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0. Introduction

The original ELAN assembler, written in ELAN, had, at the time the first
thoughts about the MC ELAN assembler came up, & numer of inconveniences ,
in particular its documentation and its reaction upon errors were far

from ideal. Furthermore, it was felt desirable to have an output parity
checked punched tape and an alphabetic listing of all identifiers used and
their occurrences in the text. The assembler should accept any text and be
as much error-recoverable as possible. Therefore, a new assembler was
planned to be written in ALGOL 60. The result is described in this report.
The macro feature designed and implemented by M. Rem, has been .incorporat-

ed also, but is described in [L4].

The first chapter contains a general outline of the assembly process; the
second chapter deals with the trestment of the syntactic structure; the
third chapter describes the reading equipment, in particular, with respect
to error recovery; the fourth charpter gives the necessary information
about the name list technique; in the fifth chapter the output part of the
assembler is considered, in particular, with respect to the parity checked
code for which a special loader has been written in ELAN; the output to be
printed is finally discussed in chapter 6.

In two appendices,,A and B, the ALGOL text of the assembler, together with
a listing of all the occurring identifiers (A), and the ELAN text of the
loader are reproduced (B). The latter one as being output by the assembler,
together with a listing of the identifiers used. Moreover, a test program
for the loader is reproduced.

The programs in the appendices have been amply supplied with comments; they
form the nucleus of this report. The chapters are meant to facilitate the
reading of the programs only.

References to sections in appendix A are by means of the prefix "A".

Several people have been cooperating in the construction of the MC ELAN
assembler.
The general outline and a first working program were made by R.P. van de

Riet e



Error recovery, use of secondary storage and a neat lay-out of the printed
output have been programmed by L. Meertens and L. Geurﬁs. ‘

The name-list technique and the alphabetic listing have been treated by

G. Nogarede.

The final version, in which a number of redundances and inconsistencies
have been removed, has been prepared by M. Rem, who also wrote chapters L
and 5.

Finally, the loader and a test program have been programmed by R.P. van de

Riet.

The initial plans are due to F.E.J. Kruseman Aretz, B.J. Mailloux,

K.K. Koksma, P.J. van der Laarschot and E.G.M. Broerse.

Considereble help has been given by J. van Vaalen, G. ten Velden,
J, Wolleswinkel and C. Zuidema.



1. The general outline

The assembly proces consists of the following phases to be executed in

the indicated ordering:

(1)

Initialization

During this phase the tables are filled; i.e. the arrays:

op op reg, d26 op op reg,

reg op op, d26 reg op op,

fetn op, d26 fctn op
which contain all the information necessary to produce the code for
all different instructions. Not only the operation code, but also
the allowed variants, allowed addressing modes and the possible minus
modification are stored in these words.,
The tables are filled, not by reading the bits directly from input
tape, but by reading a special form of an ELAN program, the "initial
program”, in which the bits are coded.

This program consists mainly of lines of the following kind:

" 1,U¥N, A + x , PZE; " 000 000 XX XX XX XXXXX XXXXX XXXXX

"40, YN, MULAS(-x), PZE; :DYN;" 010 001 xxX XX XX XXXXX XXXXX XXXXX

with the meaning:

a) In the EL manual for ELAN programmers [2], the meaning of these
instructions can be found under 1 and 40, respectively.

b) The U, ¥ or N variants can all be used with the instruction A + x.
Only the Y and N variants can be used in the instruction MULAS(-x).

c) All possible operands are allowed in A + x.
All possible operands, except the ":DYN operand", are allowed in
MULAS(-x).

d) The minus-modification is allowed in MULAS.

e) All variants, P, Z or E are allowed in both A + x and MULAS(x).
f) The bit patterns are indicated: the bits denoted by "O" or "1" are

the definitive bits, the bits denoted by "x" are calculated by the

. assembler.



(i)

(iii)

It is the syntax-reading equipment, which determines the array ele~
ment ;belonging to the instruction A + x or to MULAS(-x), which has

to be filled during the initalization.

The first scan

During this phase the program is scanned for the first time and the
identifiers in the declaration parts are picked up and their values
are determined from their defining places as labels in the marginal
part of the program. Also the locations where the instruction counter
is changed are read carefully. |

Most of the instructions (except the SKIP instruction of course) are

skipped until the statement separator.

The second scan

During this phase the program is scanned for a second time and the
code is produced by means of the array element designated by the
syntax-reading equipment (RE ELAN instruction).

The assembler consists functionally of the three parts described
above; it cannot be split materially in the three indicated parts,
however., There is one syntax-reading apparatus which, as far as the
reading is concerned is repeated during the two scans.

Advantages over separately programmed scans are:

a) The assembler recognizes the text during the two scans in the same
way.

b) Pieces of assembler program which belong logically together,
which refer to the same syntactical structure but which differ in
the two scans, are written closely together. This is an important
factor for the readability and hence for the correctness of the
assembler.

c) That the same syntax-reading apparatus is used during the initial-
ization as well as during the second scan to find the array
element to be filled or to be inspected is the guarantee for the
correct code to be produced, provided the initial ELAN program

contains the correct information.



The form in which this information is given, however, is optimal-
1y close to the form this information is given in the reference
manual. (Although, in practice, it turned out after months of
use that still two bits were interchanged.)
The form in which the program is written is "top to bottom". The
program starts with the procedure "RE ELAN block" and it ends with
the declaration and initialization of the variables used.
The variables and procedures have identifiers with a meaning sugges-
tive enough to compensate for the lack of more comment, A general
rule is that identifiers of the form "RE <synt structure>" are the
identifiers of procedures which read the syntactic structure indi-
cated.
The frequently occurring procedure call: "RE" reads one syntactic
unit and delivers the type of the syntactic unit in the variable
"synt unit".
Some types are: "begin symbol", "identifier", "special identifier",
"nunber'" and "colon symbol".
In general, syntactic units ére directly composed of the lowest
syntactic structure: the symbols (or characters). Sometimes they
consist of only one symbol (as "colon symbol"), sometimes of more
(as "begin symbol" or "identifier").
As soon as a "number" or an "identifier" has been read by "RE", all
relevant information is available as e.g. its value or whether it is
a new identifier, or the type of the ldentifier, or the place in the
name-list: "contents of" where more information can be found or

should be stored.

The reading process reads always one symbol further'than the final
symbol of the syntactic unit read.

This is a strategy which is sometimes necessary (numbers, identifiers)
and sometimes not necessary (begin symbol, colon symbol). A rigorous
strategy, in reading one symbol ahead always, leads, however, to the
most simple algorithm. This has some consequence on the print process,
which prints the last but one symbol read; moreover, new lines are

treated carefully, since new lines are interpreted as statement sepa~

&



rators.

For historical reasons the assembler does not distinguish between
small and capital letters; neither are the symbols "(" and "[" and
the symbols ")" and "]" distinguished.

In the printer output of the ELAN text, however, the original text

appears.



2. The syntactic structure of ELAN

The syntax of ELAN will now be reproduced from the ALGOL 60 program, as
given in Appendix A. The numbers refer to sections in this appendix.

1

The peculiar symbol ".," stands for a simple semicolon ";", which eould
not be used in the comment part of the ALGOL 60 program..

The syntactic structure <nlcr> means a "new-line-carriage-return" symbol.
The meening of LCA|...|RUSA|IVIFA|...|IFSC|LVIFON|...|AFOFF is the full
list of all shift instructions and flipflop instructions.

The meaning of PLUSA|...|SUBCD is the full list of all other functional

instructions, which behave normally.

<ELAN program>::= <ELAN block> ] <location>: <ELAN block>

<ELAN block>::= <block begin> <compound tail>
<block begin>::= 'BEGIN' <ELAN declaration>
<statement separator>::= <nler> |; | <comment> <nlcr> <comment>
<comment>::= "<one line of éymbols not containing <nler> or 3>
<compound tail>::= <ELAN statement> <statement separator>
<compound tail> | 'END' )
<ELAN declaration>::= <ord decl and MT decl> <gtatement separator>
<MT declaration> <statement separator>
<ord decl and MT decl>::= <list of initializations>
<list of initializations> <comma> <MT declaration>
<MT declaration>::= 'MT' <list of identifiers>
<list of identifiers>::= <identifier>
<identifier> <comma> <list of identifiers>
<comma>::= , l <comma> <statement separator>
<list of initializations>::= <intialization>
<list of initializations> <comma> <intialization>

<initialization>::= <identifier> | <identifier> = <gperand>

<ELAN statement>::= <marginal part> <ELAN instruction>
<marginal part>::= <empty> l <label sequence> | <location and label>
<label sequence>::= <label> | <label sequence> <label>

<lgbel>::= <identifier>s



<location and labels>::= <location>: | <location>: <label sequence>
<location>::= <known location>

<known location>::= M[<expression>] | <identifier>[<expression>]

<ELAN instruction>::= <empty> I <STAT address operand> funsigned real> l
<adding operator> <unsigned number> | <BI or IP instruction> l
<SKIP instruction> | <ELAN block> <letgit string option> |
<UYN part> <funtional instruction> <PZE part> |
<UYN part> <arithmetic instruction> <PZE part>

<BI or IP instruction>::= 'BI' 'Ip!

<SKIP instruction>::= 'SKIP' <expression>

<letgit string option>::= <letter> <letgit string option>

<digit> <letgit string option> | <empty>

<UYN part>::= <empty> ] U, ] Y, | N,

<PZE part>::= <empty> |,P l,Z I,E

<functional instruction>::= <special identifier> | <shift instruction>

<special identifier>(<right operand>)

<shift instruction>::= <shift identifiers(«shift exprs>)

<shift identifier>::= LCA | ... | RUSA | LvIFA | ... | IFSC |

LVIFON | ... | AFOFF

<shift expr>::= <expression> | B | B + <unsigned expression>

<arithmetic instruction>::= <register> <operator> <operand>

<left operand> <operator> <register>

<register>::= A [ s|B|F l G

<operator>::= = | = [ <adding opersator> | <multiplying operator>
<adding operator>::= + | - | 4" | t-r -
<multiplying operator>::= x ' / [ 1yt | Telo

<unsigned number>::= <unsigned integer> | <unsigned real>

<unsigned integer>::= <unsigned decimal> ] '<unsigned octal>'



<left operand>::= <STAT operand> I <STATB operand> ] <DYN operand>
<operand>::= <left operand> I <address operand> ‘
<address operand>::= <STAT address operand> ]
<DYN address operand>
<STAT operand>::= M | M[<expression>] | <identifier> | T |
<identifier> <expression> ‘
<STATB operand>::= M[B<Bexpr>] | <identifier> [B<Bexpr>]
<Bexpr>::= <empty> I <adding 0pera£or> <unsigned expression>
<DYN operand>::= <DYN M symbol> I
<DYN M symbol>[<q expr>]
<DYN M symbol>::= MG | MA | MS | MC | MT' | MD | M <p expr>
<q expr>::= <expression>

<p expr>::= <digit> l <digit> <digit>

<BTAT address operand>::= : <STAT operand> <unsigned integer>
(<expression>) | : <register>
<DYN address operand>::= : <DYN operand>
<expression>::= <unsigned expression> |

<adding operator> <unsigned expression>
<unsigned expression>::= <term> |

<unsigned expression> <adding operator> <term>
<term>::= <primary> | <term> <multiplying operator> <primary>

<primary>::= <STAT address operand>
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3. Reading equipment and Error recovery

A1l the high-level syntax reading procedures use the procedure "RE" only

(in a few places "RE through barrier" is used, this will be discussed later

on), and the result is a new syntactic unit.

From a syntactic unit to the lowest-level heptad on a punched tape, the

following hierarchy of procedures is used (see section A8)£

"RE"

"READ

"NSH

calls "READ synt unit" and does some administration concerning the
number of begins and ends; moreover it refuses to call "READ synt
unit" if "stat sep barrier" = true and the old syntactic unit was a
statement separator or an end symbol. The reasons will be discussed
in section 3.1,

synt unit" reads the syntactic unit using "NS". In principle, the
first symbol of the syntactic unit has been read already; this is not
the case if a new line occurred, in which case ("NS deferred" = true)
the first symbol is read explicitly.

An important aid to this procedure is the procedure "STORE letgits
with" for storing and searching a name in the name-list (see chapter
b).

reads one symbol, by means of "RE NS".

As the assembler uses a look-ahead-technique, by”means of "LOOK AHEAD
sub text bus", the actual reading pointer "reading ptr" may be ahead
of the reading pointer "ptr of text" which points to the first not
yet syntactically treated symbol. It is the duty of "NS" to print the
0ld symbol read. |

"RE NS" either reads a symbol with "RESYM1", and stores it by means of the

array "ELAN line" and the procedure "store into buffer'" on secondary
storage, or takes it from secondary storage by means of the procedure

"fetch from drum".

"RESYM1" either gets the next symbol from the string consisting of the ini=-

tial ELAN program during the initialization, or it uses "RESYM".

"RESYM" builds the symbol from a heptad written by "REHEP", the standard MC

procedure.
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3.1. The handling of syntactical errors

In a prior version of the assembler, the handling of errors involved noth-
ing beyond their mere detection. In an experimental assembler this may be
overlooked, but in an assembler claiming practical usability, this is, of
éourse, unacceptable. Take, e.g., the following piece of text:
A= MC-11, P ‘
Y, DO(TSP)
N, DO(TSN) ,

This would be correct ELAN, but for the omission of one square bracket

"["., The syntactical structure, in case of an error, is determined by

taking the alternative which happens to be the last. Thus, instead of

taking the obvious interpretation, consisting of three statements, one of
which is erroneous, this results in an interpretation:

A + MC

1

s P3

» DO( | :

Y3 N, DO

(TSN) 3

which mekes little sense, and ~ which is worse - has“a far more than local

influence by disarranging the address counter. It is clearly desirsble that

there be a synchronization between statements as recognized by the assem-
bler, and the pieces of source text delimited by statement separators. This
synchronization has been achieved as follows:

a) one type of discrepancy arises when the assembler has recognized a
complete ELAN statement, and the next syntactical unit is no statement
separator. In this case, the procedure "RE ELAN statement" will skip the
remaining text until a statement separator is encountered. For reasons
of security, an end symbol will serve too to end this quest, although,
according to the present syntax, it may not be used to terminate a
statement. At the end of the declarations of a block a similar synchro-
nization takes place, which is, however, achieved in a different way,

explained later on.

&
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b)

another source of difficulties is the possibility that the assembler
has not yet recognized a complete statement when the syntactical unit
at hand is already a statement separator or an end symbol. As the
points where this situation may arise lay sprinkled through the assem-
bler-program, some special device is needed to prevent getting out of
step: consider the syntactical units to be queued up before a frontier.
At each time, the syntactical unit at hand is the one at the head of
the queue. The "acceptance" of a syntactical unit by the assembler is
the transgression of the frontier By one syntactiecal unit. At the
frontier there is a barrier. When this barrier is up, each syntactical
unit is allowed to pass, but when it is down, the passage is barred to
statement separators and end symbols. Now the essence of the solution
lies in the following: normally, this barrier is down, so no statement
separators and end symbols will be accepted; only on some very specific
occasions, where the assembler is aware of the significance of the
syntactical unit at hand being a statement separator or end symbol, the
barrier will be raised for one symbol, thus allowing acceptance. This
device guarantees, with absolute security, that no statement separator
or end symbol will ever be accepted without due attention. As to the
implementation, the state of the barrier is reflected by the global
Boolean variable "stat sep barrier". Its inhibitive effect is seen in
the very beginning of the procedure "RE", where the old syntactical
unit will Dbe rétained (i.e., not accepted) when it is a statement sepa-
rator or end symbol but the barrier is down.
In order to facilitate the use of the device, the procedure "RE through
barrier” has been introduced, which will accept one syntactical unit
unconditionally, and which is the one and only instance which ever
raises the barrier, to lower it again as soon as possible., The follow-
ing list of occasions where "RE through barrier" is called, is exhaus-
tive:
(i) in the procedure "START block", when searching for the first
begin symbol of the source text, in order to skip meaningless new
line characters. This use provides an initialization for "stat

sep barrier" at the same time.
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(1j) in the procedure "RE ELAN block", to accept (the) statement
separator(s) between the declarations and the first statement, or
between statements, or between the last statement of a block and
its end symbol.

(iij) in the procedure "RE ELAN block" to accept the symbol termi-
nating a block. ‘

(iv) in the procedure "RE poss decl id" when called with parameter
true and when the syntactical unit at hand is a statement separa-
tor, in order to skip it. This case occurs when, analyzing the
declarations, a symbol "," is encountered (see the syntax of
<comma>).

Besides this major synchronizing apparatus, a number of other aids to
synchronization on a lower level have been added. On various occasions,
after some syntactical construction has been recognized, it is known from
the syntax what the following syntactical unit should be {(as was the case
with <ELAN statement> <statement separator>). When this unit happens to be
not present, sometimes a hunt Will be started, taking care, however, not

to get stuck on a statement separator or end symbol. This is done, by means
of the procedure "REQUIRE", to find the matching "1" or ")" to an otherwise
unmatched "[" or "(" and to find the terminating "," to a declaration. The
latter case serves at the same time to synchronize the declarations with
the statement separators, as the hunt for the ",", when it is not present,
will be terminated by a statement separator (or end symbol). It may be
questioned to what extent this synchronizing device is useful, as experience
suggests that in about half of the cases the assembler will not find the
missing unit (except in the case of the declarations). A not insignificant
advantage, however, is the prevention of a stream of meaningless error
messages.

In a large number of other cases where the correct syntactical unit is
known but not preéent, it will, as it were, be inserted into the sequence
of syntactical units. This is accomplished by the procedure "CHECK" and
governed by the global Boolean variable "CHECK fault": the assembler will
take the course as though the correct syntactical unit were present, and
the actual syntactical unit will not be accepted, but retained till the

next occasion. A discussion on the merits of this construction is rather
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precarious, but experience has not brought to light any undersirable
effects. 7

3.2. The error list

The error message, evoked by the procedures "ERROR", "CHECK" and "REQUIRE"
of section A13, consists of:

"error nr:"

a number and the representation of the syntactic unit
treated, and in the first scan the line number.
Sometimes the error message is followed by: "synt unit should be"

followed by the representation of the syntactic unit required.
An exhaustive list of error numbers follows:

210 block does not start with 'BEGIN';

300 regular declaration does not start with an identifier or 'MT';

301 regular declaration of an identifier that already occurred in this
block; )

302 in the list of regular declarations a comma is not followed by an
identifier;

305 non-initialized identifier in the list of regular declarations does

not occur as a label anywhere;

310 regular declaration not followed by a comma or a statement
separator;

312 in MT-declaration 'MT' is not followed by a comma or an identifier;

313 MI-declaration of an identifier that already occurred in this
block;

315 MT~declared identifier does not occur as a label anywhere;

320 MT-declaration not followed by a comma or a statement separator;

400 label identifier not declared;

410 label identifier has been initialized or has already occurred as a
label;

k15 location identifier not declared;

420 location identifier not of type STAT;

430 ° location expression not followed by J;



500
510

520
530
540

5k5

550
560

570
580

585
590
295

600

610
620
630
635
640

650
655
670
680

690

15

statement not followed by a statement separator or 'END';
plus or minus at the beginning of an instruction not followed by
digit, point or lower-~ten;
U, Yor N not followed by a comma;
after an instruction, comms is not followed by P,Z or E;
register at the beginning of an arithmetic instruction not followed
by an operator; _ ‘
right operand of an arithmetic instruction (type :STAT) is
negative;
left operand of an arithmetic instruction is of type :STAT or :DYN;
left operand of an arithmetic instruction not followed by an
operator;
no F, G, A, 8 or B register where required;
expression of shift instruction is negative or greater than 31

(for instructions LVIFA, ..., IFSC : greater than 1,

for instructions LVIFON, ..., AFOFF: greater than 39);
operand of functional instruction (type :STAT) is negative;
operand of functional instruction not followed by );

shift identifier not followed by (;

colon at the beginning of an operand not followed by STAT or DYN
operand;

real number in operand or expression;

no ) in expression that begins with (;

no 1 after g-expression of DYN or :DYN operand;

p-expression of DYN or :DYN operand is negative or greater than 63;
g-expression of DYN or :DYN operand smaller than -256 or greater
than 255;

Unknown identifier in operand or expression;

non-STAT identifier followed by [Bl, [B+ or [B-;

[ in STAT, STATB or :STAT operand not followed by the accessory 1;
implicit gq-expression of MT~declared operand smaller thard -256 or
greater than 255;

operand begins with inadmissible character;
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TO0 operand in expression is not of type :STAT;

800 administration space of the assembler exhausted;

810 apostrophe not followed by B, E, I, M or S;

811 'B not followed by E or I;

815 last apostrophe missing in 'BEGIN', 'END', 'SKIP', 'MT', 'BI' or
TPt

820 last apostrophe missing in '+' or 'x';

830 8 or 9 in octal number;

840 last apostrophe missing in octal number;

860 apostrophe followed by inadmissible character;

870 . or ,, or 10+ or L4 not followed by a digit;

871 . input tape has more than T tracks;

872 unknown punching;

873 more than 200 characters on one line between [ and the first non=-

layout character after ] (note: from [ on the text has not been
printed yet);

8ThL extra 'END's added;

875 program too long;

876 [ not followed by the accessory 1;

880 administration space of the assembler exhausted;

881 administration space for the calls relatively exhausted;

882 adminsitration space for the calls absolutely exhausted;

920 initiglization error: no number where regquired;

930 " " : no comma where required;

940 " " : no 'END' where required;

950 " " : no statement separator where required;

960 n " : no quote where required;

. 970/980 " " : more than 27 bits specified in one word;
985 " " : operand not of type STAT, :STAT, STATB, DYN
or :DYN;
990 " " . instruction is not an op op reg instruction,

reg op op instruction or function

instruction;
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1000 operand of an instruction not allowed (or: operator in this combi-
nation of operands not allowed);

1010 U, Y or N where not allowed;

1020 P, Z or E where not allowed;

1030 negative operator or operand in instruction where not allowed;

1040 operand negative or greater than 32767
(if STATB then smaller than -16384 or greater than ‘16383);

1045  integer expression greater than integer capacity;

1060 octal too great for printing;

1065 octal has too much digits for printing;

2000 name-list full;
2010 instruction counter points out of the memory
(see number on the preceding line);
2020 inadmissible syntactic unit has been interpreted as plus

(this error message is always preceded by error 540 or 560).
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4, Name list Organization

A few remarks have to be made before we can enter into the details of the

name list organization.

