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Abstract

A Translator System for the EULER Programming Language.

EULER is a generalization of the ALGOL programming language, combining
the ALGOL capabilities with many features similar to McCarthy's LISP language.
In this paper, a new syntax is presented for EULER, together with a notation
that specifies how EULER is tranélated. A fast, pushdown-automaton model was
used as a basis for designing the translator system, and the design methods
used for a portion of the translator are presented. Syntactic methods of
machine-independent optimization of the translated language are discussed,
and a syntactic notation for designing 'extendible compilers' in terms of the
EULER language is introduced.

The second section of the report is a documentation of the intermediate
language into which the EULER is translated. Algorithms-for executing the
commands of this intermediate language are described, and versions of the pro-
grammed algorithms, rewritten in a subset of EULER, are presented.

The appendices contain listings of the actual translator and intermediate
language interpreter for the EULER system. These listings consist of FORTRAN IV-
MAP programs written for the IBM 7094 computer.
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Part T. The EULER Translator

Introduction

In a previous paper (7), we introduced methods of designing programming
language translators using a pushdown automaton model and a notation for
specifying how the language of the translator is mapped into its translation.
In that paper, a very small programming language was used in the design of a
small translator system for purposes of demonstration. This paper will present
a much expanded examplé of translator design based on the'EULER programming
language of Wirth and Weber (11). Much of the discussion in this paper will
draw upon results and notation used in the previous paper.

Qur first order of business is a syntax of EULER. Readers of the Wirth
and Weber paper will note that the original EULER grammar was written in a very
stylized fashion with many extra symbols introduced in order to fit the grammar
into the framework of the Wirth and Weber translation algorithm. The EULER
syntax to be presented in this report has been rewritten, not for ﬁhe purpose
of conforming to another translation algorithm, but to show that a more nearly
transparent syntax can still yield an acceptable translator. In fact, the
qiiginal EULER syntax would also "work" in our system, and the new version of
the EULER syntax might be thought of as an exercise in aesthetics.

During the writing of the EULER translator system, an idea began to take
shape concerning simple and clever methods for extending the EULER language and
for using syntactic methods for the purpose of producing partially optimized
‘code from the translator. These methods will be discussed in the following sec-
tions that deal with optimizations and methods of extending the system.

Readers interested in learning how to use the EULER language are referred
to the extremely well written presentation in the original EULER paper (11).

That paper contains examples of EULER programs, a few of which have typographic
errors that the careful reader can use to test his knowledge of the language.
Because the EULER report deals only with the reference language (i.e.,, had
numerous symbols not available on many card-punch machines), an appendix is
included with this paper to indicate the programming conventions used with the
University of Maryland EULER system. This appendix might also be a useful first
guide to EULER for programmers who know some ALGOL.



An EULER Translation Grammar

The notation for the following grammar is an extension of the notation
used in the previous report. In this notation, syntactic rules specifying

the programming language are paired with rules of translation that specify

how the language is translated, as in the following example:

Syntactic Rule ' Rule of Translation
<sum> - <term> I

| +<term> <term>

| -<term> <term>.NEG.

| <sum>+<term> <sum><term>+

| <sum>-<term> <sum><term>-

In this example, sequences of symbols are rearranged in the process of trans-
lation. Thus, the infix addition of "<sum>t<term>" is translated into the
reverse Polish addition of "<sum><term>+". The unary plus sign in the se-
quence "+<term>" is discarded in the translated sequence for <term>. When
the <term> stands by itself as a descendant of a <sum>, no symbols are added
or deleted in the translation (hence, ‘the notation used is I for Identity
Tranélation).

In the rules of translation for the full grammar, there are certain se-
quences of symbols whose meaning may not seem obvious on a first reading. For
example, to understand why the EULER statement

""A=B*C+D.IN..,"
is translated into the sequence

".VRBL.A .VRBL.B .IN. .VRBL.C .IN.* ,VRBL.D.IN..IN.+=.,"
it is well to know something about how pointers to data are manipulated in the
EULER reverse POLISH string interpreter. This interpreter is described in the
next section. To understand why'the EULER statement

".IF.A.AND.B..THEN.C.ELSE.D.," |
is translated into the sequence

" VRBL.A.IN..FAND..VRBL.B.IN..SAND..IF..VRBL.C.IN..SWCH. .THEN. .NOT. .IF..

VRBL.D..IN..SWCH..THEN..,.,"
it is well to read the following section on syntactic methods of producing
optimized tramslations as well as the interpreter description. The aescriptions
of EULER programming in this paper and in the Wirth and Weber article will also

be quite useful.



The full EULER grammar follows. A comparison of this grammar with the

original one will satisfy the interested reader that the languages are virtu-

ally identical, although the grammars are different in form.

The Grammar
Syntactic Rule
<program>+.ENTRY<block>.EXIT.
<block>+<blockhead><body>.END
<blockhead>>.BGIN.

| <blockhead><laheldec>. ,

|<blockhead><vardec>.,
<vardec>>.NEW. <name>

|<vardec>,<name>
<labeldec>>.LABL.<name>

i<labeldec>,<name>
<body>><body>.,<stat>

|<stat>
<gtat>><labeldef><stat>

|<expr>
<labeldef>><name>..
<expr>><block>

| <disj>

]<var>=<expr>

.GOTO.<prim>
| .OUT. <prim>
]<condition><consequence><alternative>
<condition>>.1F.<expr>
<consequence>*. THEN. <expr>
<alternative>—,ELSE.<expr>
<disj>><conj>
l<disj>.OR.<conj>
<conj>r<neg>
]<conj>.AND.<neg>

<neg>><relation>

Rule of Tramslation
<block>

I

I
<blockhead><labeldec>
<blockhead><vardec>
.NEW. <name>
<vardec>.NEW.<name>
.LABL. <name>
<labeldec>.LABL.<name>

I

I

I

I

.LBDF.<name>

I

I

<var><expr>=
<prim>,GOTO.
<prim>.0UT.

I
<expr>.IF,.
<expr>.SWCH. .THEN. .NOT..IF.
<expr>.SWCH. .THEN..,

I
<disj>.FSOR.<conj>.SCOR.
I

<conj>.FAND.<neg>.SAND.
1



Syntactic Rule

!.NOT.<re1ation>
<relation>»<sum>

(1)

l<sum> <relop><sum>
<relop>+{.EQ.|.NEQ. |
.GT.|.GEQ.]|.LT.|.LEQ.}

<gum>-<term>

|+<term>
| -<term>
| <sum>{+|-}<term>

<term>><factor>

]<term>{*]/]./.].MDLO.}<factor>

<factor>><catena>
|<factor>#*<catena>
<catena>><prim>
|<catena>.CNCT.<prim>

<prim>-~.UNDF.

l<var>

|<1abel>

| (<expr>)

|<procdef>

i<referenceprim>

]<1istprim>

I<numberprim>

|<1ogicalprim>

| . TAIL.<prim>

l<var><1ist>

(<symbolprim>
<label>r<name>
<var>-><name>

l<var>.IN.

| <var> (<sum>)
<referenceprim>—>,AT.<var>

<listprim>><list>

Rule of Translation

<relation>.NOT.

I
(1) (2)

<sum> <sum>
1
I
<term>
<term>.NEG.

<sum><term>{+]|-}

I

<term><factor>{*|/]./.

I

<factor><catena>#*%*

1

<catena><prim>.CNCT.

I
<var>.IN.
<label>.IN,
<expr>

I

I

I

I

1
<prim>.TAIL.
<var>.LSCL.<1list>

1

. VRBL. <name>

. VRBL.<name>
<var>.IN.
<var><sum>)
<var>

I

<relop>

.MDLO.}



Syntactic Rule Rule of Translation

| .LIST.<sum> <sum>.LIST.
<list>><listhead>). I
|<listhead;<expr>). I
<listhead>~. ( I
<listhead><expr>, I
<numberprim>><number> .NMBR.<number>
.REAL.<disj> <disj>.REAL.
| .LNGT.<catena> <catena>.LNGT.
|.ABST.<sum> © <sum>.ABST.
| . INTG. <sum> <sum>. INTG.
<logicalprim>—.TRUE. I
| . FLSE. I
.LGCL . <sum> <sum>.LGCL.
| <typeinquiry><var> <var><typeinquiry>

<typeinquiry>+{.ISNU.|
.ISLO.|.ISLA.|.ISLI.|.ISPR.]|

.ISRE.|.IS5Y.|.ISUN.} I

<gymbolprim> ~>.* <6-symbolstring> I

<procdef>+<prochead><expr>$. I

<prochead>~.$ 1
|<prochead><formaldec>., <prochead><formaldec>

<formaldec>>.FRML. <name> . FRML. <name>
l<forma1dec>,<name> <formaldec>.FRML. <name>

<6-symbolstring> > {<1etter>]<digit>'<blank> I

1181l 21=l+1-D] 0°
(i.e., 6 characters)
<name>+{<letter>{<1etter>]<digit>}k, I
k=0,1,...,5}
(i.e., a name is a letter followed

by up to five letters or digits.)

<number>+<integer> TEMP (1)
|<integer>‘D .<integer>‘? TEMP (1)+SCALEXTEMP (2)
<integer>»><digit> SCALE<(.1;

TEMP (i)<value. (<digit>).;



Syntactic Rule

|<integer><digit>

<digit>>{0]|1]...|9}
<letter>+{A|B|... |2}

Rule of Translation

TEMP (1) <10xTEMP (i)+value.( digit ).;
SCALE 0.1xSCALE;

I

I



Syntactic Methods for Optimizing Expressions

At two points in the grammar above, the rules of translation specify trans-
lated sequences of symbols that are not in reverse Polish. The motivation for
doing this in the grammar is to provide a framework for executing the resulting
expressions so as to skip over redundant portions of the translated string. One
of the instances of this translated structure is the rule

<disj>+<disj>.OR.<conj>.
In ordinary Polish notation, the rule of translation would be the sequence
<disj><conj>.0R.
However, this translation does not take into account the fact that, if the <disj>
is .TRUE., there is ﬁo need to evaluate the <conj> in the expression.

It was decided instead to write the rule of translation as follows:

<disj>.FSOR.<conj>.SCOR.
When this translated expression is executed, the .FSOR. operator is read imme-
diately after the <disj> portion of the expression is evaluated. The effect of
executing .FSOR. is to cause the interpreter to skip over the <conj> when the
<disj> is evaluated as .TRUE. . 1In order to skip over the segment of program
between .FSOR. and .SCOR., the interpreter routine treats the program text as
though it were a table of labels, and scans ahead until it encounters an .SCOR.
that matches the .FSOR. by which the routine was activated. Thus, the .SCOR. .
operator is not executed by the interpreter, but is used as a place marker in the
translated program.

The syntactic rule <conj>*<conj>.AND.<neg>
is matched with the translation rule

<conj>.FAND.<neg>.SAND.
for the same reason as given above. In this case, if <conj> has logical value
.FLSE., the translated program segment between .FAND. and .SAND. is skipped over
by .the interpreter routine.

A similar rationale was used in determining the rules of translation used
for conditional statements. In this case, it was decided to break down EULER

conditional statements from the form

(1) (2) 3

.ELSE. <expr> o
(2)

".IF. <expr>" ' .THEN. <expr>

(1

into the form ".IF.<expr>" "~ .THEN.<expr>

.IF..NOT.<expr>(l).THEN.<expr>(3).,”.»



(1)

In order to avoid evaluating <expr> twice in the translated program, the

following strategy was developed:
At run time, the EULER Polish interpreter stores the values of evaluated

expressions in sequence on top of a stack of operands. It is therefore possible

(1

to retain the value of <expr> for re-use in the translated program. Thus,

the actual translation of the conditional statement above is the following

sequence:

5 (2) (3)

"<expr> .IF.<expr> .SWCH. .THEN. .NOT. .IF.<expr>

(1)

.SWCH. .THEN..,.,"

Here, the .IF. command leaves the value of <expr> in place on the operand

stack. If <expr>(l) is true, <expr>(2) is evaluatéd, and, by the EULER con-
ventions, <expr>(2) will also reduce to a single value. When <expr>(2) is

completed, the operand stack will contain the sequence

(0 @), |

value. (<expr>""")., value. (<expr>

as the two topmost operands. It is then only necessary  to switch these two
operands (using the .SWCH. command), negate the topmost operand (using .NOT.),

(3

and skip over <expr> to the ,THEN. that matches the .IF. operator. The

extra semicolon after the .THEN. place marker serves to unstack the value of

.NOT.<expr>(l)

at the end of the conditional statement. Thus, in this case
also, the use of a placemarker known to the interpreter facilitates skipping

over redundant portions of the translated program.

Some Syntactic Methods of Extending the EULER Language

After developing the appropriate techniques for breaking down conditional
statements and for optimizing logical expressions, the next question concerns
using these syntactic tricks to provide extended facilities in the EULER lan-
guage. The extensions to be described in what follows have not yet been pro-
grammed into the system, there being a minof obstacle of time and money
presently obstructing progress.

The introduction of full string-processing facilities into the EULER system
is the first example to be considered. Without altering the EULER interpreter,

and with very little reprogramming of the translator, we can effect the following



improvement:
Syntactic Rule Rule of Translation
<prim> > <stringprim> I
<stringprim>><stringhead>/. <stringhead>).
<stringhead>~./ . (
l<stringhead><symbol>' <stringhead>.#*<gymbol>,

Here, a string of arbitrary length is translated into a list whose cells store
the symbols of the string one symbol to the cell in sequence. With this ar-
rangement, it is possible to manipulate strings 'using the list concatenation
operator, the .TAIL. operator, and using EULER subroutines for performing
tests for list equality and containment.

The second example involves the addition of facilities for reading in
data at run time within the framework of the EULER system. In this case,
additional structures must be provided in the EULER Polish string interpreter.
These facilities would take the form of routines for converting numbers into
their internal representation and for packing string data. The added syntax

might resemble the following rule system:

Syntactic Rule Rule of Translation

<program>~,ENTRY<block>.EXIT. <block>

| .ENTRY<data>. ,<block>,EXIT. <data><block>
<data>+<datahead>.END.
<datahead>+;DATA.<item>

| <datahead>. ,<item>
<item>><number>

l<stringprim>

|<datalist>

<datalist>><datalisthead>).

= o T e R o B o S o]

<datalisthead>~+. (<item>
|<datalisthead>,<item> I
With this program structure, the <data> portion could be read in by a subroutine
that leaves the <data> in a pre-arranged location in memory. The interpreter

routine could then be read in on top of the data subroutine, and the translated
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program would be executed. A statement of the form ".READ. prim " would then
store an appropriate link to some segment of the read-in data on top of the
operand stack of the interpreter.

The third example involves the use of a syntactic notation to expand
the EULER Language into a self-extendible programming language similar to
MAD/1 ( 4) and ALGOL 68 (10). By an extendible programming language, people
currently mean the following two things:

(a) A language in which the ﬁrogrammer can specify new data types and

data structures composed of novel configurations of data elements.

(b) A language in which the programmer is able to reorder the priorities

of expression operators and is able to specify arbitrary new operations

at will.
In EULER, there already exists a very general mechanism for allowing programmers
to manipulate data structures, namely, the list mechanism. EULER lists can be
constructed from arbitrary combinations of data elements. However, EULER only
has eight data types with no facilities for extending their ranges. Such
range-extension facilities depend on the machine on which the language is
implemented, and algorithms for specifying such things as numbers of arbitrary
precision must be written for the machine in question. Hence, our example will
concentrate on the macﬁine—independent problem of specifying new operators in
programs.

Any reasonable programming language must presuppose the existence of a
standard set of expression operators before provision is made for allowing
programs to expand this set of operators. With each standard operator will
be associated a standard precedence level, and the operators to be intronduced
by the programmer must also have precedence levels. As the term is currently
used, operator precedence (or priority) is a measure of how expression operators
compare in binding power. For example, exponentiation is said to have a lower
precedence than addition, because exponentiation is performed before addition
in arithmetic expressions. Thus, precedence imposes on the operations of a
language. This ordering is reflected in the ordering of syntax rules in pro-
gramming language grammars. In the EULER grammar above, rules are ordered so
that list concatenation is performed first, then exponentiation, and so on,
until the operation of value assignment. From concatenation to assignment

of value there are nine levels of precedence.
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Our approach in providing for the programming of new operations is to
assign these operations to one of nine classes of operators, reflecting the
nine levels in the original grammar. We accomplish this by adding an operator
declaration to the language, and by permitting the programmer to define new
operators and rearrange their precedences at will. The rules for permitting

this in our system are as follows:

Syntactic Rule Rule of Translation
<exXpr>—-<var><opname><expr¥ .(<var>,.$<expr>$.)..CALL. <opname>
|<disj> I
<disj>r<disj><opname><conj> .(.$<disj>$.,.$<conj>$.) .CALL. <opname>
[<conj> I
<catena>r<catena><opname><prim> .(.$<catena>. ,$<prim>$.)..CALL.<opname>
<blockheads-
<blockhead><operatordec>. , <blockhead><operatordec>
<operatordec>>,0PRT. <opname> .OPRT.<opname>
|<operatordec>,<opname> <operatordec>.0PRT.<opname>

(Programs now have operator, data variable, and label declarations.
Procedures may then have operators global to them, but may not have

operators passed to them as parameters of procedure calls.)

Syntactic Rule Rule of Translation

<numberprim>->.PREC. <opname> I

(.PREC. inquires about the
precedence of the following
<opname>.)

<expr>-><opname>=<opdef> .0P.<opname><opdef>=

(Definition of new operators
and redefinition of old ones.)

¢
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Syntactic Rule Rule of Translation

<opdef> + <defhead><expr>$.

<defhead> > <formalpart><precedencepart> I

<formalpart> - .S.FRML.<name>., .$.FRML. <name>
].$.FRML.<name>,<name>., .$.FRML. <name> . FRML. <name

<precedencepart> > RANK=<digit>., RANK.NMBR. <digit>=.,

<opname> ~+ {=]+|-|*|...|.cNCT.
l.{<1etter>|<digit>}4.} 1

In the syntax above, the <opname> in each rule is translated into
a procedure call, with parameters consisting of the operands associated
with each <opname>. These procedure calls either refer to the "standard"
operator associated with a particular precedence level or refer to the
translated <opdef>'s introduced into the program. It is assumed that the
translator will automatically enclose each translated program with an extra
outer block containing the procedure definitions of the standard operators.
In this way, the standard operators can be redefined within a particular
program, but will regain their usual meaning upon exit from the block in
which the redefining statement occurred.

A certain amount of optimization is still possible within the frame~
work of this extendible translator. As an example, suppose we write the
following routine as the procedure corresponding to the sfandard operator

for logical conjunction:

.AND.= ,$.FRML.X,Y.,RANK=7.,
.BGIN..NEW.Z. ,Z=X.,
.IF.Z.THEN.
.IF.ISLO.Y.THEN.Y.ELSE. .GOTO.ERROR
.ELSE. Z .END.S.
The actual parameters in the procedure call for .AND. are subexpressions
surrounded by .$ and $. . Thus, the effect of the statement
"Z=X.,"
is to evaluate the X parameter only once and not to evaluate the Y parameter

unless Z is .TRUE. .



13

Other possible extensions to the EULER language include the addition
of ALGOL-like iteration statements, as well as more rapid FORTRAN-style
iterations. In both these cases, the additions can be made easily by
incorporating a little extra syntax into the translator, and by having
the language of that syntax translate into appropriate procedure calls

to global "system" procedures;

How a Section of the Translator Was Designed--An Example

It is assumed that readers of this section will have some familiarity
with the translatér example in the previous paper (8) on this subject. 1In
order to simplify the programming of the translator, it was decided to have
the reserved words of the language perform as many functions as possible in
the translation. Thus, the reserved words actually appear in translations
as commands for the interpretive system where appropriate, and are stored
on the pushdown store of the translator in place of the '"nonterminal symbols"
.of the normal-form version of the grammar. For example, in the normal-form

grammar for EULER, the rule

<expr> +Xl<alternative>

Xl+ X2<consequence>

X2+ <condition>

By letting Xl be .THEN. and X2 be .IF. in the translator, the coding is
greatly simplified, and no ambiguities are introduced, since the Xi can be
treated as '"new and distinct'" symbols. The flowchart of Figure 1, showing
the transitions to and from the box corresponding to <expr>, illustrates

how the EULER translator given in Appendix was programmed.



14

ie—i-|

Outcode (N;)

TO INITIAL POINT FOR <block>

{prochead> ;

i*i -l

Sj =27

14,

(isthead)

Sj=?

{procdef)

Outcode ( Sj)
jei +l

)

-

(I 4

Outcode ('.SWCH.")
Outcode ('.THEN.")
Outcode ('.,")

i*=i -l

Outcode ( sj)

Outcode (Sj)

j<itl

- »
ii -l

4

<{prim>

j<j+l

j=jtl P <prim>
4)
—— aei+ |
a Ni=-S;
Sj=? |
( i+
' A THEN.
dexpr) -1F. {condition)
Nj=? - Outcode (N;)
.THEN. o ELSE. |
Sj=? jai-l|
YR |
. |
{alternative) {consequence)

Outcode ('. SWCH.")
Outcode (Ni )

Outcode ('.NOT.")
Outcode (.IE")
i—j=|

SJ =?

L+ TO INITIAL POINT FOR <block)

Figure 1. A Portion of the EULER Translator
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Error Messages and Error Scans in the Translator

In the flowchart segment of Figure 1, no error exits are indicated.
This is because, with this translator~design algorithm, error exits are
implied; i.e., when the appropriate combination of program and pushdown-
store symbols are not read at some stage of the computation, a syntactic
error in the program is indicated. Rather than halt the processing of
an input program at this point, it was decided to provide a full error
scan, one that points out the location of each error as it occurs.

The error-scanning mechanism is based on the following obéervation
concerning the EULER syntax: The <body> of a program consists of sequences
of the form -

<body>. ,<stat>
where the <stat> may be some additional sequence of statements surrounded
by .BGIN. and .END. . Thus, it is possible to treat this level of the
programming language as a synchronizable encoding (7 ) in which the decoding
process can be resumed after an error occurs because the decoding algorithm
. does not "know" the difference between an input sequence of the form
"<stat>(1).,<stat>(2).,<stat>(3).,"

and one of the form

(1) (3) w

Y<stat> . y<stat> oy s

Because of this property of the grammér, a scanning routine can be constructed
so that, whenever the translator finds a program error, the routine scans for-
ward in the program until it encounters the first semicolon or .END. following
the error. This routine then resets the translator so that translation resumes
at the program location following the semicolon or .END. . If a semicolon is
encountered, the translator resumes translation at its initial point; if an
.END. is encountered, the translator resumes translation in the section
corresponding to <body>.

It is conjectured here, but not proved, that this error-scanning mech-
anism will never permit the printing out of a translated program containing
an error. The reason for this conjecture is that the syntax~checking mech-
anism of the translator is critically sensitive to the balancing of .BGIN.'s
and .END.'s, left-and right parentheses, etc., in a program. Thus, when an
error is discovered in a program, some extra symbol will remain on the

pushdown store, and this symbol will ultimately cause an error message when
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the .EXIT. command of the program is read: With an error message at this
point in the program, it is a very simple matter to suppress the punching
out of the translated program. So far, experience with the translator has

borne out this conjecture.

A Missing Feature of the Translator

In section 4.7.3.3 of the revised ALGOL report (1@,_the following

description of procedure calls apﬁears:

...If the procedure is called from a place outside the scope
of any nonlocal quantity of the procedure body the conflicts
between the identifiers inserted through this process of body
replacement and the identifiers whose declarations are valid
at the place of the procedure statement...will be avoided
through suitable systematic changes of the latter identifiers.

The meaning of this condition can be seen in terms of the following EULER
programming example: -
.ENTRY.BGIN. .NEW.A,B.,
A=2.,
B=.$AS..,
.BGIN. .NEW.A.,A=5.,
.OUT.B.END. .,
.OUT.B .END. .EXIT.

Following the dictates of the ALGOL report, the number 2 would be written
out twice by the program above. This is because the variable A is global

to the definition of procedure B, and hence, some translation routine would
have to rename A so that the translated program would be similar to what
would appear if the above program had originally been written in the follow-
ing way: .ENTRY .BGIN. .NEW.Z,B.,

z=2.,
B=.$2§..,

.BGIN. .NEW.A.,A=3.,
.OUT.B.END. .,
.OUT.B.END. .EXIT.

Although this ALGOL principle is not directly stated in the EULER report,
there is an indication that variables in procedures are bound to the block
in which they occur. Thus, something like section 4.7.3.3 must have been

part of the original EULER.
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In our EULER translator, the effect of executing the program example above
would be to write out the number 5 followed by the number 2. Thus, section
4.7.3.3 has not yet been implemented for our system, although the programming
involved is fairly straightforward. At present, the second program above must
be submitted to obtain the correct results, and so the programmer must rename

his program variables rather than have the translator perform the renaming.

Translation Times and Memory Requirements

The present EULER translator programmed in FORTRAN IV on the IBM 7094
machine takes approximately'5600 words of memorf, including FORTRAN system
routines and space for 500 packed words of EULER program to be translated. At
present, 500 words of translated program output are obtained in about .06
minutes of execution time, and times for smaller programs are somewhat better,

although difficult to measure.
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Part II. The EULER Interpretive System

Introduction

This section consists of a description of how the EULER interpreter
works. The structures used by the system and the commands that manipulate
these structures are described, and algorithms written in a subset of
EULER depict what happens when the commands are used. It is intended that
these descriptions and algorithms, together with the actual FORTRAN IV
version of the system given at the end of this report, will give the reader
two somewhat different viewpoints of how the interpretive system functions.

