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CHAPTER 0

INTRODUCTION

THE CASE FOR A NEW LANGUAGE

The first and most important question that must be
answered is, "Why in fact do we need a new programming
language?". In order to answer this, we must really go back
and try to answer the question, "What is programming?".

In designing MUSSEL, we have been very much influenced
by the ideas of E.W. Dijkstra [35] and N. Wirth [7], [8],
and [34]. Wirth, in particular, provides some strong criti-
cism of present day programming courses, and in doing so,
formulates some well-reasoned and constructive answers to
the question, "What is programming?", or rather, "What
should a programming course be?". His views, in fact, are
representative of a growing dissatisfaction among many
Computer Scientists with the conventional methods being

taught to students as an aid to writing programs.

The process of writing a program to solve a particular
problem on the computer may be divided into 2 fundamental
steps. The first of these is the construction of a well-
defined and efficient algorithm to solve the problem. The
second is the translation of this algorithm to a well-

structured, effective, and reliable program for the computer.

THE (Step 1) THE (Step 2) THE
PROBLEM | ——> ALGORITHM —> | PROGRAM




Wirth's main criticism is that too many present day
courses concentrate on step 2 of this process, and therefore
tend to ignore the fundamentals of step 1. In other words,
while language details are being taught and examined at
great length, the actual heart of the matter, the construc-
tion of algorithms, is largely left to the intuition of the
student. Experience has shown that languages are not merely
tools to communicate with the computer, but are the framework
in whose terms the programmer thinks and designs. And as many
of the languages used are extremely awkward to express al-
gorithms in, it is not therefore surprising that the end
product of such courses is more the knowledge of the details
and idiosyncrasies of the languages used, rather than an
appreciation of the disciplined reasoning needed to develop
algorithms. In fact, as Wirth puts it, the course could al-
most be described as a 'computer disappreciation' course!
This is particularly true of a language such as FORTRAN.

More emphasis, then, should be placed on step 1 of
the programming process i.e. on teaching the student dis-
ciplined methods of constructing algorithms. Wirth believes
that this discipline can be achieved only by emphasising
the essential principles of program structuring from the
very beginning. He believes that programming should be con-
sidered as an activity consisting of a succession of steps,
each one breaking up a given task into a number of subtasks,
starting with the original problem, and ending when all sub-
tasks can be expressed by elementary statements of the
underlying programming language. This process of successive

refinement of tasks was originally proposed by Dijkstra,

and has now come to be called "structured programming”.

A good way of picturing the process is by the use of
the "structure diagram" (R.W. Doran [3], [4], & [5]). In

such a diagram, refinement of an algorithm is represented



pictorially by a 'tree', the nodes of which are boxes essent-
ially containing statements of subalgorithms. (More strictly,
such a diagram represents a List, rather than a tree, since

the algorithms represented may be resursive.)

Having assumed, then, that the use of structure dia-
grams was a good method of formulating algorithms, we were
then faced with the problem of choosing a suitable language
which was compatible with these ideas, and which would there-
fore make step 2 as natural as possible for the student.
FORTRAN, besides being unstructured, has a number of 'bad'
features (see Chapter 1, and also Appendix E), and is there-
fore not particularly satisfactory. ALGOL, on the other hand,
is indeed structured. Some of the concepts of the language,
however, are probably a little sophisticated for instruction
in a first year course. And among other things, we had no
PL/I compiler.

There were, then, 2 options open to us. The first
would be to modify an existing language so as to cover up
or remove some of its 'bad' features. While this would at
least have the advantage of teaching the student a language
which is in wide use, it would not be entirely satisfactory,
as it is unlikely that all of the bad features could be

easily removed, if at all.

The other option, the one we chose, was to create a
new language, entirely compatible with our ideas on struct-
ured programming, and yet simple enough for the average
student to be able to grasp quickly and naturally. Although
this approach has the disadvantage of teaching the student
a language which is not in wide use, we believe that use of
the language, in conjunction with a course on structured
programming, would so train the student in the basic funda-
mentals of programming, as we have defined them, that he



should have no difficulty in adapting to other, more widely

used languages in later, more advanced courses.

The language we have designed has been called MUSSEL
(Massey University Structured Student Language). The lang-
uage has 2 main features:

l. It is structured.

2. The syntax has been made as natural as possible
for the student.

In fact, both the structure and syntax of MUSSEL re-
semble very closely the form of the structure diagram. In
this way, we believe that the student will be able to trans-

late his structure diagram quite easily to program form.

To summarise, then, we have created a language to fit
in with what we believe is a good strategy for formulating
and expressing algorithms. In doing so, we have essentially
endeavoured to shift the emphasis in a programming course
from the learning of a language, to the construction of
algorithms.



CHAPTER 1

A DESCRIPTION OF THE LANGUAGE

1.1. Admissible Characters

MUSSEL uses a basic character set consisting of the 26
upper case letters of the alphabet, A through Z, the digits

0 through 9, and the special characters + - * / ! : . , b ()
and S.

l.2. Constants

There are 3 types of constants in MUSSEL.

(i) Numbers

These may be real or integer, the latter being

written without a decimal point or exponent.

examples: 5 =3000 278.3496 +1.0 =-6.5E-7 EI10
.00463E44

All numbers are represented internally by
MUSSEL as a 7 digit mantissa (with the implied decimal
point to the right) accompanied by a 2 digit exponent.
Under this representation, integers are treated essen-
tially as a subset of the reals and are distinguished
internally by a zero exponent. The range of integers
therefore is from -9999999 to 49999999, while reals
may range from ¥ E99 to £ 9999999E99.



(ii) Booleans

These may be written as TRUE or FALSE, or in the
abbreviated forms T or F. Internally they are repre-

sented by the digits 1 and 0 respectively.

(iii) Strings

A string in MUSSEL consists of zero or more
characters from the basic character set, excluding the
record mark. Constants are enclosed between exclam-
ation (!) marks. Similar to the convention adopted in
PL/I, each exclamation mark itself in a string is rep-

resented by 2 such marks.

examples: ITHIS IS A STRING!
1] (null string)
111! (single exclamation mark)
11 1QUOTE! !} (represents !QUOTE!)

1l.3. Operators

The 4 types of operators used in MUSSEL expressions are

as follows:

(i) Arithmetic

These include + - * / ./.(integer divide), and

** (exponentiation) .

(ii) Logical

Used within conditional expressions, these include
-AND.' .OR.' and .NOT.



(iii) Relational

Written as in FORTRAN IV, these include .LT.,
.LE., .EQ., .NE., .GE., and .GT., being equivalent to

the relational operators <s<=#2> as used in ALGOL.

(iv) String

Strings may be concatenated by the use of the
operator .CAT. Other common string manipulations may

be performed by the use of library functions.

The above operators have the following precedence:

Operator Priority
.OR. 1
.AND. 2
.NOT. 3
ETe «IBas «EQ. NE. .GE, .GT. 4
.CAT. 5

+ - 6
* / ./. NEG ¥
* % 8

(NEG indicates unary minus)

1.4. Names

These are used in MUSSEL to identify variables, labels,
procedures and functions. Although a name clearly should be
as short as possible, in many languages it is often hard to
find a good mnemonic to satisfy the restricted length re-
guirements. For this reason MUSSEL has imposed no such re-

strictions, allowing names to be of any length, consisting



of a letter followed by a string of letters and/or digits.

examples: I SUM Ul24R902 VERYVERYVERYLONGNAME

1.5. Variables

All main variables used in a MUSSEL program must be
reserved at the head of the program.

example: RESERVE X,SUM,MEAN,VARIANCE

The form of this instruction indicates clearly to
students the process of setting aside storage space for vari-
ables. Another nice feature for the student is the absence,
unlike FORTRAN, PL/I, ALGOL and COBOL, of explicit type dec-
larations. Each variable's type is set implicitly through an
assignment instruction and hence does not remain static
throughout a program. The implementation of this is not a
great drawback as MUSSEL, being an interpretive system, can
easily check the types of variables during the execution
phase.

1.6. Arrays and Subscripted Variables

Arrays in MUSSEL may be 1 or 2 dimensional only, which
although restrictive is considered adequate for student re-
quirements. Although the system does not provide for dynamic
arrays (see procedures), main arrays, like outer block arrays
in ALGOL, must have constant bounds.

example: RESERVE A(l:60,2:10),B(-1:1),(C,D,E(-4:4,0:5))

Subscripts in MUSSEL, like ALGOL and PL/I, may be any
arithmetic expression with the convention that non-integral

values are rounded to the nearest integer.




examples: A(I), B(J,K), C(A(4),2*SIN(4*PI*B(-4,0)))

1l.7. Assignment Instructions

It is unfortunate that most languages, including
FORTRAN and PL/I, use the equal (=) sign to specify the
assignment operation.

example: I=I+1

The criticism here, of course, is that the meaning of
this sign contrasts with its meaning in algebra. FORTRAN
has the further disadvantage of not catering for multiple

assignments.

To emphasise the assymmetry of the assignment rela-
tionship, ALGOL in fact replaces the equal sign by ':=',
but even here the new operator resembles closely the equal
sign. A further criticism of ALGOL is that the multiple
assignment, although evaluated quite unambiguously accord-
ing to the rules in the ALGOL report, is in a form which
may cause trouble to students.

For these reasons MUSSEL has an assignment instruc-

tion of the form

SET...loc...TO exp

Analogous to the MOVE verb format in COBOL, this form
expresses multiple assignments in a natural way and empha-
sizes quite clearly the operation of replacing the contents

of a location (or locations) by the value of an expression.

examples: SET I TO I+l
SET A,B,C TO 0
SET DATE TO DAY.CAT.MONTH.CAT.YEAR



1.8. Program Structuring

Apart from procedures, which are discussed below, pro-
gram structuring in MUSSEL is achieved through the use of
instruction grcups. These are equivalent to compound state-
ments in ALGOL and similar to DO groups in PL/I i.e. they
are optionally labelled sets of instructions grouped between
the instruction parentheses DO and END, each group being
treated syntactically as a single instruction. The absence
(without procedures) of a more complex structure, such as the
block in ALGOL, simplifies the structuring of MUSSEL a great
deal. All main variables are reserved at the head of a pro-
gram and are, together with labels, global to the whole of
that program. In this way a student is able to structure and
display his program clearly (indenting 5 columns per group)
without having to master the more involved variable scope

problem present in ALGOL.

1.9. Conditional Groups

A variety of conditional instruction groups is provi-
ded in MUSSEL. The IF-group, of the form

(i) IF condexp THEN simple instruction

or (ii) IF condexp
THEN instruction

corresponds to similar IF-THEN statements in ALGOL and PL/I.
FORTRAN IV's logical IF statement corresponds to form (i) only.

examples: IF X.GT.Y .OR. A.LT.B THEN SET F TO 1
(other examples over page...)



IF N .GE. M
THEN DO
SET MEAN TO SUM/M
EXIT
END

MUSSEL's conditional group, of the form

DO IF condexp
THEN instruction
ELSE instruction
END

corresponds to similar IF-THEN-ELSE statements in ALGOL,PL/I
and COBOL, while the rather unnatural arithmetic IF state-

ment is its counterpart in FORTRAN.

example: DO IF I .EQ. O

THEN DO
SET S TO N+K
SET P TO P+S

END

ELSE DO
SET S TO N-K
SET P TO P=S

END

END

A feature of MUSSEL which is unavailable in the 4
mentioned languages is the general choice group. The use
of this feature avoids the complicated nesting of con-
ditional groups in some programs which would thereby ob-

scure the simple structure of the program.
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example: DO CHOICE OF

IF TEMP .LT. O THEN SET STATE TO !FREEZING!!!
IF TEMP .LT. 10 THEN SET STATE TOC !COLD!

IF TEMP .LT. 15 THEN SET STATE TO !COOL!

IF TEMP .LT. 25 THEN SET STATE TO !MILD!

IF TEMP .LT. 30 THEN SET STATE TO !WARM!

IF TEMP .LT. 50 THEN SET STATE TO !HOT!

ELSE SET STATE TO !BOILING!!!

END

The 'ELSE...' in the above form is optional.

Another feature is the CASE group which has its counter-
part in Burrough's ALGOL. This is MUSSEL's equivalent of the
computed GO TO in FORTRAN, PL/I and COBOL, and the switch
in ALGOL. 1Its use may be seen in the following simple de-
coding example:

DO CASE N OF
SET STUDENT TO !FRESHER!
SET STUDENT TO !2ND YEAR!
SET STUDENT TO !3RD YEAR!
SET STUDENT TO !4TH YEAR!
END

An advantage in MUSSEL however is that by the insertion
of bounds, the index need not necessarily range from 1.

example: DO CASE OPCODE IN (22,26) OF
SET OP TO !SUBTRACT!
SET OP TO !MULTIPLY!
SET OP TO !COMPARE!
SET OP TO !TRANSMIT DIGIT!
SET OP TO !TRANSMIT FIELD!
END
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1.10. Loops

The REPEAT-group of the form

DO REPEAT (control)
«..instruction...
END

provides for extensive looping facilities in MUSSEL. The
variety of controls available corresponds essentially to the
PERFORM verb options available in COBOL.

examples: (1) DO REPEAT FOR I FROM FIRST TO LAST BY STEP

END

(ii) DO REPEAT FOR STRING SET TO !IT'S!,!AN!, !EXAMPLE!

END

The forms displayed above essentially correspond to
those available in ALGOL (with its 'for' statement) and PL/I
(with its 'DO variable = iteration list' statement), with
the additional freedom of allowing set list elements in form
(ii) to be of any type. (Note - FORTRAN's DO statement
corresponds to form (i) above with the restriction that all
controlling variables be positive at run time). As is
allowed in these 3 languages, the STEP in form (i) may be
omitted if 1. Additionally MUSSEL allows the test value
also to be omitted.



examples: (iii)
(iv)
(v)
As in PL/I,
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DO REPEAT FOR I FROM 12*K**2

END

DO REPEAT FOR I FROM 1 TO 100

END
DO REPEAT FOR I FROM N./.4 BY 2*C(U,V)

END

the controlling expressions in the above

forms are all called by a value rather than by name if the

loop is regarded as a procedure i.e. the expressions are

evaluated and the results stacked on entry to the loop at

run time and are thus unaffected by any changes within the

loop.

This both simplifies the implementation and avoids

some nasty features of ALGOL.

MUSSEL also provides for iteration without indexing a

variable.

examples: (vi)
(vii)
(viii)

DO REPEAT
READ X
IF X .EQ. 9999 THEN EXIT
SET SUM TO SUM+X

END

DO REPEAT UNTIL P .EQ. Q
. ces

DO REPEAT WHILE X .NE. O

END



w 15 -
The last form only is available in PL/I.

Another feature of MUSSEL, unavailable in ALGOL, PL/T,
or FORTRAN, but available using the PERFORM verb in COBOL,
is the 'REPEAT valexp TIMES' loop.

example: DO REPEAT N TIMES
READ X
SET SUM TO SUM+X
SET SUMSQUARES TO SUMSQUARES+X*X
END

Where REPEAT-groups are nested, the word EXIT specifies
an exit from the innermost loop. If an exit from another

loop is required, then the appropriate label must be speci-
fied also.

example:

OUTLOOP: DO REPEAT FOR I FROM 1 TO M
DO REPEAT FOR J FROM 1 TO N
IF B(I,J) .EQ. O
THEN DO
SET STATE TO !ERROR!
EXIT FROM OUTLOOP
END
SET A(I,J) TO A(I,J)/B(I,J)
END
END OUTLOOP

It is important to note that MUSSEL has no equivalent
of the GO TO statement of other languages. The reason for
the absence of this unconditional branch instruction is to
preserve the structure of a program. In this way a student
is encouraged to refine his program achieving transfer of
control by means of conditional groups and EXIT instructions,
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or through the use of procedures and functions.

1.11. Procedures

As there are no explicit type declarations in MUSSEL,
procedures and functions have similar declaration forms.
These must be placed at the head of a program, immediately
following the main variable reservations, and are of the

following general form:

DEFINE procedure name (ON formal parameter list) AS
DO

(RESERVE local variable list)

wn v IBSEEVNCEION . o
END

exarple: DEFINE SWAP ON A,B AS

DO
RESERVE HOLD
SET HOLD TO A
SET A TO B
SET B TO HOLD
END

A function value assignment in MUSSEL is accomplished
by use of the VALUE IS instruction.

example: VALUE IS X**N/FACTORIAL(N)

The form of this instruction indicates to students the

special nature of this assignment.

The MUSSEL translator distinguishes procedures and
functions by their manner of call. A procedure call is spec-
ified by the EXECUTE statement.



examples: EXECUTE SWAP(A,B)
EXECUTE TRANSPOSE (A,N)
EXECUTE P

A function call on the other hand is indicated by the
appearance of the function name (and actual parameters, if

any) in an expression, as in most other languages.

examples: SET NIBBLE TO SUBSTRING(WORD,1,4)
SET ¥ TO F(A**2 ,B*C)

Parameters in MUSSEL may be expressions or procedure
names and are called by reference, as in PL/I. In partic-
ular, whole arrays may be altered by passing across array
names as parameters to procedures. This has the additional
advantage that space in a procedure need only be reserved
for the array word address, rather than the array elements
themselves.

As in ALGOL, the scope of variables reserved within a
procedure does not extend beyond that procedure. However,
variables reserved in the main program are global to all
procedures, and any procedure may call any other, including
itself. There is just one restriction - procedure declar-
ations may not be nested. The purpose of this is to pre-
serve the simple structure of the language. The block
structure is essentially 2-level, as opposed to the multi-
level structure of ALGOL which may be difficult for the
novice programmer to comprehend.

1.12. Recursion

It is well known that recursion plays a powerful and
essential role in the processing of many data structures.

There are many areas (e.g. list processing) in which to
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program iteratively, rather than recursively, would be quite
awkward, if not impossible in practice. Yet a student learn-
ing FORTRAN for example, which does not allow a subroutine

to be called recursively, is forced to think and program
iteratively, and is thereby not encouraged to look for recur-
sion. This may become a bad habit - when introduced to the
concept at a later date, he may find it hard to understand.

For these reasons, recursion is considered an essential
facility in MUSSEL. By programming in the language, a stu-
dent may be introduced to the recursive way of thinking at
an early stage and will thereby be in a position to weigh the

respective merits of iterative and recursive programming.

1.13. Dynamic Arrays

These are reserved locally to a procedure. Bound
expressions must be arithmetic, consisting of main varia-
bles and/or parameters to the procedure. As is the case
with subscript expressions, the convention is that non-

integral bound values are rounded to the nearest integer.

examples: RESERVE A(l:N),(B,C(BOT:TOP)),D(0:I*J/K,L:E(U,V))
These rules are similar to those applying to bound

expressions in ALGOL. In FORTRAN IV however, where dynamic

arrays are permitted in subprograms, subscripts and bounds

must be (restricted) integer expressions ranging up from 1.

1l.14. Input / Output

In FORTRAN, input/output, particularly the FORMAT
statement, has long been a major bug for students. For

example, a recent analysis (see appendix) of 511 first year
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student programs at Massey University revealed that in fact
nearly 30 percent of all programming errors were linked with
the formatting of I/O.

A similar, more comprehensive examination of student
programs has also been carried out under the DITRAN system
at the University of Wisconsin. Here a total of 5,158
programs were analysed. From this analysis it was found
that while I/0 and FORMAT statements made up 17 percent of
the total number of statements, they accounted for 10 percent
of the total compilation time errors, and 64 percent of the
total execution time errors.

Yet this is an area, we believe, which should not con-
cern the student unduly at an early stage in his programming
career - initially there are more fundamental concepts for
him to grasp. For this reason MUSSEL has endeavoured not
only to simplify I/0 as much as possible for the novice, but
also to allow him at a later stage to format his output in a
clear and natural manner.

The following sections describe some of the features
of the I/O system adopted by MUSSEL. Additional details may

be obtained from section 3.15.

1.14.1. Input

MUSSEL has a simple unformatted stream input with data
being separated on cards by a blank or a comma. String con-
stants have the additional delimiter '!', Arrays are read

in row-wise by the specification of the array name.

example: RES X,¥(1:10),2(0:19,0:49)
READ X,Y,Z
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1.14.2. Output

For the novice programmer, MUSSEL provides a standard
formatted output. (See section 3.15.2.). Here again arrays
are output row-wise by specifying the array name in the
PRINT list,

exXample: PRINT X,Y,Z

At a later stage, however, the student may optionally
include a PICTURE specification with his output data, simi-
lar to the forms used in COBOL and PL/I. Although this may
appear to be a primitive form of specification, we believe
it will aid the student in visualising exactly how his 0O/P
will appear on the printed page.

Characters used in the MUSSEL picture specification
are as follows:

® The position indicated will contain an alpha-
numeric character. With a number, however,
leading zeros will be automatically suppres-

sed unless otherwise specified.

B A blank is inserted in the position indica-
ted.

Those used specifically with numeric data are as follows:

g A decimal point will be printed in the posi-
tion indicated.

’ A comma is printed in this position if there
is a printed digit to the left; otherwise a
blank is printed.
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A zero will not be suppressed in this position.

If this character is placed at the head of a
picture, the sign (+ or =) will be floated
up to and printed at the head of the num-
ber concerned. Otherwise the sign of the
number will be printed in the position indi-

cated.

Similar to S, except that the sign is print-
ed only if the number is less than zero.
Otherwise a blank is printed.

The character 'E' is printed in the position
indicated. This is used in the E - format
specification of a number. It should be
noted here that PIC specifications for expo-
nents are subject to the same rules as those
applying to mantissas. In particular, this
means that leading exponent zeros are auto-
matically suppressed unless otherwise speci-
fied.

In addition the following rules apply:

(1)

(ii)

Replication of the characters '*', 'B',
and '9' may be specified by a bracketted
integer following the character concerned.

example: *(4).%*(2) means **%* %%
The association of a picture with a vari-

able remains optional, the output being in
standard format if a picture is omitted.

(iii) Unlike COBOL, the picture accompanies the



(iv)

(v)

(vi)
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variable name concerned in a PRINT list,

and is of the form (PIC= 'picture').

example:

PRINT A,B(PIC=%%% **) C(PIC=S***_ **ES99)

Whole arrays may be output by specifying the
array name and a single picture only. Each
element is then printed out according to the
picture with a standard 4 spaces between
elements.

example: RES A(0:M,0:N)

PRINT A(PIC=***% #%*%)

Character strings are left justified (or
left adjusted) under a PICTURE specification
i.e. if necessary a string is extended with
blanks on the right or truncated on the
right to the specified field width.

examples:
Internal String PIC= Output
HEADING *(7) HEADING
HEADING *(10) HEADINGbbb
HEADING *(4) HEAD

The required output form of Boolean cons-
tants may be specified by picture. If a
picture is absent, the form TRUEb or FALSE
is printed.
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examples:
Boolean Value P1C= Output

TRUE none TRUEDb
FALSE none FALSE
TRUE * T
FALSE * F
TRUE *kkok TRUE
FALSE LR FALS
TRUE *(10) TRUEbbbbbb
FALSE *(10) FALSEbbbbb

(vii) With pictures specifying numeric data no
more than one of each of the characters .
and E is allowed per picture.

examples:

Internal Representation PIC= Output

Mantissa Exponent

0001234 00 * %k %k 1234
kkhkhkkkkkk bbbb1234
Sk*kkxk* *EGSQQ bb+123.4E+01
*%009999 bb001234
-0012345 -03 hkkk kkkg bbl2.345-
hkk & bl2:3
kkkdk KE_k¥ 1234.5E-b2

It can be seen that the PIC specification used in
MUSSEL differs in a number of ways from that used in COBOL
and PL/I. The main reason for these changes and simplifica-
tions are as follows:



(1)

(ii)

(1ii)

(iv)

(v)

o

As MUSSEL is intended primarily as a student
language, it is felt that a cheque protection
character (e.g. * in COBOL) would not be used
often enough to justify its inclusion in the
picture specification. This leaves the asterisk
as a reasonable character to use to specify an
alphameric position in a picture. If, however,
it should be required as a cheque protection
character, then this could quite easily be pro-
grammed into the output by use of string pro-
cessing subroutines. In a similar way the §
character, although not considered necessary as
a special character, could quite easily be
appended to output if necessary.

MUSSEL uses the picture specification to edit
output only. The character 'V', specifying an
implied decimal point, is therefore not required.

We believe it is more natural to have leading
zeros in a number automatically suppressed

unless otherwise specified.

We believe it is important that a picture cor-
respond as closely as possible to the intended
printed O/P. For this reason insertion of the
sign of a number is not automatically implied
in MUSSEL. A student using the language must
specifically ask for the sign to be appended by
the use of S or - and if this is not done, then
the sign will be omitted.

MUSSEL does not, as in COBOL, use the picture
specification to define a variable's type.
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The following are used in MUSSEL:

NEWPAGE
NEWLINE
NEWLINE (N)
SPACE
SPACE (N)
TAB (N)

example:

skip to newpage

skip to newline

skip N lines

shift one space to right
shift N spaces to right

shift to (N+1l)th column

PRINT NEWPAGE,TAB (30) ,!HEADING! ,NEWLINE,TAB (30) ,!***%x&%y
NEWLINE (2) ,TAB(28) ,!X= ! ,X(PIC=*** %x%)

The output with X containing 339.56 is as follows:

(30 spaces)...

(28 spaces)...

HEADING

kkkkkhkk

X= 339.56
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1.15. An Example

The following example1 illustrates just how easily a
MUSSEL program follows from a structure diagram.

Problem

A program is required to process a stream of telegrams.
This stream is available as a sequence of words. Each tele-
gram is delimited by the word !22ZZZ!. The stream of tele-
grams itself is terminated by the occurrence of the empty
telegram i.e. the null word !!. Each telegram is to be
processed to determine the number of chargeable words and to
check for occurrences of overlength words. The words !ZZZZ!
and !STOP! are not chargeable and words of more than 12
letters are considered overlength. The result of the
processing is to be a neat listing of the telegrams, each
accompanied by the word count and a message indicating the

occurrence of an overlength word.

a simplified version of that used by Henderson and

Snowdon in "An Experiment in Structured Programming."
Technical Report Series, No.18, University of Newcastle (1971).
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1.15.2. The Program

#NAME BROWN,CHARLES K.
*

*PROGRAM TO PROCESS STREAM OF TELEGRAMS
*
DO
RESERVE WORDCOUNT ,OVERLENGTH, WORD
PRINT NEWPAGE,TAB(30) ,!TELEGRAM ANALYSIS!,
NEWLINE,TAB (30) , ! *******k***k***%*| NEWLINE (3)
OUTA:DO REPEAT
SET WORDCOUNT TO 0
SET OVERLENGTH TO FALSE

DO REPEAT
READ WORD
DO CHOICE OF
IF WORD .EQ. !! THEN EXIT FROM OUTA
IF WORD .EQ. !ZZZZ!
THEN DO
PRINT NEWLINE, !WORDCOUNT = !,
WORDCOUNT (PIC=**%)
IF OVERLENGTH
THEN PRINT SPACE(5),!**CHECK**!
EXIT
END
IF WORD .NE. !STOP!
THEN DO
SET WORDCOUNT TO WORDCOUNT+1
IF LENGTH (WORD) .GT. 12
THEN SET OVERLENGTH TO TRUE
END
END
PRINT WORD,SPACE
END
END OUTA

PRINT NEWLINE(3) ,!**END OF JOB**!
END



CHAPTER 2

AN OVERVIEW OF THE IMPLEMENTATION

MUSSEL is being implemented on the IBM 1620 II computer
at Massey University. This is an interim measure only, the
system being designed to be as machine independent as poss-
ible to facilitate adaption to other computer systems. Clear-
ly this ideal has its limitations. For instance, given the
opportunity, one would obviously take advantage of a wider
character set than that which is available on the 1620. Also,
the 1620 is essentially a variable word length machine, and
in this sense differs from the majority of computers in use
today.

The system is an interpretive one i.e. during the
compilation phase (Phase I) the source code is translated
into an intermediate language which is then interpreted
(Phase II). There are 2 main reasons for this type of imp-
lementation. The first is the need, with student jobs, to
minimize compile time, ignoring execution time (which is
usually trivial, in any case). The second is the need to
maximize diagnostics, particularly during the execution
phase. The use of an interpreter should enable us to achieve
both these goals.

During the translation phase, when the source program
is converted into the reverse polish intermediate language,
2 program listings are given. The first corresponds exactly
to the submitted program, while the second is an amended form,
with the line number appended, correct indenting, and error

- 36 -
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messages inserted where necessary. The recogniser itself is
syntax-directed, top-down, and uses a graph with links to
the associated language productions. Because MUSSEL is
designed as a student language, it is essential that the
error diagnostics be satisfactory. Using a top-down parser
it is difficult to keep track of exactly where an error has
occurred. It is therefore conceivable that in this case a
switch will have to be made to bottom-up parsing, thereby
pinpointing the error more precisely. In fact, at a later
stage it is hoped to implement a small amount of error
correction with, for example, misspelt key words.

This translation phase of MUSSEL will be more fully
described in Miss N.M. Gordon's M.Sc. thesis, entitled:
"The Design and Implementation of a Structured Programming
Language with Few Arbitrary Syntactic Restrictions - the

Compilation Phase".

The Intermediate Language itself (see Appendix B) is
similar to that used by Randell & Russell [1], being essent-
ially a form of 'Reverse Polish' notation consisting of a
set of object program operations which are obeyed by the
Interpreter. The Intermediate Language here, of course, is
much simpler, due to the simpler form of MUSSEL compared
with ALGOL. For instance, the absence of explicit type dec-
larations in MUSSEL means that a variable's type is not
determined until the execution phase. TA (Take Address) and

TR (Take Result) operators can therefore replace the operators

TIA (Take Integer Address), TRA (Take Real Address), TBA
(Take Boolean Address), TIR (Take Integer Result), TRR (Take
Real Result), and TBR (Take Boolean Result), used by Randell
& Russell [1].

The MUSSEL Interpreter, MUSINT, uses a run time Stack
for expression evaluation and dynamic storage allocation.
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During this phase, MUSINT has access not only to the names
of variables and procedures, which have been stored on disk
by the Translator, but also to the line number of the piece
of original source code at which it is currently working.
This line number updating is incorporated into the Inter-
mediate Language. In this way, the Interpreter will be able,
during execution, to keep a close check on such things as
variable types and definition, subscript values, illegal
operations, and improper procedure call sequences, and on
the detection of an error will, in most cases, be in a
position to give meaningful error messages, quoting not
only the types of errors themselves, but also the names of

the variables concerned and the appropriate line numbers.

More of the potential diagnostic capabilities of
MUSSEL will be discussed in Chapter 4.



CHAPTER 3

INTERPRETING THE INTERMEDIATE LANGUAGE

3.1. The Interpreter Stack

Each Stack unit (10 digits) consists of a type part
(1 digit) followed by a value part (9 digits). Stack manip-
ulation, consequently, is controlled by the 2 main Stack
pointers STP (Stack Type Pointer) and SVP (Stack Value
Pointer). The contents of STP, c(STP) (see structure diagram
section, appendix, for notational explanation) in general
point to the current top Stack type digit at any time, whereas
c(SVP) points to the low-order digit of the corresponding top
Stack value. The incrementing or decrementing of these
pointers is achieved through the use of the MUSINT subroutine

POPTOP.

c (STP) XA XXXELE XX c (SVP)

X X X X X X XX XX

XXX XX X XX XX

MUSINT
STACK

X X X X X XX X X X|<——c(STKBAS)+10
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The value part of a Stack unit may take on various
forms depending on its particular type. The following is a
complete summary of the Stack units used by the Interpreter:

Type Value
Null string 3
Number 2 X X X x+x X X ifx

mantissa exponent

Boolean value 3 X x (01-TRUE
00-FALSE)

Address 6 X X x+x X

core address

String descriptor 7 X X X X X X X, X X

length address

Array word (AW) 4 % X X X, X X X X X
dim. 1lst array SMF
elt addr. addr.

Return address 9 X X x+x X X x+x X
word (RAW) previous return I.L.
RAW addr. address

Undefined Stack unit 0
Repeat-times 8 x x x XX X X X X
control word No. of loop

iterations (integer)
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The form of each of the above Stack units will be

explained more fully in the appropriate section below.

The above summary shows that with some units, particu-
larly the Boolean and null string types, there is in fact a
considerable amount of waste storage. In view of the limited
amount of core storage available in the 1620, the possibility
of using an alternative stack with variable length units
was considered. Although this would save space in the Stack,
it would require more complicated stack management routines.
Execution would therefore be slower, with the added proba-
bility that the extra storage required for these routines
would more than cancel out the space saved in the Stack.
Adaption of the system to fixed word length machines would
also be more difficult.

With these considerations in mind, then, it was decided
to use a stack with fixed length units. As far as the actual
length was concerned, ten seemed a good number to work with,
and was sufficient to accommodate most pieces of stacked
information, including a number in floating point form with

a sufficient number of significant digits for student use.

3.2. The Symbol Table

The Symbol Table, during the interpretive phase, is of

the form shown on the following page.

During the translation phase, each main variable, array,
or procedure appearing in a MUSSEL program is assigned a
unique unit in the table, the address of which is the 3-digit
relative position of the particular unit in the table. A 4-
digit pointer (relative to some base) to the name of each
item in the table is also set up. This name area is stored

on disk by the Translator and can be called into core and



Type
Name l

Pointer Value

X X X XXX X X XXX X X X

X X X XXX X X X XX X X X

I SYMBOL
*
| TABLE 150 units

! (2100 digits)

X X X XXX XX X XX XXX

X X X XIXIX X X X XX XXX

referenced by the Interpreter in the event of an error.

As mentioned earlier, a feature of MUSSEL is the absence
of explicit type declarations, each variable's type being set
implicitly through an assignment instruction. This means that
a variable's type cannot be set during the translation phase
and represented by I.L. code, as in the ALGOL 60 compiler of
Randell & Russell. Instead the type must be stored with the
value, remaining at '0' ('undefined') until the interpretive
phase when it may be defined and changed during execution. In
other words, whereas in the ALGOL compiler the type of a result
is 'stored' with the I.L., in MUSSEL it must be stored with
the result itself. Additionally, this dynamic type setting
feature of MUSSEL implies that the Interpreter, on storing a
result, need not check that the result type corresponds to
the addressed location type (as must be done in the ALGOL
compiler) - instead the old type is automatically overlayed.

Type and value parts for Symbol Table units represent-
ing array words, null strings, string descriptors, Boolean
values, and numbers, are similar to the corresponding parts
for Stack units. However, as procedure declarations may not
be nested in MUSSEL, thereby ruling out the possibility of a
procedure-type local variable, a unit which appears in the
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Symbol Table, but not in the Stack, is the Procedure Address
Word (PAW). This is of the following form:

Type Pointer to start of
di?it procedure code
¥

X x+x x5 X x+x X X X X X
Pointer to Pointer to name

proc. name of first local
variable

3.3. The Basic Structure of the Interpreter

The MUSSEL interpreter, MUSINT, consists essentially
of a main control routine together with a number of sub-
routines corresponding to the set of operators in the
Intermediate Language. The function of this main control
routine is to scan the Intermediate Language, picking up
the individual operators and branching to the appropriate
operator routines. On completion of each of these OP routines
(with the exception of the END routine), control is in turn
transferred back to the main control routine which will then

proceed to pick up the next operator, and so on.

The I.L. operators themselves (see appendix) are coded
sequentially, so that by use of a branching table (TABLE1l)
and suitable address modification, the main control routine
can achieve a quick and efficient (indirect) branch to the
appropriate OP routine. When the control routine is entered
after the completion of each operator routine, the instruction
counter, c(IC), points to the digit immediately to the left
of the next instruction to be obeyed. Thus, by incrementing
the counter by 2, the routine obtains a pointer to the right-
most digit of the particular opcode, from which a branch to
the corresponding routine can be obtained.

The basic structure of the Interpreter is displayed in
the diagram shown on the following page.



Main Control

c(IC) Routine

0 1 i v o KXXOPREHKL s win

c (TABLEL) +10xQOP

KXXXXKKXKXXKX

= OP Routine
KXKKXXXKXXX

xxxxxixxxf;

KXXXXXXXXX | «<——— c(TABLE1l) +10

BASIC STRUCTURE OF
THE INTERPRETER

TABLE1

(42 entries)

A similar table (TABLE2) is used by the expression
operator routine, OP, to branch to each of its individual
routines (viz., OR, AND, NOT, LT, LE, EQ, NE, GE, GT, CAT,
+, =, *, /, /., NEG, and *¥*),

In designing MUSINT, prime consideration has been given
to the saving of core, rather than speed of execution. This
has meant, among other things, that subroutines have been
created wherever possible. For instance, the subroutine POPTOP,
which controls increments or decrements to the Stack pointers
STP and SVP, essentially replaces only 2 instructions in-line.
The subroutine is, however, called from about 30 different
places in the Interpreter which implies that its use, in spite
of increasing execution time, has achieved a considerable

saving in core.



CORE STORAGE
MAP OF 1620
DURING MUSSEL
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1620 Monitor and Tables

Interface variables

LN,TA,TR,TN,TNO,TN1,TB,TS,TNS,
INDA,INDR,ST,STA,VI,UJ,BA,IFJ,
and OP Routines

OP branching TABLE2

INTERPRETIVE
PHASE

AND,OR,NOT,EQ,NE,GT,GE,LT,LE,
CAT,ADD,SUB,MULT,DIV,INTDIV,
NEG,RT,RF,RFWT,RS,CS,CSWB, RAP,
RAF,CP,PE,TLA,TLR,MSF,RE ,NP,NL,
SP,TAB,I/O Load, & END Routines

Main Control Routine

Declarations

OP branching TABLEl

Interface routine & I/0 over-
lay area (for RD,PR,& PRC rou-
tines)

Symbol Table

SMF's, Main Arrays, I.L., and
Interpreter Stack
+ ¥ ¥

+ + +
String area

00000-02401
02402-02449
02450-06469

06470-06629
06630-17600

17800-18000

18200-20000

20005-20420

20500-25799

25800-27899
27900~

-39999
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The limited amount of core storage available has also
necessitated the overlaying of the bulky I/O routines READ,
PRINT, and PRINT CONTROL. These routines are stored on disk,
and are called into core by a load routine when needed, the
implementation of which feature will be discussed more fully

in the appropriate section below.

A core storage map of the 1620 during the interpretive
phase is shown on the preceding page. From this map it can
be seen that the Interpreter, together with its various
tables, occupies about 28,000 digits of core, leaving only
12,000 digits for the main arrays, I.L., interpreter Stack,
and string area. Although this should provide sufficient
space for testing the language, and should also cater for
most elementary student programs, more space could readily
be made available by overlaying some of the other more
bulky routines such as the REPEAT and CASE routines.

3.4. Expression Evaluation

As indicated earlier, source language expressions are
translated during Phase I into a reverse polish form similar
to that used by Randell & Russell. The evaluation of such
expressions is accomplished by using the Stack as a simple
push-down store.

Corresponding to each simple main variable appearing
in an expression an operator of the following form is generated:

TR (Take Result) D 3 x 2 x

The parameter here specifies the Symbol Table address
of the variable concerned. The function of the TR routine is
to place the value at this address, together with its associat-
ed type, at the top of the Stack. The routine must of course
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first check to see that the variable is in fact defined - if
not, an appropriate error message is printed out. An added
complication here is that if the result is in fact a string
descriptor, then the corresponding string must be copied in
the string area before a descriptor of the copy is placed at
the top of the Stack. The significance of this will be

explained more fully in the section on strings.

Corresponding to each constant appearing in an expression
an appropriate "take constant" operator, accompanied by the
constant itself, is generated in the Intermediate Language.

An alternative method of setting up a special constant table,
or of even storing constants in the Symbol Table during the
translation phase was considered. However, although this method
would indeed save storage space, as each constant would be
stored only once, the added complication of setting up and
maintaining such a table would imply a slower production of
object code, which is contrary to one of the aims of the
system. It was therefore decided to store constants in the

stream of the I.L.
The following operators are used:
TN (Take Number) 0 4 x X X XX XX XX

The parameter here specifies a number in floating
point form. The function of the corresponding TN routine
is to place this number at the top of the Stack, together
with a 'number' type digit.

In order to save space, a special case has been made
for the 2 commonly used constants '0' and 'l'., Corresponding
to these 2 constants the following 2 parameterless operators

are generated:
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TNO (Take Number Zero)
TN1l (Take Number One)

o) O]

For Boolean constants the following operator is used:

TB (Take Boolean) 0 7 X x

The parameter here is a Boolean value (00 represents
FALSE, 01 represents TRUE). 2 digits were used here to define
a field - this is convenient when implementing the system on
the 1620. The function of the TB routine is to place the Boo-
lean value at the top of the Stack, accompanied by a corres-
ponding 'Boolean' type digit.

TS (Take String) 0 8 X XXX ... .Xx0%*

The parameter here is the alphameric code for the
constant string itself, terminated by an alphameric record
mark. The function of the TS routine is to pack the string
away in the string area, assemble a corresponding string
descriptor, and finally place this descriptor , together
with a 'string descriptor' type digit, at the top of the
Stack.

The following special parameterless operator is generat-

ed for a null string:
TNS (Take Null String) 09

This merely places the type digit for a null string at
the top of the Stack.

Corresponding to each operator appearing in the source
code expression, object code of the following form is gener-
ated:



=1
0
bl
»

OP (Operator)

The parameter here specifies code for one of the follow-
ing operations: OR, AND, NOT, LT, LE, EQ, NE, GE, GT, CAT, +,
-, *, /, /., NEG, and **, These operations are coded
sequentially (see appendix) so that by use of a branching
table (TABLE2), which is similar to TABLEl, the OP routine
can transfer control guickly and efficiently to the appropriate

routine.

In the case of the unary operation NOT or NEG, the
associated routine applies the appropriate operation to the

value at the top of the Stack, after first checking its type.

In the case of each of the remaining binary operations,
the associated routine first checks the types of the top 2
Stack values. If they are in fact correct, it then applies
the appropriate operation to these 2 operands, wipes them
from the Stack, and finally stores the result and type in
their place at the top of the Stack.

It should perhaps be noted here that the relational

operations in MUSSEL can be applied to string expressions

as well as arithmetic expressions (see string section).

Examgle:

Source code

-A*12+1 .GE. 0 .OR. STRING .EQ. !ABC!
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Intermediate Language

Digit

142
147
151
162
166
168
172
174
178
183
193
197
201

A 'snapshot'
tion of the instruction

ing situation:

TN1
OoP
TNO
OoP
TR
TS
oP
oP

Parameter

IGEI
STRING
IABcl
IEQl
IORI

of the Stack immediately before the execu-

c (SVP)
¥

0

~A%*12+1

STACK

'OP 'GE'' would display the follow-

c(IC)=175
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3.5. Assignment Instructions

In the case of an assignment instruction, the Trans-
lator produces object code to first assemble the address (or
addresses) of the wvariable (or variables) to be reset at the
top of the Stack. To achieve this (for main variables), a

'take address' operator of the following form is used:

TA (Take Address) 0 2 %X x x

The parameter here is a 3-digit Symbol Table address.
The function of the TA routine is simply to convert this S.
T. address to an absolute core address which is then placed,
together with an 'address' type digit, at the top of the Stack.

The Translator follows this by object code to place
the assigned value and type at the top of the Stack. One or

more of the following store operators then follows:

ST (Store) 1 2

The function of this routine is to store the top Stack
type and value at the address contained in the next Stack

position. The top 2 Stack units are then wiped.

It should be mentioned here that if in fact the address-
ed location contains a string descriptor, then the correspond-
ing string nodes must first be returned to the AVAIL list

before storage takes place (see string section).

STA (Store Also) 1 3

This operator performs storage as for the ST operator.
In this case, however, the assigned value and type is then
moved down one position in the Stack to replace the stored-
into address. This unit now becomes the top of the Stack.
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The STA operator is used in the translation of multiple
assignment instructions.

Example:

Source code

SET A4,B,C TO O

Intermediate Language

Digit op Parameter
64 TA A

69 TA B

74 TA C

79 TNO

81 STA

83 STA

85 ST

87

A ‘'snapshot' of the Stack immediately before the first

store operation would display the following situation:

T £\

c (STP) 2 0 c (SVP)
6 =C=
6 =B= c(IC)=82
6 =a=

| STACK
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Just before the second store operation the situation

would be as follows:

R TN

c(STP) 2 0 c (SVP)
6 =RB=
6 =A= c(IC)=84
| |
| |
: i STACK

3.6. Main Arrays anc¢ Subscripted Variables

Although MUSSEL does provide for dynamic arrays (see
procedures section), main arrays, like outer block arrays
in ALGOL, must have constant bounds, and are reserved at the
head of a program. This enables the system, during the
translation phase, to set aside storage and assemble storage
mapping tunctiong for all main arrays. The space reserved is
located immediately following the Symbol Table (see storage
map) , and is sufficient to contain the individual storage
mapping functions together with the array elements themselves,
stored row-wise. Each such element is similar in form to a
Stack unit i.e. it contains a value part of 9 digits accomp-
anied by a type part of 1 digit. In this way, not all elements
of an array need necessarily be of the same type.

In the object program, all references to a main array
refer to the appropriate array word, which is stored in the

Symbol Table, and is of the following form:
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Array dimension
(0 for 1 dimension
1 for 2 dimensions)

X X X X 4 %X X X X X X X X X

4 4 4 4
Pcinter to AW Rel. addr. Rel. addr.
array name type of first of SMF

array elt.

Each of the 2 relative addresses in the value part of
the AW must be added to the Symbol Table base address
(c(SYMBAS)) to give an absolute address.

Storage management for arrays in MUSSEL is greatly
simplified by the restriction that they be 1l- or 2-dimensional
only. The storage mapping function for a l-dimensional array

is of the following form:

X X X X X X %X X

+ ! d
lower upper
subscript subscript
bound bound

For a 2-dimensional array, the SMF is of the following
form:

X X X X X X X X X X X X X X X X X X x x

4 4 4 4 4
1st lower 1lst upper 2nd lower 2nd upper Cl=Ul-L1l+1
bound (L0O) bound (U0) bound (L1l) bound (Ul)

From the above, it can be seen that array bounds must
be less than 10,000 in magnitude. An added restriction, again
imposed by the limited amount of core available in the 1620,
is that the size of an array, whether l1l- or 2-dimensional,
must be less than 1,000. In fact, the use of an array anywhere
near this size would probably be disastrous in this implement-

ation of MUSSEL. For example, an array consisting of 999
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elements would gobble up almost 10,000 digits of core, leaving
a mere 200 digits available for the Intermediate Language,
Stack, and string area .

The storage arrangement for the main arrays, then, can
be illustrated by the following diagram:

(- I +
| I
I Typical Storage

Arrangement for

Array

elts. XX X TR X XXER X 2-Dimensional

(stored A

row-wise) |x|x X X X X ¥ X X X arxoy
T +c (SYMBAS)
array
area

Storage X[X X X X X X X X X

Mapping
Function [¥|¥x ¥ X X X X X X X

P,

1/,/ v +c (SYMBAS)

X X X X[4|1 X X X X X X X X |+ Array || l

4 4 471 Word
Name 1st array SMF
pointer element addresg
address
6 X E XXX
| - 4
| AW address

SYMBOL TABLE

STACK

|
I
|
|
I
|
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It should be noted that arrays reserved in the same
segment, for example

RESERVE (A,B,C(1:100))
in fact reference the same storage mapping function.

The method of representation of subscripted variables
in the I.L. in MUSSEL is very similar to that employed by
Randell & Russell. An 'indexing routine' uses the array word
and storage mapping function, together with the values of the
actual subscripts, to locate the element of the array to which

the subscripted variable refers.

Thus, to obtain the address of an array element, the
I.L. must assemble, as data for the indexing routine, the
address of the array word, and the value of each subscript
expression. This is done by using a TA operator to stack the
address of the Symbol Table location which contains the array
word, followed by the normal object program representation of
each subscript expression. The operation INDA (Index Address)
then follows. This routine works its way down through the
Stack, beginning at the top, identifying the subscript values ‘
as numbers, keeping a count of their number, and checking ‘
that their magnitudes are in fact less than 10,000. An initial
restriction, also, is that the subscript values be integers.
Later the routine should be extended to cater for the rounding
of real subscripts.