Lot

h.1.

h.1.

L.1.

4.2,

The

Preliminary remarks

1. Block structure

ELAN has - like ALGOL 60 - a block structure. That implies that one

name can be used for different identifiers, if they are declared in
different blocks.

The assembler gives every block a block number, and in the array "block"
we have at each moment a survey of the valid block numbers.

Note that names not declared are assumed to be declared in the

outermost block; a suitable warning is given in the form of error

message 400.

2. Extra ends .

If the input is not sufficient, that means if there are more 'begins'
than 'ends', then the assembler will generate as many ends as are re-
quired, at the same time giving the error message 8TL4. This makes sure
that the assembler will come into its second scan, in which it produces

the listing of the ELAN program.

3. Identifiers

We distinguish two kinds of identifiers, the special identifiers, and
the identifiers declared by the program, which we will simply call
"identifiers".

Identifiers can be defined (= can be given a value) in two ways:

1. By giving the identifier an explicit value in the declaration.

2. By using the identifier as a label in the margin.

The ELAN programmer is not allowed to redeclare the special identifiers.

The data structure chosen

£

information about the identifiers and the special identifiers is

stored as a binary tree in the array "contents of". Besides this array we
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use an array "LINE" to register the lines of occurence of every identifier.

Every name in the name list has two pointers, one to a name that preceeds

it in alphabetical order, and one to a name that succeeds it. As there may

be several identifiers with the same name, we use an administration section

for each identifier. The administration sections that belong to one name

form a linked list with the name administration as list head. The order in

this list is from high to lower block numbers. We can thus get the appro-

priate administration section by going through the list until we find a

section with a wvalid block number.

name administration:

1)

3)
'y
5)

number of memory words used for
the storage of the letters and
digits of the name

the name

pointer to a preceding name
pointer to a succeeding name
pointer to the first administra- -

tion section

administration section:

6)
)
8)
9)
10)

11)

block number

type

value

line of declaration

pointer to the place in the array
"LINE" where the last occurrence
of this identifier is recorded
pointer to the next administration

section

}_..__ —_— — PO
r 2
—— 3
T -
5 ]
6
T
8
9
10 —1
11 —_
6
T

fig. 1. The administration in "contents of".
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In this way we get a binary tree where not only every node is a list head
of the linked list of administration sections, but where also every admi-
nistration section is used as a list head for the linked list of the

occurrences of this identifier, as recorded in the array "LINE".

JOHN

U

[1ine 1

J
\
V

line |line 3|

DAVE}> [AS 1M |MARY]——> (A 1b [AS| 2 [As 314
|llne 1] ! 44 !

“\
e_

Q.—.
é_—.
é——-

i—
€

e e S

b 7z

=
2
-

AS 1 = ji-th administration section

line i= a line number of the line where the identifier occurred

4 = empty pointer.

fig. 2. Example of storage in "contents of" and "LINE".
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It is, in order to get an acceptable sorting speed, important that the tree
does not grow too fast in one direction. Therefore, we start with the inser-
tion of the 132 special identifiers. By presenting them in a special
sequence we accomplish that the tree has an optimal flat shape to begin

with.

During the first scan the ELAN text is read, the administration in
"contents of" is updated and the text is transported to the drum. During
the second scan the text is fetched back from the drum, and the space on

the drum that comes free may be used to store the administration of "LINE".

A discussion of the procedures "STORE in contents of" and "store in LINE",
which together with "st" and "ST", create the administration sections and

f£ill them, may be found in [11].
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5. The code produced

In section A10 the information about the instructions is read from an
initial string and, after a suitable transformation, stored in the tables.
The entries in the tables are: the type of the operand (STAT operand, STAT
address operand, STATB operand, DYN operand, DYN address operand),

the operator (+, %, /, =, '"+', 'x'), the register (A, B, S, G, F) and the
function (PLUSA, ..., MEMPROT).

At the very beginning all array elements are set equal to -1. Only the
information of the input string can change the array eiements. Hence,
instructions which are forbidden correspond to -1. Inspection of the bits
of all the instructions shows that bits 4, d3 d2 4, are gither filled with
an "x" or with an "O". They may be used, therefore, to hold the information

about variants and a possible minus:

dh d3 U allowed Y allowed N allowed
0 O no no no
0o 1 no yes yes
1 0 yes yes yes
dy
0 neither P, nor Z nor E allowed

P, Z or E allowed

d
0 minus not sllowed
1 minus allowed

The code producing procedures of section Al11 consist mainly of "PRODUCE
INSTR CODE", which, by means of the values of the variables "INF WORD" and
"d26 INF WORD" assigned in the syntax reading equipment (A5) to the correct
array elements of the tables, produces the code through the procedure "PR
binary number". The latter procedure prints and punches the code.

&
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The punched tape consists of a number n, n > 0, of blocks. Each block
consists of a number m, m > O, of words.

Before, between and after the blocks the tape may consist of blank heptads.
Either, the words are IP words and then the tape can be read directly by
the X8, or the words are BI words and then the binary loader, reproduced in
appendix B should be in the X8 to read the words. »

Each IP word consists of 27 bits: d26 d25 oo d, 4 . They are preceded by

170
one bit 1, and then divided into 4 parts:

Py =1 dyg dyg dyp - dyy dyy dyys

P = dg &5 4 dy . dy 4y d
in which order they occur as heptads on punched tape (a 1 corresponds with
a hole).
Each BI word consists of 27 bits: dog d25 oo @ do. They are preceded by

1
three bits: P Cy C, and then divided into 5 parts:

2

P, =0P Cp Cy . dyg dyg dyy

Pp = 0 dyg dyy dpq + Ay dyg dyg

[i]
(@]
o
oY

=
for

b5 5

where P is such that the number of ones, (the number of holes) is odd; for

the first word of a block C1 02 = 13 for the other words C1 = C2 = 0, In

principle, the p's occur in this order on the punched tape; they may, how-

i

ever, be separated by any piece of tape beginning with erase (1111.111) and
ending with erase. In this piece of tape an end-of-tape or a begin-of-tape

characterization, according to the MICRO- and the MCALL-system, may occur.

The 27 bits of the first word of a block can be divided into

T = d26 d25 N d19 d18

and A= d16 eoe 4, d..

417 1 %
If T = A = 0, then the block is the last block of the tape. Otherwise,
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the block consists of another T words Was sees W,,, which have to be stored.

T
in memory locations M[A+1], ..., M[A+T]; if T =0 and A # 0, T is

considered to be 512.

For binary tapes, a loader has been written which is self-replaceable and
self-destructive. )

Initially, the loader is placed in the higher addresses, it checks its
checksum and it stores -0's everywhere except in its own area and in the
places M[il, 0 £ i < 512.

As soon as a word from the input binary tape has to be written on a place
of the loader itself, the loader moves downwards until it finds a traject
consisting of -0's which is long enough. It, furthermore, fills the old
place with ~0's.

Two little programs situated in the "holy places", M[i]l, 0 < i < 24, per-
form the actions: "clear" for filling a traject with -0's and forcing an
interrupt from the IP reader in behalf of the programmer of the binary tape
who may have filled M[24], and "move" for removing the loader to a new
place. )

The program itself is amply supplied with comment.

A test program for the loader and for the assembler has been written and
is also reproduced in appendix B.

The declarations of the latter program have been designed mainly to test

the assembler.

Errors during loading of binary tapes

During loading of binary tapes the following errors are detected, upon
which the X8 comes into the dynamic stop situation. The A register deter-

mines which error occurred.

=0: sumcheck of loader not OK;
=1: tapereader nok;

A=2: d6 is punched but heptad is not erase;
=3: number of holes in binary word even;

=h; the first word of a block does not begin with C1 = 02 = 13



5:

A=6:

Ts

a word of & block, not the first one, does not begin with

C1=Cg=0;
one of the following addresses a will erroneously be filled:

0<ax<23,57<acx62;

there is no space left for the loader.

25
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6. Printer output

Besides the paper tape output there are three kinds of output that come over

the high-speed printer:

1) Error messages, they can occur during the first scan, as well as during
the second.
2) The ELAN-text, together with the assembled code.

3) The name list with lines of occurrence of every identifier.

sub 2:

Every line is built up in the array "line buffer". The first 8 positions of
the line contain the line number, the next 11 positions the store address,
and the positions 20 up to 32 the assembled code. The rest of the line
contains the relevant ELAN line. The whole line is printed at once. If
there are more than 14k positions in one line, we continue with a new line.
Four or more nlcr's have ags effect a new page.

Blanks preceeding an nler are skipped.*(This is especially useful when the
ELAN text is punched on cards.)

sub 3:
For every identifier the following is successively printed:
1) the name (each name only once)

2) +type and value:

type: meaning: notation:
1 STAT operand Ml'eooonn']
2 STATB operand MB+'......"]
3 DYN operand Mplq]
L STAT ad operand Yevnens!
5 :DYN operand :Mplql
6 unknown type 227
10 declared ?
11 MT declared 'MT'?
12 MT declared and defined ('MT')M['......']

&

where '......' denotes an octal and p or q a decimal number.



Note that types 6, 10 and 11 indicate erroneous programs.

3)
L)
5)

block number.

line of declaration.

lines of occurrence, where a plus denotes the line of definition.

27
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Appendix A

The ALGOL 60 text of the assembler is now reproduced followed by an alpha-
betic listing of all identifiers used and the line numbers of their
defining and applied occurences in the text.

For this listing a program of L. Meertens has been used.
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O O~1 W W —

begin comment MC ELAN1 assembler and definition, 010471. R 2172s.

1. ELAN program.

<ELAN program>::= <ELAN block> [ <location>: <ELAN block>
2. ELAN block.

<ELAN block>::= <block begin> <compound tail>
<block begin>::= 'begin' <ELAN declaration>
<statement separator>::= <nlcr> [ oy ] <comment> <nlcr> |
<comment> ., ,
<comment>::= "<one line of symbols not containing <nler> or .,>
<compound tail>::= 'end® -
<ELAN statement> <statement separator> <compound tail>

Algorithm:;

procedure RE ELAN block;

begin block number:= max block number:= max block number + 1; .
cntr of begins:= cntr of begins + 1;
block[centr of begins]:= line buffer[—1]:= block number;
RE block begin;

st sep: if synt unit = statement separator then
begin RE through barrier; goto st sep end;
If synt unit } end symbol Then -
Yegin RE ELAN statement; goto st sep end;
if block number > 2 then "‘
" begin if line buffer[—1] > 2 then PRINT LINE;

Iine buffer[-1]:= block number
end;

entr of begins:= cntr of begins — 1;
block number:= block[cntr of begins];
RE through barrier

EEQ RE ELAN block;

procedure RE block begin;
begin CHECK(begin symbol,210);
T RE poss decl id (false);

RE ELAN declaration
ggg RE block begin;

procedure RE poss decl id (stat sep allowed);

value stat sep allowed; Boolean stat sep allowed;

Pegin comment The variable "declaration" is used to let the

search for identifier" process of section 9 know that a

declaration 1s treated.
Due to the definition of <comma> several statement separators
may be read, for which "RE through barrier"” has to be called.
This situation is indicated by the value of "stat sep allowed".
The purpose of the procedure is to read the first synt unit
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a declarstion starts with;
declaration:= true; RE;
st sep:
if synt unit = statement separator A stat sep allowed then
begin RE through barrier; goto st sep end;
declaration:= false -
ggg RE poss decl id;

comment :

3. ELAN declaration.

<ELAN declaration>::=

<ord decl and MI' decl> <statement separator> |

<MI' declaration> <statement separator> ‘ <statement separator>
<ord decl and MI decl>::= <list of initislizations>

<list of initializations> <comma> <MI' declaration>
<MT declaration>::= 'MI'' <list of identifiers> '
<list of identifiers>::= <identifier> |

<identifier> <comma> <list of identifiers>
<commg>::= , { <commg> <statement separator>
<list of initializations>::= <initialization>|

<list of initializations> <comma> <initislizatiomn>
<initialization>::i= <identifier>‘<identifier> = <operand>

Algorithm:;

procedure RE ELAN declaration;
begin integer a,t;
T ERROR(synt unit { identifier A
synt unit MI declaration symbol A
synt unit % statement separator, 300);
if synt unit = identifier then
begin L1: a:= place of identifier; CHECK(identifier,302);
if first scan then ERROR(T new identifier,301); RE;
if synt unit = equals symbol then
begin RE; t:= RE register or operand;
if first scan then
begin contents of [al:= t;
contents of[a + 1}:= real to int(value of operand)
end else
If place enough then
begin comment The linenumber administration is updated,
see section U4 and section 9;
contents of[a + 2):= —contents of[a + 2]
end
end else
begin if first scan then
"begin contents of[a]:= declared; contents of[a+1]:= O
end It is necessary that, during the first scan,
" the declared variable obtains a value somewhere in a
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103
104
105
106
107
108
109
110
1
112
113
114
115
116
117
118
119
120
121

122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
1k

1ho
143
14k
145
146
1kt
1L8
149
150
151

152

marginal part. The value of "contents of[a]" then changes
into "STAT operand". During the second scan it is tested
whether this has actually occurred.
else ERRCOR(type of identifier { STAT operand,305)
end,
1f synt unit % statement separator then
REQUIRE (comma symbol, 310);
if synt unit = comma symbol then
begin RE poss decl id (true);
if synt unit = MT' declaration symbol then goto MI'; goto L1
end; CHECK fault:= false; RE
end;
MI: if synt unit = MP declaration symbol then
begin RE poss decl id (false);
127 CHECK (identifier,312); if first scan then
begin ERROR(1 new identifier,313);
“contents of [place of 1dent1f1er] = MP declared,
contents of[place of identifier + 1]:=
end It is necessary that, during the first scan,
~ the MI' declared varisble obtains a value somewhere
in a marginal part. The value of "contents of[a]" then
changes into "MT declared and defined". During the second
scan it is tested whether this has actuslly occurred.
else ERROR(type of identifier + MI' declared and defined,315);
RE;
if synt unit % statement separator then
REQUIRE(comms symbol, 320);
if synt unit = comma symbol then
begin RE poss decl id (true) goto L2 end;
CHECK fault:= false; RE
end
end RE ELAN declaration;

comment :

4. Marginal part.

<marginal part>::=

<empty> ] <label sequence> I <location and labels>
<label sequence>::= <label> ] <label sequence> <label>
<label>::= <identifier>:
<locgtion and labels>::=

<location>: ] <location>: <label sequence>
<location>::= <known location>
<known location>::= M[<expression>] I <identifier>[expression>]

Algorithm:;

procedure RE marginal part;
if 7 RE label sequence then RE location and labels,



153
154
155
156
157
158
159
160
161
162
163
16L
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

&
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Boolean procedure RE label sequence;

begin RE label sequence:= false;

again:if synt unit = identifier A next symbol = colon symbol then
begin RE label sequence:= true; -

if first scan then

begin ERROR(new identifier,L00);
if type of identifier = declared then
contents of [place of identifier]:= STAT operand else

if type of identifier = MT declared then

contents of [place of identifier]:= MI declared and defined
else ERROR(type of identifier # declared A
T type of identifier § MT declared, 410);
contents of[place of identifier + 1]:= address counter

end else if place enough then

Pegin comment The linenumber of defining occurence of
the label is placed negatively in LINE. See section 9;
integer a;
a:= contents of[place of identifier + 3];
a:=a — a : max of buffer X max of buffer;
LINE[a]:= —LINE[a]

end ;

RE; RE; comment PR ad cntr prints the address counter;

if synt unit = statement separator then PR ad cnir;

goto again )

end
ggg—ﬁE label sequence;

procedure RE location and labels;
if(synt unit = M symbol V synt unit = identifier) A
T next symbol = sub symbol then
begin LOOK AHEAD sub text bus;
if next symbol = colon symbol then
ngin if second scan then PUNCH; address counter:= 03
“if synt unit = identifier then
begin if new identifier then ERROR(true,415) else
“begin ERROR(type of identifier § STAT operand,l20);
address counter:= value of identifier
end
end;
RE; RE; Add to ad cntr(RE expression);
REQUIRE(bus symbol, 430);
RE; RE; RE label sequence
end
§E§T§E locgtion and labels;

comment

5. ELAN statement, ELAN instruction.

<ELAN statement>::= <marginal part> <ELAN instruction>
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20k
205
206
207
208
209
210
211
212
213
21k
215
216
217
218
219
220
221
222
223
o2k
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
2Lo
2l
oL
243
a4l
o245
246
247
248
29
250
251
252
253

25l

<ELAN instruction>:
<empty> [ <STAT address operand> l <unsigned real> l
<adding operator> <unsigned number>
<BI or IP instruction> T <SKIP instruction> |
<BELAN block> <letgit string option> |
<UYN part> <functional instruction> <PZE pari> ]
<UYN part> <arithmetic instruction> <PZE part>

<BI or IP instructiom>::= 'BI' | 'IP'

<SKIP instruction>::= 'SKIP' <expression>

<letgit string option>::= <letter> <letgit string option> l

<digit> <letgit string option>

<empty>
<UYN part>::= <empty> | U, Y, N,
<PZE pert>::= <empty> |, P |, Z |, E

<functional instructior>::=
<special identifier> z <shift instruction> |
<gpecial identifier> ( <right operand> )
<shift instruction>::= <shift identifier>(<shift expr>)
<shift identifier>::= LCA RUSA | LvIFA | ... | IFsc |
LVIFON AFOFF
<ghift expr>::= <expression> l B l B + <unsigned expression>
The value v of an expression in the shift expr
of a shift instruction should satisfy either
0<v<31Tor 0K<Kv<1or0<v<39,
the upper bound depending on-the shift identifier.
<special identifier>::= plusa [ cee I subed
<grithmetic instruction>::= <register> <operator> <operand>
<left operand> <operator> <register>
<register>::= A | 8 l B I F l G

<operator>:ii= = | = [ <add1ng operator> l <multiplying operator>
<adding operator>::= + | I LR
<multiplying operator>::= X | / | x| -

<unsigned number>::= <unsigned integer> l <unsigned real>
<unsigned integer>::= <unsigned decimal> [ '<unsigned octal>?!