This section of the report could also be considered an advanced manual
for programming in the EULER reverse Polish language, although it is intended
that the EULER translator be used for "writing" the programs used by the
interpreter. It should be noted that the interpreter system now in use
accepts programs written on punched cards, with the commands and data
punched between columns 7 and 72 of the cards. Individual commands are
punched left-justified into separate fields six columns in length. Thus,

a total of eleven commands and data items can appear on one card. The
EULER translator receives programs punched '"free format" between columns
7 and 72 of cards and translates these programs into the interpreter no-

tation, properly spaced and justified on punched cards.
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Structures within the EULER Polish Interpreter

The following are the stacks and computer words used by the processor that

executes the translated EULER code:

CODE - The array in which the translated EULER program is stored.

I - The index of CODE, pointing to the translated instruction
currently being executed. 4

IDNTLS - The table of names, types and values used to implement dynamic
storage allocation of variables.

T - The index of IDNTLS, pointing to the location of the most
recently declared variable name in a program being executed.

OPRND - The stack of intermediate values and links stored in the process
of executing a program.

The stack of data types associated with the values and links

TOPRND -
stored in OPRND.

IK ~ The index of OPRND and IOPRND.

STORAJ - The stack of locations in the IDNTLS name table where storage
of names begins for each block.

BLKNUM - The index of STORAJ that records the dynamic block number at
each point in the program being executed.

JUMPBK -~ The stack of procedure return addresses used in execution of
recursive and nonrecursive procedure calls.

PRAMLS - The stack of pointers to parameter lists of procedures called
during program execution.

JMPRIN - The index of JUMPBK and PRAMLS, giving the level of nesting of
procedure calls at any point in a program.

LAVS - Array name used for setting up the pool of linked 1list cells used
by the interpreter's list-processing routines.

AVSL - The machine word containing pointers to the beginning and end
of LAVS, »

LSTRTN - A stack used for reading out the contents of lists that contain
sﬁblisté during execution of a program.

LSTCNT - The index of LSTRNTN, indicating the depth of the sublist

currently being read using LSTRTN.
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The following description of the EULER interpreter commands consists
largely of algorithms written in a subset of EULER. It was felt that these
algorithms can be concisely written and are intelligible to anyone familiar
with ALGOL, and possibly to some familiar with MAD or FORTRAN as well.
Appendix 4 is the actual interpreter program, and is written in FORTRAN IV.
By comparing the EULER algorithms with the corresponding FORTRAN, it will
be noted tuat the function JUMPTO.(.*DUMMY)., where .*DUMMY is some chosen
operator, corresponds to several élightly different FORTRAN routines used
for scanning forward in the interpreted program without executing the segment

of CODE that is thereby bypassed.

Typing and Storage of Data

Data appears in IDNTLS, the interpreter name table, as triples of
Computer words. The first word in each triple is the program-declared name,
the second word contains a data type code, and the third word contains the
actual datum., Since the index of IDNTLS is T, this means that IDNTLS(3*T-2)
is an alphanumeric word, IDNTLS(3*T-1) contains the type, and IDNTLS(3*T)
cdntains the datum. Data is also stored on the operand stack OPRND. Here,
OPRND(IK) denotes some value or linkage, and IOPRND(IK) is the integer type
code of the datum in OPRND(IK).

The other important structures in which data can be stored and manip-
ulated are list cells drawn from LAVS. Each list cell consists of a pair
of adjacent computer memory words, in the manner of SLIP list cells ( 11 ).
The SLIP conventions regarding fields within a computer word are used here:
That is, a given word is divided into two address-sized fields, called the
LNKL and LNKR fields, and a smaller ID field. The datum is stored in the
second cell of each word pair, and the typing information for that datum
appears in the ID field of the first cell of the pair. To maintain a semblance
of consistency within the interpreter routines, each pair of words IDNTLS(3*T-1)
and IDNTLS(3*T) is made to resemble a list cell in that the typing information
for the datum in IDNTLS(3*T) is stored in the ID field of IDNTLS(3*T-1). 1In
Appendix 2 1is a brief description of the SLIP routines used in this paper

to describe EULER.
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At present, there are eight data types manipulated by the EULER system:
numerical constants and variables, logical constants and variables, labels,
lists, references or pointers, procedures, alphanumeric symbols, and a last
category of undefined data. The type coding mechanism works as follows:

If the ID field of IDNTLS(3*T-1) is all zero, or if IOPRND(IK) is an integer
zero, the associated datum is-a floating-point number. If the code is an
integer one, the associated datum is logical. If the code is two, the datum
is a label whose location in the CODE array is stored as a floating point
number. If the ID code is three, the associated datum is an integer link

to a list stored in the LNKR field of the datum word. If the ID code is
four, the associated datum is called undefined. If the ID code is five,
the associated datum is an integer pointer to some other datum. This link
is likewise stored in the LNKR field, and is a reference to either the first
word of a list cell or to IDNTLS(3*T'-1) for some T'. If the ID code is six,
the datum is the location of the first command of a procedure somewhere in
the CODE array, and this location is stored in floating point. Finally, if
the ID code is seven, the corresponding datum contains six alphanumeric
'symbols, including blanks (for the IBM 7094 machine).

The following operators exist for testing the type of an operand
during execution of a program. These operators check the type code of the

topmost operand on the OPRND stack.

.ISNU. (isnumber) - Changes OPRND(IK) to true if IOPRND(IK) is 0. Otherwise

' OPRND(IK) becomes false., IOPRND(IK) becomes 1 (logical
type).

.ISLO. ¢{islogical)

.ISLA. (islabel)

.ISLI. (islist)

.ISUN. (isundefined) A1l defined analogously to .ISNU.

.ISRE. (isreference)

.ISPR. (isprocedure)

.ISSY. (issymbol)

The following two operators exist to perform type conversions between
numbers and logical values. They permit a certain flexibility in the use of

arithmetic expressions or logical expressions in “unorthodox" computations:
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.LGCL. (logical type conversion) LOGCAL:,IF.IOPRND(IK) .NEQ.O.THEN,
.GOTO.ERROR .ELSE,IOPRND(IK)=1;.GOTO.
CYCLE;
.REAL. (number type conversion) TOREAL: . IF.IOPRND(IK) .NEQ.1.THEN. .GOTO.

ERROR.ELSE.IOPRND(IK)=0;.GOTO.CYCLE;

Insertion of Data

At the present time, the interpreter does not use tables of numerical and
logical constants. Instead, such data is passed to the interpreter at each
point of occurrence in the tramslated program. Numbers are passed in the form
of octal representations of floating point numbers{ and are stored in two
consecutive six-character words. The operator .NMBR. signals to the inter-
preter that the folléwing two words in CODE are a number, and a machine-lan-
guage subroutine packs this number into OPRND(IK), after IK has first been
incremented and IOPRND(IK) set to zero. Another operator .* signals to the
interpreter that the following word in CODE consists of six alphanumeric
characters. Index IK is incremented, IOPRND(IK) is set to 7, and the six~
character word is stored in OPRND(IK).

Logical truth and falsity are presented to the interpreter as .TRUE.
and .FLSE. respectively. TFor each of these operands, IK is first incremented
and IOPRND(IK) set to 1. If the operand is .TRUE., OPRND(IK) is set to 1,
otherwise 0. Finally, it is possible to insert .UNDF. (an undefined constant)
on the operand stack. In this case also, IK is incremented. IOPRND(IK) is

then set to 4, and OPRND(IK) is set to zero.

The Basic Interpretive Cycle

Several of the basic interpreter commands have already been discussed.
These commands and the remaining ones to be presented in this report are all
executed by a basic interpretive cycle that reads commands from the translated
EULER program and passes control to routines that execute these commands. This
interpretive cycle can be described in the following steps:
I. Initialization of interpreter indices:
I=0; IK=0; BLKNUM=0; T-0; JMPRIN=0;
I1. Creation of the LAVS pool of linked list cells:
INITAS. (.AT.AVSL, .AT.LAVS,2000).;
III. Reading of the next command of the translated EULER program:
CYCLE: I=I+l; EXBPUYE.(CODE(I)).; .GOTO.CYCLE;
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Arithmetic and Logical Operations in the Interpreter

The following segmented table indicates in the left column the operator
in CODE(I) to be executed and in the right column the correéponding interpre-
tation algorithm:

I. Unary Operators

+NEG. NEGATE: .IF. IOPRND(IK).NEQ.O.THEN.

(unary minus sign) .GOTO. ERROR .ELSE. OPRND(IK))=-OPRND(IK);

\ .GOTO. CYCLE;;

.ABST. (Take absolute value) j}

.INTG. (Truncate to an integer)

Defined analogously to unary negation.

.NOT. NOT:.IF. IOPRND(IK) .NEQ.1l.THEN..GOTO.

(logical negation) ERROR. ELSE,OPRND(IK)=1-0PRND(IK) ;
.GOTO. CYCLE;

ITI. Binary Operators

+(addition) ADD:.IF, IOPRND(IK).NEQ.O .OR. IOPRND(IK-1)
.NEQ. O .THEN. .GOTO. ERROR .ELSE.
.BGIN. OPRND(IK-1) = OPRND(IK-1)+OPRND(IK);
IK=IK~-1; .GOTO. CYCLE .END.

- (subtraction)

* (multiplication)
/ (division) Defined analogously to addition.
./. (integer division)

.MDLO. (modulo)

*% (exponentiation)

.EQ. (test for equality) ISSAME:.IF. IOPRND(IK) .NEQ. O .OR. IOPRND(IK-1)
.NEQ. O .THEN. .GOTO. ERROR .ELSE.

.BGIN. OPRND(IK-1)= .IF. OPRND(IK-1)

.EQ. OPRND(IK) .THEN. 1.0.ELSE.O.0.END.
;TR=IK-1; TOPRND(IK) =1; .GOTO. CYCLE;

.NEQ. (test for inequality)"?
.GT. (test for >)

.LT. (test for <) Defined analogbusly to the test for equality.
.GEQ. (test for »)
LEQ. (test for x) J
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III. Logical Operators Modified for Increased Execution Speed

.FAND. (logical conjunction)

{(Note: This is an optimized
conjunction that is executed
like an ALGOL conditional
statement.) '

.FSOR. (logical disjunction)

(Note: This is an optimized
disjunction that is executed
like an ALGOL conditional
statement.)

.SAND. (end label of a 1ogical§
conjunction)

.SCOR. (end label of a logical
disjunction) .

.IF. (the test operator
in a conditional
statement.)

- THEN.

.SWCH. (Exchange the two
topmost operands
during a conditional
statement having an
alternative.)

Block Structure and Declarations

.IF. IOPRND(IK) .NEQ.1.THEN.
.GOTO. ERROR .ELSE..IF.OPRND(IK)
.EQ. O .THEN.

I=JUMPTO. (.*.SAND.) . .ELSE.
IK=IK-1;.GOTO.CYCLE;

.IF. IOPRND(IK) .NEQ.1 .THEN.
.GOTO. ERROR .ELSE. .IF.
OPRND(IK) .EQ.1 .THEN.

I=JUMPTO. (.*.SCOR.)..ELSE.
IK=IK-1; .GOTO.CYCLE;

.IF. IOPRND(IK) .NEQ.1

. THEN. .GOTO.ERROR
.ELSE. .GOTO.CYCLE;

.IF.TOPRND(IK) .NEQ.1.THEN.
.GOTO.ERROR.ELSE. . IF.OPRND(IK)
.EQ.0.THEN, I=

JUMPTO. (.*.THEN.) . .ELSE. .UNDF. ;
.GOTO.CYCLE;

.GOTO. CYCLE;
DATUM=OPRND (IK) ; TYPE=
TOPRND(IK); OPRND (IK)=OPRND(IK-1);
TOPRND (IK)=IOPRND (IK-1) ;

OPRND (IK-1) =DATUM;
TOPRND(IK~1)=TYPE;

Since EULER is a language having nested block structure and requiring
that all program variables and labels be declared, appropriate commands exist
for executing these functions. For the most part, these commands maniﬁulate the
IDNTLS table of declared names and the STORAJ stack of pointers to where the

names of each currently active block are stored.
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In this EULER system, the JUMPBK stack is the mechanism that implements
returns of control from subroutines being executed. The stacking of subroutine
return addresses permits recursive procedure calls to be executed in this
system at the same speed and efficiency as non-recursive procedure calls. If
a procedure leaves a value on the operand stack, that value is not destroyed by
the procedure return mechanism.- Thus, no extra mechanisms are necessary.to
implement procedures that return function values, and both types of procedures
are treated alike.

There are two sequences of commands that initiate procedure'calls in the
EULER system. The sequence

".VRBL.<name>.IN.",
where name corresponds to a procedure variable, is used for calling those
procedures that have no formal parameters. The sequence

" ,VRBL.<name>.LSCL..(<paramlist>)."
is used for calling procedures that have formal parameters. The actual
parameters iﬁ the procedure call are put onto a list, and, when the command ).
is interpreted, the link to this list is put on top of the PRAMLS stack before
control is transferred to that subroutine. A description of the .IN. command
is given in the following section, .LSCL. is discussed in the section on transfers
of control, and .( and ). are described in the section on list operationé. The
following list of commands and algorithms includes those commands that are

interpreted when a procedure is executed by the system.
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.BGIN.

(beginning of a
program block)

-$

(beginning of a
procedure definition)

.NEW.

(variable
declaration)

.LABL.

(label
declaration)

.LBDF. (label of definition)

.FRML.
(formal parameter

declaration in
procedure)

., (semicolon)

BEGIN : BLKNUM=BLKNUM+1 ;
STORAJ (BLKNUM) =T+1;

.GOTO.CYCLE:
PROCHD: IK=TK+1;0PRND(IK)=I;

TOPRND(IK)=6;
I=JUMPTO. (.*$. ).;
.GOTO. CYCLE;

NEW:I=I+1; T=T+1; IDNTLS(3*T-2)=

CODE(T) ; SETDIR. (4,0,BLKNUM,
IDNTLS (3*T-1)) . ; IDNTLS (3*#T)=0;
.GOTO. CYCLE.

LABEL : T=T+1; T=T+1 ; IDNTLS (3%T-2) =
CODE (I) ; SETDIR. (2,0, BLKNUM,
IDNTLS (3#T-1)). ;=

SETDIR. (0,BLKNUM,LOCATE. (CODE(I)).,

IDNTLS (3*T)) . ;.GOTO.CYCLE;

LABDEF: I=I+1; .GOTO.CYCLE;

FORMAL : T=T+1 ; T=T+1; IDNTLS (3*T-2)=
CODE(I) ; LINK=LNKR. (PRAMLS
(JUMPRIN)) . ; .IF.LINK.EQ.O. THEN.
.BGIN.IDNTLS (3*T)=0;

SETDIR. (4,0,0,IDNTLS (3*T-1)).
.END. .ELSE. .BGIN, TEMP=

ID. (INHALT. (LINK).).;.IF.TEMP.EQ.

2.0R.TEMP.EQ.5. THEN.

SETDIR. (-1,-1,LNKL. (INHALT. (LINK+1).).

,IDNTLS (3*T-1)) . .ELSE. . UNDF. ;
PRAMLS (JUMPRTN) =INHALT. (LINK).
IDNTLS (3%T)=INHALT. (LINK+1) . ;
.GOTO. CYCLE;
SEMCLN: . IF. TOPRND(IK) .EQ. 3
.THEN. . BGIN. LLNK=LNKR. (
OPRND(IK)) . ; . IF.LNKL. (INHALT. (
LLNK) .) . .EQ.O.THEN.ERASE. (
LLNK) . .ELSE. . UNDF. .END.
.ELSE. , UNDF, ; IK=IK-1; .GOTO.
CYCLE;
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.END. END: INDEX=STORAJ (BLKNUM) ;
(end of a .IF.T.GEQ.INDEX.THEN.
program block) LOOP:.BGIN, .IF.ID. (IDNTLS (3*T-1)).

.EQ.3.THEN.ERASE. (LNKR. (
IDNTLS (3*T))..ELSE..UNDF.;
T=T-1;.IF.T.GEQ.INDEX

. THEN. .GOTO.LOOP .ELSE. . UNDF.
.END. .ELSE. .UNDF, ; BLKNUM=
BLKNUM-1;.IF.BLKNUM.GT.O

. THEN. .GOTO.CYCLE.ELSE,

.GOTO.HALT;
s. PRCEND: I=JUMPBK (JMPRTN) ;
(end of a procedure) JMPRTN=JMPRTN~-13.GOTO.END;

Pointer Variables and Transfer of Data

In the EULER language, a limited use of indirect addressing exists in
fhe form of variables of type reference. The value associated with a reference
variable is either the machine address of IDNTLS(3*T'-1l), for some T', or the
machine address of the first word of some list cell. As an example, we could
write the following fragment of a valid EULER program:

ve s A=2; V= AT.A;
V.IN.=V.IN.+1l....

Here, A is é variable of type number, and V becomes a reference to A. The last
command in the fragment causes A to acquire a numerical value of 3.

On a statement~by-statement basis, the program fragment would have been

translated into the following fragment: (Note that .AT. is not translated di-

rectly.)
.VRBL.A .NMBR. 202400000000=
. .VRBL.V .VRBL.A =
.y . VRBL.V .IN. L.VRBL.V

LIN., LJIN. JNMBR.201400000000+
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The effect of the command .VRBL. is to fetch a pointer to the wvariable name
that follows it in the translated program. Thus, the effect of executing the
sequence

.VRBL.V .VRBL.A =
is to take the pointer for A and store it in IDNTLS as the datum for V. The
effect of the command .IN. is to replace a pointer to some datum by the datum
itself. Hence, the use of

.VRBL.V JIN. .IN.
in the translated program. Here, the datum acquired by the first use of .IN.
is itself a pointer to another datum. The second use of .IN. finally captures
that indirectly referenced datum. Thus, the effect of an .AT. in a program
is the suppreséion of an .IN, in the translation.

The following list of commands presents the algorithms that are used to

interpret references and assignments of value in this version of EULER. Note
that error exits occur whenever some variable global to a program block is

assigned as a reference to a variable local to that block.

.VRBL. VARIBL:I=T+1;IVRBL=CODE(I);
(fetches a ITEMP=T;LOOPL:.IF,IDNTLS (3*T~2)
pointer to a .NEQ.IVRBL.THEN. .BGIN.ITEMP=ITEMP-1;
variable name)
.IF.ITEMP.EQ.O.THEN. .GOTO.ERROR
.ELSE. .GOTO.LOOP1.END. .ELSE. . BGIN.
IK=TK+1; TOPRND(IK)=5;
SETDIR. (0,LNKR. (IDNTLS (3*ITEMP-1)) . ,
MADOV. (IDNTLS (3*ITEMP-1)) . ,0PRND(IK)) . ;

.GOTO.CYCLE.END.
.IN. INSIDE:ITYPE=ID. (CONT. (LNKR. (
(fetches the OPRND(IK)).).).;IOPRND(IK)=ITYPE;
datum referenced
by a pointer; initiates .IF.ITYPE.NEQ.G.THEN..BGIN.OPRND(IK)—
procedure calls.) CONT. (LNKR. (OPRND(IK)) .+1).;.GOTO.CYCLE

.END. .ELSE. .BGIN. IK=IK-1; JMPRTN=
1+JMPRIN ; JUMPBK (JMPRTN) =1 ;
BLKNUM=1+BLKNUM;

STORAJ (BLKNUM)=1+4T;

I=CONT. (LNKR. (OPRND(IK)) .+1).;
.IF.CODE(I+1).EQ..* . FRML. .THEN. .GOTO.
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ERROR.ELSE. .GOTO.CYCLE.END.
ASSIGN:.IF.IOPRND(IK-1) .NEQ.5.THEN.
.GOTO.ERROR.ELSE. .BGIN. TYPE=IOPRND ( IK) ;
LRNK=LNKR. (OPRND (IK) ) . ; LINK=

LNKR. (OPRND (IK-1)) . ;.IF.TYPE.EQ.5.0R.
TYPE.EQ.3.THEN..IF.LNKL. (OPRND(IK)).
.GT.LNKL. (OPRND(IK-1)) . .THEN. .GOTO.ERROR
.ELSE. ,UNDF. .ELSE. .IF.TYPE.EQ.3.AND.
LRNK.GT.O. THEN. . BGIN. SETIND. (-1,

LNKL. (CONT. (LRNK) .) .+1,-1,LRNK) ,

SETDIR. (0,0,-1,0PRND(IK))..END..ELSE. .UNDF.
; .IF.ID. (CONT. (LINK).)..EQ.3.AND.LNKR. (
CONT. (LINK+1).)..GT.O.THEN.

ERASE. (CONT. (LINK+1).)..ELSE. .UNDF.;
SETIND. (TYPE,-1,-1,LINK) . ;OPRND(IK)=

CONT (LINK+1) ; OPRND(IK~1)=0PRND(IK) ;

TOPRND (1K-1)=IOPRND (IK) ; IK=IK-1; .GOTO.CYCLE;

Transfers of Control Within a Program

Transfers of control in a programming language are both implicit and

explicit. An explicit transfer is caused by a .GOTO. command. The .LSCL.

command is implicit, since it does not appear in EULER programs, but is used

by the translator system for transferring control to subroutines that have

parameters: . Note that .LSCL. only serves to find the location in the program

of the procedure.

.GOTO.

The actual transfer of control takes place when ). is read.

JUMP:.IF.IOPRND(IK) .NEQ.2.THEN.
.GOTO.ERROR.ELSE. .BGIN.I=LNKR. (
OPRND(IK)) .~1; JMPRTN=JMPRIN
+LNKL. (OPRND(IK)) .~BLKNUM; .IF,
JMPRIN.LT.O.THEN.JMPRTN=0.ELSE.
.UNDF. ; .GOTO.CYCLE.END.
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.LSCL. LSCALL :LINK=LNKR. (OPRND (IK)) . ;
.IF.ID.(CONT.(LINK).)..EQ.6.THEN.
.BGIN.IOPRND(IK)=6;0PRND(IK)=
CONT. (LINK+1) . ; .GOTO.CYCLE.END.
.ELSE. .GOTO.ERROR; o

List Operations and String Processing

The EULER system has facilities for constructing and concatenating lists,
for taking the suffix of a list, and for finding supscripted list elements.
Moreover, each list call can store data of any legal type, including procedure,
reference, label, etc. AThus, it is possible to execute a program by simply
naming the elements of a list of procedures in order. Or, we can obtain the
effect of an ALGOL switch by constructing a list of labels and writing .GOTO.
followed by a subscripted list reference. Since characters can be stored on
lists, it is possible to compare long character strings by writing procedures
for testing two lists for equality, containment, etc.

.The command .LIST. constructs an empty list whose length is given by the
numeyrical value of the topmost operand on the OPRND stack. The commands
.( and ). construct a list out of data elements that occur between them
separated by commas. The subscripting command ) is evaluated one subscript
level at a time and takes its information from the two topmost elements of the
OPRND stack. The concatenation operator .CNCT. creates a copy of the two lists
whose pointers are the topmost operands of the OPRND stack. Finally, the suffix
operator .TAIL. finds the link to a list on top of the OPRND stack and replaces
that link by a link to the following cell of that list.

The following example illustrates a distinction that should be understood
when programming EULER: If A and B are lists in a program, then the two state-
ments

C=.(A,B).; and C=A.CNCT.B;
do not have the same effect. 1In the first case, C is a list of two elements
which point to A and B as sublists. In the second case, C is a list cohsisting
of a copy of A joined to a copy of B.
The following table of commands and algorithms further describes the results

produced by the list manipulation operators:
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.LIST. LIST:.IF.IOPRND(IK) .NE.O.THEN,
.GOTO.ERROR. ELSE. . BGIN. IOPRND (IK)
=3 ; INDEX=0OPRND (IK) ; . IF . INDEX
.EQ.0.THEN. . BGIN.OPRND(IK)=0;
.GOTO.CYCLE.END. .ELSE. ,UNDF. ;
IVRBL=NUCELL; . IF.INDEX
.EQ.1.THEN. .GOTO.OUTPUT.ELSE.LLCELL=
IVRBL ;LOOP2: INDEX=INDEX-1; . IF.
INDEX.LT.1.THEN. .GOTO.OUTPUT,ELSE.
.BGIN.LRCELL=NUCELL ; SETIND. (4,
-1,LRCELL,LLCELL) . ; LLCELL=LRCELL;
.GOTO.LOOP2 .END. ;OUTPUT: SETDIR. (O,
0,IVRBL,0PRND (IK)).;

. LISTHD: IK=IK+1; TOPRND (IK)=3;

OPRND(IK)=.*.(  ;.GOTO.CYCLE;
. COMMA : IKK=IOPRND(IK) ; IJJ=LNKR. (
(stores topmost OPRND(IK)).;

OPRND in a list .IF.IKK.EQ.3.AND.IJJ.GT.O. THEN.
cell and replaces

this operand with SETIND. (~1,LNKL. (CONT. (1JJ).) .+1,-1,1JJ).;
a link to the cell.) .ELSE. .UNDF. ; TEMP=NUCELL;
SETIND. (IKK,0,0,ITEMP) ; STRIND. (
OPRND(IK) ,ITEMP+1) . ;OPRND(IK)=TEMP;
TOPRND(IK)=3;.GOTO.CYCLE;
). LSTEND: . IF.OPRND(IK) .EQ..*.(  .THEN.
.BGIN.OPRND(IK)=0;.GOTO.CYCLE.END.
.ELSE.EXECUTE. (COMMA) . ;LOOP3: . IF.
OPRND(IK-1) .NEQ..*.(  .THEN..BGIN.
SETIND. (-1,0,LNKR. (OPRND (IK)) . ,LNKR
. (OPRND(IK~1)).) . ; IK=IK~1; .GOTO.LOOP3
.END. .ELSE. .IF.OPRND(IK~1) .NEQ.6.THEN,
.GOTO. CYCLE . ELSE. . BGIN, JMPRTN=1+
JMPRTN ; JUMPBK (JMPRTN) =1 ; T=T+1;
PRAMLS (JMPRTN)=IDNTLS (3*T)=0PRND(IK) ;
SETDIR. (3,1,0,IDNTLS (3*T-1)) . ; I=OPRND(IK~1;
IK=IK-2; .GOTO.BEGIN;
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) RSBSCP : INDEX=0PRND(IK) ; IK=IK~1;
(subscript operator) .IF.INDEX.LEQ.0.THEN. .GOTO.CYCLE
.ELSE.LINK=LNKR. (CONT. (1+LNKR. (
OPRND(IK)).).).;.IF.LINK.GT.0.THEN.
- .BGIN.LOOP4: INDEX=INDEX-1; .IF.INDEX
.GT.0.THEN. .BGIN.LINK=LNKR. (CONT. (
'LINK).).;.GOTO.LOOP4 .END. .ELSE. .BGIN.
SETDIR. (-1,-i,LINK,OPRND(IK)).;.GOTO.CYCLE
.END. .END..ELSE. .GOTO.ERROR;

.TAIL. TAIL: TEMP=LNKR.(OPRND(IK)).;.IF.