This process terminates when a Stack unit containing an
address is reached. This address enables the array word, and
hence the storage mapping function, to be located. (Note - a
check is here made that the number of subscripts does in fact
agree with the dimension of the array, as indicated in the

array word - if not, an appropriate error message is printed
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out.) The routine is then able to process the array word,
storage mapping function, and stacked subscripts to obtain
the address of the array element. During the process, a
check is made to ensure that the subscript values do in fact
lie between their prescribed bounds, which have been stored
in the SMF.

Finally, the array element address is placed in the Stack
unit which contained the address of the array word, and the
Stack pointers decreased so as to make this now the top Stack

unit.

Thus the total effect of the set of operations is just

the same as a TA operation for a simple variable.

To produce the equivalent of a TR operation for a
simple variable, the operation INDR (Index Result) is used.
This works in the same way as the INDA routine, except that
it finishes by fetching the actual array element type and

value.

Example:

Source code

SET A(I,J*K) TO B(C(L,M))

Intermediate Language

Digit oP Parameter
23 TA A
28 TR T
33 TR J

(cont...)
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Digit oP Parameter
38 TR K
43 OP Caxt
47 INDA
49 TA B
54 TA C
59 TR L
64 TR M
69 INDR
71 INDR
73 ST
75 sieis

The Stack situation immediately before execution of

the second INDR operation would be as follows:

i =N

c(STP) 2 M c (SVP)
2 L
6 =C=
6 =B= c(IC)=72
6 =A(I,J*K)=

] STACK |
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3.7. Number Representation and Arithmetic

As indicated earlier, all numbers are represented
internally by MUSSEL as a 7-digit mantissa accompanied by
a 2-digit exponent. A minus sign, for the mantissa or exponent,
is indicated by a flag over the low-order digit, the convent-
ion with all fields in the 1620. The reason for reducing the
mantissa length from the customary 8 digits to 7 was to
enable a number, together with its type, to be contained in
a Stack unit of 10 digits. It was felt that this small loss

in significance was justified in a student language.

The important feature, however, of the MUSSEL repre-
sentation is that the implied decimal point for the mantissa
is to the right. In this way, integers may be treated
essentially as a subset of the reals, being distinguished
internally by a zero exponent. The range of integers, there-

fore, is from -9999999 to 49999999, while reals may range
from tE-99 to +9999999E99. The advantage with this represent-

ation, of course, is that it removes for the student the
real - integer type conversion problem present in other
languages, particularly the mixed-mode problem of FORTRAN.

The adoption of this convention in MUSSEL has meant
the creation of the system's own independent arithmetic
routines. These routines operate on integers as a special
case, thereby bypassing the more involved processing re-
quired for real operands. This is to say that the routines
ADD, SUBTRACT, MULTIPLY, and INTEGER DIVIDE, with integer
operands, produce integer results, except in the case when
the result overflows in 'integer format', and must therefore
be converted to 'real format'.

Real numbers in MUSSEL are normalised in the sense that
their mantissas are shifted right in order to remove low-

order zeros. Zero itself is represented by a zero exponent.
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Also, on the detection of overflow (i.e. when a number's
exponent becomes greater than 99), the MUSINT rounding and
normalising routine prints an appropriate warning message,
and then returns the largest number (in magnitude) that

it can accommodate - a mantissa (together with its partic-
ular sign) and exponent of 9's. And on the detection of
underflow (i.e. when the exponent of a number becomes

less than -99), the routine, having printed a warning
message, continues in a similar forgiving manner by return-
ing a result of zero (i.e. zero mantissa and exponent).

3.8. Logical Operations

A Boolean variable in MUSSEL is represented internally
by a unit containing the type digit '3', together with a
value part of '00' for the value FALSE, or '0l1' for the
value TRUE.

Three Boolean operators are available in the language,
the MUSINT routines for which are quite straightforward. The
AND and OR routines work on the top 2 Stack units, checking
that they are of type 'Boolean', and if so replacing them by
the resulting Boolean type and value. The unary operation
NOT merely confirms that the top type is 'Boolean', and then
changes the top value from TRUE to FALSE, or vice-versa.

The relational operations LT, LE, EQ, NE, GE, and GT
work on the top 2 units, which may be either numbers or
strings (see string section). If the relation is satisfied,
they replace the units by a Boolean type unit with value TRUE,
otherwise with the wvalue FALSE.
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3.9. String Storage and Manipulation

Three basic methods of storing and processing character
strings in MUSSEL were considered. They are described briefly
as follows:

Method 1 (Sequential Allocation)

Using this method, strings are simply layed out
sequentially in storage, character by character. To delete
a section of a string, all characters to the right of the
section to be deleted are moved left a number of places
corresponding to the number of characters to be deleted. To
add to a string, all the characters following the point of
insertion are moved right the correct number of places, and
the new characters inserted.

Method 2 (Dynamic Storage Allocation)

Here again, each string is layed out sequentially in
storage in an unbroken fashion. The difference here, however,
is that the base of a string remains fixed during processing.
For instance, to delete a section of a string, the affected
characters of that string only move left, thereby freeing an
area of storage before the next string. Conversely, to add
to a string which has insufficient free space to its right
to accommodate the addition, the string must first be moved
to an available area of storage which can accommodate the

increased length. Here the extra characters can be inserted.
Method 3 (Linked Allocation)

Under this system, string characters are packed into
fixed length nodes (or units), each node containing a link
to the next. The terminal string node is indicated by a

negative link pointer. To insert characters into a string,
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a new nocde must be obtained from the available storage area,
and the appropriate node link fields set up. The method is
complicated by the fact that a certain amount of repacking
must in general take place in order to keep the non-terminal
node character fields full. Similarly, to delete a section
of a string, a certain amount of link changing and repacking
must take place.

What was wanted in MUSSEL was essentially a simple method
with minimum storage requirements - speed was not a crucial
factor.

As far as actual storage requirements are concerned,
method 1 is clearly the most efficient. Here the "packing
density", which is the percentage of storage containing
character information, is in fact 100 percent. Yet although
scanning a string is very easy, the insertion and deletion
of characters has been found1 to be not only very slow, but
also quite involved, due mainly to the need to update the

affected string descriptors each time.

Initially in method 2, all the characters will be stored
linearly in memory, resulting in a packing density of 100
percent. As processing continues, however, the packing density
is likely to be somewhat reduced. And although the use of a
"garbage collector" to reorganise data periodically can keep
the density as close to 100 percent as desired, it is very
likely that this compacting routine will be quite lengthy and
involved, and could also be required quite often, particular-
ly in a small machine.

1Madnick, Stuart E. "String Processing Techniques."
CACM Vol. 10, No. 7 (July 1967).
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The operations of string assignment and substring
selection, under method 2, can be confined to operations on
string descriptors, and would therefore involve no change
to the string area itself (as in the XCOM compilerl). On the
other hand, however, the operations of concatenation and
input, which use previously free space, could be quite
complicated, depending on the particular storage management
procedure being used.

Method 3, of course, implies a much less efficient use
of storage than method 1. And while the packing density
depends on the node size, it does remain constant, a dis-
advantage when compared with the potentially space saving
method 2. The big advantage, however, with the system is
that storage management is extremely simple. In fact, the
storage lost here in actual string storage would more than
likely be made up for by the space saved by such a simple
storage management routine, compared with those required
for methods 1 and 2. Also, scanning a string is quite easy,
and although insertion and deletion of string sections may
in general be difficult, the same processes applied to the
ends of strings, which is mainly what MUSSEL allows for,
is not so bad.

For these reasons, method 3 was finally adopted.

Now came the question of determining the actual node
length. In doing so, there were 3 factors to consider:

1. The larger the node size, then the greater would
be the packing density (assuming full nodes).

1McKeeman, Horning, & Wortman : A Compiler Generator
(Englewood Cliffs, N.J. : Prentice-Hall Inc., 1970).
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2. And the larger the node, then the less strings
would be segmented. This would imply less work,

in general, in manipulating strings.

3. However, the larger the node size, then the more
likelihood there would be of core wastage due to

only partially filled terminal node 'info' fields.

In other words, I required as large a node size as

possible with as little storage wastage as possible.

To help decide on an optimum node size, a number of
SNOBOL programs were analysed. Although it could be argued
that this was indeed a small sample from a small population,
it did give me at least some basis on which to make a
decision.

Each of the programs was stopped at random at some
point during execution, and the lengths of the strings in
use at the time recorded. The chart on the following page

displays the results of this survey.

For this particular sample of strings the storage
wastage for nodes of different lengths was then calculated.
(Note - a link field of 4 digits was assumed here.) For
example, for a node value field of 4 digits (i.e. 2 chara-
cters) the wastage would be as shown in the table on the
following page.
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String length Frequency
(characters)

19

85
227
157

330 ANALYSIS OF CHARACTER
312 STRINGS IN SNOBOL
362

40

13

O 0 ~d o0 B b Ww N = O

| ol
w

TOTAL 1547

400
Frequency
3007
2001 AABECORRN
100 1
— m—

0 1 2 3 4 5 6 7 8

String length (characters)




String length

(characters)

9
15
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Number of strings

85
227
157
330
312
362

40

i3

TABLE SHOWING CALCULATION OF CORE

WASTAGE WITH NODE VALUE FIELD SIZE

OF 4 DIGITS

Core wastage

(in digits)

85x(4+2) = 510
227x4 = 908
157x(8+2) = 1570
330x8 = 2640

312x(12+2)= 4368
362x%x12 = 4344

40x (16+2)= 720

13x16 = 208
1x(20+2)= 22
1x(32+2)= 34

TOTAL 15324

A complete table of results of similar calculations

for various other node sizes is as follows:

Node value field length

(characters)

1

0w < O e wN

Storage wastage

25880
15324
13500
14180
14304
12404
12968
17660

(digits)
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From the above table, and the fact that only a small
proportion of the strings analysed had a length greater than
6 (3.6 percent in fact), a node value field of 6 characters,
or 12 digits, was decided on. As indicated earlier, the link
field for each node is a 4-digit pointer, relative to some
base (30,000). The implication here, of course, is that the
string area is limited to 10,000 digits in size. Strings are
therefore packed in the following manner:

= N

ABCDEF|[X x x x GHIUJEKL[X x x x
ri

« 12 > <+« 4 > /—\—"/

String address————huﬁxx +c (BASE) e
a/

digits digits +c (BASE)

4 4 = = =
Hods Node MNOUPIx x x X
value link '

The string area itself grows downwards from the top
end of core in the 1620 towards the Stack. A pointer, c(BOUND),
indicates the string area boundary at any stage. A list of
available storage is maintained, the first node of which is
pointed to by c(AVAIL). An empty AVAIL list is indicated by
a negative value for c(AVAIL).

The AVAIL list would therefore appear as follows:

c (AVAIL) —\ +c (BASE)
R

X X X X X X X X
~— \\-/_\
7 T \
Info Link ;
X X X X

The subroutines for returning to (RETURN) and obtain-
ing from (GRAB) the AVAIL list are quite straightforward.
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In the latter, if a node is required, and the AVAIL list is
empty, then c(BOUND) must be decreased to make a node avail-
able. Each time this is done, c(BOUND) must be checked against
the top of the Stack, addressed by c(SVP), for the occurrence
of overflow. Initially, c(BOUND) is set to 39,999, and c(AVAIL)
to 00000.

Operations on Strings

A string is represented in the Stack and Symbol Table

by a descriptor of the following form:

4 4 +

Descriptor String Address of

type digit length first node
(chars.)

A null string is simply represented by a unit with a
type digit of '1'.

As a consequence of this remote representation, when a
TR operator is used with a (non-null) string, the string must
first be copied in the available area, and then a descriptor
of the copy placed at the top of the Stack. And when a vari-
able containing a string descriptor is reset, the correspond-
ing string nodes must first be returned to the AVAIL list

before storage takes place.

The TS (Take String) operator has a parameter which is
the string itself in alphameric mode, terminated by an alpha-
meric record mark. The function of this routine is to pack
the string away in units of 6 characters, and then place a
corresponding string descriptor, and type, at the top of the
Stack.



= B2 =

The operator CAT works on the top 2 units of the Stack.
After checking to see that these units do in fact contain
string descriptors and/or null strings, it then proceeds to
replace them by the concatenated result. The operation is
simple if either of the strings is null. For 2 non-null
strings, however, the routine must link the terminal node of
the 'bottom' string (i.e. first operand) to the first node
of the 'top' one (i.e. second operand), and reset the length
field of the bottom descriptor to the sum of the 2 string
lengths. Then, if the terminal node of the bottom string is
not full, it must repack this node and the nodes of the top
string. Finally, the top Stack unit is wiped.

As mentioned earlier, the relational operators LT, LE,
EQ, NE, GE, and GT may be applied to strings as well as to
numbers. The convention here is that characters are ordered
by their alphameric coding. This defines a partial ordering
on the set of strings if strings are compared character by
character, beginning from the left. In fact, the ordering
obtained is consistent with an alphabetic sort for strings

containing only alphabetic characters.

The operation of the routines themselves is first to
check for the occurrence of a null string in either of the
operands. If so, a Boolean value can be immediately returned,
since the null string is the greatest lower bound for the
partially ordered set of strings. Otherwise, the lengths of
the 2 strings are compared. If they are not equal, and the
operation is EQ or NE, then an appropriate Boolean value can
be returned. Otherwise, the 2 strings must be compared node
by node until a difference is detected, or until either of
the strings terminate. Then, depending on the OP and the
lengths of the strings, an appropriate Boolean value and

type can replace the top 2 Stack units.

Other common string operations can be performed in
MUSSEL by the use of subroutines (see appendix).
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3.10. The Line Number operator

This operator has been incorporated into the Inter-
mediate language with the sole purpose of enabling the
Interpreter to give meaningful error diagnostics at execution

time. The operator is of the following form:
LN (Line Number) 01%x x

In general, the Translator inserts an LN operator at
the start of the object code corresponding to each line of
the source code. The 3-digit parameter of this operator is

the appropriate line number.

The function of the MUSINT line number routine is
simply to update a line counter (c(LN)) with the value of
this parameter. Then, in the event of an execution-time
error, the Interpreter will be able to quote the number of

the line in the source program in which the error occurred.

An alternative method, whereby the program is divided
in terms of its structure (i.e. by DO/END groups) rather
than by lines, was also considered. It was felt, however,
that, although the method provides a more natural division,
the main disadvantage is that errors cannot be pinpointed

closely enough, particularly with large groups of instructions.

3.11. General Choice-Groups, Conditional Groups, & If-Groups

A conditional group uses the truth values of Boolean
expressions to choose between various instructions. The
object program representation of instructions consists of
sets of operations which are executed strictly in sequence.
Two operations, IFJ (If False Jump) and UJ (Unconditional

Jump) , are used to break the normal sequencing of operations
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in order to choose the set of operations corresponding to
the required instruction. Each of these operators occupies
2 digits, and has a 4-digit parameter which is a pointer
to the desired set of object code, relative to the base
address of the I.L.

b
"

uJ L & X X

wl
»

IFJ 18 X X

The implication here, of course, is that the I.L.
is ultimately limited to being less than 10,000 digits
in length. However, it is extremely likely that an I.L.
anywhere near this size would, in this implemention of

MUSSEL, prove disastrous.

It should also be pointed out here that the DO's and
END's appearing in the source program are essentially
brackets, and do not therefore have any direct equivalent
in the object program.

The function of the UJ routine is simply to add the
value of its parameter to the I.L. base address (c(ILBASE)),
and then reset the instruction counter (c(IC)) to this new
value.

The function of the IFJ routine is to first check that
the top Stack unit is of type Boolean. If not, an appropriate
error message is printed out. Otherwise, the routine then
checks the corresponding Boolean value. If TRUE, the instruc-
tion counter is set to point to the next I.L. instruction,
and the top Stack unit 'popped'. If FALSE, the instruction
counter is reset to the value of the parameter added to the
I.L. base address (as with the UJ operator), and the top
Stack unit then 'popped'.
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It should be noted here that the parameter for cach of

the above 2 operators points to the leftmost digit of the
appropriate opcode in the I.L. Thus the RESET subroutine

used by the 2 routines in fact resets the instruction counter

to point to this digit, minus one. This means that, after

branching back to the control routine, MUSINT can increment

c(IC) by 2, as is usual, so that it now points to the right-

most digit of the new opcode.

Examgle:

Source code

(Line no.)
5 DO IF B
6 THEN
7 ELSE
8 END

Intermediate Language

SET A TO
SET A TO

Digit

20
25
30
36
41
46
48
50
56
61

IFJ
LN
TA
TN1
ST
ugJ

TA

Parameter

'70I
l?l

(conkt. . .)
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Digit op Parameter
66 TN
68 s
70 i %

3.12. Repeat-Group Instructions

The implementation of these instructions in MUSSEL is
very much simplified by the fact that the controlling exp-
ressions (if any) for loops are all called by value rather
than by name if the loop is regarded as a procedure. This
means that the expressions can be evaluated and the results
stacked by the Interpreter on entry to the loop so that
they will be unaffected by any changes that may occur within
the loop.

Pefore going on to discuss the implementation of each
instruction in turn, I should first explain tne mechanis:
employed for branching out of loops. At the keginning of the
object code corresponding to a REPEAT instructicn, the
Translator inserts the branch instruction UJ or BA (see
later for explanation) immediately preceded by a UJ operator
to initially bypass the instruction on entry to the locp.
The parameter for the first mentioned branch instructicn
is the address of the start of the I.L. immediately follocw-
ing the REPEAT-Group's code. Inside the loop, then, this
branch instruction is consequently referenced by zll

instructions requiring an exit from the loop.

The reason for handling loop exits in this indirect
manner, rather than directly, is primarily tc facilitate

the task of the Translator. After compiling object code



for each loop, the Translator need only fix up the address
parameter for one instruction rather than s=veral. Plsno,
under this method the handling of labels associated with
REFFAT groups is greatly simplified. For on striking a
label in the object program, the Translator can immediately
place it in a label table together with the address of the

branch out instruction at the head of the loop.

The implementation of each REPEAT instruction will
now be discussed in turn.

3.12.1. Simple REPEAT without control

The translation of this instruction from sourcc code
is quite straightforward, and involves no new I.L. oper-
ators. Because the REPEAT has no controls attached, exit
riust come from the loop body itself. The resulting object
code from such an instruction is best displayed by an

example.

Examgle:

Source code

(Line no.)

13 DO REPEAT

14 SET I TO I+l
15 IF I.GT.N

16 THEN EXIT

17 END
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Intermediate Language

Digit oP Parameter
44 LN 13
49 ugJ ‘61"
55 uJ 126"
61 LN ' '14°
66 TA E
A TR I
76 TN1
78 oP '4!
82 ST
84 LN Ji I
89 TR I
94 TR N
99 OP 'GT!

103 IFJ *120°

109 LN 16"

114 uJ e

120 uJ *61"

126 asaE aiea

3.12.2. REPEAT-while instruction

The object code produced from this instruction is
again quite straightforward, and involves no new I.L. oper-
ators. The execution of the loop each time is dependent on
the truth value of a Boolean expression which is evaluated
at the head of the loop. It should be pointed out that no
execution of the loop takes place if the condition is
initially FALSE.
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Source
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code

~ o U s

DO REPEAT WHILE X .GT. N
SET X TO X-1
IF B THEN EXIT

END

Intermediate Language

Digit

10
16
22
27
32
37
41
47
52
57
62
64
68
70
15
80
86
92
98

IFJ
LN
TA
TR
TN1
OP
ST
LN
TR
IFJ
uJg
oJ

Parameter

|22l
lgsl
l4l

N
IGTl
I16l
lsl’

l6l

l92|
|16l
l22l
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3.12,.3. REPEAT-until instruction

The object code produced from this instruction is
similar to that obtained from translation of the REPEAT-

while instruction, the only difference being that the

Boolean value obtained at the head of the loop each time

must be complemented before it is tested (since the I.L.

of MUSSEL contains no 'if true jump' operator). This implies

that if the controlling condition is initially TRUE, then no

execution of the loop takes place.

Examgle:

Source code

9 DO REPEAT UNTIL X .GT. N
10 SET X TO X+1

i IF B THEN EXIT

12 END

Intermediate Language

Digit oP
21 UJ
27 uJ
33 LN
38 TR
43 TR
48 oP
52 OoP
56 IFJ
62 LN

Parameter

133l
113"
lgl

X

N
I'GTl
'NOT'
|2'?'I
llol

(cont...)



Digit oP. Parameter
67 TA X

72 TR X
77 TN1

79 OP 14!
83 ST

85 LN ' 1
90 TR B

95 IFJ *1077
101 uJ v27*
107 uJ ' 33
113 P s

3.12.4. REPEAT-Times instruction

To control the execution of a REPEAT-Times loop, an
RT (REPEAT-Times) instruction of the following form is
used:

RT 20 X XX XX X X

This instruction has 2 parameters. The first of these
is the I.L. address of the branch out instruction for the
loop; it is to this address that the RT routine must branch
on completion of the loop. The second parameter is the source
program line number of the start of the REPEAT instruction.
This enables the RT routine to update the line number at the
start of each execution of the loop.

In translating an instruction of this kind, the Trans-
lator first inserts 2 branch instructions, as described

earlier, and then compiles object code to assemble the value
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and type (a number) of the 'times' expression at the top of
the Interpreter Stack. This is followed by an RT instruction,
and then the code for the body of the loop. Thus when the
Interpreter enters a loop and strikes the loop's RT operator
for the first time, it should find a number type unit at the
top of the Stack. The value part of this unit is, of course,
the number of times the loop is to be executed.

The first function of the routine is to check that the
number at the top of the Stack is in fact an integer. If so,
it replaces the type digit (2) of the unit by '8', thereby
converting it into an RT control unit. The purpose of this
is to indicate to the routine, on subsequent uses, that the
particular loop has already been entered. The routine's
next job (its first on subsequent traversals of the loop)
is to check the actual value of the controlling integer. If
it is negative, or zero, the instruction counter is reset
to the address of the branch out instruction at the head of
the loop. (Note that this implies that such a loop may indeed
not be executed at all if the controlling expression is
initially negative or zero.) Otherwise, the integer value is
decremented by one, the line number reset, and the body of
the loop entered.

At the end of the body of the loop, a branch is made
back to the RT operator for the loop. At this stage the RT
control unit will again be at the top of the Stack (since
the REPEAT loop constitutes a complete instruction group),
so that the operations described above can again be carried
out.

And now to the question of exits from the loop. When
this occurs, the RT control unit will be at the top of the
Stack - to keep the Stack 'clean', it must be unstacked, a
job which cannot be done by the RT routine as exits may come
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from within the loop. Hence the need for a special branch
out instruction for exits from loops with controlling
expressions. This is the BA (Branch Address) operator which

has the same format as the UJ operator:
BA 17%xxX
The BA routine first resets the instruction counter
(as is done in the UJ routine), and then unstacks the

loop control units. In this case only one unit, the RT
control unit, need be unstacked.

ExamEle:

Source code

10 DO REPEAT N TIMES
11 SET X TO X+l
12 END

Intermediate Language

Digit op Parameter
7 uJ 15
13 BA o
19 LN 10!
24 TR N
29 RT (13,0)
38 LN I
43 TA X
48 TR X
53 TN1
55 OP 4!

(cont...)
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Digit oP Parameter
59 5T

61 uJ 1298

67 - " 8 - " 0w

The Stack situation on first meeting the RT operator
on entry to the loop would be as follows:

o SN

c (STP) 2| X X X X X X X X X c (SVP)
| STACK | c(Ic)=30

[ |
| I
On meeting the BA operator, or the RT operator after

the first execution of the loop, the situation would be as
follows:

c(STP) 8|l x X X X X X X X x c(svp)

STACK c(IC)=14 or 30
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3.12.5. REPEAT-For instruction group (with test)

This source code instruction group is of the following

form:

DO REPEAT FOR loc FROM valexp TO valexp (BY valexp)1
vesdnBtruction. ..
END

In translating such an instruction group, the Trans-
lator compiles UJ and BA operators (as described earlier)
followed by object code to assemble the address of the
controlled variable, its starting value, its test value, and
its incrementing value (note - if omitted, this value is
assumed to be 'l', so that a TNl operator is automatically
generated), at the top of the Stack. This is followed by
an RF operator of the following form:

RF (REPEAT-For) 21 X XXX XXX

This operator, whose parameters are as for the RT
operator, is followed in turn by code for the loop body
itself, after which an unconditional branch back to the

RT operator is inserted.

Thus, at the interpretive stage, when the loop has
initially been entered, the RF routine would expect the top
portion of the Stack to appear as shown at the top of the
following page.

The first job of the RF routine is to check that the
types of the top 4 Stack units are in fact as shown in the
diagram (next page). It then initialises the loop variable,

1in syntax descriptions in this dissertation, material
enclosed within round brackets () may be optionally omitted.
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/T & s

c(STP) 2 1% ¥ X ¥ ¥ X %X X X Increment

21 ® X % X % ¥ X X Test value

2] %8 X X X ¥ ZX X X ‘% Starting value

6] X ¥ ¥ X ¥ X ¥ X = Controlled

variable address

STACK l

inserts a flag over the top Stack type digit to indicate to
the routine on subsequent uses that this particular loop has
already been entered, and finally returns to control. The
implication here, of course, is that such a loop is always
executed at least once, even though the test may have failed

had it been applied before the first execution,

On subsequent traversals of the loop, the RF routine,
on detecting a flagged top Stack type digit, will then pro-
ceed to use the stacked values to increment and test the
loop variable. If the variable's value is greater than the
test value, a branch is made to the BA operator for the loop.
Otherwise the next instruction in sequence will be executed.
As with the RT operator, the second parameter is used to
reset the line number on each execution of the loop.

Here again, the BA operator must unstack the control
units for the loop, a job which cannot be done by the RF
routine since exits may come from the loop body itself,
thereby overriding the loop controls. The operator simply
does this by unstacking until an address type unit is reach-
ed. This unit is then unstacked, the instruction counter
reset, and finally control returned to the main control
routine.
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Examgle:

Source code

9 DO REPEAT FOR A FROM 1 TO N BY 2
SET B(A) TO A*A
END

Intermediate Language

Digit oP Parameter
29 uJ 41"
35 BA i iy
41 LN 5"

46 TA A

51 TN1

53 TR N

58 TN 2

69 RF (35,5)
78 LN o

83 TA B

88 TR A

93 INDA

95 TR A

100 TR

105 OP E%

109 ST

0 o B uJ '69"

117 -0 L
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3.12.6. REPEAT-For instruction group (without test)

This source code instruction group is of the following
form:

DO REPEAT FOR loc FROM valexp (BY valexp)
vs INSEXVEEION .2 5
END

Translation of such a group is very similar to that
for a REPEAT-For instruction group with test. Instead of an
RF operator, however, an RFWT operator of the following form
is used:

RFWT (REPEAT-For without test) 29 X X X

The single parameter here is the line number of the
start of the REPEAT instruction, and is used to update the
line number on each execution of the loop. Unlike the RF
operator, however, the RFWT operator need have no branch out
address parameter, all exits coming from within the loop
since the source program instruction provides no test value.
As a consequence of this, the interpretive RFWT routine,
although similar to the RF routine, is very much simplified
by the fact that it need not test the controlled variable

on each execution of the loop.

As before, a BA operator is used to unstack the control
units on exit from the loop.

Example: Source code

(s 0]

DO REPEAT FOR A FROM 1 BY 2
SET B(A) TO A*A

10 IF C THEN EXIT

11 END
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Intermediate Language

Digit OP Parameter
102 uJ *114"
108 BA 1203"
114 LN g
119 TA A
124 TN1
126 TN 12"
137 RFWT rg"
142 LN 'g!
147 TA B
152 TR A
157 INDA
159 TR A
164 TR A
169 oP Lt
173 ST
175 LN r10°
180 TR C
185 IFJ '197°
191 uJ '108"
197 uJg b e B

203 L .- s 8 80
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3.12.7. REPEAT-Set instruction group

Translation of this group, which is of the following
form

DO REPEAT FOR loc SET TO exp,eXp,€XP...
sesinsETUCtION: o &
END

is very similar to that for the previous 3 instruction

groups. The Translator compiles UJ and BA operators in the
normal way at the head of the loop, followed by object code
to assemble the address of the loop variable and the wvalues
of the set list elements at the top of the Stack. This is
followed by an RS (REPEAT-Set) operator, code for the body
of the loop, and finally an unconditional branch back to

the RS operator itself.

The form of this RS operator is as follows:
RS (REPEAT-Set) 2 IXTXXX AR XXX

The operator has 3 parameters. The first of these is
the number of set list elements; the second is the I.L.
address of the BA operator for the loop; and the third is
the source program line number of the start of the REPEAT
instruction group. As for previous I.L. operators, this
third parameter enables the RS routine to update the line
number number at the start of each execution of the loop.

On initial entry to the loop at run time, the RS
interpretive routine sets a flag at the top type position
of the Stack, and initialises the loop variable. On successive
traversals of the loop, the RS routine steps through the set
list elements, resetting the loop variable accordingly.
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Throughout this process a count of the list elements already
processed is kept in the Stack position originally occupied

by the first of these elements. Finally, on completion of the
loop, the instruction counter is reset to the address of the

BA operator for the loop.

It should be mentioned here that in this implementation,
the set list elements themselves may be expressions of any
type whose values are unaffected, as mentioned earlier, by

any changes that may occur within the loop.

Again the BA operator, when used, unstacks the control
units for the loop. This is done by unstacking units until
an address type unit is met. The routine then pops this unit,
resets the instruction counter, and finally returns to
control.

Example:

Source code

19 DO REPEAT FOR A SET TO 1, 2, 3
20 SET B(A) TO A*A
21 END

Intermediate Language

Digit oP Parameter
65 UJ 77
71 BA 'lel!
77 LN '19?
82 TA A

87 T™N1 (cont...)
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Digit oP Parameter
89 TN v2

100 TN B

1 D i RS (3;71,:19)

122 LN '20"

127 TA B

132 TR A

137 INDA

139 TR A

144 TR

149 OoP i

153 ST

155 uJ *111*

161 S sieie

The Stack, just before execution of the RS operator

for the first time, would appear as follows:

P m\m)

c (STP) 2 ¥ X ¥ X = 2 B X 2 Number '3'
Z X % X X X X X % ¥ Number '2'
2 X X X X ¥ X X X X Number '1'
6 X ®* %X X ¥ x ™ X X Address of A
: STACK |

| W |
I
And just before execution of the BA operator:

Pl - «— c(svp)
c (STP) 2 X X X X X X X X X Number '3’
2 ¥ X X X X x X X X Number '2'
2 X X X ¥ X X X X =% List elt count
f X X X X X X X X X Address of A
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3.13. CASE-Group instruction

This is an instruction group of the following form:

DO CASE valexp (IN (integer,integer)) OF
s ee INSETUCEION ;v s
END

The translation of such a group involves quite a bit
of work for the Translator. In the case where the bounds
have been inserted, the Translator first compiles object
code to assemble the values of the CASE expression and
bounds at the top of the Stack. Then comes an unconditional
jump instruction to bypass the following object code for
each instruction in the CASE-group. The code for each such
instruction is terminated by an unconditional jump to the
start of the code for the instruction immediately following
the CASE-group. Finally, a CS (CASE) operator is inserted,
followed by a series of unconditional jumps to the start of
the object code for each case instruction.

The form of this CS operator is as follows:
CS (CASE) 2 4 xx

The single 2-digit parameter here is the number of
CASE instructions in the CASE-group.

The form of the object code produced for the CASE-
group is best illustrated by an example.
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Examgle:

Source code

4 DO CASE I IN (3,5) OF
5 SET A TO 3

6 SET A TO 4

7 SET A TO 5

8

END

Intermediate Language

Digit oP Parameter
23 LN '4!
28 TR I
33 TN r3?
44 TN L
55 uJ '148"
61 LN '51
66 TA A
71 ™ L3
82 ST
84 uJ .70
90 LN ‘6"
95 TA A

100 TN ‘4"
111 ST

113 uJ 170"
119 LN v
124 TA A
129 TN 5
140 ST

(cont; <)



Digit

142
148
152
158
164
170

=L

uJ
Cs
uJ
uJd
uJg

Parameter

*130"
l3l
'61'
190!
*t119f

Immediately before the CS operator is executed during

the interpretive phase, the Stack situation would be as

follows:

///"“H* c (SVP)
c(STP) 2 ¥ X = X &
2 x X X X X
2 X %X X X X
' sTACK

Number '5 ~

Bounds
Number '3"//’

Case expression

value (I)

The function of the CS routine at the interpretive

stage is to use the stacked expression and bound values to

determine which following branch instruction to take. Having

done so, and reset the instruction counter accordingly, it
unstacks the 3 units and returns to control.

During this routine a check is made that the values of

the CASE expression and bounds are all integer numbers (later

the rounding of a non-integer CASE expression value could be

implemented), and that the expression value does in fact lie

between the prescribed bounds. The parameter for the CS

operator is also used here to enable a check to be made that
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the number of the statement being branched to is not greater
than the total number of such statements.

Translation of a CASE instruction in which the bounds
have been omitted is very similar to the method described
above. The simplification here, of course, is that a lower
bound of 1 is assumed, so that the CASE expression value
only is used to determine which CASE instruction to take.

To perform such a calculation a new operator, of the follow-
ing form, is used:

CSWB (CASE without bounds) 2 5 xx

As with the CS operator, the parameter here is the ac-
tual number of CASE instructions in the group.

The function of the CSWB interpretive routine is clear-
ly very similar to that of the CS routine. It takes the value
of the CASE expression, which has been stacked, and uses it
to reset the instruction counter to the address of the approp-
riate following branch instruction. Having done so, it un-
stacks the expression value and returns to control.

During the routine, the Interpreter checks that the
CASE expression value is in fact an integer (which is not
less than 1), and also, by use of the parameter, that the
number of the statement branched to is not greater than the
total number of statements in the group.



Ixample:

Scurce code

4 DO CASE I OF
5 SET A TO 1
6 SET A TO 2
7 SET A TO 3
8 END
Intcinediate Language
Digit op Parameter
35 LN ‘4"
40 TR I
45 uJ '138"
51 LN '5¢
56 TA A
61 TN g
72 ST
74 ul ‘160"’
80 LN '6!
85 TA it
90 TN v2!
101 ST
103 0J '160"
109 LN 7
114 TA A
119 TN "3
130 ST
132 uJ '160"'
138 CSWB -

(cont...)



Digit op Parameter
142 uJ Y517
148 ti 180"
154 UuJ '109'
160 i R

The Stack situation immediately before the CSWB oper-

ator is executed would be as follows:

ST
/\ s~ c(svp)
c(STP) 2! X X X X X X X X % I - CASE

expressicn value

STACK
c(ICc)=13°%

3.14., Functions and Procedures

3.14.1. An overview of their implementation

The scheme used in the translation and implementation
of functions and procedures in MUSSEL is very simi.ar tc
that used by Randell & Russell, the Interpreter stack being
used for the dynamic allocation of storage for local var-

iables during the running of the object program.

As each procedure is entered, its working storage,
i.e. the storage space required for its local variables and
link data, is added to the top of the Stack. When the pro-
cedure is left, this working storage is deleted from the Stack.

1f a procedure body is re—-entered by means of a recursive
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prccedure call, before it has been left, then a further set
of working storage is created on top of the Stack, therchy
rendering the original set inaccessible for the duration of
wie recursive call. ITn this way, the use of the Steck allcws
the same system to be used for the allocation of space for
working storage of both recursive and non-recursive

procedures.

Dynamic arrays are also implemented using the Stack.
Cn entry to a procedure, the expressions in an array dec-
laration are evaluated and the amount of storage space nec-
essary for the array word, the SMF, and the array elements
themselves, is reserved on top of the Stack. Thus only the
exact amount of space required by an array for the current
activation of the procedure in which it is declared is set
aside in the Stack.

The mechanism required for this implementatioc.: in
MUSSFL is very much simplified by the fact that proccecuore
declarations in the language may not be nested. Under this
restriction, the block structure is essentially 2-level, «s
opposed to the multi-level structure of ALGOL, so that ir-
side any procedure, the only identifiers (apart from lakel=z)
that may be referenced are those which are local tc the nrc
cedure itself (i.e. formal parameters and variables res-
erved within the procedure), and those which have been res-
erved at the head of the main program. As far as the Inteir-
preter is concerned, this means that the creation and main-
tenance of the 'static chain' of Randell & Russell is un-
necessary, and hence that the link data required on lcaving

each procedure can be simplified a great deal.

As in PL/I, parameters for procedures in MUSSEL are
all called by reference. This is essentially a combination

of the 'call-by-name' and 'call-by-value' facilities of
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ALGOL, and means that, whereas addresses for arrays, pro-
cedures, ancd simple variables are passed accross to the
prccedure cornicerned, expressions on the other hand are evai-
uated first, so that their results only are accessible to

tiie procedure. One of the main advantages for the Interpreter
herce is that in the case of an array, only the array word
address need be copied in the Stack, rather than the array

word, SMF, and array elements themselves.

J.14.2. The link data

When a procedure (or function) is called and entered
during the execution of the object program, appropriate
link data must be set up in the Stack to enable the prcgram
to resume correctly on completion of the procedure. This link
data in MUESEL is contained within a single unit, the Return
Nddress Word (RAW), which is of the following form:

9 X X X X X ¥ X X X

4 4 4
RAW Previous Return I.L.
type RAW address

digit address

The RAW for any activaticn of a procedure is situvated
in the Stack immediately below the local variable units (if
any) for the particular activation. The address of the top-
most RAW at any time is indicated by an RAW pointer, c(I’AV),
which is initially 0. This pointer effectively forms a base
from which the absolute address of a local variable in use

during the current procedure activation can be calculated.

The information contained in an RAW enables the Inter-
preter to perform 2 important functions on completion of the
procedure. The first field in the RAW value part allows the
RAW pointer to be reset to the address of the previous PAV,

thereby effectively creating access to a new set of local
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variables. The second field allows the instruction counter
to be reset so that execution of the object program can be
resumed from the operator immediately following the point

at which the procedure was called.

3.14.3. Function and procedure calls and declarations

As mentioned earlier, the only real difference between
functions and procedures as they appear in the source program
is in their manner of call. This similarity is reflected in
the resulting object code, the only difference at call being
that in the case of a function, code is produced to reserve
an extra space in the Stack for a function value. The pieces
of object code produced from procedure and function declar-

ations are, like their source, identical in form.

In translating a procedure or function call, the
Translator compiles an RAP or RAF operator respectively,
followed by object code to assemble the addresses, or values
if constants or proper expressions, of the actual parameters
at the top of the Stack. Finally a CP (Call Procedure) oper-
tor is inserted. The forms and functions of the new operators
just introduced are as follows:

RAP (Return Address Procedure) 2 6
The function of this operator is to begin filling in
a Return Address Word at the top of the Stack. At this stage
an RAW type digit ('9') is filled in together with the
address of the previous RAW. Finally, the RAW pointer is up-
dated to point to the low-order digit of this new RAW.

RAF (Return Address Function) 2 7

This operator begins filling in an RAW, as for the RAP
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operator. In this case, however, the associated interpretive
routine reserves a unit in the Stack, immediately below the
RAW, for the function value. The type digit for this unit
is, at this stage, set to '0' ('undefined').

CP (Call Procedure) 2 8 XX X X X

The first parameter for this operator is the Symbol
Table address of the Procedure Address Word. This word
contains a pointer to the start of the object code corres-
ponding to the procedure body. (Note - this pointer in fact
addresses the digit to the immediate left of the first oper-
ator for the procedure). The second parameter is the number

of actual parameters used in the procedure call.

The job of the CP interpretive routine is to first
check that the unit contained at the indicated S.T. address
is in fact a Procedure Address Word. If so, it then fills in
the return I.L. address in the Return Address Word and, using
the PAW, resets the instruction counter to the start of the
object code corresponding to the procedure body. Finally, it
stores the number of actual parameters to be checked later
against the number of formal parameters (by the PE operator),
and then returns to control.

The following example illustrates the process which
has been described:

Example:

Source code

12 SET M TO MEAN(U,V*2)
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Intermediate Language

Digit opP Parameter
422 LN L 1
427 TA M
432 RAF
434 TA U
439 TR
444 TN s
455 oP TRt
459 CP (MEAN, 2)
466 L LN B ]

The Stack situation:

(1) Immediately before execution of the RAF operator:

/\ c(svp)
¥

c (STP) 6 Ex Xxxx =M=

(c(IC)=433) STACK

([ |
I | |
|

(ii) Immediately before execution of the CP operator:

c(S}'P) C(SYP) c (RAW)
Actual 2/ X X X X X X X X V*2
parameters 6 X X X X X/ =U=
9|x x X X X RAW
(c(IC)=460) o] function val.
6 X R X =M=

(Prev. RAW addr.)|
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(iii) Immediately after execution of the CP operator:

c(s$P) C(Sfp} c (RAW)
Actual 2|X X X X X X X X X V*2
parameters 6 X X X X X_| =U=
9% x x x x X X x X RAW
(c(IC)=I.L. o] /  Ret'aaar fn. value
address of 6 //- XX XXX =M=
start of ////
procedure) STACK
/////j | '
(Previous ! ! I
Al I l
address) o 1

The general layout of the object program correspond-

ing to a procedure (or function) declaration is as follows:

LN L
PE (FP,LI)
RE

The first operator here indicates the line number for
the start of the procedure declaration, and it is to this
operator that the Interpreter branches on entry to a procedure.
Having updated the line number, the Interpreter then calls on
a PE (Procedure Entry) routine whose main function is to set
up pointers and allocate working storage for the current pro-
cedure activation. The form of this PE operator, as it
appears in the I.L., is as follows:

W
o
1
»
|
"

PE (Procedure Entry)
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The first parameter here is the number of formal
parameters for the procedure; the second the number of local
identifiers. The first job of the PE routine is to check
that the number of formal parameters for the procedure does
in fact correspond to the number of actual parameters used
in the procedure call. If so, the routine sets up base value
and type pointers for the procedure (c(BVP) and c(BTP) res-
pectively) to address the RAW value and type parts respect-
ively. These pointers are used to assist in the addressing
of the types and values of local variables. The routine
then checks the second parameter to determine the number of
local identifiers for the procedure. If zero, no further
work need be done, and the routine is able to return immed-
iately to control. If non-zero, however, the routine must
allocate a corresponding number of units in the Stack for
these identifiers, followed by 2 units for the first poss-
ible Storage Mapping Function. The top of these 2 units is
addressed by the contents of a Working Value Pointer,
c(WVP) . Having done this, the routine finally branches to
a CLEAR subroutine which sets the types of the local var-
iables to '0' ('undefined').

For the storage of a function value, an operator VI
(Value Is) of the following form is used:

VI (Value 1Is) 15

This routine simply stores in the normal way the value
and type at the top of the Stack in the reserved unit immed-
iately below the RAW for the function. The top Stack unit is
then deleted.

For exits from a procedure (or function) an RE oper-
ator (of the form shown below) is used to reset the approp-
riate variables and pointers.



RE (Return) 3 4

The RE routine begins by resetting the Stack value
and type pointers to address the value and type parts res-
pectively of the unit immediately below the topmost RAW. In
other words, this unit now becomes the top of the Stack.
Next, the RAW mentioned is used to reset the instruction
counter to the return I.L. address for the procedure. Finally,
using the high-order field in this RAW, the RAW pointer is
chained down to address the next RAW (if any), and the pro-

cedure base type and value pointers reset accordingly.

From the point of view of storage allocation, then,
the net effect for a procedure call and activation has been
a return to the original Stack position. For the case of a
function, the net effect has been the return of a type and

value to the top of the Stack.

As an example, let us consider a declaration for the
procedure used in the previous example. In this declaration,
the use of the variable TEMP, although inefficient, has been
intentional so as to illustrate the mechanism for allocating

space for local variables.

Examgle:

Source code

3 DEFINE MEAN ON A,B AS

4 DO

5 RESERVE TEMP

6 SET TEMP TO (A+B)/2
i VALUE IS TEMP

8 END
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Intermediate Language

Digit op
164 LN
169 PE
175 LN
180 TLAl
184 TLRY
188 TLR
192 OP
196 TN
207 OP
211 ST
213 LN
218 TLR
222 VI
224 RE
2976

- (A

The Stack situation:

(1) Immediately before execution of

Parameter

c(STP) c(SVp)
+ +
Actual 2% x x x x x x X X%
parameters 6 X X X X %z
IIX R X ERXR R xR X
(c(IC)=170) 0 Rettaddr
(6 XX XX X
(Previous RAW
STACK

1 I
I
address) I |
U |

1OP to be explained later.

— o =

'3'

(2,1)

'6'
TEMP
A

l+l
t2l
l'/l

gt
TEMP

the PE operator:

c (RAW)

value
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(ii) Immediately after the execution

of the PE operator:

c(SVP) c(WVP) c(RAW)
+

Space for 1st

possible SMF

TEMP

c (BVP)

LA RAW N
X RAW

fn. value

c (STP)
+
(c(IC)=174)
0
Actual 2z 2 T X2 N ¥ X
parameters 6 X xR E®
9% x ¥ X X X x X
c (BTP) 0 Rettaddr
6 X X X X X
(Previous RAW

address)

(iii) Immediately after execution of the VI operator:

c(STP)
¥

c(SVP) c(WVP) c(RAW)
K—\/

(c(IC)=2273)

Space for 1lst

possible SMF

TEMP (= (A+B) /2)

EANR

Actual

V*2

parameters

ER

c (BTP)

fn. value

| N '\OH'O‘\ NN
AIEAEAENERE:
AR N

E I T B B

T B B = e

=M=

. STACK
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(iv) Immediately after execution of the RE operator:

c (STP) c(SVP)
(c(IC)=ret addr 2l X XX E XX TR X Fn. value (TEMP)
=465) 6 X X% % x =M=
c (BTP) l STACK c (RAW)
|
|
t c (BVP)

3.14.4. The use of local variables in expressions

and assignments

During the translation of a procedure (or function)
declaration, local variables (i.e. formal parameters and
identifiers declared within the procedure) are allocated
addresses (in sequence) corresponding to their relative
positions in the Stack above the Return Address Word at run
time. Consequently, the use of these variables in source
code expressions or assignments requires the generation of
special 'take local address' and 'take local result' oper-
ators in the object code. These new operators have the

following form:

TLA (Take Local Address)
TLR (Take Local Result)

wl wi
-3 -
»

In each case, the single 2-digit parameter is the rel-
ative address of the wvariable concerned. As for the TA and
TR operators described earlier, the function of these oper-
ators is to place the absolute address or value, respectively,
of the variable concerned at the top of the Stack. In this
case, however, the address of the topmost RAW, rather than

the base address of the Symbol Table, is used in the calcu-

LIERARY
MASSEY UNIVERSITY
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lation of the variable's absolute address. The situation
here is further changed by the fact that, in the case of the
variable being a parameter, the 'value' at the addressed
location may in fact be the address of the actual parameter
which has been passed across to the procedure. In such a
case, the TLR routine must 'chain down' to locate the result
concerned and 'bubble' it to the top of the Stack. Similarly,
to avoid a complicated chaining process when local variables
themselves are used as parameters to procedures, the address
contained within the location, rather than the address of
the location itself, must be placed at the top of the Stack.

3.14.5. Dynamic arrays

Having entered a procedure and allocated space in the
Stack for its local identifiers, the Interpreter must then
proceed to set up storage mapping functions and allocate
storage for the arrays (if any) that are reserved locally
to the procedure. The technique used here is again very
similar to that used by Randell & Russell.

During the translation phase, each array declaration,
simple or multiple, is translated into a set of object pro-
gram representations of the subscript bound expressions.
This is followed by an MSF (Make Storage Function) operator

of the following form:
MSF (Make Storage Function) 33 % X XX

This operator has 3 parameters. The first is the 2-
digit dynamic address allocated to the last array word; the
second the number of identifiers in the array declaration;
and the third the dimension ('0' for 1 dimension, 'l' for 2
dimensions) of each array. The task of the MSF interpretive
routine is to use the subscript bound values which have been
placed at the top of the Stack to set up a storage mapping
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function, and an array word, for each array in the dec-
laration, at the same time allocating space in the Stack
for the elements of each array. The key steps in this rather

lengthy routine are as follows:

Step 1
This step involves the setting up of a SMF for the

set of arrays. First, the values of the subscript bounds
are loaded into the space indicated by the contents of the
Working Value Pointer, c(WVP). Then, for a set of 2-
dimensional arrays, the value Cl (the difference between
the second set of bounds, plus 1) is calculated and filled
into the SMF. During this step a check is made that the
bounds are integers which do not exceed the value 9999 in
magnitude. A check is also made that the number of elements

in each array does not exceed 999.