Algorithm:;

procedure RE ELAN statement;
begin RE marginal part; RE ELAN instruction;

if synt unit % statement separator A

" synt unit # end symbol then

begin ERROR (true, 500); SKIP until statement separator end
end RE ELAN statement,

procedure RE ELAN instruction;
if synt unit = number V is adding operator(synt unit) then
begin Boolean neg;

neg:= synt unit = minus symbol;

if synt unit % number then

begin RE; CHECK (number, 510) end;

Ef neg then




255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
o7k
275
276
277
278
279
280
281
282
283
28L
285
286
287
288
289
290
291
292
293
29k
295
296
297
298
299
300
301
302
303
304

305,
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begin if type of number = real type then

T value of real number:= — value of Treal number else
value of number:= — value of number
end ;
PRODUCE NUMBER CODE; Add to ad cntr(1); RE
end else

if synt unit = BI symbol then
begin IP:= false; RE end else
if synt unit = IP symbol then

begin IP:= true; RE end else
if synt unit = SKIP symbol then

begin PUNCH;

RE; Add to ad cntr(RE expression)
end else

if synt unit = begin symbol then RE ELAN block else

if (synt unit = statement separator V
synt unit = end symbol) then
begin if 7 initialization A first scan then
Pegin SKIP until statement separator;
Add to ad cntr (1)
end else
if synt unit = open symbol V synt unit = colon symbol then
begin PRODUCE EXPR CODE( RE expression );
T Add to ad cntr(1)
end else
begln if is UYN symbol(synt unit) then
begln UYN:= synt unit; RE;
T CHECK( comma symbol, 520); RE
end else
UYN:= —13
if synt unit = function identifier then
RE functional instruction else RE arithmetic instruction;
if synt unit = comma symbol then
Pegin RE; ERROR(T is PZE symbol{synt unit),530);
PZE:= synt unit; RE
end else PZE:= —~1;
1f initialization then DEFINE INF WORDS else
if second scen then PRODUCE INSTR CO CODE;
Add to ad cntr(1)
end
end RE ELAN instruction;

procedure RE arithmetic Instruction;

begin if is register symbol(synt unit) then

begin register:= index of register; RE;
ERROR(7 is operator symbol(synt unit),540);
if is adding operator(synt unit) then
begin minus for right operand:= synt unit = minus symbol;
operator:= index of operator(plus symbol); RE
end else
begin operator:= index of operator(synt unit); RE;
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306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
33k
335
336
337
338
339
340
341
342
343
3Ll
345
346
347
348
349
350
351
352
353
354

355

RE possible minus symbol
end;
Tight operand:= RE register or operand;
if right operand = STAT ad op A value of operand < O then
begin ERROR(true, 545); value of operand:=—value of operand;
minus for right operand:= 7 minus for right operand
end;
INF WORD:= reg op opl[register,operator,right operand];
d26INF WORD:= d26reg op opl[register,operator,right operand];
type of instruction:= reg op op instruction
end else

begin left operand:= RE operand;

if left operand = STAT ad op V
Teft operand = DYN ad op then left operand:=ERROR(true,550);
ERROR( is operator symbol(synt unit),560);
if is adding operator(synt unit) then
begin minus for right operand:= synt unit = minus symbol;
operator:= index of operator(plus symbol); RE
end else
begin operator:= index of operator(synt unit); RE;
RE possible minus symbol
end;
ERROR(7 is register symbol(synt unit),570);
register:= index of register; RE;
INF WORD:= op op reg[left operand,operator,register];
d26INF WORD:= d26op op reg[left operand,operator,register];
type of instruction:= op op reg instruction

"end
end RE arithmetic instruction;

procedure RE functional instruction;
begin integer upper bound;

fetn:= type of function identifier; RE;
if fetn < t8 then upper bound:=t15 — 1 else

if fetn < t9 then begin fetn:=fctn-t8; upper bound:=31 end else
if fetn < t10 then begin fetn: =fctn—t9; upper bound:=1 end else

begin egin fetni=fetn — t10; upper bound:=39 end,
if synt unit = open N symbol then
begin RE; if upper bound < T15 — 1 then
begin if synt unit = B symbol then
begin right operand:= STAT B operand; RE;
if synt unit = close symbol then
Pegin value of operand:=0;
minus for right operand:= false ;
goto END
end
end else
begin right operand:= STAT operand end;
value of operand:= RE expression; -
minus for right operand:= false ;




356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
37k
375
376
377
378
379
380
381
382
383
38l
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
ole)
401
Lop
403
Lok
Los

Lo6 ¢

ERROR{ second scan A
1(0<value of operand A value of operand < upper bound),
580)
end else
begin RE possible minus symbol;
right operand:= RE register or operand;
if right operand = STAT ad op A value of operand < O then
begin ERROR( true , 585);
value of operand:= — value of operand;
minus for right operand:= 7 minus for right operand
end
end;
END: REQUIRE (close symbol,590); RE
end else
Pegin BERROR (upper bound < t15 — 1, 595);
right operand:= 0; value of operand:= O;
minus for right operand:= false
end;
INF WORD:= fctn op[fectn,right operand];
d26INF WORD:= d26fctn op[fctn,right operand];
type of instruction:= fctn instruction
EEQ RE functional instruction;

procedure RE possible minus symbol;

if synt unit = minus symbol then

Pegin RE; minus for right operand:= true end else
minus for right operand:= false;

integer procedure RE register or operand;

if is register symbol(synt unit) then

begin RE register or operand:= STAT operand;
value of operand:= value of register; RE

end else RE register or operand:= RE operand;

comment:
6. Operand.

37

<left operand>: :=<STAT operand> I <STATB operand> I <DYN operand>

<address operand>::= <STAT address operand>
<DYN address operand>

<operand>::= <left operand> l <address operand>
<STAT operand>::= M | M[<expression>] | <identifier> ‘ T I

<identifier>[<expression>]
<STATB operand>::= M[B<Bexpr>] | <identifier> [B<Bexpr>]
<Bexpr>: := <empty> l <adding operator> <unsigned expression>
<DYN operand>::= <DYN M symbol> !

<DYN M symbol>[<q expr>]

<DYN M symbol>:: MGlMA[MSlMC[ME‘lMDlM<pexpr>
<g expr>::= <expressior>
<p expr>::= <digit> | <digit> <digit>
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Lot <STAT address operand>::= : <STAT operand> ‘ <unsigned integer> |
408 (<expression>) | : <register>
409 <DYN address operand>::= : <DYN operand>

410

L11 Algorithm:;

b2 ,

413 integer procedure RE operand;

L1l if synt unit = colon symbol then

L5 begln integer op;

416 “RE; Op:= RE register or operand;

L1t RE operand:= if op = STAT operand then STAT ad op else
418 if op = DYN operand then DYN ad op else
h19 ERROR( true , 600)

420 end else

L21 If synt unit = number then

Lop Pegin ERROR(type of number f integral type,610);

423 RE operand:= STAT ad op; value of operand:= value of number; RE
Lol end else

Lo5 If synt unit = open symbol then

Lo6 begin RE; RE operand:= STAT ad op;

Lo value of operand:= RE expression;

428 REQUIRE (close symbol, 620); RE

429 end else

430 if synt unit = DYN M symbol then

431 begln integer p,q;

432 T RE operand:= DYN operand;

433 p:= type of DYN M symbol;

L3l p:-:- if

P = — G symbol then 58 else
435 If p = — A symbol then 59 else
436 if p = — S symbol Then 60 else
437 If p = — C symbol Then 61 else
438 if p = — T symbol Then 62 else
439 if p = — D symbol then 63 else p; RE;
LLo if synt unit = sub symbol then
Lk begin RE; q:= RE expression;
Lo REQUIRE (bus symbol, 630); RE
L43 end else q:=
Ll ERROR(O > p v p > 63,635); ERROR(—256 >q V q > 255,6&0),
Lhs value of operand:= p X 512 + 256 + q
L6 end else
Lh7 If synt unit = M symbol V synt unit = identifier then
Lu8 begin integer type;
LLg if synt unit = identifier then
450 begin ERROR(new identifier,650);
459 T type:= type of 1dent1f1er,
Lso ERROR(type = declared V type = MT declared,655);
453 value of operand:= if type = MI' declared and defined then
Lskh value of identifier — (address counter + 1)
455 else value of identifier
456 end else

L57 - begin type:= STAT operand; value of operand:= 0 end;
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RE; if synt unit = sub symbol then
begin RE; if synt unit = B symbol then
“begin RE; ERROR(type § STAT operand,660);
type:= STATB operand;
value of operand:= value of operand + 16384;
if synt unit = bus symbol then goto END
end;
Value of operand:= value of operand + RE expression;
END: REQUIRE (bus symbol,670); RE
end;
if type = ML declared and defined then
begin ERROR(—256>value of operand V value of operand >255,680);
value of operand:= 62 X 512 + 256 + value of operand;
RE operand:= DYN operand
end else RE operand:= if type = declared then STAT operand else
If type = MT declared then DYN operand else type
end else
begin RE operand:= STAT operand;
value of operand:= if synt unit = T symbol then 62 else
ERROR(true,690); RE

end RE operand;
comment:

T. Expression. R
<expression>: := <unsigned expressior> l
<adding operator> <unsigned expression>
<unsigned expression>::= <term>
<unsigned expression> <adding operator> <term>
<term>: := <primary> [ <term> <multiplying operator> <primary>
<primary>: := <STAT address operand>

Algorithm:;

integer procedure logic sum (a, b); real a,b;
Togic sum:= logic operation (a, b, 1);

integer procedure logic prod (a, b); real a,b;
Togic prod:= logic operation (a, b, 2);

integer procedure logic operation (a, b, opcode);
value a, b, opcode; real a, b; integer opcode;
begin integer ia, ib, 1a2, 1ib2, res, k, tk;
Boolean nega, negb;
Boolean procedure op (a, b); value a, b; Boolean a, b;
op:= if opcode = 1 then Tla = b else
Ef opcode = 2 Then a A b else false ;

real to int(b);
1/ ib < 0;

ia:= real to int(a); ib:
nega:= 1 / ia < O; negb:
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res:= if op(nega, negb) then t26 else O;
if neggfihen ia:= ia — t26; if negb then ib:= ib - t26;
for k:= 0 step 1 until 25 do N ‘
begin tk:= if k = O then t0 else tk X t1;
ia2:= ia : t1; ib2:i= ib : t1;
if op(ia ¥ ia2 X t1, ib ¥ 102 X t1) then res:= res + tk;
Ja:= ia2; ib:= iv2
end;
Jogic operation:= res

end logilc operstion;

real procedure RE expression;

begin

real procedure elevator(floor); value floor; integer floor;
if floor = O then elevator:= primary else
ngin real el;

integer s;

el:= elevator(floor — 1);
again: s:= synt unit;

if floor = 2 A

Ts = plus symbol V s = minus symbol V s

floor = 1 A

(s = times symbol V s = over symbol V s

then

begin RE; -

el:= if s = plus symbol then el + elevator(floor — 1)

logic plus symbol)V

]

logic times symbol)

else if s = minus symbol then el — elevator(floor — 1)
else if s = logic plus symbol then

- logic sum( el, elevator( floor — 1 ))
else if s = times symbol then el X elevator(floor — 1)
else if s = over symbol then el : elevator(floor — 1)
else if s = logic times symbol then

logic prod( el, elevator( floor — 1 ))
else 1; goto again
end;
elevator:= el
EEE elevator;

real procedure primary;

if synt unit = plus symbol then

Pegin RE; primary:= primary end else

if synt unit = minus symbol then

begin RE; primary:= — primary end else

begin real t; “'

T t:= RE operand; ERROR( t f STAT ad op, 700);
primary:= value of oOperand

end primary;

RE expression:= elevator(2);

END:
end RE expression;
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560

561 comment:

562

563 8. Reading equipment.

56k

565 Algorithm:;

566

567 integer tape symbol, pr tape symbol, case code, lower case,
568 ~ lower case code, upper case, Upper case code, dummy code,
569 error code, endsymcount;

570 integer array symcode[0:255];

571 boolean stat sep barrier, NS deferred, from string;

o2 :

573 procedure RE;

57h if 1 initialization A stat sep barrier A

575 T (synt unit = statement separator V synt unit = end symbol) then
576 retain old synt unit: else -
577 if CHECK fault then CHECK fault:= false else

578 Pegin if not behind last end then synt unit := READ synt unit;
579 if synt unit = begin symbol then

580 nr of begins:= nr of begins + 1 else

581 if synt unit = end symbol then

582 begin nr of begins:= nr of begins — 1;

583 if nr of begins > O then

58l begin L: .

585 if is letter(symbol) V is digit(symbol) then

586 begin NS; goto L end

587 end else not behind last end:= false

588 end

589 end RE;

590

591 integer procedure READ synt unit;

592 if NS deferred then

593 bPegin NS; NS deferred:= false;

5oL READ synt unit:= READ synt unit

595 end else

596 if is Ietter(symbol) then

597 begin integer p,q,n,A,m,q1,92,93,1;

598 Boolean end;

599 p:= ptr of inf list; n:= A:= O;

600 again: n:=n + 13 A:= A X t6 + symbol + 1; NS;

601 end:= 1(is letter(symbol) Vv is digit(symbol));

602 ifn=n:54x4Vend then

603 begin p:= p + 1; ERROR(D > max of inf list — 10,800);
60k contents of [pl:i=q:= A; A:=0

605 end;

606 If 1 end then goto again;

607 m:= p — ptr of inf list; contents of[ptr of inf list]:= m;
608 if n = 1 then

609 begin ql:i= q — 1;

610 , for i:= A symbol, B symbol, E symbol, F symbol, G symbol,
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M symbol, N symbol, P symbol, S symbol, T symbol,
U symbol, Y symbol, Z symbol do
if 1 = q1 then begin READ synt unit:= 1; goto END end
end else
ifn =2 then
begin q1:= q : t6; @2:=q —q1 X t6 — 1; ql:=ql — 1;
if g1 = M symbol then
begln for i:= A symbol, C symbol, D symbol
G symbol, S symbol, T symbol do
if i = g2 then
EEgln READ synt unit:= DYN M symbol;
type of DYN M symbol:= —i; goto END
end;
if is digit(q2) then
Pegin READ synt unit:= DYN M symbol;
type of DYN M symbol:= g2; goto END
end T
end else
if initialization then
Pegin if q1 = Y symbol A g2 = N symbol then
begiE‘READ synt unit:= YN symbol; goto END end

(oF
®
[1e]
[}
B
2
]
Q

begi : : 125 g2:=q — gl X 125 At=q2 : t6;3
Q3:= Q2 — A X t6; g2:= A — 1; ql:=q1 — 1; @3:=q3 — 1;
if g1 = M symbol A is digit(q2) A is digit(q3) then
begin READ synt unit:= DYN M symbol;
type of DYN M symbol:= g2 X 10 + q3; goto END
end elsge
If initialization then
begin if q1 = U symbol A g2 = Y symbol A g3 = N symbol then
begin READ synt unit:= UYN symbol; goto END end else
if q1 = P symbol A q2 = Z symbol A @3 = E symbol then
begin READ synt unit:= PZE symbol; goto END end ~
end -
end;
Contents of[p]i=g X t6 A (m X &k — n);
READ synt unit:=STORE letgits with(block number);
comment The procedure "STORE letgits with" stores the name
read with all its information.;
END:
end is letter else if symbol = apostrophe symbol then

begin NS; if is s letter(symbol) then

begin integer synt unit;
if symbol = letter b then

begin NS;
if symbol = letter e then synt unit:= begin symbol else
If symbol = letter i Then synt unit:= BI symbol else
‘synt unit:= ERROR( true , 811 )

end else
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if is digit(symbol) V symbol

43

if symbol = letter e then synt unit:= end symbol else

If symbol = letter i Then synt unit:= IP symbol else

If symbol = letter S Then synt unit:= SKIP symbol else

If symbol = letter M then synt unit:=MI' declaration symbol

else synt unit:= ERROR( true , 810 );
READ synt unit:= synt unit;
LA: NS; if is letter (symbol) then goto LA;
if symbol { apostrophe symbol then ERROR (true, 815) else
if synt unit ¥ end symbol V nr of begins > 1 Then NS
end else :
if symbol = plus symbol V symbol = times symbol then
begln READ synt unit:
“if symbol = plus symbol then logic plus symbol else
loglc times symbol; NS;
if symbol % apostrophe symbol then ERROR (true, 820) else NS
end else
if is digit(symbol) then
begin integer i;
Boolean neg;
READ synt unit:= number;
type of number:= integral type; neg:= symbol > L;
value of number:= 0; i:= 0; -
agalin: i:= 1 + 1; if symbol > T then
begin ERROR(true,B830); symbol:= 0 end;
value of number:= value_of number X 8 + symbol;
ERROR(i = 10,835); NS; if is digit(symbol) then goto again;
if negAi=9 thenvalue of number:=value of number-real t26+t26;
If symbol } apostrophe symbol then ERROR (true, 840) else NS
end else
if symbol = apostrophe symbol then
begin symbol:= quote symbol;
READ synt unit:= READ synt unit
end else

ERROR(true, 860)

end apostrophe symbol else

point symbol V :
lower ten symbol then

symbol

begin real r,length,i,i1;

real procedure integer;
begin i:= symbol; ERROR(71 is digit(symbol),870); length:= 10;
again: NS; if is digit(symbol) then
begin i:=1X10 + symbol; length:=length X 10; goto again end;
integer:= i -
329 integer;

READ synt unit:= number; type of number:= integral type;

if symbol=lower ten symbol then begin r:=1; goto LOWER TEN end;
If is digit(symbol) then i17= integer else i1: T:= 0;

If symbol = point symbol then

Pegin type of number:= real Type; NS;
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r:= i1 + integer/length
end else ri= 11;
LOWER TEN: if symbol = lower ten symbol then
begin boolean minus;
NS; minus:= symbol = minus symbol;
if is addln operator(symbol) then NS;
Ti=1 X 10 (if minus then ~integer else 1nteger),
type of number:= real type
end;
ET—type of number = integral type then value of number:=i1 else
value of real number:= r
end number else

if symbol = nlcr symbol V symbol = semicolon symbol then

begin if initialization then -
begln n L2: NS; if symbol = nler symbol then goto L2 end else
NS deferred:= true,
READ synt unit:= statement separator

end else

if symbol = quote symbol then
begln L3: NS;
if (symbol=nlcr symbol V symbol=semicolon symbol)then goto L3;
READ synt unit:= READ synt unit - T
end guote else -

begin READ synt unit:= symbol; NS
end READ synt unit;

procedure RE through barrier;
begin stat sep barrier:= false,

RE; stat sep barrier:= True
end RE through barrier;

procedure LOOK AHEAD sub text bus;
begin RE NS; again: if next symbol = sub symbol then
begin 100K AHEAD sub text bus; goto again end ETE—
if next symbol = bus symbol then RE NS else
IT next symbol = apostrophe symbol then
begin RE NS;
if next symbol=apostrophe symbol V next symbol=letter ethen
ERROR (true, 876) else goto again
end else
if is stat sep (next symbol) then
ERROR (true, 876) else
begln RE NS; gotc agaln end
Eﬂé LOOK AHEAD sub text bus,

procedure SKIP until statement separator;
begin L: if symbol = apostrophe symbol then

begin RE;
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if synt unlt%end symbol A synt unlt%statement separator then
Zoto L

end else

if T is stat sep (symbol) then

begin NS; goto L end else RE

_end SKIP until statement separator;

procedure NS;
begln
L: if 7 initialization then PR ELAN SYM (pr tape symbol);
ptr of text:= ptr of Text + 1;
if ptr of text < reading ptr then
Pr tape symbol:= ELAN line[ptr of text] else
begin RE NS; pr tape symbol:= tape symbol end,
if is layout (pr tape symbol) then goto Ly~
symbol:= if pr tape symbol = pr sub sym symbol then sub symbol else
if pr tape symbol = pr bus symbol then bus symbol else
if 37 < pr tape symbol A pr tape symbol < 62 then
Pr tape symbol — 27 else pr tape symbol

end NS;

procedure RE NS;
begin L: reading ptr:= reading ptr + 1;
if first scan then
begln tape symbol:= RESYMI;
T if 1 initialization then stow into buffer (tape symbol)
end else
Tape symbol:= fetch from buffer;
if readingptr=ptr of text then reading ptr:=ptr of text:=0 else
Eggln if reading ptr > max of ELAN line then ERRDR(true 873)
" else ELAN line[reading ptr]l:= tape symbol;
If is layout (tape symbol) then goto L
end;
next symbol:=if tape symbol=pr sub symbol then sub symbol else
if tape symbol=pr bus symbol then bus symbol else
if 37 < tape symbol A tape symbol < 62 then
Tape symbol — 27 else tape symbol ~

end RE NS;

integer procedure RESYM1;
begin integer s;
si= If from string then Init stringsym else RESYM;
if s = 255 then
begin from string:= false; s:= nler symbol end;
RESYM1 : = -
end RESYM1;

integer procedure RESYM;

begin integer hep, code;

L: if rehep avallable then hep:= REHEP else
begin code:= endstringsym; goto endresym end;
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if hep > €7 then
begin ERRIR (True, 871); hep:= hep — hep : t7 X t7 end;
if hep = lower case then - -
Eggin case code:= lower case code; goto L end;
if hep = upper case then -
ngin case code:= upper case code; goto L end;
code:= symcode[case code + hepl; -
if code = dummy code then goto L;
If code = error code then begln ERROR (true, 872), goto L end;
endresym: RESYM:= code
ggg RESYM;

integer procedure endstringsym;

begln integer sym;
" sym:= SIRINGSYMBOL(endsymcount, *
Yend®
)
if sym= nlcr symbol A endsymcount= O then ERRUR(true, 874);
endsymcount:= if sym= nler symbol A endsymcount> 1 then O else
endsymcount+1;
endstringsym:= sym
EEE endstringsym;

boolean procedure rehep available;

rehep available:= 7 first scan = second scan;
comment:

9. Name list equipment and secondary storage usage.

The procedure STORE letgits with (block number) takes care that
each identifier of the ELAN source text is entered into the
name list. It uses the procedures "STORE in contents of" , "ST",
"store in LINE" and "st" for storing variable amounts
of informgtion into the arrays "contents of" and "LINE".
The strategy is:
All incoming information is stored linearly in the array
"contents of" , and pointers connect the names
alphabetically together. In the lower part of this array,
the special identifiers are stored.
The administration section for each identifier i is as follows:
(a) number of memory places of i.
(b) the letters and/or digits of i are stored in

groups of four letters/digits into one memory place.
(c) the pointer to the next name, which preceeds alphabeticly i.
(@) the pointer to the next name, which follows alphabeticly 1i.
(e) the pointer to the administration section of i.
(f£) block number.
(g) type.
(h) value.
(i) 1line of declaration.
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(J) pointer to the memory place in the integer array "LINE" for
storing the calls of 1.

(x) pointer to the next administration section of an identifier
with the same name, but with another block number.