(list suffix) TOPRND(IK) .NE. 3.0R.TEMP.EQ.O. THEN.
.GOTO . ERROR.ELSE . TEMP=INKR. (CONT
.(TEMP) .) ; .IF.TEMP.EQ.0O. THEN. . GOTO.
ERROR.ELSE. . BGIN.OPRND(IK)=TEMP;
SETIND. (-1, 1+LNKL. (CONT. (TEMP) .).,-1,TEMP) .
.GOTO.CYCLE.END. ;

.CNCT. CONCAT: .IF.IOPRND(IK) .NE.3.0R.

(concatenation) IOPRND(IK-1) .NE.3.THEN. .GOTO,
ERROR.ELSE. .BGIN.COPY. (LNKR. (OPRND(IK)).,
JTOP ,JBOT) . ; COPY. (LNKR. (OPRND (IK-1)).,
ITOP,IBOT) . ;SETIND. (-1,-1,JTOP,IBOT).;
IK=IK-1;0PRND(IK)=ITOP; .GOTO.CYCLE
.END.

.LNGT. LENGTH: .IF.IOPRND(IK) .NE.3

(List length) .THEN . . GOTO. ERROR. ELSE . BGIN. COUNT=0;
TEMP=LNKR. (OPRND(IK)) . ; TOPRND(IK)=0;
LOOPS: . IF. TEMP.EQ.O. THEN. . BGIN.OPRND(IK)
=COUNT; . GOTO . CYCLE .END. .ELSE, . BGIN.
COUNT=1+COUNT ; TEMP=LNKR. (CONT
. (TEMP) .) . ; .GOTO.LOOPS .END.
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Reusage of Discarded List Cells by the System

The EULER programmer will not usually concern himself with the problem
of "garbage collection'" of discarded list cells in his programs, since garbage
collection is automatic in EULER. This collection occurs at three points in
EULER programs: at the .END. command of a block, at an assignment statement
when the = command is executed, and between statements when the ; command is
executed. At the end of a block, all lists local to the block are linked one
after another to the last cell in the LAVS list, When an assignment statement
assigns a new value to a wvariable that was formefly a list, that list is
checked to see if its first cell only has one name, If that list only has one
name, it is linked to the last cell of LAVS, When a semicolon is encountered in
the translated program, the top of the OPRND stack is checked to see if it
contains a link to some list having no name (such as would be left there if
something like .OUT..( ). were the preceding statement). TIf there is a link
to an anonymous list on the OPRND stack, then this link is removed from OPRND,
and the list is joined to the end of LAVS.

As in the SLIP system (a part of which is used in our implementation of
EﬁLER), sublists of lists are joined to the end of LAVS only when the NUCELL
routine encounters them in the process of fetching list cells from the top of
LAVS. 1In this case, the sublists are only considered to be reusable if they
are sublists of no more than one list (in this case, they are sublists of LAVS).
More information on this garbage collection technique can be found in the orig-

inal SLIP paper. (11)

Communication of Data

The EULER language allows simple variables and lists to be printed out at

execution time. A program statement such as

,OUT.V;
is translated into the sequence

.VRBL.V JIN. .OUT. ;
If V is a list, then the entire list, including sublists will be printed out.
If V is a variable, then just that variable's value will be printed out. If V
is a procedure, reference, or label, then PROCDR, REFRNC, or LABEL will be the

appropriate "values" to be printed by the ,0UT. operator.
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As a further example, we might have the following statement in an EULER
program:
.oUT. .(.* N= ,3.2,.%THIS I,.*S A LI,.*ST WIT,
.*H SUBL,.*ISTS. ,.(.$3$.,.AT.N,.(2,3).).).;
When the corresponding statement in the translated program is executed, the

following printed output will result:

( N= 3.2000,THIS IS A LI
ST WITH SUBLISTS. , ( PROCDR,REFRNC,
( 2.0000, 3.0000 ) ) )

Note that commas are suppressed between list elements containing characters.
A discussion of how one might extend the printing facilities of EULER can be
found in the section entitled "Improvements and Extensions of EULER'".

There are no facilities for reading data in the EULER language. The
original EULER paper suggests that data be translated with the program, since
translation can be a very rapid process. Perhaps a better suggestion, and one
that we hope to implement, is to allow a list-structured input of data similar
to the one used with the .OUT. command. The "Improvements and Extensions"
Section of this paper has more to say on this matter.

The following algorithm implements list and variable printing as described
above. The OUTPUT subroutine prints one datum for each call, and an index is
used by the subroutine to position the datum on a printed line. Note that the
LSTRTN stack facilitates writing out of sublists.

.OUT. OUT: TYPE=IOPRND(IK);.IF.TYPE.NEQ.3
.THEN. .BGIN.INDEX=1; OUTPUT. (TYPE,OPRND(IK),
.AT.INDEX). ;.GOTO.CYCLE,.END. .ELSE. .IF.LNKR. (
OPRND(IK))..EQ.0.THEN. .BGIN. INDEX=1;
OUTPUT. (7,.*% ( ) ,.AT.INDEX);.GOTO.CYCLE.END.
.ELSE. .BGIN.

. LSTCNT=INDEX=0;0UTPUT.(7,.* ( ,.AT.INDEX).
; LINK=LNKR. (OPRND(IK)) . ;LOOP6 : CTLNIK=CONT.. (
LINK).;.IF.ID.(CTLNIK)..EQ.3.THEN..BGIN.
LSTCNT=1+LSTCNT ; LSTRTN (LSTCNT)=LINK;
LINK=LNKR. (CONT. (LINK+1).) . ;OUTPUT. (7, .*  (
.AT.INDEX) . : .GOTO.LOOP6 . END.

4



.ELSE. .BGIN.OUTPUT. (ID. (CTLINK) .,CONT. (LINK+1) .,
.AT.INDEX).;.IF.ID.(CTLINK). .NEQ.7.AND.

LNKR. (CTLINK) . .GT.0.THEN.OUTPUT.(7, , .,
.AT.INDEX)..ELSE. .UNDF. .END. ;

.IF.LNKR. (CTLINK)..GT.O.THEN. .BGIN.LINK=

LNKR. (CTLINK) . ;.GOTO.LOOP6.END. .ELSE.
.BGIN.LOOP7:0UTPUT.(7,.% ) ,.AT.INDEX).;.IF.
LSTCNT.EQ.O.THEN. .GOTO.CYCLE

.ELSE. .BGIN.LINK=LNKR. (CONT. (LSTRTIN (LSTCNT)).).
; LSTCNT=LSTCNT-1;.IF.LINK.EQ.O.THEN.
.GOT0.LOOP7 .ELSE. .BGIN.OUTPUT. (7, .*
INDEX) . ; . GOTO.LOOP6 . END. . END.

.END.

s ,.AT.

35
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Appendix 1. Features of the EULER Language

EULER is a nested block-structure language, similar to ALGOL, Thus,
every block, consisting of a sequence of statements surrounded by .BGIN. and
.END. parentheses, can be treated as a single statement in ALGOL fashion. An
EULER program consists of an EULER block preceded by .ENTRY and followed by
.EXIT.. *

In EULER, there aie three déclarations, one category-for data variables,
one for program labels, and one for formal parameters of procedures. In the
program _

".ENTRY .BGIN. .NEW.X,Y.,.LABL.Z.,
Z..X=Y .END. ,EXIT."
X and Y will store data, and Z will be a label preceding some statement.

Assigning a data type to a declared variable is accomplished by writing
an assignment statement with data of the appropriate type on the right~hand
side of the assignment. Thus, typing of variables in EULER is dynamic, since
any assignment statement can change the data type stored in a variable. And,

data typing is implicit, since there are no declarations like real, integer, etc.,

as appear in ALGOL. The following is a list of the eight EULER data types:
I. Number -  1In the EULER system, all numbers are assumed to be
| floating point numbers. The assignment statement
"V=E.,"
with E a numerical expression or number, causes
, variable V to become a numerical variable.
II. Symbol - In this EULER implementation, an assignment statement
such as
"V=,*ALPHAN. ,"
causes the six characters "ALPHAN" to be stored in
the location named by wariable V.

III. Logical - The logical constants are ,TRUE. and .FLSE., standing
respectively for logical truth and falsehood. The
assignment statement,

"y=L.,"
with L a logical constant or logical expression,

causes variable V to become a logical variable.



Iv.

VI.

VII.

Label -

Reference -

Procedure -

List ~

(a)
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It will be recalled that EULER programs declare
.NEW. variables as well as .LABL. statement labels.
Interestingly enough, if V is a variable in some
EULER program, and V is not in a block global to
the block of label L, then the assignment statement

"v=L.,"
causes V henceforth to be of type label, and to be
interchangeable with L in .GOTO. statements.
In EULER, if V1 is a variable not in a block global
to the block of variable V2, then the assignment.
statement

"V1=.AT.V2.,"
makes V1 a pointer to the data stored in V2. After
V1l is turned into such a pointer, the twd statements

"V2=v2+1.,"
and "V1.IN,=V1.IN.+1.,"
will have exactly the same effect of manipulating
whatever data is stored in V2.
An assignment statement of the form

"V1=, $<expr>$..,"
causes V1 to become the name of a parameterless
procedure call with body given by <expr>. As a
programming example, we might consider the following
EULER block:
".BGIN..NEW.X,Y ., X=2;

Y=.$,FRML.Z., X=X+Z$..,
.OUT.Y.(5)..END,"

When Y.(5). is operated on by the .OUT. operator,
the value 7.0000 will be written out.
In EULER, lists can be constructed in three distinct
ways:
On command: "VI1=,LIST.300.,"
This statement creates a list of 300 cells and makes

V1 their name.
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(b)

(c)

VIII. Undefined -

By explicit nmotation: "V2=.(1,.(2,3).,4)..,"

This statement creates a list consisting of two

numbers and a sublist and makes V2 the name of

that list.

By concaténafion: "V1=V1.CNCT.V2.,"

Using the concatenation operator, small lists can

be joined togethet into larger onmes. In addition,

lists can be subscripted in the same way as ALGOL

arréyé, and each element éf a list can be any

EULER data type, including label, reference, and

procedure. The following EULER block is an exémple

of the generality of the list notation:

.BGIN..NEW.X,Y.,.LABL.Z., ’
Y=.(2,.$.BGIN.X=X+1.,Y(X) .END.S$.,

.$.0UT.X$.,2)..,

X=Y(1).,Y.(X)..,.G0T0.Y(4).,
Z...OUT..*FINISH.END.

With this program segment, first 3.0000, then

FINISH, will be written out by the executed program.

Every variable declared by .NEW. in an EULER program

is initially of type .UNDF.(undefined). 1In addition

.UNDF. is used as a data constant occasionally and as

an empty option in conditional statements, such as:

"V=.IF.L1.THEN..(1,5)..ELSE..UNDF..,"

For more details on EULER programming the reader is referred to the Wirth and

Weber EULER -paper (11).
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Appendix 2. The SLIP Routines Used in Implementing EULER

The current EULER implementation uses lists whose cells consist

of pairs of memory words having the following format:

Machine Address = M Typel LNKL ' LNKR

M+ 1 Datum

Machine Address

The LNKR field of word M stores the machine address of the first word
of the next cell in a list. If LNKR = 0, then that cell is the last
cell of some list. The LNKL field stores a cbunt of how many program
names refer to a éell; i.e., the LNKL measures how many times a pro-
grammer has made that cell the head of a list, The type field, of course,
stores the tyﬁe code of the datum or link contained in word M + 1.
In the EULER algorithms describing the commands of the reverse
Polish interpreter system, the following subroutines are used for list
manipulation:
I. INITAS.(.AT.AVSL,.AT.LAVS,2000).
This routine passes pointers from the word AVSL
and the 200 word array LAVS to a subroutine that
organizes LAVS into a pool of list cells. A
pointer to the first cell of this pool is stored in
the LNKR field of AVSL, and the LNKL field of AVSL
stores a pointer to the last cell of the LAVS pool.
II. 1ID.(WORD)., LNKL.(WORD),, LNKR.(WORD).
These functions perform appropriate masking and
shifting of the contents of the <name> WORD, and
return as values the ID, LNKL, and LNKR fields of
WORD, respectively.
III. CONT.(ADDRESS).
This function returns the datum stored in the memory

word with location given by ADDRESS.
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IV.

VI.

VII.

SETDIR. (ID,LNKL,LNKR,NAME).
Packs the wvalue of ID into the ID field, LNKL
into the LNKL field, and LNKR into the LNKR
field of the word NAME. If any of the first
three parameters of SEIDIR is -1, the corre-
sponding field of NAME is left unchanged.
SETIND. (ID,LNKL,LNKR, ADDRESS) . '
Similar to SETDIR above, except that ADDRESS is
the machine address of some wyord in memory.
MADOV, (NAME) .
This function returns the machine address of
the word containing the data stored in NAME.
NUCELL
This parameterless function returns a link to
the first free 1list cell in the LAVS pool.
NUCELL also resets the LNKR field of the AVSL
word to point to the new head of LAVS, and
NUCELL initiates garbage collection of any

unused sublists that it encounters.
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$SEXECUTE IBJoOB

310 SCHNEIDERSVICTOR Be%001/68/799%5M%50P*100C*#BINARY b
$1BJOB GO

$IBFTC TRANSL

C NAMING AND TYPING OF STRUCTURES IN THE EULER TRANSLATOR.

LOGICAL UNSAMESNOTIDT

DIMENSION IDNTLS(10G0)sINPUT(300U)sQUTPUTILIUGWU)sN{300) s
1 STORAJ(200)

EQUIVALENCE (INPUT(501)sQUTPUT(1)) s LINPUTC(1501)oIDNTLS(1) )
1 {INPUT(2501)sN(1)}s (INPUT(2801)sSTORAJ(1))

INTEGER OQUTPUT sPROCHD sPRCENDsBEGINs TIMNAT s SEMCLNsCOLONsASSINE
1 OUTsTESTsSWITCHs THENSELSE9ORs FRSTORsSCNDORSAND s FSTAND s SCNAND »
2 GREATRsGRATEQsPLUSsADD»SUBTRCSFLTDIVSEXPNNT s CONCATsUNDFNL »
3 RTPRENs TAIL»FORMAL s COMMASVARIBL AT s TOREAL s TOABOSLs TOINTGsTRUTH
4 FALSTY s SYMBOL s BLKNUMs STORAJ

DATA KBGINSKEND/G6HENTRY s6HeEXITS/

DATA IBLANKsNUMBER sLENGTHs LOGCAL/

1 1HO 26 1e NMBR e s6He LNGT e s6l1a LGCL o/

DATA ISNMBRs ISLGCLs ISLABLsISLIST s ISUNDF s ISRFRNsISPRCDsISYMBL/

1 6HoISNU-’éH&ISLOQ’éHOISLAQ96HOISLI.’éHCISUN.’&HOISRE.’
2 6He ISPRes6He15SY e/

DATA NEWsLABELsJUMPsNEGATE»LABDEF s ISSAMESNOTSAM/

1 SHeNEWe 9s6Ho LABLe96HeGOTOe 95 eNOTesb6He LBDFos4HebWe s5HeNEGS/

DATA LESSTNSLESSEQsNEGsMODULOsML TPLYSINTDIVY/

1 GHelLTe9s5HeLEQe 95HeNEGe s 6He MI:L 0w s 1H% 3He /e /

DATA INSIDEsLFPRENSLSCALLSLISTsLISTHDSLSTENDLSBSCP/
1 GHeINoe s 1H( 36Ha LSCLo96HeLISTes2He( s2H) astH{ (oo /

DATA PROCHDsPRCENDBEGINs TRMNAT s SEMCLNsCCLON/
1 2H0$,2H$0,6H.BGIN.,5H.tND.’ZHO,’ZH'./

DATA ASSINEsOQUT s TESTsSWITCHs THEN/
1 1H=95HeCUTesbHe IFe sb6HeSWlHe 9s6He TriENe /

DATA GREATRsGRATEQsPLUSsADDsSUBTRCSFLTDIVSEXPNNT/
1 4HeGT e 95HeGEQe s6He PLUSe s TH+ 9 1H—s 1H/ s 2H* %/

DATA ELSE»ORSFRSTORsSCNDORsANDsFSTAND s SCNAND/

1 6H0ELSE094H00R0,6HQFSORQ96H-SCOR.’5H.AND.96H0FANDQ’6H.SAND./

DATA CONCATsUNDFNDsRTPRENs TAIL s FORMAL s COMMAsVARIBL/

1 6Ha CNCT e s6HeUNDFos1H) s6He TAIL s s6HeFRMLes1Hs s6He VREL o/

DATA ATsTOREALs»TOABSLs TOINTGs TRUTHsFALSTY s 5YMBOL/

1 4HoAT e 96HoREAL e s6He ABST e 96He INTGe s 6He TRUEs s 6HeFLSE e s 2He %/

INITIALIZATION=-IT INDEXES IDNTLSs JK INDEXES INPUTs LL INDEXES QUTPUI
AND IK INDEXES N» BLKNUM INDEXES STORAJ. MARK IS USED IN WRITING OUT
TRACES FOR BAD PROGRAMS.

aNaNaNaNe!

IT=0

JK=1

LL=0

IK=0

BLKNUM=0

MARK=1
CALL EDITOR(CINPUT)
WRITE(6s4)

4 FORMAT(1H1)

C INITIAL POINT FOR TRANSLATION

IFLUNSAMEUINPUT(UK) sKBGIN)Y) GO TO 8000
CALL STORE(KBGINsNsIK»sJK)

INITIAL POINT FOR BLOCKs

aNaEA!
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106G [CODE=INPUT(JK)
IF{UNSAME(ICODE s ISNMBR} e ANDoUNSA TE(ICODE s TSLGCLL) e AND o
1 UNSAME (TCOLL s ISLALL) e ANDeUNSAM . (TCODEsISLIST)IeAND
2 UNSAME(TCOUL 9 ISUNUF ) e ANUUNSAME (TCODE s TORFRN) e ANU o
3 UNSAME(ICOOE s ISPRCD ) e ANDUNSAME (TQCODES [SYMULY Y GO Tu 1ly
CALL STORE(ICODEsNs1KsJK)
GO 10 200
200 1S INITIAL POINT OF PRIMARY.
114 [FCUNSAME( TCODESLISGTHLY)Y GO TO 120

CALL OUTCODILISTHDsQUTPUTSLL)
CALL STORE( LISTHDsNsIKsJIK)
GO TO 100 A ,
120 IF (LUNSAME ( 1CODE stLGIND s AND o UNSAME { TCODE s PRULHD) ) LU TG 130
BLKNUM=BLKNUM+ 1
STORAJIBLKNUM)=1T+1
CALL OUTCOD(ICODEsOUTPUTSLL)
CALL STORL(ICODLsNs1KsJK)
GO TO 100
130 IF (UNSAME (1CODEsADDY) GO TO 140
CALL STORE(PLUSsNsIK»JK)
GO TO 100 ’
14C 1E (UNSAME ( ICODL s SUBTRC)) GO TO 150
CALL STORE(NEGsNsIKsJK)
GO TO 100
150 IF (UNSAME ( 1CODE» TAIL) o ANDeUNSAME ( ICOUETOUT) ¢ AND«UNSAME (ICODE s
NOT) o AND e UNSAME ( ICODE s TEST) e AND e UNGAME { ICODE » THLIN) o ANL o
UNSAME ( 1CODE sELSE) e AND e UNSAME (1COD oL IST) o ANDeUNSAML ( ICCDE s
LOGCAL ) « AND s UNSAME ( 1COUE s TOREAL ) « AND o UNSAME ( ICODE s LENGTH)
o AND e UNSAME ( ICODE s AT ) « AND o UNSAME ( ICODE» TOINTG) o AND « UNSAME
1COVE s TOABSL ) « ANDe UNSAME (1 COLE s LIST) o AND e UNSAML ( ICOLE 5 JUNP Y )
GO TD 160
CALL STORE(ICODEsNsIKsJK)
GO TO 100
160 IF (UNSAME ( ICODE sNEW) e AND« UNSAME { I CODE s FORMAL ) s AND o
1 UNSAME (ICODESLABEL)) GO TO 200
CALL STORE(ICODEsNsIKsJK)

(oA ® LI - R SV IR AN )

INITIAL POINT FOR PRIMARY.

200 ICODE=INPUT (JUK)
IF(UNSAME(ICODE»SYMBOL)) GO TO 210
CALL OUTCOD(SYMBOLSOUTPUTsLL)
JK=JK+1
CALL QUTCODCINPUT(JK)IsOQUTPUTSLL)
JK=JK+1
GO TO 300

210 IFCUNSAME(ICODESsNUMBER)) GO TO 220
CALL QUTCOD(NUMBERSOUTPUTLL)
CALL OUTCOD(INPUT(JK+1)sOQUTPUTsLL)
CALL OUTCOD(INPUT(JK+2)s0UTPUTsLY)

JK=JK+3
GO TO 300
220 IF(UNSAME(ICODE s TRUTH) e ANDeUNSAME(TCODEsFALSTY ) s AND e UNSANME(
1 ICODESUNDFND})) GO TO 230
CALL OUTCOD(ICODE>OUTPUTsLL)
JK=JK+1
GO TO 300
23C IFENOTIDT(ICODE))Y GO TO 8230

IFCUNSAMECINPUT(JK+1)sCOLON) )Y GO TO 235
CALL OUTCOD{LABDEFsOUTPUTsLL)
CALL OUTCOD(ICODEsQUTPUTsLL)
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235

240

250

255

260
261

265

266

269
270

275

277

280
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JK=JK+2
GO TO 100
JK=JK+1
NOF IX=N(1K)
IF(UNSAME (NOFIKsFORMAL)) GO TO 250
I TEMP=FORMAL
CALL OUTCOD{(FORMALSsOUTPUTsLL)
CALL OUTCOD(ICODEsOUTPUTsLL)
1IT=1T+1
IDNTLS(IT)=1ICODE
IK=1K=-1
1CODE=INPUT (JK)
IF(UNSAME(ICODEsCOMMA)) GO TO 2406
CALL STORE(ITEMPsNsIKsJK)

GO TO 200

IF(UNSAME(ICODEsSEMCLN)) GO TO 8240
JK=JK+1

IFIUNSAME(N(IK) s PROCHD)) GO TO 8241
GO TO 100

IF{UNSAME (NQF IKsNEW) e ANDsUNSAME (IMOF IKs LABEL) ) GC TO 260
ITEMP=NOFIK

CALL OUTCOD(ITEMPSOUTPUTsLL)

CALL OUTCOD(ICODEsQUTPUTsLL)

1T=1T+1

IDNTLS(IT)=ICODE

IK=1K=-1

ICODE=INPUT (JK)

IF (UNSAME(ICODEsCOMMA)) GO TO 2u5

CALL STORE(ITEMP sNsIKsJK)

GO TO 200

IF{UNSAME ( ICODE s SEMCLN)) GO TO 8255
JK=JK+1

IFIUNSAME(N(IK)sBEGIN)) GO TO 8256

GO TO 100 '

ICODE IS STILL THE IDENTIFIER IN QUEOTION.

