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ABSTRACT

The advantages of interactive computing are discussed by comparing the solution
of a mathematical problem in Fortran with its solution using the interactive ACL—-NOVA

system. The ACL-NOVA system is based on the new language ACL, the most important
features of which are presented here,
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1. INTRODUCTION

A computer user who has access to a powerful computer, and has a convenient method of
getting information into it directly, and who ran immediately see the results of a complex calcula-
tion in @ simple, understandable form has a great advantage over another who submits a program
to be run on the computer and gets back tables of numbers a few hours later. If the user can
experiment with the input and see the effect of each change then he may quickly begin to understand
a complicated problem.

This is the principle of man-machine interaction ot on-line problem solving. The point is
that both man and computer can each do some things much better than the other. A closed loop
system allows the special abilities of each to be used to advantage and the combination may be
far more powerful than the sum of the two components (it has been described as the ‘two-plus-two
equals five effect’).

By comparison, the man who has to wait for his results loses ‘thinking momentum’ and has
to collect his thoughts on the problem after every computer run.

The computer network being set up at the Research Establishment will allow powerful
interactive computing facilities to be provided at various Iocations on site. In the meantime, the
ACL-NOVA system allows users to solve small to medium-sized problems in an interactive manner.

To see some of the advantages of interactive computing, the solution of the power surge
problem using Fortran on the IBM 360 computer (Pollard, 1972) will be compared with its solution
using the ACL-NOVA system.

Assuming that sufficient Fortran has been mastered to solve the power surge problem, the
conversational programming language, ACL, will now be presented as an alternative, more flexible
method of solution. For more details of the ACL language and the ACL~NOVA system, refer to
the publications (Sanger 1971, Bennett and Sanger 1971),

2. THE ACL-NOVA SYSTEM

2.1 General Discussion

The ACL language (ACL stands for A Conversational Language) was developed at the
A.AE.C. It was implemented on a NOVA computer supporting five teletypewriter terminals and
this is referred to as the ACL-NOVA system.

The ACL language consists of immediate statements and stored statements. Stored state-
ments are translated and saved in a user work area from which they may be recalled and executed
under user control. Each stored statement has a sequence number in the range 100 to 999 and may
also have a statement number in the range 0 to 99. Stored statements are used to build up a stored
program. They are ordered according to their sequence number and may be inserted, modified, or
deleted freely by the user. Stored statements may be typed in any order, and any newly entered
statement will replace a previously saved statement with the same sequence number.

An immediate statement, which does not have a sequence number, is translated and executed
when typed and is then discarded. Immedjate statements are used to perform one-time or ‘desk
calculator’ calculations, to control the execution of a stored program and to perform various editing
and debugging functions. The basic statement forms used for immediate and stored statements are
shown in the ACL-NOVA summary in Appendix 1.
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2.2 Input from a Terminal

The ACL-NOVA system currently supports five teletypewriter terminals. Input to the
system is specified by pressing keys on the typewriter-like keyboard. To begin work at a
terminal, you press the and the @at the same time, and the system responds by
typing ACL—NOVA and spacing a few lines. Once the terminal has been initialised in this way,
statements may be stored or immediate statements executed.

Input begins from column 1, which is taken to be the leftmost position of the teletype
carriage that results from pressing the Carriage Return (CR) key, and may consist of up to 72__
characters. If input is continued past column 72, the whole line is cancelled and. must be entered
again. In the ACL-NOVA system, then, you can think of input on a 72 column layout. For state-
ments to be stored for later execution, this layout takes the form

1 alsi7]s ACL 72
230 Aed
235 1 Beo
240( |23 |A+B

Immediate statements begin from column 1 and have the layout:

1 ACL 72
26+ 4

A2¢23.5

SQR(42.978)

The terminals attached to the NOVA computer are operated in what is termed full-duplex
mode. This means that a character pressed at the teletype keyboard is sent to the computer, but
is not printed at the teletype unless it is sent back to the terminal (echoed) by the NOVA computer.
By making use of this feature, only characters that are valid in syntax are ‘echoed’ at a terminal;
that is, only characters that make sense are typed at the terminal. For example, if you pressed
the keys 3++3 at the keyboard, the system would only type 3+3 at your terminal. A statement is
ewnmmmlmy@m&wﬁm.

This ‘echo-checking’ mechanism is a very valuable feature of the ACL—NOVA system and
provides interaction even while statements are being entered at the terminal.

2.3 Arithmetic

All arithmetic operations are carried out using single precision floating point numbers.
For input, the numbers may have free format; that is, they may be integers, may contain a decimal
point or may contain an exponent.

Examples are: 327, 1.231, .0014, —1.45E+12, 3E2,

2.4 Variables

Three types of variables may be used; a simple variable, a singly subscripted variable or
a doubly subscripted variable,



—3—

A simple variable name must begin with an alphabetic character and may be followed by
up to three alphanumeric characters. Singly subscripted variables consist of an alphabetic
character, which may be followed by an alphanumeric character followed by an arithmetic state-
ment or expression {see Section 2 4) enclosed in brackets. The arithmetic statement or expression
is evaluated and truncated to form an integer in the range 0 to 65,535, the appropriate subscript.
Doubly subscripted variables consist of an alphabetic character, which may be followed by an
alphanumeric character. followed by two arithmetic statements or expressions which are separated
by a comma and are enclosed in brackets. Each of these arithmetic statements or expressions is
evaluated and truncated to form an integer in the range 0 to 255, the appropriate subscript. Examples
are.

