The delayed nrinter is used for outout. - The current valu-

of any number of letter variables me~ be printed out by insertinz

the inctruction PRINT followed by the desired lettere, followszd
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5¢ The Instructions SP, CP, SR, and CR

It has been stated that equations are carried out in the
order in which they are written. It is clearly desirable to be
eble to interrupt this order from time to time. We may wish to
make the order in which the operations are performed depend en
the result of a previous computatione For this purpose, or for
purposes of identification in general, equations may be numbered
with decimal integers between 1 and 100 inclusive. Thus we may

write

"

3x =2,

ly=0s5 (x+2/4),

The first equation is then identified as equation mumber 3, the
second as equation number l. The equation number always precedes
the equation to which it refers.

The effect of the instruction SP followed by an integer from
1 to 100 and a comma is to "transfer control™ to the equation
with the specified number and to proceed on from that equatione.
For example, SP 3, would cause équation 3 to be executed next and
then the equation or instruction following equation 3 in the order
of writing. '

In the following we use the number 5 for purposes of illus-
tration; it is understood that any number that has been assigned
to an equation may be used. The effect of the instruction CP 5,
is the same as that of SP 5, if the last computed quantity is

negative}while CP 5, is ignored if the last computed quantity is



positivee.
For example, if n has the value 3 then in the following pro-
gram

e =n->5,

CP 5,
x = 3 ab,
5y = ax,

when the instruction CP 5, is reached the equation x = 3 ab, will
be skipped since the quantity last computed befcre the CP 5, wvas
e=n-5=3-5=o2, If nhad the value 5 in the’above €X=
ample then e = n =« 5 = O« In this case the CP may or may not
behave like an SP since O may appear as + O or -= O« This am-
biguity need cause no difficulty in general. If, for exerirle, it
is desired to go thru a certain process starting with equation 1

exactly 10 times we may write

n =0,
1 .
n=n+%1l,
e =n =95,
CP 1,

The quantity n is thus used as & counter, and e will then have
the successive values = 8.5, = 7<5, = 7¢5, cee, = 15, + <5 and we
obtain the desired result. Further examples will be given belowe

The instruction SR 5, causes equation 5 to be executed next

jo
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and then, after equation 5, the equation or instruction following
the SR 5,. The instruction CR 5, bears the same relation to SR 5,
that CP 5, does to SP 5,.

An SP, CP, SR or CR may not itself be assigned an equation
number,
6. STOP

The instruction STOP must be placed at the end of every
program, Its effect is to stop the computer. This instruction
may be given an ecuation number so that an SP or CP may be used to
stop the comoutation,

7 . The Stop Character

Flexowriter character number 49 is the "stop code" or "stop
character"., This character is used by our program in.the follow-
ing way.7 It may bapven, for example, that a fairly large amount
of data will be processed in several ways at several different
times., Rather than duplicate the long data tave onto the process-
ing program tape in each instance one may simply place a stop
character at the end of the data tape. The effect will be to stop
the comouter temporarily to allow a program tave to be inserted
into the tape reader. Computation will then be resumgd when the
WWI restart button is pushed. Other situations in which this
feature may be useful will undoubtedly occur to programmers,

8. Iznored Characters
Excent when they occur between the digits of a number the

following characters are ignored: space, back space, tabulate

and carriage return. Any of these characters or any combination

11




of them, inserted between digits is interpreted as a multiplica-
tion sign. Thus x = 23, (i.e., no characters between the 2 and
the 3) would set x to the value twenty;three while x = 2 3, (i.e.,

2 followed by space followed by 3) would cause x to assume the
value 6.

The nullify character is always ignored¥ so that if a sbace
or other erroneous character is acciden{i@%inserted between digits
an error may be avoidedlhy simply nullifying the character.

It should be pointed out that superfluous characters are not
alweys apparent from a print- If the combination "space, back-
space” or the combination "shift to upper case, shift to lower
case"® is inserted between digits, the combination, in either case

would be interpreted as a multiplication signe Error may again

be avoided in these cases by nullifying the superfluous characterss

9. The Character ¢ Denoting Multiplication

The lower dot of the colon has been filed off on at least one
of the flexowriter un;ts availastle at DCL. This character, or the
colon itself, may be used to denote multiplication; e«g., 5'104
has the value 50,000 as has also 5 104 where only one oz more

spaces or tabulates is inserted between the "5% and the "104"-

¥Except in an SP, SR, CP, CR, or STOP instructior. If a typo-
graphical error occurs in these instructions, the .hole instruc-
tion must be nullified.