Algorithm:;

integer array contents of [1:22x1024], LINE[1:40961;

integer ptr of inf list, pointer of ptr of inf list,drum pointer,

place of identifier,max of inf list,end fectn part,line pointer;

boolean place enough;

integer.procedure STORE letgits with(block number);

value block number; integer block number;

begin integer point in tree, num in tree, old letgits, new num,

num, result of comparison, pointer to next identifier,
first administration cell, block number in tree,
pointer to connect with, new letgits, 1i;

procedure QLD IDENTIFIER;
begin new identifier:= false;
place of identifier:= first administration cell + 13
type of identifier:=contents of[first administration cell+1];
if type of identifier= unknown type then
begin new identifier:=true; type of identifier:=declared end;
value of identifier:= -
contents of [first administration cell + 2];
if Tldeclaration A block number T A
- block number # 2 A second scan then
begin
pointer to connect with:=
contents of[first administration cell + U4];
contents of[first administration cell + 4]:=
store in LINE(ST(ST(O,
line number),
pointer to connect with))
end;
goto OUT
end OLD IDENTIFIER;

procedure NEW IDENTIFIER;

if ptr of inf list < end fctnpart then

Pegin STORE in contents of (st(0, ~

block number));

goto OUT

end else

‘begin new identifier:= true ;
place of identifier:= ptr of inf list + 1 ;
type of identifier:= declared; :
value of identifier:= 0;
if block number % O then
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STORE in contents of (st(st(st(st(st(st(0,
block number),
unknown type),
value of identifier),
line number),
0),
pointer to connect with))
else :
STORE in contents of (st(st(st(st(st(st(0,

block number),

unknown type),

v?lue of identifier),

0

store in LINE(ST(ST(O

line number),

0))),
0));
goto OUT
end NEW IDENTIFIER,

point in tree:= 1; new num:= contents of [ptr of inf list];
if new num > max of num then max of num:= new num;
COMPARE:

num in tree:= contents of [point in treel;
num: 1f num in tree < new num then num in tree else new num;
for i:= =1 step 1 until num do
begin old letgits:= contents of [point in tree + il;

new letgits:= contents of [ptr of inf list + i];

if new letgits < 0ld letgits then

begin result of comparison: =13

goto after comparison

end else

If new letgits > old letgits then

begin result of comparison:= B; goto after comparison end
end;
Tesult of comparison:= if new num < num in tree then 1 else

Ez new num > num in tree then 2 else 3;

after comparison:
pointer to next identifier:=
contents of[point in tree+num in tree+result of comparison];
if result of comparison % 3 then
begin if pointer to next identifier= O then
begin contents of[
point in tree+num in tree+result of comparison]:=
point in tree:= ptr of inf list;
pointer of ptr of inf list:=
ptr of inf list:= ptr of inf list + new num + 1;
STORE in contents of (st(st(st(0,
0),
0),
STORE in contents of (0)));
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if 71 declaration then block number:= O else
BEinter 1o connect with:= 0;
NEW IDENTIFIER
end;
Ppoint in tree:= pointer to next identifier; goto COMPARE
end else .
begin first administration cell:= pointer to next identifier;
block number in tree:=contents of[first administration celll;
if point in tree < end fctn part then
begin type of function identifier:= block number in tree;
goto OUT
end else
If declaration A first scan then
begin if block number in tree = block number then
OLD IDENTIFIER else
begin
contents of[point in tree+num in tree+3]:=ptr of inf list;
pointer to comnect with:= first administrstion cell;
NEW IDENTIFIER
end '
end else
begin next: for i:= cntr of begins step —1 until O do
T if plock[i]= block number in tree then OLD IDENTIFIER;
If contents of [first administration cell + 5]= O then
Eggin -
contents of[first administration cell+5]:=ptr of inf list;
block number:= O; NEW IDENTIFIER
end;
first administration cell:=
contents of [first administration cell + 5];
block number in tree:=
contents of[first administration cell];

goto next
end
end;

OUT: STORE letgits with:= if point in tree < end fetnpart then
function identifier else identifier
end STORE letgits with;

integer procedure STORE In contents of(information);
integer information;
begin integer inf;
STORE in contents of:= ptr of inf list:=
pointer of ptr of inf list;

inf:= information;
ptr of inf list:= pointer of ptr of inf 1list
end STORE in contents of}

integer procedure st(x,y); integer x,y;
begin integer aux, auxiliary pointer;




50

1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
10Lk2
1043
104k
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069 .

pointer of ptr of inf list:= pointer of ptr of inf list + 1;
ERROR( pointer of ptr of inf list > max of inf list, 880);
aux:= x; auxiliary pointer:= ptr of inf list;

contents of [ptr of inf list]:=

ptr of inf list:= auxiliary pointer + 1;

st:=0

end st;

integer procedure store in LINE(inf); value inf; integer inf;

store in LINE:= Ef place enough then line pointer—1+drum pointer
else O}

integer procedure ST(x,y); value x; integer x,y;

begin line pointer:= line pointer + 1;

if line pointer > max of buffer then
begin 1f drum pointer < drumptr — “max of buffer A
drum pointer < max of drum — 2 X max of buffer then
begin TO DRUM(LINE,drum pointer);
T drum pointer:= drum pointer + max of buffer;
line pointer:= 1
end else
begin BERROR(drum pointer > drumptr — max of buffer, 881);
" ERROR(drum pointer > max of drum — 2 X max of buffer, 882);
place enoughi:= false
end -
end;
If place enough then LINE[line pointer]:=
ST:= 0

end ST;

integer count3, t8i, triple, buffer ptr, max of buffer,

drum ptr, min of drum, max of drum;

integer array buffer[1 : L096];

begin if s = nlcr symbol then
begin skip space: if count3 = O then

procedure stow into buffer(s); value s; integer s;

Pegin if buffer ptr = O then
begin if drum ptr < min of drum then
begin t8i:= 1; triple:= 0; goto end skip space end else
begin drum ptr:= drum ptr - " max of buffer;
" FROM DRUM(buffer,drum ptr); buffer ptr:= max of buffer
end
end;
Triple:= buffer[buffer ptr];
buffer ptr:= buffer ptr — 1; count3:= 3; t8i:= t8 x t8 x t8
end;
T8i:= t8i/t8; s:= triple : t8i; if s = space symbol then
begin triple:= triple — s X t8i; :
Tcount3:= count3 — 1; goto skip space
end; —
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t8i:= t8i x t8;

end skip space:

= nlcr symbol

end;

if count3 < 3 then

begin triple:= s X t8i + triple; t8i:
count3:= count3 + 1

end else

begin buffer ptr:= buffer ptr + 13
if buffer ptr > max of buffer then
BUFFER TO DRUM; buffer[buffer ptr]:
triple:= s; t8i:= t8; count3:=

end

t81i x t8;

triple;

end stow into buffer;

procedure BUFFER TO DRUM;

begin ERROR (drum ptr + mex of buffer — 1 > max of drum, 875);

T TO DRUM (buffer, drum ptr);
drum ptr:= drum ptr + max of buffer; buffer ptr:= 1
end BUFFER TO DRUM;

integer procedure fetch from buffer;
begin integer trip;
if count3 > 3 then
begln buffer ptr buffer ptr + 1;
Tif buffer ptr > max of buffer then BUFFER FROM DRUM;
Triple:= buffer[buffer ptr]; count3:=
end;
Trip:=triple : t8; fetch from buffer:=abs(triple — trip X t8);
triple:= trip; count3:= count3 + 1

end fetch from buffer;

procedure BUFFER FROM DRUM;

begin FROM DRUM (buffer, drum ptr);

drum ptr:= drum ptr + max of buffer; buffer ptr:= 1

end BUFFER FROM DRUM;

comment @

10, Initialization of information words.

Algorithm:;

integer STAT operand, STATB operand, DYN operand, STAT ad op,
“"DYN ad op, unknown type, type of instruction, INF WORD,
reg Op op instruction, op op reg instruction, fetn instruction;
boolean 326 INF WORD;

integer array reg op op[1:5,1: ,

ctn op[1:140,0:5];
boolean array d26reg op op[1: 5,1

1:5],
op op reg[1:3,1:6,1 5] §
,1

d26op op reg[1:3,1:6,1:5], d26fctn op[1:1L40,0:5];
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1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
114k
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171

&

procedure INITIALIZE inf words;

begin integer i, j,k;

for 1:=1,2,3 do for j:= 1,2,3,4,5,6 do for k:= 1,2,3,L4,5 do
5p op regld, i, Kl:= T —
for i:=1,2,3, h,5 do for j:=1,2,3, 4,5,6 do for k:=1,2,3, 4,5 do
reg op Op[l,J,k] = 1;
for i:= 1 step 1 until number of functlons do
for J = 0,1,5,3,4,5 do fctn op[i,jl:= -
STAT operand = 1; STATB operand:= 2; DYN operand:= 3
STAT ad op:= 4; DYNad op:= 5; unknown type:= 6;
reg op op instruction:= 1; op op reg instruction:= 2;
fetn Instruction:= 33
block number:= max block number:= max block number + 1;
cntr of begins:=cntr of begins + 1;
block[entr of begins]:=block number;
RE block begin;

again: CHECK(number,920); RE; CHECK(comma symbol,930);
RE; RE ELAN instruction;
if synt unit = number then goto again;
CHECK(end symbol,940); cntr of begins:=cntr of begins — 1

‘.o

end INITIALIZE inf words;

procedure DEFINE INF WORDS;

begin boolean not,d26;

integer i, W;

boolean array type is permitted[1:5];

for i:= 1,2,3,4,5 do type is permitted[i]:= true;

CHECK(statement separator,950);

if symbol % quote symbol then

Pegin again: RE; i:= RE operand; type is permitted[i]:= false;

if synt unit = comma symbol then goto again

end;

ERROR( symbol k quote symbol,960);

Ws= i:= 03 not:= true;
L:NS; if symbol = nlcr symbol then goto END;

if not then

begln not:= false; d26:= symbol = 1 end else

Pegin i:= 1 ¥ 1; ERROR(i > 26,970); ~
if symbol > 1 then symbol:= 03 W:= W X 2 + symbol

end;

goto L;
END: ERROR(i < 26,980);
begin
integer procedure WORD;
WORD:= W +
(if i = STAT operand then O else
If i = STAT ad op then 1 else
If i = STATB operand Then 2 else
If i = DYN operand Then 3 else '
if 1 = DYN ad op Then O else ERROR(true,985)) X t19 +




1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221

1222 .,

rT

ASSIGN(right operand = STAT operand,

(if minus for right operand then t1 — t21 elge 0) +
(3if PZE > O then t2 else 0) *

(if UYN = UYN symbol then t1 else

if UYN = YN symbol Then t0 else 0) X t3;

procedure ASSIGN(B, wil, dwl, w2, dw2);

boolean B, dwl, dw2; integer wl, w2;
if B then
begin for i:= STAT operand, STAT ad op,

STATB operand, DYN operand do
begin if type is permitted[i] then
" begin wl:= WORD; dwl:= d26 end
end ,
end else

begin i:= STAT operand; w2:= WORD; dw2:= d26 end ASSIGN;

if type of instruction = op op reg instruction then
begin type is permitted[STAT ad opl:= false;
“ASSIGN(left operand = STAT operand,
op op regl[i,operator,register],
dobop op regli,operator,register],
op op reg[left operand,operator,register],
d26op op reg[left operand,operator,register])
end else

if type of instruction =.reg op op instruction then
ASSIGN(right operand = STAT operand,

reg op op[register,operator,i],
d2breg op oplregister,operator,i],
reg op op[register,operator,right operand],
d2breg op oplregister,operator,right operand]) else
if type of instruction = fctn instruction then

fctn op[fetn,i],
d26fctn op[fetn,i],
fetn op[fctn,right operand],
d26fctn op[fetn,right operand]) else
ERROR(true,990); RE; RE

end
end DEFINE INF WORDS;

integer stringsymcount;

integer procedure Init stringsym;

begin Init stringsym:= STRINGSYMBOL( stringsymcount,

G,A,S, c T o,8,M [, 1,%,/,+,—,=F,E,N,P,Y,U,Z,
TR J :,, ,) b,e,i,5,M,

53

LVIFSC) INT,RCAS(GOTO, LCS(NORAS, RUAS(DIVA, IFOFF/JUMP, LUS(MINS, PLUSA,
REPE, SUBC, AFON/DO, IFA) IFS) IVOFF, LCA(LUA( LVIFA)MINA, MULS, OVOFF,

PLUSS RCSA(REPZ RUSA(TENAS, AFOFF/CLP, DIVAS, DOS, GOTCR, IFAC)IFDN/
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1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
12L0
1241
12ho
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272

IFSC) ITVON, IVON, JUMPR, LCAS(LCSA(LUAS(LUSA(LVIFAC ) MEMPROT , MINB,
MULAS, NORA, NORS, OVON, PLUSB, RCA(RCS(REP, REPP, RUA(RUS( SUB, SUBCD,
TENS, LVIFON/LVIFCFF/LVIFS)REP3Z, REP1Z, REP5Z, REPOZ, REP2Z, REPLZ,

REP6Z, REPOE, REP1E, REP2E, REP3E, REP4E , REPSE, REP6E , REPTE, REPO, REP1,

REP2,REP3,REP4, REPS, REP6, REPT7, REPOP, REP1P, REP2P, REP3P,, REPUP, REPSP,
REP6P, REPTP, REPT7Z, SUB15,SUB11, SUB5, SUB1, SUB13, SUB3, SUBT, SUBO,
SUB10, SUB12, SUB1L4, SUB2, SUBY, SUB6, SUBS, SUB9, TRAA, TRAS, TRAB, TRSA,
TRSS, TRSB, TRBA, TRBS, TRBB, TRANA, TRANS, TRANB, TRSNA, TRSNS, TRSNB,
TRBNA, TRENS, TRENB;

'vegin' x = M[1000],
STAT = M[20001],
STATB = M[B],

DYN = MC;

“ .
—
“

—-—
-

.

e
Py
-

-
_—
-

w %

CD«JOvm.rJruJu>MIU-a.d

5
9,
10,
1,
11.1,
12,
12.1,
13,
13.1,

23.1,

UYN,
UYN,
UYN,
UYN,
UYN,
UYN,

UYN,

YN,
PLUSA(

A+x,
A+:DYN,

X=-h
x), PZE;

MINA(x), PZE;

UYN,
UYN,
UYN,

YN,
PLUSS(

S+x,
S+:DYN,
5—x,
S5—:DYN,
S=x,
S=:DYN,
S=x,
S=—:DYN,
x+3,
xS,
x=5,
x==3,
x), PZE;

MINS(x), PZE;

UYN,

B+x,
B+:DYN,

PZE;
PZE;
PZE;
: STAT,
¢ STAT,

PZE;
PZE;
PZE;
PZE;
PZE;
PZE;
PZE;
PZE;
PZE;
PZE;
PZE;
PZE;
:STAT,
¢ STAT,

PZE;

PZE;
PZE;
PZE;
PZE;

000
"000
"'000
""000
000
-"000
""000
"000
""000
000
"'000
""000
:DYN; "000
:DYN; 000

"001
"001
001
"001
"001
"001
001
"001
001
"001
"001
"001
:DYN;"001
:DYN;"001

"100
100
"100
"100
100
100

000
100
001
101
010
110
011
111

100
101

110
11

110
111

000
100
001
101
010
110
o1
111
100
101
110
111
110
11

000
100
001
101
010
110

XX
01

01

01

XAXXXK
XXXXX
XXXXX

XXXXX
XXXXX
XXX XX
XX XX
KXXXX
KXXXXX
XXXX
XXXXX
XXXXX
XAXXX

XXX
XAXXXX
AXXXX
XXXXX
XX XXX

XXXXX
XXXXX
XXXKK
XXXXX
XXXXX
XXXXX

XXXXX

XXXXX
XXXXX

x .

XAAXX

XXXXX

XAXKX

XXXXX

XXXXX
XAXXX
XAXXX
XXXXX
XXKXXX

XXX
XAXXX

AXXXX

XXXXX

XXXXX
XXLXX

AXXXX

XXXXX
XXXXX
XXXXX
XXXXX

XXXXX
XXXXX
XXXXX
beoveod



1274
12775
12776
1277
1278
12779
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
131k
1315
1316
1317
1318
1319
1320
1321
1322
1323

132k,

2k, UYN, B=—x, PZE;
k.1, UYN, B=—:DYN, PZE;
25, UYN, x+B, PZE;
26, UYN, x-B, PZE;
27, YN, x=B, PZE;
28, YN, x=-B, PZE;
29, PLUSB(x), PZE; :STAT,
30, MINB(x), PZE; :STAT,
31, UYN, A'+'x, PZE;
32, UYN, A'+'-x, PZE;
33, UYN, A'X'x, PZE;
3k, UYN, A'X'-x, PZE;
35, UYN, S'+'x, PZE;
36, UYN, S'+'-x, PZE;
37, UYN, S'x'x, PZE;
38, UYN, S'x'-x, PZE;
39, YN, MULAS(x), PZE;
Lo, YN, MULAS(-—x),PZE;
41, YN, MULS(x), PZE;
L2, YN, MULS(-x), PZE;
43, YN, DIVAS(x), PZE;
Ll YN, DIVAS(—x),PZE;
45, YN, DIVA(x), PZE;
L6, YN, DIVA(—x), PZE;
47, YN, F=x, PZE;
W7.1, YN, F=:DYN, PZE;
48, YN, F=—x, PZE;
48.1, YN, F=—:DYN, PZE;
Lo, YN, F+x, PZE;
50, YN, F-x, PZE;
51, YN, Fxx, PZE;
52, YN, F/x, PZE;
53, YN, x=F, PZE;
5h, YN, x=-F, PZE;
55, G=x, PZE;
o7, YN, G=:STAT, PZE;
ohk7.1, YN, G=:DYN, PZE;
56, G=—x, PZE;
ok8, YN, G=—:STAT, PZE;
ohk8.1, YN, G=—:DYN, PZE;
57, G+x, PZE;
ok9, YN, G+:STAT, PZE;
58, G—x, PZE;
050, YN, G-:STAT, PZE;
59, GXx, PZE;

100
100
100
100
100
100
:DYN; "100
:DYN; 100

:DYN;"010
:DYN;"010
:DYN;"010
:DYN;"010

+DYN;"011
:DYN;"011
«DYN; 011
:DYN; 011

:DYN;"010
:DYN3 010
:DYN3;"010
:DYN;"'010

:DYN;'"011
+DYN;'"011
+DYN; "011
:DYN;"011

"110
"111
"110
"111
:DYN;"110
:DYN;"110
:DYN; "1 11
:DYN;"111
"111
"1

"110
"110
"1
"110
"110
"111
:DYN;"110
"110
:DYN; 110
110
:DYN;"111

011
111
100
101
110
111
110
111

100
101
110
111

100
101
110
111

000
001
010
on

000
001
010
oM

010
010
011
011
000
001
000
001
010
011

010
010
010
011
oM
011
000
000
001
001
000

01

01

XX

01

01

01

XXX XX
XXXXX
XXXXX
AKX XX
XXAXX
XXXXX
XXXXX

- XXX

XXXXX
XXXXX
XXXXX
XAXXX

KXXXX
XXXXX

XXX

XXXXX
XXX
XXXXX
XXXXX

XXXXX
XXXXX
XXXXX
XEX XX

XXXXX

XAXXX
XXXXX
XAXXX

XXXXX
XXAXX
XX XXX
XKLXXX
XXXXX
XXX XX
KXXXX

XXXXX

XXX
XXXXX

XXXXX
XXXXX

XXXXX
XXXXX
XXXXX
XXXXX
pooeed

XXXXX
XXXXX
KXXXX
XXXXX

XXXXX
XXXXX
XXXXX
XXXXX

KXXXX

XAKXXXK

KEXXXX
XXXXX
XXXXX
XAXXXX

XXXXX
XXXXX
XXXXX
XXXXX
KXXXK
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX

XXXXX
XXXXX
XAXXX
XXAXX
KXXXX
XAXXX
XXXXX

XXXXX

25

XXXXXK
XXAXX
XXXXX
AXXXX
XXXXX

XXAXK

XXXXX
XXXXX
KXXXX
XAXXX

XXXXX

XXXXX
XXXXX
KXLXX
XXXXX

XXXXX

XXXXX

XXKXXX
XEXXX
XXXXX

XXXXX
XXXXX
XAKXXX
XXXXX

XXXXX

AXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
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1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
13Lk
1345
1346
13L7
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
137k
1375

YN,

w e e

L

‘FEEEET

=

W e e

w e W

‘EEEEEEE

>

55 3

-

Gx:STAT, PZE;
G/x, PZE; :DYN;
G/:STAT, PZE;
x=G, PZE;
x=-G, PZE;

GOTO(x);

GOTO( :DYN) 3
JUMP(x); :DYN;
JUMP(—x); :DYN;
GOTOR(x);
GOTOR( : DYN) 3
JUMPR(x); :DYN;
JUMPR(—x) ; : DYN;

REP( :STAT);

REPP( :STAT);
REPE( : STAT) ;
REPZ( : STAT) ;

SUB( : STAT);
SUBC(x);
SUBC(:DYN);

DO(x); :STAT,:DYN;
DOS(x); :STAT, :DYN;

LCcA(1), PZE;
Lcs(1), PZE;
LCAsS(1), PZE;
LCSA(1), PZE;
RCA(1), PZE;
RCs(1), PZE;
RCAS(1), PZE;
RCSA(1), PzZE;