Step 2
Here the array words themselves are set up in the

space previously allocated in the Stack for the associated
array identifiers. In conjunction with this process, space

is set aside for the array elements themselves.

Step 3

Having allocated space for the current set of arrays,
the Interpreter now reserves 2 units at the top of the Stack
for another possible Storage Mapping Function. The Working

Value Pointer is then reset to address these locations.

Step 4
Finally, the type digits for the units reserved for the

array elements are each set to '0' ('undefined').

Note: Array words for dynamic arrays have a flag over the
dimension digit. This is to indicate to the Interpreter that,

when calculating absolute addresses from the relative addresses
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in the array words, the base address for the Stack, rather

than the Symbol Table,

Example:

Source code

Intermediate Language

RESERVE

is to be used.

(A,B,C(1:N,0:M))

Digit

14
16
21
27

MSF

Parameter

Note: It is assumed here that the array words A, B, C have

been allocated local addresses 3, 4, 5 respectively.
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The Stack situation:

(i) Immediately before execution of the MSF operator:

(c(IC)=22)

c (STP) c(SVP)

S
2

XXX ®XXX
000O0O0O0
X X X XXX
000001

i

M

IDI

N

l'll
Space for
SMF

c (WVP)

SIS NSRS
ol ®i| ©I

=N =T
oK |[O|X

Local

variables

c (RAW)

c(BTP) c (BVP)
Ve
X

XX XX XX XX

O 4

RAW

STACK



(ii) Immediately after
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execution of the MSF operator:

c(STP) c(svp)
Space for c (VIVP)
SMF
0
(c(IC)=26) Elements
of array !
A 0
\ 0
(|0
Elements 0
of array !
B 0
0
0
Elements 0
of array '
C 0
0
X|x X X X X
s x| x X xxx X x
!
(C) 4|1 X x X X X X X X
Local Array (B) 1 = % %
Variables \Words (A) T 9 % 5 B u% %
c(BTP ! c (BVP)
L/\l 3 |
RAW 9% %x X% X X X %X
c (RAW)

STACK |
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3.15. Input/Output

The 3 main I/O routines used by MUSINT, namely RD
(Read) , PR (Print), and PRC (Print Control), are by far
the most bulky of those used by the Interpreter, occupying
in total almost 10,000 digits of core storage. In view of
the storage problem faced in implementing the system on the
1620, these routines clearly cannot all occupy core simul-
taneously - an overlaying technique must be used. Each of
the routines is therefore stored on disk and called into
a reserved area of core when required. This area must be
able to accommodate the largest of the routines, PRC, which
occupies almost 4,800 digits, so that effectively this
scheme achieves a saving of approximately 5,000 digits of

core at the expense of increased execution time.

To control the overlaying of these routines in core,
a special I/0 overlaying routine is used. This routine
resides permanently in core, and maintains a switch for
each routine indicating whether or not that routine is
currently in core. Thus when a particular routine is re-
quired its switch is first checked. If on, the routine is
alreadyin core so that control can therefore be immediately
transferred to it. If off, however, the routine must first
be called in off disk and the 3 switches reset. In this way

references to disk storage are kept to a minimum.

3.15.1, Input

As mentioned earlier, MUSSEL has a simple unformatted
stream input with data being separated on cards by a blank
or a comma. String constants have the additional delimiter
'1'., Arrays are read in row-wise by the specification of the
array name.
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As a result of this method of input, the generation
of object code for a READ instruction is a particularly easy
job for the Translator. For each variable in a READ list,
code is produced to place the variable's address at the top
of the Stack. Each of these 'take address' operators is
followed by an RD (Read) operator of the following form:

RD (Read) 3 8

Examgle:

Source code

19 READ X,Y,Z

Intermediate Language

Digit oP Parameter

29 LN t1g"

34 TA X

39 RD

41 TA Y

46 RD

48 TA Z

53 RD

55 Cyp

The function of the RD interpretive routine is, for
a simple variable, to convert the next card element to
internal form, and then place the converted result, together
with an appropriate type digit, at the address contained at
the top of the Stack. In the case of an array, the routine
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must store the following appropriate number of card elements,
together with type digits, in the locations reserved for the
array elements. In both cases, the top Stack unit is then
deleted.

The actual working of this RD routine is best ex-

plained in a series of steps.
Step 1 (Prepare for array input, if necessary)

The routine checks whether the unit addressed by the
pointer at the top of the Stack is an array word. If so, an
ARSUB subroutine is called upon to prepare for an array input.
This subroutine first sets an ARRAY flag and initialises an
array element counter to 1. It then uses the addressed array
word and associated SMF to calculate the array size, which
is stored. Finally, ARSUB replaces the address at the top of
the Stack by the address of the location reserved for the
1st array element.

Step 2 (Input next card element to address at top of Stack)
The type of the next card element can be determined
from its first character. An appropriate routine is then

used to pack and store this value.

(1) Boolean constants

MUSINT in fact allows the Boolean constants
TRUE and FALSE each to be input as any set of char-
acters beginning with 'T' or 'F' respectively.
Thus, having picked up the actual Boolean value,
the routine stores this value, together with a
Boolean type digit of '3', at the address at the
top of the Stack, and then skips over the remaining

characters in the string until a delimiting comma
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or blank is found.

Strings

These are detected by the appearance of the
string delimiter '!'. The function of the routine
is very similar to that of the TS (Take String)
routine described earlier. That is, it must scan
the string and pack it away in the string area in
units of 6 characters. In this case, however, the
occurrence of the null string must be detected (the
string operand for the TS routine is non-null).
Another difference here is that the routine must
convert 2 successive '!' characters appearing in a
string into 1 such character, a job which has al-
ready been done by the Translator in the case of
the TS routine. (Note - also here the Interpreter
must convert the punched code for '!' into a
different printer code).

Having packed the string away, the routine
then stores a corresponding descriptor (for a non-
null string) and type at the address contained at
the top of the Stack.

Numbers

MUSINT allows numbers to be input in integer,

decimal, or exponent form.

examples: 0 000 -1234 +0.0000000123456
1.000000 -7.90E-24 -l 123.4567
E10

As a result of this freedom, the MUSINT number
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packing routine is quite lengthy. Briefly, the rou-
tine scans the number concerned and packs it into
mantissa - exponent form. For a number that is input
with a mantissa containing more than 7 significant
digits the routine takes only the first 8, rounds
them to a 7-digit mantissa, and prints an appreopri-
ate warning message. While the mantissa is being
assembled, the routine maintains an exponent count,
which is added to the given exponent for a number
in exponent form. At this stage, a check is made
that the exponent does not exceed 2 digits in
length - if so, an appropriate error message is
printed. Otherwise the routine can then go ahead
and store the 7-digit mantissa and 2-digit exponent
(with signs), together with a 'number' type digit
of '2', at the address contained at the top of the
Stack.

Step 3 (Array input check)

Here the routine checks for array input, as indicated
by an array flag. If there is no flag, the top Stack unit is
popped and control returned to the Main Control Routine.
Otherwise, the routine increments the array count by one,
and checks it against the array size. If not greater, the
routine increments the address at the top of the Stack by
10 so that it now points to the next array element location,
and then repeats the process described above. Otherwise the
routine terminates the array input by clearing the ARRAY flag,
popping the top Stack unit, and finally returning to control.

Some notes on the above

1. During the above process a pointer marks the current
digit to which the READ buffer has been scanned. The
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incrementing of this pointer is controlled by a

READ Buffer Manager subroutine (BUFMAN) which checks
for the case when the pointer goes past the end of
the buffer. When this occurs, a new card is read in-
to the buffer, and the pointer reset accordingly.

2. Instead of allowing array input to be delimited
by the slash character, '/', as in PL/I, MUSSEL in
fact allows for a null input, which is specified
by the appearance of 2 adjacent input delimiters
(i.e. blanks or commas). On detection of such an
input, the RD routine simply inserts a type digit
of '0' ('"undefined') at the specified location. In
this way, not all elements of an array need be input
at one time. And, unlike PL/I, the portion of the
array which is input does not necessarily have to
be sequential, beginning with the first element. For
instance, using this method, one could input the 2nd
and 4th rows of a 2-dimensional array only, without

having to specify the others.

31542 Output

A full description of the output facilities available
in MUSSEL has been given earlier in Chapter 1 in a des-
cription of the language itself. There it was explained that
the language actually provides for 2 forms of output i.e.
simple unformatted output and PICTURE controlled output.
Corresponding to these 2 forms are the interpretive routines
PR (Print) and PRC (Print Control) respectively, the workings
of which will now be explained.
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3.15.2.1. Unformatted output

The translation of a PRINT instruction in which there
appear no PIC specifications is very similar to that of the
READ instruction described above. Here the Translator com-
piles object code to place the address, or value if a con-
stant or proper expression, of each PRINT list element at
the top of the Stack (as in the case of actual parameters
to procedures). Each such piece of object code is followed
by a PR operator of the following form:

PR (Print) v

Example:

Source code

20 PRINT A,B*C/2,D(I,J)

Intermediate Language

Digit opP Parameter
64 LN '20'
69 TA A
74 PR
76 TR B
81 TR
86 OP tied
90 TN e

101 OP P 2
105 PR
107 TA D

{cont.ss)
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Digit opP Parameter
112 TR I

317 TR

122 INDR

124 PR

126 v e

The function of the PR routine is, in the case of a
single result, to output the value in a standard format,
depending on its type. In the case of an array, the routine

must output the elements row-wise.

The general working of the routine is best explained

by a series of steps, as was done for the RD routine.

Step 1 (If necessary, place the value, with type, to be o/p
at the top of the Stack.)

If an address is contained in the top Stack unit, the
routine checks the type of the addressed unit. If this is
not an array word, then the type and value of the unit re-
place the contents of the top Stack unit. Otherwise, the
routine calls on the subroutine ARSUB (see RD routine) to
prepare for array input, and then replaces the top Stack
unit by the type and value of the first array element.

Step 2 (Output the value at the top of the Stack.)

Depending on the type of the unit at the top of the
Stack, an appropriate routine is used to convert the asso-
ciated value to standard form and then place it in the PRINT
buffer.
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(i) Boolean values

This routine simply places the character
string 'TRUE ' or 'FALSE', followed by a spacing
of 4 blanks, in the PRINT buffer.

(ii) Strings

This routine unpacks a non-null string into
the PRINT buffer, following it by a spacing of 4
blanks. For a null string, the 4 blanks spacing

only is inserted.
(iii) Numbers

The routine for converting numbers to standard
form is rather more involved than those for Boolean
values and strings, mainly due to the fact that

numbers can be output in the 3 following forms:

Type Implied PICTURE
Integer —***%**OBBBBBBBB
F-form —kkkkhkk kkkkkkk
E-form BBB-*, k%% **ES09

To decide under which of the above formats a
number is to be output, the Interpreter first calls
on a subroutine, LSUB, to calculate the number's
mantissa length. Then, if this length, plus the
number's exponent value, lies in the interval
[-7,7], the number is output in F-form (of which
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the integer form is just a special case). Essent-
ially, this is done by matching to an F-format
pattern. Otherwise, the number is output in E-
format. In this case, the decimal point is fixed

to the right of the first significant digit, so

that the exponent value must be altered accordingly.
(A fuller description of the working of this routine
can be obtained from the appropriate structure

diagram in the appendix.)

Having inserted the number in the required
form into the PRINT buffer, the routine follows it
by the standard spacing of 4 blanks.

Step 3 (Array output check)

Here the routine checks for array output, as indicated
by an ARRAY flag. If there is no such flag, the top Stack
unit is popped and control returned to the Main Control
Routine. Otherwise, the routine increments the array count
by 1, and checks it against the array size. If not greater,
the routine replaces the contents of the top Stack unit by
the value and type of the next array element, and then repeats
the above process. Otherwise the routine terminates the array
input by clearing the ARRAY flag, popping the top Stack unit,

and finally returning to control.

Note: During the above process, a pointer marks the current
position to which the PRINT buffer has been filled. All in-
crements to this pointer are controlled by a Print Buffer
Manager subroutine (PBFMAN) which checks for the case when
the pointer meets the buffer end. When this occurs, and there
is né ARRAY flag, the routine prints a line overflow warning
message - programmers in MUSSEL must specifically ask for a

new line when one is required - and then calls on another
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routine, OUTPUT, to print and clear the print buffer, and
reset the buffer pointer to the start of the buffer. Finally,
PBFMAN checks to see whether the line overflow has occurred
as a result of space being required in the PRINT buffer for
a non-blank value. If so, it increments the now reset buffer
marker to leave space for the insertion of this value. Other-
wise, if only a blank space had been required, the buffer

pointer remains at the start of the buffer.

3.15.2.2. PICTURE controlled output

In translating the elements involved in a simple, or
multiple, PICTURE specification in MUSSEL, the Translator
compiles object code to assemble the addresses, or values
if constants or proper expressions, of the concerned PRINT
list elements at the top of the Stack. This is followed by
a PRC (Print Control) operator of the following form:

PRC (Print Control) 3B X RXEX e « o X.X0 %

This operator has 2 parameters. The first is the (2-
digit) number of list elements appearing in the PIC speci-
fication. The second is the PICTURE itself in alphameric

mode, terminated by an alphameric record mark.

The job of the PRC interpretive routine is to output
the values of each of the list elements according to the
specified PICTURE, and then delete the list addresses, or
values, from the top of the Stack.

Example:

Source code

15 PRINT (A,B*C,D(I,J) (PIC=%*** _*))
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Intermediate Language

Digit oP Parameter
944 LN o
949 TA A
954 . TR B
959 TR C
964 OP v
968 TA D
973 TR kg
978 TR . J
983 INDR
985 PRC (3, %N, %)

1001 oo el

Again the workings of this PRC routine is best ex-

plained by a series of steps.

Step 1 (Initialise)

The routine marks the beginning of the PICTURE as it
appears in the I.L. stream, and then, having marked the top
of the Stack, decreases the Stack pointers SVP and STP to
address the unit corresponding to the first element in the
PIC specification.

Step 2 (Bubble up value)

The routine checks the type of the unit addressed by
the Stack pointers. If an address, the routine then checks
the type of the addressed unit. If this is not an array word,
then the type and value of the unit replace the contents of
the Stack unit addressed by the Stack pointers. Otherwise,
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the routine calls on the subroutine ARSUB to prepare for an
array input, and then replaces the addressed Stack unit by
the type and value of the first array element.

Step 3 (Output value)

Depending on the type of the addressed value in the
Stack, an appropriate routine is used to convert the value
to the form specified and then place it in the PRINT buffer.

(i) Boolean values

(ii)

Asterisks only are allowed in a PICTURE ass-
ociated with a Boolean value. The routine here
simply counts the number of these asterisks and,
depending on their number, either chops the par-
ticular constant TRUE or FALSE to insert it in the
PRINT buffer, or else left justifies it and pads the
buffer out with an appropriate number of blanks.

Strings

This routine first lays the string out at the
top of the Stack, and then matches the string with
the PICTURE, character by character, filling the
PRINT buffer as it goes. Depending on the number of
asterisks in the PICTURE, and on the length of the
string, the string itself will either be chopped
or padded out with an appropriate number of blanks.
For a null string, the routine simply counts the
number of characters in the PICTURE, and then in-
serts a corresponding number of blanks in the PRINT
buffer.

A special case exists for constant strings
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appearing in a PRINT list. To save space, the Trans-
lator in this instance compiles a PRC operator with
a 'null' PIC parameter (i.e. an alphameric record
mark as a second parameter). The Interpreter rec-
ognises this and simply outputs the string with no

following spaces.
(iii) Numbers

The routine here is quite involved. Basically,
it performs 2 scans of the given PICTURE. During the
preliminary scan the routine picks up the general
form in which the number is to be output i.e. it
counts the number of spaces reserved for the number
before the decimal point (if given), after the dec-
imal point, and also for the exponent. For a number
to be output in F-format, the routine checks that
the number will 'fit', and then rounds if necessary.
During the rescan of the PICTURE, the routine
matches the number with the PICTURE, filling the

PRINT buffer as it goes. Points to note here are:

(1) Leading zeros before a decimal point are
automatically suppressed unless specified
by a '9'., This implies that trailing zeros

after a decimal point are in fact inserted.

example: a value of 2.79 would be output
under a PICTURE of ****% *%*x%
as ' 2.7900".

(ii) A sign (S or -) at the head of a PICTURE
is automatically floated up. A sign else-
where in a PICTURE, however, is printed in
the position specified.
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(iii) The rules applying to exponent PICTURE's
are the same as those applying to mantissa
PICTURE's.

Again, a fuller explanation of the workings
of this routine can be obtained from the appropriate
structure diagrams in the appendix.

Step 4 (Check for array output)

Here the routine checks for array output, as indicated
by the presence of an ARRAY flag. If there is no such flag,
a check is made that all the list elements have been output
i.e. c(SVP) is compared with c(TOPV), which marks the top of
the Stack. If not equal, the Stack pointers c(STP) and c(SVP)
are increased to point to the next Stack unit (corresponding
to the next list element), and the above process repeated
from step 2. Otherwise, the PRC routine terminates by pop-
ping the Stack units corresponding to the list elements, and
returning to control.

If there is an ARRAY flag, the routine increments the
array element count by 1, and checks it against the array
size. If not greater, the routine replaces the contents of
the addressed Stack unit by the value and type of the next
array element, and then repeats the above process from step
2. Otherwise, the routine terminates the array input by
clearing the ARRAY flag, and then checks for another list
element as described in the above paragraph.

Notes:

1. A Print Buffer Manager subroutine is used as in the
case of the PR routine.
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2. Unlike the case for unformatted o/p, in array out-
put under a PIC control, spacing between the ele-
ments is not implied, and must therefore be spec-
ified by the programmer in the PICTURE itself.

3.15.2.3. Printer controls

Corresponding to the NEWPAGE control used in the
source language is the object program operator NP (Newpage),
which is of the following form:

NP (Newpage) 39

The function of the NP interpretive routine is simply
to call on the subroutine OUTPUT to print and clear the
contents (if any) of the PRINT buffer, and then to skip to
a newpage.

Corresponding to the NEWLINE control used in the source
language is the object program operator NL (Newline), which
is of the following form:

=l
o

wl
»

NL (Newline)

The parameter here is the number of lines to be skipp-
ed. (Note - if the parameter is omitted in the source program,
the Translator inserts an implied parameter of 'l'.) The NL
interpretive routine is, here again, quite straightforward.

It simply calls on the subroutine OUTPUT to print and clear
the contents (if any) of the PRINT buffer, and then skips the
appropriate number of lines.

The SP (Space) operator in the Intermediate Language

corresponds to the SPACE control used in the source language.
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This operator is of the form

SP (Space) 4 1 x x

where the parameter specifies the number of spaces to be
left in the PRINT buffer. (Here again, if the parameter is
omitted in the source program, the Translator inserts an
implied parameter of 'l'.) The SP interpretive routine just
uses the Print Buffer Manager subroutine (PBFMAN) to in-
crement the buffer pointer by twice the SP operator's para-
meter.

TAB 4 2 ' x¥ x %

The 3-digit parameter here is the printer position
immediately to the left of the position in which the next
printed character is to be placed. The TAB interpretive
routine first checks that this parameter is not greater
than 120, the printer width being used in MUSSEL. It then
resets the buffer pointer to the start of the buffer, plus
twice the value of the given TAB parameter, and finally
returns to control.

3.16. The END Operator

The parameterless END operator merely indicates the

end of the object program. It is of the following form:

END 35

The function of the operator is to signal to the
Interpreter to print out the contents (if any) of the PRINT
buffer (see section 3.15.2.), and then cease execution. A
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useful diagnostic option at this stage would be a listing
of the contents of the Symbol Table together with the
variables' names. Having done so, the Interpreter, in a
batch processing mode, would then call in and link to the

Translator to begin processing the next (student) program.

3.17. The Translator-Interpreter Interface

Before calling in the Interpreter to commence the
execution phase of the system, the Translator first loads
the Symbol Table, Storage Mapping Functions (if any), and
Intermediate Language into core, and then stores a number
of values at the bottom end of the available core. These
values, which will be required by the Interpreter's inter-

face routine, are stored as follows:

Core Address Symbolic Address Function

2402 - 2406 ARBASE Addresses type digit
of 1lst array element
(if any)

2407 - 2411 ILBASE Addresses lst digit
of IIL.

2412 - 2416 STKBAS Addresses digit im-

mediately following
end of the I.L.

2417 Switch for postinter-
pretation S.T. list-
ing option ('l' - on,
'0' - off)

2418 - 2431 DCF for name area
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The set up in core at this stage is as follows:

Symbol Table SMF's Array elt. space I.L. Stack -+

4 ' + * %
25800 c (ARBASE) c(ILBASE) c(STKBAS)

The Translator then calls in the Interpreter from the
disk, and links to its interface routine. This routine has
3 main tasks:

l. To clear the PRINT buffer, and initialise the READ
and PRINT buffer markers.

2, To initialise the instruction counter and Stack

pointers.

3. To clear the array area i.e. to set the type digits
of the array elements (if any) to '0' ('undefined').

Having performed these tasks, the routine then branches
to the Main Control Routine to commence interpreting the

Intermediate Language.



CHAPTER 4

POSSIBLE DEVELOPMENTS OF THE SYSTEM

What has been presented so far in this dissertation
is only the basis for what could be a far more sophisticated
Interpreter. Ideally, we would like to develop the MUSSEL
system in 3 main areas.

4,.1. Diagnostics

As mentioned earlier, the use of an interpreter enables
gquite extensive error diagnostics to be produced. In addition
to the usual variety of compile-time syntax/semantics diag-
nostic checks, one would like to develop in MUSSEL such
execution-time diagnostics as detection and recovery of un-
defined variables, improper array references (such as subs-
cripts omitted or out of range), improper call sequences
(such as calling a function or subroutine with an improper
number of arguments), and illegal operations. The basis for
such facilities has been laid, and it would not therefore be
too difficult to develop them and create meaningful error
messages. For example, the line number operator has been
incorporated into the Intermediate Language so that the In-
terpreter can quote the line number of an error during exe-
cution. Also, a mechanism has been set up for the Interpreter
to have access to identifier names during execution.

We would also like to adopt a philosophy similar to
that of SPLINTER (R.L. Glass, [2]), which is that of a
'forgiving processor'. In SPLINTER, diagnostics are volum-
inous, almost none is fatal, and every attempt is made to

- 124 -
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continue a compilation/interpretation past a detected error.
A few types of errors are fatal, mostly those involving
overflow of a vital table, and an accumulation of 15 less
significant errors is also fatal. In a checkout system, it
is especially important to obtain a maximum amount of in-
formation from each computer run. The cost of this in the
time wasted while a program 'runs on' is usually (debatably)
insignificant.

4.2. Debugging facilities

Diagnostics, discussed in the section above, is a
passive form of user checkout aid; it requires no active
effort on the user's part, but in fact arises normally from
involuntary errors.

Debugging aids, on the other hand, allow active user
participation in the checkout process. We believe that good
debugging aids are quite important, particularly in a student
environment, and for this reason intend to make them an ess-
ential part of the MUSSEL system.

Features that we would like to incorporate into MUSSEL
are similar to those provided in SPLINTER. Some of the poss-
ibilities are as follows:

l. A 'statement trace' to print out the line numbers

of statements as they are executed.

2. A 'name trace' to list the names and values of
specified variables whenever they are referenced
during execution, as well as the line number of the

statement in which the reference occurs.
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3. A 'store name' trace to list the names and values
of specified variables whenever their values change
during execution, as well as the line number of the

statement in which the reference occurs.

These trace modes could be requested or suspended, as
in SPLINTER, by the use of control statements inserted at
key points in the user's program. One could also, perhaps,
allow such statements to be embedded in other statements,
such as

IF A.LT.B THEN *TRACE A
thereby obtaining a conditional trace.
Other possibilities include an optional postinterpret-
ation printout of the contents of the Symbol Table, and an
optional listing of specified sections of the Intermediate

Language.

4.3. Monitoring the performance of MUSSEL

It would be nice to monitor the performance and use
of MUSSEL, particularly during the initial stages of its
development. The accounting system employed could be similar
to that of the DITRAN system (Moulton & Muller, [13]), which
records, for each submitted program, the following infor-
mation:

- user and run identification

- memory requirements of the program

- size of program

- number of statements of each type

- information describing the size of system tables

needed during compilation
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- library functions referenced

- compilation time

- execution time

- number of records input and output during execution
- a code describing condition of termination

- number of errors in each of 21 categories.

An analysis of information of this type should help
in identifying those areas where improvement of compiler
performance, or even of the language itself, should be of
greatest value. One area of special interest would be the
identifying of the types of errors most frequently made by
the users. Having identified these errors, we could then
make an effort to instruct users or to improve the diagnos-
tics in order to provide stronger cues to aid the correction

of errors.



APPENDIX A

THE SYNTAX OF MUSSEL IN BNF:

<letter> ::= A|IBICIDIEIFIGIHIIIJIKILIMIN|IOIPIQIRISI|ITI
UIVIW|X|Y|2

<digit> ::= 0]1]2|3|4|5/6|7|8|9

<logical value> ::= TRUE|FALSE|TI|F

<delimiter> ::= <operator>|<bracket>|<separator>|<key>

<operator> ::= <arithmetic operator>|<string operator>|
<relational operator>|<logical operator>|
<sequential operator>

<arithmetic operator> ::= +|=|*|/|./.|**

<string operator> ::= ,CAT.

<relational operator> ::= ,LT.|.LE.|.EQ.|.NE.|.GE.|.GT.

<logical operator> ::= .OR.| .AND.| .NOT.

<sequential operator> ::= THEN|ELSE

<bracket> ::= (/)| !|DO|END

<separator> ::= ,|.|:|TO| |UNTIL|WHILE|FROM|BY|ON|AS|IN|
| IS| FOR| TIMES

<key> ::= RES| RESERVE| SET| READ| PRINT| EXIT| REPEAT| CASE| IF|
CHOICE| DEFINE| VALUE| EXECUTE

1As provided by Miss N.M. Gordon.



<program> ::= <instruction>

<instruction> ::= <simple instruction>| <group instruction>|

<label>: <group instruction>
<simple instruction> ::= <reserve>|<assign>|<read>|<print>|
<exit>| <subroutine definition>|
<subroutine execute>|
<function value assign>
<group instruction> ::= <simple group>|<repeat group>|
<choice group>|<case group>|
<conditional group>|<if group>
<reserve> ::= RESERVE <loclist>| RES <loclist>
<loclist> ::= <simple variable>|<array spec>|<multiple array sp>
<loclist>,<simple variable>|<loclist>,<array spec>
<loclist>, <multiple array spec>
<simple variable> ::= <variable identifier>

<variable identifier> ::= <identifier>

<identifier> ::= <letter>|<identifier><letter>|

<identifier><digit>
<array spec> ::= <array identifier>(<bound pair list>)
<bound pair list> ::= <bound pair>|<bound pair>, <bound pair>
<bound pair> ::= <valexp>:<valexp>

<array identifier> ::= <identifier>



<multiple array spec> ::= (<array segment>)

<array segment> ::= <array list>,<array spec>

<array list> ::= <array identifier>|<array list>,<array ident.>
<assign> ::= SET <list part> TO <expression>

<list part> ::= <variable>|<list part>,<variable>

<variable> ::= <simple variable>|<array variable>

<array variable> ::= <array identifier> (<valexp>) | <array id.> |

<valexp>,<valexp>) | <array identifier>
<read> ::= READ <listpart>
<print> ::= PRINT <print list>
<print list> ::= <print el>| <print control>
<print list>,<print el>|

<print list>,<print control>

<print el> ::= (<expression>,<print el>)]

<expression><picture control>
<picture control> ::= (PIC=<picture>)| <empty>
<picture> ::= <alpha picture> |<numeric picture>
<alpha picture> ::= <first alpha> |<alpha picture><first alpha> |
<alpha picture>,<first alpha> |

<alpha picture>(<integer>)

<first alpha> ::= *|B



<numeric picture> ::= <sign><integer part><decimal part>

<exponent part><sign>
<sign> ::= -|S|<empty>
<integer part> ::= <first nums>|<integer part><first nums |
<integer parts,<first nums |
<integer part> (<integer>) | <empty>

<decimal part> ::= .<integer part>|<empty>

<exponent part> ::= E<sign>**|E<sign>99|<empty>

<first num> ::= *|9|B
empty ::=

<print control> ::= NEWPAGE|NEWLINE | NEWLINE (<valexp>)
SPACE (<valexp>) | TAB (<valexp>)

<exit> ::= EXIT|EXIT FROM <label>
<label> ::= <identifier>

<subroutine definition> ::= DEFINE <subroutine identifier> AS|

DEFINE <subroutine identifier> ON <parameterlist> AS
<subroutine identifier> ::= <identifier>

<parameterlist> ::= <parameter identifier>|<parameterlists,

<parameter identifier>
<parameter identifier> ::= <identifiers>

<subroutine execute> ::= EXECUTE <subroutine identifiers |
EXECUTE <subroutine identifiers> (<explist>)



<expression> ::= <valexp>|<condexp>|<string exp>

<valexp> ::= <term>|<adding op><term>|<valexp><adding op><term>

<term> ::= <factor>|<term><mult op><factor>

<factor> ::= <primary>|<factor>**<primary>

<primary> ::= <unsigned number>|<variable>|<function call>

(<valexp>)

<mult op> ::= *|/|./.

<adding op>

Il

+|-

<condexp> ::= <logical term>|<condexp>.0R.<logical term>

<logical term> ::= <logical factor>|<logical term>.AND.

<logical factor>

<logical factor> ::= <logical primary>|.NOT.<logical primary>

<logical primary> ::= <logical value>|<variable>|<function call>

| <relation>| (<condexp>)

<relation> ::= <valexp><relational op><value exp>|

<string exp><relational op><string exp>

<string exp> ::= <string term>|<string exp>.CAT.<string term>

<string term> ::= <variable>|<string>|<function call>

<string exp>

<function call> ::= <function identifier>|<function identifier>

(<explist>)



<explist> ::= <expression>|<explist>, <expression>

<function value assign> ::= VALUE IS <expression>

<simple group> ::= DO <eol><instructions><group end>
<instructions> ::= <instruction>|<instructions><instruction>
<group end> ::= END <eol>|END <label><eol>

<repeat group> ::= DO REPEAT<eol><instructions><group end>

|DO REPEAT <control><eol><instructions>

<group end>

<control> ::= UNTIL <condexp>|WHILE<condexp>
<valexp>TIMES |FOR<variable>FROM <valexp><for end>
|FOR<variable>SET TO<explist> |
<for end> ::= TO<valexp>BY<valexp>|BY<valexp> |

TO<valexp> | <empty>

<choice group> ::= DO CHOICE OF<eol><if group><group end>
<case group> ::= <casehead><instructions><group end>
<casehead> ::= DO CASE<valexp>OF<eol> |

DO CASE<valexp>IN(<integer>,<integer>)OF<eol>

<if group> : IF<condexp>THEN<simple instruction> |

IF<condexp><eol>THEN<instruction>

<conditional group> ::= DO IF<condexp><eol>THEN<instruction>
<group end>|DO IF<condexp><eol>THEN<instruction>
ELSE<instruction><group end>



<function identifier> ::= <identifier>|<library function>
<library function> ::= LOG|EXP|ABS|SIN|COS|SQRT|STRING|NUMBER
| INTEGER| CONDITION | LENGTH| POSITION |

SUBSTRING| COUNT | MAXIMUM | MINIMUM

<number> ::= <unsigned number> |+<unsigned number> |

-<unsigned number>

<unsigned number> ::= <decimal number><exponent> |

<decimal number>

<decimal number> ::= <unsigned integer>|<decimal fraction>|

<unsigned integer><decimal fraction»>
<exponent> ::= E<integer>
<decimal fraction> ::= ,<unsigned integer>

<integer> ::= <unsigned integer>|+<unsigned integer>|

-<unsigned integer>
<unsigned integer> ::= <digit>|<unsigned integer><digit>
<proper string> ::= <string character>|<proper string>
<string character>

<string character> ::= <letter>|<digit>|<quote>|<special

character> | <empty>

<special character> ::= :|.|*|+|=|/|S|@|%]) | (
<string> ::= !<proper string>!

<eol> ::= end of line - not represented externally



APPENDIX B

A SUMMARY OF THE INTERMEDIATE LANGUAGE

OPERATOR
Mnemonic Meaning Opcode
LN LINE NUMEBER 01
TA TAKE ADDRESS 02
TR TAKE RESULT 03
TN TAKE NUMBER 04
TNO TAKE NUMBER ZERO 05
TN1 TAKE NUMBER ONE 06
TB TAKE BOOLEAN 07
TS TAKE STRING 08
TNS TAKE NULL STRING 09
INDA INDEX ADDRESS 10
INDR INDEX RESULT i i
ST STORE 12
STA STORE ALSO 13
VI VALUE IS 15
uJd UNCONDITIONAL JUMP 16
BA BRANCH ADDRESS 17
IFJd IF FALSE JUMP 18
OP OPERATOR 19
RT REPEAT-TIMES 20
RF REPEAT-FOR 21
RFWT REPEAT-FOR-WITHOUT-TEST 22
RS REPEAT-SET 23
Cs CASE 24
CSWB CASE-WITHOUT-BOUNDS 25
RAP RETURN ADDRESS (PROCEDURE) 26
RAF RETURN ADDRESS (FUNCTION) 27

INSTRUCTION FORM

Parameter (s)

* %k %k

* k%

* k%

khkhkkkkkkk

* %
kkkk L KkkQF
* %k %

* %k K

*kokk

* %

****r***
****'***

* % %
**'****'***
* %

* %k

(cont...)



OPERATOR

Mnemonic Meaning
CP CALL PROCEDURE
CLP CALL LIBRARY PROCEDURE
PE PROCEDURE ENTRY
TLA TAKE LOCAL ADDRESS
TLR TAKE LOCAL RESULT
MSF MAKE STORAGE FUNCTION
RE RETURN
END END
RD READ
PR PRINT
PRC PRINT CONTROL
NP NEWPAGE
NL NEWLINE
SP SPACE
TAB TAB
SECONDARY OPCODES
Operator Code Operator
OR 01 GT
AND 02 CAT
NOT 03 +
LT 04 -
LE 05 *
EQ 06 b4
NE 07 A 2
GE 08 NEG

INSTRUCTION FORM

Opcode Parameter (s)
28 kkk ok
29 kK Kk
30 *k ok
31 **

32 * %
33 kk Kk k
34
35
36
37
38 **'****...**0*
39
40 rx
41 *
42 % k%
Code
09
10
h 1
12
13
14
15

16



APPENDIX C

THE INTERPRETER STRUCTURE DIAGRAMS

Note: To be consistent with the SPS assembly language, where,
for example, the name 'A' is in fact the symbolic address of

a location, we have used, in the following structure diagrams,
the notation c(A) to refer to the contents of the location at
this address. In this way, the indirect addressing feature of

the 1620 can be easily represented. For example, c(c(A)) would
refer to the "contents of the contents of the address A".




OP 01 opcode parameter

LINE NUMBER » &
ROUTINE c(IC)
Increment c(IC) Place 'LN' code Update line Return to
to point to line & parameter in number Control
number parameter PBUF (for trace)

c(IC) + 3 c(LN) +« c(c(IC))




OP 02 TAKE ADDRESS opcode parameter
Routine ' i

T A x X X

F

c(IC)
Increment c(IC) Place 'TA' code Increment Convert S.T. Set 'address' Return to
to point to and address Stack address into type at top Control
Symbol Table parameter in pointers absolute address |[|of Stack
address parameter| |[PBUF (for trace) & place at top |

of Stack c(c(STP))<— 6

¢(IC) + 3 c(SVP) + 10 |[c(c(SVP) )<«— c(SYMBAS)

c(STP) + 10 + (14 x c(c(IC)))




OP 03 TAKE RESULT opcode parameter
Routine —
T R x X =
?
c (IC)
Increment c(IC) Place 'TR' code Increment Convert Symbol Place addressed result
to point to and address Stack Table address and type at top of
Symbol Table parameter in pointers into absolute Stack (PUSH Routine)
address parameter PBUF (for trace) address and
assign to c(A)
c(SVP) +10
c(IC) + 3 c(STP) +10
(POPTOP c(A)=«—c (SYMBAS)
subroutine) +(l4xc(c(IC)))




PUSH Routine to

place result (&
type) addressed
by c(A) at top
of Stack
Decrement c(A)| | Transmit type If Place type| | Increment Place value Return to
to address digit to 2-digit c(CompP) =0 digit at c(A) to at top of Control
type digit field (for top of address Stack
comparison) Stack value part
ERROR
c(A)-9 c(COMP)«— c(c(A)) | (TR El) c(A)+9
Undefined
variable c(c(STP) )<— c (COMP)




Place value at
top of Stack

g descriptor)

No operation

c(c(SVP)) 4 c(c(A))
(transmit floating)

c(c(SVP))e— c(c(n))

Copy addressed string
in string area and
place descriptor (for

copy) at top of Stack

ERROR
(TR E2)
Illegal
type digit




Copy addressed string
in string area and
place corresponding
descriptor at top

of Stack

Set c(REF) to
point to first
string node "

Set c(NODE2) to Place address of

point to next first node of
available node

(GRABR Subroutine)

copied string
at top of Stack

c (REF)<— c(c(A))

Fill length field
in descriptor at
top of Stack

Copy string

nodes

c(c(SVP) )4— c (NODE2)

c(A)-5
c (SVP) -5

c(c(SVP) )e— c(c(A))

c (SVP)+5




Copyv string

Nodes

Set pointers
to address

'info'
of nodes

parts

'info!'

Copy

Reset pointers Test for
to address 'link'l | terminal
fields of nodes node

Link to next
available

node

c (REF) -4
c (NODE2) -4

c(c (NODE2))
<+— c(c(REF))

c (REF) +4
c (NODE2) +4

node

Chain to next

reference string

c (REF)<— c (c (REF))
Clear flag at REF-3

c (NODE1)
<+— c (NODE2)

Set flag
at c(NODE2)

Set ¢ (NODE2)
to point to

next available

node (GRAB

subroutine)

Set flag at
NODE2-3

c (c (NODE1)

<— c (NODE2)
Clear flag

at NODE2-3




OoP 04 TAKE NUMBER opcode parameter

Routine = —
T N 2 X %Z X X % ¥ X =»%
A
c(IC) mantissa exp
Increment c(IC)| [Place 'TN' Increment c(IC)|| Increment|| Place number Place 'number'|| Return
to point to code and to point to Stack at too of Stack|| type digit at to
mantissa mantissa exponent pointers \\\ top of Stack Control
in PBUF
(For" Eries) c(c(SVP) )e— c(c(IC))
(transmit floating)

c(IC)+2 c(SVP)+10

c(STP) +10
(POPTOP

c(e(STP) )*—2

subroutine)



OP 05

TAKE NUMBER ZERO

Routine

Place 'TNO' code
in PBUF (for trace)

Increment
Stack
pointers

Place number '0'
at top of Stack

T Np
b
c (IC)

Place 'number'type
digit at top of Stack

c(SVP)+10
c(STP)+10
(POPTOP

subroutine)

c(c(SVP) )<— c(FZERO)

(transmit floating)

c(STP)®—2

Return
to
Control




OP 06

TAKE NUMBER ONE

Routine

e
e

Place 'TN1l' code
in PBUF (for trace)

Increment
Stack
pointers

Place number '1'

at top of Stack

e

N

Place 'number' type
digit at top of Stack

c(SVP)+10
c(STP)+10
(POPTOP

subroutine)

c(c(SVP) )= c(FONE)
(transmit floating)

c(c(STP) )e— 2

Return
to
Control




oP 07

TAKE BOOLEAN

Routine

opcode

parameter

Increment c(IC)
to point to
Boolean value
parameter

'TB'
and parameter
in PBUF (for
trace)

Place code

Increment
Stack

Place Boolean valus
at top of Stack

pointers

c(IC)+2

Place'Boolean'
type digit at
top of Stack

c(c(SVP)) «— c(c(IC))

Return
to
Control

c(SVP)+10
c(STP)+10
(POPTOP
subroutine)

c(c(STP)) «—3




OP 08 TAKE STRING opcode parameter
Routine =
T & X ¥ % i a Xx x 0 %
$
c(1IC) string (in alphameric
code, terminated by
alphameric record mark
Place 'TS' Set c(NODE2) Increment|| Place 'descriptor'|| Fill in Pack string Return
code in PBUH| to point to Stack type digit at top address in string to
(for trace) || next availablg| pointers of Stack field of area & fill Control
node (GRAB descripto in length
subroutine) at top of field of
Stack descriptor
c(SVP)+10 clc(STP) ) 7 at top of
c(STP)+10 Stack
(POPTOP
subroutine c(c(SVP) )<*— c (NODE2)




Pack string in string area
& fill in length field of
descriptor at top of Stack

Initialize length

counter to 0

c(LENGTH)<4— 0

Peel off next
String unit

c(COUNT) - 6

c(COUNT)-1

Increment c(IC)
to point to next
string character

c(IC)+2
Set flag at Return node addressed by
c(NODE1) c(NODE2) to AVAIL list
(RETURN subroutine)

Pack unit Test for terminal c(IC)+1
away in node Set flag at c(IC)
string area c(IC)-1
c(NODE2)-4 c(c(NODE2)) €—c(c(IC))| | c(NODE2) + 4
Check for end c(LENGTH)+1 If
of string c(COUNT)=0

Exit




Increment c(IC)

Set terminal
node link

c(IC)+2

Move flag at
IND to c(NODE2)

Test for
terminal
node

Flag at IND?

Link

available node

to next

Set length field
in descriptor at
top of Stack

Exit

c(NODE1) < c(NODE2)

c(SVP)-5

c(c(SVP) )« c(LENGTH)

c(SVP)+5

Set c(NODE2) to
point to next
available node
(GRAB subroutine)

Link

Set flag
at NODE2-3

c(c(NODE1))
<— c(NODE2)

Clear flag
at NODE2-3




OoP 09

Place 'TNS' code
in PBUF (for trace)

TAKE NULL STRING

Routine T NS
Ly
c(IC)
Increment Place 'null string' Return
Stack type digit at top to
pointers of Stack Control
c(sSvp)+10 c(c(sTP))*+—1
c(STP)+10
(POPTOP

subroutine)




0PS 10,11 INDEX ADDRESS IN DA
INDEX RESULT IN DR
ROUTINES +
c(IC)
Place 'IN' Initialize Check that Check that e B Remi;“de"
code in PBUF dimension indices are c(A) addresses Boutine
(for trace) counter integers Array Word _/,,f"/,","‘QQ:::?“H“‘“mhhﬁhhﬁhﬁh“
c(DIM) <« -1 Inc. c(A) to Transmit to Local or
address array 2-digit field main array?
dimension (for comparison)
Choice
on ¢(c(STP))
BRROK. (1D &) c(A)+1 c(COMP) <«c(c(A))

c(e(SVP) )0

c(A) <« c(ec(svP))-9

other

Invalid

ERROR (IND E2)

subscript type

ERROR (IND E6)
Index magnitude
greater than 9999

c(SVP)+1

Set flag at c(SVP)
c(STP)-10

c(SVP)-5

c(DIM)+1

ERROR (IND E1)
Non-integral
subscript

c(BASE) <«
c(STKBAS)

Clear flag
at COMP

c(BASE) +
c(SYMBAS)




Check array
dimension
against no.
of subscripts

If
c(COMP)#c(DIM)

|

REMAINDER OQOF
ROUTINE

Set c(W) to
address first
array element

Set c(A) to
address storage
mapping function

Set c(SVP) to
address first
subscript value

c(A)+4
c(W)<—c(c(A))
+c(BASE)

c(A)+u
c(A)=<—c(c(A))
+c(BASE)

ERROR

(IND E4)
No. of subscripts
doesn't correspond
to array dimension

c(SVP)+8

c(LO) < c(c(SVP))
-c(c(A))

Place address,
or value, of
array element
at top of

Check subscript
values against
array bounds

Stack

1f
c(c(SVP) »c(c(A))

ERROR (IND E5)
Subscript less
than lower bnd.

ERROR (IND E5)
Subscript greater
than upper bound




PLACE ADDRESS, OR
VALUE, OF ARRAY
ELT AT TOP OF STACK
1
Choice on

array dimension

< | 2
Set c(A) c(SVP)-8 Test OP Return to c(A)+4 Check array c(A)+4 Set c(A) to l Test OP
to address Control c(SVP)+10 bounds c(8VP)-18| | address arra
array elt element

Choice

c(A)«— c(W)+10x[c(L1)

on c(c(IC))
+[c(e(A))xc(L0)]]

c(A) e c(W)+
(c(LO)x10)

Lf(Li)d—-c(c(SVP))

-c(c(A)) c(c(SVP))>c(c(A))

Place 'DA' c(c(SVP))« c(A)|| Place 'DR'|| Place result,

code in PBUF|| c(c(STP)) < 6 code in & type, of array I

(for trace) PBUF (for || elt. at top of ERROR ERROR
trace) Stack (PUSH (IND ES5) (IND E5)

routine) Subscript Subscript
less than Greater than

lower bnd. upper bound




S T

S TA
+

c (IC)

oPS 12,13 STORE
STORE ALSO
Routines
Place 'ST'|| Save Stack Dec Stack Check for
code in pointers pointers address type
PBUF (for
trace)

c (TOPV) + c(SVP)
c (TOPT) « c(STP)

c(svp)-10
c(SsTP)-10
(POPTOP

subroutine

If
c(c(STP))=6

ERROR
(ST El1)

Set c(A)
to store

address

Store top Stack
type and value
at c(a) (STOR

subroutine)

Check OP
& return

to Control

c(A) « c(c(svp))




Check OP

& return

to Control

Choice on
ele(IC) )

Return to

Control

Decrement
Stack Place 'A' Shift down Shift down
pointers code in type value

PBUF (for

trace)

c(svp)-10 c(c(STP)) « c(COMP)
c(STP)-10
(POPTOP
subroutine) Other
c(c(SVP)) « c(c(TOPYV)) No c(c(SVP)) <« c(c(TOPV))
operation .

(transmit floating)




SRS

STOR subroutine to store

value, & type, addressed

by c(STOR-1) in c(A)

\

Set pointers and
store type digit

[

c(TOPT) « c(STOR-1)-9

c(A)-9
c(COMP) « c(c(a))

c(c(hA)) « c(c(TOPT))

c(A) +9

String in Check stored
store location? value type

Transmit to
2-digit field

(for comparison)

Return string
units to AVAIL

c(COMP) +« c(c(TOPT))

list 0 or 1 other
No cl(c(nr)) =+ c(c(p)) = c{c(hp)) = ERROR
operation c(c(STOR-1)) c(c(STOR-1))|| c(c(STOR-1)) || (ST E2)
(transmit fltgqg) c(A)=5 Invalid
c(STOR-1) =5 type
c(c(n)) =+ digit

c(c(STOR-1))
c(A)+1




Set c(NODE2) to

address first node

c(NODE2) « c(c(a))

Set flag
at AVAIL-3

list

Return string
units to AVAIL

ReEeat

Last node?