10. Examples

Suppose it is desired to print a table of values of cosine x
for x = 0y¢1,42,...,]1 radian and that we decide to use up to
the Xlo term in the power series for cosine X« This could be

acconplished by the following program:

x = 0,
i z=1- x2/2 + x4/2'3‘4 - x6 2°3°4°5°6
+ x8/2. 3°4°5°6°7°8 - Xlo/2'3’1+‘5'6‘7'8' 9.10’

PRINT X, Ze

=x + ol,
e =x - 1.05,
CP 1,
STOP

We might prefer an iterative scheme to produce the same
resulte The following scheme has the advantage that the number of

terms in the series may be adjusted by changing a single number:

4x=0,

1 y = 10,
z =1,

2 z=1-zx2/y(y-l),
y=y=-2
e=1-y,
CP 2,
PRINT x, 2.
x =x + 0.1,
a =x - 1.05,
Cp 1,

STOP




()

11. Tunction Subroutines

It is clearly desirable to build into the computer subroutines

that comoute automatically certain freguently used functions. This

process has been begun for our computer and at present the follow=-

ing functions are available:

Desienation

14

Function

square root
sine

cosine
tangent
sine

cosine‘.1

.tangent-l

gsecant

cosecant

cotangent

absolute value

signum

exponential (eF)

negative exponential (e~%)

sinh
cosh
tanh
sech
csch
coth

log10
log2

loge




The sine of x may be obtained by writing simply F*(x) and
such an expression may be treated arithmetically in the same way
as a variable in an equation, for example:

x = 2(F (y) Fo(z) + F(a) ),
would set x equal to 2(Y y sine z + \z | ). Subject to the usuel
restriction on the use of multiple parentheses (no more tk:n 4
open at a time', computation may be carried out inside the paren-
theses containing the argument of a functione For example,

x = F(x + 2/y(a + b) 1),
would set x equel to cosine (x + 2 z/y(a +b) ). Further, functions
of functions are permitted. For example,

x = Py + 70(2) ),
would set x equal to tan(y + cos“1 z) or

x = FH(F(a) ),
would set x equal t°‘4—T§T c

12. Additionsl Variables and \orisble Indices

Subscript numbers are not gvailable on the standard flexo-
writer so additional symbols for varisbles are obtained as follows:
Any lower case letter followed by & vertical slash followed by an
upper case integer between 0 and 1023 inclusive may be used as a

varieble in precisely the same way the lower case letters alone

' have been used sbove. We shall call such variasbles "superscript

be] r
variables." Thus x > - 2n, a|2 = a|7 + blé, PRINT a, x\’, c, d‘/5°
are legitimate expressions. Any lower case letter may be used as
a variable index for superscript variables in the combination

lower csse letter followed by vertical slash, followed by lower

}J
(%)}



case letter. For example, when the expression x|n is encountered,
the current value of n is taken as the index: if n = 6 currently
then x|n is at this time treated as xlé.

If, in the expression xln, n has a non-integral value greater
than 0.5, the computer rounds n off to the nearest integer.

Negative values of n are not permitted in this connecﬁion, nor

- are values between zero and one half inclusive, with the excep-

tion that the value zero is permissible if assigned by the speci-
fic equation n = 0,.

The roundoff property can often be used to advantage; e.g.,
in interpolation in a set of tabular data. Suppose that we are
ziven 10 values f(xl), f(xz),.-., f(xlo) of a function at a set
of equally spaced points Xy XpyeeesXqge The tabular values can

be read in by the equations

£ 2 ,
£ |2 ,

"
£ = ’
We also require, for the‘purpose, the set of integers 1 to 10,

read in as follows:

n=0,
1 n=n+1l,
k|n = n,
e =n - 9.5,
CpP1,

setting kll =1, k‘z = 2, etc.
To find f£(x), (xic x<;xio), by linear interpolation, the
following program is used(h = the difference between X, and X 1):

16




0.5 + (x -xll) /hy
k|3,

m+ 1,

J + 0e5 = m,
afjn+ (Q-a) f|m,

<4 o8 H e
H

giving y as the desired result.

Printing Superscript Verisbles

The general format of the print-out of superscript variables
is the same as for ordinary variables. The instruction PRIIT y 5.
will cause
W =. .
to be printed out while the instruction PRINT b|i. will csuse
b?=. .
to be printed if 3 is the currert value of i.
13. SP n, etc.o
It is already possible to change conditionally the order in
which operations are performed by using the CP instruction. It is
also possible to program such a change by using the following in-
struction: SP followed by any lower case letter followed by a
comma. If, for example, thz; variable u has the value 15 when the
instruction SP u, is reached by the control then this instruction
11 have the effect of SP 15,. The instructions CP, SR and CR
may similarly be used with lower case letters. For non-integer
values of the index, the same restrictions and round~off proper-

ties hold as for variable superscript indices.