A A1B2,ZA RETN. ..... simple variables
AC(1),D1(I+X~-3/2E1), X (I-3+N «2),... singly subscripted variables
B3(7.2),Y (T«1+1,J«] +INT(BX(A¢3%-4+Z¢3)),... doubly subscripted variables.

In ACL all variables are treated as real variables, so that there is no distinction between
real and integer variables as there is in Fortran. In addition, there is no conflict between simple
and subscripted variable names in ACL. For example, in ACL one can use A, A(l), A(2,3) as
separate variables, while this is not allowed in Fortran. The subscript zero is also allowed in ACL.

2.5 Arithmetic Statements and Expressions

Arithmetic statements and expressions play an important role in the ACL language and their
definitions and mode of evaluation should be understood.

The basic operands in an arithmetic statement or expression are variables and numbers.

The relevant operators are +, —, * , / (divide), T (power), < (assignment) and the built-in mathe-
matical functions such as COS, EXP, LOG, SIN and SQR.
Examples- addition A+B

subfraction =~ A-B
multiplication A =B
division A/B
exponentation ATB (in Fortran this is A #* B)
use of functions EXP(A+B TS) equivalent to e Rt
The mathematical operators have the usual heirarchy with the order of execution as T first,
then * or / at the same level and finally + or — at the same level. Brackets may be used to

override the mathematical hierarchy. For example:

3 +4x6]n would give the result 36« 4+3= 147
3 +(4+6)T2 would give the result 24%24+3-579
((3+4)6)T2 would give the result 42 +42-1764

Brackets are also necessary to prevent two arithmetic operators from appearing next to each
other, for example, '
A*~B must be written as A*(—B). ‘
If a variable is followed by an assignment arrow (&, then during statement execution the
expression to the right of the assignment arrow is evaluated and its valye given to that variable.
The variable name and its value in floating point form are stored in a symbol table in the user work

area. Multiple assignments may occur in the one arithmetic statement or expression, and this is
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an important difference between ACL and Fortran. When multiple assignments occur in an
expression, assuming first of all that the expression is bracket free, then the rightmost assignment
arrow is located, the expression to the right of this is evaluated and the resulting value given to
the variable. This process is continued until all the assignments have been carried out.
Examples: Ae&3; A is assigned the value 3
Cée6+Be—X1¢2; X1 is first assigned the value 2, B is next assigned the
value 2 and finally C is assigned the value 8.

In more complicated expressions that contain a number of levels of brackets plus multiple
assignments, the expression is evaluated by searching first for the rightmost pair of opening and
closing brackets. The expression enclosed between these brackets (an expression at zero bracket
level) is then evaluated by searching for the rightmost assigament arrow and proceeding as des-
cribed in the last paragraph. The bracket processing and assignment arrow processing is continued -
until the whole expression is reduced to zero bracket level and evaluated, |

Examples: Y ¢—(A¢=2#B)T(B«—SQR(Z9)) +X¢ 4 . :
Z is first assigned the value 9, B is then assigned the value 3,

A is assigned the value 6, X is assigned the value 4 and Y is
finally assigned the value 6°+4=220.
To do this in Fortran, the following five statements are required,
Z=9,
B=SQR(Z)
A=2 xB
X4,
Y=A#:B+X
Another important difference between ACL and Fortran is that no DIMENSION statement is _
required in ACL to indicate the size of singly or doubly subécripted érrays, Subscripted variables
are added to the symbol table as they are defined, and a user can thus use the variables A(5), A(7),
A(9) without needing to say DIMENSION A(9) as required in Fortran. '
An expression is termed an arithmetic statement if the first term in the expression is a
variable followed by an assignment arrow; otherwise it is an arithmetic expression.
The result of executing an arithmetic expression is printed at a términal in one of two
possible formats depending on its magnitude. The number is given in exponent form if it is in the
range |number|< 10 %or |number|>10°. If the number lies in the range 10”7 < |number|< 10> ¢

is printed in non-exponent form with seven significant figures, if necessary. Integers are printed
without a decimal point. '
Examples: (i) 372+AB1¢-2.453 is an arithmetic expression and during execution ABI would be

assigned the value 2.453 and the result 11.453 would be printed at the terminal.
- (i) AXSQR(C+4*B(1)¢-1)+3~Be —2 is an arithmetic statement and during
execution B(1) would first be assigned the value 1, C would then be assigned the

value 4, B would be assigned the value -2 and AX would finally be assigned -
the value 7, but nothing would be printed at the terminal.
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(iil) (Z2+-8.332055E--3) is an arithmetic expression and during execution Z2
would be assigned the value 8.332055E~3 and the result .008332056 would
be printed at the terminal.

(iv) C6 is an arithmetic expression s#nd during execution the value of the variable
C6 would be printed at the terminal.