LUA(1), PZE;
Lus(1), ©PZE;
LuAs(1), PZE;
LUSA(1), PZE;
RUA(1), PZE;
RUS(1), PZE;
RUAS(1), PZE;
RUSA(1), PZE;

NCRA, PZE;
NORS, PZE;
NORAS,  PZE;

TENS, PZE;
TENAS,  PZE;

"111
"111
"111
"1
"111

"101
101
"101
!‘1101
101
101
"101
"101

"101
101
"101
"101

"101
"101
"101

"101

"101

"110
"111
110
"111
110
"1
"110
"111

"110
"1
110
"111
"110
"1
110
"111

110
111
110

111
111

000
001
001
010
011

010
on
000
001
010
on
000
001

101
101
101
101

110
110
11

111
111

110
110
110
110
111
m
11
111

110
110
110
110
111
111
111
111

110
110
110

110
110

11
11
11
11

00

01

x0
x0
%0
x0
x0

x0
x0

x0
x0

x0
x0

00
00
00

00
00

00
00
00
00
01
01
01
01

00
01
11
10

00
01
01

01
11

01

o1
01

XXXXX

XXXXX
XXXXX

XXXXX
XXX

XXXXX

| XXXXX

XXXXX
XXX XX

AKX XK
XX XXX
XXXLX

XXXXX

XAXXX

p oo od
XAXXKX

00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000

00001
00001

XXXXX
XXXXX
XXXXX
XAXXK

XXXXX

XXXXX
XXXXX
KAAXX
XXXXX

XXXXK
XXXXX
XX XXX

KLXXX
XXAXX

00000
00000
00010
00010
00000
00000
00010
00010

00001
00001
00011
00011
00001
00001
00011
00011

00101
00101
00111

00000
00000

XXXXX
XXXXX
XXXXX
XAKKXK
KXXXK

XAXXK
XXXXX
XXXXX
XAXXX
XXXXX

XXXXX

XXAXX

XXX

XXEXX

XXXXX
XXAXX

XXXXX
XXXXX
XAXXX

XXXXX
XXXXX
XXXXX

XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
00000
00000
00000

00001
00000
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1376 ,

1377 99, YN, CLP; "110 110 00 00 xx 11001 10000 00000
1378 100, UYN, INT; "110 110 00 00 xx 11010 00000 00000
1379

1380  101.0, UYN, REPO(:STAT); 1017 100 00 00 XX XXXXX XXXXX XXXXX
1381  101.1, UYN, REP1(:STAT); 101 100 01 00 XX XXXXX XXXXX XXXXX
1382  101.2, UYN, REP2(:STAT); 101 100 10 00 XX XXXXX XXXXX XXXXX
1383  101.3, UYN, REP3(:STAT); 101 100 11 00 XX XXXXX XXXXX XXXXX
1384 101.4, UYN, REPL(:STAT); "101 101 00 00 XX XXXXX XXXXX XXXXX
1385  101.5, UYN, REP5(:STAT); 101 101 01 00 XX XXXXX XXXXX XXXXX
1386  101.6, UYN, REP6(:STAT); "101 101 10 00 XX XXXXX XXXXX XXXXX
133; 101.7, UYN, REP7(:STAT); "101 101 11 00 XX XXXXX XXXXX XXXXX
13 .

1389  102.0, UYN, REPOP(:STAT); "101 100 00 01 XX XXXXX XXXXX XXXXX
1390  102.1, UYN, REP1P(:STAT); "101 100 01 071 XX XXXXX XXXXX XXXXX
1391 102.2, UYN, REP2P(:STAT); 101 100 10 01 XX XXXXX XXXXX XXXXX
1392  102.3, UYN, REP3P(:STAT); "101 100 11 01 XX XXXXX XXXXX XXXXX
1393  102.4, UYN, REPLP(:STAT); "101 1071 00 071 XX XXXXX XXXXX XXXXX
1394  102.5, UYN, REP5P(:STAT); "101 101 01 071 XX XXXXX XXXXX XXXXX
1395 102.6, UYN, REP6P(:STAT); 101 101 10 01 XX XXXXX XXXXX XXXXX
1396  102.7, UYN, REPTP(:STAT); 101 107 11 01 XX XXXXX XXXXX XXXXX
1397

1398  103.0, UYN, REPOZ(:STAT); "101 100 00 10 XX XXXXX XXXXX XXXXX
1399  103.1, UYN, REP1Z(:STAT); 101 100 01 10 XX XXXXX XXXXX XXXXX
"1400  103.2, UYN, REP2Z(:STAT); "101 100 10 10 XX XXXXX XXXXX XXXXX
1401  103.3, UYN, REP3Z(:STAT); "101 100 11 10 XX XXXXX XXXXX XXXXX
1402  103.L4, UYN, REPLZ(:STAT); 107 101 00 10 XX XXXXX XXXXX XXXXX
1403  103.5, UYN, REP5Z(:STAT); 107 107 01 10 XX XXXXX XXXXX XXXXX
14Ok 103.6, UYN, REP6Z(:STAT); 101 101 10 10 XX XXXXX XXXXX XXXXX
1202 103.7, UYN, REP7Z(:STAT); "101 101 11 10 XX XXXXX XXXXX XXXXX
140

1407  104.0, UYN, REPOE(:STAT); 101 100 00 11 XX XXXXX XXXXX XXXXX
1408  10k.1, UYN, REP1E(:STAT); “101 100 01 11 XX XXXXX XXXXX XXXXX
1409  104.2, UYN, REP2E(:STAT); 101 100 10 11 XX XXXXX XXXXX XXXXX
1410 104.3, UYN, REP3E(:STAT); 101 100 11 11 XX XXXXX XXXXX XXXXX
1411 104.L, UYN, REPLE(:STAT); 101 107 00 11 XX XXXXX XXXXX XXXXX
1k12  10k4.5, UYN, REPSE(:STAT); 101 101 01 11 XX XXXXX XXXXX XXXXX
1413 10Lk.6, UYN, REPEE(:STAT); 107 1071 10 11 XX XXXXX XXXXX XXXXX
1t1u 104.7, UYN, REPTE(:STAT); "101 101 11 11 XX XXXXX XXXXX XXXXX
1415

1416 105. 0,UYN, SUBO(:STAT); "101 110 00 00 XX XXXXX XXXXX XXXXX
1417 105. 1,UYN, SUB1(:STAT); "101 110 01 00 XX XXXXX XXXXX XXXXX
1418  105. 2,UYN, SUB2(:STAT); "101 110 10 00 XX XXXXX XXXXX XXXXX
1419  105. 3,UYN, SUB3(:STAT); 101 110 11 00 XX XXXXX XXXXX XXXXX
1420  105. L4,UYN, SUBL(:STAT); "101 111 00 00 XX XXXXX XXXXX XXXXX
1421 105. 5,UYN, SUBS5(:STAT); "101T 111 01 00 XX XXXXX XXXXX XXXXX
1422 105. 6,UYN, SUB6(:STAT); "101 111 10 00 XX XXXXX XXXXX XXXXX
1423 105. 7,UYN, SUBT(:STAT); 101 111 11 00 XX XXXXX XXXXX XXXXX
12l 105, 8,UYN, SUBS(:STAT); "101 110 00 10 XX XXXXX XXXXX XXXXX
1425 105, 9,UYN, SUB9Q(:STAT); 101 110 01 10 XX XXXXX XXXXX XXXXX

bl
1426 105.10,UYN, SUB10(:STAT); "101 110 10 10 XX XXXXX XXXXX XXXXX
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ko7
1428
1L29
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1Ll
1443
jpnn
1445
1446
1447
1448
14ho
1450
1451
1k52
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1L64
1465
1466
1467
1468
1469
1470
1471
1472
1473
147h
1475
1476
1477

105.11,UYN,
105. 12, UYN,
105.13,UYN,
105 . 14, UYN,
105. 15, UYN,
106,  UYN,
106.1, UYN,
107,  UYN,
108,  UYN,
109, UYN,
110,  UYN,
111,  UYN,
112,  UYN,
113, UYN,
114,  UYN,
115, YN,

116, YN,

117, YN,

118, 1IN,

119, YN,

120, YN,

121, YN,

122, YN,

123, YN,

124, YN,

125, YN,

126, YN,

127,  UYN,
128,  UYN,
129, ,
130,  UYN,
131,  UYN,
132,  UYN,
133,  UYN,
134,  UYN,
135,  UYN,
136, UYN,
137,  UYN,
138, UYN,
139,  UYN,
140,  UYN,
11,  UYN,
k2,  UYN,
143,  UYN,
14k,  UYN,

“ tend!

SUB11( :STAT) ;
SUB12( :STAT) 3
SUB13( :STAT);
SUB14( :STAT) ;
SUB15( :STAT) ;

SUBCD(x) 3
SUBCD( :DYN)

LVIFA(1), PZE;
LVIFAC(1),PZE;
IFA(1), PZE;
IFAC(1), PZE;
LVIFS(1), PZE;
LVIFSC(1),PZE;
Irs(1), PZE;
IFsC(1), PZE;

LVIFON(1)
LVIFOFF(1
IFON(1);
IFOFF(1);
AFON(1);
AFOFF(1);
IVON;
IVOFF;
OVON;
QVOFF;
ITVON;
MEMPROT';

)
E
)3

TRAA, PZE;
TRAS, PZE;
TRAB, PZE;
TRSA, PZE:
TRSS, PZE;
TRSB, PZE;
TRBA, PZE;
TRBS, PZE;
TRBB, PZE;

TRANA,  PZE;
TRANS,  PZE;
TRANB,  PZE;
TRSNA,  PZE;
TRSNS,  PZE;
TRSNB,  PZE;
TRBNA,  PZE;
TRBNS,  PZE;
TRENB,  PZE;

"101
"101
101
"101
101

"101
"101

110

"110
110
"110
"111
"111
111
"1

"111
"110
"111
"110
"1
"110
117
"110
"111
"110
"111
"111

"110
"110
110
"110
"110
110
110
110
"110

"110
"110
"110
"110
"110
"110
"110
"110
"110

110
111
111
111
111

110
111

110
110
110
110
110
110
110
110

110
110
110
110
110
110
110
110
110
110
110
110

110
110
110
110
110
110
110
110
110

111
111
111
111
111
11
111
111
111

11
00
01
10
1M1

01

x0

x0
x0
x0
x0
x0

%0
x0
x0

x0
%0
00
00
00
00
00
11

00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00

10
10
10
10
10

11
11

00
00
00
00
00
00
00
00
00
00
00
00

XAXKX
XXXXX
XXXXX
XAXKK
XKXXXX

XXXXX
p.0.0.6.0.4

11111
IRRRY
11110
11110
11117
11111
11110
11110

11101
11101
11100
11100
11100
11100
11000
11000
11000
11000
11001
11110

00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000

XAXXX
XXXXX
XXXXX
XXXXX
XXX XX

XXXXX

00000
00010
10000
10010
00000
00010
10000
10010

0000x
0000x
1000x
1000x
0000x
0000x
00000
00000
10000
10000
00000
11000

01000
01001
01010
01000
01001
01010
01000
01001
01010

01000
01001
01010
01000
01001
01010
01000
01001
01010

XAXXX

XXXXX
XAXXX

XXXXX
XXAXXX

0000x
0000x
0000x
0000x
0000x
0000x
0000x
0000x

KAXXX
XXXXX
XXXXX
XXAXX
XXXXX

XXXXX -

00000
00000
00000
00000
00000
00000

00000
00000
00000
00001
00001
00001
00010
00010
00010

00000
00000
00000
00001
00001
00001
00010
00010
00010



1478
1479
1480
1481
1482
1483
148L
1485
1486
1487
1488
1489
1490
1491
1L92
1493
1hol
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1502
1523
1524
1525
1526

1527

1528

"begin' count0 = M[ 0], counti
count3 = M[ 3], countlh = M[ 4], count5
countT = M[ 7], count count’,
1ink0 M[ 8], link1 M[ 9], 1link?

[T 1 | B | I

[ T S| T /|

linkh M[12], 1link5 M[13], 1ink6
1ink8 = M[16], 1ink9 = M[17], 1ink10
link12 = M[20], 1ink13 = M[21], link1h
1um 1inkO,

= M[631:3);

stringsymcount:= stringsymcount +
end Init stringsym;

comment:

11. Code produce equipment.

Algorithm:;

procedure PRODUCE INSTR CODE;

1

i

o

]

M[ 1], count2
M[ 5], count6

M[10], link3
M[14], 1link7
M[18], 1link11
M[22], 1link15

M[ 21,
M[ 6],

M[11],
M[15],
M[19],
M[23],

begin integer cond,cond for UYN,cond for PZE,cond for minus,

function part,X8 word;

cond:= INF WORD — INF WORD : t5 X t5;

cond:= cond : t1; function part:=
cond for UYN:= cond : U

cond:= cond — cond for UYN X L;
cond for PZE:= cond : t1;

cond for minus:
ERROR( INF WORD
if UYN > O then

o

1,1000);

INF WORD ~ cond X t1;

cond — cond for PZE X t1;

ERROR(cond For UYN=O V cond for UYN=1 A UYN=U symbol, 1010);
= 0,1020);

if PZE > O then ERROR(cond for PZE

T minus for right operand then ERRDR(cond for minus

X8 word:= abs(

function part +

59

= 0,1030);
if 7 (0 < value of operand A value of operand < t15) then
begin ERROR (true, 1040); value of operand:= O end;

(1f minus for right operand then t21 else 0) +

(if UYN = U symbol then 1 else
if UYN = Y symbol Then 2 else
if UYN = N symbol then 3 else

(if PZE = P symbol then 1 else
if PZE = Z symbol then 2 else
if PZE = E symbol then 3 else

value of aperand);

PR binary number(d26 INF WORD, X8 word)

end PRODUCE INSTR CODE;

procedure PRODUCE NUMBER CODE;

0) X t15 +

0) X t17 +

1f type of number=integral type V type of number~0ctal type then
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1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578

1579 -

PR integral number(real to int(value of number)) else
PR real number(value of real number);

procedure PRODUCE EXPR CODE(expr);
PR integral number(real to int(expr));

integer procedure real to int (r), value r; real r,
begin integer sgn, i;
real qa;
sgn:= sign (1 / r); r:= abs (r); q:= entier (r / real t26);
ERROR (q # 0, 1045); i:= abs (r — q X real t26);
real to int: —(1f ent1er(q/t1)xt1=q then 1 else i+t26)Xsgn
end real to int;

procedure PR binary number(d26,w);

value d26,w; boolean d26; integer w;

if second scan then

PR integral number (if d26 then t26 + w else W);

procedure PR integral number(i); value i; integer 1i;
if second scan then
Pegin cntr:= entr + 1; words[entr]:= i
if centr = 1 then address 0ld:= address counter;
If cntr = 517 then PUNCH;
PRINT octal(9,i,false) -
EEQ PR integral number;

procedure PR real number(r); value r; real r;

begin real array R[1:1];
integer array I[1:2];
R[T]:= r; TO DRUM(R, 15359C); FROM DRUM(I, 153598);
PR integral number(I[1]); Add to ad cntr(1); PRINT LINE;
PR integral number(I[2])

EEE PR real number;

procedure PRINT octal(n,x,punch);
value n,x; integer n,x; boolean punch;
begin boolean neg;
integer pd, digit, i;
neg'— T / x < 03 if neg then ERROR (n < 9, 1060); x:= abs (x);
=8N (n—1);7if x > pB X 8 then
begln ERROR (true, 7065); x:= x = x : (p8 x 8) x (p8 x 8) end;
if Tirst scan = second scan then
Pegin PRSYM(apostrophesymbol);
if punch then PUSYM(apostrophesymbol)
end;
If n= 6 then i:= 2 else if n = 9 then i:= 13;
For p8:= 03, p8 8 while p8 £ 0 do
Pegin digit:= T P8 xi= x — digit X p8;
digit:= if neg then T — digit else digit;
if first scan = second scan then




1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
162L
1625
1626
1627
1628
1629

1630 .

begin PRSYM(digit); if punch then PUSYM(digit) end else
begin line buffer[ili= digit; 1:= i+1 end;

end;

If first scan = second scan then

begin PRSYM(apostrophesymbol);
if punch then PUSYM(apostrophesymbol)

end;

end PRINT octal;

integer cntr, address old;

boolean IP;

integer array words[1:511];

procedure PUNCH;
Eﬁ TP then punch IP else punch BI;

procedure single IP (word); value word; integer word;
begin integer q, hep;

it 1/ word > 0 then q:= t6 else
begin q:= t6 + t5; word:= word — t26 end;

hep:= word : t21; word:= word —~ hep X t21; PUHEP (q + hep);
hep:= word : t14; word:= word — hep X t1l4; PUHEP ( hep);
hep:= word : +t7; PUHEP (hep); PUHEP (word — hep X t7)

end single IP;

procedure punch IP;

if Tlinitialization A cntr%o then

begin 1nteger i, cntri;

for 1= 1 s‘tep 1 until 10 do PUHEP(O);
EEE%1:= if address old= O then cntr+1 else cntr;
if cntr > 18 then
" single IP((cntr1 — t8) x t18 + address old + t26 — 1) else
single IP(cntr1 X t18 + address old — 1);
for i:=1 step 1 until cntr do single IP(words[i]);
entr:=0;
ggg punch IP;

procedure single BI(word, c1, c2);
value word, cl, c2; integer word; boolean ci1, c2;
begin integer i, p, q, odd;
integer array hep[1:5];
Di= q:= word; odd:= if gk O then sign(q) else sign(1/q);
if odd= —1 then - ]
begin hep[5]:= 4; p:= q:= q—t26 end else hep[5]:= 0;
for i:= 1 step 1 until 26 do
begin odd:= EVEN(q)xodd; q:= q: 2 end;
Q:= D5
for i:= 1 step 1 until 4 do
begin q:= q: 64; heplil:= p—ax 6U4; p:= q end;
hepl5]:= hep[5]+p+(1f odd = 1 then 32 else 0)+
(1f c1 then 16 else 0)+(if c2 then 8 else O),

61
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1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
. 1641
1642
1643
16LL
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
167h
1675
1676
1677
1678
1679
1680
1681

comment

for i:= 5 step —1 until 1 do PUHEP(hep[i])
end single BI;

procedure punch BI;

if 7 initialization A cntr # 0 then

begln integer i, cntri;

for i:= 1 step 1 until 10 do PUHEP(0);

‘entri:= if address old= O then entr+1 else cntr;

if cntr> " t8 then
" single BI(({cntri—t8)xt18+address old+t26—1,true,true) else
31ngle BI{(cntr1 X t18 + address old — 1, true, truef,'

for i:= 1 step 1 until cntr do single BI(WO——'D] Talse,false);

cntr:= O,

end punch BI;

procedure Add to ad cntr(i); value i; integer i;
begin if address counter<O V address counter>sixty four K then
" begin fixt(12,0,address counter);
address counter: =0; ERROR( true ,2010)
end;
IFf 1f1 A i}0 then PUNCH; PR ad cntr;
address counter:= address counter + i

end Add to ad cntr;

12. Some Boolean prdcedures.

Algorithm:;

boolean procedure is adding operator(s); value s; integer s;
is adding operator:= s = plus symbol V s = minus symbol;

boolean procedure is PZE symbol(s); value s; integer s;

is PZE symbol:= P symbol V s = Z symbol V
E symbol V s = PZE symbol;

[

s

boolean procedure is UYN symbol(s); value s; integer s;

is UYN symbol:= U symbol V s = Y symbol V s = N symbol V
YN symbol V s = UYN symbol;

)

boolean procedure is register symbol(s); value s; integer s;
begin

procedure A(r,i,v); value r,i,v; integer r,i,v;

if 8 = r then

ngin is register symbol:= true; index of register:= i;
value of register:= v; goto end

end A; -

is register symbol:= false;
A(F symbol,1,57); A(G symbol,2,58); A(A symbol,3,59);



1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732¢
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A(S symbol,k4,60); A(B symbol,5,61);
end:
end;

boolean procedure is operator symbol(s); value s; integer s;

is operator symbol:= s = plus symbol V s = minus symbol V
times symbol V s over symbol V
equals symbol V s = logic plus symbol V
logic times symbol;

towonon

S
S
S

boolean procedure is letter(s); value s; integer s;
is letter:= 10 < s A 5 < 35;

boolean procedure is digit(s); value s8; integer s;
is digit:= 0O <sAs< 9;

boolean procedure is layout(s); value s; integer s;
is layout:= s = space symbol V s = tab symbol;

boolean procedure is stat sep(s); value s; integer s;
is stat sep:= s = nlcr symbol V s = semicolon symbol V
8 = quote symbol;

integer procedure index of operator(s); value s; integer s;

index of operator:= if s = plus symbol then 1 else
if s = times symbol Then 2 else
if s = over symbol Then 3 €lse
if s = equals symbol Then U4 else
if s = logic plus symbol then 5 else
If s = logic times symbol Then 6 else

ERROR( true ,2020);
comment:

13. Treagtment of Errors.

Algorithm:;

boolean CHECK fault;
integer procedure ERROR(B,n); value B,n; Boolean B; integer n;
if B then
begin PRINT LINE;
T PRINTTEXT (ferror nr :}); ABSFIXT(L,0,n);
PR synt unit ( synt unit ); ERROR:=1;
if first scan then
begin SPACE(50 — printpos); ABSFIXT(6,0,line number) end;
PRSYM(nlcr symbol)
end ERROR;

integer procedure CHECK(s,n); value s,n; integer s,n;
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1733
1734
1735
1736
1737
17368
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
17752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
7T
1775
1776
1777
1778
1779
1780
1781
1782
1783

if synt unit = s then

begin CHECK:= 1; CHECK fault:= false end else

begin CHECK:= ERROR (true, n); PRSYM(nlcr symbol);
PRINTTEXT (¥synt unit should be: }); PR synt unit (s);
PRSYM(nlcr symbol);
CHECK fault:= true

end CHECK;

integer procedure REQUIRE (s, n); value s, n; integer s, n;
begin REQUIRE:= CHECK (s, n); if CHECK fault then
L: begin RE;

if synt unit = s then else
If synt unit = stalement separator V
T synt unit = end symbol then
CHECK fgult:= true else goto L
end
ggg_ﬁﬁQUIRE;

procedure PR synt unit (s); value s; integer s;
if s < 127 then PRSYM (s) else
begin
procedure a(p,r); value p; integer p; string r;
if s = p then
begin PRINTIEXT (r); goto exit end a;

a(begin symbol,&'begin'}); a(end symbol,&‘'end'});
a(SKIP symbol,%'skip'*); a(DYN M symbol,{<dyn m symbol>});
a(logic plus symbol,§'+'}); a(logic times symbol, %'$);
a(statement separator,{<statement separator>});
a(MI' declaration symbol,§'mt'}); a(identifier,{<identifier>});
a(number , f<number>}) ; :
a(function identifier,{<function identifier>$);
PRINT (s); exit:

EEE PR synt unit;

comment :

14, Declaration and initialization of symbols.