»
~1




1. Varisbles Assigned to the Drum

Superscript variables are ordinarily assigned to MS(magnetiec
core storage) and there is room for a total of 250 such variablese.
If additional varisbles are desired they may be obtained in two
wayss The instruction ASSIGN followed by a lower case letter
followed by a vertical slash followed by an upper case integer
between 1 and 1023 inclusive followed by a comma causes space on

the drum to be selected for varisbles. For example, ASSIGN a[lOOO’

automatically reserves space for variables a|1 thru allOOO inclu-
sive to the drum and takes up in the storage table for variables
in MS the space of only one ordinary superscript variable. Once
this assignment has been made, the superscript variables in
question may be treated as ordinary superscript variables.'
Special provision has been nade for assigning tables of
values to the drume Suppose, for example, that we wish to store
the values of a function g at the values tl’ tz, t3, tA of its

argument. Let these respective values be assigned the symbols

g l, g|2, gla, g‘L and suppose, for definiteness, that g 1. 2,
glz = 4, g'B = 6, g\4 = 0. We already have one method of assign-
ing these variables to the drumt

ASSIGN gI"’,

gll =2, 3‘2 = 4, 3\3 = 6, g\l’ =0,
Exactly the same thing may be accomplished by writing

8‘“ =2, 4y 6, 0,

18




Any lover case letter may be used in this way but only the upper
case letter N may follow the vertical slash. Each value, includ-
ing the last, must be followed by ; commae

Once varisbles have been assigned to the drum in this fashion,
they may be treated as ordinary variables in exactly the same way
as variables assigned to the drum (but not given initial values)
by the instruction ASSIGN.

The alN type of instruction may be used in another way to
assign variables (with their initial values) to the drum. Suppose
that one wishes to set a‘l =1, 512 = 1.5, a‘B = 2, al4 = 2.25,
'a‘s = 2.5, alé = 3.5, al7 = 4«5, This may be done by vriting

alN = 1.0 ( +5) 2. (0.25) 2.5 (1) 45,
That is, one writes after the equals sign, the value of a‘l, then
the increment in parentheses, then the value up to which one is to
go using this increment, and so on, terminating the instruction
with a comma. It is understood that the "a" in the above example
may be replaced by eny lower case letter but only N may follow
the slash.

As snother example consider the little routine given in the
discussion of interpolation in section 13 for assigning k 1. 1,
K2 = 2,0, kllo - 10. This could be replaced by

x|v =1 @) 10,

Tt should be noted that the operations maltiplication, addi-

tion, etc., involving varisbles on the drum will in general take

about 30 milliseconds longer per variable on the drum then the

same operations involving MS veriebles. If varisbles on the drum

19
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are used sufficiently often in a program to hake a significanf
difference in the computer time used, and if there is space for
the variables in MS then the varisbles should be assigned, or re-
assigned to MS.

For example, suppose one wishes to introduce 100 values

fll thru fllOO of a functione If they are assigned by writing

out
fll = L) o ’
£l2 -, .,
flioé- o .’

= . e,
then 100 unnumbered equations, the maximum, have been usede.
Hence we might assign the values to the drum by
TIN=00o , 00, ¢.,
and then re-assign them to MS (1f they were to be used sufficient-

1y often to make it worth the trouble) by writing something like

[
B
[ ]
=]
+
o

It is difficult to say in advance Just how many variables
may be assigned to the drum for s particular probleme There is
a naximum of 3072 (which may be increased at a later date) but
the drum 1s shared by the equations and the drum variables of a

program so that in no case could 3072 drum variables actually be

g.

L
A\

3
2
g;
L
-
v

usede In any case, if storage is exceeded the automatic post
mortem(described below) will inform the programmer where and how

the trouble arosee

20




15. Differential Equations

Provision has been made for the solution of ordinary differ-
ential equations by the method of Gill - a variation of the 4th
order Runge-Kutta technique. In order to make use of this pro-
vision, certain conventions must be observed.

1) the letter t must be used for the independent variable.

2) the letter h must be used for the increment in te

3) the upper case letter D is used to denote d/dt.