[
1f
Flag at c(NODE2)

l Exitl

Chain down

to next node

Return last
node to AVAIL
list

c (c(NODE2)) + c(AVAIL)
c (AVAIL) + c(NODE2)

Return node
to AVAIL list

c (NODE1)
c (NODE?2)

+« C (NODE2)
< c(c(NODE2))

Clear flag at NODE2-3

c(c(NODEl)) <« c(AVAIL)
c (AVAIL) <« c(NODE1l)




OP 15

Place 'VI'
code in
PBUF (for
trace)

VALUE IS

Routine

Set c(A) to
address function
value location
(immediately
below Return
Address Word)

c(A) <« c(RAW)-10

Set function

value

Store top
Stack value,
& type, at
c(A) (STOR

subroutine)

opcode
v I
1.
c (IC)
Pop Return to
Control

c(SVP)-10
c(STP)~-10
(POPTOP
subroutine)




OP 16

Increment c(IC)
to point to I.L.
address parameter

c(IC)+4

UNCONDITIONAL JUMP opcode parameter
Routine _
U J % X X X
+
c(IC)
Place 'UJ' code Reset instruction counter Return to
and parameter in to new I.L. address Control
PBUF (for trace) (RESET subroutine)
c(IC) « c(c(IC)) + c(ILBASE)-1
c(L0) « c(c(IC)) c(IC) <+ c(ILBASE) c(IC)+c(L0) c(IC)-1




oP 17

BRANCH ADDRESS opcode parameter
Routine (to
branch out of P ? = X F &
loops) c(10)
Increment c(IC) Place 'BA' Reset c(IC) Unstack loop Pop Return
to point to I.L. code and to new I.L. control variables to
address parameter parameter address (RESET Control
in PBUF subroutine) l
(for trace) If
c(c(STP)) +8 e S
c(IC)+4 c(STP)-10
(POPTOP
B subroutine)
Pop 1f
| c(c(STP))=6
c(SVvp)~-10
c(STP)-10 -
Exit
subroutine)




OP 18

IF

FALSE JUMP

Routine

opcode

IF
*

c(I1IC)

parameter

X X ® =

Check for
Boolean type
unit at top
of Stack

Increment c(IC)
to point to I.L.

address parameter

Place 'IFJ' code
and parameter in
PBUF (for trace)

if
c(c(STP))#+3

ERROR
(IFJ E1)
Conditional

expression

type error

Return
to
Control

Jump if top Pop
Boolean value
FALSE
c(svP)-10
1f c(sTP)-10
c(c(SVP))=0 (RORROR
subroutine)

Reset instruction

counter to new I.L.
address (RESET sub.)




OP 19

OP Routine to
control branches
to secondary

operator routines

Increment c(IC) to
point to secondary

op parameter

Place 'OP' code
and parameter in
PBUF (for trace)

c(IC)+2

opcode parameter

O P x x
+
c(IC)

Branch to appropriate

op routine

Set c(TABLE2) to
base of op branching
table2 & flag for

indirect address

c(TABLE2) <+ -.TAB2

Increment to Branch
address routine indirectly
address to op
routine
c (TABLE2-1)+c(c(IC)) Branch
to

c(c(TABLE2))




Secondary ops 1 & 2 AND-OR opcode parameter

Routine N
g B % X
4
e{IC)
Check that top OR op? Check top Reset c(DIG) Return
2 Stack units Stack value to
are of type Control
'Boolean' and
set pointers If If c(DIG) + 0
(CHEC subroutine) clc(1C))=1 c(c(TOPV) ) =c(DIG)

c(DIG) <« 1 c(c(SVP)) + c(DIG)




Secondary op 3

Check that top
Stack unit is

of type 'Boolean'

If
c(c(sTP))=3

ERROR (NOT E1)
Non-Boolean
NOT operand

0(FALEEL/////f/“H\xmwxiiERUE)

NOT Routine

Complement top

Boolean value

Choice
on c(c(SVP))

opcode parameter

Return to

Control

c(c(svP))

« 1 c(c(8SVP))

< 1)




Secondary ops 4 - 9 (relationals)

LT,LE,EQ,NE,GE,GT

ROUTINES

Store relational
operator

Check operand type

("number' or 'string') result type

Set 'Boolean'

c(0P) « c(e(IC))

No

Choice on top
Stack type -
c(c(STP))=2?

Compare
operands

,a”//#;/”

c(c(STP)) « 3

Calculate
exponent
difference

Yes
c(TOPV)-2

String relational
routine

Check that operands
(i.e. top 2 Stack units]
are of type 'number'
and set pointers
(CHEC subroutine)

c(EDIF) « c(c(SVP))-c(c(TOPV))

opcode parameter
6 P ¥ x

x
c(IC)

Return

Choice

Compare c(EDIF)
with 0

Scale and
compare
mantissas
(c(EDIF)
high)

Exponents equal
- compare
mantissas

Scale and
compare
mantissas
(c(EDIF)
low




Set large positive
exponent difference

c(EDIF) « 10

Scale and
compare
mantissas
(c(EDIF)

high)

EXPONENTS EQUAL -
COMPARE MANTISSAS

|
Choice

Compare c(c(BOTV))
with ¢(c(TOPV))

Test T2

Choice

on op

EQ,GE,LE NE,GT,LT

Set large negative
exponent difference

c(c(SVP)) + 01 c(c(SVP)) <« 00
(TRUE result) (FALSE result)

c(EDIF) « -10

Scale and
compare
mantissas
(c(EDIF)
low)




Check for EQ
or NE op
(EQNE subroutine)

MANTISSAS

& COMPARE

(c(EDIF) LOW)

Test T3

Choice

On op

Large difference
in exponents?

Scale

|

GT,GE
c(e(SVP)) < 00 c(c(8VP)) =+« 01
(FALSE result) (TRUE result)

c(LOD) * MAC-c(EDIF)
c(MAC) * c(c(TOPV))
Move flag from

MAC to c(LOD)

Compare

Choice

Compare c(c(BOTV))
with c(c(LOD))

Test T1

Test T2

Test T3




Check for EQ
or NE op
(EQNE subroutine)

if
Op is EQ or NE

‘H\\"“Hﬁhh

Return

c(c(SVP)) « 00
(FALSE result)

c(c(SVP)) + 01
(TRUE result)

MANTISSAS

SCALE & COMPARE

(c(EDIF) HIGH)

Large difference
in exponents

c(EDIF) 2 77

Test T1

Choice

on op

GT,GE

Scale Compare
T,LE c¢(LOD) « MAC+c(EDIF) Choice

c(c(SVP)) + 01
(TRUE result)

c(MAC) + c(c(BOTV))
Move flag from
MAC to c(LOD)

c(c(SVP)) + 00
(FALSE result)

Compare c(c(LOD))
with c(c(TOPV))

Test T1

Test T2 Test T3




STRING RELATIONAL
ROUTINE

Set pointers Check for occurrence Set pointers: String Remainder
of null wtring operand c(NODE1) to bottom string igggths Rou:fﬁe
c(NODE2) to top string SoTAin

c(TOPV) <« c(SVP) zgggggg Ez ggt :E; izzgzg

c(SVP)-10 P

c(STP)-10 T

c(NODE1) + c(c(SVP)) &
Choice c(NODE2) + c(c(TOPV)) c(c(BOTV))4¥c(c(TOPV))
on top Stack type zggggg; t g(SVP)—S
~—__  oter——b——————
i | Check for EQ
- ERROR (STRL E1) or NE op
Invalid operand (EQNE subroutine)
Save next Set 'Boolean' Choice Save next Set 'Boolean' Choice
S k t result type on t Stack t g
tack type yp nex ack type tack type result type it Hdsh: B
(i.e. c(COMP)) .
type (i.e.c(COMP))
M

(comp) (c(STP)) — L ——ather
2(COMP) <« c(c(STP)) « 3 || Test T2 || Test T1|| ERROR (STRL E1)

c(e(STP)) Invalid operand Test T3 No_ ERROR.(STRL E1)

operation Invalid operand




REMAINDER CF
ROUTINE

Set c(TOPREM) & c(BOTREM)
to top & bottom string
length remainders (in
digits) respectively

(TAIL subroutine)

node by node

Compare strings,

Repeat
End of bottom End of top
string? string?
1f 1f

Flag at c¢(NODE1)

Check for end

of top string

& compare end
bits

Flag at c(NODE2)

Check for end

of bottom str

& compare end
bits

Compare node
values

Chain to next
string node

|

c(NODE1)+4
c(NODE2 )+u4
c(NODE1) «
c(c(NODE1))
c(NODE2) +
c(c(NODE2))
Clear flags at
NODE1-3 & NODE2-3

c(NODE1)-4
c(NODE2)-4

Choice

Compare c(c(NODE1))
with c(c(NODE2))

Test T3

Test T1




Set pointers
to end bits

CHECK FOR END OF
TOP STRING AND
COMPARE END BITS

Choice

Flag at c(NODE2)?

No \\\\

Compare bits
(Test T12)

l

c(NODE1)-4

¢(NODE2)-16+c(BOTREM)

Choice

Compare c(c(NODE1))
with c(c(NOCDE2))

Test T3

Test T1 Compare string

lengths

CHECK FOR END OF
BOTTOM STRING AND
COMPARE END BITS

Choice

Flag at c(NODE1)?

Mo T _Yes

to end bits

Set pointers

]

Test T12

c(NODE2 )-4

c(NODE1)-16+c(TOPREM)

Test T13

Test T13

=

Set pointers
to end bits

Choice

Compare c(c(BOTV)) with c(c(TOPV))

> =

Test T1 Test T2

“‘HEHHHH‘H\‘

Test T3

Choice

Compare c(BOTREM)
with c(TOPREM)

Test T12

T

c(NODE1)-4
c(NODE2)-4

c(NODE2)
-c(TOPREM)
+c(BOTREM)

c(NODE1)
-c(BOTREM)
+c(TOPREM)




Secondary op 10

Place 'CAT'
code in PBUF
(for trace)

Transmit top
Stack type to
2-digit field
(for comparison)

CAT
ROUTINE

opcode parameter

c(TOPV) <«
c(SVP)

c(COMP) « c(c(STP))

0 P x x

*
c(IC)

Set pointers Check top Set pointers Check next
Stack type [ Stack type
c(BOTV) « c(SVP)-5
zgggii_ig c¢(BOTSTR) + c(SVP)
c(TOPSTR) « c(TOPV)
(POPTOP
subroutine) ATORY) = .6
c(COMP) + c(c(STP)) Choice
jaatee on c(COMP)
on c(COMP)
ther
h
il Concatenate 1 ERROR
Return No ERROR (CAT E1) Strings (CAT E1)
to operation Invalid CAT
Control operand type
Shift down Return
top string to
descr. & Control
type

_,—f*”"#ﬂﬁﬂrﬁﬁhh“Hah_

c(c(STP)) « 7

c(c(BOTSTR)) + c(c(TOPSTR))
c(c(BOTV)) « c(c(TOPV))




Chain down to
last node of
bottom string

c(NODE1) +«
c(c(BOTSTR))

1f
Flag at c(NODE1)

lExit l

Link terminal node

of bottom string to

first node of top
string

I

CONCATENATE
STRINGS

Divide bottom
string length
by 6

T

Add string
lengths

c(NODE2) + c(c(TOPSTR)
Set flag at NODE2-3

c(c(NODE1)) <« c(NODE2)
Clear flag at NODE2-3

)

c(NODE1) « c(c(NODE1))
Clear flag at NODE1-3

Check division
remainder
against 0

c(c(BOTV))+c(c(TOPV))

Load dividend
(c(c(BOTV)))

Divide

Choice
Remainder(c(99)) = 0?

Yes o
Return to Repack top
Control string

c(99) « c(c(BOTV))
(load dividend)

Divide c(96)
by 6




REPACK TOP
STRING

Set c(BOTREM) to
bottom string
length remainder
(in digits)

Set c(TOPREM) to
top string length
remainder (in
digits)

[

c(BOTREM) + c(99)x2

End of top string?

Divide c(c(TOPV))
by 6

c(TOPREM) +
'remainder'x2

If
Flag at c(NODE2)

Tidy up
end nodes

Exit

Repack Reset c(NODE2) Chain
NODE1 to address down
(REPACK node's link
subroutine) field

c(NODE2 )+c(BOTREM)+3

c(NODE1) <« c(NODE2)
c(NODE2) + c(c(NODE2))
Clear flag at NODE2-3




c¢(DIF) « c(BOTREM)+c(TOPREM)-12

TIDY UP
END NODES

c(DIF)=<0?

Terminate concatenated
string at NODE1

Choice

e

Remove minus
sign of c(DIF)

Set terminal
link field

Clear flag
at c(DIF)

Set flag
at c(NODE1)

Return NODE?2

to AVAIL list
(RETURN
subroutine)

Pack NODE1

Return to
Control

Terminate concatenated
string at NODE2

S

Set terminal
link field

Repack NODE1
(REPACK
subroutine)

Set flag at c(NODE2)

c(TEMP) + c(c(NODE1))

c(c(NODE1)) <« c(c(NODE2))

c(NODE1) - c(TOPREM)
c(e(NODE1)) + c(TEMP)
c(NODE1) + 1

Clear flag at c(NODE1)




REPACK subroutine
to repack NODELl

Save NODE1l Fill portion of Replace NODE1l Tidy up
info info from NODE2 info
c (NODE1) -4 c (TEMP) =<+ c (NODE2) -4-c (REPACK-1) c (NODE1l) +c (BOTREM) =12 c(NODE1l) + 1
c(c(NODE1l)) c(c(NODE1l)) <« c(c(NODE2)) c(c(NODEl)) <« c (TEMP) c(NODE2) + 1

Move flag from
c (NODE1l) to
c (NODE2)




Yes

GRAB subroutine

to set c(NODE2)

to point to next

available string
node

AVAIL list
empty?

I

Choice

Flag at AVAIL?

A

Decrement string
area boundary to

make node available

4-=r-'“""#-"—#’——r/_-*ﬁ‘ﬁ“‘“‘“““--_

c(NODE2) < c(BOUND)

c(BOUND)-16

Check for o'flow

Take node from

|
If
c(BOUND)<c(SVP)

AVAIL 1list
Grab Reset AVAIL
pointer
|
c(NODE2) + c(AVAIL) c(AVAIL) + c(c(AVAIL))

Clear flag at AVAIL-3

ERROR (STR E1)
Core overflow




RETURN subroutine
to return NODE2 to
the AVAIL list

Link node to
AVAIL list

/\

Set flag
at AVAIL-3

Reset AVAIL

pointer

c(c(NODE2)) <« c(AVAIL)

c(AVAIL) +« c(NODE2)




Secondary op 11

Check that operands
(i.e. top 2 Stack
units) are of type
'number' and set
pointers (CHEC
subroutine)

Integer operands?

|

If c(c(TOPV))=0
or c(c(SVP))=0

ADD ROUTINE

Add integers

/\

opcode parameter

0 P

X X
rS

c(IC)

Return

Floating add
routine

Set c(TOPV)
to address
top mantissa

Turn off
overflow

c(TOPV)-2

Add to
bottom
mantissa

Shift result
to accumulator

c(MAC)=— c(c(BOTV))
Clear flag at MAC-6
c(MAC-7)« -1

c(c(BOTV) )+c(c(TOPV)) Return to Return to
Control Increment
Set
Variable
subroutine
Set pointers to Set exponent Round,
high and low accumulator normalize
order digits & store
| I result
c(HOD) <— MAC-7 c(EAC)<+ 001
c(LOD) < MAC-1




FLOATING ADD
ROUTINE

Set accumulators

Calculate exponent
difference

Choice
c(c(SVP)) > c(c(TOPV))?

/\

c(EDIF) « c(EP)-c(EQ)

c(EP) <« c(c(SVP))
c(EQ) <« c(c(TOPV))
c(TOPV)-2

c(MAC) <« c(c(BOTV))
c¢(MQ) « c(c(TOPV))

c(EP) + c(c(TOPV))
c(EQ) « c(c(SVP))
c(TOPV)-2

c(MAC) < c(e(TOPV))
c(MQ) + c(c(BOTV))

Check exponent
magnitude

Choice
c(EDIF) < 87

Large difference
in exponents implies

one operand relatively

insignificant - store
other

Round,
normalize,
and store
result

Scale and
add numbers

T e

c(c(BOTV)) < c(MAC)
c(c(SVP)) « c(EP)

Return




Scale

Turn off
overflow

c(EAC) <« c(EQ)

Clear flag at EAC-1

c(EAC-2) <« -0

c(LOD) <« MAC+c(EDIF)

Move flag from
MAC to c(LOD)

Scale up

,z”’//r—hhhﬁﬁ““*ﬁh-__

SCALE AND

ADD NUMBERS

Add, and
store si
of resul

En
t

c(c(LOD) )+c

c(LOD) to I

Move flag from

(MQ)

ND

Clear flag
at MAC-6
c(MAC-7) « -1

c(EAC)+c(EDIF)+1

Set pointers
to high & low
order digits
of result in

accumulator

c(HOD) * MAC-7
c(LOD) <« MAC-1

Set pointers
to high & low
order digits
of result in
accumulator

I

c(EAC)+
c(EDIF)

Store
Zero

Return

c(LOD) + MAC
c(HOD) <« MAC-6

c(e(SVP)) « c(FZERO)
(transmit floating)
Clear flag at IND




Shift mantissa
left to remove
high order zeros

ROUND, NORMALIZE,
AND STORE RESULT

Choice

Digit at
c(HOD)?

No

c(HOD)+1
c(LOD)+1
c(EAC)-1

Round Normalize i.e. Check for Storpe
shift mantissa exponent result
right to remove o'flow or § tidy
low order zeros u'flow up

Set flag at
c(HOD) (__ Repeat
c(LOD)+1
Turn off o'flow Choice Ch01ce If
2( e (L] 4% 0' flow? Digit at c(LOD)? Digit at EAC-2
Clear flag
at c(HOD)
Scale up c(LOD)-1 < (HOD)-1
H + -0
I EEEéD??i) Choice
Sk b i c(EAC)+1 Flag at EAC-2?
c(c(HOD) )+ -1
Y »
c(LOD)-2 =
c(EAC)+1
Print Replace Tidy up Print Replace
"exponent with & return "exponent with
underflow" Zero overflow" 9's
result |

c(c(SVP)) <« c(FZERO)

(transmit floating)

c(c(LOD)) ¢—
c(ALLSS)
c(EAC) < 99




Store result

& tidy up
' ““““““HwxmxxHMmmxmxxnammxmxmxmhxhhxhxx
Store mantissa Append sign Store exponent Tidy up
and
t/////,/’//’\\\\\\\\x return
c(c(BOTV)) < c(c(LOD)) Move flag
from IND Set flag c(c(sVP)) <« c(EAC)
to c(SVP) at EAC-1

c(MAC+15) < c(ZERO-3)|] Return

Clear flag at MAC+1




Secondary op 12 opcode parameter

0 P X =
*

c(IC)

SUBTRACT Routine

Negate top Add operands
Stack value (ADD Routine)
(NEG subroutine)




Secondary op 13

Check that operands
(i.e. top 2 Stack
units) are of type
'number' and set
pointers

(CHEC subroutine)

MULTIFLY ROUTINE

opcode parameter

0O P x x
+
c(IC)

Add Multiply Result zero? Integer Real result
exponents mantissas result?

l /\
c(EAC) « c(c(TOPV)) Load aces || Round,
Clear flag at EAC-1 I and set normalize
c(EAC-2) « -0 pointers & store

=0
c(EAC) + c(c(SVP)) e(EAL) result
Store Return
zZero to
Control If c(MAC+7) « c(99)
- c(EAC) + 7
c(92)=0 c(LOD) « MAC
c(HOD) « MAC - 6
Dec c(TOPV) Multiply Store sign
to address of result St
top mantissa S
| integer
' c(c(BOTV)) x c(c(TOPV)) Move flag '
c(TOPV)-2 (result in product from 99
area 80-99) te 1N Set flag Store Store
at 93 mantissa exponent
| [
c(c(BOTV)) « c(99)| [ c(c(8VP))
« 00




Secondary op 14

Check that operands
(i.e. top 2 Stack
units) are of type
'number' and set
pointers

(CHEC subroutine)

Subtract
exponents

opcode parameter

0 P x
DIVIDE ROUTINE X :
c(IC)
Dividend zero? Divisor zero? Divide mantissas Store result

c(EAC) <« c(c(SvP))
Clear flag at EAC-1
c(EAC-2) +« -0
c(EAC) - c(c(TOPV))
c(TOPV) - 2

Store
zero
result

If
(c(BOTV))=0

ERROR (DIV E1)
zero divisor

Return

Control

to

e e

c(HOD) « MAC-6
c(LOD) + MAC

Load accs. Round,
and set normalize
pointers & store
result
c(MAC+8) + c(82)

hhhhhhhﬁhﬁhﬁ*ﬁh““ﬁn__

Load dividend Divide by Store sign
(bottom mantissa) top mantissa of result
to product area
c(99-8) <« c(c(BOTV)) Divide c¢(100-15) Move flag
(load dividend) by c(c(TOPV)) from 92

to IND




Secondary op 15

INTEGER DIVIDE

ROUTINE

Check that operands
(i.e. top 2 Stack
units) are of type
'number' and set
pointers

(CHEC subroutine)

Check that operands
are integers

If c(ec(TOPV))4#0
or c(c(SVP))+0

ERROR (IDIV E1)
Non-integer
operand

Dividend zero?

Divisor zero?

Store Return
Zero to
result Control

opcode parameter

0 P

X
t

c(IC)

Divide c(c(BOTV))
by c(c(TOPV)) & to

Return

///wthﬁﬁhhﬁh store integer Control
part of result
c(TOPV)-2 If
c(c(TOPV))=0
ERROR (DIV E1)
Zero divisor
Load dividend, Divide by Store
c(c(BOTV)) c(c(TOPV)) integer
part
|
c(99) « c(c(BOTV)) Divide ¢(100-7) || c(c(SVP))«
by c(c(TOPV)) c(99-7)

c(SVP)+2




Secondary op 16 NEG Routine opcode parameter

0O P X x
+
c(IC)

Check that top Negate top Return to
Stack unit Stack value Control
contains number (NEG subroutine)
NEG subroutine
to negate top
IE Stack value
(c(STP) ) #2 , B
%
Set pointer to Change sign
ERROR (NE? El) top mantissa of mantissa
Non-numeric T —
S BEEENIS c(TOPV) « c(SVP)-2 Choice
Flag at c(TOPV)?

Yes [e)

Clear flag Set flag
at c(TOPV) at c(TOPV)




Check (top) type

T

Transmit digit Check
to 2-digit field
(for comparison)

CHEC subroutine
to check top 2
Stack types and

set pointers

Decrement Stack

type pointer

Check (next) type

[

c(STP)~-10

1f

c (COMP) #c (CHEC-1)

c(COMP) * c(c(STP))

ERROR (CHEC E1)

Operand type error

Set

pointers

c (TOPV) +« c(SVP)
c(svp)-10
c (BOTV) < c(SVP) -2




OP 20

Increment c(IC)
to address first
parameter (I.L.
address of BA
op for loop

l

c(IC)+u

REPEAT-TIMES

ROUTINE

Place

& parameters in
PBUF (for trace)

'RT' code Set c(TOPV) to

address mantissa
of number at top
of Stack

c(TOPV) + c(SVP)-2

opcode parameter

B T 3 % o X ¥ B =
+
c(IC)
First traversal Return
of loop? to
Control

Choice

Flag at c(STP)?

e

Enter loop

P e

Check that loop
control is integer

'Set RT control
unit type

I
c(c(STP)) « -8

ERROR (RT E1)
Loop control not number

ERROR (RT E2)
Loop control not integer

-

Test control unit
value i.e. check
loop count

Test control "
. Choice
unit value e
i.e. check c(c(TOPV))<0?%
loop count No
Yes i
Loop again
Branch out s
of loop Dec loop || Reset line
[ count number
Reset instruction counter . .
to addpess of BA op for c(e(TOPV))-1| [ c(IC) + 3
loop (RESET subroutine) c(LN)+c(e(1IC))




OP 21

Increment c(IC)
to address first
parameter (I.L.
address of BA
op for loop)

c(IC)+u

Place 'RF' code
and parameters
in PBUF (for
trace)

REP

EAT-FOR
ROUTINE

First traversal
of loop?

Choice

Flag at c(STP)?

Enter loop

Yes

opcode parameters
R F x X X X X
+
c(IC)

Return to
Control

Loop already entered-
increment & test loop
variable

__--—""-/__\-—‘_N\

Increment c(IC)

c(IC)+3

Check types

of loop control
variables and
initialize loop
variable (CHKSET
subroutine)

Test

loop variable

X

X

Reset Set flag at Increment loop
Stack c(STP) to variable (ISV
pointers indicate subroutine)
loop already
I traversed
c(STP)+30 _ b
c(SVP)+20 Loop again i
|
Reset line no.
Jf""’ffrﬁ\“\\
c(IC)+3 c(LN) + c(c(IC))

1
Choice (prel routiis)
?

Loop variable < test value

lo
{-Branch out

Reset c(IC) to
address of BA op
for loop (RESET
subroutine)




OP 22

Increment c(IC)
to address line
number parameter

REPEAT-FOR-WITHOUT-TEST

ROUTINE

opcode parameter

RF W X X X
+
c{IC)

Return to

Control

|
c(IC)+3

Place 'RFWT' code & First traversal
c(c(IC)) in PBUF of loop?
(for trace) I
Choice
Flag at c(STP)?
No — -

Enter loop

e e

—

-

Loop again

/\

loop control
variables &

Check types of

initialize loop
variable (CHKSET
subroutine)

Reset Set flag at
Stack c(STP) to
pointers indicate

I loop already
c(STP) +20 traversed
c(SVP)+10

Increment loop
variable (ISV

subroutine)

Reset Stack
value pointer

c(SVP) « c(TOPV)+2




OP 23

REPEAT-SET
ROUTINE

Increment c(IC)
to address first
parameter (no.

of set list elts)

Place 'RS' code and

1st parameter in
PBUF (for trace)

Set c(A) to
loop variable
address

e e

opcode parameters

% X X

R § X % X ¥
+
c(IC)
First traversal Return
of loop? to
Control

I

c(IC)+2

EIRREC

c(SVP-1)-c(c(IC))

c(A) + c(ec(sSVP))

Enter loop

Set flag at
c(STP) to
indicate
loop entered

Set c(SVP) to
address first
set list elt.

c(SVP)+10

Initialize loop
variable i.e.
store type &
value addressed
by c(SVP) at c(A)
(STOR subroutine)

Choice

Flag at c(STP)?

Reset and
test loop
variable

B

Increment c(IC)

& place remaining

parameters in
PBUF (for trace)
(FILL subroutine)

/\

Initialize loop Reset
count in first Stack
set list element value
location pointer
[ I
c(c(8VP)) « 0 c(SVP) +
c(STP)+9

c(IC)+u4
Place c(c(IC))
in PBUF

c(IC)+3

Place c(c(IC))

in PBUF




RESET & TEST
LOOP VARIABLE

Increment Test count
loop
counter [
= e Choice
c(S8VP)+10| |c(c(SVP))+1 c(e(SVP)) = o(c(IC))?
Yes — %
Branch out Loop again
of loop
// //’N
Reset Stack Inc e(IC) & Dec ¢(IC)| | Reset c(IC) Set c(SVP) Reset loop Inc ¢(IC) || Reset Reset
value pointer| | place to address to address variable & place line Stack
remaining 2 of BA op for next set i.e. store remaining number value
parameters (1C)-3 loop (RESET list elt. type & value 2 para- pointer
c(SVP) <« in PBUF (for| |© subroutine) addressed by|| meters in
<(STP) + 9 trace) (FILL c(SVP) at PBUF (for
subroutine) c(A) (STOR trace) c(LN)+
c(SVP-1)+c(c(SVP))|| subroutine) (FILL c(e(IC))
subroutine c(SVP) «

c(STP)+9




Save pointer to
top of Stack

l

c(TOPV) « c(SVP)

to increment

ISV subroutine

loop variable

hﬁﬁﬁhﬁhﬁﬁﬁ“ﬁhm

Set pointers

location

to loop variable

Increment loop

variable

-

Set flag
at IND

c(c(sSvVP))+
c(c(TOPV))
(ADD

routine)

Dec c(SVP) to
address loop

variable address

Set c(SVP) to
loop variable

address

Set c(BOTV) to
address loop

variable mantissa

c(SVP) - c(Isv-1)
+
subroutine

parameter

c(SVP) <« c(c(SVP))

c (BOTV) +« c(Svp)-2

Clear flag
at IND




Set c(COUNT) to
number of control
variables (parameter
to subroutine)

variable

CHKSET subroutine
to check types of
loop control
variables & to
initialize loop

Check that
control variables
are numbers

c(COUNT) <« c(CHKSET-1)

c(COUNT)-1

Set c(A) to
loop variable
address

Set c(SVP) to
point to
initial value

Set loop
variable
type &
value

c(A) + c(c(Svp))

c(SVP)+10

Decrement
Stack
pointers

1f
c(COUNT)=0

ERROR (RF E1)
Repeat For loop
control variable
not number

c(SvVP)-10
c(STP)-10
(POPTOP
subroutine)

Exit

c(c(A)) « c(c(SVP))

c(A)-9
c(c(p)) « 2




OP 24

CASE ROUTINE

opcode parameter

C 8 x x
+
e(IC)

Increment c(IC)
to address op
parameter (no.
of case state-
ments

c(IC)+2

and parameter
in PBUF (for
trace)

Place '"CS' code

If
c(c(STP))=2

ERROR (CS E1)
Case parameter
not number

Check that values
of case expression
E bounds are
integers

Pepeat

3 times

If
c(c(SVP))%0

ERROR (CS E2)
Case parameter
not integer

Check bounds
and branch to
appropriate
statement

Set pointers:

c(TOPV) to upper bound
c(BOTV) to lower bound

c(SVP) to expression value

|

c(SVP) + 28
c(TOPV) « c(SVP)
c(SVP) - 10
c(BOTV) <« c(SVP)
c(SVP) - 10

Dec Stack
pointers

c(SVP)-10
c(STP)-10
(POPTOP
subroutine)




CHECK BOUNDS AND
BRANCH TO APPROP-
RTATE STATEMENT

/

Check bounds Check case
number against
number of case
statements

I
c(c(SVP))=zc(ce(IC))

|

ERROR (CS E6)
Case number
outside range

Subtract lower
bound from case
control variable

it

c(e(SVP))>
c(c(TOPV))

If
c(c(SVP))<0

Return
to
Control

Reset Reset Stack
instruction value pointer
counter (i.e. pop case
expression
value & bounds)
c(IC) + c(SVP)-8
(6xc(c(SVP)))

ERROR (CS E3) Turn c(e(SVpP)) - ERROR (CS E5)
Case expression off c(c(BOTV)) Case expression
value exceeds o'flow value less than
upper bound lower bound

ERROR (CS E4)
Case range
too large




OP 25

CASE-WITHOUT-BOUNDS

opcode parameter

Eﬁ
c(e(STP) )=2

ERROR (CSWB E1)
Case expression
value not number

If
c(ec(SVP))=0

ERROR (CSWB E2)
Case number not
integer

ERROR (CSWB E3)
Case number less
than implied

lower bound of 1

ERROR (CSWB Eu)
Case number
greater than
no. of case
statements

CS WB x x
+
ROUTINE o(1IC)
Increment c(IC) Place 'CSWB' Check case Decrement Case number Case number Reset c(IC) Return
to address op code €& para- expression Stack less than 1?|| greater than| | and c(SVP) to
parameter (no. meter in PBUF || type pointers no. of case Control
of case state- (for trace) statements
ments)
c(STP)-10 If IF c(IC) + (B6xc(c(SVP)))
VP )-2 0
c(IC)+2 ?LSPTgP c(e(8VP)<1) \ e(c(sVP))> sl
subroutine) c(e(1IC))




OP 26

Place 'RAP' code
in PBUF (for trace)

opcode

RETURN ADDRESS (PROCEDURE) " E
ROUTINE c (IC)
Increment Stack Fill Return Address Return
pointers to Word and reset RAW to
leave space for pointer Control
Return Address
Word
c(STP)+10 Set type Link to previous Reset RAW
c(SVP) +6 Return Address pointer
Word
L
c(c(STP)) <« 9 c(c(SVP)) + c(RAW)
c(SVP) +4 c (RAW) <«

c(SVP)




OP 27 opcode
RA F
RETURN ADDRESS (FUNCTION) 4
ROUTINE c (IC)
Place 'RAF' Increment Stack Set function Inc Stack Fill RAW & Return
code in PBUF pointers to value to pointers reset RAW to
(for trace) leave space for 'undefined' to leave pointer control
function value space for (see RAP
RAW routine)
c(STP)+10 c(STP) « 0 c(STP) +10
c(SVP)+10 c(SVP) +6




OoP 28 opcode parameters
CALL PROCEDURE FE E B &Y X
+
ROUTINE c (IC)
Increment c(IC) Place 'Cp’ Set c(A) to Check addressed Inc c(A) to Rest
to address first code & first core address type address value of
parameter (S.T. parameter in of Procedure part of PAW Routine
address of PAW PBUF (for Address Word
trace) (type digit)
1t c(a) + 9
c(c(n)) =5

c(IC) + 3

c(A) <« c(SYMBAS)+
(ldxc(c(IC)))-9

ERROR (CP E1)
CP parameter
does not
address PAW




REST OF
ROUTINE

Save no. of actual
parameters (to be
checked against no.
of formal parameters

on entry to procedure

Store return I.L.
address in RAW

Reset instruction
counter to address

start of procedure

Return
to
Control

c(c(RAW)) « c(IC)

c(IC)+2

Place second

op parameter
(no. of A.P.s)

-c (ILBASE)

c(IC) <« c(c(A))+c(ILBASE)

Store

in PBUF (for

c(AP) « c(c(IC))

Trace)




opcode parameters

OP 30
PROCEDURE ENTRY P E x x x %
P
ROUTINE
e(1C)
Increment c(IC) Place 'PE' code Check no. of Inc. c(IC) Place Set procedure| | Leave space
to address first & first parameter actual para- to address parameter base pointers for local
parameter (no. of in PBUF (for meters against second in PBUF variables
formal parameters) trace) no. of formal parameter (for trace) (if any) €
arameters no. of i
y iocal c(BVP) + c(RAW) gzzggble
identifiers) CLRIP} + c(RAWI-Y | [ipp
c(IC)+2 T
TE c(IC)+2
c(AP)zc(c(IC))

l

ERROR (PE E1)

No. of actual
parameters not
equal to no.
formal parameters

Return
to
Control

Increment

pointer t
leave req
space

Stack wvalue

o] to

Set local
variables
'undefined'

'd (CLEAR routine)

c(SVP)+(c(c(IC))x10)+20




Check for
core

overflow
[
Ef

c (SVP) >c (BOUND)

CLEAR routine to
set type codes of
Stack variables to
0 ('undefined')

ERROR -
CORE OVERFLOW

Set upper Clear
limit
pointer
c(TOPT) + c(WVP)-29
Repeat
c(STP)+10 c(c(STP)) « O

Reset c(STP)
to address top
Stack type

c(STP) +20

If
c (STP) =c (TOPT)




OPS 31,32

TAKE LOCAL ADDRESS

TAKE LO

CAL RESULT

ROU

TINES

Increment c(IC) Place 'TL' code Set local Increment
to address local and parameter variable Stack
address parameter in PBUF (for pointers pointers
trace)
| | I
c(LVP) « c(BVP)+ c(SVP)+10
mLERD # 2 (10xe(c(IC))) ¢(STP)+10
c(LTP) « c(LVP)-9

Place

trace)

in PBUF (for

TA? Check type of
addressed

variable

code

Choice
on c(c(LTP))
6(addre

other

TLA

Place 'R'
code in
PBUF (for
trace)

6 (addres

opcode
TL A X x

TL R &% x

c(IC)

Locate and
push result

Choice

parameter

Address type - push
this address

Result type - push
local wvariable addr.

Chain
down

Locate and
push result

c(h) «
c(LVP)

[

I

c(c(SVP)) « c(e(LVP))
c(c(STP)) « c(c(LTP))

c(c(STP)) « 6
c(c(SVP)) «

c(LVP) « c(c(LVP))
c¢(LTP) « c(LVP)-9

c(LVP)

Place result
and type
addressed by
c(A) at top
of Stack
(PUSH
ROUTINE)




OP 33 MAKE STORAGE FUNCTION opcode parameters

RRERTANE: M SF x x x x
+
c(IC)
c(IC)+u Place 'MSF' code Set Mapping Function Check & load Save bound Decrement Remainder
and parameters in Pointer tec address (upper) array value pointers of
PBUF (for trace) last upper bound field bound value (DEC Routine
in Storage Mapping into SMF (LOAD subroutine)
Function subroutine)
c(MFP) <« c(WVP) Choice c¢(SIZE) + Clear flag
on. ele(IC)) c(c(MFP)) at SIZE-3
(array dim)
c(MFP)-u
c(svVpP)-8
c(STP)-10
c(MFP)-12 c(MFP)-4 Set flag at
IND to indicate

2-dimensional
array




Check & load
lower array
bound wvalue
into SMF
(LOAD
subroutine)

c(SIZE)-c(c(MFP))+1

REMAINDER OF

ROUTINE
Calculate 2-dimensional Fill in array
& check array? words & reserve
bound space for array
range elements
If
Flag at IND

Check Set flag

array at SIZE-2

size

L Dec. Check & Save Dec. Check & Fill ¢ Calculate §&

c(SIZE)>999 pointers || load 1st bnd pointers load in SMF check array
(DEC sub)|| upper bnd value|| (DEC sub) lower size
value into bnd value r
ERROR (MSF E1) SMF (LOAD into SMF |[c(c(WVP)) «
Array size subroutine) (LOAD c(SIZE)
greater than subroutine)
999 e
c(ACC) +« Clear flag c(SIZE) x If Set
c(c(MFP)) at ACC-3 ACC)= __
(c(ACC)-c(c(MFP))+1)| ( (17595909 giag
SIZE-2

ERROR (MSF E1)

Array size
GT 999




FILL IN ARRAY WORDS
AND RESERVE SPACE
FOR ARRAY ELEMENTS

Set Stack Set count Set c(WVP) to| | Set c(MFP) to_J
pointers of no. of (relative) address of SMF
to address AW's in address of
of last AW array first array
in array segment element
segment location

e(IC)+1 c(MFP) « c(WVP)-26

c(COUNT) + c(c(IC))

c(WVP)+10-c(STKBAS)
Set flag at WVP-3

c(IC)-2

c(SVP) « c(BVP)+
(c(c(IC))x10)
c(STP) « c(SvP)-9

c(c(STP)) « 4
c(c(SVP)) <« c(MFP)

c(SVP) - 4
c(c(SVP)) « c(WVP)
c(SVP) - 4

Choice

Flag at IND?

ReEeat
until c¢(COUNT)=0

Space for
array elts.

Tidy up

_— | T

Fill in AW

Dec pointers
and count

c(WVP-1)+c(SIZE)

c(c(SVP)) « -1

c(c(SvpP)) « -0

c(SVP)-2
c(STP)-10
c(COUNT)-1




TIDY UP

Reset Stack Value 'Clear' array

Pointer and element area

Instruction Counter

c(SVP) * c(wWvpP)
c(Ic) + 1

Clear flag Reset c(WVP), leaving
at IND space for next possible
SMF
Clear flag c (WVP)+c (STKBAS)+10

at Wvp-3

c(STP) + c(STKBAS)
c(STP) + c(MFP) + 7

Set array
element types
to 'undefined'
(CLEAR routine)




LOAD subroutine to
check & load array
bound into Storage

Mapping Function

P

-

Check bound
type

Check

magnitude

c(3VP)-6

ERROR (MSF E2)
Bound not
number

ERROR (MSF E3)
Non-integral

bound value

if
(c(SVP)) =0

Load bound

value

N

Define field

Load

ERROR (MSF E4)
Bound magnitude
greater than
9999

c(SVP)+1

c(c(MFP)) « c(c(svp))

Set flag
at c(SvVp)
c(SVP)+3




opcode

OP 34
RETURN R E
E
ROUTIN c(IC)
Place 'RE' code Reset Stack Reset Instruction Reset RAW pointer Reset Procedure

in PBUF (for trace)

pointers to

address unit

below RAW

Ccunter to return

I.L. address

c(IC) « c(c(RAW))
+c (ILBASE)

to address next
Return Address
Word

base pointers

c(BVP) <« c(RAW)
c(BTP) « c(RAW)=-9

c(SVP) « c(BVP)-10
c(STP) « c(BTP)-10

c (RAW) -4

c(RAW) « c(c(RAW))




OP 35 E ND

END c(IC)
ROUTINE
Place 'END' code Print and It Print 'PHASE CALL
in PBUF (for trace) clear contents Switch 2 on COMPLETE' EXIT

(if any) of
PBUFF (OUTPUT

subroutine)

Print c(PBUF)

(for trace)




OP 36

READ
ROUTINE

/

Place '"RD' code

Set c(A) to

Check addressed

Input (next)
card element

opcode
R D

c(IC)

in PBUF (for trace)

If
c(c(STP)) =6

address (?)
at top of
Stack

ERROR (RD E1)

type

c(A) - 9

c(A) « c(e(SVP))

Choice
c(c(A))=u?

o

Return to
Control

Pack next card
element into
location c(A)

Check for
array input

Prepare to input
array i.e. set
c(A) to address
first array elt.
location, etc.
(ARSUB subroutine)

Simple input -
ine. c(A) to
address value
part of input
location

c(A) + 9




Initialize

c(MCOUNT) + O
c(EAC) « 0

c(NUMBER) + NACC-9
c(BOTV) < c(SVP)-2

’///”

c(RBUFMK)+1
(BUFMAN
subroutine)

Number?

1f

(c(RBUFMK) )=7,

Assemble &
store number

Set flag at
c(RBUFMK)

c(RBUFMK)+1

PACK NEXT CARD ELEMENT
INTO LOCATION C(A)

Check n
buffer

ext READ
character

Choice

on c(c(RBUFMK))

__.-—-""'-‘.-
Check next Set flag Check next Input Input Null input- Assemble & || Assemble ERROR
READ buffer at IND READ buffer string Boolean store store real || & store (RD E2)
character character value 'unde fined' number floating Invalid
type point input
e S number form

e(c(STP)) « 0

Store at c(A)
(STOR subroutine)




Place

'number' type

at top of Stack

c(c(STP)) « 2

o

Character zero?

SESN

c(RBUFMK)+1

ASSEMBLE AND
STORE NUMBER

N\ T

Skip over non-
sipnificant zeros

Pack up to next

8 digits into
number accumulator -
then store

Next character
digit?

-

If
c(c(RBUFMK) ) =0

c(RBUFMK)+1
(BUFMAN
subroutine)

If
c(c(RBUFMK) ) =7

|

Number zero accumulated so
far - check next character

number

store real

Set flag at Choice
c(RBUFMK) on c(c(RBUFMK))
c(RBUFMK)+1
[s)
Assemble & Skip exponent & Store zero

pack zero result || result

ERROR (RD E2)
Invalid input
form




Skip exponent and

store zero result

,f’”ff#’//f’

Repeat

Check next

c (RBUFMK) +1
(BUFMAN

subroutine)

character
Set flag at Comma or blank?
c (RBUFMK)

c (RBUFMK) +1

If
¢ (c(RBUFMK))=23 or 0

Store zero

result

Place value '0'
at top of Stack

Store at c(A)
(STOR

subroutine)

Exit

c(c(SVP)) +« c(FZERO)




PACK UP TO NEXT
8 DIGITS INTO

THEN STORE

NUMBER ACCUMULATOR -

Repeat

«(RBUFMK)+1
( BUFMAN
subroutine)

Pack next
digit
Increment Pack Increment
accumulator digit mantissa
pointer count
c(NUMBER)+1 c(MCOUNT)+1

c(c(NUMBER)) «
c(c(RBUFMK))

Clear (possible)
flag at c(NUMBER)

Check mantissa

count

If
c(MCOUNT)=8

Skip over
remaining
mantissa
digits -
then round
and store

Next character
digit?

Choice

c(c(RBUFMK) )=7?

Yes

c(RBUFMK)+1

result

No

Terminate
integer
phase




ReEeat

Next character
digit?

Choice
c(c(RBUFMK))=7?

Yes
Inc. buffer Inc. exponent
marker accumulator
c(RBUFMK)+2 c(EAC)+1
(BUFMAN

subroutine)

Exit

SKIP OVER REMAINING

MANTISSA DIGITS -

THEN ROUND & STORE
RESULT

/\

Terminate
Integer
Phase

Check next
character

s

Set flag at
c¢(RBUFMK)
c(RBUFMK)+1

Choice
on c(c(RBUFMK))

Pack integer

Assemble
€ store
real
number

Assemble &
store
floating
point
number

ERROR (RD E2)
Invalid input
form




Yes

Pack integer

Check mantissa

count

Choice
c (MCOUNT) <87

Place integer
at top of Stack

Store at c(A)
(STOR

subroutine)

—

Print warning error message -

then round, normalize, and

store number

il

c(c(SVP)) +« c(FZERO)
c(c(BOTV) ) +c(c(NUMBER))

Move flag from IND to c(BOTV)

Print warning
error message
(RD E4) - too
many significant
digits in input
number

Load rounding

accumulator &

set pointers

Round, normalize,
& store number
(RNS routine)

c(EAC) + 1

c (HOD) + MAC-6
c (LOD) < MAC
Set INFLAG

c(MAC+1) * c(c(NUMBER))




ASSEMBLE

E

(<]

REAL NUMBER

STORE

if
c(MCOUNT)=0

Skip over
leading zeros

ﬁHHﬁhﬁﬁhﬁﬁhﬁhﬂﬁhﬁﬁ“‘“*Mmﬁ_

Pack up to 8
mantissa digits
in number
accumulator -

then store result

ReEeat

Next character
digit?

ReEeat
c(RBUFMK)+1
(BUFMAN
subroutine)

Next character Digit zero? Decrement
digit? exponent
accumulator
c(RBUFMK)+1 [

c(EAC)-1

c(RBUFMK)+1

(BUFMAN If

subroutine) == If

C(C(RBUFMK))=7 C(C(RBUFMK))#O

I

Number zero accumulated so
far - check next character

|
If

c(c(RBUFMK))=7

[

Terminate
real phase

c(RBUFMK )+1

Check mantissa
count

1f
c(MCOUNT)=8

Skip remaining
decimal digits
- then round &
store result




c(RBUFMK)+1
(BUFMAN
subroutine)

SKIP REMAINING DECIMAL
DIGITS - THEN ROUND &
STORE RESULT

Next character c(RBUFMK )+2
digit? (BUFMAN
subroutine)
it
c(c(RBUFMK) )#7

Terminate real phase

T e

Set flag at
c(RBUFMK)
c(RBUFMK)+1

Check next character

Choice
on c(c(RBUFMK))

PACK REAL
NUMBER

Check mantissa
count

Choice
on c(MCOUNT)

Print warning error
message - then round,
normalize, and store
number

Fill accumulator

Normalize and
store number
(RNS routine)

c(MAC) + c(FZERO-2)
c(MAC)+c(c(NUMBER))
c(LOD) « MAC

c(HOD) + MAC-6

Set INFLAG

lEl

", dr b~ other

Assemble &store
fleoating point

Pack real
number

number

ERROR (RD E2)
Invalid input
form




ASSEMBLE & STORE
FLOATING POINT

NUMBER
Set exponent Check first Skip over non-significant Fill exponent
build pointer exponent exponent zeros accumulator &
character terminate
J//////’\\\\\\ exponent phase
c(EXP) + XAREA-2
c(RBUFMK)+1 Digit?
(BUFMAN
subroutine) [
If Digit zero? Next character
— digit?
c(c(RBUFMK) ) =7 /\ —
c(RBUFMK)+1 If c(RBUFMK)+1 If
(BUFMAN
ﬂd###‘#ﬂﬂﬂﬂ,,#aa—*i::::::7" c(c(RBUFMK) )=0 subroutine) c(c(RBUFMK) )=7
Set flag at Choice 1
c(RBUFMK
CERBUFMK;"‘]. on C(C(RBUFMK}) Zero ex‘pone‘nt
Vqd '- other
Clear flag Set flag at Choice
Check first Set flag Check first ERROR (RD E2) ot IND-d Cgigggxig i on c(c(RBUFMK))
exponent at IND-1 exponent Invalid input S G
character character form y "gpzﬁiffzxxqugher

Pack real
number

ERROR (RD E2)
Invalid input
form




Pack latest
exponent digit

FILL EXPONENT
ACCUMULATOR &
TERMINATE
EXPONENT PHASE

ReEeat

Next character
digit?

c(RBUFMK)+1

0

c(EXP) + 1

c(c(EXP)) + c(c(RBUFMK))
Clear (possible) flag

at c(EXP)

c(RBUFMK)+1
(BUFMAN
subroutine)

Eﬁ
c(c(RBUFMK) )=7

Terminate
exponent
phase

Check exponent
size

L
c(EXP)=XAREA+1

ERROR (RD E3)
Exponent
overflow




TERMINATE EXPONENT

PHASE

Check next
character

—\

Set flag at
c(RBUFMK)
c(RBUFMK)+1

Calculate exponent

/\

Append sign
to accumulator

Add to decimal
point count

Move flag from
IND-1 to c(EXP)

c(EAC)+c(c(EXP))

Choice

on c(c(RBUFMK))

othep

form

ERROR (RD E2)
Invalid input

Zero mantissa?