Algorithm:;

integer space symbol,tab symbol,nlcr symbol,comms symbol,
G symbol,A symbol,S symbol,C symbol,T symbol,D symbol,B symbol,
M symbol,pr sub symbol,pr bus symbol,times symbol,over symbol,
plus symbol,minus symbol,equals symbol,F symbol,E symbol, -
N symbol,P symbol,Y symbol,U symbol,Z symbol,point symbol,
lower ten symbol,colon symbol,apostrophe symbol,quote symbol,
semicolon symbol, open symbol,sub symbol,close symbol,
bus symbol,letter b,letter e,letter i,letter S,letter M,
begin symbol,end symbol,BI symbol,IP symbol,SKIP symbol,
DYN M symbol,type of DYN M symbol,UYN symbol, YN symbol,
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PZE symbol,logic plus symbol,logic times symbol,
statement separator,MI' declaration symbol, identifier,number,
function identifier,synt unit,underline,bar;

procedure INITIALIZE RESYM;
begin integer nlcr, tab, not, gquestion mark, symcount, hep;

integer procedure stringsym;
begin integer sym;

T: sym:= SIRINGSYMBOL (symcount, {17
T1224297872177 ¢ 223756279 29922022t2vwi?z]

?PQ????????AIWD??GH??:????"??C?EF??IW?W??T#);
symcount := symcount + 1;
if sym = nler V sym = tab then goto L;
if sym = underline V sym = bar then symcount:= symcount + 1;
stringsym:= if sym = not then dummy code else

if sym = question mark then error code else sym
end stringsym;

not:= question mark:= underline:= bar:= nlcr:= tab:= -1;

dummy code:= —1; error code:= ~2; symcount:= O;

not:=stringsym; question mark:=stringsym; underline:=stringsym;
stringsym; bar:= stringsym; nlcr:= stringsym; tab:= stringsym;
lower case:= 122; upper case:= 124;

lower case code:= 0; upper case code:= 128;

for case code:= lower case code, upper case code do

For hep:= 0 step 1 until 127 do -
symcode[case code + hep):= stringsym;

symcode[lower case code+26]:=symcode[upper case code+26]:=nlcr;
symcode[lower case code+62]:=symcode[upper case code+62]:=tab;
symcode [upper case code+6l]:=not;

symcode[upper case code+91]:=question mark;

case code:= lower case code

end INITIALIZE RESYM;

procedure INITTALIZE symbols;
begin integer 1i;

procedure R(s); integer s;
begin L: s:= RESYMI1; if s = space symbol V s = tab symbol V
s = nler symbol V s = comma symbol then goto L
else if 37 < s A s < 62 then s:= s — 27
exd R T T -

procedure P(s); integer s;
s:= 1:t=1 + 13
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1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
18L4L
18L5
1846
1847
1848
18L9
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884

INITIALIZE RESYM;
space symbol:=RESYM1; tab symbol:=RESYM1; comma symbol:=RESYM?;
nlcr symbol:= RESYMI1;
R(G symbol);R(A symbol); R(S symbol); R(C symbol); R(T symbol);
R(D symbol);R(B symbol); R(M symbol); R(pr sub symbol);
R(pr bus symbol);R(times symbol);R(over symbol);R(plus symbol);
R(minus symbol); R(equals symbol); R(F symbol); R(E symbol);
R(N symbol); R(P symbol); R(Y symbol); R(U symbol);R(Z symbol);
R(point symbol);R(lower ten symbol); R{colon symbol);
R(apostrophe symbol); R{quote symbol); R(semicolon symbol);
R(open symbol); sub symbol:= open symbol; R{close symbol);
bus symbol:= close symbol; R(letter b); R(letter e);
R(letter 1); R(letter S); R(letter M);
it= 127; ,
P(begin symbol);P(end symbol); P(SKIP symbol); P(DYN M symbol);
P(UYN symbol);P(YN symbol);P(PZE symbol);P(logic plus symbol);
P(logic times symbol); P(statement separator);
P(MT declaration symbol);P(identifier); P(number);
P(function identifier);P(BI symbol); P(IP symbol)

ggg INITIALIZE symbols;

comment

15. Other auxiliary equipment.

Algorithm:; R

integer array block[0:50], ELAN 1ine[1:200], line buffer[—1:200];
boolean first scan,second scan,initialization,declaration,
minus for right operand,new identifier,
not behind last end, punch list;
integer declared,cntr of begins,block number,nr of begins,
sixty four K,MI' declared and defined,MI declared,
type of number,real type,integral type,octal type,UYN,PZE,
index of register,value of register,right operand,
left operand, operator,register,fctn,type of identifier,
value of identifier,type of function identifier,
number of functions,t0,t1,t2,t3,th,t5,t6,t7,t8,t9,t10,t11,t12,
t£13,t14,115,t16,t17,t18,t19, t20, t21,t22, t23, t2h, 25, 126,
symbol,next symbol,reading ptr,ptr of text,max of ELAN line,
line number,max of num,max block number,line counter,
fill pointer;
real value of operand,value of number,value of real number,
address counter,real t26;

procedure INITIALIZE other variables;
begin real ti;

real procedure d;

begin d:= ti; ti:i=ti X 2 ggg d;

declared:= 10; MI declared:= 11; MI declared and defined:= 12;



1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935

real type:= 1; integral type:= octal type:= 2;

ti :=1; t0 :=d; t1 :=d; t2 :=d; t3 :=d; th :=d; t5 :=d;
t7 :=d; t8 :=d; t9 :=d; t10:=d; t11:=d; t12:=d; t13:=d;
t15:=d; t16:=d; t17:=d; t18:=d; t19:=d; t20:=d; t21:=d;
t23:=d; t2h:=d; t25:=d;

real t26:=d; t26:= 1 — real t26;

sixty four K:= t16; max of ELAN line:= 200;

max of buffer:= min of drum:= t12;

max of drum:= 37.5 X max of buffer — 1;

max of inf list:= 22 X £10;
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t6 :=d;
tih:=d;
t22:=;

pointer of ptr of inf list:=ptr of inf list:=1;max of num:=0;
end fetn part:= 10 000; contents of[ptr of inf list]:= 0;

line pointer:

= drum pointer:= O;
place enough:= I

P:= true;

line buffer| 1]:
1line buffer[22]:
line buffer[ 9]:
line buffer[10]:
line buffer[24]:

line buffer{ 8]:= line buffer[12]:
apostrophe symbol;

colon symbol;

line buffer[11]:= line buffer[23]:
space symbol;

begin integer p,m,n,A,i,s;
boolean end;

LO: i:= O; declaration: -true,

L1: s:= RESYM1; if 37 < s A-s < 62 then s:= s — 27;
if 7 is letter(s) then goto L1;

ni= Ar= 03 p:= ptr of inf list; i:t= i + 1;
12: ni=n + 13 Ai= A X t6 + s + 13 s:= RESYM1;
if 37 < s A s < 62 then s:= s — 27;
end:= TI(is letter(s) V is digit(s));
ifn=n:U4XL.4V end then
begin p:= p + 1; ERROR(DP > max of inf list,2000);

contents of[pl:= A; A:= 0
end,
1f 1 end then goto 12;

= p — ptr of inf list; contents of[ptr of inf list]:

contents of[pl:= contents of[p] X t6 N (m X 4 — n);

A:=if s = open symbol then t8 else

if s = close symbol then t9 else

if s = over symbol then t10 else 0;

if ptr of inf list = 1 Then

Eggin
pointer of ptr of inf list:

ptr of inf list:= ptr of inf list + p;
STORE in contents of(st(st(st(O0,
0

2
0),
STORE in contents of(st(0,

i+ A4))
)

I n

end else

=m;
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1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
19hT
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
198L
1985

1986 *

begin if line counter > 4 then

begin integer i}

STORE letgits with(i + A);
if s § semicolon symbol then goto'L1;
mumber of functions:= i; end fctn part:=ptr of inf list — 1;
declaration:= false
end

end INITIALIZE other wvariables;

comment

16. Printing equipment.

Algorithm:;

procedure PR ELAN SYM(s); value s; integer s;

if linenumber < O then
begin Eﬁ s=nlcr symbol then line number:=line number+] end else
if s = nler symbol then line counter:= line counter + 1 else

~ begin PRINT LINE;
line buffer[0]:= linenumber:= linenumber + line counter;
if second scan A LINE NUMBER f 1 then NEW PAGE;
Fill pointer:= 24; line counter:= 0
end else
if 1ine counter > 0 then
begin for line counter:=line counter-l1 while line counter>0 do
begin PRINT LINE;

line buffer[0]:= linenumber:= linenumber + 1

end;
T fill pointer:= 24; line counter:= 0
end:
If second scan then
begin fill pointer:= f£ill pointer + 1;
line buffer[fill pointer]:=s;
if £il1 pointer = 200 then
begin PRINT LINE; fill pointer:= 24 end
end;
if s = semicolon symbol then PRINT LINE
end d PR ELAN SYM;

procedure PR ad cntr;

if second scan then PRINT octal(6, address counter,false);

procedure PRINT LINE;
if second scan then

if 1ine buffer[0] > O then

begin ABSFIXT(6,0,Tine buffer[0]); line buffer[0]:=—1

end else space(B),

if 1ine buffer[Q] >0 then

begln for i:= 1 step 1 until 11 do PRSYM(1ine buffer[il]);
T 1ine buffer[EJ =1




1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035

2036

2037

end else

If 1ine buffer[—1]>2 then

begln ABSFIXT(6,0,1line buffer[—1]-2);
T 1ine buffer[—1] =1; SPACE(3)

end else SPACE(11);

If 1ine buffer[13] > O then

begin for i:=12 step 1 until 24 do PRSYM(line buffer[il);
" 1ine buffer[13]:=1

end else SPACE(13);

Ffor 1:=25 step 1 until fill pointer do

begin PRSYM(1ine buffer[il); if line “buffer[ilktab symbol then

1ine buffer[i]:=space symbol
end;
PRSYM(nlcr symbol)

end PRINT LINE;

procedure PR list(entry); integer entry;

begin comment This procedure prints out the interesting part of

the namelist. If you want it punched, please punch after the
last 'end' the symbols '"nl".;
integer 1,91,92,93,qk4,marge;

procedure p Sym(q); value q; integer q;
if @ F -1 then P(q);"

procedure P(q); value q; integer q;
begin PRSYM(q); if punch 1ist then PUSYM(q) end P;

procedure 5(q); value q; integer gq;
begin integer end space;
end space:= prlntpos + g3
L: if((printpos + 1) : 8 + 1) X 8 < end space then
begin TAB; if punch 1list then PUSYM(tab symbol);
goto L
end else
Pegin if punch list then PUSPACE(end space — printpos);
SPACE(end space — printpos);

end
end S5;

procedure A(n,m,x); value n,m,x; integer n,m; real x;
begin ABSFIXT(n,m,x); if punch 1ist then ABSFIXP(n,m,x) end A;

procedure F(n,m,x); value n,m,x; integer n,m; real x;
begin FIXT(n,m,—x); if punch list then FIXP(n,m,x) end F;

procedure pr list(entry1); value entryl; integer entry1;
if entryl k£ O then ] .
begin integer num;

boolean write;

procedure PRINT name;

69
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2038 for i:= 1 step 1 until num do

2039 begin gb:= contents of [entryl + il;

2040 a3:=qlt : t6; g2:=q3 : t6; ql:=q2 : t6;

2041 gl:=qli =g3 x t6 — 1; @3:=q3 — g2 X t6 — 1;

20kL2 q2:=g2 —q1 X t6 — 1; ql:=q1 — 1;

2043 p sym(a1); p sym(a2); p sym(q3); p sym(qk)

2oLk end PRINT name;

20kL5 -

2046 num: = contents of[entryl]; write:= false;

2047 pr list(contents of[entryl + num + 1]);

2048 if entryl > end fctn part then

20k9 begin -

2050 procedure pr inf(entry2); value entry2; integer entry?2;
2051 if entry2 # 0 then

2052 begin integer bBlock, type, value, line, cc;

2053 procedure PRINT value;

2054 begin integer i,pointer;

2055 integer array ar[1:18];

2056 procedure store in ar(information);

2057 value information; integer information; ;

2058

2059 integer procedure st(x,y); value x; integer x,y;
2060 begin pointer:=pointer+1;ar[pointer]:=y;st:=0 end st;
2061 , ”"
2062 pointer:= 0; -

2063 if type = 1 then store in ar(st(st(0,

2064 - M symbol),

2065 pr sub symbol)) else
2066 if type = 2 then store in ar(st(st(st(st(0,

2067 - M symbol),

2068 pr sub symbol),

2069 B symbol),

2070 plus symbol)) else
2071 if type = 3 then store in ar(st(0,

2072 - M symbol)) else
2073 if type = 5 then store in ar(st(st(0,

207h - colon symbol),

2075 M symbol)) else
2076 if type =12 then store in ar(st(st(st(st{st{st(st(st(0,
2077 " sub symbol),

2078 apostrophe symbol),
2079 M symbol),

2080 T symbol),

2081 apostrophe symbol),
2082 bus symbol),

2083 M symbol),

208l pr sub symbol));
2085

2086 if type = 1 V type = 2 V type = 4 V type = 12 then
2087 begin if value > t19 — 1 V 1/value< O then ~

2088 - begin S(6-pointer);



T1

2089 for i:= 1 step 1 until pointer do P(ar[l]),

2090 PRINT octal(9,value,punchlist);

2091 P(if type = 4 then space symbol else pr bus symbol)
2092 end else )

2093 begin S(9—p01nter),

209k T for i:= 1 step 1 until pointer do P(ar[il);

2095 PRINT octal(6, value, punchlist);

2096 P(if type = 4 then space symbol else pr bus symbol)
2097 end - —

2098 end else

2099 if type= 3 V type= 5 then

2100 begin integer p,q,qq, '

2101 pi= value : 512; q:= value —512xp-256;

2102 if p> 58 A p< 63 then

2103 ‘store in ar (st(0,

2104 if p=58 then G symbol else if p=59 then A symbol else
2105 If p=60 Then S symbol else if p=61 Then C symbol else
2106 if p= 62 then T symbol else D symbol)) else
2107 If p> 0 Ap< 10 then store in ar(st(0, ~
2108 - T p)) else

2109 if P> 10 A p< 100 then

2110 Pegin qq:= p: 10; store in ar(st(st(0,

2111 B ),

2112 p—agx10))

2113 end; -

2114 ‘store in ar(st(O0,

2115 pr sub symbol));

2116 if g< O then

2117 Pegin store in ar(st(O,

2118 minus symbol));

2119 qQ:= —q

2120 end;

2121 If g< 10 then store in ar(st(st(0,

2122 "' a),

2123 pr bus symbol)) else
2124 if g< 100 then —
2125 Pegin gqq:= q: 10; store in ar(st(st(st(0,

2126 - aq), '

2127 q—qax10),

2128 pr bus symbol))
2129 end else

2130 If < 1000 then

2131 begin qq:= q: 100; store in ar(st(st(st(st(0,
2132 Q) ,

2133 (g—qgx100): 10),
2134 g—q: 10x107,
2135 pr bus symbol))
2136 end;

2137 S(18-pointer);

2138 for i:= 1 step 1 until pointer do P(ar[i])

2139 = end else
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2140
2141
21k2
2143
21kl
2145
2146
21L7
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173

217k

2175
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2190 «

if type= 6 then
begin 8(8); for i:=1,2,3 do P(122); S(7) end else
if type= 10 then
begin 8(9); P(122); S(8) end else
if type= 11 then
Degin S(6); PRINTTEXT(K'mt' 23});
T if punchlist then PUTEXT(K'mt' 73); S(6)
end else
A(16,0,value)
end PRINT value;

block:= contents of[entry2];

type:= contents of[entry 2 + 11];

value:= contents of[entry 2 + 2];

line:= contents of[entry 2 + 3];
= 03

pr inf(contents of[entry 2 + 5]);

begin

procedure pr call(entry3);value entry3;integerentry3;

if entry3 £ O then
begin integer Iine;
if entry3 — drum pointer > O A
T entry3 — drum pointer < max of buffer then else
begin drum pointer:= -
(entry3—1) : max of buffer X max of buffer;
FROM DRUM(LINE,drum pointer)
end;
entry3: =entry3—(entry3-1):max of bufferxmex of buffer;
if entry3 > 0 A entry3 < L4096 ‘then
begin line:= LINE[entry3]; ~
Pr call(LINE[entry3 +1])
end else
T Tine:= 0;
ces= cc + 13 if ce=11 then
begin P(nler symbol);
if LINE NUMBER = 1 then PRINT name;
If printpos < marge + 32 then
S(marge + 32 — printpos) else
begin P(nler symbol); S(marge + 32) end;
cee:= 1 -
end,
if line > O then A(6,0,line) else F(6,0,line)
end pr call;

if block k 1 A block k 2 then

begln if 7 write V LINE NUMBER = 1 then
begln n write:= true, PRINT name end;
if printpos < marge then S(marge — printpos) else
begin P(nlcr symbol); S(marge) end; '
PRINT value;
if block § O then A(k4,0,block — 2) else F(4,0,0);



2191
2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
220kL
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2002
2223
2024
2225
2206
2227
2208
2229
2230
2031
2232
2233
2234
2235
2236
2237
2238
2239
2240
22k 1

&

73

if line > O then A(6,0,1line) else F(6,0,line);
7r call(contents of[entry2 + L]);
P(nlcr symbol)
end
end
end pr inf;
pr inf(contents of[entryl + num + 3])
end;
write:= false;
pr list(contents of[entryl + num + 2])
Eﬂg pr list;

marge:= max of num X L4; if marge > 20 then marge:= 20;
if punch list then - -
begin for i:= 1 step 1 until 5 do RUNOUT;
ABSFIXP(2,0,marge); PUNLCR
end;
pr list(entry)
end PR list;

comment :

17. The main program.

Algorithm:; ‘ -

begin

procedure START block;

begin not behind last end:= true; declargtion:= false;
pr tape symbol:= space symbol; reading ptr:= ptr of text:= 0
NS deferred:= true; CHECK fault:= false;
address counter:= O; line counter:= cntr:= O

L: RE through barrier; if synt unit % begin symbol then goto L

end START block; - -

PRINTTEXT (fmc elani assembler d.d. 01 O4 T1});
stringsymcount:= endsymcount:= O; from string:= true;
INITTIALIZE symbols; INITIALIZE other variables;
initislization:= first scan:= true; second scan:= false;
cntr of begins:= 03 linenumber:= — 11;

block[entr of begins]:= max block number:= nr of begins:= 0;
START block;

INITIALIZE inf words; initialization:= false;

count3:= triple:= 0; t8i:= t0; buffer ptr:=0;

drum ptr:= min of drum; nr of begins:= —1;

START block; RE ELAN block; PR ELAN SYM (pr tape symbol);
for count3:= count3, count3, count3 do stow into buffer (0);
BUFFER TO DRUM; -

first scan:= false; second scan:= IP:= true;

cntr of begins:= max block number:= 1; nr of begins:i= ~1;
linenumber:= —11; fill pointer:=24; line buffer[0]:= 1;
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2242 line buffer[2]:= line buffer[—1]:= line buffer[13]:= -1;
2243 count3:= 3; buffer ptr:= max of buffer; drum ptr:= min of drum;
o2Ll NEW PAGE; RUNOUT; RUNOUT;