Any ordinary or superscript variable (other than t and h)
may be used for the dependent variables and for auxiliary vari-
ables. A given nth order syster must be reduced to a system of
n first order differential equationse. Suppose then, this reduc-
tion having been done, we let Vs Tor *» Ty denote the n depen-
dent variables. Our system is of the form:

dyi/dt = fi(t, Yqs Tpre o ,yn), i=1,2,e0yn0

The way in which the solution is to be accomplished is per-
haps best explained by an exaemple. Suppose that there are two
differential equations, that we take 2 as the initial value for ¢
and that h = 0.5. Suppose further, that we wish to print out the
solutions for t = 2, 3, 4 up to 10, that the initial values of
the y, are 0, and that

£1(t, 79> ¥y) =y * 1 £ (b ¥y 7)) = =Ty
Our program may then be as follow:

t =2,
h = 005,




Yll = 0,
YI2 =0,
1 PRINT 4, y|*, 7|3
e = 9.7 - t,
CP 3,
2 pyl=yPry,

BN

Dyl =-3l%
e = - e,

CP 2,
SP 1,

3 STOP
It should be observed that t is automatically increased by
the value h upon completion of the last equation that starts with
a Do Of course, any or all of the values of t, h and the depen-
dent variables may be reset during the computation. One impor-
tant restriction on the form of a program should be noted. The
carrying forward of the solution a single step of length h actu-
ally involves going through the part of the progrsm that starts
with the first D equation and ends with the last D equation a
total of 4 times. These 4 sub-steps take place automatically
but it is essential that all relevant auxiliary ccmputation take
place between the first and last D equations. Suppose for exam=
ple that we were to change the part of the preceding program
between equations 1 and 2 as follows:
e = 9.7 ~ t,
CP 3,
2 a=yl2+1,
D y‘l = &,

- A— Ty tsbe e WY




This change would epvesr io be innocuous since "a" seom3 e
be appropriateiy reset before eech entry into the Aifferential
eouations., However, upon completion of the second D eocuaridn in
each of the first 3 sub-stevs, comvutétinn would be resumed «ith
the first D ecuation (and not equatior x) so that "a® would no*
have the current value of yF + 1.

Finally, it has been stated that o total of 250 M3 super-
serint verishbles may ne used: this is not true for propgram:z in-
volving differential eouations. If there are k em~+® us thad
begin with a D in a oroefram then 250 - 2k MS suverscrint verizbles
may be used,

"6 Post Mortems

Certain automztic nost-mortem features heve bean incluie?d
but this vart of the commuter is essentially still in the dasiem
stage. Rousghly §neaking, if a nrocrem exceeds storage in any ore
of several pnssible ways the computer will tell us where and how
storage was exceeded.

If an erithmetic alarm occurs, the orogrammer will be tolAd
the nurber of the ecuation in which the alarm occurred eand the
numbher of the eguation that oreceded the alarm, It should ba
noted here that eouatlions not assigned numbers hv +he vprosrammer
are automatical‘y assigned numbers from 101 to 200 by the com=
outer in the order in which they ere written.

The progremmer may obtein the velues of any variables he
Aesires after an arithﬁetic glarm by writine the amnrooriate

PRINT instruction as ecuation 100,

\)
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17.

Rules

l. Every equetion must end with a commae

2. The nullify character is always ignored except when
it occurs between the S and P of SP(sinilzrly for
SR, CR, CF, STOP).

3. Except when they occur between the digits of a pum—
ber or in SP etc., the following characters are
ignored: space, back space, tabulate and carriaze
return. Any of these characters insertsd between
numbers is interpreted as a multiplication sign.

4+ Every PRINT instruction must end with a period.

5. No more than 4 open parentheses may be written in
a single equation before one is closed.

6. The instructions SP, CP, SR, CR must be terminsted
by a comma and may not be numbered.

7. PRINT instructions may be numbered.

8. The instruction STUP may be numbered and may appear
only at the end of a programe

9o The instruction ASSIGN must be termirated by a cormae

10. Each assigrment of a group of varisbles to the drum
(bty either the ASSIGH or the xLN type of instruction)
uses ur the space ordinarily occupied by one super-
script variable in the table for superscript variables
in MS. ith this understanding a total of 250 super-—
script ve~iables nay be assigned to MSe

11e A rmaximum of 100 numbered equations and 100 unnumbered

equations may be used in any one problemo

Riehmith i e




18. Temporary Rules and Restrictions

As of the date at which this report is written the follow-
ing restrictions are in effects It is expected that they will
be removed in the immediate futuree.

l. An SR or CR instruction may not refer to an equation
that makes use of a function subroutine.

2. Varisbles may not be assigned to the drum; that is,
neither the ASSIGN nor the x{ N type of imstruction
is in operation.

3. Function subroutines F 13 thru on have not been
tested.

A11 other portions of the program are believed to be oper-
ating satisfactorily but exhaustive tests have not been madee
Information relative to any troubles encountered in the use of

this program would be appreciated by the authors.
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