Pack real
number

i
c¢(MCOUNT)=0

O e N = D

Place mantissa wvalue
"1' at top of Stack

Fill in exponent
at top of Stack

Append mantissa
sign

c(e(SVP)) + c(FONE)

c(c(SVP)) « c(EAC)

[

Move flag
from IND

to c(BOTV)

Store TOS
number at
c(A)

(STOR
subroutine)




INPUT

STRING
Place 'string descriptor' Set c(NODE2) Fill address
type digit at top of Stack to address field in string
next available descriptor and
string node initialize
(GRAB length counter
subroutine)

c(c(STP)) « 7

c(c(SVP)) + c(NODE2)
c(LENGTH) + 0

Pack a node

_,«f*”’#####ﬁhhhx“ﬁax

Peel off up to
next 6 string
characters

Pack in Save
string area

Pack string away
in string area

OUTLOOQP :

Link to next
available node

Terminate
string
input

RS

Grab

Link

c(STRING)+1 c(NODE2 )+4
c(NODE2)-4 c(NODE1) « c(NODE2)
Set flag at

SAREA-12

c(c(NODE2)) <«
c(c(STRING))

Set c(NODE2)
to address
next available
node (GRAB
subroutine)

Set flag at NODE2-3
c(c(NODE1)) « c(NODE2)
Clear flag at NODE2-3




Initialize accumulator
pointer & loop counter

c(STRING) + SAREA-1Y4
c(COUNT) <« 6

Check next
character

CHARACTERS

PEEL OFF UP TO
NEXT 6 STRING

e

c(RBUFMK)+1 Set flag at
(BUFMAN c(RBUFMK)
subroutine) c(RBUFMK)+1

1f
c(c(RBUFMK))="1"

|
Check next
character

=il

c(RBUFMK)+1 Set flag at
(BUFMAN c(RBUFMK)
subroutine) c(RBUFMK)+1

Exit
from
OUTLOOP

Choice

on c(c(RBUFMK))

re
.

Convert to
internal form

I

c(c(RBUFMK)) * 12

ther

ERROR (RD E2)
Invalid input
form

Pack character in Inc. length Exit?
accumulator counter
c(LENGTH)+1

c(STRING)+3
c(c(STRING)) +

c(c(RBUFMK))
c(STRING)-1
Clear flag at c{COUNT)-1 P
c(STRING) c(COUNT)=0

Exit



Place 'null str.'

Store at c(A)

TERMINATE STRING

INPUT

r

Null string?

Choice

c(LENGTH)=0?

Fill length

type digit at TOS (STOR field in
subroutine) descriptor
i i
c(c(STP)) « 1 c(SVP)-5
c(e(8VP)) * c(LENGTH)
c(SVP)+5
Yes
Terminate Return NODE2 Store TOS Terminate
string at to AVAIL descriptor string at
NODE1 list (RETURN at c(A) NODE?2
l subroutine) (STOR I
subroutine) Set flag
Set flag at c(NODE2)
at c(NODE1)

Pack last
string chunk

1
Null?

Choice
c(COUNT)=67?

Pack last
chunk

l

c(NODE2)-4

Set flag at SAREA-12
c(STRING)+1

c(c(NODE2)) « c(e(STRING))

Store TOS
descriptor
at c(A)
(STOR
subroutine)




TRUE or FALSE?

Choice
on c(c(RBUFMK))

.T/\F-

INPUT BOOLEAN
VALUE

Set Boolean
type digit
at top of
Stack

Place value
TRUE at TOS

Place value
FALSE at TOS

c(c(STP)) =+« 3

c(c(svp)) <« 01

c(c(SVP)) « 00

Skip remaining

characters until

comma or blank

Store TOS Boolean
value and type at
c(A) (STOR sub.)

‘ Repeat

Check next

character

il Wi -0

c (RBUFMK) +1
(BUFMAN

subroutine)

Set flag at
¢ (RBUFMK)
c (RBUFMK) +1

Comma or blank?
|
If

c(c (RBUFMK) )=23 or 0

EXit



ARCHEC routine
to check for
array input

e

Array input?

Increment
array element
counter

c(ACOUNT)+1

Terminate
array input

Clear flag
at ARRAY

If
lag at ARRAY

Check count
against array
size

Choice

c(ACOUNT)>c(SIZE)?

Pop top
of Stack

c(sVP)-10
c¢(STP)-10
(POPTOP
subroutine)

Increment c(A)

array element
location

to address next

c(A)+10

No

Input next
card element




BUFMAN subroutine

to control increments

to READ buffer marker
(c (RBUFMK) )
’_,/ ol
_\
\\\\\
Increment Check against
buffer buffer end
marker
1f

c (RBUFMK) >RBUF+158
c (RBUFMK) +c (BUFMAN-1)

.?
subroutine

parameter

Read new card Reset
into READ buffer marker

c (RBUFMK) -160




PRINTO routine to

print 'zero' in

standard F-format

Leave 7 spaces Insert '0' Set 'space' Leave 12 Check for
in PRINT buffer flag (see spaces in array O/P
SPACE routine PRINT (BACHEC
for explanation) buffer routine)
c (PBUFMK) + 16 c(c(PBUFMK)) « 70

(PBFMAN subroutine) c (PBUFMK) + 24

(PBFMAN subroutine)




OP 37

Place 'PR!' Mark top of
code in PBUF Stack and
(for trace) set count

c(TOPV) « c(SVP)
c(COUNT) « 1

PRINT

ROUTINE

Check top Stack
type and print

Transmit to
2-digit field
(for comparison)

c(COMP) « c(c(STP))

L

1

Choice

on c(COMP)

string

Output null

/\

Qutput
Boolean
value

opcode
P R

+
c(IC)

Check for array
output (BACHEC
routine)

string

ERROR (PR E2)

Incorrect
PRINT operand

Set 'space' flag
(see SPACE routine
for explanation)

Leave 4 blank
spaces (PBFMAN
subroutine)

Bubble addressed
type & value to

top of Stack
(BUBBLE subroutine)

Check top Stack
type and print




Set c(2) to
address type
of addressed

unit

c(A) « c(c(sVP))=-9

BUBBLE subroutine
to bubble addressed
type and value to
top of Stack

c (COMP) =4

Check
type

Prepare for
array output
i.e. set c(a)
to address
first array

element, etc.

(ARSUB sub.)

1f

Place copy of addressed
type & value at top of

Stack
c(P) « c(STP) Repeat until

Dec. c(A) to
address first

array element

type

c(a)-9

c(P)>c(SVP)

c(c(P)) « c(c(r))

(transmit digit)

c(P)+1
c(A)+1




OUTPUT
NUMBER

Set c(LENGTH)
to length of
number's mantissa
(LSUB subroutine)

Leave 16 spaces
in PRINT buffer
for number

c (PBUFMK) + 32
(PBFMAN subroutine)

Check size of
number and
determine

output format

/\

c (LENGTH) +c (c (SVP)) More than 7 digits

before or after

decimal point

Choice
c (LENGTH) >7
or c(c(SVP))<=-7?

Output number in Clear Output number in
standard E-format SIGFLG standard F-format




Set pointer to
first pattern
digit & initialize
count of places
before decimal
point

c(POINT) « FPAT-16
c(BEFORE) « 8

Qutput number in
standard F-format

Dec. PRINT buffer

marker to address

first output digit
position

c(PBUFMK) - 30

c(BEFORE)-1
c(POINT)+1

Insert digit
or blank in
PRINT buffer

(Note : c(FPAT) = 11111111011111111
-standard F-format pattern)

Output number
according to
pattern

ReEeat

Check pattern

digit

I

on c(c(POINT))

Choice

Insert decimal
point if non-
integral number

Terminate pattern
match & leave space
after number

—r T e

Set 'space'

(see SPACE routine
for explanation)

flag Leave L4 spaces Exit

c(PBUFMK)+8
(PBFMAN subroutine)




Any significant
digits before
decimal point

Set
SIGFLG

1£
no SIGFLG

Insert '0' before
decimal point

c(c(PBUFMK)) « 70

INSERT DECIMAL
POINT IF NON-
INTEGRAL NUMBER

c(PBUFMK)+2

Insert sign
(if minus)

5
IND flag

c(c(PBUFMK)) « 2070

Insert decimal point
if not integer

c(BEFORE)+1

1f
c(e(SVP))=0

c(c(PBUFMK)) « 03




INSERT DIGIT OR
BLANK IN PRINT
BUFFER

l

Choice

c(BEFORE )>c(LENGTH)?

Place next digit
in PRINT buffer

Leave blank
space if SIGFLG
not on - other-
wise insert zero

T e

Any mantissa
digits left?

c(PBUFMK )+2

If

c(PBUFMK)+2 If s GHEHTE
SIGFLG on
Choice
Set Append sign
c(c(PBUEFMK) )<70 SIGFLG (1% minus) c(P)<c(BOTV)?
| Yes \NO
£ .
= Fill next Insert trailing zeros
IND flag digit (if before decimal pt.)
¢(c(PBUFMK ) )420 ¢ (c(PBUFMK) )«70 £
c(c(PBUFMK))+c(c(P)) c(BEFORE)>0

(transmit digit)
c(P) + 1

c(c(PBUFMK)) « 70




Dec. PRINT buffer

marker to address

first output digit
position

OUTPUT NUMBER IN
STANDARD E-FORMAT

Calculate exponent
part

c(PBUFMK) - 22

c(LENGTH )-c(c(SVP))-1
c(EAC) < 000
c(EAC)+c(c(SVP))+c(LENGTH)

/

Insert sign (if
minus), first
digit, & decimal

Fill remaining
mantissa digits
& exponent part

c(c(PBUFMK)) « 70

point
Append sign Insert first Insert
(if minus) digit decimal
point
If
— c(c(PBUFMK)) « c(c(P)) c(PBUFMK)+2
IND flag (transmit digit) c(c(PBUFMK))
c(P) + 1 + 03

c(c(PBUFMK)) <« 2070




FILL REMAINING
MANTISSA DIGITS
& EXPONENT PART

Leave 4
blank spaces

c(PBUFMK)+8
(PBFMAN
subroutine)

Fill remaining Fill exponent Leave space
mantissa digits part after number
(with trailing
zeros, if
necessary) """ff4fa~«’,ff""K“““Hnﬂ“ﬂwnnﬂﬁhhﬁhﬁhmﬁﬁh- ///fﬁHmhunaaumﬁﬁhh
Insert 'E+' Insert minus Fill exponent Set 'space'
if negative digits flag (see
exponent SPACE routine
for expl.)
c(PBUFMK)+4
c(c(PBUFMK) )«4510
If c(PBUFMK) +4
Flag at EAC C(C(PBU?MK)) + c(EAC)
c(PBUFMK)+2 (transmit numeric £ill)
c(c(PBUFMK)) « 70
Clear Insert
flag minus
c(c(PBUFMK)) <« c(c(P)) c(P)+1

(transmit digit)

c(c(PBUFMK)) <« 20




Inc. PRINT

buffer marker

c (PBUFMK) +10
(PBFMAN
subroutine)

OUTPUT BOOLEAN

VALUE

Fill in
Boolean

value

Choice

on c(c(Svp))

Leave space

Set SPFLG
(see SPACE
routine for

explanation

Leave 4

spaces

)

c(c(PBUFMK)) <« c(FALBUF)
("FALSE')

c(c(PBUFMK) ) « c(TRUBUF)
('"TRUE ')

c (PBUFMK) +8
(PBFMAN
subroutine)




Set c¢(NODE1) to
address first

string node and
set c(TOPREM) to
number of digits
in terminal node-
STREM subroutine

Reset Stack
value pointer

c(SVP) + 5

Last
node?

If
Flag at c(NODE1)

Exit

/N

OUTPUT
STRING

Pack
node

Pack string i
PRINT buffer

n Lea

after string

ve space

L

Pack terminal Set
node SPTLG

Leave 4 bl spaces

1
c(PBUFMK)+8

",,/’,f///f’wq:::?mhuﬁﬁhﬁhhﬁﬁhhhifBFMAN sub. )

c(PBUFMK)+
c(TOPREM)

(PBFMAN sub.)

c(NODE1)-4

c(c(PBUFMK)) «
c¢(c(NODE1))

™~

Chain to
next node

c(NODE1)-4

c(PBUFMK)+12
(PBFMAN
subroutine)

c(c(PBUFMK)) +
c(c(NODE1))

c(NODE1)+4
c¢(NODE1) + c(c(NODE1))
Clear flag at NODE1-3




Set c(NODE1l)

c(NODE1l) <« c(c(svp))

STREM subroutine to set
c(NODEl) to address first
string node, & to set

c (TOPREM) to no. of digits

in terminal node

Find remainder

/\

Divide string Store remainder

length by 6

AN

c(SVP)-5

Divide c(c(SVP)) c (TOPREM) +

by 6 'remainder' x2

1f
c (TOPREM) =0

c (TOPREM) <« 12




OP 38 opcode parameters
PRINT CONTROL PR £ ¥ % X BRoe B ¥ 0 %
1.
ROUTINE (1)
Inc. c(IC) Place 'PRC' Mark beginning Mark Stack Output next Check for array
to address code & first of PICTURE and top, & then PIC controlled output or
first parameter in store count of dec. Stack element multiple PIC
parameter PBUF (for no. of list pointers to spec. (BACHEC
(no. of trace) elts in PIC spec. address routine)
list elts. first PIC o E(IE)PES
in PIC parameter b f
spec.)
c(ICM) < c(IC) ] c(10)<c(1cH) | P
c(COUNT) <« c(e(IC)) c(TOPV) +« c(SVP) ¢
c(SVP)-10xc(COUNT)+10 |
c(IC)+2 c(STP) <« c(SVP)-9 ype
Choice
on c(c(STP))
ther
'21’
Output Output (formatted) Output Output Bubble addressed Output next ERROR
(formatted) null string (formatted) || (formatted) type & value to PIC controlled || (PRC E1)
string number Boolean unit addressed element Invalid
value by c(SVP) (BUBBLE PRC

subroutine)

operand




OUTPUT (FORMATTED)

NUMBER

Set before decimal,
after decimal, and
exponent counts to

Clear exponent,

c(P) « BEFORE

negative, and
positive flags

zero

c(BEFORE) + 0

Clear EFLG,
NFLG, & PFLG

c(AFTER) « 0
c(XC) + 0

.uf"’##ffff#ﬁﬂ#_ﬁﬁhﬁhﬁhﬁh\"‘ﬁu_

Preliminary

format scan

next PIC

Inc. c(IC)
to address

character

c(IC)+2

c(IC)-1

Set flag at

Rescan PIC &
output number

Check PIC
character

Choice

on c(ec(IC))

Check for
array 0/P
or multiple
PIC spec.
(BACHEC
routine)

IBI
Switch to (Continue) Ignore -
counting preliminary (continue)
digits format scan preliminary
after d.p. format scan
Count next
sequence of
c(P) « AFTER asterisks
(or nines)
(KOUNT sub.)

Set | [Switch to (Continue) Choice ERROR
EFLG counting preliminary " (PRC E2)
digits in format scan EFLG? Invalid
exponent PIC char.
Add to Check PIC Output no. Output no.
tOtfl character o(P) < XC in E-format || in F-format
c(e(P))+
c(TOT)




OUTPUT NUMBER
IN F-FORMAT

Set c(LENGTH) to
length of mantissa
(LSUB subroutine)

Add exponent
(to give digits
before decimal
point)

c(LENGTH)+c(c(SVP))

BEFORE count

c(LENGTH)+c(AFTER)
c(BEFORE )+c(AFTER)

Check against

If

c(LENGTH)>c(BEFORE)

c(LENGTH )<0?

ERROR (PRC E3)
Overflow -
number too large
for specified
PICTURE

Assemble zero
for output

Round number
(if necessary)

c(LENGTH) < 1
c(P) « c(BOTV)
c(c(P)) + 0




Set c(BOTV) to
"add 5" position

c(BOTV)+c(c(SVP))
+c(AFTER)+1

ROUND NUMBER
(IF NECESSARY)

If
c(c(SVP) )+c(AFTER) <0
Add 5
Enlarge field Add

Clear flag at
c(P)

c(P) - 1
cle(P}) + =0

c(c(BOTV))+5
c(BOTV) - 1

c(P)+1

Choice

pigit at c(P)?

c(LENGTH)+1| / If
\Q(LENGTH)>C(BEF0RE)

Assemble zero
for output

ERROR (PRC E3)
Overflow - number
too large for PIC




OUTPUT NUMBER
IN E-FORMAT

Set
OFLG

Set c(LENGTH)
to length of
mantissa
(LSUB sub.)

Clear Calculate
OFLG exponent
part

Set c(BEFORE)
to total O/P
mantissa
length

c(EAC) « c(c(SVP))
+c(LENGTH)-c(BEFORE)

Round mantissa
if necessary

c

(LENGTH) <«
c(BEFORE)

Find exponent
length

c(BEFORE )+c (AFTER)

Set c(BOTV) to
"add 5" position

c¢(BOTV)-c(LENGTH)
+c(BEFORE)+1

If

c(LENGTH)>c(BEFORE)

Choice

Digit at c(P)?

Yes

Enlarge Add 5
field
Clear flag c(c(BOTV))+5 No
at c(P) c(BOTV) - 1
c(P) - 1
c(e(P)) « -0 c(P)+1

c(BOTV)-1
c(EAC)+1




Assemble zero
exponent for
output

c(XL) + 1
c(POINT) + c(SVP)
c(c(POINT)) + 0

FIND EXPONENT
LENGTH

EBgice
c(EAC)=0?

Set c(POINT) to
address first
significant digit
of exponent

c(POINT) < EAC-2

Ik

Digit at c(POINT)

Exit

Calculate

exponent
length

c(XL) « EAC-
c(POINT)+1

c(POINT)+1

Check for
overflow

If
c(XL)>c(XC)

ERROR (PRC E4)
Overflow -
exponent too
large for
specified PIC




RESCAN PICTURE &
OUTPUT NUMBER

Reset c(IC) to Check first Match PIC
address first Character pattern

PIC character

c(IC) « c(ICM)+2

c(PBUFMK)+2
(PBFMAN
subroutine)
c(IC) + 2

Flag at IND?

B
Flag at IND

c(PBUFMK)+2
(PBFMAN
subroutine)

Set NFLG
e(IC) + 2 ©

Set NFLG




MATCH PIC
PATTERN

ReEeat

Check next
PIC character
in rescan

Choice

on c(c(IC))

c(IC)+2

\‘\
Leave Insert B i
space sign
Set or update |; Check next PIC
\\\ C REP cnt., char in rescan
c(PBUFMK)+2 Choice (REPSUB sub.)
(PBFMAN , .
subroutine) Fiag at INDz - v " "B e
#,,,ﬂ,fﬂ*‘“ﬁﬂ-\\\ Fill Set Insert fl.|| Insert
SIGFLG i i i
c(c(PBUFMK))+20| |c(c(PBUFMK))+10 next s (F [ deginm
digit any point
(FLOATS
sub.)
h‘h\
c(PBUFMK)+2 ££ c(PBUFMK)+2 If Set Fill Count next c(PBUFMK) Check Clear o/P
(PBFMAN (PBFMAN “' SIGFLG next sequence +c(TOT2) next SIG= exp.
subroutine)| \[128 &t N/ | broutine)| \SIGFLG on digit| | of blanks || (PBFMAN PIC FLG | | part
(KOUNT sub){| sub.) ch. in
c(c(PBUFMK) )10 c(c(PBUFMK) )23 st




FILL NEXT
DIGIT

Choice

c(BEFORE )> c(LENGTH ) ?

No
c(BEFORE)-1 Choice Insert floating Set If Check next
STIGFLG 2 sign (if any) SIGFLG PIC
LS oFr & '0' (FLOATS o{P)=e(BOTV) character
subroutine) in rescan
Leave blank Insert floating Check next PIC A1l edple
sign (if any) character in
and '0"' (FLOATS rescan
S Pt e c(c(PBUFMK)) + c(c(P))
c(PBUFMK)+2 c(P) + 1
( PBFMAN
subroutine)




CUTPUT EXPONENT

PART
Insert 'E' Clear PFLG
& NFLG
c(PBUFMK)+2 c(c(PBUFMK)) « 'E'
( PBFMAN
subroutine)

Shift exponent
sign

Move flag from
EAC to IND

Check for
Zero
exponent

Choice
OFLG?

Rescan & output
exponent (as
for mantissa)

Rescan PIC and
output number

(But DO NOT

first reset c(IC))

Switch variables
and pointers

I

c(BEFORE) + c(XC)
c(LENGTH) + c(XL)
c(P) <« c(POINT)
c¢(BOTV) + c(SVP)

Clear
IND
flag




OUTPUT (FORMATTED)
STRING

Set c¢(NODE1) to
address first
string node, &
set c(TOPREM)

to no. of digits
in terminal node

(STREM subroutine)

Set c(LENGTH) to
string length
(in digits) and

then reset c(SVP)

Lay out string
at top of Stack

/

Initialize
c(SBUFMK) to
address TOS

c(LENGTH) <« c(c(SVP)) 2

c(SVP) + 5

c(SBUFMK) <« c(TOPV)

Pattern match
string to
PRINT buffer

Lay out
terminal
node

_ﬂ—ff*”’#’##ﬂfﬂi;;/ﬁﬁhﬁhﬁ“‘“-_

Last node? Lay out Chain to Leave space Check for Lay out
node next node for node o'flow to node
str. area [
1f c(NODE1)-4 c(NODE1)+4 c(P) + & 2%2?2;;;&:)) .
c(P)+c(SBUFMK) [| c(NODE1) « c¢(SBUFMK) c(SBUFMK) >
Flag at c(NODE1) c(SBUFMK)+12 c(c(NODE1)) c(SBUFMK)+ < (BOUND) (P§(°(§ODE1))
c(c(SBUFMK)) +|| Clear flag c(TOPREM) El +fl
c(c(NODE1)) at NODE1-3 wBL St
o(P) + 1 at c(P)
. Clear flag ERROK ~
v at c(P) CORE
OVERFLOW




PATTERN MATCH STRING
TO PRINT BUFFER

Check for
'null' PIC

Check next
PIC character

Inc.

££
c(IC)

Record mark
at c(IC)

Choice

on c(c(IC))
c(IC)+2
Set flag
at
el 1C)-1 Count no. of Output next ERROR
asterisks chunk of (PRC E2)
ot s | | S conr o o8 | [etrmmmon || (0 e
c(TOT2) +« JQutput next character
i e __ﬂﬁﬂﬁﬂﬂ,,,,,ﬂﬁﬂ——*\\\\L (KOUNT sub.) (PBFMAN
string Set flag at tholico subroutine)
c(SBUFMK)+1
c(TOT2)<c(LENGTH)?
Yes - .
Fill next portion 8o | Fi11 last portion &
- _ then pad out with blanks
c(PBUFMK)+ c(SBUFMK)+c(TOT2) c(LENGTH) If |
c(TOT2) c(c(PBUFMK)) <« -c(TOT2) — Pad out
(PBFMAN c¢(c(SBUFMK)) c(LENGTH)*0 with blanks
subroutine) = ~

c(PBUFMK)+c(LENGTH) c(SBUFMK)+c(LENGTH) c(TOT2)-c(LENGTH)

. c(c(PBUFMK)) =
(PBFMAN subroutine) (c(SBUFMK))




Set c(TOT2)
to zero

c(TOT2) « 0

OUTPUT (FORMATTED)
NULL STRING

Increment c(IC)
to address first
PIC character

c(IC) + 2

End of PIC?

If

Record mark
at c(IC)

Pad out

with blanks

Skip over
remaining
PIC

characters

ReEeat

Increment
c(TOT2)

c(TOT2)+2

Insert trailing
blanks

N

Set 'space'
flag (see
SPACE
routine for
explanation)

c(PBUFMK)+c(TOT2)
(PBFMAN sub.)

Increment
c(1IC)

c(IC)+2




QUTPUT (FORMATTED)
BOOLEAN VALUE

Determine Inc. e(IC) Count number of If "Chop' Boolean
Boolean to address asterisks in value
value first PIC PICTURE (KOUNT RS PECONG Mk

character subroutine) at: e{IC

ERROR (PRC E2)
c(IC) + 2 Invalid PIC
character

Choice

c(TOT2)<107

Set pointer Set pointer
to 'TRUE' to 'FALSE'
buffer buffer
Fill 'chopped' Fill value Pad out
value with blanks
c(BOOBUF) « c(BOOBUF) «
TRUBUF FALBUF f"’,,,,~,,«f~:;;7“-\~\H\\H\H\h ////F“\\\\\\\‘
//
c(PBUFMK)+c(TOT2) c(BOOBUF)-10 c(c(PBUFMK)) « || c(PBUFMK)+10 Set 'space' || c(PBUFMK)+
(PBFMAN sub.) +c(TOT2) c(c(BOOBUF)) || (PBFMAN sub.) flag (see c(TOT2)-10
SPACE (PBFMAN
c(c(PBUFMK)) routine for || subroutine)

c(c(BOOBUF)) explanation




address low-

mantissa

Set c¢(BOTV) to

order digit of

c(BOTV) « c(SVP)-2

PRC

T TE

LoD

find mantissa

subroutine

length

e

Choice

on print routine

Assemble zero
for output

Rescan PIC
and output
number

Mantissa zero?

Choice
c(c(BOTV))=0?

LC(P)+C(BOTV)—6

Regeat

R

until digit
at c(P)

Print '0' in
standard F-
format

(PRINTO routine)

c(P) + 1

~

c(LENGTH) =+
c(BOTV)-c(P)+1

Move flag
from
c(BOTV)
to IND




Floating plus?

FLOATS subroutine

to insert floating

sign (if any) and
Zero

Floating minus?

Insert alphameric

c(PBUFMK )+2
( PBFMAN
subroutine)

c(c(PBUFMK)) * 70

i if
PFLG on NFLG on
Clear PFLG c(c(PBUFMK)) « '+!' Clear c(c(PBUFMK)) + '-"'
NFLG




if
no REPFLG

Set

REPFLG store REP count

Accumulate and

c(REPCNT) <« NACC-9
c(RCOUNT) « 1

c(IC)+1

Choice
c(ec(IC))=77?

REPSUB subroutine
to set up or update
REP count

Dec. and test
REP count

S

c¢(c(REPCNT))-1

c(IC)-2
c(c(REPCNT) )=0

i

N

Clear REPFLG

c(IC)+c(RCOUNT)+5

c(IC)+1
c(REPCNT)+1
c(c(REPCNT)) « c(c(IC))
c(RCOUNT)+2

Clear (possible) c(IC)-c(RCOUNT)

flag at c(REPCNT)




BACHEC routine to

check for array

output or multiple
PIC spec.

Choice
Flag at ARRAY?

Check for end
of PIC control

|

Inc. array Check against
elt. count array size Choice
c(SVP)=c(TOPV)?

 No ——" =

Choice

c(ACOUNT)+1 c(ACOUNT) >c(SIZE)? Inc. Stack pointers to Output next Yes
addr. next PRC parameter PIC
controlled
- c(SVP)+10 element
c(STP)+10
S
Terminate array Inc. c(A) to address Bubble array Check top Pop print Return
output type digit of next elt. type & Stack type parameters to
array element value to top and print Control
of Stack
(BUBBLE
subroutine)
Clear array Check for c(A) +1 c(SVP-1)-c(COUNT)
flag end of PIC c(STP-1)-c(COUNT)
control




Set ARRAY
flag

Initialize array
element counter

c(ACOUNT) < 1

output

ARSUB subroutine
to prepare for
array input or

Set base

Set c(W) to
address first
array element

|

Set c(A) to
address Storage
Mapping Function

Remainder
of
Subroutine

c(A)+u4

c(W) « c(c(A))+c(BASE)

™~

Inc. c(A) to

Transmit to

address dimension 2-digit field
digit in AW (for comparison)
c(A)+1 c(COMP) « c(c(A))

Ye

Local or
main array?

Choice

Flag at COMP?

c(A) + 4
c(A) « c(c(A))+c(BASE)

No

c(BASE) * c(STKBAS)

Clear flag
at COMP

c(BASE) < c(SYMBAS)




REMAINDER OF
ARSUB SUBROUTINE

Calculate array

size
Calculate range of
first bound pair
Store upper Subtract lower Add one
bound bound
c(A) + 4 c(SIZE)-c(c(A)) c(SIZE)+1
c(SIZE) « c(c(A))

Set c(A) to
address first
array element

2-dimensional
array?

c(A) « c(W)

i
c(COMP)=1

Multiply by C1

c(A) + 16

c(SIZE)xc(c(A)) (Result in
product area)

Set flag at 96
c(SIZE) « c(99)




of asterisks,

KOUNT subroutine tc count next sequence

blanks, or nines in PIC

(character type specified by subroutine

parameter)

I

Set character
& digit totals
to zero

c(TOT) + O
c(TOT2) + 0

Regeat

Check next
PIC character

I

Choice

c(c(IC))=c(KOUNT-1)?

No

c(REPCNT) « NACC-9

c(IC)+1

Left bracket -

accumulate REP count

Type of

character
to be
counted
§
X X X
+
KOUNT
Yes
Inc. totals Inc. c(IC)
c(TOT)+1 c(IC)+2
c(TOT2)+2 Set flag at
c(IC)-1

c(IC)+1
c(REPCNT)+1

c(c(REPCNT)) <+
c(e(IC))

Clear (possible)
c(REPCNT) flag

c(TOT)+c(c(REPCNT) )-1
c(TOT2)+2xc(c(REPCNT) )-2

c(IC)+3
SF c(IC)-1

Check next
PIC character




OP 39

ROUTINE

NEWPAGE

Place 'NP' code
in PBUF (for
trace)

Print & clear contents
(if any) of output
buffer (OUTPUT sub.)

Skip to newpage

opcode
N P

c(IC)

Return to
Control




OP 40 opcode parameter

NEWLINE R R
ROUTINE c(IC)
Increment c(IC) Place 'NL' code Print & clear Skip lines Return to
to address op and parameter contents (if Control
parameter (no. in PBUF (for any) of output
of lines to be trace) buffer (OUTPUT
skipped) subroutine)

ReEeat

c(c(IC)) times

c(IC)+2 ///

Skip a line




OP 41

SPACE
ROUTINE

Increment c(IC)
to address op
parameter (no.
of spaces to
be left

Place 'SP' code
and parameter
in PBUF (for

trace)

Leave

spaces

c(IC)+2

opcode parameter

Return to
Control

Set 'space' flag (SPFLG)

(NOTE - this signifies to
the PBFMAN subroutine that,
in the event of buffer
overflow, when the contents
of the buffer should be
printed & cleared, the
buffer marker should be
reset to the start of the
buffer i.e. no spaces
should be left at the start
of the newline)

Inc. output buffer
marker, c(PBUFMK),
by c(c(IC))

(PBFMAN subroutine)




OP 42 opcode parameter

TAR TAA B x % X
+

ROUTINE c (1I0)
Increment c(IC) Place 'TAB' code Check TAB Reset output Return to
to address op and parameter in parameter buffer marker Control
parameter (TAB PBUF (for trace)
column position)

if c (PBUFMK) + PBUFF
c(c(IC))=120 +(c(c(IC))x2)=-2

c(IC) + 3

ERROR (TAB E1)
TAB position
greater than
printer width




(PBUFF)

OUTPUT subroutine
to print & clear
contents (if any)
of output buffer

Anything
in PBUFF?

1f

c (PBUFMK) > PBUFF-2

T

Print out
contents
of PBUFF

Reset buffer

marker

Clear buffer

c (PBUFMK) <« PBUFF-2

c(P) + PBUFF-2

Repeat until
c(P)=PBUFF+238

c(c(P)) « c(ZERO-8)




Increment marker

c (PBUFMK) +c (PBFMAN-1)
1.

subroutine

parameter

{3
no array flag
i.e. not array 0O/P

PBFMAN subroutine

to control increments
to print buffer
marker, c (PBUFMK)

buffer e

Check marker against

nd

|

1f

c (PBUFMK) >PBUFF+238

Buffer overflow - print
warning error (PR El)

Print & clear

contents of PBUFF

Skip to

new line

& reset c(PBUFMK)
to address start
of buffer (OUTPUT
subroutine)

Choice
'space' flag?
(SPFLG?)

Yes — T\ _No

Clear
SPFLG

Inc c(PBUFMK) to

leave space at

start of newline
|

c (PBUFMK) +c {(PBFMAN-1)




POPTOP subroutine
to decrement (or

increment) Stack

subroutine
parameter

pointers -
X X X X X
STP  SVP  POPTOP
DEC DEC
Dec. Stack Dec. Stack
value pointer type pointer
Define DEC Subtract Append sign Subtract
field to DEC field
Set flag at c (SVP) -c (POPTOP-1) Move flag from c (STP) -c (POPTOP-3)

POPTOP-2

POPTOP-1 to
POPTOP-3




Place c(IC)
& c(c(IC))
in PBUF

(for trace)

MAIN CONTROL

ROUTINE

Choice

on c(c(IC))

LINE NUMBER
ROUTINE

TAKE ADDRESS

Print c (PBUF)

(for trace)

ROUTINE

TAB
ROUTINE

TG T

it If
Switch 2 on Switch 3 on

Increment c(IC)
to address next

opcode

Print Stack,
Symbol Table,
& key variables

(for trace)

clIe) + 2




Print 'MUSSEL
INTERPRETIVE
PHASE'

if
Switch 2 on

TRANSLATOR-INTERPRETER

INTERFACE ROUTINE

Clear PRINT
buffer and
initialise
marker
(OUTPUT
subroutine)

Initialise
READ buffer
marker

Clear flags
at MAC+1 &
IND-1

Print trace
heading

c(RBUFMK) «
RBUF + 158

c(P) « c(ARBASE)

c(P)2c(ILBASE

if :> [c(c(P)) + OI
)

[

Begin interpreting -
MAIN CONTROL ROUTINE

Clear array
area

Initialise Initialise

c(IC) to Stack

address 1st pointers

operator

c(IC) <+ c(SVP)«c(STKBAS)

c(ILBASE)+1| | c(STP)«c(STKBAS)
-9




DUMMY

TRANSLATOR
Set array Set I.L. Set Stack
base base base
c (ARBASE) + c(ILBASE) <« c(STKBAS) <«
28,000 29,000 30,000

Read in Symbol
Table

Read in
: SR £

Call in and
link to MUSINT




APPENDIX D

THE INTERPRETER SPS PROGRAM




#MUSINT LISTING=* PAGE 1

¥ MUSSEL INTERPRETER VERSION 1 (1972)

2

*

% % ok 3 o4 e 3 3 ol e o ok ok sk sk ek skok ok sk
#%LINE NUMBER ROUT INE=3%
st e e sk sk % 3 ok s s s s sl ke sl e sk Skl sk

o
DORG 245049 9
olLN AM ICe3s 10 INCR IC
TFM PBUF+54+535538, FILL PBUF
TNF PBUF+30s—=ICys»
TF LNs=ICss RESET LN
B7 BACK s s 9 RETURN TO CONTROL
x

skl e e e sk sk o e sl e sl sl sl sk Sk s sk s ok
#%TAKE ADDRESS ROUT INExx*
s it s e s e e ok sk sk sk s e e skl sl s slesk sl ko
*

o TA AM ICs» 3910, INCR 1IC

TNF PBUF+30+=ICs s FILL PBUF
TFM PBUF+54 363415 8B»
BTM POPTOP+1010 81154 INC STACK POINTERS
MM =ICs14410, CONVERT SYMTAB ADDRESS TO ABS ADDREESS
A 99 s SYMEAS 3 » AND PLACE AT TOP OF STACK
T —=SVP 399 4 4
TDM =STP s6G s
B7 BACK s 99 RETURN TO CONTROL

*

3k o ok o o ok 3k ok ok skl ok oK sk sk ok
#%TAKE RESULT ROUTI NEs3
AR RE e N MO NE R e R e N e AT o ey Nene R

S
TR AM ICe 3410 INCR IC
TNF PBUF+30+s=1ICas FILL PBUF
TFM PBUF+54 4 6359 8
BTM POPTOP 1010811 INC STACK POINTERS
MM =ICs14410, SET A TO ADDRESS VARIABLE
i i As 99 sy
A AsSYMBAS s »
B7 PUSH a9 e PUSH RESULT AND TYPE
-3
36 e 3 o e i 3 e e ok e ek ok 3k
*¥%¥PUSH ROUTINE %%
F 3 3 3 A0 e e ok sk ko ke 3
*

PUSH SM As9e 10
TD COMP gy —A s s

CcM COMP 30410 CHECK ADDRESSED VARIABLE TYPE
BNE *+324 99

PRA TRE1ss s ERROR = VARIABLE UNDEF INED

B7 HALT s 99 HALT TO CHECK ERROR

TD =STP sCOMP s s PUSH TYPE

CcM COMP s 1510

BE BACKss » NULL STRING = RETURN TO CONTROL

AM As9 910,



¥*MUSINT LISTING*

cM
BNE
TFL
B7
cM
BNE
TF
B7
cM
BE
PRA
87
TF
BTM
TF
SM
SM
TF
AM
LOOP10 SM
SM
TF
AM
AM
BNF
SF
B7
TF
BTM
SF
TF
CF
TF
CF
B7
*

COMP 92410,
*+3299 s
—SVPs—Ass
BACKss s
COMP 3 34 10 »
*+3299 9
=SVPs=Asss
BACKsas

COMP 37910
k+3299 9
TREZ2s 99

HALT 299

REF s=As »
GRABs0 10
—SVPyNODE2 4 s
AsS5s 10,

SVP ¢5410,
=SVPs=Ass
SVP 5410
REFs45 10
NODE2 3944510
—NODEZ2s—REF s »
REF 94 410 »
NODE2s 4910
#*+329 —REF 9y
—~NODEZ2 s 99
BACK s 99
NODE1s NODE2 4 o
GRABs0s 10
NODE2=3s14 9
=-NODE1s NODEZ2s »
NODE2=399 »
REF s —REF s o
REF—=34+ 9
LODP10ys s

ke e sl ok o sk sk ok ok sk sk s sk ke sk ok skok sk ke ok
*%xTAKE NUMBER ROUTI NE:k*
a4t s S e 36 0 sl e e ek i e o slede ok sfe etk ek sk

*

TN TFM
AM
TNF
AM
TNF
BTM
TRL
TDM

B7
A

PBUF+54 4 63554 8,
ICs7+10,
PBUF+384s=ICs s
ICs24+10,
PBUF+424=1ICas s
POPTOP +1010+811
=SVPs=ICys»

=STP 249

BACK s 99

e3¢ e e e 2 e 3 e e e e e ek e o e e ofe e e e e ok ko

**%*TAKE NUMBER ZERO ROUTINE®*
363 3¢ 3 e A e ol e e e e ek e e e e e e el ok

*
«TNO TFM
TFM
BTM

PBUF+56+704+10
PBUF+54,63554+8,
POPTOP»s1010+811»

PUSH NUMBER

RETURN TO CONTROL

PUSH BOOLEAN VALUE

RETURN TO CONTROL

ERROR IN TYPE CODE
HALT TO CHECK ERROR

STRING DESCRIPTOR

PAGE 2

GRAB NEXT AVAILABLE NODE
PUSH DESCRIPTOR ADDRESS

PUSH DESCRIPTOR LENGTH

RESET STACK VALUE POINTER

COPY ADDRESSED STRING

CORPY STRING UNIT VALUE

IN STRING AREA

CHECK REFERENCE NODE LINK

TERMINATE COPY
RETURN TO CONTROL

GRAB NEXT AVAILABLE NODE

SET LINK FIELD

CHAIN DDWN REFERENCE STRING

LOOP AGAIN

FILL PBUF

INC STACK POINTERS

PUSH VALUE
PUSH TYPE

RETURN TO CONTROL

FILL PBUF

INC STACK POINTERS



X¥MUSINT LISTING*

TFI. =SVP,FZERO s »
TDM =STPe2s
B7 BACK gy s s
sk
s e s sk 3 3k i okl o sk sk sk skl ki sk ok kokok X
x2xTAKE NUMBER ONE ROUTINE 3%
R R R e R e e e A &
%*
«TN1 TFM PBUF+56+s71s10 »
TFM PBUF+54,6355+8,
BTM POPTOPs1010+8 11,
TFL —=SVPsFONE s
TDM =STP 29 9
B7 BACKss o
3
MR EERE R R AR E A R A s
*%*TAKE BOOLEZAN ROUTI NEskk
3¢ i 3k s 3 3 ok 3 3 o 3 sk sk sk ok sk ok sk
£
«TB AM ICs2+10,
TNF PBUF+28¢—=ICseo
TFM PBUF+544+63424+8,
BTM POPTOPs1010+811,
TF =5VP¢=ICss
TDM —STP e 39
B7 BACK 99 9

ke
-~

s e ¢ 30 ke oK o o ok Sk ok sk sk kR

*%TAKE STRING ROUTINE::

R ERP R R R RN KRR RRRERR

%

1S TF 4 PBUF+54,:,6362 48,
BTM GRAB 04510,
BTM POPTOP 1010811,
TDM —STPe790
TF —SVP +sNODE2s s
TFM LENGTHs0 48,
TFEM COUNTsHs10,

LOOPB SM COUNT $1+10
AM ICs2+10,
BNR ADD1s~=ICss
CcM COUNTeSe10,
BNE %4444 99
SF =NODE1l 999
BTM RETURNs0s10,
B7 SETLTH s s s
SM ICs29 10,
SF INDse s
B7 OUT6E s s

ADD1 AM LENGTHs14s10,
CcM COUNT 930910,
BNE LOOPGE s 99

ouTe SM NODE2+44+10,
TF =NODE2 s=ICys s
AM NODEZ2 944910
BNF LINKsINDs s
MF =NODE2+IND s s

PAGE

PUSH VALUE
PUSH TYPE

RETURN TO CONTROL

FILL PBUF

INC STACK POINTERS
PUSH VALUE
PUSH TYPE
RETURN TO CONTROL

INCR IC
FILL PBUF

INC STACK POINTERS
PUSH VALUE
PUSH TYPE
RETURN TO CONTROL

FILL PBUF

GRAB A NODE

INC STACK POINTERS

PUSH STRING DESCRIPTOR TYPE
PUSH DESCRIPTOR ADDRESS FIELD

SELECT NEXT STRING CHUNK

RECORD MARK TERMINATES STRING
CHECK COUNT

ZERO CHUNK LENGTH - FLLAG TERMINAL NODE1

RETURN NODE2 TO AVAIL LIST

BRANCH TO SET DESCRIPTOR LENGTH FIELD

UP LENGTH

PACK CHUNK

SET TERMINAL NODE LINK FIELD



*MUSINT LISTING* PAGE 4

AM ICy29 10,
SETLTH SM SVP+54 100

TF —SVPsLENGTH e SET STRING DESCRIPTOR LENGTH FIELD
AM SVPs5s 10,
B7 BACK s 2 RETURN TO CONTROL
L INK TF NODE1s NODE2 s o
BTM GRABs+0s 10, GRAB A NODE
SF NODE2=3913 9 SET LINK FIELD
I =NODE 1sNODE2+s »

cF NODEZ2— 3939
AM ICs 1910

SF —ICasss
S™M ICs 14510,
B7 LOOP6=12499 LOOP BACK TO PACK NEXT CHUNK

-3

e 3 s sk sk s 3ok e sk sk sk sk sk sk o sk ko ko K
#*%TAKE NULL STRING ROUTINE %%
o sl sk e e ol A e sk ok i sl sl s sk sl sl s sl ok R

%
« TNS TFM PBUF+56+629104 FILL PBUF

TFM PBUF+54 4 63559y 3y
BTM POPTOP 1010 4811, INC STACK POINTERS
DM =—STPaelses SET NULL STRING TYPE DIGIT
B7 BACKss s RETURN TO CONTROL

st skt e s ok s s o o e skl 3ok dleok 3 sk o ok s 3 sk o 3k ok 3 ok ok s ke o ok ok e ok ok

*%SUBROUTINE TO RETURN C(NDDE2) TO AVAIL LIST:=x*

e e sl e s e s ek 3 i e sk e s kst sl s sk e o sk s 3K s 3 s e K s s s K 3K e e 3ok

Ed
Ds 2999

RETURN SF AVAIL=39s 9
TF -NODE2 +s AVAIL s RESET LINK FIELD
TF AVAIL yNODE2+4 » RESET AVAIL
BB2 399 BRANCH BACK

&

s s sle s e st s e sl sle st e sl el she e sk sl sdesle sie s st sk skl ok skl sk s sk ok oSl oK e skl sl sk e sk koo e sk s stk st sk ok
*%SUBROUTINE TO SET C(NODEZ2) TO POINT TO NEXT AVAILABLE NODE:%x
sl sk e sk i o e 3k stk s sl ok sk K sk e ok ok ok e 3k ok sk sl ok sl s ok ok ok Rk e 3kl ool ok ok ok o ok 3 e skokok sk K K

¥
Ds 2999
GRAB BNF POPNODs AVAILSs s
TF NODE2s BOUND s » SET NDODEZ2
SM BOUND 16510 DEC STRING AREA BOUNDARY
CM BOUNDs SVP s » CHECK BOURND
BL 4+1449 909
BB2 K] BRANCK BACK
PRA STREl sss ERROR - CORE OVERFLOW
B7 HALT 99 s HALT TO CHECK ERROR
POPNOD TF NODEZ2 sAVAILSs s SET NODEZ2
§ = AV AILs—=AVAIL s POP AVAIL STACK
CF AVAIL=3s 3
BB2 399 BRANCH BACK
*

3 3 3 o 3 3ok e e e ¢ e e e vfe e e e e e e e e e e e sl e e e ok ek e ek ok

#%*INDEX ADDRESSs INDEX RESULT ROUTINES**
36 23 3¢ e Aok e 3 e e e e e e e o desde ek de e e e ko okok s e ke e ek ke

*



¥MUSINT LISTING*

e IND

TESTZ2

ADDR

OUT BND

TFM
TDM
™D
cM
BNE
cM
BE
PRA
B7
SM
cM
BE
PRA
B7
AM
SF
BTM
AM
B7
cM
BE
PRA
B7
TF
SM
TD
cM
BE
PRA
B7
AM
TD
BNF
TF
CF
B7
TF

BE
PRA
B7
AM
TF

AM
AM
TF
CF
TDM

TF

Cc™
BNL
PRA
B7
AM

PBUF+54 449559 849

DIMe 1911

COMP ¢ =STP s s

COMP 923104
ADDR 9 s s
—SVP +s03s10 4
+329 90
INDE1s s
HALT s »»

SVP 69104
=SVP 303109 »
¥+ 32990
INDEG s9 s
HALT 99 ¢

SVP 15105,
=SVP s s

POPTOPs 100548

DIMe 19104
TESTZ2 29
COMP 365410
*¥+329 9
INDEZ2s 99
HALT s 99
As=SVP s
AsT 104
COMP s—As s s
COMP s 491049
#+3299 9
INDE3 s» »
HALT 399
AslelODas
COMP 9—As 9 »
w+l4d e COMP 9 o

BASE+STKEAS s 9

COMP 9 99
#*+2099 9

BASEs SYMBASs s »

COMP ¢DIMy s »
*+329 9
INDE%s 99
HALT s s 9
Asbdys 104,
WesBASEs s
Wes—Ass s
SVP s8 910 »
As 49109
As—=As»
A=3999
A=4409119
Ay BASE 99
LOs=SVP sss
LOs=As»
LOs0s 10,
%+ 3299
INDES s9 s
HALT 99 s
Asbds10sy