2245 START block; RE ELAN block; PR ELAN SYM (pr tape symbol);
2246 PR ELAN SYM(nlcr symbol); PR ELAN SYM(space symbol);

22l7 PUNCH; if IP then single IP (0) else single BI(O true,true);
2248 TO DRUM{LINE,drum pointer); NEW DPAGE;

2249 second scan:= false;

2250 begin integer hep1, hep2; -

2251 hepl:= pr tape symbol; hep2:= REHEP; punch list:= false,
2252 L:if hep2-hepi=2 V hep2—hep1—96 then punch list:=true e else
2253 If rehep available then

2254 Pegin hepl:= hep?; hepd:= REHEP; goto L end

2255 end; -

2256 PR 1ist(1); RUNOUT; RUNOUT

2257 end

2258 end

2259



80 a
80 85 90 91 2x96 2x100

170 & ‘

170 171 3X172  2X173
493 a

2xho3 Lol
496 a

2xho6 Lot
L99 a

L9g 2x500 507
503 a

3%503 504 505
1754 a

1754 2x1758 2x1759 2x1760 1761 2Xx1762 1763 1764
597 A

597 599 2x600 2x604 635 2x636
1674 A

1674 3x1681 2x1682

1906 A
1906 1911 2x1912 2X1917 1922 1933 1936

2027 A ;
2027 2148 2181 2190 2191

— abs

1098 151k 1538 1539 1568

— ABSFIXP
2028 2206

— ABSFIXT
1725 1728 1982 1989 2028

1877 addresscounter
166 186 190 L5k 1551 2x1647 1648 1649 2x1652 1877
1976 2222

1589 addressold
1551 1589 1609 1611 1612 1638 1640 16L1

1646 Addtoadentr
193 259 267 274 278 293 1560 1646

IS

75



76

954 aftercomparison
o7 950 95k

156 again
156

527 again
527

600 again
600

684 again
684

703 again
703

T48 again
748

1138 again

177

5h2

606

687

7oL

T4

1138 1140

1151 again

1151 1152

5k 758

1779 apostrophesymbol
653 669 676 689 691 T51
1584 1585 1779 1843 1901 2078 2081

2055 ar

2055 2060 2089 2094 2138

1177 ASSIGN

1177 1190 1197 1203

1775 Asymbol

753 762 1572 1573

U35 610 618 1681 1775 1837 2104

1018 aux

1018 1021

1018 auxiliarypointer
1018 1021 1023

493 b

x93 hoh

L96 b

«  2xbo6 Lot
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499 b
499 2x500 507

503 b
3x503 504 505

1177 B
1177 1178 1179

1722 B
3x1722 1723

1786 bar
1786 1802 1807 1810

1782 beginsymbol
38 269 579 658 1758 1782 1848 2223

1782 BIsymbol
261 659 1782 1852

1861 block
22 33 990 1136 1861 2231

2052 block -
2052 2151 2x2184k 2x2190

1865 blocknumber
20 22 28 30 33 6L9 1134 1136 1865

878 vlocknumber
878 2x879 893 89k 909 916 918 926 968 981
99k

882 blocknumberintree
882 975 977 981 990 998

1775 Bsymbol
345 459 610 1682 1775 1838 2069

1051 buffer
1051 1060 1063 1080 1087 1096 1103

1102 BUFFERFROMDRUM
1095 1102

1049 bufferptr
10L9 1056 1060 1063 2x106L4 2x1078 1079 1080 1088 2x1094
1095 1096 1104 2234 2243



T8

1085

1781

1617

1617

567

2052

1732

1720

1780

1589

1607

1636

1865

812

1779

1774

BUFFERTODRUM
1080 1085 2238
bussymbol
194 Lh2 463 U466 750 780 798 1781 1845 2082
cl
1617 2x1618 1630
c?
1617 2x1618 1630
casecode
567 818 820 821 1813 1815 1820
cc
2052 2155 3x2173 2179
CHECK
38 85 117 253 282 2x1138 1141 1149 1732 1734
1735 17h2
CHECKfault
113 132 2x577 1720 1734 1738 1742 1747 2221
closesymbol
347 368 L28 1780 1844 1845 1923
cotr
3x1550 1551 1552 1589 1606 2x1609 1610 1613 161k 1635
2x1638 1639 1642 1643 2222
centrl
1607 1609 1611 1612
entri
1636 1638 1640 1641
cntrofbegins
2x21 22  2x32 33 989 2x1135 1136 2x1141 1865 2230
2231 2240
code
812 814 821 822 823 824
colonsymbol
156 185 276 L1k 1779 1842 1902 207h
commasymbol

109 110 129 130 282 287 1138 1152 1774 1827
‘1835



939

1499

1L99

1499

1499

873

1049

1775

1881

1145

1543

1120

1116

1120

1119

1862

9

COMPARE
939 972

cond

1499 1501 3x1502 1503 2x150L4 1505 1506

condforminus

1499 1506 1511

condforPZE
1499 1505 1506 1510

condforUYN
1499 1503 1504 2x1509

contentsof
90 91 2x96 2x100 119 120 161 163 166 171
6ok 607 648 873 888 892 897 898 937 9Lo
ok3 9oulk 956 959 975 984 991 993 997 999
1022 1896 1917 1920 2x1921 2039 2046 2047 2151 2152
2153 2154 2156 2192 2197 2200

count3l
10L9 1055 1064 2x1068 107h 2x1076 1081 1093 1096 2%X1099
2234 Ux2237 2243

Csymbol
W37 618 1775 1837 2105

da
1881 1882 Tx1886 8x1887 8x1888 3x1889 1890

d26
1145 1158 1183 1186

de6
1543 2x154kL 1546

d26fctnop
375 1120 1205 1207

426 INFWORD
314 331 375 1116 152k

d26opopreg
331 1120 1192 1194

d2bregopop
314 1119 1199 1201

declaration

53 57 893 968 980 1862 1908 1939 2219
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1865 declared
100 160 164 Ls2 L72 890 914 1865 1884

1144 DEFINEINFWORDS
291 1144

1567 digit
1567 2x1577 3x1578 2x1580 1581

874 drumpointer
87L 1028 1034 1035 1036 2x1037 1040 1041 1897 2161
2162 2163 2165 2248

1050 drumptr
1034 1040 1050 1057 2x1059 1060 1086 1087 2x1088 1103
2x1104 2235 2243

1775 Dsymbol
439 618 1775 1838 2106

568 dummycode
568 822 1803 1808

1177 dwl
1177 1178 1183

1177 dw2
1177 1178 1186

1114 DYNadop
319 418 1114 1131 1171

1783 DYNMsymbol
430 621 625 638 1759 1783 1848

1113 DYNoperand
418 432 471 473 1113 1130 1170 1181

524 el ,
524 526 2x534 535 537 538 539 5h1 5Lk

1861 ELANline
776 794 1861

522 elevator
522 523 526 534 535 537 538 539 Sh1 5hh
25T

598 end
598 601 602 606

&



1683 end
1677 1683

1907 end
1907 1914 1915 1919

368 END
350 368

‘L66 END
463 L66

558 END
558

652 END
613 622 626 631 639 643 645 652

1163 END
1156 1163

875 endfctnpart
875 907 976 1004 1896 1938 20L8

82L endresym ’ -
814 82k

1071 endskipspace
1058 1071

2016 endspace
2016 2017 2018 2022 2023

827 endstringsym
814 827 835

1782 endsymbol
26 24L 271 575 581 662 670 764 1141 1746
1758 1782 1848

569 endsymcount
569 829 832 2x833 834 2227

— entier

1538 1540

2003 entry
2x2003 2208

2033 entryl
« 3x2033 203L 2039 2046 2047 2048 2197 2200



82

2050 entry2
3%2050 2051 2151 2152 2153 2154 2156 2192

2158 entry3
3x2158 2159 2161 2162 2164 3x2167 2x2168 2169 2170

1777 equalssymbol
87 1689 1709 1777 1840

1722 ERROR

81 86 106 118 126 159 164 188 189 2is
288 300 310 319 320 328 356 363 370 419
hoo oxhbly 450 U452 W60 L69 L7 553 603 660
666 669 676 685 687 689 695 T02 T5L 757
793 816 823 832 1020 1040 1041 1086 1154 1159
1163 1171 1208 1507 1509 1510 1511 1513 1539 1568
1570 1649 1712 1722 1726 1735 1916

569 errorcode
569 823 1804 1808

1777 Esymbol
610 6Uh 1522 1666 1777 1840

— EVEN
1625

1765 exit
1756 1765

1532 expr
1532 1533

2030 F
2030 2181 2190 2191

1869 fctn
338 339 3x340 3x341 2x342 374 375 1204 1205 1206
1207 1869

1115 fetninstruction
376 1115 1133 1202

1118 fctnop
374 1118 1129 1204 1206

1091 fetchfrombuffer
791 1091 1098

1875 fillpointer -
“ 1875 1957 1964 2x1967 1968 1969 1970 1996 2241



882

1862

522

>

1777

1786

1500

1775

812

1597

1620

1789

firstadministrationcell
882 887 888 892 897 898 97k 975 985 991
993 996 997 999

firstscan
86 89 99 117 158 272 787 839 980 1571
1579 1583 1727 1862 2229 2239
FIXP
2031
fixt
16L8
FIXT
2031
floor
32522 523 526 528 530 534 535 537 538 539
541
FROMDRUM
1060 1103 1559 2165
fromstring -
571 805 807 2227
Fsymbol
610 1681 1777 1840
functionidentifier
285 1005 1764 1786 1852
functionpart
1500 1502 1515
Gsymbol
U3h 610 619 1681 1775 1837 2104
hep
812 813 815 13x816 817 819 821
hep
1597 3%x1600 3X1601 3x1602
hep
1620 2%x1623 1628 2x1629 1631
hep

1789 1814 1815

&

83
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2250 hep]
2250 2251 2x2252 225k

2250 hep2
2250 2251 2x2252 2x225h

597 i
597 610 2x613 618 620 622 -

679 i
679 683 2ox684 687 688

70b i
700 702 2xT704k 705

883 i
883 ok2 943 9hk 989 990

1123 i
1123 112k 1125 1126 1127 1128 1129

1146 1
1146 2x1148 2x1151 1155 3%x1159 1163 1167 1168 1169 1170
1171 1180 1182 1186 1191 1192 1198 1199 120k 1205

1536 1
1536 1539 2x1540

1548 i
3x1548 1550 1553

1567 i
1567 2x1575 3x1581

1607 i
1607 1608 2x1613

1619 i
1619 162k 1627 1628 2x1631

1636 1
1636 1637 2x1642

1646 1
3IxX16L6 2x1651 1652

1674 i
3X1674 1676

1824 4 °
. 1824 2x1832 1847



1906

1980

2007

205k

1558

700

501

501

501

501

1785

1705

1868

1010

1027

1008

2056

1906 1908 2x1911 1933 1936 1938

1980 2x1985 2x1993 1996 2x1997 1998

2007 2038 2039 2205

e

e}

2054 2x2089 2x209L4 2x2138 2141

1558 1559 1560 1561

i1

700 2X710 713 Tik 722

ia

501 507 508
ig2

501 513 51tk
ib

501 507 508
ib2

501 513 514
identifier

81 84 85
1762 1785 1851

indexofoperator
303 305 323

indexofregister

2x510 513 514 515

215

2x510 513 514 515

215

117 156 182

325 1705 1706

299 329 1676 1868

inf

1010 1013
inf

3IX1027

information
1008 1009 1013

information
. 2056 2x2057

187 ub7 L4L9 1005

85



86

111k

1862

1122

1879

1788

1823

1214

701

1867

1590

1782

1661

1695

1698

1692

1686

1664

INFWORD
313 330 374 1114 2x1501 1502 1507

initiglization
272 291 57h 629 641 727 T73 T89 1606 1635
1862 2229 2233

INITIALIZEinfwords
1122 2233

INITTATLIZEothervariables
1879 2228

INITIALIZERESYM
1788 1834

INITIALIZEsymbols
1823 2228

Initstringsym
805 1214 1215

integer

701 705 T10 T13 2X719

integraltype
hoo 682 708 722 1528 1867 1885

IP
262 26L 1590 1594 1898 2239 2247

IPsymbol
263 663 1782 1852

isaddingoperator
2h9 301 321 T18 1661 1662

isdigit
585 601 624 2x637 678 687 698 T02 703 T10
1695 1696 1914

islayout

778 795 1698 1699

isletter

585 596 601 654 668 1692 1693 1910 1914

isoperatorsymbol

300 320 1686 1687

¥sPZEsymbol
288 166L 1665



1672 isregistersymbol
298 328 385

1701 isstatsep
756 767 1701

1668 1isUYNsymbol
280 1668 1669

1123 J
1123 112k 1125

501 k
501 511 512

1123 k
1123 1124 1125

584 T,
584 586

T62 L
762 765 768

T3 L
173 778

786 L
786 795

813 L :
813 818 820

1156 L
1156 1162

1743 L
1743 1707

1792 L
1792 1801

1826 L
1826 1827

2018 L
2018 2020

2223 L
2x2223

&

1672 1676 1680

1702

1126 1127 2x1129

1126 1127

822 823

87



88

2252 L
2252 2254

1908 10
1908

85 L1
8 112

1909 L1
1909 1910 1937

117 L2
117 131

728 12
2x728

1912 12
1912 1919

734 13
34 735

668 LA
2x668 -

1869 leftoperand
317 318 2x319 330 331 1190 1193 1194 1869

700 length
700 702 2x704 713

1781 letterb
656 1781 1845

1781 lettere
658 662 753 1781 1845

1781 letteri
659 663 1781 1846

1781 letterM
665 1781 1846

1781 letters
664 1781 1846

2052 line
2052 2154 3x2191
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2160 line
2160 2169 2172 3%2181

873 LINE
2x173 873 1036 1045 2165 2169 2170 2248

1861 linebuffer
22 29 30 1581 1861 3x1900 1901 1902 3x1903 1904
1955 1962 1968 1981 2x1982 1984 1985 1986 1988 1989
1990 1992 1993 1994 2x1997 1998 2241 3x22h2

1874 linecounter ,
187h 2x1952 1953 1955 1957 1959 3x1960 196k 2222

1874 liﬁenumber
920 921 931 1728 1874 1950 2x1951 2xX1955 2x1962 2230
2241

-~ LINENUMBER
1956 2175 2185

875 linepointer
875 1028 2x1032 1033 1038 1045 1897

499 logicoperation
Lol kg7 L99 517

1784 logicplussymbol
529 536 674 1689 1710 1760 1784 1849

496 logicprod
496 L97 S5h1

493 logicsum
493 kLol 537

1784 logictimessymbol
531 540 675 1690 1711 1760 1784 1850

T47 LOOKAHEADsubtextbus
184 77 749

567 lowercase

567 817 1811

568 lowercasecode
568 818 1812 1813 1816 1817 1820

715 LOWERTEN
109 7115
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1779 lowertensymbol
699 T09 715 1779 1842

597 m
597 2x607 648

1906 m
1906 2x1920 1921

2027 m
3X2027 2x2028

2030 m
3%2030 2x2031

2007 marge
2007 2176 2177 2178 2x2187 2188 3%x2203 2206

1874 maxblocknumber
2%20 2x1134 1874 2231 2240

1049 maxofbuffer
2x172 1033 1034 1035 1037 1040 1041 1049 1059 1060
1079 1086 1088 1095 1104 1892 1893 2162 2x216L 2x2167
2243 ’ }

1050 maxofdrum
1035 1041 1050 1086 1893

1873 maxofELANline
793 1873 1891

875 maxofinflist
603 875 1020 189k 1916

1874 maxofnum
2x938 1874 1895 2203

1050 minofdrum
1050 1057 1892,2235 2243

716 minus

716 71T T19

1863 minusforrightoperand
302 2x311 322 349 355 2x365 372 381 382 1172
1511 1516 1863

1777 minussymbol
: 251 302 322 380 529 535 550 717 1662 1687
1777 1840 2118
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1776 Msymbol
182 LW7 611 617 637 1776 1838 2064 2067 2072
2075 2079 2083

115 MT
112 115

1785 MIdeclarationsymbol
82 112 115 665 1762 1785 1851

1866 MIdeclared
119 162 165 UL52 U473 1866 1884

1866 MIdeclaredanddefined
126 163 U453 L6B 1866 1884

597 n
597 599 2x600 2x602 608 615 634 648

1564 n '
1564 2x1565 1568 1569 2x1575

1722 n
3x1722 1725

1732 n ’ -
3X1732 1735

1741 n
3X1741 1742

1906 n '
1906 1911 2x1912 2x1915 1921

2027 n
3%2027 2x2028

2030 n
3%2030 2%x2031

250 neg
250 251 25k

680 neg
680 682 688

1566 neg
1566 2x1568 1578

502 nega.
502 508 509 510

£
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502 neghb
502 508 509 510

1863 newidentifier

86 118 159 188

906 NEWIDENTIFIER
906 970 986 99k

883 newletgits
883 oLL ghs 949

880 newnum

880 937 2x938 2x9k1

- NEWPAGE
1956 22k 2248

989 next
989 1000

1873 nextsymbol
156 183 185 748
1789 nler
1789 1801 1807 1810

1774 nlersymbol
726 728 T35 807
1729 1735 1737 1774
2178 2188 2193 22L6

1145 not
1145 1155 1157 1158

1789 not
1789 1803 1807 1809

1864 notbehindlastend
578 587 1864 2219

1865 nrofbegins

450 886 890 912 1863

952 953 963

750 751 2x753 756 797 1873
1816

832 833 1054 1072 1156 1702
1827 1836 1951 1952 2000 2174

1818

2x580 2x582 583 670 1865 2231 2235 22L0

771 NS
586 593 600 65L
689 703 TI12 TIT
1156

571 NSdeferred
o7

£

657 668 670 675 676 687
718 728 T34 739 768 TT1

592 593 T29 2221



1778 Nsymbol

881

2035

1785

1871

880

1867

1619

885

880

L5

503

499

1780

1869

1118

1115

num

num

611 630 642 1519 1669 1778 1841

881 91 9u2

2035 2038 2046 2047 2197 2200

number

gug 252 253 L421 681 708 1138 1140 1763 1785
1851

numberof functions

1128 1871 1938

numintree

880 940 2x941 952 953 956 960 984

octaltype

odd

OLD

1528 1867 1885

1619 1621 1622 2x1625 1629

IDENTIFIER
885 982 990

oldletgits

op

op

880 943 9k5 9h9

k15 416 Li7 418

503 50k 509 51k

opcode

499 2x500 504 505

opensymbol

276 343 425 1780 2x18Lh4 1922

operator

303 305 313 314 323 325 330 331 1191 1192
1193 1194 1198 1199 1200 1201 1869

opopreg

330 1118 1125 1191 1193

opopreginstruction

2

332 1115 1132 1188

93



9L

1004 OUT
903 910 934 978 100k

1776 oversymbol
531 539 1688 1708 1776 1839 1924

431 p
431 433 2xu3h U35 L36 L37 L38 2xu39 axhlbh hhs
597 p .
597 599 3x603 604 607 648
1619 p
1619 1621 1623 1626 2x1628 1629
1754 p
3X1754 1755
1906 p
1906 1911 3%x1916 1917 1920 2x1921 1928
2100 p
2100 2x2101 2x2102 2x2104k 2x2105 2106 2x2107 2108 2x2109 2110
2112
1831 P
1831 Lx1848 Lx18L9 2x1850 3%x1851 3%x1852
2012 P

2010 2012 2089 2091 209k 2096 2138 2141 2143 217L
2178 2188 2193

1567 p8
1567 2x1569 2x1570 bx1576 2x1577

876 placeenough
93 167 876 1028 1042 1045 1898

875 placeofidentifier
85 119 120 161 163 166 171 875 887 913

1777 plussymbol
303 323 529 534 548 672 674 1662 1687 1706

1777 1839 2070

2054 pointer
205L 3x2060 2062 2088 2089 2093 2094 2137 2138

874 pointerofptrofinflist
874 962 1012 1014 2x1019 1020 1895 1927

&



883 pointertoconnectwith

883 89% 901 923 969 985

881 pointertonextidentifier
881 955 958 912 97k

880 pointinfree
880 937 940 943 956 960 961 972 976 984 .
1004

1778 pointsymbol
698 711 1778 1842

1975 PRadentr
176 1651 1975

1543 PRbinarynumber
1524 1543

1776 prbussymbol
780 798 1776 1839 2091 2096 2123 2128 2135

2158 preall
2158 2170 2192

1949 PRELANSYM
773 1949 2236 2245 2x22L6

547 primary
503 547 2x549 2x551 554

2050 prinf
2050 2156 2197

— PRINT
1765

1548 PRintegralnumber
1529 1533 1546 1548 1560 1561

1978 PRINTLINE
29 1560 1724 1954 1961 1970 1972 1978

2037 PRINTname
2037 2175 2186

1564 PRINToctal
1553 1564 1976 2090 2095

— printpos
1728 2017 2018 2022 2023 2176 2177 2x2187

95
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~ PRINTTEXT
1725 1736 1756 2145 2226