266

ITEMP=IT _
IF(eNOT e UNSAME(IDNTLS(ITEMP) s ICODE)) GO TO 265
ITEMP=ITEMP~])

IFIITEMP) 8261582615261

CALL OUTCOD{(VARIBLsOUTPUTsLL)

CALL OUTCOD(ICODEsQUTPUTsLL)

IS THE LABEL VARIABLE IN THE FLOWCHARTC
JK WAS INCREMENTED AT LABEL 235.ICODE WAS THEN INPUT(JK=1)e

ICODE=INPUT(JK)
IF(UNSAME(ICODESINSIDE)) GO TO 269
CALL OUTCOD(INSIDE»OUTPUTsLL)
JK=JK+1]1

GO TO 266

IF(UNSAME(ICODESASSINE)) GO TO 275
CALL STORE(ICODEsNsIKsJK)

GO 70 100

IF(UNSAME(ICODEsLISTHD)) GO TO 277
CALL OJUTCODI(LSCALLSQUTPUTsLL)

CALL QUTCOD(LISTHDsOUTPUTsLL)

GO T0 270

IF(UNSAME(ICODESLFPREN)) GO TO 280
CALL STORE(LSBSCPsNsIKsJK)

GO TO 100

NOF IK=N(IK)
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IF{UNSAME(NOFIKsAT)) GO TO 285
IK=1K~1
GO TO 300
285 IF(UNSAME (NOFIKs ISNMBRY e AND e UNSAME(NOFIKs ISLOGCL) o ARND
1 UNSAME (NOFIK s ISLASL) e AND e UNSAMT INOFIK s ISLIST)IeAND,
? UNSAME (NOFIK s ISUNDF ) e AND s UNSAMC (NOF IK s ISRFRN) « AND o
3 UNSAME (NOFIK s ISPRCD) s AND s UNSAME (INOF IK» [SYMBL) ) GO TU 295
CALL OUTCOD(NOFIK»OQUTPUT»LL)
IK=1K-1
GO TO 300
295 CALL OUTCODIINSIDESQUTPUTsLL)

300 1S THE LABEL OF PRIMARY.

300 NOF IK=N{IK)
IF(UNSAME (NOFIKsTAIL)Y) GO TO 305
CALL OUTCODINOFIKsQUTPUTsLL)
IK=1IK=-1
GO TO 300
305 IF{UNSAME{NOF IK9s JUMP ) s AND<UNSAME (INOFIK»OUT)) GO TO 310
CALL OQUTCODI(NOFIKsOQUTPUTsLL}
IK=IK=-1
GO TO 100U
1000 IS THE LABEL OF EXPRESSION.
310 IFLUNSAME(NOFIKsCONCAT)) GO TO 400
400 1S THE LABEL OF CATENA.
CALL OUTCODINOFIKsOUTPUTsLL)
IK=IK=-1

400 IS THE LABEL OF CATENA.

400 IF (UNSAME ( INPUT(JK) s CONCAT)) GO TO 410
CALL STORE(CONCATsNsIKsJIK)
GO TO 100

410 NOF IK=N(IK)
IF(UNSAME (NOFIKsLENGTH)) GO TO 420
CALL OUTCODILENGTHsOQUTPUTsLL)
IK=1K~-1
GO TO 300

420 IF(UNSAME (NOFIKsEXPNNT) )} GO 7O 500
CALL OUTCOD(EXPNNTOQUTPUTsLL)
IK=1IK-1

500 IS THE LABEL OF FACTORe

50C IFCUNSAMECINPUT(JUK) sEXPNNT) ) GO TO 520
CALL STORE(EXPNNTsNsIKsJK)
GO 10 100

520 NOFIK=N(IK)
IFCUNSAME (NOF IKsMLTPLY) s AND«UNSAME(NDFIK s INTDIV) o ANDo

1 UNSAME (NOFIKsFLTDIV) s ANDeUNSAME(NOFIKsMODULO)) GO TO 600

CALL OUTCOD(NOFIKsQUTPUTsLL)
IK=IK=1

600 IS THE LABEL OF TERM.

600 ICODE=INPUT(UK)
IF(UNSAME (L ICODE sMLTPLY ) e ANDsUNSAME( ICODE» INTDIV)eAND,
1 UNSAME (ICODESFLTDIV) e ANDs UNSAME( ICODESMODULO) ) GO TO 610
CALL STORE{ICODEsNsIKsJK)
GO T0 100
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610 NOF IK=N{IK)
IF(UNSAME (NOFIKsPLUS) s ANDe UNSAME (NOFIKsNEG) e ANDe UNSAME (NUF IK »
1 ADD ) « ANDeUNSAME(NOFIKsSUBIRC)) GO 10 700
CALL OUTCOD(NOFIKsOUTPUT,HLL)
IK=1IK=-1

700 1S THE LABEL OF SUMe

700 1CODE=INPUT(JK)
IF(UNSAME(ICODE s ISSAME ) e AND e UNSAME ( ICODE s NUTSAM) 6 AND &
UNSAME(ICOUEsLESSIN) s ANDeUNSAME « ICODE sLEOOEG) e AND o
UNSAME (ICODE s GREATR ) 6 AND s UNSAME(ICODETGRATEQ) e AND :
UNSAME(ICODE s ADD) e ANDe UNOGAMEICUDE> wuBRCY)Y GO O 71,

CALL STORE(ICODEsNsIKsJK)
GO TO 100
71C NOF IK=N(IK)
IF{UNSAME (NOFIKsTOINIG) e ANDe UNSAMEINOF IKs 1OABSL) ¢ AND
L UNSAME(NOFIKsLOGCAL ) e AND e UNSAMCE{NOFIKsLIST)IIGO TO 720
CALL OUTCOD{NOFIK»OUiPUIsLL)
IK=IK=-1
GO TO 300
720 IF(UNSAME (NOFIK9 1SSAME) e ANDeUNSAME (NOFIK sNOTSAM) «ANDo
UNSAME (NOFIKsLESSTN) e ANDs UNSAME (INOFIKsLESSEQ) e AND
2 UNSAME {NOFIKsGREATR) e AND o UNSAME {NOFIKsGRAIEQ)} GO 10 730
CALL OUTCOD{NOFIKsOUTPUTsLL)
IK=1K=1
GO TO 800
730 IF (UNSAME (NOFIKsLSBSCP)) GO TO 800
IK=IK=-1
IFCUNSAME(INPUT (JK)sRTPREN)) GO TO 8730
CALL QUTCODI(RTPRENsQUIPUILL)
JK=JK+1
GO TO 266

W N -

P

800 IS THE LABEL OF RELATION.

800 IF{UNSAME(N(IK)sNEGATE)IGO TO 850
CALL QUTCOD(NEGATESOUTPUTsLL)
IK=1K=1

850 IS NEGATION.

850 IF(UNSAME(N(IK)sAND)) GO TO 870
CALL OUTCOD(SCNANDsOQUTPUTsLL)
IK=1K-1

870 IS THE LABEL OF DISJUNCTION

870 IFCUNSAME (INPUT(JK)sAND)) GO TO 880
CALL STORE(ANDsNsIKsJK)
CALL QUTCOD{(FSTANDOUTPUTsLL).
GO TO 100

880 IF(UNSAME(N(IK)sOR}) GO TO 900
CALL OQUTCOD(SCNDORsOQUTPUTsLL)
IK=IK~-1

200 IS THE LABEL OF CONJUNCTION,
90C IF(UNSAME(INPUT(JK);OR)) GO TO 91U

CALL STORE(ORsNsIKsJK)
CALL QUTCOD(FRSTORsOQUTPUTsLL)



91u

10C0O

1010

1020

1030

104G

1050

1055

1G60

NN

1100

1110
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1000

GO TN 100 ,
IF(UNSAME (N(IK)»TOREAL)) GO TO1000
CALL OUTCOD(TOREALsOUTPUTsLL)
1K=IK=-1 .
GO TO 300

IS THE LABEL OF EXPRESSION.
NOFIK=N(IK)

IF(UNSAME (NOFIKsASSINE)) GO TO 1010
CALL OUTCOD(ASSINEsOQUTPUTsLL)
IK=1K-1
GO TO 1000
1F (UNSAME (NOFIKsLFPREN)) GO T0 1720
IK=1K=-1 ' o

[F (UNSAME ( INPUT(JK) sRTPREN)) GO TO 9010
JK=JK+1 ) :
GO TO 300

IF(UNSAME (NOFIKsTEST)) GO TO 103"
CALL QUTCODI(TESTsOUTPUTsLL)
IK=1K=1 e
IF(UNSAME ( INPUT(JK)sTHEN)) GO TO 9020
CALL STORE(THENsNsIKsJK)
GO TO 100 .

IF (UNSAME(NOFIKsTHEN)) GO TO 104u
CALL OUTCOD(SWITCHsOUTPUTsLL)
CALL 0OUTCOD( THENSQUTPUT oL L
CALL OUTCOD(NEGATE sOQUTPUTsLL)
CALL OUTCODI(TESTsOQUTPUTsLL)
IF(UNSAME { INPUT(JK)sELSEY) GO TO 9030
N(IK)=ELSE
JK=JK+1
GO TO 100

IF(UNSAME (NOFIKSsELSE)) GO TO 1050
CALL OUTCCOD(SWITCHsOUTPUTsLL)
CALL OUTCOD(THENsOUTPUTsLL)
CALL QUTCOD(SEMCLNsOUTPUTsLL)

[K=IK=1
GO TO 1000

IF({UNSAME{NOFIKs»LISTHD)) GO TO 1U60
IK= [£{=1

IF(UNSAME ( INPUT(JK)sLSTEND)) GO TO 1055
CALL OUTCODI(LSTENDsOUTPUTsLL)
JK=JK+1
GO TO 300

IFIUNSAME ( INPUT(JK) sCOMMA) )} GO TO 9055
CALL OUTCOD{(COMMASQUTPUTsLL )
CALL STORE(LISTHDsNsIKsJK)
GO TO 100

IF (UNSAME (NOF IKsPROCHD)) GO TO 1100
IK=IK=1

IF (UNSAME ( INPUT(JK) sPRCEND)) GO TO 9060
JK=JK+1
CALL OUTCOD(PRCENDsOQUTPUTsLL)
GO TO 300

1100 1S5 THE LABEL OF STATEMENT.

TFCUNSAMEA(N(IK) s SEMCLN)) GO TO 1110
IK=IK=~1

ICODE=INPUT(JK)
IF(UNSAME(ICODE»SEMCLN)Y) GO TO 1120
CALL OUTCOD(SEMCLNsQUTPUTsLL)
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CALL STORE(SEMCLNsN»>IKsJK)

GO TO 100
112U IFIUNSAME(ICODEsTRMNAT)) GO TO 9120
1121 CALL OUTCOD(TRMNATSOUTPUTSLL)
JK=JK+1

IF(UNSAME(N(IK)$BEGIN)) GO TO 9121
IT=STORAJ(BLKNUM) =1
BLKNUM=BLKNUM-1

IK=IK=-1

IF(IT.LT-0) GO TO 9121

1200 1S T.it LABEL OF BLOCKe.

1200 IF{UNSAME (N(IK)+KBGIN)) GO TO 1000
IF{UNSAME CINPUT(JK) sKEND)Y) GO TO 9200
[IK=LL+1
DO 1210 IKK=11Ks1000

1210 QUTPUT ( IKK ) =1BLANK
[IK=0

1220 [IK=11IK+1
IKK=11%1IK
ITT=1KK=10
IF(IKKeGT21000} IKK=1000
IF(IKKeEQelOOUsOResOUTPUTI(IKK+1)e Qs IBLANK) GO TO 1240

1230 WRITE(7+1235)(0QUTPUT (NOFIK)sNOFIK=ITTsIKK)
GO TC 1220

1240 WRITE(721245)MLTPLY s (OUTPUT({NOFIK)sNOFIK=ITTsIKK)

1235 FORMAT(6X311A6s8X}

1245 FORMAT(A1s5X311A658X)

: STCP

6000 WRITE(656080)

60840 FORMAT (1HQO 982HTHE FOLLOWING IS A TRACE OF THE PORTION OF YOUR
1PROGRAM THAT CONTAINED THE ERRORe. 9/ 956HTHE LAST WORD CAUSED
2THIS ERROR MESSAGE 70O BE WRITTEN. )

6020 WRITE(656050) ( INPUT(MM) sMM=MARK s JK)

6050 FORMAT(1H s12A6)

WRITE(656060)
6060 FORMAT{1HO25HTHE ERROR SCAN CONTINUESe//////77)
6090 JK=JK+1

IF(JKeGT500) GO TO 9500
ICODE=INPUT(JK)
IF(UNSAME(ICODESEMCLN)) GO TO 6u95
JK=JK+1
MARK=JK
GO TO 100
6095 IF(UNSAME(ICODE» TRMNAT)) GO TO 6090
MARK=JK
JK=JK+1
GO TO 1110
8000 "WRITE(654000) :
4000 FORMAT(1HOs50HIMPROPER CONTROL SYMBOL AT BEGINNING OF PROGRAMe
1 )
JK=JK+1
GO TO 100
8230 WRITE(6»4230)
4230 FORMAT(1HOsS50HILLEGAL OR MALFORMED IDENTIFIERs PROGRAM INVALID
le )
GO TO 6000
8240 WRITE(6:4240)
4240 FORMAT(1HOs60HILLEGAL PUNCTUATION IN FORMAL DECLARATIONe INVAL
11D PROGRAM. )
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GO TO 6000
5241 WRITE(694241)
4241 FORMAT (1HO » 6CHFORMAL DhCLARATIUN IN NONPROCEDURE bLOCKa IKVALI

10 PRGGRAMe )
GG TO 600U

8255 WRITE(66255)
4255 FORMAT(1HO s TUHILLEGAL PUNCTUATION IN DECLARATION PART OF bBLOCK
le INVALID PROGRAMe }
6O TO 6000
8256 WRITE(O94250)
4256 FORMAT(1HUs 6 THDECLARATIUON ATTEMPT AT WRONG PUINT IN PROGRAMN

LINVALID PROGRAMe }
GO TO 6uvu

8261 WRITE(654261) A -
4261 «  FORMATU{1HOs6OHATTEMPTED USE OF UWDECLARED IDENTIFIERe INVALID
LPROGRAM. )
GO TO 6600
8730 WRITE(654730)
4730 FORMAT (1HO s 60HUNBALANCED SUBSCRIPTING PARENTHESESe INVALID
1PROGRAM. )-
GO TO 6000
910 WRITZ(655010)
5010 FORMAT (1HU» 6 THUNBALANCED PARENTHESES> ARQUND AN EXPRESSIONe INV
1ALID PROGRAM. )
GO TO 6000
9020 WRITE(655020)
5020 FORMAT( 1HC s 60HMISSING THEN** IN CONDITIONAL STATEMENT. INVALID
1 PROGRAM. )
GO TO 6000
9930 - WRITE(655030)
5030 FORMAT(1HU»>6UHMISSING *ELSE* IN CONDITIONAL STATEMENT INVALID
1PROGRAM. )
GO TO 6000
9055 WRITE(655055)
5055 FORMAT(1HO»41HMISSING *COMMA* IN LISTe INVALID PROGRAM, )
GO TO 6200
9560 WRITE(655060) ~ ,
5060 FORMAT (1HOs60HMISSING $¢ TO END A PROCEDURE LEFINITIONe INVALI
10 PROGRANM. )
GO TO 6000
9120 WRITE(6+5120)
5120 FORMAT (1HOs 70HNO SEMICOLON*% OR *END* AT END OF A STATEMENT.
1INVALID PROGRAM. )
GO TO 6000
9121 WRITE(655121)
5121 FORMAT(1HO s 60H*BEGINS* AND *ENDS* DO NOT BALANCEe INVALID
1PROGRAMe )
GO TO 6000
9200 WRITE(655200)
5200 FORMAT (1HOs67THIMPROPER CONTROL CARD SYMBOLSe *3+% IS MISSING
1AT END CF PROGRAM. )
GO TO 6000
9500 WRITE(656050) (OUTPUT(IKK) s IKK=15570)
STOP
END

$IBFTC STOREX
SUBROUTINE STORE(ITEMsINPLACSINDEXI s INDEXJ)
DIMENSION INPLAC(300)
INDEXI=INDEXI+1
INPLACCUINDEXI)=ITEM
INDEXJ=INDEXJU+1
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RETURN
END

SIBFTC QUTCLDLX

5
10

11

SUBROUTINE OUTCOD(ITEMs INPLACs IMNDEXL)
DIMENSION INPLAC(1000)
INDEXL=INDEXL+1
INPLACIINDEXL)=TTEM
IFCINDEXL+1GT«1000) GO TO 5
RETURN '
WRITE(6910) (INPLAC(CINDEXL) s INDEXL=151000)
FORMAT(1H0,5X912A6)
WRITE(6+11)
FORMAT({1HOs5Xs31HPROGRAM TOO LARGE TO TRANSLATE.)
STOP
END

$IBFTC NOTIDX

LOGICAL FUNCTION NOTIDT(NAME)
LOGICAL LETTER
IF(eNOT.LETTER(ISHIFT(FSTSYM(NAME}))) GO TO 5
NOTIDT=eFALSE
RETURN
NOTIDT=¢ TRUE s
RETURN
END

$IBFT T EDITX

C

10
11
12
13

15

SUBROUTINE EDITOR{INPUT)
INITIALIZATION
LOGICAL DIGITSLETTER
INTEGER STRGHD
DATA STRGHD/2He*/
INTEGER SEMCLNsPROCHDSPRIODS5 s SPACE+BLANK sPERIODSASTRSK
DATA ICOMMAsNUMBER/2HO s s 6HeNMBR e/
DATA SEMCLNsPROUCHDSLISTHDSPRIODS/2Hes 9 2HCS s 2Ho (3 Z2H0 o/
INTEGER ZEROSONEs TWOSs THREEsFOURSFIVEsSIXsSEVENSEIGHT
DIMENSION INPUT(3000)
DATA ZIROSONEsTWOSTHREESFOURSFIVEsSIXsSEVENSEIGHTsNINE/
11HO9s1H191H2s1H3s1H491HS591H69s1HT7 9 1H89 1HS/
DATA IBLANKsASTRSK/2HO sl1lH*/
DATA BLANKSPERIOD s IPLUSsIMINUSSIASIGNSsIFLDIVSsIDOLARS
1IRPRENIASTRK/1H 91He 9s2HU+92H0=32H0=92H0/92H0%s2H0) s 2HO*/
DATA ITLPRENSIEXPNT/2HO(s2H#%/
DO 10 KK=1946
LM=66%KK
LL=LM=-65
IF(LMeGT3000) LM=3000
READ{55s 11 IMARKERs { INPUT(KL)sKL=LLsLM)
IF(ISHIFT(MARKER)«EQe IASTRK) GO TO 13
CONTINUE
FORMAT(A1s5Xs66A158X)
FORMAT(1H s80A1)
KK=0
WRITE(6912) LINPUTIKL) sKL=1sLM])
KL=0
KK=KK+1
IF{KKeGTe3000)GO TO 80
ICODE=ISHIFTUINPUT(KK))
IF(ICODE<EQsIBLANK)GO TO 15
IF(ICODE«EQePRIOD5)GO TO 20
IF(ICODE«EQeIPLUSeORICODEEQe IMINUSsORe ICODE«EQeIASIGNORS
1 ICODECEQeICOMMACOR«ICODEEQeIFLDIVeORsICODE«EQeILPREN)IGO TO 25
IFIICODE«EQe IDOLAROR«ICODESEQe IRPKENIGO TO 30
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IF(ICODEEQeIASTRKIGO TO 35
IF(DIGITOINPUTIKK)I)IGO TO 45
IF(LETTER(ICODE))IGO TO 40

GO TG 15 _
C RESERVED WORK BEGINNING WITH PERIOD
20 KL=KL+1
KK=KK+1 ,
ICODE=ISHIFT(INPUT(KK))
IF(ICOL eNES ICOMMAIGO TO 21
INPUT(KL)=SEMCLN
GO TO 15
21 IF(ICODE «NE o IDOLAR)IGU TO 22
INPUT (KL)=PROCHD
GO TO 15 A
22 IF(ICODE«NE JLPREN)IGO TO 23
INPUT(KL)=LISTHD
GO TO 15
23 IF{ICODE«EQe IASTRK) GO TO 2(2
INPUTIKL)= SPACE(QSsPERIOD)
LL=1 :
24 INPUTIKL)=IPACK(INPUT(KL) » STACE(6MLLs INPUT(KK) ) )
KK=KK+1

ICODE=ISHIFT(INPUTI(KK})

IF(ICODEsEQs IBLANK)IGO TO 4

LL=LL+1

IF(ICODEEQePRIODS)GO TO 3

IF(LL.LTs6) GO TO 24 :

KK=KK=1

GO TO 15
3 INPUT(KL)=IPACK(INPUT(KL) » SPACE(6%LLsPERIODY)
4 Lt=LL+1

DO 5 LLL=LL»5

5 INPUTI(KL)=TPACK{INPUT{KL) s SI'ACE(6#LLLsBLANK))
GO T0 15
C SINGLE CHARACTER OPERATOR
25 KL=KL+1
INPUT (KL )=INPUT (KK)
GO TO 15
C F{RST CHARACTER OF OPERATOR WITH PERIOJU AS SECOND CHARACTER
3C KL=KL+1 '

IFCISHIFTUINPUT(KK+1)) eNESPRIODS)IGU TO 31
INPUT(KL)=IPACK{SPACE{Os INPUTI(KK))sPRIODS)

KK=KK+1
GO TO 15
31 INPUT (KL ) =INPUT (KK)
GO T0 15
C FIRST ASTERISK OF POSSIBLE ASTERISK PAIR
35 KL=KL+1
[F(ISHIRTUINPUT(KK+1))sNEIASTRKIGO TO 36
KK=KK+1
INPUTI(KL)=IEXPNT
GO TO 15
36 INPUT(KL)=ASTRSK
GO TO 15

C  GIRST LETTER OF AN IDENTIFIER
40  KL=KL+1
INPUT(KL) =0
LL=0 ,
41  INPUT(KL)=IPACK(INPUT(KL) SPACE (6#LLs INPUT (KK 1)
KK=KK+1
LL=LL+1



IF(LLeGTe5) GO TO 43
IF(DIGITCOINPUT(KK) ) eORSLETTER(ISHIFT(INPUT(KK)I})IGO TO 41
DO 42 LLL=LLs5

42 INPUT(KL)=TPACK(INPUT(KL) » SPACE(6*LLLsBLANK))
473 KK=KK-1
GO TO 15

FIRST DIGIT OF NUMBER
45 KL=KL+1
INPUT (KL)=NUMBER
KL=KL+1
TEMP=0.0
46 IF(INPUT(KK) «NEsZERO) GO TO 47
ADDEND=040
GO TO 56 : .
47 IF(INPUT(KK) eNE«ONE) GO TO 48
ADDEND =1.0
GO TO 56
48 IF(INPUTIKK) oNEsTWO) GO TO 49
ADDEND=2.0
GO TO 56
49 IF({INPJUT(KK)eNE«THREE) GO TO 50
ADDEND = 3.0
GO TO 56
50 IFCINPUT(KK)eNEe FOUR) GO 70 51
ADDEND=4.0
GO TO 56
51 IF(INPUT(KK) eNESFIVE) GO TO 52
ACDEND=540
GO TO %6
52 - IF(INPUT(KK)eNEeSIX) GO TO 5:
ADDEND= 640
GO TO 56
53 IF(INPUT(KK)eNE<SEVEN) GO TO 54
ADDEND= 7.0
GO TO 56
54 IF(INPUT(KK)eNE.EIGHT) GO TO 55
ADDEND= 8.0
GO TO 56
55 IFCINPUT(KK) e NEoNINE) GO TO 69
ADDEND=940 ,
56 TEMP=ADDEND+10+ 0% TEMP
KK=KK+1
GO TO 46
69 IF(INPUT(KK)«EQePERIOD) GO TO 57
GO TO 68
57 SCALE = 1.0
58 SCALE=0+1%#SCALE
KK=KK+1
IF(INPUT(KK)eNE-ZERO) GO TO 59
GO TO 58
59 IF(INPUT(KK)eNEsONE) GO TO 60
TEMP=SCALE+TEMP
GO TO 58
60 IFCINPUT(KK) oNEe TWO) GO TO 61
TEMP= 2.0%SCALE+TEMP
GO TO 58 ,
61 IF(INPUT(KK) «NE«THREE) GO TO 62
TEMP=3.0%SCALE +TEMP
GO TO 58 ,
62 IF(INPUT(KK)eNEe FOUR) GO TO 63
‘ TEMP=4.7  #%SCALE + TEMP
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: GO TO 58
63 IF(INPUT(KK)eNESFIVE) GO 12 64
TEMP=5,U ¥SCALE + TEMP
GO TO 58
64 IF{INPUT(KK)eNEeSIX) GO T0 65
TEMP=640 *SCALE + TEMP
GO TO 58
65 IF(INPUT(KK) eNEoSEVEN) GO T0O 66
TEMP=740 *#SCALE + TEMP
GO TO 58
66 IF(INPUT(KK)eNEse EIGHT) GO TO 67
TEMP =8+0 #SCALE + TEMP
GO TO 58
67 IF(INPUTIKK)eNtse NINE) GO TO 68
TEMP=9,0 #SCALE + TEMP
GO TO 58 .
68 KK=KK=1
CALL JUSTOT(TEMPsINPUT(KL) s INPUT(KIL+1))