2.6 Sequence Nombers and Statement Numbers

Each sfored statement must have 2 sequence numbet in the range 100 to 999, The state-
ments are ordered according to their sequence pumber and consequently statements in a stored
program may be typed in any order and inserted or deleted quite freely. |

A one or two digit statement number in the range 0 to 99 may also be associated with a
stored statement. Thus a stored statement can be referred to either by a three digit sequence
number or a one or two digit statement number. It is possibly hetter to use statement numbers
for branching within a stored program, since the branch statements will not have to be altered if
the sequence numbers of the stored statements are changed.

3. STORED STATEMENTS

Statements that have a sequence number associated with them are classed as stored

statements, and these are used to build up a stored program that may later be executed. Arithmetic
statements and arithmetic expressions may form part of a sfored program, and they may also be used
as operands in the statements that are described below.

3.1 ACCEPT Statement

Data may be read by a program by using the ACCEPT statement which takes the form:
ACCEPT ¥ {variable{  variable {. variable.....]]}
The curly brackets are used to indicate a field that must be present, while the square brackets
are used to indicate an optional field. In the case of the ACCEPT statement, then, at least one
variable name must be specified to complete the statement.

When an ACCEPT statement is executed, its sequence number is typed on 2 new line
followed by the variable name and assignment arrow. Execution of the stored program is temp-
orarily suspended until the value of the variable is specified. ‘This procedute is repeated until
all of the variables listed in the ACCEPT statement have been read, and program execution then
proceeds normally.

For example. execution of the stored statement

1 5 I8 ACL | 72
317 110 [ACCEPT BS1,A(1,1),X

causes the line

1 5
317 BSle-

to be typed at the terminal. When the value of B51 has been given (completed by a valid CR), the
line



1 5 ——— e e
317 A(L1) «

is then printed.  After A(1.1) is given a value, the line

1 |5
317 X

is printed. On reading X the ACCEPT statement is fully processed and program execution

continues normally with the next stored statement.
3.2 GO TO Statements

Stored statements are usually processed sequentially in the order of increasing sequence

numbers. However it is possible to transfer out of the current sequence of statement processing
by executing a GO TO statement which takes the form

GO TO iarith stmt or exprn;
When this statement is executed. control is passed to the stored statement with the sequence
number (if 3 digits) or statement number (if 1 or 2 digits) obtained by evaluating the arithmetic
statement or expression.

Examples:

1 5k |
325 | |GO TO 211

causes control to be passed to the stored statement with the sequence number 211.

1 |5 |8 - )
411 GO TO I«2-2E2-309

cause the variable 1 to be sssigned the value 91, and control then to be passed to the stored state-

ment with the statement number 91,
3.3 IF Statement
The most important statement in controlling the logical flow of & program is the IF statement
which takes the form
arith stmt or exprn

EQ. TYPE stmt
.NE. ACCEPT stmt
IF ({arith stmt or expra} g}g i arith stmt or exprn}) + ggL’{‘Oq;:?t
' LT N stmt
& LT RETUR
' LE. CONTINUE stmt
STOP stmt

If the logical relation between the two arithmetic statements or expressions enclosed in brackets

is obeyed when the statement is exernted, then the thicd statement outside the brackets is executed;
otherwise control is passed to the next stored statement.

Example

L
273 IFle1+1.LE.10) F1 &0

causes the value of the variable I t3 be increased by one, and if the new value of I is less than

or equal to 10 then the variable F1 is set to zero before execufing the next stored statement.
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There is no DO statement in the ACL language and the IF statement must be used for
program looping. that is, if the same set of statements are to be executed a number of times,
3.4 TYPE Statement

The results of the calculations carried out by a stored program may be printed at the
terminal by using the TYPE statement. The value of an expression may be typed out in a format
determined by its magnitude. as discussed in Section 2.5 or entirely in exponent format. For

example

1 |5 |8
512 TYPE A3

causes the value of A3 to be typed in a form determined by its magnitude while the statement

I |5 &
512 TYPE '"A3

causes the value of A3 to be typed in exponent form regardless of its magnitude.

When variables are separated by commas, they are printed on the same line with a space
between each number. For example. if Al has the value 271 and A(2.1) has the value 6731 in ail
of the following examples, then

s s 7

1473 | |TYPE A1A@,1)
causes the line,

1 5
271 ﬁl?swoomos
to be typed at the terminal.

Literal data (character output or headings) can be printed by enclosing it within apostrophes.

For example, the statement

s
| 671 TYPE 'ANSWER=' | Al

causes the line

ANSWER-271
to be printed.