PAGE 5

FILL PBUF
SET DIM TO -1

ERROR = INDEX NOT AN INTEGER
HALT TO CHECK ERROR

ERROR — INDEX MAGNITUDE GT 9999
HALT TO CHECK ERROR

DEC STACK POINTERS

CHECK TYPE

ERROR = NOT ADDRESS

HALT TO CHECK ERROR

SET A TO ADDR APPROPRIATE TYPE DIGIT

CHECK TYPE DIGIT

ERROR = NOT AW
HALT TO CHECK ERROR

SET BASE

CHECK DIMENSION

ERROR = DIMENSION DISCREPANCY
HALT TO CHECK ERROR

SET W TDO ADDRESS FIRST ARRAY ELT

SET A TO ADDRESS SMF

CALCULATE LO

CHECK LOWER BOUND
ERROR - INDEX OUTSIDE BOUNDS
HALT TO CHECK ERROR



*MUS INT

ke
-

TESTOP

INDR

2D

LISTING*®

(& —SVPs—=Asss
BH ODUTBND s 9 »
BD 2Ds DI Ms o
T AsWaeoss

A A=1+L0s s
SM SVPs8s 104
BD INDRy=ICy s
TFM PBUF+584+4441 48,
TE —SVPsAs s
TDM =STPs6 s
B7 BACK s 29
TFM PBUF+584+4459 48,
B7 PUSH s s 9

AM As4s10 9,
AM SVPs10s10,
TF Ll1s=SVP s
S Lle=Asos

CcM L1s0s10ss
BL OUTBNDs 99
AM Asde 10 99

(47 =SVPs—=As»
BH OUTBND 9 s »
AM Asdel0ay
SM SVPs 189104
M —As LO 5

A 99 sl 19 99
SF 969 99

TE AsWaess

A A=19995 9
B7 TESTOP s s

e 3¢ 3k s e s o s e ok sl sk ok e ook koK
#¥%ST+STA RODUTINS Sk*
ke e ek gock e skskesk

s

ST

STA

TFM
TF
TF
BTM
D
cMm
BE
PRA
B7
TF
BT
cM
BE
BTM
B7
TFM
TD
cM
BNE
TFL
B7
TF

PBUF+54+,6263+89 »

TORPVsSVP sy
TOPTsSTP s

POPTOP#+1010+8,
COMP s—STP s s

COMP s 69 10 »
*+ 3299 9
STE1s 9
HALT s9 s
As=SVP s »

STORsTOPVss

=ICel13+10,
STAsse

POPTOP+ 101048,

BACKss »

PBUF+56941410,
=STP sCOMP 44
COMP 9291049

X+ 32499

=SVP s =TOPV s

BACK 99 9

=SVPs=TOPVsy»

PAGE

CHECK UPPER BOUND

BYPASS IF 2 DIMENSIONAL ARRAY
SET A TO ADDRESS ARRAY ELT

PLACE ARRAY ELT ADDRESS ON STACK
PLACE AA TYPE DIGIT ON STACZK
RETURN TO CONTROL

PUSH RESULT AND TYPE

CALCULATE L1

CHECK LOWER BOUND

CHECK UPPER BOUND

SET A TD ADDRESS ARRAY ELT

FILL PBUF

DEC STACK POINTERS
CHECK STORE ADDRESS TYPE

ERROR - NOT ABSOLUTE ADDRESS
HALT TO CHECK ERROR

SET A TO ADDRESS STORE TYPE POSITION

STORE TOP STACK TYPE AND VAL UE
CHECK 0P CODE

DEC STACK POINTERS
RETURN TO CONTROL
STA OP

SHIFT DOWN TYPE
SHIFT DOWN VALUE

RETURN TO CONTROL



¥MUSINT LISTING PAGE 7

B7 BACK s 99 RETURN TO CONTROL
*

Sz e o e e o sk e s sl e sl e she e e e sk sl s s e sl ke e e e e e sl e s e sl e e Sl e e e Beae sesle e e 3 e sl B de e e e e e s e e e e e e e e e
*%SUBROUTINE TO STORE VALUE (+ TYPE) ADDRESSED BY C(STOR-1) IN C(A)*%
sk 3 3k s 3k sk ok s ok s 3 sk sl Sk e i i ke sk sl s i sl e e sl e ok sk sk sk el sl ke sl sl s s s s s sl e ek ok e sk sk ek e o e ok ke o
%

DS S99
STOR TF TOPTsSTOR=149 SET TOP TYPE POINTER

SM TOPTs9s10

SM As9s 10

TD COMP s —As»

TD —As=TOPTs s STORE TYPE

AM As94s10,

CcM COMP 47 s10 4 CHECK REPLACED TYPE

BNE NOTSTRs s »

TF NODE2s=As s STRING TYPE - RETURN STRING UNITS
B7 IND s s » TO AVAIL LIST

LOOP9 'TF NODE1s NODEZ2 s »
[ K3 NODEZ2 +=NODEZ2+y »
CF NODE2=33219 9

TE -NODE1+AVAILs »

TF AV AILs NODE1 o »
ING SF AVAIL=39 9

BNF LOOP9s—=NODE2 s

TF —=NODEZ2+s AVAILY »

TF AVAILsNODE2 s s |
NOTSTR TD COMP 4 =TOPT s »

CcM COMP 31910, CHECK TYPE OF VALUE TO BE STORED
BH F+149 90
BB2 199 TYPE UNDEF OR NULL STRING = BRANCH BACK

CM COMP 92910
BNE X+ 26999
TFL —Ay—=STOR+14 NUMBER - STORE (TFL)
BB2 199 BRANCH BACK
cM COMP 3 3+ 10
BNE ¥+ 26909 9
BOOL TE —As—=STOR+ 14 BOOLEAN VALUE - STORE (TF)
BB2 99 BRANCH BACK
cM COMP 374910
BE ¥+3299 9

PRA STEZ2s s ERROR IN TYPE CODE
B7 HALT 9 HALT TO CHECK ERROR
T —As—=STOR+1s» STRING DESCRIPTOR = STORE ADDRESS

SM AsSe 10,
SM STOR=1+45910,

TF —As=STOR+149 STORE LENGTH
AM AsSs10
BB2 299 BRANCH BACK

*

e s e 3k 3 ok e e o ke e oo ek sk

¥RVALUE IS ROUTINE#*x

s ok s e s ok o o ok ok ok ok e skl

*

VI TFM PBUF+549.65494+84 4 FILL PBUF

TF AsRAW 99 SET A TD ADDRESS FUNCTION VALUE POSN
SM Ay 10410,
BT STORsSVP s STORE FUNCTION VALUE



*MUSINT LISTING=x=

BTM POPTOPs+ 101048
B7 BACKss s
%
3k 3 s 3 e o e ok sk sk e e sk ik ok sk sk sk sk ok Ok
*#UNCONDITIONAL JUMP ROUTI NE3k2
s o s ek ok ok sk o ook sk oK 3K ek 6k o 3Kk oK K K KK
ES
sUJ AM ICes4410,
TFM PBUF+54 +6451 s By
TNF PBUF+32+s=ICys»
BTM RESET sBACK s s
s
s e s ok e s s sk ek i s s sk s s sk sk sk ok sk
*%*BRANCH ADDRESS ROUTI NE==
A dR AR R R g R A e R AR R e AR KRR AR R
<
«BA TFM PBUF+54 424145 B,
AM ICes44910,
TNF PBUF+32+=1ICs»
TD COMP ¢y=5TP 9 9
cM COMP ¢ =349 10 »
BE POPOUT 999
POP BTM™M POPTOPs 101048
TD COMP ¢=5TP o9
CcM COMP 9 6910
BNE POP sy
POPOUT BTM POPTOPs 101048
BTM RESETsBACKss
s
e e e s et o ok o sk ok e sk ok sk ek ok oK
¥%IF FALSE JUMP ROUTINE*
3R B 3 N BT N R s Ak e e e e ek e s e o e

ol
s

«IFJ TD COMP 4=STP 44
CM COMP ¢ 391049
BE X+ 32999
PRA IFJEL 99 »
B7 HALT 39 s
AM ICels 104
TFM PBUF+56+514+10,
TFM PBUF+54 445469 By »
TNF PBUF+32+=ICs»
CcM —SVPs1,510,
BE ¥+24 4999
BTM RESET s%+ 1249 s
BTM POPTOP 31010 ¢8
B7 BACK s 59
#
F6 e e e N N e N e ek ook e e e e s e s e ek
**%SUBROUTINE TO RESET ICx*
ek s sk 3k sk ok ok sk ok o oKk ek ok Kok sk ok ok
*x

DS Sess

RESET TF LOs=ICyss
TE ICsILBASEs»
A ICsLOs s

SM ICs 14510,

PAGE

POP STACK TYPE AND VALUE
RETURN TO CONTROL

INCR IC
FILL PBUF

RESET IC AND RETURN TO CONTROL

FILL PBUF

CHECK. TP STACK TYRE

POP STACK TYPE AND VALUE
CHECK TOP STACK TYPRPE

EXIT LODP IF ADDRESS TYPE
POP STACK TYPE AND VALUE
RESET IC AND RETURN TO CONTROL

CHECK TOP STACK TYPE

ERROR - NOT BOOLEAN
HALT TO CHECK ERROR
INCR IC

FILL PBUF

CHECK TOP BOOLEAN VALUE

FALSE - RESET 1IC
DEC STACK POINTERS
RETURN TO CONTROL

SPACE FOR BRANCH DUT ADDRESS
SAVE IL PARAMETER

TRANSMIT BASE

ADD PARAMETER

SUBTRACT ONE



¥MUSINT LISTING*

B7

4

E

—RESET+1s9

e e S A 3 oo e ok kK
*%0P ROUTINES#*#*

sk sk ok e skl ok ok oo ok

X

«0OP AM
TFM
TNF
TFM
A
B7

* % 3

«TAB2 DS
DSA

DSA

DSA
DSA

sle
L

3

« ANDOR BTM
M
BE
TDOM
Cc
BNE
TF
TDM
B7

ES

ICy»y24 10,
PEBUF+5445657 989 9
PBUF+28s—ICs»
TABLEZ 9 TABZ29711
TASLLE2=1+=ICs s
—TABLEZ2+ 9 s

s ¥ =54

PAGE

BRANCH BACK

INCR 1IC
FILL PBUF

RESET TABLEZ2
SET UP TABLEZ2 BRANCH ADDRESS

BRANCH

c%0P BRANCHING TABL E2 3k sk sk seske s o sk siosk e o sk sk sl ook s 3 ofoke skl sk skoskosk ok

¢ ANDOR Q3o ANDOR 30 s« NOT s 09 «RELLs0 s « REL
Os eREL 90 e eRELI0 9 eREL303seRELsO4eCAT
DeeADD 30 9 e SUB 902 e MULTs 09 «aDIVs09eINTDV

03 sNEG

5030 5 0 0K 0 N S e Ne N g e ek
*AND 9 OR ROUTINZ S*3*
S

CHEC33+10,
—ICs24+10,
#+2499 9
DIGselas
—TOPVsDIG s
¥+24 e 9y
—SVP+DIGs s
DIGe0 s
BACKss s

3 ok 3k 3 3ok 3 3 3ok 3 ok ok
#%NOT ROUTINE %3

RS E T E
%
eNOT TD COMP 4=STP 4

CM COMP 3 39104 »
BE #+3299 9
PRA NOTElsss
B7 HALT 999
BD *¥+329~SVP s
TDM —=SVPslss
B7 BACK s s 9
TDM =SVP 30 s
B7 BACK s 9

%

e s s e o sk s sk o ok e ok ok ek ok ok ok kR skokok
*XEQeNE s GT9GEsLTosLE ROUTINES*x%
s s ok o 3 ok ok e ok o ok sk okeok skl ok sk ook ke skok skokok ok

*
«REL TFM
TF

TD

TESTSV=1sBACK
OP 4=ICss
COMP ¢ =S5TP s »

TYPES
STACK VALUE AND

CHECK TOP 2 STACK
RESET NEXT TO TOP

RESET 16
RETURN TO CONTROL

CHECK TOP STACK TYPE

ERROR - NOT BOOLEAN
HALT TO CHECK ERROR
COMPLEMENT TOP STACK VALUE

RETURN TO CONTROL

RETURN TO CONTROL

FILL BRANCH OUT ADDRESS
STORE OP

POP



¥MUSINT LISTING* PAGE 10

cM COMP 92910 CHECK TOP STACK TYPE
BNE STRELs s NOT NUMBER = TO STR RELATIONAL ROUTINE
BTM CH=ZCs 2510 OTHERWISE CHECK TOP 2 STACK TYPES
TDM —=S5TP 3 FILL BDOLEAN TYPE
TFM EDIF 4049 CALCULATE EXPONENT DIFFERENCE
A EDIF s—=SVP 59
B7 K+149 9
DS G999 SPACE FOR BRANCH OUT ADDRESS
TESTSV' S EDIF 3 =TOPVyss
SM TOPV 2410 TOPYV NOW POINTS TO TOP MANTISSA
cM EDIF 90910 COMPARE EXP DIFFERENCE WITH ZERO
BL LOW s 99 IESS
BE EQUAL 29 s EQUAL
HIGH BT EQNE+sTESTSV=14 GREATER - CHECK FOR EQ 0OR NE

CM EDIF+7910,
BL SCALEs s

T4 cM OPs75 10 CHECK 0P
BL FALSEs 39 FALSE IF LTsLE,OR EQ — OTHERWISE TRUE
TRUE TFM —SVPs 15100 SET TOP STACK VALUE TO TRUE
B7 =TESTSVELs s # BRANCH 0OUT
FALSE TFM —=SVPs04+10, SET TOP STACK VALUE TO FALSE
B7 =TESTSV+L ey BRANCH 0OUT
SCALLE TFM LODsMAC » SCALE AND COMPARE MANTISSAS
A LODsEDIF s

TF MAC+—=BOTVses
MF —LODsMAC S »

c —LODs~=TOPV s s
BH Tlass BOT GREATER - 0OP TEST 1
BL T390 TOP GREATER — DP TEST 3
B7 T2ae9 EQUAL - OP TEST 2
EQUAL G =BOTV+=TOPVas COMPARE MANTISSAS
BL LOW=12999 BOT LESS
BE T29 9 EQUAL — OP TEST 2
TFM EDIFs10910y BOT GREATER
B7 HIGHs 99
T2 CcM OP 384910 CHECK 0P
BE TRUEs s TRUE 1IF GE
CcM OP 7410
BNL FALSE s FALSE IF NE OR GT
CcM OP 944510
BH TRUEs s TRUE IF LE OR EQ
B7 FALSEs s FALSE IF LT
TFM EDIFs+=104510»
LOW BT EQNE+TESTSV=1s+s CHECK FOR EQ OR NE

CM EDIF¢=74+10,
BH SCOMP gy 99

T3 CHM OPs69 10 CHECK OP
BL TRUE 399 TRUE IF LT OR LE
BE FALSE s9 9 FALSE IF EQ
CcM OP 973100
BE TRUEs 99 TRUE 1IF NE
B7 FALSEs 99 FALSE IF GT OR GE
SCOMP TFM LODsMACs s SCALE AND COMPARE MANTISSAS
S LODJEDIF 4

TF MAC s =TOPV e »
MF —LODsMAC s s
6l —BOTVs=L0ODys oy
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e

BH
BL
B7

Tls s
T3s9s
T29 39

¥ STRING RELATIONAL OPS3*x

S

STREL

LOOPSS

TEST9S5

T 13

TF
BTM
cMm
BMNE
TD
TDM
CcM
BE
cM
BE
PRA
B7
CM
BME
TD
TDM

BE
cM
BNE
TF
TF
SM
TF
SM
o
BE
BTM
BT
TF
BT
B7
SM
SM

BH
BL
AM
AM
TF
TF
CF
CF
BNF
B7
BNF
BNF
SM
SM

BE

TOPVsSVP s »
POPTOP 1010 +84
COMP s 1210
DESCRs 2
COMP s =S5TP s »
—STP 339
COMP s 1510
T2999
COMP ¢ 7910 s
Tless

STRLE 159
HALT 959 9
COMP ¢ 79104
DESCR=2014 39
COMP ¢ =STP s »
=STPs39»
COMP 9 1410
T3e909

COMP 37510,
DESCR=2049993
NODEL1 ¢=SVP s s
NODEZ2s—=TOPV s s
TORPVe 5910,
BOTVeSVP s
BOTVsS5Ss 10
—BOTVe—=TOPV s »
4244 99
EQNE+BACK 9 »
TAILsBOTVs s
BOTREMs TOPREMy »
TAILs TOPVy »
TEST95 999
NODEL 949 10
NODE2s 4910
=NODE 1+ —NODE2 9 »
Tlsses

T3s 99

NDODE19 4510,
NODEZ2 94910 s
NODE1s=NODE1 s
NODEZ2 s =NODEZ2+s »
NODE1=399 9
NODEZ2=3 99 s

¥+ 209—=NODE23s »
OUT9S5 99 s
LOOPO9S4~NODE1s s
T12=3 6+ —NODE2 s »
NODE 19 4910
NODEZ2 944510
BOTREMs TOPREMy »
Ti1Z299 s

BOT GREATER

BUT LESS =~
EQUAL -

SAVE TOP STACK VALUE POINTER

= O TEST 1
OP TEST 3

OP TEST 2

PAGE

11

DEC STACK TYPE AND VALUE POINTERS
CHECK TOP STACK TYPE

NULL STRING

NULL STRING

STR DESCRIPTOR =
INVALID STACK TYPE

HALT TO CHECK

ERROR =

STR DESCRIPTOR =

— SAVE NEXT STACK TYPE
FILL BOOLEAN TYPE
CHECK SAVED TYPE

- STRINGS EQUAL

BOT STR GT

ERROR

FILL BOOLEAN TYPE
CHECK SAVED TYPE

NULL STR =

DESCRIPTOR
NODE1

TORP STR GREATER

- CHECK STRINGS NODE BY
POINTS: TO BOT STR =

TOPY POTINTS TO TOP STR LENGTH

BOTV POINTS TO BOT STR LENGTH
COMPARE STRING LENGTHS

P TEST 2

UP: TEST 1

SAVE NEXT STACK TYPE

O TEST 2

NODE

NODEZ2 TO TOP

IF NOT EQUAL CHECK FDR EQ OR NE OP

AND THEN BRANCH INTO COMPARE LOOP

DEC NODE1

POINTER

DEC NODE2 POINTER
COMPARE NODE VALUES

BOT STR GREATER -

OP TEST 1

TOP STR GREATER - OP TEST 3

CHAIN DOWN

NODE2 FLAGGED

STRING LISTS

- CHECK FOR NODE1 FLAG
LOOP AGAIN IF NODEl1l UNFLAGGED

OTHERWISE CHECK FOR NODEZ2 FLAG

IF FLAG,

DEC NODE1 POINTER

DEC NODE2 POINTER
COMPARE STRING LENGTH REMAINDERS

EQUAL -

COMPARE NODE VALUES
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BH 4449 99

S NODEZ2s TOPREM s s TOPREM GREATER - ADJUST NODEZ2
A NODE2 +BOTREMs »
B7 Tl2s9s AND THEN COMPARE NODE VALUES
S NODE1 +BOTREM» o BOTREM GREATER - ADJUST NODE1
A NODE1s TOUPREM s
B7 Tl299 9 AND THEN COMPARE NODE VALUES
SM NODE1ls 4510, NO NODE2 FLAG = DEC NODE1 POINTER
SM NODE24+16+100 ADJUST NODEZ2 POINTER
A NODE2s BOTREMs»
Tlz2 C —~NODE 19 —=NODE2 s » COMPARE NODE VALUES
BL T3sss BOT STRING LESS = P TEST 3
BH Tlsoss BOT STRING GREATER - OP TEST 1
C —BOTVs=TOPVs s EQUAL = COMPARE STRING LENGTHS
BE TZ29 90 EQUAL - OP TEST 2
B7 =48 949 9 OTHERW ISE CHECK LESS DR GREATER
OUT95 BNF %+209 =NODE1 s »
B7 T13s9s NODE1 FLAGGED - BRANCH TO TEST 13
SM NODE2 944910, OTHERWISE DEC NODE2 POINTER
SM NODE1s 16910, ADJUST NODE1 POINTER
A NODE1 s TOPREM »
B7 T12999 9 AND THEN BRANCH TO COMPARE NODE VALUFES

x
*¥%SUBROUTINE TO FIND STRING LENGTH REMA INDER=**
e

DS 59999 SPACE FOR STRING LENGTH FIE_.D ADDRESS
TAIL LD 99, =TAIL+1ss

DM 96 36310 DIVIDE STRING LENGTH BY 6

T TOPREMes GG 9 » MULT IPLY REMAINDER BY 2

A TOPREM +99 4 4 AND STORE IN TOPREM

cM TOPREMs0D 910,

BNE K+ 28999

TFM TORPREMse 12+ 10 SET TO 12 IF ZERO

BB2 99 BRANCH BACK

ke
-

#*%*SUBROUTINE TO CHECK FOR EQ OR NE O0OP#%%*

%
DS S SPACE FOR BO ADDRESS IF EQ OR NE
EQNE cM OPs65 10 s CHECK 0OP
BNE *+32939s 9
TFM =SVPs0410, FALSE 1IF EQ
B7 —ENE+1999 BRANCH OUT
CcM OPs 79 10
BE *+ 1440
BB2 s
TFM =SVPslsl0, TRUE IF NE
B7 ~EQNE+139 BRANCH OUT
*
sl e s ok s ook o ok o ok
*%CAT ROUT INE **
Mgk kR kR kR
£
o« CAT TFM PBUF+56+63+10 FILL PBUF
TFM PBUF+544+4341 48,
TD COMP ¢ =STP s » STORE TOP STACK TYPE DIGIT
TF TOPVsSVP s SAVE TOP VALUE POINTER

BTM POPTOPs+1010+85 DEC STACK POINTERS
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CcMm COMP s 15105, CHECK TOP STACK TYPE

BE BACK s s NULL STRING = RETURN TO CONTROL
cM COMP ¢ 79109

BE 4+ 32999

STRERR PRA CATElsss ERROR = NOT STRING TYPE
B7 HALT 599 HALT TO CHECK ERROR
TF BOTVsSVP s SET PODINTERS

SM BOTVeSs 10

TE BOTSTRsSVP 5 9
TF TOPSTR «TOPV s »
SM TOPVe 5910,

TD COMP 3=STP s s

CcM COMP 9 1410, CHECK NEXT STACK TYPE

BNE *+56990

TDM =STP 79 NULL STRING - SHIFT DOWN TOP STACK TYPE
TF =BOTSTR+s=TOP STR s » SHIFT DDOWN STRING DESCRIPTDR ADDRESS

TF =BOTV+=TOPVss SHIFT DOWN STRING DESCRIPTOR LENGTH

B7 BACK s 9 RETURN TO CONTROL '

cM COMP ¢ 7910
BNE STRERR s 29

TF NODE1 +=BOTSTR s » SET NODE1
B7 TEST7s 99
CHAIN TF NODE1 y—NODE1l s » CHAIN DOWN TO TERMINAL NODE

CF NODE1=3s19 s
TEST7 BNF CHAINs=NODE1Ls »

TF NODE2+s=TOPSTRs s SET NDODEZ2

SF NODE2=3s 199 LINK 2 STRINGS

TF =NODE1 s NDDEZ2 9 »

CF NDDE2=349s9

LD 99 s—BOTVs s DIVIDE BOTTOM STRING LENGTH BY 6

DM 95969 10 9 9
SF 98 599

A —=BOTV+=TOPVs» ADD STRING LENGTHS

CM 9950510, CHECK DIVISION REMAINDER AGAINST O
BE BACK» s EQUAL - RETURN TO CONTROL

T BOTREM 399 44 STORE REMAINDER (DIGITS) IN BOTREM

MM BOTREMe 2+ 10,

SF OB 99 s

TF BOTREMs 994 4

LD 99 s=TOPVs s DIVIDE TOP STRING LENGTH BY &

DM 95969 10 s

SF 98 999

TF TOPREMs99 4 » STORE REMAINDER (DIGITS) IN TOPREM
MM TOPREMs 24510

SF 9Bs s

TF TOPREM 99 44

B7 TESTB ss s REPACK TOP STRING
LOOPSE BT REPACK +BOTREMs » REPACK NODE1

AM NODE2 43910,

A NODEZ2ys BOTREMs »

TF NODE1 s NODE24s »
TF NODEZ2s=NODEZ2 s »
CF NODE2=3s9
TEST8 BNF LOOP8s=NODEZ2 s
TF DIF +BOTREMys » TIDY UP END NODES
A DIF s TOPREMs »
SM DIF+12+10,
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%

HI

cM
BH
CF
SF
BTM
SM
SM
TF
TF
s
TF
AM
CF
B7
SF
BT
B7

DIF 40910

HI 9499

DIF a9 s
=NODE1 s s »
RETURNsO 910,
NODE1s 44910,
NODE2 944910
TEMP ¢—=NODE1 s s
=NODE 19 =NODE2 s »
NODE1s TOPREMs s
=NODE1s TEMP 4 »
NODE1s 1410,
=NODE 1999
BACK 39 9
~NODEZ2s s s
REPACKsDIF s »
BACK gy s »

s sk sl e deaie e ok ol e sk ok sk ok ok
*#*%REPACK SUBROUTI NE %3
3k o o o ok s o ok o ok sk Kok SOk kR K

%

%

REPACK

DS
SM
SM
S
TF
TF
A
SM
TF
AM
AM
MF
BB2

2evs

NODE1ls 4910
MDDEZ 94410,
NODEZ2sREPACK=19 9
TEMP ¢ =NODE1 s »
—NODE1l s —NODE24s »
NODEL1 s BOTREMgs »
NODE1s 12410
=NODE1s TEMP 4 4
NODE1s 19100
NODEZ2 914910
—NODEZ2 y—NODE1s s

LR

dekdekde g A e Rk ok
#%ADD ROUT I NE %%
e e 3 e o oK e e ol sk ok e ek

%

«ADD

BTM
cM
BNE
cM
BNE
sM
BV
A
BV
BNF
B7
TF
CF
TOM
TFM
TFM
TFM

CHECes 2910
—TOPVs0s10,
FLOAT a9
=SVP 303104
FLOAT 99
TOPVs2510,
*+129 90
—BOTVe=TOPVas ss
*+329 99
BACKsIND=1s»
ISVSUBs s »
MACs—BOTVs»
MAC—=5 99 »
MAC—=791911,
HOD s MAC=7 9 »
LODs MAC—1 4
EACs1 999

PAGE 14

NODE1 TERMINATES STRING
RETURN NODE2 TO AVAIL LIST
REPACK NODE1

RETURN TO CONTROL

REPACK NODE1 - NODE2 TERMINATES STRING
RETURN TO CONTROL

BRANCH BACK

CHECK TOP 2 STACK TYPES

INTEGER OPERANDS

INTEGER RESULT - RETURN TO CONTROL
RETURN TO ISV SUBROUTINE
OVERFLOW = FLOATING RESULT

SET PDINTERS B4 BRANCHING TO
RNS ROUT INE
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B7
%

ROUND 99 o

3R e e e e o e e et e e ek e e
*#FLOAT ING ADD ROUT INE*x

338 e e He e s e 3e e e A

%

FLOAT C
BNE
TF
TF
SM
TF
TF
87
TF
TF
SM
TF
TF
TF
cF
TDM
s
cM
BL
TF
TF
BNF
B7
TF
CF
TDM
TFM

MF
BV

MF
BNV
CF
TDM
TFM
TFM

AM
B7
cM
BE

SETPTS TFM
TFM
B7

STZ TFL
CF
BNF
B7

s 3 e ek ok kR sk

—SVP s =TOPV s
*+80 999
EPs—TOPVs s
EQes—=SVP s,
TOPVe 2910,
MACs=TOPVss
MQs —BOT Vs
*+68 999
EPs—=SVP s »
EQs=TOPVs s
TOPVs2s10,
MACs=BOTVss
MQs =TOPV s s
EDIF sEP s
EDIF=1s139
EDIF—=2904s11,
EDIF+EQe
EDIF ¢8210 5,
E+569 99
—BOTVes MACs »
—SVPsEP s
BACKsIND=149
ISVSUBy 5
EAC+sEQss
EAC=1 99
EAC=2+0s115
LODs MAC s o
LODeEDIF s
=LODy MAC s s
¥+ 12999
=LDDy MQ s »
INDe=LODas s
#4929 0
MAC=65149 99
MAC=7 91911
HODes MAC=7 s s
LODsMAC=14
EACSEDIF s
EACs1 410,
RNSs s
—LODs04+ 10,
STZss»
EAC+EDIFas o
LODs MACq s
HOD s MAC—614 »
RNSs s

—=SVP sFZERO s »
INDs 9o

BACKys IND=1 9y
ISVSUBysss

PAGE

BRANCH TO ROUND

FLOATING POINT OPERANDS
EP GE EQ

CALCULATE EXPONENT DIFFERENCE

LARGE DIFFERENCE IN EXPONENTS
RETURN TO CONTROL

RETURN TO ISV SUBROUTINE
SCALE

ADD
STORE SIGN OF SUM

OVERFL OW

SET POINTERS BEFORE BRANCHING TO
RNS ROUTINE

NO OVERFLOW

SET POINTERS B4 BRANCHING TO

RNS ROUTINE

STORE ZERO RESULT

RETURN TO CONTROL
RETURN TO ISV SUBROUTINE

15
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PAGE 16

33k 3k 3 ok S e ko R e ekl sk ek ok sk sk skl kR kR Rk sk
#**%¥ROUNDs NORMALISEs AND STORE ROUTINE3<x*
e 3 e e o 34 sk e sk ofe ol i e ok e s sk sfesk sl sle sl stk i sk ol skl sl ol ook ok

*

RNS BD *+569 =HOD s »

AM HODs 1410,

AM LODs14+10

SM EACs 1510,

B7 RNS s s

SF —HODs s s
ROUND AM LODs 1410

BV #+1299 9

AM =L0Ds 591049

BV #+3299 9
SM LODs1410s
B7 NORMg s o
Ch =HODs 29
SM HODs 1510,
TDM =HODs 1011,
SM LODs 2+ 10
AM EACs1 410

NORM BD EXPONs=LODy »

CF =HODsy 9
SM HODge 1510

TDM =HODsOells

SM LODs1s 10
AM EAC91910,
B7 NORMgey o

EXPON BD #+20: EAC—29 9

B7 STOREs 99

BNF OFLOW sEACs »

PRA UFLOss

TFL ~SVP sFZERDO s 9 »
B7 STORE+ 48449

OFLOW PRA OFLO s 99 »

TFM =LOD+ALL9Ss

TFM EAC 299410
STORE TF —BOTVs—=LODs »

MF =BOTV +INDy s

SF EAC=1s 99
TF -SVPsEAC s »

BE MAC+ 1S5+ ZERO=34»

CF MAC+1 99

BNF #4209 IND—=19 s

B7 ISVSUBs s s

BNF BACK s INFLAG 9 »

CF INFLAGs » 9
B7 INSTOR s
*
s ke ke ke o o e o ok ok e ke ke ok ook Kok ok
*¥*SUBTRACT ROUTINE #x
s e e e o o o o o o o sk ok ok sk
£
«SUB BTM NEGs0s 104

B7 eADD s 5 9
*

e 3 3 3¢ e A 3 e o e e 3 e e e e ek

REMOVE HIGH ORDER ZEROS
SHIET LEFT

ROUND

NO OVERFLOW

OVERFLOW

NORMAL ISE - REMOVE LOW ORDER ZEROS
SHIFT RIGHT

CHECK FOR EXPONENT OVERFLOW OR UNDERFLO

UNDERFLOW — PRINT WARNING MESSAGE
FILL WITH ZEROS

OVERFLOW = PRINT WARNING MESSAGE
FILL WITH NINES

STORE RESULT
STORE SIGN

TIDY UP

RETURN TO ISV SUBROUTINE IF NO IND-1 FL
RETURN TO CONTROL IF NO INPUT FLAG
OTHERWISE CLEAR INPUT FLAG

AND BRANCH TO STORE

NEGATE TOP STACK VALUE
BRANCH TO ADD ROUTINE
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#XMULT IPLY ROUTINE %%
s 3k ok 3 o ok 3 3 o sk ok sk ok o ok o kK K
%*
«MULT BTM CHEC«2+10
TF EACs=TOPVs »
CF EAC=149 9
TDM EAC=2+04s11%

A EACs—=SVP s
SM TOPVs 2510
M —-BOTVs—=TOPVas s

MF IND 99y o
CcM 99 504910
BE STZ s
cM EACs09 10
BNE ®¥+8049 99
CM 924+0510
BNE ®¥+569 99
SF 93999
TF —BOTV s99 4
TFM =SVPs0s10,
B7 BACK s o9
TF MACH7 9499 99
AM EAC 7 210 »
B7 SETPTS s s
%*
3 %3 e e e s e sk s e s e e
#*%DIVIDE ROUTINZ #x
R R R AR g

she
-

«DIV BETM CHEC+24+10
TF EAC+—SVP s
CF EAC=19 99
TDM EAC=24+0911,

S EACs=TOPVss
SM TOPVs 2910,
cM —=BOTVe0s10,
BE STZ s s

c™m —TOPVs04s10,

BNE +329 9
ZD1vV PRA DIVE1ls s
B7 HALT» 99
LD 91 +=BOTVs s
TFM 79904999
D 85+=TOPVas s
MF INDs924s s
TF MAC+84+929 9
B7 SETPTSsss
%
e o S A 3k e e s de e s e e e e e sfe ek e e e ke
#*%*INTEGER DIVIDE ROUTINE#*%
ek sk e s o ok ok ok ok sk s e e sk s ok ok o
*
« INTDV BTM CHECs 2910,
CM —TOPVs0510,
BNE *+369 99
CcM —SVP 04510,
BE *+329 90

PAGE

CHECK TOP 2 STACK TYPES
ADD EXPONENTS

MULTIPLY MANTISSAS
STORE SIGN OF PRODUCT

ZERD RESULT

STORE INTEGER RESULT

RETURN TO CONTROL

17

FLOATING RESULT = LOAD ACCUMULATOR

SET POINTERS

CHECK TGP 2 STACK T.YBES
SUBTRACT EXPONENTS

ZERDO DIVIDEND - ZERDO RESULT

ERROR = ZERO DIVISOR
HALT TO CHECK ERROR
LOAD DIV IDEND

DIVIDE

STORE SIGN OF QUOTIENT
TRANSFER RESULT TO ACCUMULATOR
SET POINTERS

CHECK TOP 2 STACK TYPES
CHECK INTEGER OPERANDS
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PRA IDIVEls s
B7 HALT 399
SM TOPVe2+10,

CcM —~BOTVs0s10,
BE STZ s s
CcM ~TOPVas0510 s

BE ZDIVa sy
LD 99 3=BOTVss
D 93 =TOP Vs
TF —BOTVs924
B7 BACK s 9 s

*

sk e ek sk e ke

*ENEG ROUT INE 3%

e ok e s g N oo e e e e e sk

3

s NEG TD COMP 3 =STP s »
cM COMP 429109
BE *+329 9
PRA NEGE1ls ss
B7 HALT o 90
BTM NEGs0s 10
B7 BACK s 9

=

e ok s e e Aol o e e sie sk e ek ke ek ok

PAGE

ERROR = NON INTEGER DPERAND
HALT TO CHECK ERROR

ZERD DIVIDEND - ZERO RESULT

ERROR - ZERO DIVISOR
LOAD DIVIDEND

DIVIDE

STORE RESULT

RETURN TO CONTROL

CHECK TOP STACK TYPE

ERROR = NOT NUMBER
HALT TO CHECK ERROR
NEGATE TORP STACK VALUE
RETURN TO CONTROL

e o e

**SUBROUTINE TO MEGATE TOP STACK VALUE=x*

sl o s ke sk ek Skl R ek

S

Ds 239

NEG TF TOPVsSVP s
SM TOPVe 2410,
BNF ¥+ 269=TOPV s »
CF =TOPV ss s
BB2 399
SF —TOPV ss s
BB2 399

ES

B e

3K R AR R R R R

NEGATE TOP STACK VALUE
CLEAR FLAG

BRANCH BACK

SET FLAG

BRANCH BACK

s st sk s e ke s s sk sl ok sl e sl s sk sl ook e s sk s sk 3k o ol sk s sk ok Sl sl sk o kel ok sk sl sk s stk ke ok ek
*FSUBROUTINE TO CHECK TOP 2 STACK TYPES AND SET POINTERSHX
sk i s e sk s ode s ok sk 3k sk o s ok ok ke skl sk ok sl Sl o sl sk st ok sk sl sk s sl skl oK Sk Kok skl ok s sk ok ok ok ok sk

%
DS 2a9
CHEEG TD COMP 3 =STPy»
Cc COMP sCHEC=134»
BNE %4609 99
SM STP+10+10,
TD COMP ¢ =STP s »
C COMP s CHEC—=14 »
BE *+329 90
PRA CHECEl s
B7 HALT s 99
TE TOPVsSVP s
SM SVP310+10,
TFE BOTVsSVP s
SM BOTV+2+10,
BB2 299

CHECK TOP STACK TYPE

CHECK NEXT STACK TYPE

ERROR = INCORRECT TYPE
HALT TO CHECK ERROR

BRANCH BACK

18
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PAGE 19

3 3 e e 3 S 3 e e e e ool sl e e e e e e ol e e e A e ofe e e o e ok slee e ok
**SUBROUTINE TO INC OR DEC STACK POINTERS#*3
A A e AR A s e ol s B e ook T e e e s e R oo e e e e e e o e e R Rk R

%
DS
POPTOP SF
S
MF
S
€
BNH
PRA
B7
BB2
B

boos
POPTOP=24 99
SVP sPOPTOP—14 »

PODRPTOP=3+POP TOP=19 s

STPR sPOPTOP—-31 »
SVP+BOUND s »
#+329 09
CORFLOss
HALT 5 29

s 3 e ok o s e o ok ok s sk ol ook ek sk sk sk e
#*%REPEAT-TIMES ROUTINE3%
s 3k 3k 3 o o e 3K ok ok 3k el s s e e ook skl sk

ke
L

«RT TFM
AM
TNF
AM
TNF
SM
TFE
SM
BNF
CHECNT CM
BH
HTM
RSETLN SM
AM
TF
B7
NF1 TD
CcM
BE
PRA
B7
cMm
BE
PRA
B7
TDM
B7
3

PBUF+544 5963484
ICe449 10,
PBUF+32+=ICas s
ICs 310,
PBUF+38+s=ICs»
ICe 3910,
TOPVsSVP s s
TOPVe2s10
NF1le=S5TPsoa
=TOPV 30410,
RSETLN s s 9
RESET +sBACK s »
~TOPVs 1510,
ICy 3410,
LNs=ICss
BACK s 99

COMP ¢=STP s
COMP 92910

*+ 32999
RTE19 99
HALT 99 9

—SVP 40,10,
*+3299 9
RTEZ29s 90

HALT 999
=STP+8s 11,
CHECNT s 9 »

¢ 3% 3¢ e e e e o 3¢ e e o e e e A ok oo e die e

**¥REPEAT-FOR ROUTINE*3*
e 3k 34 3 3 34 e 3 o ok ok i ok ok ok sk sk dokk

*
«RF TFM
AM
TNF
AM
TNF
SM

PBUF+5495946+8,
ICs44 10,
PBUF+32s—ICys
ICs 3910,
PBUF+38+=ICs»
ICs 3+ 10

SPACE FOR SVP:5TP DECS
SPLIT
POP VALUE

PDP TYPE
CHECK C(SVP) AGAINST C(BDUND)

IF GREATER CORE OVERFLOW
HALT
OTHERWISE BRANCH BACK

\
FILL PBUF

FLAG INDICATES LOOP ALREADY TRAVERSED
CHECK LOOP COUNT AGAINST ZERO
IF HIGH RESET LINE NUMBER

ELSE RESET IC TO BA ADDR AND RET TO CON
DEC LOOP COUNTER
RESET LINE NUMBER

RETURN TO CONTROL
NO FLAG INDICATES 1ST TRAVERSAL OF LOOP
CHECK LOUOP CONTROL TYPE |

ERROR = NOT NUMBER

ERROR = NOT INTEGER

BRANCH TO CHECK LOOP COUNT

FILL PBUF
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BNF NF2:=STP s FLAG INDICATES LOOP ALREADY TRAVERSFED
BTM 1ISVe304+10, INCREMENT LOOP VARIABLE
TFM OPsSs 10, TEST LOOP VARIABLE
SM TOPV +8+10
TFM EDIFs049,
A EDIF 9=SVP s
T SVRPsTOPV s
SM SVP4s104+10,
BTM TESTSVex+12s
TF TOPVsSVP s
AM SVP 20+10,
BD RSETLN+12¢=TOPV s
BTM RESET s BACK 9 »
NF2 AM IC+3+10,
BTM CHKSETs 3910
BTM POPTDOP $3020+811
SF =STPys s
B7 BACK 39 9

NOT END OF LOOP - RESET LINE NUMBER
ELSE RESET IC TO BA ADDR AND RET TO CON
NO FLAG INDICATES 1ST TRAVERSAL OF LOOP
CHK LOOP CONTROL TYPES + INIT LOOP VAR
RESET STACK POINTERS
SET FLAG AT TOP STACK TYPE POSITION
RETURN TO CONTROL
*
3¢ e e o Ae ol 3¢ S sl e Bk e Ao e e o el s o o e e s sl e e s ek ol ok
#%REPEAT-FOR=WITHOUT=TEST ROUT INE*%
s e s s e ok e o ok e Sk ook ok ok ko o ok oK oK
*
«RFWT TFM PBUF+54455946+3, FILL PBUF |
TFM PBUF+58 46663y 8 |
AM IC+43+10,
TNF PBUF+304+—=ICs»
BNF  NF3,=STP,s
BTM ISVs20s10,
TF  SVP,TOPV,,
AM  SVP,2,10,
B7  BACKsss RETURN TO CONTROL
* NO FLAG INDICATES 1ST LOOP TRAVERSAL

FLAG INDICATES LOOP ALREADY TRAVERSFED
INCREMENT LOOP VARIABLE
RESET SVP

NF 3 BTM CHKSETs24+10» CHK LOOP CONTROL TYPES + INIT LOOP VAR |
BTM POPTOP,2010s811, RESET STACK POINTERS
SF =STPas s SET FLAG AT TOP STACK TYPE POSITION

B7 BACK s s RETURN TO CONTROL |
e

3 sl A e 3 e e e e e e sl e e sl e s ke v ol 3 sk e sl sl 3je 3k i 3k ke e 3Nk sie sl sl e slesde ol i s sl el ol sde ol e sl e sk ol e sk s sl ol ok ok e e e ol sl 3k
¥**SUBROUTINE TO CHECK LOOP CONTROL TYPES + INITIALISE LOOP VARIABLE#*

33k Ak se Ak 36 ol sk sl sl sk R e ol sl sl e sl sl e sde sl ol e e e ol sk ale AR 3Rk AR e 3 3l ksl sl ol sl sl 3ol sdeoak sl ale ol e sl ke sl slesie e sie e ol ke sie sk sl ook ke sk 3k

*

DS 2999 SPACE FOR COUNT PARAMETER

CHKSET TF COUNTs CHKSET=14s» SET COUNT
TEST4 CcM COUNT s0 910, TEST COUNT
BE OUT499 9 EXIT LOOP IF ZERO
SM COUNT»14510, DEC COUNT
TD COMP 3—STP s CHECK TOP STACK TYPE
CcM COMP ¢ 2910
BE *+3299 9
PRA RFE1ls s ERROR = NOT NUMBER
B7 HALT 99 o
SM STP 910510, DEC STACK POINTERS
SM SVPs10+10,
B7 TEST4 99 e LOOP BACK
ouT4 TF Aes=SVP s SET A TO ADDRESS LOOP VARIABLE
AM SVP 10410, SET SVP TO ADDRESS INITIAL VALUE
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TFL —As=SVP s INITIALISE VALUE
SM As9s 10,

TDM =As29 s INITIALISE TYPE
BB2 299 BRANCH BACK

s
e e o ok ok o ok e ok ok sk ok ok s s s sl sk sk ook o sk ok ke sk ok ko ok o ok ok ok ok ok
*%SUBROUTINE TO INCREMENT LOOP VARIABLE*X

S she sl whe she sl e she she sl sl ale sk ade she S whe wle ale abe le ke sl oy sle ke e wle sl e sle e ahe sle e e e she sl e she
SRONEE A R AT R N0 505 A0 A0 3% RT 3K K AT N0 N0 AT A0 51 3% RRAT NK A R0 A0 A AT A% K S AT e A

%
DS 299 SPACE FOR PARAMETER
Isv TF TOPVsSVP s SET POINTERS
S SVPs ISV=1ss
TE SVP s =S5SVP s »
TF BOTVsSVP s
SM BOTVe2s10,
SF IND=19 99 SET FLAG AT IND-1
B7 e ADD+ 1295 9 BRANCH TO ADD ROUTINE
ISVSUB CF IND=19 99 CLEAR FLAG AT IND-=1
BB2 299 BRANCH BACK

ES

s e s s e i o 3k 3k sl ok kol ek ek ok ok ok
**%REPEAT-SET ROUT INE*:*
FRAC K AR A2 3 A o Aok AR 3R N oA AR AR HE A Nk

£
+RS AM ICs 2410,
TFM PBUF+54,5962438, FILL. PBUF
TNF PBUF+28+—=ICas
S SVP=19—1ICss SET A TO ADDRESS LOOP VARIABLE
TF As=SVPs s
BNF NF44=S5TP gy
AM SVP 310410, FLLAG INDICATES LODP ALREADY TRAVERSFD
AM —SVP 1910, INCREMENT SET LIST COUNT
5 =SVPe=ICys» CHECK AGAINST NDOe OF SET LIST ELTS
BNE NEXTELss»
T SVP +sSTP s » EQUAL
AM SVP 94510,
BTM FILLsOs10, FILL PBUF
SM IC+s3+10,
BTM RESET+sBACK s RESET IC TO BA ADDRESS AND RET TO CONTR
NEXTEL A SVP=13s=5VP s SET SVP TO ADDRESS NEXT SET LIST ELT

BT STOR s SVP s RESET LOOP VARIABLE
BTM FILLsOs10, FILL PBUF AND INCR IC
TF LNs=ICso» RESET LINE NUMBER
T SVPsSTPaes RESET SVP
AM SVP 9410
B7 BACKss 9 RETURN TO CONTROL

NF4 SF =STP s s NO FLAG INDICATES 1ST TRAVERSAL OF LDOOF
AM SVPs 1010,
BT STORsSVP s s INITIALISE LODP VARIABLE
BTM FILLs0Os10, FILL PBUF AND INCR IC
TFM —SVPs0s 10 SET LIST COUNT TO ZERD
B7 NF 4=32 99 RESET SVP AND RETURN

%*

sk ok e ok kol ok ko ok o ol ok o s sk sl ok e kol ok ok s ook o o sk sk ok ok ok skaleok ok kol kol K ok
¥%REPEAT-SET SUBROUTINE TO FILL PBUF AND INCR IC3**%
sl 3 s ok o o e 3 i 3 sk sk o s sl ksl st ke ok o e o s o ok ok 3ok ol s ek ok 3k ok sk ok 3k
*
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DS 2e9 9
FILL AM ICe44+10,
TNF PBUF+36s—1ICys s

AM IC+3+10,
TNF PBUF+42+s—1Cs»
BB2 199

3

ER SRR TS T

*%CASE ROUTINE %%

s e e e e e sk ke e o ek e e ok

%*
«CS TFM PBUF+544+43624+8»
AM ICs245 10,
TNF PBUF+28s—1Cs s
TFM COUNT 3910
TESTS CM COUNTs04+10,
BE OUTSs s
TD COMP 9=5TP s 9
CH COMP s 2910
BE #+ 32999
PRA CS=Z1s 9
B7 HALT ss 9
CcMm —5VPs0s 10
BE ¥+ 32999
PRA ESERsiee
B7 HALT 399
SM COUNT 31410,
BTM PORPTOP 10108,
B7 TESTS 99 s
ouTs AM SVP 284510,
TF TORPV e SVP 9 s
SM SVP43104+10
TF BOTVsSVP s
SM SVPs 10410y
C —SVPs—=TOPVs»
BNH %+ 32493
PRA CS=3s 9
B7 HALT 999
BV ¥+120 90
S =SVP s=BOTVs»
BNV #+329 90
PRA CSE 4999
B7 HALT 9 9
cMm =SVP 0410,
BNL *+3294 99
PRA CSES5ss s
B7 HALT s 99
C —SVPs—=ICss
BL %+329 9
PRA CSE6ss9
B7 HALT » s
RSETIC MM —-SVP+6s10,
SF 96999
A IC399,s