KL=KL+1
GO TO 15
200 INPUTIKL)=STRGHD
LL=0
201 KL=KL+1
INPUT(KL)=0
202 KK=KK+1

IF(ISHIFTUINPUT(KK))sEQe IASTRK) LO TO 204
INPUT(KL)=IPACK (INPUTIKL)Y s SPACELO*LLs INPUT(KK) })
IF(LL=GT=5) GO TO 203
LL=LL+1
. GO TO 202
202 KK=KK=1
GO T0 15
204 KK=KK+1
GO T0 4
80 KL=KL+1
DO 81 KK=KL+3000
81 INPUT (KK )=IBLANK
RETURN
END
SIBFTC DIGITX
LOGICAL FUNCTION DIGIT(JIG)
INTEGER ZEROSONEsTWOs THREESF(C URsFIVEsSIXsSEVENSEIGHT
DATA ZEROSONEs TWOs THREESFOURSFIVEsSIXsSEVENSEIGHT s NINEY/
1 1HO»1H191H291H351H4 s 1H5 9 1H691HTs " HB8s 1H9/
IF(JIGeEQeZERDeORe JIGeEWONEsOR e JIGe Qe TWOsOReJIGeEWaTHREE «OR
1JIGeEWeFOURSsOReJIGoEWeFIVEsORs JIGoEQaSIXeOReJIGobQoaSEVENLORS _
2JIG et WeEIGHT s ORoJIGeEWsNINE) GO T0 8
DIGIT = oFALSEs
RETURN -
8 DIGIT = «TRUEe
RETURN
END
$IBFTC LETTRX
LOGICAL FUNCTION LETTER(LET)
INTEGER AsBsCsUsEsFsGsHsOsPsQsRsLeTodsVeviaXsYsd
DATA AsBsCsDosEsFeGeHeslsJsK/
12HOA2HUB s 2HOC s 2HOD s 2HOE s 2HOF 3 2H0G s 21 i0Hs 2HO T s 2HU J 9 2HOK/
DATA LsMsNsOsPsQosRsSsTsUsVewsXeYeu/
12HOL 9 2HUOM s 2HON 2 2H0O s 2HOP ¢ 2HOQ s 2ZHOR 9 2HO S5 2HU 1 9 2HUU 3 2HUV s 2HO W »
22H0X s 2HOY s 2HOZ/
IF(LEToEWQeAsORe LETeEWeBosOReLETsEQsCaURSLEToEUeDsURSLET sEQob eURo



ILET eEQeFoeORLET e QeGeORLETeEWaHeORsLETeEWRe [ sUReLET eEidle JaUKalE |
2eEWeKoeOReLEToEQelL o OReLETsEWeMaORWLEToEQeNeORLETobWeOeORLE! 6Eius
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AP e ORLETeEGeWoORo LETeEQaReORLET¢EQoeSeORILET eEVo | eOReLE I eEWoeUoUR e

QLEToEQ.V.ORQLET.EQOWUORQLETOEQQXOORQLE|oEQCY.OR.LEl.EU.L)

5 GO TO 8
LETTER = oFALSE.
RETURN
8 LETTER=eTRUL»
RETURN
END
$18MAP SPACEX 7
ENTRY SPACE :
#* SPACE(BITSTORIGHT s WORDTOBESHIFTED S
SPACE CLA*® 394 - FETCH SHIFTING NUMBER
STA *+3
CAL* HGol STORE $91-35 IN ACsBIiS Psl=-35
ANA MASK AND WORD Se1-3) wliH AC Psl1-35
ARS *% SHIFT RIGHT THE AC
SLW M
CLA MM
TRA 1s4
MM BSS 1
MASK oCT 77000uGuU00V0 2=7'5510-01'S
END ‘
$IBMAP [PK
ENTRY IPACK
* TAKES THE LOGICAL OR OF TWO ALPHANUMERIC WORDS
IPACK CAL* -394
ORA* HLo4
SLw MM
CLA MM
TRA 1s4
MM BSS 1
END
SIBMAP JUST
ENTRY JUSTOT »
* JUSTOT(FLsA9B)Y=THE ABSOLUTE VALUE OF FL
* IS TRANSFORMED T0O 2 8CD LORDS AND
* STORED IN A AND B
JUSTOT SXA BACKs1
CLA# 394
sSSP
XCA
PXA 0s0
AXT 691
ALS 3
LGL 3
TIX #=2912l
STO* 4e4
PXA 090
AXT 651
ALS 3
ALS 3
TIX *=29151
STO* 534
BACK AXT * ¥ ]
TRA ls4
END
$IBMAP ISHFT '
#* SHIFTS THE ARGUMENT RIGHT ONE CHARACTER AND RETURNS VALUE
ENTRY ISHIFT
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ISHIFT CAL* 394
ARS 6
TRA 154
END
$ IBMAP UNSAMEX TicAoot
ENTRY UNSAME TRANLL
JNSAN T CAL¥%® 354 TRALLL
ERAX 44 P AL
TLE 1s4 L Fary
CLA =1 PihANLL
TRA 1s4 I Aot
END IRANOL
$IBMAP FSTSYX FRANSL
ENTRY  F3TSYM [RANGL -
FSTSYM CAL* 394 TRANSL
ANA MASK1 I RANSL
ORA MASKZ2 IRANOL
SLW TEMP IRANS
CLA TEMP | RANG
TRA lets ) JIKANZ
MASK1 0CT 770000L0UO000 TRANSL |
MASK2 OCT 0UBUHLOEULLLBO TRANSL '
TEMP BSS 1 TRANG
END VP RANOSL .
$ENTRY TRANSL ‘
$DATA
«ENTRY eBGINe s NEWeFIBOSNsseCUTso (0¥ =29N=10)ees
FIBO’- Q$QFRMLQKQQQIFQKOLCUQ 2l .THENol eELOE
FIBO.(K”I)Q+FIDOO(K-2).$oc9nUUToo(-*FIBO3 sFIbU)ess
.OUT..(.* FIBO(osNse#) = QPIUOQ{N)O)O

* eENDoeEXITe
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SCHNEICER, VI 001/768/799 GATE 71/ 72
EULER - EFA SOURCE STATEMENT = IFN(S) =

INTEGER T,FCRMAL,VARIBL,BLKNUM,STCRAJ,ASSINE
LIREGIN, TRMNAT , SEMCLN, SYMBOL,CCMMA,RSBSCP,CGNCAT,TAIL,CUT,
2TEST,SWITCHy THEN s FRSTCR s SCNDOR s FSTAND s SCNANC, ADD,
3SUBTRC,FLTDIVEXPNNT,PLUS, TOREAL, TOINTG, TOABSL,PRCHI),
4PRCENC, TRUTH, FALSTY ,GREATR,y GRATEQ, UNCF L PRCCHD
CIVENSTON LAVS(2000),LSTRTN(200) 4 IDATLS(1500),CPR G(529),
1 IOPRND(500) s STCRAJ(200) s JUMPBK (203) 4 PRAMLS (20 D)
CCMNMON/AVSLX/AVSL,COCE(500)
INTEGER CODE
DATA ICUMMA,LFEPREN, IRPREN/1H, s6H (y1H)/
DATA LUOCGCAL, - ISAMBR, ISLGCL, ISLABL, ISLIST, ISUNEF, ISRFR'./

16HOEGCLy EHN o ISHU$6HD o ISLE 3 6HO o ISLA36HU« ISLT y6HI . ISLN,6HD ISOF/
DATA TRMNAT BEGIN,SCMCLNyNEW, LABEL,LABLCEF,ASSINE, JUVMP/

16HOEND o g 6HD e BGIN s 3HD 6 5 9 SHO o NEWe s 6HO L LABLy6HDLBLF 4 2HO=46HD . GOTL/
DATA CUT,TESTySWITCH,THENNEGATESFRSTOR, SCNDOR/

16H0.0LT«35HO o IFo g 6HO o SWCHy 6HD o THENy 6HO . NOT 9 6HD c FSOR,

26H0.SCOR/

DATA LESSEG,ADDySUBTRCsPLUS,NEG,MODULOsMLTPLYINTCIV/

15HGeLEQey 2HI 43 2HO= 3 6HO o PLUS s 6HO o NEG o g 6HO . MDLO g 2HO % 94HI o/ o /

DATA FLTDIV,EXPNNT,CCNCAT, INSIDE,UNCFNC,TAIL,LSCALL,LIST/
12HO/ 3 3HO* %36 HOCNCT 3 5HO o INe 9 6HO s UNDFy 6HC o TAIL ¢ 6HO . LSCLy6HNLLIST/
DATA ISPRCDs ISYMBL,SYMBCL,RSBSCP,VARIBL/

16HOISPR, 6HD « ISSY 33O e%,2HN) y 6HOVRBL/ o o

DATA FSTAND, SCNANC o ISSAME {NOTSAM,GREATR,LESSTN,GRATEQ/ |
16HO.FANC;6HD o« SAND 45 HU o EQ s g 6HONEG s 3 SHOGT 6 3 5HO LT 36HO.GEGe/
DATA PRCCHDyPRCENC, FORMAL,LABEL,LISTHD, COFMA,LSTEND/

_ 13HQe %33 HCS,9 6HD o FRML 3 6HDLABL y 3H0 {5 2HC 2 93HO) ./
DATA NUMBER, TOREAL,LENGTH, TOINTG,TOABSL/
16HONMBR,y6HO e REAL  6HOLNGT , 6HO, INTG,6HO.ABST/

DATA TRUTH,FALSTY/6HO.TRUF,6HO.FLSE/
CALL INITAS{LAVS;2000)

DC 1 IK=1,46

_ T=11%*IK
[=7T-10
IF{T7.G67.,590}T7=500 -
REAC(5,2)ITEMP, (CCDE(INCEX) , INDEX=1,T)

2. _ _FORMAT{ALl:5X,11A658X) .
IFCISHIFTUITEMP) LEQ.MLTPLY) GO TO 5
1 CCNTINUE

5 WRITE(€59006) (CODE(I)oI=1,T)
WRITE(639005)

I=0
_1K=Q
IBASHwO
BLKNUM=3
JMPRTN=0
T=0

10 I=1+1
CALL CUTOUT{7,CODE{(]I),IBASH)

ICODE=ISHIFT(COCE(I))
IF(ICCDE .EQ. LSCALL) GO TO 300.

IF{ICCOE .EQ. SYMBOL) GO TO 305
IF(ICCDE .EQ. TEST) GQ 7O 430 . . . _

IF(ICCDE .EQ. SWITCH) GO TO 440

S _IF{ICCDE .EQ. NEGATE) GO TO 445
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SCHNEIDER,VI

EULLER

06017687799

EFN

SOURCE STATEMENT

DATE 121707

IFN(S)

IFUICCDE
IF(ICODE

" TF(ICCDE

1F(I1CCDE

IF(ICCDE
IF(ICCDE

-EQ.
?EQO
cEQo
»EQ.

«EQo

«EQ.

THEN)

LIST)
CONCAT)
TAIL)
LENGTH)
LISTHD)

GO

60

GO
60
GO
GO

70

TO 10

TO 500
TO 505
TO 510
515

T0 600

IF{ICCDE
[F(ICODE

IF(ICODE
IF{ICCDE

IF{ICCDE

IF{ICODE

.EQ.
-EQ.
+EQ.
LEQ.
*'EQQ

.EQ.

COMMA)
LSTEND)
RSBSCP)
BEGIN)

TRMNAT)
SEMCLN)

IF{1CODE
IF(ICCDE

~ TFUICCDE

IF(ICUDE

+EQ.
.EQ.
.EQ.
oEQo

VARIBL)
NUMBER ).

UNDFND)
NEW)

- IF(ICGDE

IF(ICCDE

”. EQ e
«EQe

LABEL)

LABDEF)

GO
60
GO
GO
GO
GO

60

GO
GO
GO
GO
GO

10

T0
10
TO
10
T0
T0

605
615
650
700
705
710
715
0 725
T0 727
0 730
T0 731
0 735

T0

IF{ICCDE
IF{ICCDE

<ECe.
«EQ.

ASSINE)
ouT)

GO
GO

T0 740
TO 755

IF{ICCDE
IF{ICCDE

IF{ICODE
IF{ICCDE

.EQ.

_«EQ.
.EQ-
«£EQ

FRSTOR)
'SCNCOR)

GO

SCNAND)
FSTAND)

G0
GO

TO 775

o780

TO0 780
TQ 785

IF(ICCDE
IF{ICODE

IF{ICODE
IF{ICCDE

EQ.
.EQ.
oEQ-

<EQ.

PLUS)
NEG)  Gf

ISSAME)
NOTSAM)

IF({ICCDE
IFLICCDE

«EQ.
.EQ.

GREATR)
LESSTN)

GO
GO
GO

6O,

GO
GG

T0 10
10 781
T0 790

9 79

TO 796
10 797

IF{ICCDE

IF{ICCDE

«EQ.
«EQs

GRATEQ)

IF(ICCDE
IF{ICODE

IF(ICCDE
IF{ICODE

.EQ.
.EQ.
.EQ.
.EQ.

ADD}

SUBTRC)
MLTPLY)
FLTDIV)

LESSEC)

GO

GO
GO
GO
GO

GO

T0 798
10 799
TO 805
T0 807 . .
T0 810
70 811

IF{ICCDE
IF(ICODE

’EQ.
LEQ.

INTDIV)

MopuLg) G

IF{ICCDE
IF{ ICCDE

«EQ.
<EQ.

EXPNNT)
TRUTH)

IFUICCDE
IF(ICGDE

+EQs
2EQ.

FALSTY)
LOGCAL)

GO
GO
GO
_GO
GO
GO

TO 819

TO 812
10 813
TO 816
T0 817

T0_820

IF{ICGDE
IF({ ICODE

»EQe
«EQo.

PROCHD)
INSIDE)

GO
GO

J0 845

IF(ICCDE

IF(ICQDE_

o

IFCICCDE
IF(ICCDE

«EQ.

«EQs
«EQ.

«EQ.

PRCEND)

IsLGCL)
ISLABL)

ISNMBR)

GO

GO
GO

GO

TO 840

TO 865 o
10 860
TO 861

TO 862

IF({ICCDE
IF(ICQDE

OEQ.
+EQ.

ISLIST)
ISUNDF)

GO
GO

T0 863
10 864

IF(ICGDE
IF(ICCDE

«EQe
«EQ.

ISPRCD)
ISYMBL)

GO0
GO

T0 866
TO 867

IFUICCDE
IF(ICODE

«EQ.
-EQe.

ISRFRN)
FORMAL)

GO
GO

T0 868
T0 870

IF{ICCDE
IF{ICGDE

.EQ.
-EQ.

JUMP)
TOREAL)

GO
60

T0 930
10 937
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SCHNEIDER,VI_ . 001/68/799
EULER - EFN  SOURCE STATEMENT - IFN(S) -
"TF(ICCUE .EQ. TOINTG) GO TO 938
IF(ICODE .EQ. TUABSL) GG TO 939
WRITE(6,9931) |

ICODE=ISHIFT{(COCE(I})
IF(ICGDE.EQ.TEST)IT1=ITT+1
IF{ICCDE.EQ.THEN)GO TO 432

S GC _TC 431
432 IF(ITT.EQ.O0} GO TC 10
ITT=17TT-1 —
GO T0 431
€ - e : ,
C EXCHANGE TOPMOST CPERANDS DURING A CONDITIONAL STATEMENT,
C
440 TEMP=0PRND{ IK-1)
B ITT=I0PRND({IK-1) L R
OPRND{IK=1)=CPRNL{ IK)
- . JOPRND{ IK-1)=T0PRND{IK)
CPRND(IK)=TEMP
o TOPRND(IK)=ITT
GO 10 10
C OO VP
c NEGATE TOPMOST OPERANC FOR CONDITIONAL STATEMENT AND LOGICAL
C. _NEGATION. |
c
.. 445 _ IF(IOPRND(IK).NE.1l) GG TO 8775
OPRND({IK}=1.0~0OPRND(IK)
GC 70 10 e e .. e
C
_ . C ____CREATION CF A LIST OF LENGTH OPRND(IK).
c
500 IF{IOPRND(IK).NE.Q) GO TO 8806

INDEX=0PRND{ IK)
ICPRNC(IK}=3

IF(INCEX.NE.O) GO TO 501
 CALL STRDIR(Q,CPRND{IK))

DATE D1/723

STCP
C
'C_ ASSUMES VARIBL HAS PLACED A LINK TO_THE DATUM IV CPRAD(IK)
c {
300 LINK = LNKR(GPRND(IK))
IFCIDCINHALT(LINK) Y NEo6) GG TO RE6C
IOPRNCIIK) = 6
CALL STROIR(CCNT{LINK+1}40PRND{IK))
) 60 To 19
305 I=1+1
[K=1K+1
[OPRNC(IK)=7
CALL STRDIR(CGCE(I),0PRND(IK))
G0 TO 12
c TEST CPERAND FOR TRUTH. [IF FALSE, SCAN AHEAD UNTIL A MATCHING
c THEN IS FOUND. IF TRUE, CONTINUE EVALUATION.
C
430 IF(CPRND(IK).EG.1.0) GO TO 10
1TT=0
431 I=1+]
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SCHNEIDER,V¥I _ _ 001/68/759 DATE N1/03
EULER - EFN  SOURCE STATEMENT - IFN(S) -
GO TU 19 -
501 _ IVRBLSNUCELL (CUMMY)

IFUINCEX.EQ.1) GO TO 503
LLCELL=IVRBL

" DC 502 ITEMP=2, INDEX
LRCELL=NUCELL (DUMMY)

CALL SETIND(éy—laLRCtLL,LLCELL)
c THE NUCELL ROUTINE.ZEROES THE LNKR FIELDS.
""502 LLCELL=LRCELL - .
503  CALL SETDIR(D,0,IVRBL,OPRND(IK))

G0 TO 10

CONCATENATION OF TWO CISTS. A LINK TO THE RESULTING LIST IS
RETURNED TO THE TCP OF THE OPRND STACK. THE TWO CONCATENATED LISTS

ARE COPTEC BY THE COPY ROUTINE. THE COPY ROUTINE HAS PROVISIONS
FOR LISTS THAT HAVE ZERO REFERENCE COUNT (I. E~2NO_NAME) AND_FOR

]

EMPTY LISTS.

O OOOO MO

505 TF{TOPRND{ IK).NE+ 3.0R. IOPRND(IK-1).NE.3) GO TO BSfb
LINKO=LNKR(OPRNC(IK~-1))

CALL COPY(LINKO,ITOP,IBOT)
LINKO=LAKR (OPRNC(IK))

CALL COPY({LINKO,JTOP,JBOT)
IK=TK-1

CALL STRDIR(ITOP,GPRND(IK))
CALL SETIND(-1,-1,JT0P,IB0T)

GO TO 10

TAKES THE SUFFIX OF A LIST, IGNORES REFERENCE COUNT OfF
FIRST CELL, AND PUTS LINK TO THAT CELL ON TOP OF OPERAND LIST

OO OO

510 ITEMPsSLNKR{OPRND(IK))

IF(IOPRND(IK).NE.3) GO TQ 8510
IF(ITEMP.EQ.O0) GO TO 8511 _

ITEMP=LNKR({INRALT(ITEMP))
IF{(ITEMP.EQ.O) GO TGO 8650

CALL SETDIR{ITEMP,0OPRND(IK))
CALL SETIND(-1, LNKL(INHALT(ITEMP))+1o 1, ITEMP)

GO TC 10

FINCS THE LENGTH OF THE LIST WHOSE POINTER IS AN CPERAND.

OO0

515 IF(TIOPRND(IK).NE.3) GO TO 8510
TEMP=0.0

ITEMP=LNKR{OPRND({IK))
ICPRNE{IK)I=0 _ S

516 IF(ITENP.LE.O) GO TO 517
TEMP=TEMP+1.0

ITEMP=LNKR(INFALT(ITEMP))
GC TG 516

517 OPRND(IK)=TEMP
GG 10 19

c
C A PLACE IS RESERVED ON THE OPERAND LIST FOR A LINK,
c

600 IK=IK + 1
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SCHNEICER,vI  001/68/799 DATE 21/.
EULER - EFN SOURCE STATEMENT - [IFN(S) -

T I0PEND{IK) = 3 S
CALL STRDIR{LISTHD,OPRND(IK))

6C TD 10
C L | -
c TYPED IMFORMATION ON TOP OF THE OPERAND LIST IS REPLACEG 8Y
€ AN INTEGER LINK TC A LIST CELL_THAT CONTAINS
C RIS INFORMATION. THE IK COUNT IS NOT DECREMENTEC AND THE
c  SUBLIST REFERENCE COUNTERS ARE INCREMENTED.
C .
605 TKK=TOPRND( 1K)

1JJ=LNKR (OPRNEC(TK)) .
IF{IKK.NE.3.0R.1JJ.LE.D) GO TO 610 o
CALL SETIND(=1,LNKL(INHALT{IJJI1#1,~141dJ)
610 ITEMP=NUCELL { BUMMY)
CALL SETIND(IKKs040,ITEMP)
o CALL STRIND(OPRND{IK), [TEMP+1)
CALL STRDIR(ITEMP,OPRNC(IK)])
ICPRND(IK)=3
GO 10 10

o
c PERFORMS THE COMMA COPERATION ON TOPMOST DATUM IN CPERAND STACK.
L THEN PRCCEDES DOWN THE QPERAND STACK TC LINK TOGETHER DPERANDS
c UNTIL LISTHEAD **. (%% IS ENCOUNTEREC AS AN OPERAND. FINALLY,CHECKS
c TC_SEE IF THE RESULTING LIST IS THE PARAMETERLIST OF A PROCEDURE
c CALL.
B o
-615 IF(INTRSC{OPRNC(IK)};LISTHD}.NE.D} GO TO 620
e (CALL STRDIR(O,QPRNOCIKIY. .
GO TO 19
620 ITEMPSNUCELL (CUMMY ) N ;

IKK=I1CPRND(IK)
B 1JJ=LNKR(OPRNC{IK)) _ . -
TF(IKK.NE.3.0R. IJJ.LE.O) GO TO 630 A
. CALL _SETIND(=1,LNKL{INHALT{1JJ)}#1,=1,14d) _
630 CALL SETIND(IKK 050, ITEMP)
CALL STRIND(OPRND{IK);ITEMP+])
CALL STRDIR({ITEMP,OPRND{IK})

I0PRNDEIK)=3 =

645 IF(INTRSC(OPRND(IK=1),LISTHC).EQ.0) GO TO 646
- CALL SETIND{-1,0,LNKR{OPRND{IK}Jo LNKR{OPRND{IK~-1}}) _ _
IK=IK-1
GC 70 645 _
646 [K=IK~1

OPRND{IK)=OPRND{IK+Y} =
TF{IOPRND(IK~1).NE.6) GO TO 10

THE FCRMAL ROUTINE EXPECTS TO FIND A LINK TO THE FIRST
CELL OF AN ID-DATUM PAIR ON PRAMLS. FORMAL CHECKS FOR
LISTEND AND PARAMETER MATCHING. THE PARAMETER LIST IS LOCAL
TG _THE CALLING BLCCK_COF THE PROCEDURE ANMD IS DEMCLISHED BY END. )
JMPRTN—JMPRTA+1
__JUMPEK{ JMPRTN}=1
T=T+1
ITT=3*%T
CALL STRDIR{OPRNDIIK}PRAMLS{JMPRTNI}}
_CALL STRDIR(OPRND{IK)} IDNTLS{ITT}) _  _ . .

OOO OO




SCHNEICER,VI - 001/68/799 DATE 01/03

63 |
EULER - EFN  SOURCE STATEMENT = IEN(S) -

|
|

" CALL SETDIR(341,0,TONTLSCITT-1))
[=0PRNC({IK-1)
IK=1K=2
BLKNUM=BLKNUM+1

STORAJ(BLKNUM)I=T+]1
G0 TO 10

OO0

"SPECIFIES THE CELL OF A LIST WHOSE LINK IS THE NEXT OPERAND

THE RIGKHFT BRACKET ACTS AS AN OPERATOR SC THAT THE TGPMOSTY QPERAND

DCWN. A REFERENCE (LINK) IS RETURNED TO THE NEXT OPERAND O0OWN,
PRESERVES THE BLOCKNUMBER FOUND BY VARIBL.

650

© 651

INDEXz0PRND( 1K)
IR R Dt I ;
TFUINTEXLLELO) GO TO 10 i
LINK=LNKRUINHALT( 1+LNKR(OPRND{ 1K) )))
TTTTIF(LINKGLT.2) GO TO 8650
INDEX=INDEX-1

IF(INCEX.EQ.0) GO TO 652
LINK=LNKROINHALT(LINK))

6C T0 651
CALL SETDIR(-1,-1,LINK,OPRND(IK))

60 T0 19

BLKNUM = BLKNUM + 1
STORAJI(BLKNUM) = T+1

c

GO TG 10
THIS IS THE BLOCK END ROUTINE. ITS MAIN FEATURE IS A SEARCH

"FOR LISTS TO RETURN TO LAVS. THE BLOCKNUMBER IS DECREMENTED,
AND, IF EQUAL TG ZERQO, THE PROGRAM TERMINATES.

C
C
c

705

INDEX = STORAJ(BLKNUM)

106

IF(T.LT.INDEX) GO TO 7C9
LLNK=LNKR{IDNTLS(3%T)) e

TF(IC(IDNTLS(3%T~1))«NE«3.0R.LLNK.LE.O)GO TO 708
CALL ERASE(LLAK)

708

ITT=3%7
IDNTLS(ITT)=0

IDNTLS(ITT-1)=0
IDNTLS(ITT-2)=

e e e e
IF(T.GE.INDEX) GO T0O 706

709

BLKNUV = BLKNUM - 1
IF(BLKNUM .GT. 0) GO 7O 10

STOP

SEMICCLCN REMOVES THE TOPMOST OPERAND OF THE OPERAND LIST.
IF_THIS OPERAND IS A LINK TO SOME LIST WHOSE FIRST CELL HAS

O OO OO

ZERC REFERENCE COUNT ERASE IS CALLED.