To continue output on 2 new line. & semi-colon should be used as the delimiter, so that

423

TYPE Al1;A2.1)
causes the lines

1

271
6.731000E-03
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to be typad at the terminal. The semi-colon delimiter can-also be used to space a number of lines,

for example -

4&“{?{% e
causes the teletypewriter to be spaced three lines.
Output may be placed at a particular carriage position by indicating the required position
by means of an arithmetic statement or e¥pression enclosed between the < and > symbols. This

positional parameter must appear before the required variable or literal data and be separated from

it by a comma. For example, the statement

1 5 [s o
f821 TYPE <27>,'AL~", “'Al

causes the line

A1=2. 710000E + 02

to be printed.
3.5 STOP Statement

Execution of a STOP statement completes the execution of a stored program. The statement
takes the form

418 |STOP
is printed at the terminal.
3.6 END Statement

The END statement is used to indicate that work has finished at a terminal, It should be
the last statement executad before leaving the terminal.
4. POWER SURGE PROBLEM
You have now been introduced to enough of the ACL language to be able to set up a stored
program to solve the power surge problem (Pollard, 1972). That is, given
e (p1-be™)p p@) <1, (6-2.718282),
then we require the solution of this differential eguation so that we may calculate the maximum power
surge
h(b) = max p(t)
0<t<10
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The particular values of b to be conéide:ed are b=0.3 and 0.5 since we are given an experimentally
measured result

(B) h0.3)=112:0.01
as a check and we are required to determine whether

(A) h(¢5)>12 ornot.

To simplify the presentation, the approximate solution

pit) = e(bze"“)

will be used instead of solving the differential equation numerically. The peak of the power surge
(maximum if b is +ve, minimum if b is -ve} will be found from successive evaluations of p(t) using
the above formula. (We will ignore the fact that we could use the analytic result
h(b) = o0 3678754b '
for this approximate case).
The computational procedure for the approximate solution is similar to that for the numerical

solution of the differential equation and it is shown below

5t = 0.1
tA = 0
pa =1
b variable (0.3, then 0.5 then any other value)
tg - oty St &
PB - e('b'B ¢ IB)
If (b{py—ps)) €0 then a peak is located and we type results A
ty tg
P, Pg
go to —

The first version of an ACL program using this computational procedure could be the following:

1 |5 |8

110 DT« 0.1

120 TYPE ;' POWER SURGE PROBLEM (APPROX.) JANUARY 72"
130 TYPE ;" INPUT B-INITIAL DISTURBANCE'®

140 TYPE ;' OUTPUT T-TIME®; <8 > 'P-POWER'

150 TYPE <§&-,' CORRESPONDING TO MAX OR MIN POWER SURGE';;
160 |1 ACCEPT B

170 TA&0

180 PAe-1

190 12 TB«TA+DT

200 PB «-EXP(BTB «EXP(-TB))

210 IF(B +(PB—PA).LE.0) GO TO 3

220 PA«—PB

230 TA+-TB

240 GO TO 2

250 13 |TYPE <5>'T="TA.'P=' PA;;

260 GOTO 1

270 STOP

280 END
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However, this program can be improved in a number of ways. For example, statements 170

and 180 can be combined to give

1 s s T

170[ PA -1+ TAe0

Statements 190 and 200 can also be combined as indirated below.

1 [5 |[8
190 |2 |PBe-EXP(B+«TB+EXP(-TE «~TA:DT))

An improved version of the program could thus be the following.

1 |5 |8

110 DT é—O 1

120 TYPE ' POWER SURGE PROBLEM (APPROX.) ]ANUARY 72"
130 TYPE ' INPUT B=INITIAL DISTURBANCE !

140 TYPE -f OUTPUT T-TIME';<8>,'P-POWER'

150 TYPE <8&>, *CORRESPONDING TO MAX OR MIN POWER SURGE';;
160 1 |ACCEPT B

170 PA4-1+TA 0

190 2 |PB<-EXP(B»TB+ EXP(~TB&-TA+DT))

210 IF(B» (PB-PA).LE.0) GO TO 3

220 PA«-PB

230 TA+TB

240 GOTO 2

250 3 |TYPE <5>.'T=",TA. 'P=' PA;;

260 GOTO 1

270 STOP

280 END

Results obtained from running the above program (approx. solution} and an cxtension of the
program fo solve the differential equation numerically {‘exact" solution) are shown in Table 1. In
each case. the results obtained for h=0.3 are in good agreement with the experimental result
h(0.3)-1.1210.01. However, the approx. solution gives h(0.5)=1.202, while the ‘exact’ solution
which gives h(0.5)=1.193 is really needed to show that h(0.5) <1.2.

The difference between the results for the two solutions increases as the magnitude of b
increases and this is to be expected from the assamptions made in deriving the approx. solution.

Looking at the way the program has baen set up to calculate the approx. solution, you can
see how easy it is to change the value of b and how quickly one can get a feel for the effect of b
on the maximum or minimum power surge. The ability of the user to interact with the problem by
immediately being able to try warious values of b depending on the outcome of the previous values
tried is a considerable advantage over the FORTRAN user who must anticipate suitable values of
b prior to submitting his run.

What change in the results, if any, would you expect if you changed DT? .—- let’s run the
program and see, Do the results of the approx. solution agree with the analytic result h(b) =" *'57%%>
—- let’s write a small ACL program and see. Any other aspects? -~ well let’s try them too. With
interactive computing you can ohserve the effect of various modifications to the basic program as

ideas come to mind!
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5. IMMEDIATE STATEMENTS .

So far, the ACL statements that you have met are very similar to Fortran statements and

it is now time we looked at the immediate statements that provide most of the interaction with the
user.