SM SVP s8 410
B7 BACKss s

PAGE 22

BRANCH BACK

FILl. PBLE

SET COUNT

CHECK
EXIT
CHECK

ERROR

ERROR

COUNT

I+ ZERD

TOP STACK TYPE

= NOT NUMBER

= NOT INTEGER

DEC COUNT

DEC STACK POINTERS
LOOP BACK

SET PODINTERS

CHECK

ERROR

UPPER CASE BOUND

= CASE CONTROL VALUE EXCEEDS U BM

TURN OFF OVERFLOW
SUBTRACT L BND FROM CASE CONTROL VAR

ERROR

CHECK

ERROR

CHECK

ERROR

RESET

- OVERFLOW

AGAINST ZERO

— CASE CONTROL VALUE BELOW L BND
AGAINST NOe OF CASE STATEMENTS
— EXCEEDS NDOe OF CASE STATEMENTS

IC

RETURN TO CONTROL
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ook o slesie o seote ok e ok ook skle sl ook ek sk skskoske ek sieok ok
Z%CASE-WITHOUT=BOUNDS ROUTINE%*:=
st e sk s sk o e ok sfe s e e ole slesie s skt skl o ok ok ek ok o
*

PAGE 23

+CSWB TFM PBUF+54,43629 8, FILL PBUF
TFM PBUF+58+6642 48,
AM ICs24 10,
TNF PBUF+28s=1ICs s
TD COMP ¢ =STP e » CHECK TOP STACK TYPE
CcM COMP 424104
BE X+329 99
PRA CSWBElsss ERROR = NOT NUMBER
B7 HALT s 9
CcM —~SVP 30410,
BE F+329 0
PRA CSWBEZ2sss ERROR = NOT INTEGER
B7 HAILT 5 29
BTM POPTOPs1002,8, DEC STACK POINTERS
CcM =SVPs 1510, CHECK CONTROL VARIABILLE AGAINST ONE
BNL =+3299 9
PRA CSWBE3sss ERROR = CASE CONTROL VALUE LESS THAN Obn
B7 HALT s9 s
C —SVPe+—=ICs» CHK CONTROL VAR AGAINST NOe OF CS STMTS
BNH #+ 32999
PRA CSWBE&4 449 ERROR - CONTROL VALUE GT NDe OF CS STMT
B7 HALT 99 9
SM —SVPs 1510,
B7 RSETICs s RESET 1lC

Bt Sz e e e e e e e e s e e e sk ek e Rk e

#RRETURN ADDRESS (PROCEDURE) ROUTINE*x*

e Y T T

5

«RAP TFM PBUF+56+57910, FILL PBUF

TFM PBUF+54 459414 849
BTM POPTOP 10064811, INC STACK POINTERS

FILRAW TDM —STP+9s s FILL RAW AND SET RAW POINTER
TF —SVP sRAW s »

AM SVP s4 410 »
TF RAWsSVP s
B7 BACK s s

=

RETURN TO CONTROL

e e sk e 38 3 ek e Ao e e e e e we e e ofe e o e ofe e e oo e e ke e e ok

**%*RETURN ADDRESS (FUNCTION)

ROUT I NE*x*

stk sk sk ok i s e s s s s ke ofe o ok s sk ool sk s o sl sl s s ok o el s ook K

2
eRAF TFM PBUF+56+46+10
TFM PBUF+54559414+84
BTM POPTOPs 10104811
TDM =STP 0 s
B7 FILRAW=12499
%*

s ok e i s oKk ok sk o ok o ek skl skl ok ek koK
*%CALL PROCEDURE ROUTI NE %%
ek ok ke e ok ok e ok ook o s e ook ok ok ok sk ok ok ek ok
*

«CP AM ICs 34510,

FILL PBUF

LEAVE SPACE FOR FUNCTION VALUE
SET TO UNDEFINED
FILL RAW AND SET RAW POINTER
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TFM PBUF+54,4357, 85 FILL PBUF

TNF PBUF+30+=ICs

MM —ICs14510, CONVERT SYMTAB ADDR TO ABSOLUTE ADDR
TF As 99 4y

A AsSYMBASs»

SM As TG 10,

TD COMP s —=A s

cMm COMP +5410

BE *+329 99

PRA CPElsss ERROR = NOT PAW

B7 HALT s s» HALT TO CHECK ERROR
AM As9910 9

AM ICe 2910 4
TNF PBUF+344s=ICs s

TF APs—=ICys s STORE NODe. OF ACTUAL PARAMETERS

S IC+I1LBASE s STORE RETURN Ie.Le ADDRESS IN RAW
SF IC=39s 19

TF —RAWsICs»

TFE ICy ILBASEs s SET I1eCe TO START OF PROCEDURE

A ICes—As

B7 BACK s 99 RETURN TO CONTROL

£

sk 3 o e ok sk s sie sl o e sk st o 3k skeole ok ol ok ksl ok
*%PROCEDURE ENTRY ROUTINE#:%
oo 0 o e e el i dle e s ole sle el e sle sl e sl e e e e 3

s
«PE AM ICs25 10,
TNF PBUF+28s—=ICs» FILL PBUF
TFM PBUF+54 457459 8
C AP 4=1Cs s COMPARE NOe OF AePeSe WITH NOe 0OF FaPaeS
BE +329 909
PRA PEE1lasss ERROR — NOe AsPeS NE NOe FePaS
B7 HALT s 5 HALT TO CHECK ERRDR
AM IC+2+10s
TNF PBUF+323s=1ICy
TF BVPsRAWs » SET BASE VALUE POINTER
TF BTP sRAWs » AND BASE TYPE POINTER
SM BTP+9s 1049
CcM —ICs04+10
BE BACKass »
A SVP=14=ICs» LEAVE SPACE FOR LOCAL VARIABLES
AM SVP+204310 4 AND STORAGE MAPPING FUNCTION
TF WVP sSVP s 9 SET WORKING VALUE PODINTER
B7 CLEARgs 9 SET LOCAL VARIABLE TYPES TODO UNDEFINED
*

e sk 3 e ke o sk 3 s ek ol sk e sk ol ol ol sk o ok ksl s sk sk ol o ok ol sk sk kol ok ook ok K
#*%TAKE LOCAL ADDRESSs TAKE LOCAL RESULT ROUTINES*%
s 3k e e 3k s ke 3k ok sk o sk ke ke sl ok ok sk o ok 3k sk s sk ok ok sk sl sl ok sk ok ke ok ok skokesk ok ok

*
5 1 CcM =ICes324+10

BE #+244 99
Sk INDs s IND FLAG INDICATES TLA OP
AM ICs24+ 10,
TFM PBUF+5446353+8s FILL PBUF
TNF PBUF+28s—=ICs»
TF LVP+sBVP sy SET LOCAL VARIABLE POINTERS

A LVP=14—ICs s
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TF LTPsLVP s »

SM LTP+9s 10,

BTM POPTOP»1010+811, INC STACK POINTERS
TD COMP s—LTP s s

BNF TLR sINDGg o

CF INDs 9s

TFEM PBUF+56941510, TLA OP
cM COMP 954510 » CHECK TYPE OF ADDRESSED VARIABLE
BL H+444 99
TF =SVPs=LVP 34 ADDRESS TYPE - PUSH THIS ADDRESS VALUE
TD —STPs—=LTP s
B7 BACK a9 s RETURN TO CONTROL
TDM —STP s 69 RESULT TYPE - PUSH LOCAL VARIABLE ADDR
TF —SVPsLVP s
B7 BACK s 9 RETURN TO CONTROL
TLR TFM PBUF+56+59+10y TLR OP
TEST3 cMm COMP 9 6910 » CHECK TYPE OF ADDRESSED VARTABLE
BNE 0OUT3s9s 9
TF LTP e=LVP 4 AA TYPE = CHAIN DOWN

TF LVPsLTP s
SM LTP +9+10
TD COMP ¢=LTP 99
B7 TEST3s9 s
ouT3 TF AsLVPs s
B7 PUSHs s PUSH RESULT AND TYPE
x
EEEEE R R EF R TR EE RS EE R EEE RS SRS
*#¥MAKE STORAGE FUNCTION ROUTINE®%
e s s s e e o 3k ok s ok sk e sl sl sl ek i s ok ok e e o ek o okl 3k

£

s« MSF AM ICs 491049
TFM PBUF+56+4645 10, FILL PBUF
TFM PBUF+54 45462y 8s
TNF PBUF+32s—=1ICs
TFE MFP s W VP 5 » SET MFP DEPENDING ON ARRAY DIMENSION
BD %+ 324—1ICoe s
SM MEP +12+ 10
B7 ®*+3299
SM MFP 94 910499
SF INDs ss IND FLAG INDICATES 2 DIMENSIONAL ARRAY
BTM LOADsOs10 CHECK AND LOAD INDEX VALUE
TF SIZE«+—MFP s
CF SIZE=39s9»
BTM DEC+0s105, DECREMENT POINTERS
BTM LOADs0910 CHECK AND LOAD INDEX VALUE
S SIZE ¢=MFP 99
AM SIZEs 1510,
cMm SIZE-34504+10
BE #4329 99

2BIG PRA MSFE1ls sy ERROR - ARRAY SIZE GT 999
B7 HALT s s HALT TO CHECK ERROR
SF SIZE=2499
BNF ARDUNDs IND s » BYPASS IF 1 DIMENSIONAL ARRAY
BTM DECs04s10, DECREMENT POINTERS
BTM LOADsO0s10, CHECK AND LOAD INDEX VALUE

TF ACCes—MFPs 29
BTM DEC 0910 DECREMENT POINTERS
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BTM LOADsO9s10s CHECK AND LOAD INDEX VALUE
TF —WVPsSIZE s FILL IN C1 IN SMF

CF ACC=3 99

S ACCoe=MFP gy CALCULATE ARRAY SIZE

AM ACCs14+10,

M SIZE+ACCy »

cM 96 909e 104 s
BNE 2BIGasss

SF 97999

TF SIZE 99949

AROUND SM ICe 2+ 10 DECREMENT IC
TF SVPsBVP s s CALCULATE TOP AW ADDRESS
A SVP=19=ICys

TF STPsSVP s
sSM STP 49410 9 »
AM ICs14104s

TD COUNT 9=ICws s SET COUNT TD NUMBER OF ARRAY IDENTIFIER
AM WWPs10410 s
S WVP s STKBAS » »
SF WV P=3s 99
T MFP sWVP 5 » SET MFP TO 4 DIGIT RELATIVE ADDRESS
SM MFPes264+10 s OF SMF
TEST I cMm COUNT 304910,
BE OUT1ases EXIT IF COUNT ZERO
TDOM =STPe 4 FILL IN ARRAY WURD
TF =~SVPsMFP s s
SM SVP 44510
TF —SVP sW VP s »

SM SVP s4 510
BNF ¥+ 32+INDs s
TDM =SVPys 1yl
B7 *+20 999

TDM =SVPs0s11,

A WV P=1sSIZE, » RESERVE SPACE FOR ARRAY ELTS
SM COUNT 91410, DEC COUNT
SM SVPs25 104 DEC STACK POINTERS TO ADDRESS NEXT AW

SM STP 1010,
B7 TEST1s 9

ouT 1 CF INDss s CLEAR IND FLAG
cr WVP—=3s 99
A WVP +STKBAS s »
AM WWPs10+10, LEAVE SPACE FOR SMF

T SVP sWVP s »

TE STP+STKBASs »

A STPR s MFP 5 »

AM STPs7+10,

AM ICs 1510,

B7 CLEARs 9 SET ARRAY ELT TYPES TO UNDEF INED
ES
e s e o e ke s s s ke s i ok s o s sk ol s sk e s ook s s sk ok sk o ok oK ok Kok ok ok sl okl 3k kol o ok ok skl sk ok ok ek ok
¥¥MSF SUBROUTINE TO DECREMENT MFP BY 4, SVP BY 8, AND STP BY 103
3 e 3 3 e 3 3k B o e o e e e 3l e e e s e e e e e sie o e el e e e e e sl sk ol Ne s e s sesie s el ol e e e e e v sl e e e e e ek sk
%

Ds 2999
DEC SM MFP 344104 DEC MFP
SM SVP+8s 109 DEC SVP

SM STP+10s1049 DEC STP
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BB2 s 99 BRANCH BACK
*
sk e 3k s e s o i ok sl ik 3l ol e sk ke sk ok sk ok ke st ke ok ok ke ek K K K ok K
*¥EMSF SUBROUTINE TO CHECK AND I_OAD INDEX VALUE:xX
Ao o e 3 Ak sl s s s o oy sl i e e i sl sk e e sfe e e e e sl al e ol o e e e e e st ek e ok kol ok
£

DS 299
LOAD TD COMP 3=—STP 99

CcM COMP 42510

BE *+ 32999

PRA MSFEZ2 99 ERROR - INDEX NOT NUMBER
B7 HALT 99 » HALT TO CHECK ERROR

CcMm =SVP 301054 »

BE *+ 32999

PRA MSEE3 99 ERROR = INDEX NOT INTEGER
B7 HALT 999 HALT TO CHECK ERROR

SM SVP 46 910 4

CMm —SVP 04510 94

BE: #+329 9

PRA MSFE49s 99 ERROR = INDEX MAGNITUDE GT 9999
B7 HALT » 59 HALT TO CHECK ERROR

AM SVPs1s104ss

SF —SVP s se

AM SVP 335104

TF ~MFPy=SVP 4 LOAD INDEX VALUE

BB2 199 BRANCH BACK

Py
% 3 % e koo He ok % A ok ok e o
¥ERETURN ROUTINE =3
s 35 e s ook o sk sl o skl sk ok sk o oK

#*
«RE TFM PBUF+5445945484 FILL PBUF

TF SVP +BVP 4 » RESET STACK POINTERS
Tk STP+sBTP sy
BTM POPTOPs 101048,
TE IC+»ILBASE s RESET 1IC
A ICs=RAWs »
SM RAWa» 451044
TE RAW s =RAW s » RESET RAW POINTER
TF BVPsRAWs s RESET BASE VALUE POINTER
TF BTP sRAWs » RESET BASE TYPE PODINTER
SM BTP$93 1049
B7 BACK s 9 RETURN TO CONTROL

*

e 3 e e o o e o o ok ok ol ok ok sl ol ol ok ok i sk skl ol ok sl 3o ok ik ok ol o ok e ok el ook e ok s ke e ol ok ko ok
®*%SUBROUTINE TO SET TYPE CODES OF STACK VARIABLES TO UNDEF INED%x%
e 3 e e ok o i skl 3 ik el ok sk ko o sl i ok ke ol oK ok R e ok ol ok ok ik ol ol ok s i ok el s ol o ok o sk ik 3K ok ok oK ok
o

CLEAR C SVP 4 BOUND s o CHECK C(SVP) AGAINST C(BOUND)
BNH %+3244 9
PRA CORFLDy s » IF GREATERs CORE OVERFLOW
B7 HALT 99 » HALT
T TOPTsWVP s s OTHERWISE SET TEST POINTER
SM TOPT 29410
LOOP11 AM STP 10510, INCR TYPE POINTER
TDM =STPs0 s CLEAR TYPE POSITION

C STP+TOPTs TEST
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BNE LOOP11ss s
AM STP+20510
B7 BACK s 9 9

%

ek i 3 o o 3 3 3 sk e o sk skl ek e

XENEWPAGE ROUTINE sk
e e e e 3k Ak sk B e e e sfee deske 3k

*
s NP TFM PBUF+54 455574+ 8»
BTM OUTPUT ¢%+124
SKIP s199
B7 BACKss »
ES

HOR A AR AR R R AR AR AR R Rk KR
**NEWL INE ROUTINE**
e 523 e 30N N K e e RN e K

ke
-

o NL TFM PBUF+5445553+8,
AM I1Cs 24510,

TNF PBUF+28s—1Case
BTM OUTPUTs®+129s
TF COUNTes—=ICoss
SPIM +199

SM COUNTe 19410

cM COUNT 904910

BE BACKs9 s

B7 SKIPL s

SKIPL

3

S sk e e S o 3k 3 ool e oK ek o

%*%SPACE ROU TINE sk

sk o ke o ok ok ok ok ko ok kol

3

«SP TFM PBUF+54 4 62579 8,
AM ICs2+10s
TNF PBUF+2843s—1ICs»
SF SPFLGy 59
MM —=ICs2410
BT PBFMAN $99 4 9
B7 BACK s 29

se

ook sk ek o e o o ok K kK

*%TAB ROUT INE sk

e e R g N e ek e e ek g

#

«TAB AM ICs 3510,
TFM PBUF+54,6342 48,
TNF PBUF+304+s=ICs
CM —ICs120+9,
BL #+329 99
PRA TBE1lss»
B7 HALT s 59

TFM PBUFMK +PBUFF=24

A PBUFMKs=ICs»
A PBUFMK s=ICas s
B7 BACK s 9 ¢

s

SET STP TO ADDR TOP' STACK
RETURN TO CONTROL

FILL PBUF

PRINT AND CLEAR PBUFF
SKIP TO NEWPAGE
RETURN TO CONTROL

FILL PBUF

PRINT AND CLEAR PBUFF

SET SKIP COUNT

SKIP A LINE

DEC COUNT

CHECK

RETURN TO CONTROL IF ZERO
OTHERWISE LOOP AGAIN

SET SPACE FLAG

INC PBUFF MARKER
RETURN TOD CONTROL

INC 1IC
FILL PBUF

CHECK TAB PARAMETER

OK IF LESS THAN 120
OTHERW ISE ERROR

HALT TO CHECK ERROR
RESET PBUFF MARKER

RETURN TO CONTROL

e i 3 3 e e i e 3 e sfe e e el e e e e sje ofe s oje e e e s sk ke ook ko R Rk kK

PAGE 28

TYPE PGESITTON
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PAGE

*%*SUBROUTINE TO PRINT AND CLEAR PBUFF %3
s 3 3 3 e sl e o e s e s sl s ok sk ok ok sk o sk s sk skt ol sk o ok ok sk ok

%
DS Sess

QUTPUT CM PBUFMKsPBUFF=244
BNH —=0OUTPUT+14s99
PRAS PBUFF s4ss
TFM PBUFMK sPBUFF=24
TFM P1sPBUFF=249

LODP30 AM P15s10510%
TF ~P1+sZERD—-8 s
CcMm P1lsPBUFF+238 4,
BE —0OUTPUT+ 199
B7 LOOP30 s

*

SPACE FOR RETURN ADDRESS
CHECK PBUFF CONTENTS
BRANCH BACK IF EMPTY
OTHERWISE PRINT CONTENTS
RESET PBUFF MARKER

SET WORKING POINTER
CLEAR PBUFF

Mo ne e e e e e e Ak e e e o ek e e e el e
*%kPRINT BUFFER MANAGER SUBROUT INE#*%
s sk e ok 3 e i o ko o ek s ke sk ol sk ki ok e ok ok sk ok ok ok ok ok

P

DS Ag g
PBFMAN A PBUFMKsPBFMAN=1 5 »
cM PBUFMK s PBUFF+238 4
BNH #+589 99
BNF WARN s ARRAY s »
TFM OUTPUT=19+x+20 5
B7 OUTPUT s 99
SPIM s1l9
BNF PBFMAN s SPFLGs s
CF SPFLG s
BB2 199
WARN PRA PRZ 1y 99
B7 PBFMAN+48 ¢ 9 9

e
»

SRR Rk e e sk e e e e ek e ke
X INPUT=-0UTPUT LOAD ROUTINES:H®
st e e 3 el o e sk e sl sl e e el sl sk ol e sl ke ke ok e ok
- 3

RDSW DC 3909
PR SW DS sRDSW =14
PRCSW Ds sRDSW=24 9
«RD BD 20500 sRDSW s s
TFM RDSWsl 49
CALL LINKs MUSRDs20500
«PR BD 205003 PRSWs s
TFM RDSWs 1049
CALL LINKsMUSPR,s20500
«PRC BD 20500 yPRCSWs s
TFM RDSW»100:9,
CALL LINKs MUSPRC+20500
*
sede e e e 3 s o s ke o ok ok o
X XEND ROUT INE %3
33k S e e o seok sk ek skokok
*
DORG 17500495 s
«END TFM PBUF+563444 109
TFM PBUF+54 34555, 8+

SPACE FOR PARAMETER
INC BUF MARKER
CHECK AGAINST BUFFER END

{ PB UFMK

WARNING IF LINE OFLO AND NO

PRINT AND CLEAR
SKIP A LINE

BRANCH BACK

READ SWITCH

PRINT SWITCH

PRINT CONTROL SWITCH

READ ROUTINE IN CORE IF RDSW ON
OTHERWISE SET RDSW AND CALL IN

PRINT ROUTINE IN CORE IF PRSW ON
OTHERWISE SET PRSW AND CALL IN

PRC RODUTINE IN CORE IF PRCSW ON
OTHERWISE SET PRCSW AND CAUL. IN

FILL PBUF

a9

PBUFF AND RESET BUF

INCREMENT) |

ARRAY FLAG

MAIR



*MUSINT LISTING*

BTM OUTPUTs%+124

BNC2 *+2449 4

PRA PBUF s 29

WATY MUSEND 99

RCTY s

CALL EXITseso
MUSEND DAC
£
RS AT AR AR AR AT AT AR R LA AR AT A A MK
*MAIN CONTROL ROUTINE3*
s s s s 3 ek o e 3k 3 s el sk el s koK o

als
3R

DORG 17800 99 »

BNC2 *+2439 9

PRA PBUF 9 99

BNC3 START—=12s 9

PRN 30001 99

PRN 30141y

PRN —SYMBAS s »

PRN PRINTs s

PRN PRINT+1444 30

AM ICs2s10,

START TNF PBUF+10+ICas
TMNF PBUF+22+s—ICas s
TF TABLE1=1s=1ICys»
CF TABLE1—=24 99
TF PBUF+42 s ZERDy »
TF M PBUF+58:,0+8,
B7 —TABLEl s s

BACK

b3
sicale sl ot s s e e sk sl i e e sk sk

XDECLARAT T ON Sat sk s 3¢ 3¢ de e 5 o ol 38 30k 3 3 sl ofe 3o 50 38 38 25 56 e i 3o 3 3¢ 3o s 3 3 3 s 3¢ s ofe oo of e 3¢ ¢ oie e e ol oy sl e e 3iasie o

Ao sl e o ol e sk e e skekosok

%
DORG 18200 +9»

HALT DS s o END+ 244 »
PRINT DS IR

PBUFF DAS 12049

DAC 1e'ss

PBUFMK DS Se9s

= DS Sese

P1 DS Ss99

SPFLLG DC 2909

FPAT DC T30 111 EIOIL1LEES Y ey
POINT DS Ssess

I DS 2ess

FALBUF DC 1094641536245,
TRUBUF DC 10 463596445004 »
BOOBUF DS Sses

REPFLG DC 290499

RCOUNT DS LR

ICM DS Sess

TOT DS 399

TOT2 DS 3e 99

REPCNT DS Seso

BEFORE DS S99

AFTER DS 399

15sPHASE COMPLETE "4
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PRINT AND CLEAR PBUFF

PRINT PBUF IF SWITCH 2 ON

BYPASS IF SWITCH 3 OFF
PRINT STACK

PRINT SYMBOL TABLE
PRINT VARIABLES

INCR IC

SET UP TABLE1l BRANCH ADDRESS

BRANCH

PRINT BUFFER

PRINT BUFFER MARKER

WORK ING POINTER

WORKING POINTER

SPACE FLAG

FREE F—-FORMAT PATTERN
WORK ING POINTER

WORKING INDEX

FALSE BUFFER

TRUE BUFFER

BOOLEAN BUFFER POINTER
REPLICATE FLAG

REPLICATE COUNT
INSTRUCT ION COUNTER MARKER
TOTAL

TWICE TOTAL

REP COUNT POINTER

BEFORE DECIMAL COUNT

AFTER DECIMAL COUNT



#MUS INT

XC
SIGFLG
EFLG
NFLG
PFILG
OFLG
XL
SBUFMK
INFLAG
ARR AY
RBUF
RBUFMK
MCOUNT
NUMBER
NACC
AC DUNT
EXP

X ARE A
SAREA
STRING
i+

SVP
sTP
TOPV
TOPT
LN
BOTV

A

RAW

AP

BvVE
BTP
VP
LTP

wv P
MF P
LENGTH
NODE 1
NODE 2
REF
AVAIL
BOUND
TOPSTR
BOTSTR
TOPREM
BOTREM
DIF
TEMP
COUNT
SYMBAS
ARBASE
ILB ASE
STKBAS
BASE
SIZE
ACC
DIM

LISTING*

DS 3099

DC 293099
DC 23049
DC 2309
DC 23049
DC 230499
DS Sees

DS Ss9s

DC 23099
DC 29049
DAS 80990
DS S99

bDs 2eae

Ds 5999

DC 109049 »
DS HGyese

DS S99

DC 3909
DC 14509
DS 59909

Ds Sess

DS 5999

Ds Sess

DS S99

DS Seas

DC 5350499
DS Se9s

DS Se99

DE 58099
DS 2999

DS 599

DS S99
Ds S5s9

DS S99

DS Sesa
DS S99

DS Sess

DC 59300004
DC 54300004 »
Ds 5999

DC S59=04
DC 59399994,
DS Ssss

DS Sess

Ds 299

DS 2999

DS 29

DS 1299
DC 29099
DC 5492580049
DS 22406 99
DS 224119
Ds 22416 99
DS Sses

DC 59090
DC 5909

RC

20 99
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EXPONENT COUNT
SIGNIF ICANCE FLAG
EXPONENT FLAG
NEGATIVE FLAG

PLUS FLAG

ZERO FLAG

EXPONENT LENGTH
STRING BUFFER MARKER
INPUT FLAG

ARRAY INPUT FLAG
READ BUFFER

READ BUFFER MARKER
MANT ISSA COUNT

NUMBER ACCUMULATOR
ARRAY COUNT
EXPONENT SUILD POINTER
EXPONENT BUILD AREA
STRING BUILD AREA
STRING BUILD PODINTER
INSTRUCTION COUNTER
STACK VALUE POINTER
STACK TYPE POINTER
POINTER TO TOP STACK VALUE
POINTER TO TOP STACK TYPE
LINE NUMBER
BOTTOM VALUE
ABSOLUTE ADDRESS
RETURN ADDRESS WORD
ACTUAL PARAMETERS
BASE VALUE POINTER
BASE TYPE POINTER
LOCAL VALUE POINTER
LOCAL TYPE POINTER
WORK ING VALUE POINTER
MAPPING FUNCTION POINTER
STRING LENGTH
NODE POINTERS

- LINK(C(NODE1)) = C(NODE2)
REFERENCE NODE
AVAILABLE LIST POINTER
LOWER STRING AREA BOUNDARY
TOP STRING
BOTTOM STRING
TOP STRING LENGTH REMAINDER
BOTTOM STRING LENGTH REMAINDER

TEMPORARY STORE

SYMBOL TABLE BASE

ARRAY BASE

INTERMEDIATE LANGUAGE BASE
STACK BASE

ARRAY SIZE
ACCUMULATOR
ARRAY DIMENSION



*MUS INT

W

LO
0%
TABLE1
TABLEZ2
COMP
oP

IND

MAC

HOD
0D
EAC
=P
EQ
MQ
EDIF
UFLLO
OFLO
DIG

FZERO

FONE
PBUF
ZERO
ALLS9S
CORFLO
HE AD
x

¥ RERROR Sx#sssk

*
TRE1
TR=Z2
STE1
STE2
IFJE1
NOTE1
NEGE1
DIVE1
IDIVE1
STRLE1
CHECE1
CPE1
PEE1
MSFE 1
MS FEZ2
MSFE3
MS FE4
INDE1
INDE2
INDE3
INDE4
INDES
INDEG6

TLE1

LISTING=* PAGE

Ds
DS
DS
DC
DS
DC
DS
DC
DC
Ds
DC
Ds
DS
DC
Ds
Ds
DS
Ds
DAC
DAC
DC
DC
DC
DC
DC
DAC
DC
DC
DAC
DAC

DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC

S99 ADDRESS OF FIRST ARRAY ELT
LR Y]

499

5 4=20000+4 BRANCHING TABLE 1
S BRANCHING TABLE 2
29099 COMPARE

2999 OPERATOR CODE

230490 INDICATOR

IELE

T MANTISSA ACCUMULATOR
15409 s

S HIGH ORDER DIGIT

Ses LOW ORDER DIGIT
35099 EXPONENT ACCUMULATOR
2999 EXPONENT P

2as EXPONENT Q

Tas MANT ISS5A Q

3 s EXPONENT DIFFERENCE

10y UNDERFLOW" 4o
Qs OVERFLOW?Y 5 »

29099 DIGIT

79049

290 99 FLOATING POINT ZERD
Tolas

23099 FLOATING POINT ONE
31 "y
18309 909

7 99999900 4 4
14y CORE OVERFLOW"' 44
28 3 i o2 INS TR OPY 34

R R SRR R R R AR K

63y TR El1's
6sTR E2"'4 s
Gy ST El's»
6+ST E2' s
TelFJ E1%Y g
TsNDT E1"'e s
TeNEG E11" 4
TsDIV E1"'"s»
8+ IDIV El1"s»
8ySTRL E1',
9s CHECK E1',
69CP El1'ss
6sPE E1'4
T7TsMSF E1°
T+ MSF E2°!
TeMSF E3 Vs
TesMSF E4" 44
7sIND E1'5»
7+ IND E2"' 9
7+IND E3"4
T+ IND E4" 9
TesIND ES5' s
Ts IND E6" s

6+sTL E1' 90

*e
L

32
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3
*%0P BRANMCHING TABLE 13k ki

£ 3

RTE1
RTEZ2
RF=1
CSE1
CSE2
CSE3
CSE4
CSES
CSES
CSWBE1
CSWBEZ2
CSWBE3
CSWBE&4
STRE1
CATE]1
RDE1
RDE2
RDES3
RDE4
TBE1
PR=1
PREZ2
PRE3
PRCE1
PRCEZ2
PRCE3
PRCE4

DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC

DORG
DsA
DSA
DSA
DSA
DSA
DSA
DSA
DsA
DSA

DEND

6+sRT E1°"
69 RT E2¢
6+RF E1's
6+CS E1',
bsGS E29
64CS E3V4 s
63CS E4 Ve
H3CS EBYay
6+CS E6BE" e
BsCSWB E1's
BsCSWB E2"4 s
8sCSWEB E3's
8sCSWB E4'ss
73STR E11%' 4.
T7sCAT El1'ss
6sRD E1',44
69RD EZ2" 49
6eRD E3's
6H4RD E4 Y4,
6sTB E1's
64PR E1'ey
6EePR E2%4
EsPR E3"'s
7sPRC E1*
TsPRC E20
7sPRC E3!
7 +PRC E4°

- -
- * @ @

-
- .

*« a @

3*

TEOBR NS N0 R NN NOOR R mue ek

20006 99 9

oLN9DeseTAS0 9eTRs0seTNs0Os«TNO
OseTN130seTBesDeseTSs0DeeTNSs0Oyse IND
D9 eINDs0seSTe0D9eSTe0Ds0s0seVI
DselUJ2303eBA30 2elFJs03e0P s Dy «RT

D9 eRF3 03 RFWT909eRS30 3eCSse 0y CSWB
DseRAP a0 2 e RAF 4109 CP 303+ 09 0sePE

D9 eTL3O0seTL 909 eMSF+09eRED e END
OseRDs0 s ePR90 9 ePRCs09seNPy 0y oNL
DOseSPs0seTAB

BEGIN
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%

ook e 3ok 3 ek e oo ke ok sl sk ol ok ok ok
*%INTERFACE ROUTINE *3%
e sk o 6 3 ok oK ok ok e e % ool sk ke ok

2
DORG 20500 49 »
BEGIN WATY MUSGOs 9
RCTY 999
sk

#%PRINT DIAGNOSTIC HEADING=*
*

SKIP 31

BNC2 SETUPs s

PRA HEAD s 59

SPIM 9399

e
E-4

#xINITIAL I ZE%:x
%
SETUP TFM QOUTPUT=14%4+204»
B7 CUTPUT+ 36999
TFM RBUFMKsRBUF+1584

CF MAC+1 99 s
e IND—=1s 9
TF ICs ILBASE

AM ICs1410,
TF SVP s STKEAS s »
4 STP+STKBASs »
SM STRP 9,10,

*

#xCLLEAR ARRAY AREAx==

S
b i P+sARBASE s »

TEST8S € Pes ILBASE s

BNL STARTs9e
TDM =P 3049
AM Psl0s 10,
B7 TEST85 99

PAGE 34

PRINT HEADING

CLEAR PRINT BUFFER AND INITIALISE MARKE

INITIALISE READ BUFFER MARKER

INITIALISE 1IC

SET STACK POINTERS

INITIALTZE WORKING POINTER

TEST P AGAINST I.Le BASE

IF GE, BRANCH TO START INTERPRETING
OTHERW ISE SET ARRAY ELT TO UNDEFINED
INC POINTER

AND LOOP AGAIN

MUSGO DAC 269 MUSSEL INTERPRETIVE PHASE!' s,



*MUSINT LISTING*

%

¢ s ol sl o 3k skok ok sk ek K

*%READ ROUTINE 3%
3¢ s i 3 e s s ook Kok ok

*

DORG
TFM
TD
CM
BE
PRA
B7
TF
SM
TD
CcM
BNE
BTM
AM
READIN TFM
TFM
TFM
TF
SM
BTM
BT
BE
BTM
BE
CcM
BNE
SF
B7
BNR
B7
cM
BE
CM
BE
CM
ENE
TDM
B7
CcMm
BE
TDM
DECHEC CM
BE
M
BE
INCHEC PRA
B7
*

2050049 99

PBUF+54 459444 8,

COMP 4=S5TP 99
COMP s 69 10 »
4+ 329909
RD=Z14 99
HALT a9 0
Asy=SVP s,
As9s 10,
COMP ¢ —A 9 »
COMP 94910,
READIN=1299»
ARSUBs READIN s
AsFe10s
MCOUNT 30410 »
EAC+0 99,

NUMBER s NACC—=9 4 »

BOTVeSVP s
BOTVeZ2410,
BUMANs 1910,
DIG7 ¢RBUFMK ¢ »
NUMg g o

COMCHA 910410
READIN+ 269 s
—RBUFMKs204+10,
*+329 99

INDs s
READIN+369 49
4+ 20 9—RBUFMK 99
STR s 9 9
—RBUFMKs4 64910,
BOO+204 9 »
—RBUFMKs639 10
BOD s s »
—RBUFMKs239 10,
#+329 9

=STP 304
INSTORs s »
—RBUFMKs04910
#=329 99

—STP 24
—RBUFMKs 3910,
REAL s s
=RBUF MK 454510 »
EXPDgss s
RDE24s 99

HALT 999

PAGE 35

FILL PBUF
CHECK TOP STACK. TYPE

ERROR = NOT ADDRESS

HALT TO CHECK ERROR
SAVE ADDRESS

CHECK ADDRESSED LOCATION CONTENT TYRE
BRANCH TO INPUT IF NDT ARRAY WORD
OTHERWISE PREPARE FOR ARRAY INPUT

INITIALISE = MANTISSA COUNT
EXPONENT ACCUMULATOR
MANTISSA BUILD POINTER

INC BUF MARKER
CHECK FOR DIGIT

DIGIT - BRANCH TD ASSEMBLE AND STORE WU
OTHERW ISE CHECK NEXT CHARACTER

+ = BACK TO READIN

MINUS = STORE

THEN BACK TO READIN

STRING DELIMITER = BRANCH TO PACK STRIN

BOOLEAN FALSE - TO BOOLEAN ROUTINE

BOOLEAN TRUE - TO BOOLEAN ROUTINE

COMMA = NULL INPUT = SET TYPE UNDEFINED
AND BRANCH TO STOR

BLANK = NULL INPUT
STORE NUMBER TYPE

DECIMAL POINT = BRANCH TO REAL ROUTINE
E = BRANCH TO EXPONENT ROUTINE

ERROR = INCORRECT INPUT FORM
HALT TO CHECK ERROR

3 s e 3¢ 3 e 3 s e o s sleafe ol s ek sk skl ok ok o skl 3 skl o ok 3k koK

*%ASSEMBLLE AND STORE NUMBER ROUT INE %3
3 3k 3 4 sk 3k 3 3 ok 3 ook o sk 3 3k ke ke sl e ok 3k ook 3k ol ok ok s ek

2



*MUS INT

NUM
LDOP20

ZERO

PACKO

SKIPEE

ouT 20

LOOP21

nuT21

PACKIN

INSTOR

INT

LISTING*

TDM —STPs2s s

AM RBUFMK 91410
BD OUT 20 y—RBUFMK s »
BTM BUFMAN 914 10,
BT DIG7 s RBUFMK 9
BE LOOP20 s 99

BTM COMCHA s 3910
BE REAL 99 »

CM —RBUF MK 9 45410 o
BE SKIPEE 399

cM —RBUFMK 923410 »
BE PACKOs 99

cM —RBUF MK 909 10
BNE INCHEC 25 s

i —SVPsFZERDOs s
B7? INSTOR 299

BTM BUFMANs 1510
BTM COMCHA+234510,
BE PACKO 29 »

CcHM —RBUFMKs0 910 s
BE PACKO 39 9

B7 SKIPEE s 99

AM RBUFMKs 1910,
AM NUMEER s15 10,
TD —NUMBER s = RBUF MK » »
CF —NUMBER s 9 »

AM MCOUNTs 1510,
BTM BUFMAN 14510,
CM MCOUNTs84+ 10
BE LOCP21 99

BT DIG7 s RBUFMK g »
BE QUT20=1249 99

B7 DUT21 99

BT DIG7 sRBUFMK s o
BNE OUT21 99 s

BTM BUFMAN 324 10
AM EACs1+10

B7 LOOP21 99

BTM COMCHA+ 23510,
BE PACKINgsss

CcM —RBUFMK s0 4910
BNE DECHEC s 9 9

cM MCOUNT 8510,
BL INTe s

PRA RDE&4 5 59

TF MAC+1s~-NUMBER s »
AM EACs1+10,

TFM HODs MAC—614
TFM LODsMAC s »

SF INFLAG s s s

B7 RNS s »

BT STORsSVP s s

B7 ARCHEC s » »

TFL =SVPsFZERDOs s

A —-BOTV s—NUMBER s »
MF —-BOTVs INDs s

B7 INSTORs 9 »
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STORE NUMBER TYPE

LOOP TO SKIP OVER NON SIG ZEROS
1ST SIG DIG - BRANCH 0QOUT

INC BUF MARKER

CHECK FOR DIGIT

LOOP AGAIN IF DIGIT

OTHERWISE CHECK NEXT CHARACTER

DECIMAL POINT - BRANCH TO REAL

E = SKIP EXPONENT PART

ERROR IF NOT COMMA OR BLANK
OTHERWISE PACK ZERO

THEN BRANCH TO STORE

SKIP OVER EXPONENT PART
CHECK NEXT CHARACTER

PACK ZEROD IF COMMA

PACK ZERO IF BLANK
OTHERWISE LOOP AGAIN
INC BUF MARKER

PACK NEXT DIGIT

INC MANTISSA COUNT

INC BUF MARKER

CHECK MANTISSA COUNT

IF 8 TGNORE REMAINING DIGITS
OTHERWISE CHECK FOR DIGIT
LOOP AGAIN IF DIGIT
DTHERWISE TERMINATE
CHECK FOR DIGIT
TERMINATE INTEGER PHASE
OTHERWISE INC BUF MARKER
INC EXPONENT ACCUMULATOR
AND LOOP AGAIN

TERMINATE

IF NOT

CHECK FOR DECIMAL IF NOT COMMA OR

INTEGER PHASE

INTEGER PHASE - CHK NEXT CHAR

BLANK

OTHERWISE PACK INTEGER = CHECK MCOUNT

STORE INTEGER IF LESS THAN 8
OTHERWISE PRINT WARNING ERROR
THEN ROUND AND STORE REAL

SET INPUT FLAG

BRANCH TO ROUND AND NORMALTISE
BRANCH TO STORE

BRANCH TO ARRAY CHECK

STORE INTEGER

PACK MANTISSA

APPEND SIGN

BRANCH TO STORE
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s
e e e 3 3 e e 2 e s de e sl e e e e e e e s e e e e desie e e e
¥ ASSEMBLE AND STORE REAL ROUT INE*x*
e 3¢ e e e ne e s e e e e sk nese e sl e e e e e e e o e e e e B N

%

RE AL cM MCOUNT s04+ 10 CHECK MANTISSA COUNT AGAINST O

BNE 0OUT22+60 949 IF ZERO SKIP OVER LEADING ZEROS
LOOP22 BTM BUFMANs1,510, INC BUF MARKER

BT DIG7 s RBUFMK 9 » CHECK FOR DIGIT

BNE ZEROss» EXIT IF NOT

AM RBUFMKs 1510 OTHERWISE CHECK DIGIT

BD DUT22s ~RBUF MK » BRANCH OUT IF NON ZERO

SM EACs1410 OTHERWISE DEC EXPONENT ACCUMULATOR

B7 LOOP22 s 49 AND LODOP AGAIN
LOOP23 CM MCOUNT 8410 CHECK MANTISSA COUNT AGAINST 8

BE SKIPOs s IF EQUAL SKIP OVER REMAINING DIGITS
our22  AM NUMBERs 19410 OTHERWISE PACK NEW DIGIT

AM MCOUNT 91910

TD —NUMBER s —RBUF MK 5 »

CF —NUMBER s s »

SM EACs 110,

BTM BUFMANSs 14310, INC BUF MARKER

BT DIG7 s RBUFMK s CHECK FOR DIGIT

BNE ENDREs 99 IF NOT TERMINATE REAL PHASE

AM RBUFMKs 1410 OTHERWISE INC BUF MARKER

B7 LODP23s 9 AND LOOP AGAIN
SKIPO BTM BUMANs 19410, IGNORE REMAINING DIGITS

BT DIG7 sRBUFMK g » CHECK FOR DIGIT

BNE ENDRE s 9 » IF NOT TERMINATE REAL PHASE

BTM BUFMAN 2210 OTHERW ISE INC BUF MARKER

B7 SKIPO+1299 AND LOOP AGAIN
ENDRE BTM COMCHA 45410 TERMINATE REAL PHASE - CHECZK NEXT CHAR

BE EXPOys s I E BRANCH TO EXPONENT ROUTINE
COMCHK CM —RBUFMK 23510, IF COMMA OR BLANK PACK REAL

BE PACKREs 29

CM -RBUFMK 0 410 »

BNE INCHECs 9 » OTHERWISE ERROR
PACKRE CM MCOUNT ¢85 10 » PACK REAL

BE PACKIN+24s 9

TF MACSsFZERO=24 s

A MAC s =NUMBER 9 »

TFM HODs MAC—619s

TFM LODsMAC s »

SF INFLAG s SET INPUT FLAG

B7 NORMy o o BRANCH TO NORMALISE AND STORE ROUTINE

%

ek o 3o s e ek 3k ke ok ok ok e ke ek

¥ ¥EXPONENT ROUT INE*3%
33 S e o e ek i R R R AR B KR

3
EXPO TFM EXP+sXAREA=294» SET EXPONENT BUILD POINTER
BTM BUFMANgs1ls 10, INC BUF MARKER
BT DIG7 s RBUFMK s » CHECK FOR DIGIT
BE LOOP24 449 BRANCH AROUND IF DIGIT
BTM COMCHAs 104510, OTHERWISE CHECK CHARACTER
BE EXPO+129¢4 IGNDORE +

cM -RBUF MK 204+10 »



¥MUSINT LISTING=

BNE INCHECsy 5 »
SF IND—=13 99

B7 EXPO+124+ 99

LOOP24 AM RBUFMKs1410,
BD LOOP25s —RBUFMK s »
BTM BUFMANs1s 10,
BT DIG7 s REUFMK 9 o

BE LOOP24 949
CFE IND=1 959

BTM COMCHA$23+10
B7 COMCHK+ 12499

LOOPZ25 AM EXP3s1s10,

TD —EXP s —RBUFMK s »

CF —EXP s

BTM BUSMANs 15100
BT DIG7 sRBUFMK o 9

BNE OUT25 99 9

AM RBUF MK e1910 9
cM EXP ¢ XAREA+ 199 o

BNE LOOP259 s

PRA RD=39 90
B7 HALT s9 9

oura2s BTM COMCHA223+10

BE #+ 36999

CcM —RBUFMK+09+ 10
BNE INCHEC 9 99
MF —EXP 3 IND—=134»
A EACQ-EXPQQ

CcM MCOUNT 010,
BNE PACKRE s 99
TES =SVP sFUNESs »

A =SVPsEACs s
MF —BOTVasINDs s
B7 INSTOR 999

%
s s s s o ok sk sl ok o o s sk stk sk sk ok
*%*PACK BOOLZAN ROUTINE#*=
e e 3 3 3 ok s sk o st ke o s sk ol s skl sk ok
i
BOO TFM =SVPsl13s10s
B7 #+209 99
TFM =SVP 40410,
TDM —=STPy 3y

BOLOOP BTM BUFMAN+1s10,
BTM COMCHA+ 23+ 10

BE INSTOR 999

cM —RBUFMK 309105

BE INSTOR 999

B7 BOLOOP s 5 »
*

e o Aok 2 ok oK ook o ok 3k KoK 3k ok Kok ok koK
**%PACK STRING ROUTI NE**
ek o e e e o o skl sk sk ok ek sk sk ok koK
&
STR TDM —=STPs7s
BTM GRAB+s0s10s
TF —~SVPsNODEZ2s s
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ERROR IF NOT MINUS

OTHERWISE STORE MINUS SIGN

THEN BRANCH BACK TO LOOK FOR DIGIT
LOOP TO SKIP OVER LEADING (NS) ZEROS
BRANCH DOUT ON SIG DIG

OTHERWISE INC BUF MARKER

CHECK FOR DIGIT

LOOP AGAIN IF DIGIT

OTHERWISE CHECK NEXT CHARACTER

INC EXPONENT COUNTER
PACK LATEST EXPONENT DIGIT

INC BUF MARKER

CHECK FOR DIGIT

IF NOT TERMINATE EXPONENT PHASE
OTHERWISE INC BUF MARKER

CHECK EXPONENT SIZE

ERROR = EXPONENT OVERFLOW
HALT TO CHECK ERROR

TERMINATE EXPO PHASE - CHECK NEXT CHAR

ERROR IF NOT COMMA OR BLANK
OTHERWISE APPEND EXPONENT SIGN

CHECK MANTISSA COUNT

IF NON ZERO BRANCH TO PACK REAL
OTHERWISE PACK MANTISSA VALUE ONE
PACK EXPONENT VALUE

APPEND MANTISSA SIGN

BRANCH TO STORE

PACK VALUE TRUE

PACK VALUE FALSE

PACK BOOLEAN TYPE DIGIT
INC BUF MARKER

CHECK NEXT CHARACTER
BRANCH TO STORE IF COMMA

BRANCH TO STORE IF BLANK
OTHERWISE LOOP AGAIN

STORE STRING DESCRIPTOR TYPE DIGIT
GRAB A NODE

PACK ADDRESS FIELD IN STRING DESCRIPTOR
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TFM LENGTHs0 8 SET STRING LENGTH COUNTER TO ZERO
LOOP27 TFM STRINGsSAREA=14,4, SET STRING ASSEMBLY POINTER

TFM CDOUNT 96910 » SET LDOP COUNTER
LOOP28 BTM BUFMANs1510, INC BUF MARKER

SF —RBUF MK 9 9 »