710

IF(IOPRND(IK) oNE. 3) GO TO 713
LLNK = LNKR{OPRNDI(IK))

IF(LLANKL.LE.O) GC TO 713
LCOUNT=LNKL ( INHALT(LLNK))

IF(LCOUNT .GT. 0) GO TO 713
CALL ERASE (LLNK)
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SCHNEICER, VI DATE 91/03

EULER

0017687799 .
EFN SOURCE STATEMENT

I[EN(S)

- -

T713 1K = IK - 1
GC 10 10

IT 1S ASSUMED THAT LABELS AND REFERENCES ARE STORED IN THE LNKR
FIELDS GF WORDS AND THAT THEIR CYNAMIC BLOCKNUMBER IS STORED IN
THE LAKL FIELDS. THE NAME FOLLOWING_ THE VARIBL COMMAND IS LOQKED

OO OO O

715

up SN THE
PLACED CN

I H
ITEMP

IDENT STACK, AND A LINK TO IDENT{3%7'-1),FOR SOME T¢*,
TOP OF THE CPRND STACK.

1S

—

T

I i+

IVREL CODE(T)

716

“0
=

TECINTRSC (IVRBL, IDNTLS{3*ITEMP=2)) . EC.0)GO TO 717
ITENMP = ITEMP - 1

1F (ITEMP oLE. 9) GO TO 8716

GO TO 716
1K = IK. + 1
LLNK=MADOV (IDNTLS (3% ITEME-1))

72”7

CALL SETDIR(Gy LNKRUINHALT(LLNK)), LLNK, OPRNC(IK))
_IOPRND{IK) = 5
GC TO 10

T
IK=1K+1

__1GPRNDUIK]

7 IK=IK + 1

CALL JUSTIN(OPRND(IK),CODE(T-1),CODE(I))
.0

GC TO 10

0.0
4

OPRND{IK)
ICPRNDU(IK])

GO 10O 10

IDNTLSEITT-2)=CODEL1)

S

4

2

CALL SETDIR(4,0,BLKNUM, IDNTLS{ITT-1)})
ADNTES(ITT)=0

GC TO 19

¥31 I=[ + 1

GC 70 10

THIS ROUTINE SEARCHES FOR THE LOCATION OF THE
LABEL, THEN PLACES THE LINK TO THIS LABEL, EXPRESSED AS A

iy OO OO

VALUE OF I, INTO IDNTLS{T, 3) ALONG WITH ITS BLOCKNUMBER.

735

T=T + 1
ITT=3%T

I=1 + 1
KLBL = CODE(T) _ _

IDNTLS(ITT-2)}=KLBL
CALL SETODIR({Z2,0¢BLKNUM, IONTLSCITT=20)

INDEX I
ITENMP 0

i

736
__ ——ICODE=ISHIFT(CODE(INDEX))

ol

INDEX INDEX + 1
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EULER - EFN SOURCE STATEMENT - IFN(S) -

TF(ICCDE.EQ.BEGIN) ITEMP=1TEMP+1
ICODE=ISHIFT(CODE ( INDEX))
IF(ICCOE.EQ.TRMNAT) ITEMP=ITEMP=1
IF(ITEMP .LT. 0) GO TO 8736
~ {FITCODE.NE.LABCEF)IGO TO 736
INDEX = INDEX + 1

IF(CCDE(INDEX) .NE.KLBL .0OR. ITEMP.NE.O) GO TO 736
INDEX = INDEX + 1 o
7137 IF(ISHIFT(CODE( INDEX)).NE.LABDEF)GO TQ 738
INDEX = INDEX + 2
GC TUu 737.
738 CALL SETDIR(O'BLKNUM INDEX, IDNTLS(ITT))

GC TO 10

i

"THE ASSIGNEE IS A REFERENCE (TYPE 5) DBECAUSE OF THE UNIFORM
CONVENTICNS OF TREATING THE SEQUENCE %% ,VRBL *NAMEX%¥%* AND THE

RESULT CF USING RSBSCP ON A LIST FOR SUBSCRIPTING BOTH AS
REFERENCE POINTERS. THE LINKLEFT FIELD OF THE ASSIGNEE OPERAND

IS ITS DYNAMIC BLCCKNUMBER,AND THE LINKRIGHT FIELC POINTS 7O THE
IDNTLS COR LIST CELL THAY PRECEDES ITS DATUM IN COMPUTER MEMORY.

IF THE ASSIGNED OPERAND IS A REFERENCE OR A LABEL, ITS LINKLEFT
FIELD ALSC CONTAINS THE DYNAMIC BLOCKNUMBER, IN THIS CASE, THE

ASSTIGNMENT STATEMENT WILL NOT BE EXECUTED IF THE ASSIGNEE IS IN A
BLOCK GLOBAL TO THE BLOCK OF THE ASSIGNED.

O OO OO OO OO OO0

740 IF(IOPRND(IK=1) oNE. 5) GO TO 8740

INDEX = IOPRNCI(IK)
LRNK 5 LNKR{OPRND{IK))

T LINK = LNKR({OPRND(IK- 1))
IF(INCEX +EQe 5 oCR. INDEX .EQ. 2) GO TO 745

IF(INDEX.NE.3.0R.LRNK.LE.O) GO TO 741
CALL SETIND(-1, LNKL(INHALT{LRNK)) 4 1, =1, LRNK)

LOCAL AND GLOBAL LISTS CAN BE ASSIGNED TO ONE ANOTHER
CALL SETDIR(040s—1,0PRND(IK})

741 IF(ID(INHALT(LINK)) oNE.3.0R.LNKR{INHALT(LINK+1)).LE.O0)G0 TO 742
CALL ERASE(INHALT(LINK + 1))

742 CALL SETIND(INDEXs; -1, -1y LINK)
CALL STRIND{(OPRND(IK), LINK + 1)

OPRND(IK - 1) = OPRND(IK)
IOPRND(IK - 1) = IOPRND(IK)

IK = IK - 1
GO 70 10

745 IF(LNKL{OPRND(IK}) .GT. LNKL{OPRND{IK - 1))) GO TD 8745
GO 1O 741 _

THIS IS THE WRITECUT ROUTINE. THE TOP DATUM ON_THE OPRND_STACK IS _

OO0

WRITTEN OUTy AND THIS DATUM IS LEFT UNTOUCHED ON THE OPRND STACK.

755 WRITE(6,774)
1TT=0

ITEMP=I0OPRND (IK)
IF(ITEMP.NE.3) GO TO 761

761 IS THE LABEL CORRESPONDING TO A NON-LIST OUTPUT.
IF (LNKR{OPRND(IK)).GT.D) GO TO 756

AN EMPTY LIST HAVING ZERO LINK IN O(IK) IS TREATEC SEPARATELY.
_WRITE(6,770)
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EULER - EFN SOURCE STATEMENT =~ IEN(S) -

756

WRITE(6,774)
[BASH=) _
GO TO 19
LSTCNTs0
LLAK=LNKR{UPRNC(IK))
LEFT PARENTHESIS CF OUTER LIST IS WRITTEN. -

757

CALL CUTOUT(T4LFPREN,ITT)
INLNK=INHALT(LLNK)
IF(ID(INLNK) .NE.3)GO TC 758
LSTCNT GIVES DEPTF INTO LIST STRUCTURE WRITTEN OLT.
LSTCNT=LSTCNT+1 .
DESCENT INTO A SUBLIST

¢

758

LSTRTN(LSTCNT ) =LLNK
 LLNK=LMKRUOINHALT (LLNK+1})
CALL OUTUUT(T4LFPREN,ITT)
60 TC 757
“PRINTOUT OF.A DATUM. CHARACTERS NOT SEPARATED BY COMMAS HERE.

CALL CUTOQUT(ID(INLNK) INHALT(LANK+1},1TT)

759
760

IF(ID(INLNK) . EQ.T) GG TO 759
IF(LNKR{INLNK).GT.0) CALL 0UTOUT(7,ICOMMA,ITT)
IF(LNKR{INLNK).GT.0) GO TO 762
CALL CUTQUT (7, IRPREN,ITT)

c

IF(LSTCNT.LE.QO) GO TO 763
RISE FRCM SUBLIST TO MASTER LIST.

LUNK=LNKR{ INHALT(LSTRTN{LSTCNT)))
LSTCNT=LSTCNT-1

IF(LLNK.EQ.O) GO TQ 760
CALL OUTOUT(7,ICOMMA,ITT)

GO TC 757
WRITEQUT CF NEXT ELEMENT OF A LIST.

162

LLNK=LNKR{INLNK)
GO _TQ 757

763

END OF LIST WRITECUT.
_WRITE(6,774)
IBASH=0
GO TC 10

761

WRITEQUT CF NORMAL NONLIST ELEMENT.
ICCNTR=2 S . - —_

CALL OUTOUTIITEMP,OPRND{IK}, ICONTR)
WRITE(6,774)

IBASH=0
GO 70 10

T70
114

FORMAT{1HO s 1Xs3H{ 1}
FORMAT(1HO/)

THIS ROUTINE CHECKS THE TOPMOST OPERAND FOR TRUTH OR FALSETY.

IF TRUE, SKIPS TO SCNDOR+1. IF FALSE, CELETES OPERAND
AND PROCECES TO EVALUATE SECOND OPERAND. SECONDOR

Y OO OO0

FINCS AN OPERAND THAT IT LEAVES UNTOUCHED.

T75
116

IF(TOPRND(IK) .NE.1) GO TO 8775
IF(CPRND(IK).EQ.1.0) GO TO 777

IK=1IK-1
GO _T0 19

T77

__118

[TT=0
I=1+1
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_ SCHNEIDER,VI =~ 001/68/799 . e

EULER - EFN SOURCE STATEMENT - IFN(S) ~-

ICODE=ISHIFT(CODE(I))

IF(ICGCDE.EQ. _ FRSTOR)ITT=1TT+1 o

IF(ICCDE.EQ. SCNDORIGO TO 779
GC TO 778 B e

779  IF(1TT.EQ.D) GO TO 10
ITT=ITT-1 B
GC 10 178
c S S 3
77780  IF(IOPRNDI(IK).NE.1) GO TO 8775

THIS ROUTINE CHECKS TCPMOST OPERAND FOR TRUTH DR FALSETY.

1F FALSE, SKIPS TC SCNAND#1l. 1IF TRUE, DELETES OPERAND 7

OO O

785

AND PROCECES TGO EVALUATE SECOND OPERAND.

IF(ICPRND{IK).NE.1) GO TO 8775

786

IF(CPRND(IK).EQ.0.0) GO TO 787
IK=1K-1

187

GO0 70 10
1TT=0

88

I=1+1
ICODE=ISHIFT(COCE(I))

IF{ICODE.EQ. FSTAND)ITT=ITT+1
IF{ICCDE.EQ. SCNAND)GO TO 789

789

GO TG 788
IF(1TT.EQ.O0) GO TO 10

ITT=1ITT-1
GO 70O 788

A LINK IS PLACED TO PROCHD. SKIP TO PRCEND + 1.

OO O

840

IK = IK+1

OPRND(IK) = 1

T10OPRND(IK) = 6

841

INDEX = 0
I = 141

ICODE=ISHIFT(CODE(I))
IF({ICCDE.EQ. __PROCHD) INDEX=INDEX+

1

IF(ICODE.EQ. PRCEND)IGO TO 842
GO TO 841

842

IF(INDEX.LE.O) GO TO 10
INDEX = INDEX-1

GO TO 841

PROVICES A RETURN JUMP AND DEMOLITION OF BLOCK STORAGE VIA

THE ORDINARY END ROUTINE.

O OO OO

ALSO DESTROYS PARAMETER LIST OF THE PROCEDURE IF IT HAS ONE.

865

I = JUMPBK(JMPRTN)
JMPRTN = JMPRTN - 1

GO0 TC 705
705 1S WHERE THE END ROUTINE IS,

INITIATES PROCEDURE CALLS HAVING NO PARAMETERS AND FETCHES DATUM

O OO OO

OF NON-PRCCEDURE NAMES INTO OPRND{IK).
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EULER - EFN  SOURCE STATEMENT - IEN{(S) -
" 845 LINK = LNKR{OPRND{IK}) T

o

ICIC ID{INHALTI{LINK) )
IOPRNCLIK) = [DIOD

IF(IDID .NE. 6} GC 70 850
IK = JK - 1

JMPRTN = 1 + JMPRTN

JUMPBK{JMPRTN) = I

PRAMLS{JMPRTN}=D.0

BLKNUM = 1 + BLKNUM

STORAC(BLKNUM} = 1 + 7T

I = CONT(LINK ¢ 1}
IF(ISHIFT(CODE(I+1)}.EG.FORMAL]IGO TO 8845

850

GO 70 10
CALL STRDIR(INHALT(LINK+I§WDPRND(IK))
GO TO 10

FORMAL CALLS FOR THE LINK OF A LIST OF PARAMATERS STORED ON TOP
OF PRAMLS.IF THIS LIST OF PARAMETERS IS TOO SHORT THE UNMATCHED _

comoonoo

PROCEDURE PARAMETERS ARE UNDEFINED. THIS PARAMETER LIST HAS BEEN
MADE LOCAL TO THE CALLING BLOCK BY LSTEND.MO REFERENCE COUNTERS
NEED TO BE INCREMENTED FOR ANY POSSIBLE LIST PARAMETERS, SINCE THE
LIST CONSTRUCTION HAS ALREADY DONE THIS.

LINK=LNKR{PRAMLS { SHPRTNY

I=1+1
T=T7+1
CALL STRDIR(CODE(I),IDNTLS{3%T~2)}
IF{LINK EQ. C} GG TCQ 875

CALL STRDIR{INHALTILINK)  INHLNK?}
CALL STRDIR{INFLNK IDNTLSIZ®T~133

IF(ID(INHLNK) .NE.2.AND. ID{INHLNK).NE.5)GO TO 872
CALL SETDIR{=1 =1 oL MRL{INHALTI(LINK+L) ) IDNTLS{3%T~11)}

THE BLOCK NUMBER CF THE REFERENCE OR LABEL [S BROUGHT TO
IDNTLS{T,y 2}

CALL STRDIR{INHALT{LINK+L}; IDNTLS{3%T})

CALL STRDIR{INFLNK¢PRAMLS{JHMPRTNG]

815

805

GO 70 1o
_ IDNTLS{3%T}=0 _

CALL SETDIR{450505 IDNTLS{3%T=~1}]}
~..GC _T0 10 =

OPRND(IK~1}=0PRND{IK~1}+0PRND(IK)

806

. 807

810

IF{IOPRND{IK~1} sNE.O.OR,IOPRNDIIKI.NE-O)} GO TO 8806
o AK=1K=-1
GO0 70 10
OPRNDIIK~1i=0PRNDE{IK~1LI~0OPRND{ IK)
GO TO 806
OPRNDIIK~1)=0PRND{IK-1 s*0OPRND{ 1K}

ORI,

..811

8l2

GO YO 806
. IF{CPRND{IK},EQ.0-0} GO TO 8811
OPRND{IK~1)=0PRND{IK-~1}/0PRND{IK}
..GC T6_806 - ;
IF{CPRND{IK).EQ.0,0) GO TO 8811
ITE#P=0PRND{IK~1}/0PRND{IK}

OPRND{IK-1)=ITEMP
GC T 8906
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SCHNEICER,VI _  001/68/799 , q
TEULER ~  EFN  SOURCE STATEMENT =~ [IFN(S) =~
813 R2=0PRND{ 1K)

IF{(R2.EQR.0.0) GO TO 8811 o

OPRND(IK-1)=AMOD{CPRND(IK-1)4R2)
GC TO 806

c
816 OPRND(IK~1)=0PRND{IK~-1)%*0PRND{ IK) )
GO 1O 806
C —_n e i e et e i s . ———— [ - . e e e e =
T 790 IF(TOPRND(IK).EQ«7) GO TO 310
 IF(CPRND(IK=1)~OPRND{IK})791,793,791
T 7191 " OPRNDI(IK=1) = 0.0
792 IF(IOPRND{IK=~1) «NE.O.OR, [IOPRND{ 1K) NE. 0) GO TU 8792
iK = IK-1 o -
IOPRND(IK) =1 B o
B TG0 YO 10 B T )
310  IF(IOPRND(IK=1).NE.7)G0 TO 8310 S )
T TIF(INTRSC{OPRNC(IK—-1),0PRND{IK}}}791,793,791 -
793 OPRND(IK=1) = 1.0 B
GO 10 792
c S _
795 IF(CPRND(IK~1)-~0OPRND(IK)}) 793,791,793 o
796 IF(CPRND{IK=1)~0OPRND{IK)) 7915791793 L
797 IF{CPRND{IK-1)-0OPRND{(IK]) 793,791,761
798 IF(OPRND{IK-1)-0OPRND{IK}} 791,793,793
799 TF{CPRND{ IK—1J-0OPRND{IK}) 7934793,791
C
860 TFCID{INHALT (LNKR(OPRND(IK}))).EQ.0) GO TO 871 T
GO 7O 873 e ) e
861 IF(ID(INHALT(LNKR{OPRND{IK}}}).EQ.1) GO TO 871
GO TO 873
862 IFCID{INHALT(LNKR{OPRND(IK})}}).EQ.2) GO TO 871
GO T0 873 o o
863 IFCID(INHALT (LNKR(OPRND{IK}})).EQ.3) GO TO 871
. GO 70 873 . e ) . L
864 IFUID(INHALT{LNKR(OPRND(IK}))}.EQ.4}) GO TO 871
GO TO 873
866 TFUID{INHALT(LNKR{OPRND(IK}})).EQ.6) GO TO 871
G0 TO 873 ‘ o o - S
867 TF(ID(INHALT (LNKR{OPRND(IK}}}).EQ.7} GO TO 871
GO 70 873 o S
868 TFUID{INHALT (LNKR{OPRND{IK)})}.EQ.5) GO TO 871
GO TO 873
c
871 OPRND{IK)=1.0 B o o
ICPRND{IK}=1
GO TG 10 o e . o
873 OPRND{IK)=0.0
IOPRNDLIK)=1
GO TO 10
C _ e B
817 OPRND{IK)=1.0
818 ICPRNB(IK)=1 ) -
IK=1K+1
GO 7o 10
819 OPRNDIIK}=0,0

GO 710 818
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SCHNEIDER,VI . ' 001/68/799 . __ . . - DATE "1/
EULER - EFN - SOURCE STATEMENT -~ IFNI3) =
C .
... 820 IF(CPRND(IK).GT,.0Q.0) GO TO 871
GO TO 873
c .
930 IF{IOPRND{IK) NE-2) GO TU 8930
I=LNKR{OPRAD{IK})~-1 X e
JMPRTN= JMPRTN+LNKL{OPRND{IK ) I—BLKNUM
IF{JMPRTN.LT .0} JVMPRTIN=0
IK=0 ’
e .. GG 10O
C . -
937 10PRND (1K) =0 o
GO 1O 10
938 ITEMP=OPRNDIIK)
OPRND{IK}I=ITEMP
e ... .80 Y010 —
939 IF{OPRNDIIK).GE+-+0.0) GO TO 10
781 IF{ IOPRND(IK) «NE.O) GO TO 8806 S
OPRNDUIK}=-CPRND{IK)
GO 70 10 B -
8310 WRITE{6,9310)
STOP ) B o
8511 WRITE(6:9511)
STop
8832 WRITE{6,9832)ITEMP
i sST0P - o O
8930 WRITE{659930) I
... _._._STOP . - e e
8716 WRITE(6,9716) IVRBL
STOP ~ ) .
8845 WRITE(6:,9845)CODELT},,CODELTI+1)
STQP - o N R - o
8740 WRITE( 649740} 1
L ST
8745 ITEMP = INHALTILNKR{OPRND(IK - 1}) - 13}
WRITE{(6,9745) ITEMP e
STOP
8650 WRITE{6+9650]) e e
S10P
8775 WRITE{6397751} e e e
sSTOP
8806 HRITE(6,9806) L
sSTOP
8811 WRITE(6,9811} e
sSToP
8736 WRITE{6,9T7363KLBY e o
STOP
8792 WRITE{6;,9792)
sToP
6 8860 = WRITE(6,9860) e -
ST0P
5 8510 WRITE{6,9510) S
sSTop
4 .9005 FORMATLIHO. A/ /72 7742) —— —
9006 FORMAT{1HD +5X4,12A6)
3 9310 FORMAT{IHO ,52HATTEMPTED COMPARISON OF CHARACTER AND NONCHARACT
2
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CHNEICER, V]
EULER

001/68/739
EFN

i

ER. )

SOURCE STATEMENT

IFN(S)

9930 FCRMAT{37HNO LABEL SUPPLIED TO JUMP INSTRUCTION,;S5X,A6)

9931

9510
9511
9650

9716

9736
9740

9745
9775

9792

FORMAT(37HILLEGAL COMMAND OR OPFRANC.

TERMINATE)

FORMAT (33HLIST OPERATION ON NONLIST OPERAND)

FORMAT(20HSUFFIX OF EMPTY LIST)

FORMAT(46HSUBSCRIPT CALLED FOR LIST CELLS NOT YET EXTANT)

FORMAT( A6y 1X,35H T
FORMAT (8HAT CODE(,164535H),

71

DATE

FORMAT(TI2HREFERENCE TO,2X,A6y2X, 24HAN UNDECLAREL IDENTIFIER}
A6y 1X,35HIS NOT USED AS A LABEL IN ITS BLOCK)
ASSIGNMENT OF VALUE TO VALUE.

FORMAT (45HASSTIGNMENT OF LOCAL REFERENCE TO GLOBAL IDENT2X,A6)

"FORMAT(4THATTEMPTED LOGICAL OPERATION,

NONLOGICAL CPERAND)

FORMAT (45HRELATICN SCUGHT BETWEEN NONNUMERICAL CPERANDS)

9806
9811

FCRMAT(43HARTITHMETIC ATTEMPT ON NONNUMERTCAL QPERANDS)

FCRMAT (26HDIVISION BY ZERO ATTEMPTED)

T79832 FORMAT(AG6,36HLABEL NOT DECLARED AT 'HEAD OF BLOCK.)

9845

9860

FORMAT (38HPARAMATERLESS PROCEDURE CALL

END

EXPECTED. 32X A643A6)

FCRMAT(48HPROCEDURE CALL ON NONPROCEDURE VARIABLE AND LIST)

0179:
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INITX = EFN  SOURCE STATEMENT - IFN(S) -

SUBROUTINE INITAS(MyN)

C THIS SUBRCUTINE INITIALIZES THE STRUCTURE OF THE CIMENSIONED
c ARRAY M IKTO A LIST UF AVAILABLE SPACE WITH READER CELL AVSL.
CIMENSION M({N)
B COMMCN/AVSLX/AVSL,CODE{500)
0 2 1 = 1,N
2 MII) = 0
K = N-2_
L0 3 I=1,Ks2 -
3 CALL SETDIR(-1,-1,MADOV(M(I+2)),M(I))
CALL SETCIR({O,MADOVIM{N-1)),MADOVI{M{1))}sAVSL)

RETURN
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ERASEX - EEN SOURCE STATEMENT =~ IFN(S) -

ooo o

~ SUBROUTINE ERASE(LINK)

RETURNS FIRST CELL OF LIST TO LAVS IF REFERENCE CCUNT IS ZERD

‘OR ONE. CTHERWISE,DECREMENTS REFERENCE COUNT OF THE FIRST CELL.,

CCMNON/AVSLX/AVSL,CODE(500)
ILINK = INHALT(LINK)
IF(LNKLTILTNK)SGT. 17760 TO 2060
_ CALL SETIND(=1,~1,LINK,LNKL(AVSL))
CALL SETOTR(=1, IBTM(LINK,+1),-1,AVSL)

RETURN

2060 CALU SGVIND(-1, LNKU{TILINK)-1, -1, LINK) o
— — ———— R ET U RN [ e PR —— —

T ENE :

b__h R _ . R e _ o =
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SCHNEICER,VI =~ 001/68/799 N : DATE 91,
IBTMX - EFN souacs STATEMENT - IFN(S) -

FUNCTION IBTMILLNK, IFLAG)

IF IFLAG=-1, FINDS THE LAST CELL OF A NONEMPTY LIST WHUSE FIRST

"CELL HAS ATUDRESS GIVEN BY LLNK. IF IFLAG=+1,RETURNS THE LAST LIST
CELL NOT REFERENCELC BY ANOTHER LIST NAME.

OO OO0

LLNR=LLNK
- 2000 LLNN=LLNR
LLNR=LNKR{ INHALT(LLNNH

IF(IFLAG) 2002, 3000,2001

2001 IF(LNKL{INHALT(LLNR)))3000,2002,2005
2002 TF(LLNR13000,2005,2000 -
2005 IBTM=LLNN
(2005 IBTMSLLAN.
3000 WRITE(6,3005)
3005 FORMAT (1HO , 14HERROR IN iBTM. )
STOP
ENC - o S —
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SCHNEIDER,VI ' 001/68/799 DATE N1/072
) NUCELX - EFN SOURCE STATEMENT - IFN(S) -
= FUNCTION NUCELL(X)
c
“C GETS A NEW CELL FROM LAVS, IF THAT CELL HAS A SUBLIST,
CT 7 RETURNS THE SUBLIST TO LAVS BY CALLING ERASE.
c
COMMCN/AVSLX/AVSL,CODE(500) T
_M=LNKR(AVSL)
IF(M.GT.0) GO TC 1 -
2 WRITE(64901)
T SToe ,
1 MM=INHALT (M) . o
TF(ID(MM) NE+3.0OR.LNKRTINHALT(M+1)).EQ.0) 60 TCc 3 ~ -
4 CALL ERASE(LNKR({INHALT{M+1)))
3 CALL SETDIR(-1,~1,LNKR{MM),AVSL)
_ __CALL STRINDIO,M) _
T CALL STRIND(QO,M+1)
NUCELL = M L
RETURN ' -
901 FORMAT(1H1,6Xy33HLAVS EXHAUSTED-NUCELL TERMINATION) L
END
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COPYX - EFN SOURCE STATEMENT - IFN(S)

OO0

SUBROUTINE COPY(LLNK,MTGP,MBOT)

DATE N1,

PUTS ZERO INTO LNKL OF ALL CELLS OF COPIED LIST. IF LLNK = Oy .