Statements that do not have a sequence number associated with them are classed as immediate
statements and they are executed as soon as 2 ‘valid’ CR is typed. Arithmetic statements, arithmetic
expressions, TYPE statements and the END statement can be executed as immediate statements, in
addition to those mentioned specifically below.

5.1 RUN Statement

Perhaps the first thing a user wants to know once he has typed in a stored program is how

to execute it. This is done by using the RUN statement which begins execution of the stored program

starting at the statement with the lowest sequence number. The statement takes the form

1

lRUN
The results in Table 1 were obtained by using this statement to begin execution of stored
programs designed to solve the power surge problem.
5.2 GO TO Statement

An immediate GO TO statement can be used to begin execution of a stored program with any

stored statement and it takes the form

1
GO TO ({arith stmt or exprn}

For example, the power surge problem could be started by executing the statement

1
GO TO 110

as shown in Table 2.
5.3 LIST Statement

Stored statements are listed (printed out) at a terminal (in sequence number order) when the

LIST statement is executed. A single statement, a small group of statements or the entire stored
program may be listed.

Examples: (i)
11
LIST

causes the whole program to be listed
(i) ..
1

LIST 67

causes the stored statement with the statement number 67 to be listed
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(iif) e
1

LIST 117,421

causes all the stored statements starting from sequence number 117 and finishing

with sequence number 421 to be listed. Some of the listing possibilities are shown in Table 3 for
the case of the power surge program.

The teletypewriter terminals have a paper tape reader and paper tape punch attached to them.
Input from a terminal can come from either the teletype keyboard or the paper tape reader. When
output is being printed at a terminal, it will also be punched onto paper tape if the paper tape punch
is ON. The paper tape punch is normally OFF .

If you have tested your program and wish to keep a copy of it on paber tape, then you should
execute the statement

1
LIST? :
In this case, to give you time to turn the punch ON, the listing is delayed until a CR is entered as

the first character on the next line. When the CR is entered at the terminal, five inches of feeder
holes are punched at the start of the tape. Five inches of feeder holes are also punched at the end
of the listing.

Listing may be terminated at any time by entering? from the keyboard,

5.4 SYMBOLS Statement

Execution of the SYMBOLS statement, which takes the form

l1
,SYMBOLS[J

causes the values of all the variables in the symbol table to be printed out in the form:

1

Al«-1.320000E -20
213421
A2(7)«-.01
NA(3,7) <+ 0823

If the colon is present, it indicates that the output is to be punched onto paper tape.

Entering? from the keyboard will again cause listing to be terminated.

The above form of the symbol table listing was chosen so that each line was an immediate
arithmetic statement and if the output was punched onto paper tape, it could be later tead in to
re-initialise the symbol table.

5.5 Program Tracing

To assist in debugging a program, special tracing facilities are built into the ACL language.

A statement is said to be traced if any symbol table assignments that occur while the state-

ment is being executed are typed at the terminal. These assignments are typed in the form
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1 5
{sequence number} |{variable}+{ value}

or for example,

1 5
317 |A724-6 13

Individual statements may be traced by execnuting an immediate statement of the form

i s
,TRON {arith stmt or exprn}

before beginning the execution of a stored program. For example, in the case of the power surge

problem, if the immediate statements

1 6

TRON (190
TRON |220
TRON {230

were executed, followed by the execution of the RUN statement then the results shown i in Table 4(a)

would be obtained. When you have finished tracing individual statements you should turn the trace

off using statements of the form

1 7
TROFF |{ arith stmt or exprn}

as shown. for example in Table 4(b).

If you are really having trouble with your program then you can get o full trace of your program
by executing the immediate statement

o

| TRON
before saying RUN.

Every stored statement that is subsequently executed is listed at the terminal and traced,
as shown for example in Table 5(a). This allows a complete trace of a stored program to be obtained.

When you have finished your full trace you should execute the immediate statement

1 7
TROFF

as shown in Table S(b)

Executmn of a stored program may be interrupted by the character? being typed at the terminal.

as the result of an error condition in the stored program or as the result of certain PAUSE conditions.
At this point. stored statements may be inserted, modified or deleted. or immediate statements executad.

If the first input character on a line is CR. then execution continues from the point where the program
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was suspended. Execution of the stored program may recommence at a different point by executing
an immediate GO TO statement or it may be restarted by executing a RUN statement.
For example. in Table 6 you can see the effect of typing ? while the program was calculating

results for b=6. The message

1
210 |?
was printed to indicate that the next statement to be executed was the one with the sequence
number 210. At this stage the SYMBOLS statement was executed to list the contents of the

symbol table. The character CR was next typed as the first character on the line, and the stored
program continued and printed the results for b= 6. .

The second calculation of the results for b=6 was also interrupted by the typing of 7 The
value of TA was determined, and statement 210 listed. Execution of an immediate GO TO statement
caused a STOP statement to be executed and execution of the stored program was terminated with
the message

1 |5
270 |STOP
being printed at the terminal.