AM RBUF MKsls 10

BNR PAST s =RBUFMK s » CHECK NEXT CHARACTER - BYPASS IF NOT RWM

BTM BUFMAN 91410 OTHERWISE CHECK NEXT CHARACTER

BTM COMCHA+23+ 10,

BE OUT27 s s TERMINATE STRING INPUT IF ZOMMA

CcMm —RBUF MK 9049 10

BE OUT279 99 TERMINATE STRING INPUT IF BlLL ANK

BNR INCHECs —RBUFMK s » ERROR IF NOT STRING DELIMITER

TFM —RBUFMKs124+ 10 OTHERWISE CONVERT TO INTERNAL FORM
PAST AM STRINGs 310 OTHERWISE PACK CHARACTER

TF —STRINGs—RBUFMK s s

SM STRINGs 1410,

CcF —~STRINGss s

AM LENGTHs 1910, INC LENGTH COUNTER

SM COUNTe 1510, DEC LOOP COUNTER

BD LOOP28sCOUNT s » EXIT IF COUNT ZERO

S NODEZ2s 49104 STORE STRING CHUNK

AM STRINGs 1510,

SF SAREA=1249

TF =NODE2¢s=STRINGs s

AM NODE2s 4910

TF NODEL oNODE24y » SET LINK TO NEXT NODE
BTM GRABs0»10

S5F NODEZ2=39 9

TF —NODE1 s NODEZ2 9 9
CF NODE2=39 s
B7 LOOP27 s 99 LOOP AGA IN
outT27 CM LENGTHs0D 310, CHECK STRING LENGTH
BNE NONNULs9s
TDM =STPgylss PACK NULL STRING TYPE IF ZEROD
B7 INSTOR 999 THEN BRANCH TO STORE
NONNUL SM SVP 354510 OTHERWISE TERMINATE STRING
TE —SVPsLENGTH s » SET LENGTH FIELD IN STRING DESCRIPTOR

AM SVP 35410
CM COUNTe 65910,

BNE E+4h9 99 CHECK LATEST CHUNK

Sk —~NODE1 s 99 IF ZERO TERMINATE AT NODE1
BTM RETURN»O0 910, RETURN NODE2 TO AVAIL

B7 INSTOR a9 BRANCH TO STORE

Sk =NODE2s 99 OTHERWISE TERMINATE AT NODEZ2
SM NODEZ2s 4910, STORE FINAL STRING CHUNK

AM STRINGs1s10
SF SAREA=124 13
TF =NODEZ2¢s~STRINGy s
B7 INSTOR 299 BRANCH TO STORE

*

3 3 3 e s o e o ok ok o kok sl e et ek sk ok

*¥XARRAY CHECK ROUT INE#*

3R e e 3k ek o o e e Ak AR Ak Al e e e B RoR ek

*

ARCHEC BNF POPO+sARRAY s34 RETURN TO CONTROL IF NO ARRAY INPUT

AM ACOUNTs 1910, OTHERWISE INC ARRAY ELT COUNT
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c ACOUNTs SIZEs» CHECK AGAINST ARRAY SIZE

BNH #+ 3299 9

CF ARRAY s9» TERMINATE ARRAY INPUT IF HIGH

B7 POPOss s

AM Asl0s 10, OTHERWISE INC A

B7 READIN s AND BRANCH TO INPUT NEXT ELEMENT
POPO BTM POPTOPy10104+8 s POP TYPE AND VALUE

B7 BACKgss s RETURN TO CONTROL

s
e oo ok 3 ok ok 3 ok oK ok 3k ke ok ok ok s ok e sk ok skok 3 ok ok Kok K
*%¥READ BUFFER MANAGER SUBROUTI NE*3*
e R R R e R e R e e R e R RN
%
Ds 299 SPACE FOR PARAMETER (RBUFMK INCREMENT)
BUFMAN A RBUF MK s BUFMAN=1 4 » INC BUF MARKER
cM RBUF MK s RBUF+ 158, » CHECK AGAINST BUFFER END
BNH  *+365 55

RACD RBUF 999 READ IN NEW CARD IF HIGH
SM RBUFMKs 16049 RESET BUF MARKER
BB2 199 BRANCH BACK

s
e 3 3k 3k o e 3 34 ok e e e s sk e ok ek 3K ok ok ke ko ol sk sk adeak ok ok ek sdeok ek oK Kok

*%SUBROUTINE TO COMPARE NEXT RBUF CHARACTER:®:X
e 33 3k sk sk ok ok s sk e el ol s sk 3 Sk skl ol sl sk ek sl ol o s s ok ok sk sl ke ek sk sk ok

%

DS 2999 SPACE FOR PARAMETER (COMPARE CHARACTER)
COMCHA SF —RBUF MK 3 5 » SET FLAG

AM RBUF MK 91410 o INC RBUF MARKER

CF “RBUF MK 3 s »

C -RBUFMKs COMCHA=1 9 COMPARE

BB2 99 BRANCH BACK

sle
-

B RN AR N IR AT R N aE R0 ol NOAE AT N2 U0 AT NN R0 AT R0 M RO ae 50 B oo 3 n 30 e oo ol 3 ne e e dedoag g
*%SUBROUTINE TO PREPARE FOR ARRAY INPUT OR OUTPRUT %=
3¢ 3% 3 sk AR S R R R Al ol e Sl Sk SRR R 3l 3R At e sk e i 38 3 e Ak e el s o e ol A e okl ek o Ak ek kol 3k
x

DS Sess SPACE FOR BRANCH OUT ADDRESS
ARSUB SF ARRAY 9 99 SET ARRAY FLAG
TFM  ACOUNTs 18, SET ARRAY ELT COUNTER

AM As 1410,

TD COMP 3 —A s »

BNF ¥4 44 COMP 55 SET BASE
TF BASEs STKBAS s »

CF COMP 94 »

B7 +20 9 0

TF BASE+SYMBAS s »

AM Asbdys10,

TF We BASE 9 9 SET W TO ADDRESS 1ST ARRAY ELT
A We=As»

AM As 44910,

TF As=As SET A TO ADDRESS SMF

CF A=3999
TDM A=490 911

A As BASE 99
AM AsbGoelOy
TF SIZEs=Ass s CALCULATE ARRAY SIZE

SM Asbdsel0s
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s
AM
cM
BNE
AM
M
SF
TF
TF
B7

s

SIZEs=As

SIZE+1+10,

COMP s 1910

Asl164s 10

SIZEs—Ass

9699

STZE 99994 9

AsWas SET A TO ADDRESS 1ST ARRAY ELT
—ARSUB+14s39

i st 3k s 3ok 3k e 3k 3k ek s sk S e s s s sk ok ok s s sk sk sk ok sk 3K sk ok ok s sk Rk ik A ook

#¥%*SUBROUTINE TO CHECK NEXT RBUF DIGIT AGAINST 7=x
e a3 3 S i sk e o e sl o s e s AR AR Sk e e e e e e o e e e e ode e e e s e sk e me el kR g

3
DS
DIG7 TD
CF
CcM
BB2

Seae SPACE FOR BRANCH OUT ADDRESS
COMP s =DIG7+19 s TRANSMIT DIGIT TO COMP

COMP 35 9 CLEAR (POSSIBLE) FLAG

COMP s7910, COMPARE WITH 7

s9 9 BRANCH BACK

41
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-4

et st ok e o s e sk ok sk ek ok
*%PRINT ROUTINE#®%
s e s st s o ok o ok o 3k skl K

e
A

DORG 20500 s
TFM PBUF+544+45759+8, FILL PBUF
T ICMsICso MARK 1IC
TFM COUNTe1s10
TF TOPVs SVP s »
TF ICsICMas

CHOICE TD COMP ¢ =STP s »

cM COMP 91410 CHECK TOP STACK TYPE
BE NULLL a9y NULL STRING

CcM COMP 42410

BE NUM1 s 29 NUMBER

CcM COMP 3410

BE BOOL1 99 BOOL EAN

CcM COMP 464910 o |
BNE 4244 9 |
BTM BUBBLEsCHOICE=12y, ADDRESS - BUBBLE ADDRESSED TYPE + VALUE
CM COMP 37910

BE STR1ss STRING
PRA PRZ29 99 ERROR = INVALID STACK TYPE
B7 HALT 99 9 HALT TO CHECK ERROR
NULL 5F SPFLG s9» SET SPACE FLAG
BTM PBFMAN 8910, INC BUF MARKER
BY BACHECs s » THEN BRANCH TD BACK CHECK
NUM 1 BTM LSUB+PRINTOD s FIND MANTISSA LENGTH |
BTM PBFMANy 324510, CLEAR SPACE FDR NUMBER
A LENGTHs=SVP s CHECK NUMBER FORM

CM LENGTHs 7910
BH EFORMs s s

CcM =SVP s 710115,

BL EFOR Mgy 99

CF SIGFLGs 9 CLEAR SIG FLAG
FFORM TFM POINTsFPAT—16s4 SET PATTERN POINTER

TFM BEFORE«8+10»
SM PBUFMK 230210

LODOP41 SM BEFOREs 1910 DEC BEFORE COUNT
AM POINTs 15105 INC PATTERN POINTER
BD IFFLAGs=POINT 99 CHECK PATTERN DIGIT
BNF SIGON1sSIGFLGs 0 = INDICATES DECIMAL POINT

AM PBUFMKys 2910
c™M =SVP 304510
BE LOOP41+129 9 NO DECIMAL POINT FOR INTEGER
TFM —=PBUFMKs3+10
B7 LOOP&41+129 9
SIGON1 SF SIGFLGss
TFM =PBUFMK 70510,
BNF LOOP41+48 s INDs s
TFM —PBUF MK 20704 8B»
B7 LOOP41+48 999
IFFILAG BNF %4204+ =POINTss
B7 NULL1s 99 FLAGGED 1 - TERMINATES PATTERN
C BEFOREs LENGTH » » UNFLAGGED 1 - DIGIT POSITION
BNH *+569¢9 9



*MUSINT

BUF INC

SIGON2

PRINTO

EFORM

LODP4 2

LISTING=

AM PBUFMK 24+ 10
BNF LOOP414SIGFLG s
TFM —PBUFMKs7 010,
B7 LODP41e s

BNF SIGON2+SIGFLGs s
AM PBUFMKes 29410

C PsBOTV s

BNH *+569 9

CcM BEFORE 304+ 10 s
BNH LOOP41s s s

TFM =PBUFMKs70s10s
B7 LOOP4 199

TFM —=PBUFMKs704+10s
TD —PBUFMK 9y =P 9 »
AM Pelsl0s

B7 LOOP41s sy

SF SIGFLG e

BNF BUFINCs INDs s
TFM =PBUFMKs204s10,
B7 BUSINCse e

BTM PBFMANs16410,
TFM —PBUFMK ¢ 70910 »
SF SPFLGs s

BTY PB-MANe 244910,
B7 BACHEC s 9 9

SM PBUFMKs 229 10
S LENGTH s=SVP s
SM LENGTHe 1910
TFM EACes0+9,

A EACs=5SVP s »

A EACSsLENGTHs s
BD ¥+24EAC—24 s
SF EAC=19 99

TFM 1459100

TFM —=PBUFMKs704s10»
BNF X+249 IND g o

TFM —PBUFMKs 2070 +8
TD —PBUFMK ¢« =P » o
AM Pslys10,

AM PBUFMKs 2+ 10
TFM —=PBUFMKs 3510
AM PBUFMKs 249105
TFM —=PBUFMKs7 04910
c PeBOTVs»

BH #+ 3699 9

TD —PBUF MK s =P s
AM Psls10s

SM IT91+10

BD LOOP42 51 4

AM PBUFMKs 44510
TFM =PBUFMK:4510:8,
BNF #+36+EACs»

CF EACs s

TFM —=PBUFMKs204+10
AM PBUFMK 944 10
TNF =PBUFMKsEACs
B7 NULL1s s

INC BUF MARKER
INSERT ZERO

SET SPACE FLAG
INC BUF MARKER

THEN BRANCH TO BACK CHECK

SET EXPONENT ACCUMULATDR

SET LOOP COUNT

FILL SIGN IF MINUS

FILL FIRST BIGIT

INC MANT ISSA POINTER

EILL DECIMAL POINT
LOOP TDO FILL REMAINING DIGIT

FILL EXPONENT PART

PAGE 43

POSITIDNS
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BOOL1

STR1

L00P45

TEST45

LISTING:®

BTM PBFMANs104510,

BD #4329 —=SVP sy

TF —PBUFMKsFALBUF 5 4
BT NULLL s9»

TF —PBUFMK s TRUBUF 4 »
B7 NULLL o9 9

BTM STREMes04s10,

AM SVP 354510

B7 TEST459 99

SM NODEL 944510

BTM PBFMANs12+10,

T —PBUF MK » =NODE 1 4 »
AM NODE1s 4910,

TFE NODE1 o=NODE1 s »

(8 o NODE1=3s9 s

BNF LOOP4 S5, =NODEL 9 »
BT PBFMAN s TOPREMy o

SM NODEL 944510

TF —PBUFMKs=NODELl s s
B7 NMULLL 99

PAGE 44

CLEAR SPACE FOR BOOLEAN VALUE
CHECK VALUE
INSERT FALSE

INSERT TRUE
THEN BRANCH TO SPACE AND BACK CHECK
FIND STRING LENGTH REMAINDER

BRANCH TO TEST FIRST NODE LINK
DEC NODE POINTER

INC PBUFF MARKER

FILL NODE VALUE

SET NODE1l TO LINK(NODE1)

LOOP AGAIN IF NOT TERMINAL NODE
OTHERWISE INC BUF MARKER

DEC NODE POINTER

FILL TERMINAL NODE VAILLUE
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%

3¢ 3 A Re e 5 e 30 e e ook R R sk e e

#*%¥PRINT CONTROL ROUTINE=x
e 3 3 3 s ol i me  Afe e sfesle e e s v e sk

x®

DORG
AM
TEM
TFM
TNF
TF
TF
TF
BTM
s
s
TF

CHOOSE TD
cM
BE
cM
BE
cM
BE
cM
BNE
BTM
cM
BE
PRA
B7

NUM2  TFM
TFM
TFM
TF
TEM

INCINC BTM
cM

M
CcM
BE
cM™
BE
cMm
BNE
TFEM
B7
cM
BNE
BTM

B7
CM
BNE
BTM

2050049 9 9
ICs2+ 10
PBUF+5455759 48,
PBUF+56 943910 »
PBUF+28+—=1ICy»
ICMsICss
COUNTs=ICaq»
TOP Vs SVP s
POPTOP +1010+811
SVP=1sCOUNT s »
STP=1s COUNT 9 »
ICs ICMy »

COMP ¢=STP 99
COMP s 1910,
NULLZs s

COMP 32910
NUMZ2 39 s
COMP 9 3910
BOOL2s 99
COMP 9 69 10
*+2899 9
BUBBLE» CHODOSE=129y »
COMP 7 910
STRZ24s 99
PRCEls s
HALT o 99
BEFORE s0 99
AFTER s0 49
XCs0 49
PFLG s ZERO—104 »
P+ BEFOREs »
INCIe*+124
—=I1Cs424+10,
INCINCsy 9
=ICs62910,
INCINCs s
—I1Ce23910
INCINCse s
~ICs20+10,
INCINCs 99
=ICs 3410,
¥+3249 99

P+ AFTER 9
INCINCs s
—ICs 14,4510,
*¥+4445 99
KOUNTs 14,510,
=PsTOToess
INCINC+129s99
=ICs79s10,

¥+ 32999

KOUNT 79510,

PAGE 45

FILL PBUF

MARK IC

SET MULT SPEC COUNT

MARK STACK TOP

SET STACK POINTERS TO FIRST O/P ELEMENT

CHECK ELT TYPE

NULL STRING

NUMBER

BOOLEAN

ADDRESS - BUBBLE ADDRESSED TYPE + VALUE
STRING

ERROR = INVALID STACK TYPE

HALT TO CHECK ERROR
SET BEFOREAFTER AND EXPONENT COUNTS

CLEAR EFLGsPFLGyNFLG+SIGFLG
PREL IMINARY FORMAT SCAN

INC IC
CHECK NEXT PIC CHARACTER

B = SKIP OVER

S — SKIP BVER

s — SKIP OVER

MINUS - SKIP OVER

DECIMAL POINT - SWITCH TO AFTER COWNT

ASTERISK — COUNT
ADD TO TOTAL

9 = COUNT
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B7 =569 99

CcMm =I1Ces45410,
BNE %444y 9
SF EFLGss s E — SET EXPONENT FLAG
TFM PsXCs s SWITCH TO EXPONENT COUNT
B7 INCINC 999
BNR #+329—=ICowa RECORD MARK TERMINATES PIC
BNF FMATsEFLGsss IF NO EFLG BRANCH TO F—-FORMAT
B7 EMATs s OTHERWISE BRANCH TO E =-FORMAT
PICERR PRA PRCEZ2s 99 ERROR — INVALID PIC CHARACTER
B7 HALT s 59 HALT TO CHECK ERROR
FMAT BTM LSUBsLNGTHO s s FIND MANTISSA LENGTH
A LENGTHes—SVP s ADD EXPONENT
- LENGTH + BEFOREs » CHECK AGAINST BEFORE COUNT
BNH #+329 99
FERR PRA PRCE3s s ERROR IF HIGH
B7 HALT s s 9 HALT TO CHECK ERROR
A LENGTH s AFTER 99 OTHERW ISE ADD DECIMAL PART I_ENGTH
A BEFOREsAFTER s 9 »
CM LENGTH s049 10 COMPARE WITH ZERO
BL LNGTHO s 5 » ZERO IF LOW
SF AFTER s 99
C —SVP s AFTER s »
BNL RESCAN s 39
A BOTVs—=SVP s ROUND IF NECESSARY
S BOTVsAFTER s

BTM ADDS s049 10
BD H+9249—P s
AM PslaslOs

& BOTV P
BNL RESCANs s 9
LNGTHO TFM LENGTH 149, ASSEMBLE ZEROD

TF Ps+BOTVs s
TDM —P 40 9

B7 RESCANs s » BRANCH TO RESCAN PICTURE
AM LENGTH s14 10,
58 LENGTHsBEFORE » »

BH FERR s »
B7 RESCANgs o9
EMAT SF OFLGass s

BTM LSUBs LNGTHOs FIND MANTISSA LENGTH

CF OF LG s

TF EACsLENGTH s s SET EXPONENT PART

A EACs=SVP s, '

5 EACsBEFORE s »

A BEFORE s AFTER 99 BEFORE IS NOW TOTAL QUTPUT MANTISSA LEN
C LENGTHs BEFORE s »

BNH ELNGTH=129ss 9 ROUND MANTISSA IF NECESSARY

5 BOTVs LENGTH s s

A BOTV+BEFORE s o

BTM ADDS54+0+10

BD *+329=Pyos

AM Psls10,

B7 ELNGTH=1243s
SM BOTVs 1510,

AM EACes 1910,

TF LENGTHs BEFORE
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ELNGTH CM EACs0 410 FIND EXPONENT LENGTH
BNE LOOP70-=124999
TFM XLs 199,
i 5 POINTs SVP 54
TDM =POINTsO0 s
B7 RESCAN s s s
TFEFM POINTsEAC—213»
LOOP70 BD ODUT704=POINT s»
AM POINT91s10
B7 LOOP70 999
QuT7o0 TFEM XLs EACs »

S XL sPOINTs»
AM XlLe 1910
& XL sXCs s CHECK FOR FIT
BNH RESCANgs 99 OK - BRANCH TO RESCAN PICTURE
PRA PRCE49s 99 ERROR = EXPONENT TOO LARGE
B7 HALT s s s HALT TO CHECK ERROR
RESCAN TF ICsICMss RESCAN PIC - RESET IC
AM ICe 2910,
cM —ICys624510, CHECK FIRST CHARACTER
BNE CH=ZCMga o
BNF *+32+INDs s S — FLOATING SIGN
SF NFLGs s IF NEGATIVE NUMBER SET NFLG
B7 CHECHA-24%
5F PFLGy 9 OTHERWISE SET PFLG
B7 CHECHA=2%4 44 9
CHECM CcM —ICs20+10,
BNE CHECHA s 3
BNF K+284 9 IND s o FLOATING MINUS
SF NFLGss» SET NFLG IF NEGATIVE NUMBER
BTM PB=MANs 2+ 10, INC BUF MARKER
AM IC+2+10, INC IC
CHECHA CM —IC+62s10 CHOICE ON NEXT CHARACTER
BNE MCHECs 39
BTM PB~MANy 23109 S = INSERT SIGN
BNF ¥+ 329 INDy»
TFEM —PEBUF MK s 20 910 »

B7 CHECHA=12499 9
TFM —-PBUF MK s 10410 »
B7 CHECHA=1249

MCHEC CcM —ICs20+10
BNE CHECOMgs s s
BTM PBFMAN223 10, MINUS - INSERT SIGN IF NEG NUMBER

BNF CHECHA=12,INDs»
B7 MCHEC—=40 49

CHECOM CM =ICs23+10,
BNE CHECASs s »
BTM PBFMANs2s 10, COMMA = INSERT IF SIGFLG ON

BNF CHECHA=12+SIGFLGs »

TFM —=PBUFMKs23s10»

B7 CHECHA=129 9
CHECAS CM —=ICs14410

BNE CHECO9 99 s

C BEFOREsLENGTHs » ASTERISK — COMPARE BEFORE WITH LENGTH
BNH *+689 99
SM BEFORE 14510 DEC BEFORE IF HIGH

BNF %424, SIGFLGs» IF SIG FLAG
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CH=CB

poT

STR2

LOOPES

BTM
BTM
B7
BTM
SF
C
BH
TD
AM
B7
CcM
BNE
=58
B7
cM
BNE
BTM
BT
B7
CcM
BNE
SF
BTM
TFM
B7
CM
BNE
BTM
CcM
BNE
CF
BTM
TFM
TE
BNF
CF
B7
MF
TF
TF
TF
TF
B7
BTM
TF

AM
TF
B7
SM
TF
AM
TF
AM
CF
AM
TF

FLOATSs CHECHA=124 »

PBFMAMN 324 10 o
CHZCHA=1245 49
FLOATS s3%+124
SIGFLGy s
PsyBOTVesos
CHECHA=124s 3
-PBUFMK s =P s
PslselOy
CHECHA=1244s s
—IC+79910,
CHECBs s
SIGFLGs s
CHECAS+24 49
=IC 442510,
DDT',’

KOUNT s425 10
PBFMANsTOT2 s s
CHECHA» 5 »
—I1C9s3510,
#+569 99
SIGFLG s 9
FLOATSe#+124
—PBUFMK9s 3910
CHECHA=12419
—I1Cs24410
H+249 9

REPSUB s CHECHAs »

~IC+459105
BACHEC » 99
SIGFLGs s »
PBFMAN2 24104
—PBUFMK s 454910 »
PFLGsZERO=10 99
#+32s0F LG o
INDs ss
RESCAN+124 9
INDsEACs
BEFOREsXCa s
LENGTH XL s
PsPOINT 9
BOTVsSVP s
RESCAN+12s 99
STREMyO910s
LENGTHs —=SVP s
LENGTH s=SVP s
SVP 454510
SBUFMK s TOPV s s
TESTE6Ss 9 s
NODE1s 4910,
PsSBUFMK s »
SBUFMKe12+10 s

=SBUF MK s =NODE 14 »

Pels10s
-Pssos

NODE19 4910,
NODE1l s—NODE1l+s »

PAGE 48

CHECK FDR FLDATING SIGN AND INSERT ZERC

OTHERWISE LEAVE BLANK

IF BEFORE LE LENGTH CHECK FOR FLDOATING

SET SIGNIFICANCE FLAG
IF P GT BOTV INSERT ZEROD

OTHERWISE INSERT NEXT DIGIT
AND INC P

9 = SET St ELAG
BRANCH TO ASTERISK ROUTINE

B = COUNT
INC PBUF MARKER

DECIMAL POINT - SET SIG FLAG
FLOATING SIGN CHECK
INSERT DECIMAL POINT

LEFT BRACKET -~ BRANCH TO REPSUB
IF NOT E BRANCH TO BACK CHECK
OTHERWISE CLEAR S1IG FLAG

INSERT E

CLEAR PFLGsNFLG

ZERO E XPONENT IF ZERDO MANTISSA

OTHERW ISE STORE EXPONENT SIGN

THEN SWITCH COUNTS = BEFORE IS EXP COUN

LENGTH IS EXPONENT LENGTH

SWITCH POINTERS — P IS EXPONENT POINTER
BOTV POINTS TO LOW ORDER EXPONENT DIGIT

BRANCH TO RESCAN PICTURE
FIND STRING LENGTH REMAINDER

SET LENGTH TO TWICE STRING LENGTH

LAYOUT STRING AT TOP OF STACK
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TEST65

LOOPE7

BCHECK

-.00P6 3

PADOUT

NULL2

BOOL2

CF
BNF
TF

A

c
BNH
PRA
87
SM
TF
AM
CF
TF
BTM
BNR
TF
B7
cM
BNE
BTM
AM
SF
SM

BH

BT
TF

B7
cM
BE

BT
TF

B7
CcM
BNE
BTM
BT
B7
BNR
B7
AM
AM
BNR
SF
BT
B7
AM
TFM
B7
8D
TFM
B7
TFM

NODE1=39 9
LOOPES5s=NODE1ls s s
PsSBUFMK 99 9
SBUFMK s TOPREMs »
SBUFMKs BOUND s »
#*+ 32999
CORFLOs s »
HALT 99 »

NODE1 949210,
=SBUFMKs=NODE1 9 o
Psls10s

P sy

SBUFMKs TOPV s s
INCIe%*+1290
LOOP6T7s—=1Ca s
TOT2sLENGTH s »
LOOPET7+36s 9
—I1Cel144510,
BCHECK s 9 »
KOWNTs 14410,
SBUFMKs 1910,
-SBUFMKas s s
SBUFMKs 1410
TOT2+sLENGTH 9 »
#*+589 99
SBUFMK s TOT2 s s
PBEFMANs TOT 29 »

-PBUFMK s =SBUFMK » »

LENGTHs TOT 299
LOOP67 599
LENGTH20 510,
PADOUT 999
SBUFMK s LENGTH 4 »
PBFMANsLENG THs »

—PBUF MK s —SBUF MK » »

TOT2sLENGTH s »
PADOUT s 2 »
—I1Cs42410,
R+l g
KOUNTe 42410
PBEFMANs TOT2s s
LODOPE7 339
PICERRsy=ICy»
BACHEC s 9 »
ICysy2+ 10
TOTZ2+2+10,
LOOP53s=1ICoss
SPFLGs s
PBFMANs TOT2s s
BACHEC s 99
ICsy2510,
TOT2+04+10
PADDUT s 9 »

¥+ 329=SVP s
BOODBUF « FALBUF s »
¥+20 99 9
BOOBUF s TRUBUF 9 »

PAGE 49

CHECK C(SBUFMK) AGAINST C(BOUND)

IF GREATER
HALT

CORE OVERFLOW

BRANCH TO MATCH OUTPUT PATTERN

IF NON NULL PICTURE

BTHERWISE ‘SET TOT2

AND BRANCH TO 0O/P CONSTANT STRING
CHOICE ON NEXT PIC CHARACTER

¥ — COUNT
SET SBUF FLAG

CHK =* COUNT AGAINST REMAINING STR LNGTH

IF LE LAYOUT STRING CHUNK IN PBUF

DEC LENGTH
LOOP AGAIN
OTHERWISE LAYOUT REMAINDER OF STRING

THEN BRANCH TO FILL BLANK PADDING

B = COUNT BLANKS

INC BUF MARKER

LOOP AGAIN

ERROR IF NOT RECORD MARK
OTHERWISE BRANCH TO BACK CHECK
PADD ING LODP = INC IC

INC TDOT2

LOOP AGAIN IF NO RECORD MARK
OTHERW ISE

INC BUF MARKER

AND BRANCH TO BACK CHECK

NULL STRING = INC IC

SET TOTZ T 0

BRANCH TO FILL PADDING

CHECK BOOLEAN TYPE

SET BOOBUF TO POINT TO FALSE BUF

SET BOOBUF TO POINT TO TRUE BUF
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BTM INCIo*%+124 INC 1IC

BTM KOUNTs 14410 COUNT ASTERISKS

BNR PICERRs=ICys s ERROR IF NEXT CHARACTER IS NOT RM

CcM TOT2510510 OTHERWISE CHECK ASTERISK COUNT

BL BOOBITeas IF LESS THAN 10s BRANCH TO CHOP BOOLEARM
BTM PBFMANs10+10, OTHERW ISE INSERT VALUE 1IN PBUF

TF —~PBUF MK s —BOOBUF 4 »

SF SPFLGs 99
SM TOT2,104+10

BT PBFMANs TOTZ2 4 s PAD OUT WITH BLANKS

B7 BACHEC s 2 » THEN BRANCH TO BACK CHECK
BOOBIT BT PBFMANs TOT2 4 s CUT BOOLEAN DOWN TO SIZE

SM TOT2+s 104510,

A BOOBUF s TOTZ2 4 »

T —PBUF MK » —BOOBUF 4 » INSERT INTO PBUF

B7 BACHEC s s » THEN BRANCH TO BACK CHECK

-3

3¢ 3 3k B R0 e e e e e s e e ool e e sesle e v sl e sl e ool e e e sl oo sl e s sl e sle e e sle e sl el sl sl e oo e e e e sle e e e sl e sl ke sk
#% SUBROUTINE TO COUNT NUMBER OF ASTERISKSsBLANKS,0OR NINES IN PIC¥*
31 e e S e e e e e e e e e s e g e sl Hie s ne s e N e e e e e e e s e e e Mo s sl s Bl Rexe ook s e e e s s e e e s e e ot e s e s
e

Ds 2399 SPACE FOR CHARACTER CODE
KOUNT TFM TOT 90 99 SET TOTALS

TFM TOT2+0 99
.0DPB0 C —IC s KOUNT=14ss CHECK NEXT CHARACTER

BNE OUTHEOs 59 OUT IF NOT PARAMETER CHARACTER

AM TOTe1s10 OTHERWISE INC TOTS

AM TOT2+2s10

TFM INCI—=1,L0O0PS60 s INC IC AND LOOP AGAIN

B7 INCI ge 9
DUTH0 M —ICe249 10 CHECK FOR LEFT BRACKET

BE L A

BB2 s 99 BRANCH BACK IF NOT

TFM REPCNT s NACC—9y » OTHERWISE ASSEMBLE REP COUNT
.O0P61 AM ICs 14510

TD COMP 4=ICys s CHECK FOR DIGIT

CF COMP s 59

CcM™ COMP 97 910

BE ADDON9s s »

SM —REPCNTs1510, IF NOT INC TOTALS

A TOT s =REPCNT s »

A TOT2+—REPCNT ¢

A TOT2s ~REPCNT s »

AM ICs1410, INC IC

B7 OUTH60-=20 919 THEN BRANCH TO CHECK NEXT CHARACTER
ADDON AM ICs1910, OTHERW ISE ADD ON NEXT REP DIGIT

AM REPCNTs 1910,

TD —REPCNTs—=ICs

CF —REPCNT s s

B7 LOOP61sss AND THEN LOOP AGAIN

*
R 3 AR ok ek ok e sl 3 3k 3k ok e vk i ok e e 3l sl e e Ak e e A e Sk
*%FILOATING SIGN CHECK SUBROUTI NE%*%x
e 3k e e Je 3k o e e 3k s e e Ak ik ARl AR ol S R e e ade ok ek R ek Rk
%
DS Se9e SPACE FOR BRANCH OUT ADDRESS
FLLOATS BNF R+4443PFLG s s IF PFLG
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CF PFLGs 99 CLEAR

TFM —-PBUFMKs 10410, AND INSERT PLUS SIGN
B7 L P

BNF %+ 36sNFLG s IF NFLG

CF NFLGs 99 CLEAR

TFM —=PBUFMKs204210» AND INSERT MINUS SIGN
BTM PBFMANs 2910 INC BUF MARKER

TFM —PBUFMKs70s10» INSERT ALPHAMERIC ZEROD
B7 —FLOATS+1s9s» BRANCH BACK

*
s e 3¢ 3 5 e ok s sk o e sk sk ke sk ok sl sk ol s ke sk R ol sk R Rk
¥*%REPLICATE CONTROL SUBROUTINE:=®:®

e 38 3 3 30 e 3¢ e w2 3 e 3 e ol e e e oo e e e e g sk
*

DS S5e90 SPACE FOR BRANCH DUT ADDRESS
REPSUB BNF REPSET sREPFLGse s IF REP FLAG
SM —REPCNT 91910, DEC REP COUNT
SM ICs2+10, DEC: IC
CcH —RZPCNT +09 10 CHECK REP COUNT AGAINST ZERD
BNE —REPSUB+ 1999 BRANCH BACK IF POSITIVE
CF REPFLGs s 9 OTHERWISE FINISH REPLICATION
A ICsRCOUNT s INC IC
Al ICs55 10
B7 —REPSUB+1+9 9 BRANCH BACK
RERSET SF REPFLGs s s OTHERWISE ENTER REP STATE - SET REPFLG
TFM REPCNTsNACC—=94 9 ASSEMBLE REP COUNT
TFM RCOUNTs 129,
LOOPSO AM ICs14510

BT DIG74s1ICass

8BE ¥+ 32999

S ICsRCOUNT 9 »

B7 REPSUB+1239 9 BRANCH TO COUNT CHECX
AM ICs 1910,

AM REPCNT 1410

TD —R=PCNTs—=1ICso»
AM RCOUNT 24+ 10
CF —REPCNT s 90

B7 LOOP90 s
*
¢ st e e s e ke 3 3 sk 3 sk ok el ol sk ok sk ol sk ot ok ok skt skl sk sk ok ok 3 skl s sk 3k o skl sk 3k sokoiok
*%SUBROUTINE TO INC IC FOR NEXT PIC CHARACTER CHECK %%
e 3 3 e ook 3k e sl skl ook e s ok skl e Sk 3k ek i sk ok 3K o ok ek i ok Ak ok sl K ke kok

s
DS Sss SPACE FOR BRANCH OUT ADDRESS
INCI AM ICs 1410, INC 1IC
SF =ICys9s SET FLAG
AM ICe 14510 INC 1IC
B7 =INCI+19s9es BRANCH BACK
#

3 s ke e oKk ok ok ok ok sk ok ok oKk ok K

#*%¥ROUND SUBROUTINE %%
s 3 3k 3 ke sk 3k s ok ok sk sk sk ok

#*
DS 2999

ADDS AM BOTVs 15410,
CF —Passs

SM Psls10s
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TDM —Ps0s 11,

AM —BOTV:s5510
sSM BOTVe 1ls10,
BB2 *9 s

%*

3k 5 3 3 e 3k o o e s o ok e s sk sk sk sk s ok ek o 3k sk sl ok ok oKk
*%SUBROUTINE TO FIND MANTISSA LENGTH%x*
S koo e el ek e e e s e s e e ok

ke
-~

DS 5999 BRANCH ADDRESS FOR ZERO MANTISSA
LSUB TF BOTVsSVP s s
SM BOTVs2s10, BOTV POINTS TO MANTISSA
cm —BOTV 04510,
BE =LSUB+ 1399 BRANCH OUT IF ZERO MANTISSA
THE PsBOTVesos OTHERWISE SET WORKING POINTER
SM Pes6el10 s
03P40 BD OUT 40 =P s s BRANCH OUT ON DIGIT
AM Ps1s10, OTHERWISE INC P
B7 LOOP40ys s AND LOOP AGAIN
ouT 40 TF LENGTH+BOTVs » CALCULATE MANTISSA LENGTH
S LENGTHsP s s

AM LENGTHs14 10
SF LENGTH=299
MF INDs=BOTVsos STORE MANTISSA SIGN
BB2 s99 BRANCH BACK
-4
sk s 3k ok ok Sk e sk Ak o s s Sk skl ok sk koK 3 sk koK 3k Kok o oK o sk ok sk sk sk ok
*%SUBROUTINE TO FIND STRING LENGTH REMA INDER: %
s e sk s sk s 3k s 3 s ok st sl koo sk sk ki sk s ok s s sk o ook sk sk sk sk sl ok skl kR

e
=

Ds 2999

STREM T NODE1s=SVPs s NODE1 POINTS TO FIRST STRING NODE
SM SVP 35410
LD 99 3—=SVP s DIVIDE STRING LENGTH BY 6
DM 96969 10 s
T TOPREM 99 49 MULTIPLY REMAINDER BY 2
A TOPREM» 909 4 » AND STORE IN TOPREM

cM TOPREMs0s 10

BNE K+2h49 99

TFM TOPREMs12+10 SET TO 12 IF ZERD

BB2 299 BRANCH BACK
*
xR oo e Rede e oo e R R e e e R g e R MR R
**SUBROUTINE TO BUBBLE UP ADDRESSED TYPE AND VALUE%*x
S0 3 R 56 B e e At e e e o e ee e e see e e e e e ol e e e e e sk sl ol o s e e sese e o e e e e el e e
*

DS Sese SPACE FOR BRANCH OUT ADDRESS
BUBBLE TF Aes=SVP s SET A TO ADDRESS TYPE

SM As9510,

TD COMP g— Ay » CHECK TYPE

CcM COMP 34410

BNE X+ 36999 IF AW PREPARE FOR ARRAY OUTPUT

BTM ARSUB e %+12s»
SM Ae9,4s 10,

TF PsSTP s OTHERWISE COPY ADDRESSED TYPE
LOOPSO TD =P s—=As AND VALUE TO ORIGINAL STACK POSITION

C PsSVP s
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BE —BUBBLE+1s3» THEN BRANCH 0OUT
AM Ps1s10,
AM AslselOs
B7 LOOPS50 999
£
s 3k ok e sk oo ol ook oo sk 3k Skl ek 3k R sk oK o 3k ok ok ok ok s ok kol ok ok sk sk o sk koK
*2SUBROUTINE TO CONTROL ARRAY OR MULTIPLE PIC SPECk:k
¢ 32 e s e e e e s e e e B 3 e He e Hesle ol dese s dlee 3 e e e e de e e e seeale sese Bk seseole geesio s ek
s
BACHEC BNF FINsARRAY 99 IF ARRAY FLAG
AM ACOUNTs 1510 INC ARRAY COUNT
C ACOUNT o SIZE s » CHECK AGAINST SI1ZE
BNH +320 9
CF ARRAY s 99 TERMINATE ARRAY OUTPUT 1IF HIGH
B7 FINsoss THEN BRANCH TO MULT SPEC CHECK
AM As 1910 OTHERWISE INC A
B7 LDOPS50=12999 AND BRANCH TO BUBBLE NEXT ARRAY ELT
FIN C SVP s TOPVs s COMPARE SVP WITH TOPV
BE *+329 9 IF NOT EQUAL
BTM POPTOPs1010+811, INC STACK PODINTERS
B7 CHOOSE=129 99 AND PRINT AGAIN
S SVP=14 COUNT s » OTHERWISE POP VALUE(S)
S STRP=1+sCOUNT s » POP TYPEI(S)
B7 BACK 9 9 RETURN TO CONTROL
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*
e ok 40 ok o ke ok ok ook o s ok ok ok ek ok ok ok ok sk ok ek ke ok
*%XMUSSEL — DUMMY TRANSLATORX
B e e e e dekole ek oo sk ok sk ek s sk 3k
-3

DORG 2450144

ILBASE DS 22411 9
COUNT Ds 2399

TFM 2406428000 49 SET ARBASE
TFM 24114+290009 SET ILBASE
TFM 2416430000 4 SET STKBAS
e
*%SET SYMTAS %%
3
RNCD 2580149 SET SYMBOL TABLE
¥
ZEREAD e led
*

TFEM COUNT 90 910 »
READIL RNCD —~ILBASEss

AM ILBASE 804104
AM COUNTs 1910,
cM COUNT 45410 »
BNH READIL s s
SM ILBASEs4804+9,
H 99

3

HECALL MUSTINT®:*

»*
CALL LINKs+MUSINT,2450
DEND 2452999



APPENDIX E

ERROR ANALYSIS OF FIRST YEAR STUDENT FORTRAN PROGRAMS

AT MASSEY UNIVERSITY (1971)

o | | — o ™
S ST B N B

g4 4 3 § &

(¥ (¥ (o (¥ A =

Programs analysed 173 172 86 52 28 511
Number that 'went' 88 51 4 5 2 150 %
$ that 'went' 51 30 5 10 7 29.4 E
Error types g
(1) Loops 15 9 16 3 49 8.3
(2) Format 31 34 64 25 14 168 28.6
(3) IF statement 8 18 8 1§ 38 6.5
(4) Statement numbers 52 21 27 8 2 70 11.9
(5) I/0 1list 5 4 30 10 0 49 8.3
(6) Mixed mode 3 6 0 I 0 10 147
(7) C spec. 3 10 9 3 0 25 4.3
(8) Name length 3 2 0 0 13 2l
(9) Assignment 3 0 0 0 5 0.9
(10) Undefined variable 2 12 1 2 1 18 3l
(11) Undimensioned array 0 2 15 2 0 19 3.2
(12) Array name as simple 1 14 i | 0 17 2.9

variable name

(13) Invalid subscript 0 0 3 0 - 0.7
(14) Miscellaneous 20 47 18 9 9 103 17:5

TOTAL ERRORS 106 174 207 71 30 588




THE PROBLEMS

3 Write a FORTRAN program to construct a table of

squares of the integers 1,2,3,...,10 by making use of

the fact that the differences form the sequence of odd

integers 3,5,7,...

2. Write a FORTRAN program to read a set of data cards

of the type described on page 11 of the duplicated notes

and compute the following:

(a)
(b)
(c)
(d)

the
the
the
the

number
number
age of

age of

The required 4

line in the above

of men with incomes 2z $4000,
of women with incomes < $2000,
the youngest man,

the oldest women.

values are to be printed out on one

order.

3. Write a FORTRAN program to read a set of cards, each

of which has punched in it the following data:

(a) in columns 1 and 2: a decimal integer N < 50;

(b)

in columns 3 to N+2: a string of N binary digits

(bits:

0's or 1's);

and then print out the following information:

(a)

(b)

for each card: the length of the longest run of

consecutive 1l's, the length of the longest run of

consecutive 0's, and the string of bits;

the length of the longest run of consecutive 1l's

on any card, and the length of the longest run of

consecutive 0's on any card.



NOTES ON THE ERROR CATEGORIES

Category (1) includes the following:

DO statement

- incorrect number of iterations

- infinite loops

- DO loop ended with transfer statement
- un-numbered CONTINUE statement

Category (2) includes the following:

missing FORMAT statement number, or comma after
'READ' or 'PRINT'

- syntax error in FORMAT statement

- invalid FORMAT specification

- FORMAT statement incorrectly referenced

- O/P not as instructed in the problem

- incorrect reading of data

Note: A large proportion of errors were due to a
missing comma after 'READ' or 'PRINT', hence not spec-
ifying free format. Also, a large proportion of students

in problem 3 used a specification such as 'FORMAT(NIl)'.

Category (3) includes the following IF statement errors:

- invalid expression (e.g. IF(J=100)1,2,3)
- statement numbers in wrong order

- statement numbers not separated by commas
- extra comma after last statement number

- incorrect number of statement numbers

- missing 'IF'

- other syntax errors



Category (4) includes the following errors concerning
statement numbers:

- in wrong columns

- repeated

- undefined

- no statement number for next executable statement

following transfer statement

Category (5) includes syntax errors in I/O lists. A large
proportion were concerned with syntax errors in array lists
such as (L(I),I=1,100), and a few wrote (L(I),I=1,N).

Category (7) (errors through misuse of comment spec.) includes
errors caused by:

- comments without 'C' in column 1
- comments with 'C' in wrong column

- actual program statements with 'C' in column 1

Category (8) - variable name > 6 alphameric characters.

This type of error actually arose for a variety of reasons.

Category (9) - errors from misunderstanding of assignment
operator ('='). Includes errors of the form:

(1) I**2=1
(ii) KOUNT+1=KOUNT

Category (14) - miscellaneous. A large proportion of these
were logical rather than syntactical errors.




Comments:

While the above method of classifying errors is some-
what arbitrary, it is evident from the analysis that transfer
of control (both conditional and unconditional), iteration,
and formatting, in particular, account for a large proportion
(55.3%) of student errors in FORTRAN. The analysis in fact
would support the following beliefs:

l. That the IF statement is unnatural for students.

2. That the unstructured nature of FORTRAN makes it
awkward for students to picture the ideas of
iteration and transfer of control i.e. to 'structure'
their problems.

3. That the method of formatting I/O in FORTRAN is not
clear to students. I/0 is in fact an independent
part of programming, and should not over-burden

the student at an early stage.




APPENDIX F

2 SAMPLE MUSSEL PROGRAMS (WITH CORRESPONDING
OBJECT CODE)

EXAMPLE 1

Source Code

#NAME DODSON, TED

$CODE

$XREF

*

* PROGRAM TO FIND HCF OF 2 NUMBERS USING

* A RECURSIVE PROCEDURE
*

1 DO

2 RESERVE N,M,A

3 DEFINE HCF ON I,J AS

[ DO IF J.EQ.O

5 THEN VALUE IS I

6 ELSE VALUE IS HCF(J,I-I./.J*J)
7 END

8 READ N,M

9 PRINT HCF (N,M)
10 END

Note: $CODE is a control statement specifying that a listing
of the Intermediate Language is to be given at the end of the
translation phase. Similarly, $XREF is a control statement
requesting a postinterpretation listing of the Symbol Table.




Intermediate Language

Digit oP Parameter
uJg 1105
LN l3|

i 5 4 PE (2,0)
1.5 LN ot
22 TLR J
26 TNO

28 oP 'EQ'
32 IFJ 155°
38 LN ' 5¢
43 TLR L

47 VI

49 uJ Y1032
55 LN T 6"
60 RAF

62 TLA J

66 TLR I

70 TLR 3

74 TLR J
78 OP Vil s ®
82 TLR J

86 OP L
90 oP 't
94 CP (HCF,2)
101 VI
103 RE
105 LN s
110 TA N
115 RD
117 TA M
122 RD

(conte..)



Digit

124
129
131
136
141
148
150

LN

TA
TA
CP
PR
END

Parameter
'lgl

N
M
(HCF,2)



EXAMPLE 2

Source Code

+NAME GORDON,N.M.
SCODE
SXREF

*

* SELECTION SORT EXAMPLE
*

1 DO

2 RESERVE N

3 DEFINE SORTARRAY ON N AS

4 DO

5 RESERVE I,LIST(1:N),TOP,MAXPOS,T

6 READ LIST

7 DO REPEAT FOR TOP FROM N TO 2 BY -1
8 SET MAXPOS TO 1

9 DO REPEAT FOR I FROM 2 TO TOP
10 IF LIST(I).GT.LIST(MAXPOS)
11 THEN SET MAXPOS TO I
12 END
13 SET T TO LIST (TOP)
14 SET LIST(TOP) TO LIST(MAXPOS)
15 SET LIST(MAXPOS) TO T

16 END
37 PRINT LIST
18 END
19 READ N
20 EXECUTE SORTARRAY (N)
21 END



Intermediate Language

Digit

i it §
17
22
26
28
33
39
45
49
54
65
76
85
90
94
96
98
103
109
115
119
130
134
136
145
150
154
158
160

uJ
LN
PE
LN
TLA
RD
LN
uJ
BA
TLA

28323

TLA
TN1
ST
LN
uJ
BA
TLA

TLR

LN
TLA
TLR
INDR
TLA

Parameter

'289'
130
(1:5)
16!
LIST

oy

1451

'276"
TOP

lgl
115"
‘201!

'2'
TOP

(109,9)
lloi
LIST

LIST

(cont...)



Digit

164
168
170
174
180
185
189
193
195
201
206
210
214
218
220
222
227
231
235
237
241
245
247
249
254
258
262
264
268
270
276
281

TLR
INDR
OP
IFJ
LN
TLA
TLR
ST
uJ
LN
TLA
TLA
TLR
INDR
ST
LN
TLA
TLR
INDA
TLA
TLR
INDR
ST

TLA
TLR
INDA
TLR
ST
uJg

TLA

Parameter

MAXPOS

.GT'

*195*

lll'
MAXPOS
I

*136"7
l13l

LIST
TOP

114"
LIST
TOP

LIST
MAXPOS

I15l
LIST
MAXPOS

I76l
ll7l
LIST

(cont.ee)



Digit

285
287
289
294
299
301
306
308
313
322

OP Parameter

PR

RE

LN 15t

TA N

RD

LN '20'

RAP

TA N

Cp (SORTARRAY,1)

END
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