AN EMPTY CELL IS RETURNED. IF LNKL (INHALT(LLNK))=0,RETURNS

LLNK.

COMPCN/AVSLX/AVSL,CODE(5000
MTOP = LNKR(AVSL)
KTOP = LLNK
IF(KTCP.EQ.O) GO TO 2051
IF(LNKL{INHALT(KTOP)).GT.0) GO TO 205C
MTOP = KTCP

MBCT=IBTM(MTOP,~1)

RETURN

T IKTOP = INHALT(KTCP)
IKTCP1 INHALT(KTOP+1)
JTOP s NUCELL{DUMMY)

CALL SETIND(IC(IKTOP),0,LNKR(AVSL),JTOP)

II

1]

CALL STRIND(IKTOPI,JTOP+1) e
IF(ID(IKTOP) «NE.3.0R.LNKR(IKTOP1).LE.C) GO TO 2052

2052

CALL SETIND{-1,LNKL{IKTCPl)+1l,~1,IKTOP1)
MBOT = LNKR{IKTCP)

IF(VNBCT.LE.O) GC TO 2054
KTOP = ¥BOT

_ 2054

2051

GG TO 2050
MBOT = KTOP

RETURN
MBOT = NUCELL (DUMMY)

CALL SETIND(3,0,0,MBOT)
RETURN

END
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OUTOUX - EFN  SOURCE STATEMENT ~— [IFN(5) -

SUBROLTINE OUTQUT(ITYPE,CONTNT,LOCAT)
DATA IFLSE,ITRUE,ILABEL,IUNDF, IREFRN,IPRUCD/
1 SHFALSE ) 4HTRUE s SHLABEL y 6HUNCFND, 6FREFRNC y 6HPRICI R/
LCCAT=LOCAT+1
1003 IF(LOCAT.LE.12) GC TG 2090
B LOCAT=1
WRITE(651%57)
" 1050 FCRVMAT(1H ,80X)
2009 IF(ITYPE.NE.O) GO TO 2070
o 63 TC 3900 ‘
2070 IF(ITYPELNE.1)G0 TO 2971
TF(CONTNTeEQeGCeIITCNTNT=TFLSE
IF(CCATNT.EC. 1. ) ICNTNT=ITRUE

GO0 TO 2390
2071 IF(ITYPELNE.2) GO TO 2072
T T ICNTNT=1LABEL
GO TO 2299 i ~
—2072 IF(ITYPE.NE.4) GO TG 2973 T T
ICNTNT=IUNDF -
T T U760 TC 2290
2073 IF(ITYPE.NE.5) GO TC 2074
ICNTNT=IREFRN
GC TO 22990 _ S -
2074 IF(ITYPE.NE.6) GG TC 2075
B ICNTNT=IPROCD
. GG TO 2090
2075 _ IFUITYPE.NE.7) GO TG 2376
CALL STRDIR(CONTNT,ICNTNT)
2090 GO TO (401,402,403,474440594069407,408,409,410,411,412),L0CAT
3000 GO TC (521,502,503,504,505,506,507,5C8,509,510,511,512),L0CAT
401 WRITE(643401) ICNTNT
RETURN
402 = WRITE(6493402) ICNTNT
RETURN
403 WRITE(6,3403) ICNTNT _ .
RETURN
404  WRITE(6453404) ICNTNT o -
RETURN
405 WRITE(643405)ICNTNT o
RETURN
406 WRITE(6,3406) ICNTNT -
RETURN
_._ 407 _ WRITE(6,3407)ICNINT _ o
, RETURN
. 408 _WRITE(6,3408) ICNTNT _
RETURN
409 WRITE(6,3409) ICNTNT
RETURN
B 410 WRITE(6,3410) ICNTNT o
RETURN
411 WRITE(6,3411) ICNTNT e
- RETURN
412 WRITE(6,3412) ICNTNT L L
RETURN

501 = WRITE(6,3501)CONTART
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SOURCE STATEMENT

GC TO 2076

TEN(S)

DATE N1/°

END

502 WRITE (653502 )CONTNT
GC TO 2076 |
503 WRITE(6,3503)CONTNT
GC TO 2076
504 WRITE(643504)CONTNT i B
GC TO 2076
505 WRITE (6,3505)CONTNT
GO TG 2976
506 WRITE (643506)CONTNT
GC TO 2276 S
507 WRITE(6,3507) CONTNT e
G0 TU 2076
508 _ WRITE(6,3508)CONTNT
GC TQ 2276
509 WRITE(6,3509)CONTNT
GC TQ 2976
510 WRITE(653510) CONTNT o L
GC 10 2376
511 WRITE{b6,3511)CONTNT
GO T4 2076
512 WRITE(653512)CONTNT N
2076 LCCAT=LOCAT+1
RETURN e
3401 FCRMAT(1H+,A0)
3402 _  FCRNMAT(1lH+,6XpA6) _ -
3403 FCRVMAT(LH+, 12X, A6)
. 3404 FORMAT{1H+,18BX,A6) _
3405 FORMAT(1H+,24X, A6)
3406 FORMAT(LH+,30X,A6) _ n _ .
3407 FORMATILH+,36X4A6)
3408 FORMAT(1H+542X,A6) o -
3409 FORMAT(1H+,48X, Ab)
3410  FORMAT({1H+354X,A0)
3411 FCRMAT(1H+,60X,A6)
3412  FCRMAT(1H+,66X,A6) _ _ - )
3501 FORMAT (1H+,F12.4)
3502 FORMAT (1H+96XsF12.4) . -
3503 FORMAT (LH+4 12X 4F12.4)
3504 FORMAT {1H+,18XsF12:4) _ __ .
3505 FORMAT (1H+ 324X ,F12.4)
3506  FORMAT(1H+,30XsF12.4) .
3507 FORMAT (LH+ 36X 3F12.4)
3508 FORMAT (1H+,42XoF12e4) )
3509 FORMAT {1H+,48X,F12.4)
3510 FORMAT(1H+54XsF12.4) . . } — N
3511 FORMAT (1H+,60X,F12.4)
3512  FORMAT(LH+,66X,F12.4)
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SETIX _ DATE 01/03/68 _TIME 12-08 PAGE 4N
o SETIO0001
ENTRY SETIND
*  THIS FUNCTION SETIND(ID,LNKL,LNKR,CELL) STORES ID IN 1D EULE®
#  FIELD, LNKL IN LNKL FIELD, LNKR IN LNKR FIELD OF CELL WHOSE FULZ2
*  ADDRESS IS IN WGRC NAMED CELL, IF -1 APPEARS AS FULER
"% " "ANY PARAMETER BUT CELL, THAT FIELD IS LEFT UNCHANGED. EHLER
SETIND STZ MM B L B EULER
CLA% 644 EULER
STA ¥+9 EULER
STA *+15 EULER
_STA X170 o o EULER
STA *+18 EULER
CLAX® 394 _ e EULER
TMI 45 EULER
- ALS 30 EULER
T STO MM EULER
__CAL  MASK1 o I EULER
ANS *% EULER
 CLA=* 4ot - - EULER
TMI *+6 EULER
ANA MASK2 EULER
ALS 15 EULER
_ _ORS MM - o _ EULER
CAL MASK3 EULER
~ ANS ** R EULER
CLA% 554 EULER
. TMI *+2 . S . __EULER
STA *x EULER
CLA MM ~ ) EULER
GRS ok EULER
. TRA 1,4 EULER
MM BSS 1 EULER
MASK1 OCT 0077777777117 . o EULER
MASK2 OCT 000000077777 EULER
MASK3 OCT 770000077777 o EULER
END EULER
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STRIX_ __DATE 01/03/68 ___  TIME 12-08 PAGE 45

STRIO0O1
i e e ot e i e
ENTRY STRIND
*  THIS FUNCTION STRIND(DATUM, IADRES) STORES THE VALUE
* NAMED BY DATUM IN THE CELL WHOSE ADDRESS IS NAMED
% BY 1ADRES. . ‘ » -
STRIND CLA* 4e4 ' " GET ADDRESS OF CELL.
STA *+2 e
CLA% 394 . ~GET DATUM®S VALUE.
——— STO *% STORE IT.
TRA l:4
END e _




STROX____DATE 01/03/68 _  TIME 12-08 PAGE

STRDOOO1
ENTRY  STRDIR o

*  THIS FUNCTION STRDIR(DATUM,CELL) STORES THE VALUE

* NAMED BY DATUM IN THE WORD NAMED BY CALL, DATUM

*  CAN BE EITHER FIXED OR FLOATING POINT AND THE FUNCTION CAN Bt
*

NESTED.

STRDIR CLA% 344 GET DATUM'S VALUE
STO% byt
TRA 114

[« ¥ 8

U\
)

EULER
TLULE K
cLler
ci,lER
FLLER

EULER
EULER
EULER
EULER




_...SETDX __ DATE 01/03/68 = TIWME 12-08 .

PAGE 55
i SETDO0O1
ENTRY  SETDIR = EULER
*  THIS FUNCTION _SETDIR(ID,LNKL,LNKR,CELL) STORES ID IN ID FIELD; EULER
% LNKL IN LNKL FIELD LNKR IN LNKR FIELD OF WORD NAMED CELL. EULER
% IF -1 APPEARS AS ANY PARAMETER BUT CELL, THAT FIELD IS _ _FEULER
¥  LEFT UNCHANGED. EULER
SETDIR STZ == MM INITIALIZE MM EULER
CLA% 3,4 GET THE ID EULER
TMI %45 TEST FOR NEGATIVE EULER
ALS 30 ‘ , EULER
) STO MM STORE SHIFTED ID FIELD  EULER
CAL MASK1 MASK OUT THE ID PORTION  EULER
o BANS* 644 B OF CESS . EULER
CLA® 4,4 GET THE LNKL EULER
TMI %£+6 TEST FOR NEGATIVE EULER
ANA MASK2 BLOCK OUT OTHER FIELDS  EULER
- ALS 15 SHIFT INTO POSITION  EULER.
ORS MM AND SORE IN TEMPORARY EULER
B CAL MASK3 MASK OUT LNKL __EULER
ANS* bo4 PORTION OF CELL. EULER
CLA% 554 GET THE LNKR, EULER
™I *42 TEST FOR NEGATIVE. EULER
STA% by4 OVERLAY LNKR OF CELL. EULER _
CLA MM FETCH THE TEMPORARY. EULER
- ORS* 634 STORE THE TEMPORARY, EULER
TRA 1s4 EULER
MM BSS 1 EULER
MASK1 G©CT 007777777777 EULER
MASK2 0OCT- 00C000077777 . EULER
MASK3 0OCT 770000077777 EULER
END ' FitFR




63

CONTX _~  DATE 01/03/68 __ TIME 12-08 PAGE 60

CONTO001

ENTRY CONT EULER
ENTRY  INFALY EULER
DELIVERS THE CONTENTS OF THE WORD WHOSE MACHINE ADDRESS EULER
IS THE PARAMETER, AND IS STORED AS AN INTEGER. CONT [S USED EULER
IN FLOATING POINT TO PREVENT TYPE CONVERSION AND INHALT IS FULER

USED FOR INTEGER ARITHMETIC TD FOOL THE SYSTEM. = EULER

#* 3 ¢ %

CONT TRA *+1 : EULER
CINHALT CLA* 3,4 GETS ADDRESS STORED IN PARAMETER.
STA *+1 EULER
CLA *¥* _GET THE DATA. I EULER
TRA 144 : EULER
END o L EULER

EULER




DATE 01/03/68

TIME 12-08

_..Ipx PAGE 65

10X 0001 ) )

E'NTRV' iD T . , o EULER

*  THIS PRIMITIVE FUNCTION RETURNS AS AN INTEGER THE ID FIELD EULER
% OF THE CELL NAMED AS PARAMETER. EULER
1D CLA®* 3,4 . GET _THE_CELL. EULER
ARS 30 T ' EULER

.. TRA 1.4 — EULER
END EULER



CLNKLX DATE 01/03/68 _ TIME 12-08
LNKLDOOO1
ENTRY  LNKL

*  THIS PRIMITIVE FUNCTION RETURNS AS AN INTEGER THE LNKL
* FIELD OF THE CELL NAMED AS A PARAMETER.

85

PAGE 70

EULER
EULER
EULER

LNKL CLAX% 3,4  GET CELL. EULER
ANA MASK MASK OUT ID AND LNKR EULER
ARS | EULER
TRA ly4 . EULER

MASK cCcT 007777700000 5-7'S FOLLOWED B8Y 5-0'S _EULER
END EULER




LNKRX DATE /03/68 _ TIME 12-08 PAGE 7

G

LNKROOO1

ENTRY  LNKR ‘ EULEP
THIS PRIMITIVE FUNCTION PRESENTS_AS_AN INTEGER THE MACHINE EULER
ACORESS CONTAINED IN THE RIGHT LINK FIELD OF THE CELL NAMED. FULF =

LNKR CLA* 394

... GEY CELL. FULER
ANA MASK MASK QUT ID AND LNKL EULER
TRA 14 EULER

MASK  GCT 000000077777 70'S AND 5-79S. EULER

END EULER




87

_ MADQVX DATE 01/03/68 TIME 12-08 PAGE 890

MADDOOO1

"ENTRY  MADQV ) o EULER
*  FETCHES THE MACHINE ADDRESS OF THE CELL NAMED AS EULER
* A PARAMETER EULER

MADOV CLA v 4 . _GETY THE LOCATION OF THE CELL. FULER
TRA v 4 : FEULER
_ END . B EULER

L VY




88

JUST . DATE 01/03/68 . TIME 12-08 PAGE 85
) JUST0001
ENTRY JUSTIN
* JUSTIN(FL,A,B)=THE BCD NUMBER STORED._.
* IN A AND B IS CONVERTED TO FL.
%
. JUSTIN SXA BACK,1
) ,PXA ) O)O - _ o o
) LDQ* G496
3 AXT 691 e
] RGL 3
C __LGL 3 e _ i
TIX %-29151
. LDQ* 544 _ _ - S
AXT 61
RQL 3 — -
LGL 3
_ TIX *¥~29191 — _
SLW* 394
BACK _ AXT *%, 1 I -
TRA 1ly4
END




Ll W B S WS |

89

ISHFT = DATE 01/03/68  TIME 12-08 PAGE 90

ISHFODD1

* SHIFTS THE ARGUMENT RIGHT ONE CHARACTER AND RETURNS VALUE
ENTRY ISHIFT

ISHIFT CAL* 3.4 T
ARS 6

TRA 114 T
END i




90 — : -
INTRSX DATE 01/03/68 . TIME 12-08 PAGE 5%

INTRNOO1

ENTRY  INTRSC
" COMPARES ThO ALPHANUMERIC WORDS,RETURNING O IF THEY MATCH

INTRSC CAL* S
ERA® COMPLEMENT OF LOGICAL WORD  ELL=-
TRA PUT IN AC EULE®

END S — EULDE

fub=~

W
< W w
D
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SCHNEIDER, VI 001/68/799 _ IBLDR DATE 91/03/68
.FBDBF 33621 EVEN 33633  JDDDFL 33654 .
S .MQD 33657 LPEX  3366C .FEXP 33661 .
30. FIQOS 33715 .FIOS. 33715 +FSEL. 3407C SFILR. 34074 * .
B SFILL. 34113 .FCLS 34115 * .FOPN 34121 * R
.REED 34276 * +BIN 34277 * LFCT 34300 .
.TAPT. 34361 o o
T3], FIOH 34366 .FIOH. 34366 LFFIL. 35227 .FRTN. 35255
32. FWRO 35445 «FWRD. 35445
33, FROD 315655 .FRDD.- 35655
34, UNO5 35703 ~«UNO5. 35703
35, UNO6 35704 JUNO6. 35704 .BUFSZ 35705
36. FLOG 35710 ALOGLO 35710 *  ALGG 35711 o B
37. FXPF 36114 EXP 36114
38. FXP3 36235 <XP3. 36235
39, .T6CS 36362 L{0) 36362 +MONSW 36402 .TEOR 36451 .
o _ oCLOS. 36614  JATTC. 36627 «SH1 37041 * .
T - «0P4 37152 * .0P7 37203 % .0P9.2 37217 * .
.READ. 37272 .RERl. 37315 WRIT. 37317 .
.FEEIT 371640 .GTIOX 37661 <RWT 37777 * .
. eSEL59 41065 * «BSR. 41504 -EQTOF 41631 .
T +TCHEX 42173 .BASIO 42176 *
 40. .10CSM 42201 S o - )
1/0 BUFFERS 42201 THRU 76705
UNUSED CORE _ _..._16706 THRU 77014 } i _
«BGIN..BGIN..(  .*  THIS I, ok S A DE, ok MONSTR,
o* ATION b a* pRGGRA' .* . M THAT’ .* HAS ; B
) ok BEEN T, ok RANSLA, %  TED BY, o X _THE E,
W% ULER 3 % _ SYNTAC, ok TIC TR, .k ANSLAT,
X CR AND, L& IS BE, ok ING s o¥ INTERP,
_____ e % RETED , %  BY THE, o¥  EULER, .*X  MODIF,
o ¥ 1ED POy o¥  LISH ok STRING, “o%  INTER,
.* PRETDRQ o* [ ,. .OUT. OEND. 29 QBGINQ.NEwc X
. oNEWs S «VRBL.S ol «NMBR.202400000000, «%  +BGIN..VRBL.
. X .VRBL._xv .__I_'NV. ‘___.__N_MBRQZOJ.‘I'OOOOOGGO* = ° VQVVRBL.S
QVRBL.X -IN. ) 'IN‘ .END. $- 9 . 3 .( » ¥ X=
> OVRBLOX _w_o_I_No__‘__LL_____q_O_UIo 5- 4.)‘,, = R} .VRBL.X
OVRBL. Sﬁ_ ° NMBR.ZO 14000000001 m__,___”o“_l_;_\l_o_, . . ® ( ,c* X=
’ .VRBL.X oINe ) cOUTs oy «VRBL.S «NMBR. 202400000000
) aINe <END. ey  oBGINo<NEWe A = oNEW. R _oVRBL.A o
«NMBR.201400000000, __ et .NMBR.202400000000, +NMBR.202600000000



92

. , .NMBR.203400000000). = .r ol o® A=

_ «VRBL.A eINe o OUT, .y _oVRBL.R _.sNRBL.A  .NMBR.,202470

000000) = er el e®  R= ., +« VRBLR +INe. )

.OUT. .9 '( .,,'*. .,“.__RQ_(l),,:J OVRBLOR .IN. QNMBR0201400000000

) - .',-IN' ._2.-.',_ oOUTo 'S ] .( c* @_B‘,O._.(Z):f,!... — !VRBLOR [ IN'

«NMBR.202403000000) e INe )o OUTe oy of +VRBL.A o ¥

20UTe oENDe oy .BGIN. . NEWe N JNEWs FIBO ol % N= .
_«VRBL.N  .NMBR.204440000000= . ). «0UT, ., ol o % FIBO=
e JVRBLWFIBO 8%  oFRML.K  oVRBL.K <IN. .NMBR.201400000000

oLEQe oIFe oNMBR.201400000000.SWCH. cTHEN.eNOTo +IF. oVRBLJFIBO oLSCLe

el <VRBL.K .l

|2
[}

«NMBR.2014000000C0~ ). «VRBL.FIBO .LSCL,

ol oVRBL.K . NMBR.202400000000- . b o SWCHe o THENS

]
iz

Iy

oy $e = Je 2 OUTs o9 ol o ¥ FIBOis 2 VRBL N

__O.I_.NA‘_,W 9 . ._a¥ ) CE L F OVRQLOEIBU o LSCL oot .« VRBLN « INg
Je. Yo «0UTs «ENDoe op  _  oBGINeoNEW, P +NEW. A _eNEW. 1

-VRBLQP .$ .FRML.X .FRML.K OBG_.I_N. 'VRB_L‘K BINO _..J_\.LR_,B.L‘L_

K eINe _oINe oNMBR.201400000000+ __ = oy  ol__ _o% X=
+ . eVRBLeX __ . oINe _)o __ o0UT. .ENDe $¢ . =_ w5 _al ok
N I= o '-VRBL.I 2NMBR ,2014000000C0= o o UT e o9 e {

e® A= s oVRBL.A _ s{ __ .NMBR,203400000000., . ._ sNMBR.204440

000000,  _ oNMBR.205400000000). =  da . «0UTs =9 = VRBL.P

e .i §C‘ 'R ) ‘ o MBBL’A .!RBL.: ___‘LNQ ) nlh- f 'VRBL.I e e
). Q,UUTQ 2 % _IVB_B_L_QhP__

ebLSCleol . o% = LVRBL.A  .VRBL.I_

O.M_O.__,.,.L__. ORI .!_I,ﬂw!, — Asﬂ PSRN : S OVR_BL ® I JEE, ) e._ . . __J..OUI:. L} @ ( L] *

I= 2 .VRBLOI .INJ )o .OUT. .END.




BGINeeBGINao(

o ¥ ¥ o ¥ v o ¥ ? o ¥ 9 o ¥
v o ¥ ¥ - ¥ » o ¥ 1 o ¥ ? e X N o %
9 B ‘——‘o* 9 s X ? o ¥ ® o« ¥ ° o ¥ » o X
’ X 9 ¥ a e * ST L. A T ’ o%
’ o ¥ » o % 0 o % v WX . ok ' X
). .0UT. B

(THIS IS A DEMONSTRATICN PROGRAM THAT HAS BEEN TRANSLATED BY THE €
"ULER "SYNTACTIC TRANSLATOR AND IS BEING INTERPRETED BY THE EULER MODIF
IED PCLISH STRING INTERPRETOR. )

.END. .~’~, .EGIN_-_.NENO .NEN. .VRBL..( .‘,NMBR.? .$ ki -$
} S = P «VRBL..VRBL..NMBR.) o INe = . o o ¥
? oVRBLeo INs )& « OUT

( %= _  2.0000)

«»  «VRBL..NMBR.) 2INe oBGIN..VRBL..VRBL..IN. LNMBR,+ =

es  «VRBLeoVRBLeoINs ) W INe ol o ¥ ’ WVRBL..IN. ).
«OUT,

(_ %= 3.00000

$. .END. ‘. OEND. il 4 .BGI_N-. NEH. ViNvErw\o_ _,?yR_B!:.:_i,(_ ,._.?_.NM,B,.R_.'_,,’

Y «NMBR. 5 +NMBR.) o ’ «NMBR.) . = .t ol ok
0 oVRBL.oINs o .0UT.

{ A= { 1.0000, { _ 2.0000, . _3.0000

bl ,r - 4,0000) )

nj

o9  «VRBL..VREL..NMBR.) Ced N s «VRBL..IN.

Jo «OUT,

{ R= REFRNC)

.9 = o * 1. +VYRBL..IN. .NMBR.) eINo )o  .0UT.

(R.{1)= 2.0000)

. o o ¥ . oVRBLeoINe oNMBR.)  oINe o  o0UT.

- {R.{2)= 3.0000)

.y o o VRBL & o ¥ = 9 «VRBLosIN. NMBR.) e INa Je

-OUT.

(R.{1)= 2.0000)

<END. oy <BGIN..NEW. oNEW. «f <%  ,  JVRBL..NMBR.= ).
.0UT, '

(L N= - 9.0000)

.9 ° ( o ¥ | ] «VRBL.- $ = A_)__._________‘M!O_LI_T‘

{FIBGC= PROCDR)

* ’ oVRBL.oIN. o ¥ ¢ aVRBLasLSCL..I

X} o { collNe 9 o% e

sMRBL..IN. ). sFRMLooVRBLooINs oNMBR.oLEQs oIFe oNOTe o«IFe <VRBL.