5.7 Error Correction

Errors that occur while a statement is being typed may be corrected quite simply. For
example, to delete the last two characters that were accepted as input. type <2, This would
cause the original line of input minus the last two characters to be typed on a new line and to be
syntax checked as though they were the original keyboard input. Thus,

1 ACL
A24-B+SQR(AZ1-C ¢~3).-X3(4,2)~6 < 2

would result in the new line

1 AL
A2¢-B+SQR (AZ1+C 4-3)-X3(4.2)

being typed out. A one or two digit number may follow the <symbol .

A statement being entered at the keyboard may also be corrected in edit mode (see next .
Section) by typing < <@-after the last input character. :

Finally if the whole input line is to be deleted, type <<< after the last input character.

5.8 EDIT Statement

The EDIT statement is used to modify statements that are pert of a stored program in what

is described as ‘edit mode’. The statement takes the form:

EDIT t {arith stmt or exprn}
and when executed the stored statement corresponding to the sequence or statement number specified
by the arithmetic statement or expression is first printed and the carriage retutned to the next line at
column 1. At this point the statement is ready to be edited. and to follow the ‘edit mode" procedure

consider a pointer to each character in the original statement, the OS pointer, where initially OS is one.
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To copy a character from the original statement. the SPACE (b) key is pressed for each
required character and the copied character becomes virtual input from the terminal. If this
character is syntactically correct, it is echoed at the terminal and the OS pointer increased by one.

To insert a new character the required character should be typed and it is echoed if it is
correct in syntax. If a space character itself is to be inserted, then the special character ESC
should be typed. The OS pointer is not altered in this case.

To jump over a character in the original statement the DEL or RUB OUT character should
by typed and the OS pointer is simply increased by one, without motion of the carriage.

Once the OS pointer has reached the end of the original statement, further attempts to press
SPACE or RUB OUT have no effect. For example, the stored statement

1 5 I8
211 |72 A3 6

can be modified by executing the immediate statement

1 6 | 1 s
EDIT |211 o |EDIT [72

If the characters

1
BEEBEDS (2) @ 521

are typed. after the statement has first been listed. then the resulting stored statement would be

1 5 s

I 21172 | A(2) 26

5.9 Special Input Features

When you are typing a statement thet is to be part of a stored program. you need a three
digit sequence number followed by a s pace. followed by three spaces if you don’t want a statement
number and then the stored statement beginning from column 8 completed by a ‘valid’ CR. However
to make this process a little easier, the system is designed so that the pressing of SPACE at the
column 1 position will cause a sequence number to be automatically generated for you and this is
typed in columns 1,2,3 followed by a space in column 4. The automatically generated sequence
number is ten greater than the last sequence number that was typed in. The sequence number 110
is given if there was no previous sequence number.

If no statement number is required. then the SPACE key should again be pressed at the
column 5 position, and the teletype carriage is autometically positioned to column 8 The required
stored statement can be entered at this point.

If you wish to delete a statement from your program then you must type in the relevant

sequence number followed by a space and then type CR. For example

~

|231 B @ causes statement 231 to be deleted.



16—

6. CONCLUSIONS
The syntax checking of input and the powerful editing and error correction facilities

provided by the ACL-NOVA system allow a user to set up a stored program very simply and easily.

In no time at all, the user can be producing results and with the interrupt and tracing facilities
at his disposal he can also guickly debug his program. By having the opportunity to control the
input to a program, the user can gain valuable insight into his calculations.

However, with such ready access to problem solution using interactive computing one must be
careful not to be carried away by the computer. There are times when the only way to discover an
error is to THINK — and that is solely our petogative.
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APPENDIX ]
ACL -NOVA SUMMARY

Statements can be entered at any of the terminals and either executed immediately or stored
away for later execution. An ‘echo <checking’ mechanism is used to ensure that only valid statements
are entered.

All arithmetic is performed on 32 bit floating point numbers representing the range 54 x 10
S number s 72x10°  For input numbers may be in free format. '

Three types of variables may be used - simple variables, singly subscripted variables or
doubly subscripted variables. Singly subscripted variables may have subscripts in the range
0 to 65535. Subscripts for doubly subscripted variables may be in the range 0 to 255

The basic operands in an arithmetic statement or expression are variables and numbers. The
relevant operators are + .- « /(divide) T(power), «(assignment) and the functions ABS ATN,COS,
DPT.EXP,INT,LOG SIN and SQR. The mathematical operators have the usual heirarchy of T first,

* or / next, and then + or — ,

If a variable is followed by an assignment arrow then during statement execution the expression
to the right of the assignment arrow is evaluated and jts value given to that variable. If a number of
assignment arrows occur in an expression then they are processed from right to left.

An expression is termed an arithmetic statement if the first term in the expression is a

variable followed by an assignment arrow, otherwise it is an arithmetic expression.

The result of executing an arithmetic expression is typed at the terminal in two possible

formats depending on its magnitude. The result is given in exponent form if |result| < 107 or
|result| 2 10’ ; otherwise it is typed in non exponent form with seven significant figures (rounded)
if necessary,

Every statement that is to be stored for later execution must have a sequence number in the
range 100 to 999. These statements are storad in the user's work area in an order based upon
increasing sequence numbers. |

A one or two digit statement number in the range 0 to 99 may also be associated with each
stored statement.

To begin work at a terminal at any time_the user types the CONTROL G combination of keys
at the teletype keyboard. If work space is available the terminal gives CR and three line feeds
types ACL -NOVA followed by another CR and three Jine feeds. and the terminal is now ready to
receive statements. If work space is not available the CONTROL G (BELL) combination is "echoed:
at the terminal to warn the user that he cannot use the system at this stage.

Keyboard input begins from column 1 which is taken to be the leftmost position of the telatype
carriage that results from 2 CR.

Statements to be stored for later Pxecution take the form:

|cols 1.-4 | cols 5=-7_ lcols 8~72

blank tatement t
{ sequence number 1+ } { anks } {s atemen o}

statement number be stored




APPENDIX 1 (continued)

Stored statements may be deleted by typing.
lcols 1-4

{sequence number % } ) _ _
Statement numbers may be altered or removed by typing.

lcols 1~4 [cols 57
{sequence number ¥ } blanks }
statement number

Statements that do not begin with {sequence number 1 } -are termed immediate statements.
Errors that occur while a statement is being entered at the keyboard may be corrected quite
simply. To delete the last two characters that were accepted as input, for example, type < 21
A statement may be corrected in edit mode by typing < <l after the last input character. Finaily,
the whole input line may be deleted by typing << <l after the last input character.
Stored statements may be altered by using the EDIT statement.
IMMEDIATE STATEMENTS
Arithmetic statements or expressions can be executed as immediate statements, in addition

to those summarised below.

col 1

SET [t{device [.number] } [,{device [ .number] } [,{device [.number] }..111
RUN

GOBTOB{ arith stmt or exprn}

LIST [:] [t arith stmt or exprn [ ,arith stmt or expra] ]

SYMBOLS [:]

CLEAR (% variable [ ,variable [ ,variable ...] ] ]

SPACE

FTRON

FTROFF

TRON [t arith stmt or expen)
TROFF [¥ arith stmt or exprn

operandl:{ ]}operand[{[ (; [ ]]}}opetand :U

(G010

!

TYPE|

. 'characters '
Where the operands take the form, [ < arith stmt or exprn >, ] { [""Jarith stmt or expm} ‘



APPENDIX 1 (continued)

coll

PB t {arith stmt or exprn}
PA &5 {arith stmt or exprn}
PC v {arith stmt or exprn}
END

SUSPEND ([:}

EDIT® {arith stmt or expm}

STATEMENTS TO BE STORED

Arithmetic statements or expressions may form part of a stored program. The TYPE, END

and GO TO statements can also form part of a stored program in addition to the statements summarised

below.
col 8
ACCEPT t {variahe [ ,vasiable [, variable...] ] }
CALL % {arith stmt or exprn}
RETURN
CONTINUE
STOP
i} [arith stmt or exprn )
EQ. TYPE stmt
NE. ACCEPT stmt
IF ({arith stmt or exprn} § gg {arith stmt of exprn}) &5 < ggLTLogifnn:t >
LT, RETURN stmt
.LE. CONTINUE stmt
| STOP stmt )
PAUSE

Execution of a stored program may be interrupted by typing the character ?
To ensure that the maximum amount of work space is available to the ACL~NOVA

system, the END statement must be executed when a user completes work at a terminal.
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TABLE 2

EXECUTION OF STORED PROGRAM USING
IMMEDIATE GO TO STATEMENT

O TO 110

POUFRR SURCE PROBLFM (APPROX.) JANUARY 72
INPUT RA=INITIAL DISTURBANCE

GUTPUT T=TIME
P=P0OWER
CORHESFONDING TO MAX 0O MIN PNOWER SURCGE

160 Re=6
Tei P=9.090924



LIST STATEMENT EXAMPLES

LIST 190
190 2 PB=-EXP(B*TB*EXFP(~TR-~TA+DT))}

LIST 190,240
190 2 PB«EXF(B*TB*EXP(~TR~TA+DT))

210 IF(B#(FB-PA)LLE.Q) GO TO 3

as0 PA-PB

230 TA»TR

240 GO TO 2

LIST

110 DT«0as1

120 TYFE 3' FOWEHR SURGE PUOBLEM (APPROR.)Y JANUIARY 73"
130 TYPY §' INPUT A=INITIAL DISTURRANCE®

140 TYFE 3' QUTPUT T=TIME';<8>, "P=POYFrH"’

150 TYPE <H>» *COUBRESFONDING TO MAX O MIN POWFR SVHEF '3
160 1 ACCFFT R

170 PA-j+TAD

190 ¢  PB=FXP(R*TR*EXP{~-TR+TA+DT))

210 IF(R(PR=-PAY.LE.OY GN TN 3

220 PA-PR

230 TA-TH

240 GO T 2

250 3 TYPE <S>, 'Ta',TA," P=',PA5;