. 84 . = d ' -

eLSCLes{ . oVRBL.oINe _NMBR.~ o . oFRML.eVRBLsoINs «NMBR.,.LEQ.
o IFas +NOT. .IF. s VRBL o LSCLs o s VRBL .o IN® o NMBR o~ }a s FRML .
 _oVRBL.oINo oNMBR.o.LEQ. oIF. .NOT, oIF. oVRBLooLSCLool = oVRBLa.IN
«NMBR .~ Yo oFRML, o VRBLoosINe oNMBR.o,LEQe oIF. «NOT. IF. JVRBL.
oLSCLeol = oVRBLooINe oNMBRe= == Jo _ oFRMLsoVRBL..IN. <NMBR..LEC.
-IF. .NGT. oIF; DMRBL..LSCLOO( OVRBL..[N. .NMBR.— )o .FRML.
oVRBLoeINs ~ oNMBERooLEQe o¢IFs oNOT. oIFs  oVRBLsoLSCL.s e VRBL: I N&
«NMBR.~ o eFRML. s VRBLe o INe NMBRo..LEQ. -IF. JNOT. oIF. oVRAL.
o1 5CL.o! +VRBLe o INs < NMBRe- lo oFRML oo VRBL oo INe o NMBR..LEG.
«IFs oNOTs ¢IFe oVRBLaoLSCLesd «VRBLeos INe oNMBR.- ) «FRML,
!VRBL!LLN! .NMER..LEQ) .Iﬁjmvgﬁﬂﬁﬁn.Sﬂﬁﬂ.-IHEN..NUT. s1Fe © 9 %o
«VRBL.oLSCLoW «VRBLoe INe «NMBR,- ) e s FRML o s VRBLe o INa sNMBR,
sLEQe oIFs oNMBR, oSWCHeoTHEN.oNOTo oIFs o4 $s + +« SWCH. « THEN.
[ ] $. nVRBL..LSCL».( QVRBL.QIN’ o NMBR o — e e FRML. s VRBL,
oINe oNMBRooLEGQe o«IF. oNMBRooSWCHe o THEN.oNOTe oIFas o, $. +
oSNCH..THENoo’ $e QVRBLODLSCLOO( oVRBL.olN. oNMBR)‘ )n
 oFRML .+ VRBLoo INs NMBRosLEQe oIFe sNOTe oIFs oVRBLo<LSCLowl «VRBL.
eINe JNMBR.- }e «FRML . o VRBL: o INe <NMBR.o.LEQs IF. oNMBR..SWCH.
2 THEN.sNOT. oIFs o9 $o  oVRBLooLSCLool = oVRBLoosINe oNMBRo-
e eFRMLs e VRBLo e INs o NMBRooLEQe oIFe oNMBRooSWCHes THEN.sNOTs oIFs
»y $o + .SHCH..THEN.O’ $s *+ nSNCHg.THEN.pJ;_mnﬁi e
«VRBLeoLSCLso o VRBL oo INs <NMBR.— o s FRML -« VRBLo e IN. NMBR.

__”’LEQ. .IF‘ oNUT:leEL_mq!RBLQLLSCLgoluaw_gyRBLg)IN.V -NMBR.‘, )o .
cFRML o VRBLo o INe oNMBRooLEQe oIFs oNOTs «IFs «VRBLooLSCL.o{ «VRBL,

_«INs +NMBRo~- 1o oFRML . s VRBLe o INe oNMBR.oLEQs IF. -NMBR..SWCH.

o THEN. «NOTe oIFs o9 $o s VRBLooLSCLew ! e VRBLoosINse oNMBR.~
}o eFRMLo s VRBLo o INo oNMBRooLEQo olFe oNMBRoowSWCHoe e THENooNOTs oIFe
o9 $e + oSHCH.oTHENoe) So‘ o VRBLooLSCLoo! s VRBLe o I N

~ «NMBRo - ) o o FRML oo VRBLooINe oNMBRooLEQs oIFs  oNMBR.oSWCH..THEN,
oNOTae -aIFs o4 $e + e SHCHe o THEN s g $ + » SWCH. « THEN.
FX $o e VRBLo oLSCLoof  oVRBLsoINe oNMBRo~ _  )s = _oFRML..VRBL,
eINae oNMBReobLELe oIFs oNOTs oIFa oYRBLsoLSCLasI +VRBL.sIN. <NMBR,

- Jo o FRMLo o VRBLoo INe oNMBRoolLEQo oIFe oNOTe oIFs oVRBLoLSCL.
of +VRBLo o INa oNMBR.- Je «FRML s s VRBLo o INe <NMBR.o,LEQs oIF.

-NDTo o 1F. «VRBL, o LSCL 0__-_( « VRBL » oINo _ﬂA—NMBRVOT‘.__-___ - ..’,.2__._,‘_..__,Q_EB_ML..',JL.VRB Le .
oINe oNMBRooLEQs oIFe oNMBR.+SWCHooTHENoNOT. IFs =9 $. +YRBL«

o LSCLo s { 2 VRBLe s INs  oNMBR.~ = Jo e FRML . o VRBL o INs _ «NMBR. .LEQ.
o IF. ONMBR‘IS“CH..THEN.ONOT. eIF s 'R $o + oSHCHotTHEN;.y

$. s VRBLis o LSClL o s § s VRBL, s INs « NMBR s — Je o FRML . s VRBL = - I N&
+NMBRs o LEQs oIFe oNMBRooSWCHss THEN.NOTs oIFe o9 $. + «SHCH.

e THENe oy $, o VRBLooLSCLeol = oVRBLooINs oNMBRo= =)o _ oFRML.
+VRBLo+INs oNMBRooLERs oIFs NOTs oIFe oVRBLooLSCLosl « YRBLs o IN.

o NMBR .~ )o o FRML o s VRBL o o INe = oNMBRooLEQs oIFe _oNMBR,oSWCHs o THEN,
+NOT. oIFe o $. e VRBLesLSCLss o VRBLoo INo oNMBR.~ Yo
-FRML..VRB N « NM Rl i QIFQ .NMBRQ.SHCH..THEN..NOTQ »IF: '] —
$. + oSHCHooTHEN-., $. + oSHCHoaTHEN..t $e +

. S“CH. oTHEN. ®_% S. oVRBLo qLSCLg ® ( !.l&B_LL!_Iﬂ_L_..,._lﬂﬂBB_L:_ __..*__)_o.;.,. .
oFRML, o VRBLow INs oNMBRooLEQs «IFs oNOTs oIFe oVRBLooLSCLoo{ +VRBL,

- OINO 'NHBRl- ‘ )' _QFRNLOQMRQLQQlﬂl_ﬂiﬂMﬁBJALEQJMJXFQ _LNQTO .IFQ PR
o VRBL.oLSCL.o{ +¥RBLss INe «NMBRo~ }e o FRML -« VRBL. - IN. NMBR,
oLECe oIFe oNOTo oIFs oVRBL ool SClLasol «VRBLao INs NMBR,— }o
oFRML.oVRBLe o INe oNMBRooLEQe +IFs oNOTe oIFs oVRBL.oLSCL.so{ +VRBL,

« IN, « NMBR o~ ) IS _. o FRML - o VRBL Q_'_I.ﬁLdJ_NM,B,RAQLEQ&_..,!,.I_F.!A. __Q.NMB_Ry e SHCHa.
o THEN« ¢ NOTs & 1Fe o $o o VRBLooLSCL . ( «VRBLosINe o<NMBR.-

_ e oFRML.oVREBLs+INs oNMBR.olFQe sIFe oNMBRooSHCHs o THENeNOTe oIFa. . .
[ 3 $. + oswCHooTHEN.ov 50 'VRBLOOLSCL.Q( QVRBLOQINQ
QNMBR.— ). oFRMLn.VRBL.QINQ .NMBR..LEQ; gllg ANﬂBRQ‘SWCH.nTHENm
oNOTe «IF. > $e + «SWCHs s THEN oo 5 $. s VRBLooLSCL. o
+VRBL .o IN. o NMBRs ~ e do_ oFRMLooVRBLesINe oNMBRss LEQas o IFs. 2NOT,

oIFe oVRBL.LSCL. & { o VRBL.»INs oNMBR.~ }o o FRMLo o VRBL. o INs




Yo

.NMBR..LEG' .IF. of“MBR.OSHCH..THEN..NOTQ -IF. e 9 50 oVKBL. -LS(;L-
ol eVRBLeo INe oNMBR,-— )e oFRML o o VRBLoe o INe oNMBR..LEQ. .IF.
NMBR.eSWCH o THEN. o NOTs o IFe o, $. +  JSWCH..THEN.., 3.
+ T WSWCH. e THEN. « » $. oVRBLooLSCLWa eVRAL .o INe oJNMBR.-
) e oFRML.oVRBLe e INe oNMBR..LEQs oIFe oNOTe oIFe oVRBLeoLSCLa.!
«VRBLeoINe oNMBR.=- ) oFRML.oVRBL.oINse oNMBR..LEGC. IF. .4OT.
eIF. VRBL.oLSCL..! oVRBL.oINe oNMBR.- ) eFRMLooVRBL . oI i
eNMBReoLEQe eIFe oNMBR.oSWCHooeTHENG«NOTe oIFe oy $. «VPBL..LSCL,
o oVRBLeeINe oNMBRe= )o  oFRML..VRBLesIN. oNMBR,.LEGQ, .IF.
oNMBR. eSHWCHe o THEN. o NOTe oI1Fe oy $. + e SHCH e e THE N o y b
eVRBLeoLSCLew( «VRBLeoINs oNMBR.- )e s FRML . VRBLewIN.  JHIMiE2,
OLEC. e IFe s NMBER. nSNCHo.’THEN-.NDT. e lFe e 9 % + « SHCH. e THE?!,
o9 S. + .SWCH..THEN.., $o + -SWCH..THE“‘..) ﬁo
eVRBL.oLSCLaw ( eVRBL.oINs NMBR,.- )e oFRML.oVRBLeoIN. JAMBR,
.LEC. oIFo OAOT. .IF. .yg@L‘-_:_[__S_C_I__o“. (” ) '.—'VBBL.. Ii\in _ -_!\_MBR.— )-
cFRML . o VRBL oo INs oNMBR.eLEGe eIFe oNOTe oIFe oVRBLeolLSCLaol .VRBL.
«INs oNMBR.- ) e oFRML.oVRBLosoIMNe oNMBRooLEQ.e JIF. .NOT. LIF.
eVRBLo.oLSCL.. eVRBLsoINs oNMBR,.- )e o FRML.oVRBLeoIN. NMBR.
.LEG. .[F. .NDTQ .IF. oVRBLn.LSCL.c( DVRBL.QIN. .NMB—{-- )-
eFRMLooVRBLoo INe oNMBRooLECQs oIFe oNOTe oIFs oVRBL.oLSCLa.a «VRBL.
eINe oNMBR.- ) e e FRMLo e VRBLo o INe oNMBR..LEQe oIF. oNMBR..SWCH.
e THEN. «NOT. o IFe o "%, VRBL..LSCL.. ( e VRBLasINe <NMBR.-
)e oFRML. e VRELo o INse oNMBR,oLEQes «IFe oNMBR.oSWCH. THEN..NOT. .IF,
ey $e + eSWCH. o THEN o 9 $o eVRBLeoLSCLow «VRBL.oIN,.
eNMBRe=  )o  oFRML.o.VRBL.oINe oNMBR.oLEG. .IF. oNMBR,,SWCH..THEN.
NOT. IFe s $. + eSWCHe o THEN o u y $. eVRBLooLSCLaw !
oVRBLooINe oKMBR.~- ) o oFRMLe s VRBLoeINe oNMBR,sLEG. oIF. oNOT.
oIFe oVRBLooLSCLeof eVRBL.oINs oNMBR.- ) «FRML.oVRBLo.oIN.
eNMBReoLEQe oIFe oNMBRooSWCHeoTHEN.oNOT, oIFe o4 $. «VRBL..LSCL.,
el . oVRBL..IN. oNMBR.,- )e o FRML ¢ e VRBL oo INo oNMBR.o.LEQe. .IF.
oNMBReoSWCH. e THEN. s NOT. o IFe oy $e + e SHCHe o THEN o $.
+ oS“CH..THEN.., 5. .VRBL. .LSCLO.( .VRBL..IN. .NMBR._

e eFRMLooVRBLe e INe oNMBR..LEQe oIFs oNOTa oIFs oVRBLoaLSCLua( o
- «MRBL+oINe oNMBR.- )o oFRMLooVRBLooINe oNMBR..LEQ. oIF. oNOT.
" oIFe oVRBLeoLSCLeo{ = oVRBL.oINe oNMBR.- ). oFRMLoeoVRBL.oIN.

eNMBR.oLEQe oIFe oNMBRooSWCHeTHEN:oNOTs oIFe oy $. eVRBL.oLSCL,
ol oVRBLeeoIN. oNMBR.- ), e FRML ¢ o VRBLe o INoe oNMBR.oLEQs oIF.
«NMBRo o SWCH+ o THENe e NOT e o IFs o5 $. + e SWCHo o THEN oo o $.
e VRBLooLSCLoo { eVRBLowINo o NMBR.~ ) e o FRML,.VRBL.sIN. .NMBR,
oLEGe oIFe oNMBRe eSWCHeoTHENGoNOTe olFe oy $o + o SWCH. o THEN,
.9 _$n__ ___+___‘____—’:_S_!CH..THEN..'7 $c oVRBLooLSCLoo( ,}IRﬁBL,V.IN.
o NMBR .~ )e eFRML.oVRBLooINe oNMBRooLEQe oIFe oNOTe oIFe oVRBL.
oLSCL.. «VRBLe e INe o NMBR.- ) «FRML.+.VRBLooIN. oNMBR,.LEQ.
eIFe oNOT. oIF. +VRBL.oLSCLeol eVRBLeoINa oNMBR,=- )e «FRML,
eVRBLooINe oNMBRooLEQe oIFe oNOT. oIFs oVRBLeoLSCLaof e VRBLo o INW
«NMBR.- )e s FRMLooVRBLeoINe oNMBRooeLEQe oIFe oNMBR.oSWCH.eTHEN.
_ oNOTe oIF. .y $o¢  oVRBLeolLSCLeol = oVRBLeoIN. oNMBR.— )
eFRML..VRBL.oINe oNMBR.o.LEQe oIFe oNMBRooSWCHeoTHEN..NOT. oIF. .4
_$e ¥  oSHCHe«THEN.oy. $o  oVRBL.oLSCLeof «VRBL.oINs oNMBR.
- jo eFRML. o VRBLoeoINe oNMBReoLEQe oIFe oNMBR..SWCH..THEN..NOT.
oIFs a9 $o + «SWCHe o THENo o 9 $. «VRBLooLSCLewl «VRBL,
«INs oNMBR.- ) e o FRML e e VRBLooINe oNMBR.oLEQs +IFs oNOT. GIF.
oVRBLoeoLSCLeol = oVRBLeoINe NMBR.- ). e FRML . oVRBLooIN. .NMBR,
oLEQse oIF. oNMBR¢oSWCHeoTHEN<oNOTe oIFe oy $. eVRBLeoLSCL.
oVRBLeeINs <NMBRo= =)o  FRMLe.eVRBL.oIN. .NMBR..LEQ. IF. .NMBR,
eSWCHe e THEN< o NOTe «IFe oy b + e SHCHe o THEN . 4 9 $. +
.SNCH..THEN..' $. + .SHCH."THEN..’ $. + ISWCH. .THENO_
o9 %. eVRBL. . LSCL.o{ o VRBLeo INe oNMBR.- )e «FRML..VRBL.
__eINe oNMBR.oLEQe oIFe oNOT. oIFs oVRBL.oLSCL..! oVRBLo o INs <NMBR,
- ). o FRMLe e VRBLo o INe oNMBR.oLFQe oIFe oNGTe oIFs oVRBL..LSCL.
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P | oVRBLs s INe «NMBRo~ }o o FRML s e VRBLo o INs  ANMBR..LEQ. IF.
QNUT. .IF' QVRBL".LSCLOO( OVRBL..IN. .NMBRC- ). nFRMLchRBL.
.IN. oNMBR.oLECn QIFQ oNOT._.IF. ‘.VRBLQ.LSCL..( gVRBL;oIN- QNMBQ@
- ) s oFRML. e VRBLoo INe  oNMBR.sLEQs oIF. oNOT. .IF. oVRBL..LSCL.
P | eVRBLoos INe oNMBR.— Jo . oFRML.oVRBLooINe <NMBR.oLEG. +IF.
-NUT- .IF. uVRELO .LSCL.D( OVRBL..INO DNMBR‘- ,o cFRML.oVRBLo
oINe oNMBResLECe o¢IFe oNMBReoSWCHeoTHEN.oNOTe oIFa o5 $, VRBL,
.LSCL..‘ .VRBL..INO ) QNMBRQ" )- .FRML.-VRBL-.[N«» oNMBRooLECO
elFe oNMBR,oSKCHe e THENo o NOTs oIFe oy $o .+  oSWCHea THEN. 2y
$. s VRBLo o LSCLs o { «VRBL. . INe oNMBR.- )e SFRML,.VRBL. . IN,
oNMBRo ¢LEGCs oIFs oNMBR:osSWCH:THEN:oNOTs +IFe oy $. + « SHWCH.
oTHEN.-’ % QVRBL..LSCLJ.( QVRBL‘I[N‘ » NMBR . — | «FRML.
CVRBLeoINe oNMBRooLEQe oIFse oNOTe oIFe oVRBLeoLSCLewl +VRBL..IN.
«NMBR o~ Yo o FRMLo s VRBL . o INs oNMBRoolLEQe oIFe oNMBR,oSHCH.,THEN,
oNOTs «IFe o3 $. o VRBL o »LSCLo s { o VRBLo o INs _ oNMBRs—- '},
oFRMLs o VRBLo e INe oNMBR.LEC: oIFs oNMBRwoSHWCH.o THEN.NOT. oIF. o9
$.  + _ oSWCHs oTHEN.sy % + o SWCHoe o THEN o o g $. «VRBL.
oLSCLao » e VRBL . « INs oNMBRo“' Yo oFRML, s VRBLo e IN. oNMBR..LEQ»
oIFe  oNOTe oIF. oVRBL.WLSCL.! oVRBLooINe oNMBR.- )e JERML,
oVRBLewINa +NMBR.oLEQs o[Fe oNOTs oIFs oVRBLeoLSCL.o{ e VRBLasIN.
- NMBR. - ) oFRML o o VRBLooINs oNMBRooLEQs oIFe oNMBRooSWCH. o THE N
.NOI. .IF. e % »$o QVRBL.DLSCL.Q‘ oVRBLocINO oNMBRu"” )o
oFRMLooVRBLoo INe oNMBRooLEGo oIFe oNMBRo:SWCHooTHEN:NCT. oIF. .,
$. + o SWCHs o THEN-w 9 b oYRBL o oLSCLoos «VRBLoo INe oNMBR.
= ’ ® ® FRV_L_._-MB‘QL_Q.Q__I’_“_Q___ nNﬁABR. oJ,,_E»Q. ® lF. . ONMBR ® @ ShCHoo THEN. .NDTo
.IF. L8] SO + .SHCH'OTHENOO, Sa + GSHCHOOTHEN.O’
$o s YRBLoLSClosf o VRBLs ¢ INo oNMBR.~ )e oFRML o s VRBLo o INs
«NMBR, e LEQe o« IFs oNOTs oIFe oVRBLooLSCLosl «VRBL, o INes oNMBR,.-
Joe eFRML o s VRELo 0o INe o NMBR,oLEQe »IFe oNOTe oIFs _oVRBL.oLSCL.o(
s URBL oo INe oNMBR,=- Ve «FRMLo s VRBLos» INo oNMBR..LEGQ. IF., LNOT.
oIFe__ oVYRBLeoLSCLsool  oVYRBLeoINo oNMBRo= = J)eo  «FRMLosVRBL.sIN.
oNMBR:oLEQse sIFe oNMBRooSWCH.sTHEN:sNOTs oIFs o5 $o «VRBL..L.SCL,
o f s VRBL oo INs oNMBR,~ )eo o FRML o o VRBL 2 0o INe  _oNMBRaoLEQ. IF.
oNMBR: e SHCHs o THEN. o NOTo < IFs a5 $. + o SWCHe o THEN: o 5 $.
OV.RBL' o 1SCLoe ( + VRBL ‘!.‘.l_N!_-., BNMB.R ™ ... ,0 ... .__EBML_,,_-;M_&BL._; I_N,o .-ANMBRa
sLEGse osIFe oNMBRs oSWCHou THEN:NOT. IFs o9 $. + o SHCH. o THEN.
°P _ ._--,.$_-_,_-,.O_V_R_:B.L.'L-LLS.C..L_L' {_ __«VRBL.oINo = <NMBR.~ do . oFRML, VRBL.
eINe oNMBRoolLELs oIFe oNOTws oIFe sVRBLooLSCLsol +YRBL. o IN. .NMBR,
- le oFRMLo o VRBLo o INe  oNMBRoolLEQs oIFe oNMBR, sSWCHeo THEN, +NOT.
oIFe o3 $. +VRBL.oLSCLsu s VRBLeoINs NMBRo— Vo =FRML,
_o¥RBLooINe oNMBResLEQe oIFec oNMBRooSHCHeo THENeoNOTs oIFe e3x. _ $eo
+ o SHCHa » THENs o $ + e SWCHo o THEN, w 5 $. + o SHCH.
.o THENeo s $e o VRBL oo LSClL ool __ 2 YRBLos INe  +NMBR,~— }a. . «FRML,
sVRBLooINe oNMBR:oLEQs oIFs oNOTo «IFs oVRBLssLSCLesf 2 VRBLs « INa
+NMBRo— le eFRMLo o VRBLooINs oMNMBRoolLEQs oIFe oNOTe oIFe oYRBLa _
oLSCLowl s VREBLo 2 INo o NMBR,~ Vo o FRMLo s VRBLo s INs oNMBR,.LEQ.
. slFe oNOTe o IFe e VRBLoolLSCLeol _  oVRBLeoINs 2 MMBR o~ e AFRML,
oVRBLeooINe oNMBRooLEQs «IFs oNOTe «IFs oVRBL,oLSCL.of «YRBL,s . IN,
_oNMBR.~- ) o s FRMLo s VRBLs o INes oNMBRooLEQs oIFe oNMBR.,SHWCH.-THEN.
.NOT- .IFO ® B $o cVRBL.eLSCLo»€ ’ aVRBLc.[Na QNMBR'Q"' )o
, oFRML oo VRBLoo INe oMNMBRooLEQse oIFe oNMBRooSWCH. o THENooNOT. oIFe 0w .
$. + » SHCH. s THENs 6 9 $e oVRBL+aLSCLoo{ +¥YRBLss INo NMBR,
= le aFRf'Lc nMRBLwo_E_N_s ‘DNM_BRQ_Q.L_EQG «1fe. . Q_NMB_RQ_QSNCHOQTHENm +NOT,
eIFa w9 $o + o SHCHo o THENs o » $e o VRBLoLSCLuw{ «VRBL.,
s« INe 2 NMBR o = ) P +FRML o s VRBL oo INe  oNMBRowlLEQ. oI1Fs _ «NOTe oIF.
«VRBLooLSCLoo »VRBLso INe oNMBR.- }e «FRML . s VRBL. o IN. NMBR,
ebLEGe oIFs oNMBRs o SWCHoo THENSoNQTs oIFs o3 $. 2 VYRBL 2L SClL el e
QVRBL.-I,N. « NMBR, ~ )o oFRML, . VRBL o s IS +NMBR.,LEQ: IF., «NMBR,
_oSHCHo o THEN2 o NOTo _oIFa_ o3 %o+  _ oSHCHoaTHEN,., $. +
sSHCHo s THENG o $ o VRBL e o LSCL s s { s VRBLse INs oNMBR.— o
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.FRMLQQVRBL..IN. .NMBR-.LE_Q__.~ ._IE_.» QNDT. .IF. .VRBLQ'LSCL..( vasb‘;_.
eINe oNMBR.- )e oFRML, VRBLooINs oNMBRo.oLEQe oIF. NOT. .IF.
OVRBL. .LSCL:.( -VRBL..IN. 'NMBR.- ) ,o = _'F_RMLff_VRBL'_fI\" QNMBR;‘
.LEQ. olF‘ .NMER. OSNCH..THEN..NGTD .IF. LS ) S- .VRBL..LSCL-.(
OVRBLQM{!‘N: ',NM_?.B_.___ o ) s B {Bﬂ!.ooVRBL.O IN. .NMBR. oLEQo o lFe e NMHR
eSHCHe s THEN. o NOTe IFe oy $e + e SWCH. o THENw o » $. JVRBL .,
oLSCLeol oVRBL.»IN. o NMBR.- ). oFRML.oVRBLeoINe oJNMBR..LEC.
eIFe  oNMBRo+oSWCHe e THEN+oNOT. IFe o9 $. + e SWCHe o THEN. .
$_. + ) .SwCH. .THEN‘: '— $. - + —_‘. SWCH._.TAHEI\‘{_” SG +
-<S~NCHQQTHENOO’ s‘ )o QGUT.
U F180O( 9.0000, ) = 55.0000)
eENCo o9 eBGINe oNEWe oNEWe oNEWe «VRBLa.o$ = .y o o %
9 oVRBL..NMER-z )- -0[__’_]:. - N . _
b I= 1.0000)

oy o X, e VRBL.. ! +NMBR ., oNMBR, o «NMBR, ).
- ). .GUT.

( A= ( 4,0000, 7 9.0000, -~ 16.0000) T
) o
- ' 'VRBL. ° LSCL. .A!__‘_ s .;VRQLO vag“Blero IN_. )_ 5 . - I{QO __'~_ _.VBBL. ). -
eFRML o o FRMLooBGINe o VRBL oo INe oVRBLeoINe oINe oNMBR.+ = .
.( .* ’ QVRBL‘. IN‘ ’C _._.D_Lj_]-_. P e e

bt x= . 4.0000) <_ S

.END. $. _ .OUT. i

{ X= 4,0000) _ L e L
." .vRBL’OLSCL..( »I $’__ ’_ . CVRBLO). ‘FRML‘,,!_F_RML.V'_B,GI_N. QVRBL.
OIN. OVRBL..IN. .IN. o NMBR . + = ') ..( : o ¥ ¥ « VRBL
eINa oVRBL..VREBL..IN., ) +INe $. )e +0OUT.

{ x= 16.0000) e o
+END. $. .CUT. L -

{ X= 16.0000) i
. o( o* 9 OVRBLQQIN. )o .OUT.

{ I= 3.0000) )
+END. Q00000
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