260 G T 1

270 510k

2510 END



TRACING INDIVIDUAL STATEMENTS

{a) “Tinv 1vo
TN 220y
THON 2730
THEA

POWRIL SURCF PHONALEM (A WL )  JANGIANRY 79
INPUOT B=INITIAL DLISTI0:RA 9
OOTRPUT T=TIME

P=pPOwER

CORKESPONDING T MAL Dy iV 19wk 2OR0F
(b} TROFF 190

160 Reri TROFEF 220
190 TRw.} M™MNFF 230
190 Phe1.720995 RLIN

220 Pae]. 720995
230 TAw=.1

190 TR«.4 POVER SUNRGE PUONLEM {APPROX.) JANUARY 72
190 PRes, 471045 ' .

530 PAB.ATIONS ' INPUT BeINITIAL DISTURDANCE

230 The.2 ’

190 Th=.3 OUTPUT T=TIME

190 PR-3.794195 PapoyRi

P20 PA=3.794195 COUNESPONDING TN MAX NH MIN POWEH SURAE
430 TA=3

190 TR« 40000013 16D Re-n

190 PH=1, 994654 Tal P=y.,090884

220 PAwHsYYRAKE .

220 TA=.4DO0O0OT 180 B0

190 The, 5000005 170 1

190 PR=64169342 €O T 270

280 PAwAs ]l AVE40 290 STk

230 Th+=« SODO0ONY
190 TR«, 8000005
190 PRe7.211824
220 PA=T7.2118260
230 TA=.6000005%
190 THes?

190 PB-H.049686
220 PA~B.DAYHBRA
AHY TA=,7

190 THea g

190 PNl 643258
220 PA=H 643050
“430 Theoy

190 The,9

190 MBeB9HH2T7
H20 PA=i5 9827
2-10 Tﬁ"lug

190 THe|

190 FH=9.090924
2a3i PAs9.09090 4
230 Thw-1

190 T1Ne=1a 1

190 PhieHa 999587

Tal Pay:090924



TABLE 5

COMPLETE TRACE OF PROGRAM

TNy
() Ty
1EO DTe0. ]
110 hye, )
120 TYPE i ' POWFR SUNGE PHAMLEM CAPPROXY Y ansiaRy 7o

POLENL SHRCE PHROBLEM (APPitOX. ) JAoaRY g
130 TYPE §* LAPUT R=IN1TLAL DISTOHNANGEY

INPUT B=INITIAL DISTHRRANCE
140 TYFE 3 DUTPOT T=TIMF'i<K>, PPy Ryt

DUTPUT T=TIME

P=PDWRY
150 TYPFE <82, "CORRESPOVDING T MAX AR 41y BAEER SIIERY ST

CORRESPONDING T MAX a0 MIY pat gy SUNHIE {t) THOFF
160 1 ANCFEPT B 1y
1A Nen ! ) .
¥} FAe |+ TR0 PORFR STRGE PROBLFA (AR K. ) JaNIfaRy 72
170 TA=n ) ) -
170 pPA«) F9PHT R=INITIAL DISTIHRANGE
190} 2 PR PXis €03 TR gsp C- e TR+ DT ) )
190 TH-—-I'- QUTPUT TaTIME
190 PRe].720%05 P=P0\GF‘.I‘1 ‘ - _
210 IF(O%{p1m-PAY.LRa0Y £ 70 4 CARRESPANDING TO MAX N MIN POVER SUNCR
210 PhA=PR 460 Fer
2 PA-1 L1099y 0 ~h
“n T;-mg T={ P=9.090924
2300 Th=-a1

: 160 A=)
“an ¢n 2

o 170 7

let 2 l’n-—FIKP(H*TH*FKP(-'I'Ih-'l'-'\+l‘|'J}
190 The,2
190 PR-2./710n85

o T0 270

2y ST0R

240 IFCNH (I =-RAd L0 n ™m 13
&2 PA-PR

M) PARR L ATINAS

230 TA=TH

430 TAw. 2

240 nn Tn 2

[0 IS I’ﬂ'-Ff.".P(n*Tﬂ*F‘XP(-Tﬂ-Tl’Hl'T) )
190 Tne. 3
190 pie-d, runlos

210 TECH*(PR=PA)LLE.OI [0 ™ 13
a2n PA-pR

20 PA=3. 190196

234) TA~Ti

RO TA-.3

L e fn g

10 o l‘l'-!o-FKl—‘(n*Tn*FIEZ['(-'I'H"‘l'ﬂ‘-f)'l"))
190 THe 8000003
190 PRef.99R&58

210 ITFORRCPR=PAYLELDY 0 ™0 A
arn PA~PR

20 PAcd.9966584

230N TA=FN

230 TA«- 400001
2Aarny LLL0 B AT



TABLE 6

INTERRUPTING EXECUTION OF A STORED PROGRAM

U™

POWER SURGE PROBLEM (APPROX.) JANUARY 72

INPUT B=INITIAL DISTUHBANCE

QUTPIIT T=TIMRE
P=PovEil

CORRESPONDING TO MAX OR MIN POWER SURCE

160 Nen

ot

210 2
SYMROLS
[Tl

Be s

TAw o 2

PAC2 0T 065
The-. 3
PRe3.794195

? typed here

T2l P=9.090924

10 Ren

CR typed here

240 70
™

03
LIST 210
210 IF(R*(PR=PAY+LE.0) €0 TO 3
G0 TO 270 «.-

? typed here

270 sTop

immediate GO TO
statement executed.
to finish program