2053 PRINTvalue
2053 2189

2033 prlist
2033 2047 2200 2208

2003 PRlist
2003 2256

1532 PRODUCEEXPRCODE
277 1532

1498 PRODUCEINSTRCODE
292 1498

1527 PRODUCENUMBERCODE
259 1527

1556 PRrealnumber
1530 1556

1776 prsubsymbol ' ‘
779 797 1776 1838 2065 2068 2084 2115

-~ PRSYM
1572 1580 1584 1729 1735 1737 1752 1985 1993 1997
2000 2013

1751 PRsyntunit
1726 1736 1751

567 prtapesymbol
567 T13 776 777 778 T719 780 2x781 2x782 2220
2236 2245 2251

2009 psym
2009 Lx20L3

1778 Psymbol
611 6Llh 1520 1665 1778 1841

874 ptrofinflist
599 2x607 87k 907 913 937 9oklh 961 2x963 98k
993 1011 101k 1021 1022 1023 1895 1896 1911 2x1920
1925 2x1928 1938

1873 ptroftext
. XTT4 T75 T76 2x792 1873 2220



— PUHEP
1600 1601 2x1602 1608 1631 1637

1564 punch
1564 1565 1573 1580 1585

1593 PUNCH
186 266 1552 1593 1651 2247

1634 punchBI
1594 1634

1605 punchIP
1594 1605

1864 punchlist
186L 2013 2019 2022 2028 2031 2090 2095 2146 2204
2251 2252

— PUNLCR
2206

— PUSPACE
2022

— PUSYM
1573 1580 1585 2013 2019

— PUTEXT
2146

1867 PZE :
289 290 1173 1510 1520 1521 1522 1867

1784 PZEsymbol
645 1666 178L 1849

431 q
431 Ll 443 oxhhih  Lhs

29T a
597 604 609 2x616 2x635 6L8

1537 a
1537 1538 2x1539 2x1540

1597 q
1597 1598 1599 1600

1619 q '
1619 Ux1621 2x1623 3x1625 1626 Lx1628

&

9T
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2009 q
3%2009 2x2010

2012 q
3x2012 2x2013

2015 q
3%2015 2017

2100 q _
2100 2101 2116 2x2119 2121 2122 2124 2125 2127 2130
2131 2133 2x2134

597 q1
297_ 609 613 kux616 617 630 2x635 2x636 637 6L2
Ll

2007 q1
2007 2040 3x20L2 2043

597 q2
597 616 620 62L 626 630 2x635 2x636 637 639
6Lho 6Ll

2007 q2 :
2007 2x20h0 2041 2x20k2 2043°

597 43
597 3x636 637 639 62 6uk

2007 a3 :
2007 2x2040 3x2041 2043

2007 qk
2007 2039 2040 2x20L1 2043

2100 qq
2100 2110 2111 2112 2125 2126 2127 2131 2132 2133

1789 questionmark
1789 1804 1807 1809 1819

1779 quotesymbol
692 733 1150 1154 1703 1779 1843

T00 r
700 709 T13 Tik 2xX719 723

1535 r
3x1535 Lx1538 1539



1556 r

3x1556 1559

1674 r

3x1674 1675

1754 r

2x1754 1756

1557 R

1557 2X1559

1825 R

3x1846

573 RE
53

259
305
416
466

1139

86
262
323
L23
LT

1151 2x1208 1743

1873 readingptr
775 2x786 2x792 793

591 READsyntunit

578

291

88
26k

325
Lo6

533

2x59Lh 613 621

113
267
329
428
549

6Lkg 667 673 681

1877 realt26

688 1538 1539 1877 2x1890

1535 realtoint

91

1867 realtype

23507 1529 1533 1535

127
281
338
439
551

2x693

255 712 720 1867 1885

297 REarithmeticinstruction

286

297

37 REblockbegin

23

37 1137

19 REELANblock
19 269 2236 2245

79 REELANdeclaration

Lo

9

132
282
3hk
Ll

>3

99

1825 5x1837 Lx1838 Lx1839 Lx1840 Sx1841 3x1842 3x1843 2x18LL 2x18L45

2X175 2x193 2x195 253
288 289 299 303
346 368 381 387
kh2 L58 459 L6O
7Ll 763 768 1138

79k 1873 2220

625 631 638 643 645
708 T30 2XT736 T39

1540
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2L8 REELANinstruction
22 248 1139

241 REELANstatement
27 241

520 REexpression
193 267 277 354 k427 L4t L65 520 557

336 REfunctionalinstruction

286 336

1869 register :
299 313 314 329 330 331 1191 1192 1193 1194
1198 1199 1200 1201 1869 :

1117 regopop
313 1117 1127 1198 1200

1115 regopopinstruction
315 1115 1132 1196

— REHEP
813 2251 2254

838 rehepavailable
813 838 839 2253

154 RElabelsequence
152 154 155 157 195

181 RElocationandlabels
152 181

151 REmarginalpart
151 242

785 RENS
T8 T50 T52 758 TTT 785

413 REoperand
317 388 413 417 423 L26 W32 L71 W72 LTs
553 1151

43 REpossdeclid
39 43 111 116 131

379 REpossibleminussymbol
306 326 360 379
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1741 REQUIRE
109 129 194 368 L28 Lh2 U466 1741 1742

384 REregisteroroperand
88 308 361 384 386 1388 LuU16

501 res
501 509 2x514 517

881 resultofcomparison ‘
881 9ou6 950 952 956 957 960

811 RESYM
805 811 824

803 RESYM1
788 803 808 1826 3x1835 1836 1909 1912

576 retainoldsyntunit
: 576

T42 REthroughbarrier
25 34 56 ke 2223

1868 rightoperand : ‘
308 309 313 314 346 353 361 362 371 374
375 1197 1200 1201 1203 1206 1207 1868

-— RUNOUT
2205 2x22hl 2x2256

525 s
525 527 3%x529 3x531 534 535 536 538 539 540

8ok s
8ok 805 806 807 808

1053 s
3X1053 1054 2x1066 1067 1072 1075 1081

1661 s
3x1661 2x1662

166L g
3IX1664 2Xx1665 2x1666

1668 s
3X1668 3x1669 2X1670

1672 s
3x1672 1675

&

MATHEMATISEN CEMTRUA

BBLIGTHEG AMSTERDAM
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1686

1692

1695

1698

1701

1705

1732

1741

1751

1825

1831

1906

1949

2015

1862

1780

1536

S
3x1686 2x1687 2x1688 2x1689 1690
s
3X1692 2x1693
S
3%1695 2x1696
S
3X1698 2%x1699
S
3X1701 2x1702 1703
S
3%1705 1706 1707 1708 1709 1710 1711
S
3x1732 1733 1736
S
3X1T41 1742 174k
S
3X1751 2x1752 1755 1765 -
S
2x1825 3x1826 2x1827 L4x1828
S
2x1831 1832
S
1906 5X1909 1910 2x1912 L4x1913 2x191Lk 1922 1923 1924 1937
S
3x1949 1951 1952 1968 1972
S
2015 2088 2093 2137 2x21Lk1 2x2143 2145 2146 2177 2178
2187 2188
secondscan
186 292 356 839 894 1545 1549 1571 1579 1583
1862 1956 1966 1976 1979 2229 2239 2249
semicolonsymbol
726 735 1702 1780 1843 1937 1972
sgn

1536 1538 1540

#



1617

1596

1866

1055

1782

761

177k

1775

1017

2059

1031

2218

1113

sign
1538 2x1621

singleBI
1617 1640 16L1 1642 2247

singleIP
1596 1611 1612 1613 2247

sixtyfourk
1647 1866 1891

skipspace
1055 1068

SKIPsymbol
265 66L 1759 1782 1848

SKIPuntilstatementseparator
2hs 273 761

space
1983
SPACE .
1728 1990 1991 1995 2023
space symbol
1066 1699 1774 1826 1835 1904 1998 2091 2096 2220
2246
Ssymbol
436 611 619 1682 1775 1837 2105
st
908 6x917 6%x925 3x964 1017 1024k 3%1929 1932
st
2114 2117 2x2121 3%x2125 Lx2131
ST
2x899 2x930 1031 1046
STARTblock
2218 2232 2236 2245
STATadop

309 318 362 417 L23 L26 553 1113 1131 1168

1180 1189

2059 2060 2x2063 Lx2066 2071 2x2073 8x2076 2103 2107 2x2110

103



10k

1113

1785

1113

L3
on

2056

1008
1027

878
1053

1790

1212
2l
5k

1780

STATBoperand
346 461 1113 1130 1169 1181

statementseparator
24 55 83 108 128 176 243 270
76L 1149 1745 1761 1785 1850

STAToperand
106 161 189 353 386 L17 Uu57 LéO
1113 1130 1167 1180 1186 1190 1197 1203

statsepallowed
43  oxih 55

statsepbarrier
571 5Tk 743 Tk
storeinar
2056 2063 2066 2071 2073 2076 2103 2107
2117 2121 2125 2131

STOREincontentsof
908 917 925 964 967 1008 1011 1929

storeinL.INE
899 930 1027 1028

STOREletgitswith
6L9 878 1004 1936

stowintobuffer
789 1053 2237

stringsym
1790 1803 3%1809 4x1810 1815

STRINGSYMBOL
829 1215 1792

stringsymcount
1212 1215 2X1489 2227

stsep

24 25 27
stsep

5k 56
subsymbol

>T5 T30

W2 475

2110 211kL

1932

183 Lho U458 T8 TT9 797 1780 18hk 2077



828

179N

1873

270

1789

1786

655

252

1871

1871

1871

1871

105

sym
828 829 832 833 835
sym
1791 1792 2x1801 2x1802 1803 2x180L
symbol
2x585 596 600 2x601 653 654 656 658 659 662
663 664 665 668 669 2x672 6Tk 676 678 682
68L 685 686 687 689 691 692 2x698 699 2XT702
703 04 709 T10 711 715 T17 T18 2x726 728
733 2x735 739 T62 767 T79 1150 1154 1156 1158
3%1160 1873 :
symcode
570 821 1815 2x1816 2x1817 1818 1819
symcount
1789 1792 2x1800 2x1802 1808
syntunit
24y 26 55 81 82 83 84 87 108 110
112 115 128 130 156 176 2x182 187 243 244
2xelg 251 252 261 263 265 269 270 271 2x276
280 281 285 287 288 289 -298 300 301 302
305 320 321 322 325 328 343 345 347 380
385 414 427 Los 430 LLo eoxuh7 449 458 L59
W63 k76 527 SU8 550 2x575 578 5T9 581 2x76h
1140 1152 1726 1733 1744 1745 1746 1786 2223
syntunit
655 658 659 660 662 663 664 665 666 667
670
t
80 88 90
t
552 2X553
t0
512 1175 1871 1886 2234
t1
512 2x513 2x514 1172 1174 2X1502 1505 1506 2x1540 1871
1886
t2
1173 1871 1886
t3

1175 1871 1886



106

1871

1871

1871

1871

1871

10k9

1871

1871

1871

1871

1872

1872

1872

1872

1872

1872

1872

th
1871 1886

t5
2x1501 1599 1871 1886

t6
600 2x616 635 636 648 1598 1599 1871 1886 1912
1921 3x20L40 2x2041 2042

t7 .
815 2x816 2x1602 1871 1887

t8
339 340 3x106L 1066 1070 1075 1081 2x1098 1610 1611
1639 1640 1871 1887 1922

t8i
1049 1058 1064 3x1066 1067 2x1070 3x1075 1081 2234

t9
340 341 1871 1887 1923

t10
341 342 1871 1887 1894 1924

t11
1871 1887

t12
2x635 1871 1887 1892

t13
1872 1887

t1k
2x1601 1872 1887

t15
339 344 370 1512 1519 1872 1888

£16
1872 1888 1891

17
1522 1872 1888

118
1611 1612 16Lo 16L1 1872 1888

19

1171 1872 1888 2087
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1872 t20
1872 1888

1872 t21
1172 1516 2x1600 1872 1888

1872 t22
1872 1888

1872 123
1872 1889

1872 t2h
1872 1889

1872 t25
1872 1889

1872 t26
509 2x510 688 1540 1546 1599 1611 1623 16L0 1872
1890

1789 tab
1789 1801 1807 1810 1817

-~ TAB
2019

1774 tabsymbol
1699 1774 1826 1835 1997 2019

567 tapesymbol
56% 777 788 789 T91 Ok 795 T9T T98 2xT799
2X300

1880 ti
1880 3x1882 1886

1776 timessymbol
531 538 672 1688 1707 1776 1839

501 tk
501 2x512 51b

— TODRUM
1036 1087 1559 2248

1092 trip
1092 2x1098 1099
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10Lk9 triple
1049 1058 1063 1066 2X1067 2x1075 1080 1081 1096 2x1098
1099 223k

1775 Tsymbol
438 476 611 619 1775 1837 2080 2106

LU8 type
L8 U451 2xbs2 453 L5T L60 U461 L8 L7 oxhT3

2052 type :
2052 2063 2066 2071 2073 2076 Lx2086 2091 2096 2x2099
2140 2142 2144 2152

1147 typeispermitted
1147 1148 1151 1182 1189

1783 typeofDYNMsymbol
433 622 626 639 1783

1870 typeoffunctionidentifier
338 977 1870

1869 typeofidentifier
106 126 160 162 164 165 189 L4571 888 889
890 914 1869 -

1114 typeofinstruction
315 332 376 1114 1188 1196 1202

1867 typeofnumber
255 Lp2 682 708 712 720 T22 2x1528 1867

1786 underline
1786 1802 1807 1809

1114 unknowntype
889 919 927 1114 1131

337 upperbound
337 339 3ko 3k1 3k2 3kk 357 370

568 uppercase
568 819 1811

568 uppercasecode
568 820 1812 1813 1816 1817 1818 1819

1778 Usymbol
612 6L2 1509 1517 1669 1778 1841
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1867 UYN
281 284 1174 1175 1508 1509 1517 1518 1519 1867

1783 UYNsymbol
643 1174 1670 1783 1849

1674 v
3x16T4 1677

2052 value :
2052 2x2087 2090 2095 2x2101 2148 2153

1870 valueofidentifier
190 Lsh 455 891 915 920 928 1870

1876 valueofnumber
ox257 U23 683 2x686 2x688 T22 1529 1876

1876 valueofoperand
91 309 2x310 348 354 2x357 362 2x364 371 387
4p3 Lot Lhs5 U453 457 oxhbe oxhes 2xbb9  o2xbTo L6
554 2x1512 1513 1523 1876

1876 valueofrealnumber
2x256 723 1530 1876

1868 valueofregister
387 1677 1868

1543 w
1543 2x15LL4 2x15L46

1146 W
1146 1155 2x1160 1166

1177 wil
1177 1178 1183

1177 w2
1177 1178 1186

1596 word
3X1596 1598 2X1599 3X1600 3X1601 2X1602

1617 word
1617 2x1618 1621

1165 WORD
1165 1166 1183 1186

1591 words
“ 1550 1591 1613 1642
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2036 write
2036 2046 2185 2186 2199

1017 %
2x1017 1021

1031 x
3x1031

1564 x : :
1564 2x1565 3x1568 1569 3x1570 3X1577

2027 x
3%x2027 2x2028

2030 x
3%X2030 2%2031

2059 x
3x2059

1500 XBword
1500 1514 152k

1017 vy . ’ -
2X1017 1022

1031 y
2x1031 1045

2059 y
2X2059 2060

1783 YNsymbol
631 1175 1670 1783 1849

1778 Ysymbol
612 630 6L2 1518 1669 1778 1841

1778 Zsymbol
612 6Ll 1521 1665 1778 1841

ranges = 210
nlex = Lh7
nidd = L4087

nlink = L4OT1



"

Appendix B

In this appendix we reproduce the ELAN text of the binary loader, such as

it is produced by the assembler including adresses and machine instructions.
This text is followed by:

a) the ELAN source text of a test program which tests the binary loader,

b) the printer output as produced by the ELAN assembler. ‘

The test program has been chosen such, that it not only'tests the loader,
but that it is also an illustrative example for the assembler, in

particular with respect to declarations and different types of operands.
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"Tegt for ELAN assembler and binary loader rpr 060571/1, 201kn
begin' zz = M,yy = M szz] ,xx = zz,ww = t,vv = sxx[sxx + :22],
= M[b] tt = M[b = (syy + vw)l, a8 = zz[b + (syy + v)],
aa,bb = (*200 000% — '2 000'), end of memory

ibil
M[ "123%]: 13 23 3; b 55 6;
M[ *330%]: ~16
M[56]: 1
M[63]: 1
M[513]3 aa: 13 25 33 ll' 5
end of memory: ( '200 000! - 1)
begin'® zz = MG,yy = MA,xx = MS,ww = MC,vv = MT,
= MD,tt = M23[h5] 88 = M58[10 - 55]
M[bb - '100%']: 1 ,
Mbb ~ thoO']l: 2
M[bb =~ *700%']: 3
M{bb = "1h00%]: L

M[bb = f1700%]: 5
"Note that the begin—address of the loader is bb and that its
"length is 'L425' instructions,
Yend?®
'vegin'® uu = :@a,tt = 22,88 = (284 + :a =iaa)
Mbb + '350%]: =1; —2; =3; ~b;-=5
"The loader is now shifted over ?55°!
' places, and the machine is inspected to check that
" the end-address of the loader is indeed
" (bb + *150°% — 1) = *176 3478,
"The technique to force the loader to stop is by means
" of an end-of-tape situation.
begin® uu = smg,tt = :ma,s8 = :mc
M[bb + #150%]: =1; ~2; =3; ~l; =5
"The loader is now shifted to the first free traject,
" its end-address is now (bb = 700! — 1) = "175 077'
" once more this has to be inspected,
fend?
M[2k4]: GOTO (25)
. G = M[56]; G + M[63]; G + M *123']; G + M[ "12L*]
¢+ M "127']; G + M[*130%]; G + M[ *330%]
B = end of memory

U, B==512, P
Y, JUMP(~3]
G = end of memory, Z
Y, A=
N, A=« "a forbidden situation,
U, A=MA "the X8 stops.,

fend? fend?






17¢4

-

/

N

OO UL B OGN

g
O

13
14
15
14
17
18
19
26
21
22
23
24
25
26
27
23
29
39
31
32
23
34
35
36
37
35
39
49

PN
.

= £
OO B Gl at

rs

47
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o 0

270

‘081001
rpgJo02

v3063002°"
10012003
t00)0d4r
*001005°

100J0ds"

"00)006"
190)007°
'803016"
1a8I9Li1"
"0 02"
UG 033
10030441
0010151
$3G9030°
19C3000"

*176000°

2

1176000
1176001
1176002
1175003
1176004
11766051
'176008"

1175057

1176010

ri76gl1e
v1750120
"175013¢
1373024
17515
'176G15"
11795170
1176020
1176021
1176922

*17642
v176902

3
P

6 e se se wv 48 pa en e

®r es ss es we mw o e as s

'pge176nng!”

1726175400
1540400002
'762060000
t512060n01

1126073400
Y1660G754001
726173400
vgo2ananpLe
rEalaNgns"
[Evandilie sl
17777777230
14437126110
rE20000001

1e22000000 7
1426076752
v4paennnnty
to061753877!
V417176746
1512390003
tolLtngnisy
12300 nrn

15203787440

'53205C03¢0
14220020000
17263175405
tiB57176734¢
1SIR3Auna3e
Y420076735"
rAQ20000071
17241754079
1457176736
'512300003

'665075n0p00"
*760075001

"LOADER OF THE BINARY PAPERT
v ASSEMELER, RPR 102379 » R
'"BEGIN' VERY FIRST BEGIN, VE

40

APES, PRODUCED BY THE MC - ELAN
2014

RY FIRST END, CLEAR, MOVE, INIT{ALIZATION,

LAST ADDRESg = (1200 §00¢ = 1), SUMCHECK, RESET NR = 38,

RESET AR = m[64 + RESETNR * 41, . :
*MT+ BEGINOFREAD |NGPROGRAM, ENDOFREAD!NGPROGRAM, LENGTHOFREAD!NGPROGRAM,

ENDOFMEMORY, 1P READER, BSTACK, BRUSH, DYST, REHEP,

INIT REHEP, INIT REHEP AFTER MOVING, REHEP INF,

REBIWORD, REBITAPE, SETWORD, ENDACT,

IPAR, SHADOy {(PAR, SHMHADOW RESET AR

PINI
"TH{S ROUTIN
"TO THE ¢CNT
MC =
REF(Q
v 0
JuMp
“TH1S ROUTIN
"MIR) « M[B
“CONTENTS OF
s =
MC
MaA =
A »
REPD
&CTO
1777
4413
GCTO

RISBE
CLEAS:

MCVE?

SUMCHECK ¢

M{241:
N{LAST ADDRESS « 10233

INITIALIZATIONY VERY FIRST B
YBEGIN? NODECLARAT IO
np SUMCHECK 1S DONE OGN THE |,

B
G »
U, 8 =
N, JUMP
F w
N, A =
GOT

N,
vTHE MENMORY IS CLEARED:

0

& =
B =
MC =
BEG!
JUNP
8 =
8
MC =
ENDO
JUMP
"THE MUNMBER OF THE ;P - READ
“STARTING THE COMPUTER, atl
TDURING THE ACTIVATiON OF TH
. IFA

|F8

N

U,
N

TIALIZATION E
E SETS RANGE M{B] =~ M[B + COUNTH = 1]}
ENTS OF G, T IS ACTIVATED IN ENDACT

G
P(IGLEAR)

N . ' OMINOW THE INTERRUPT OF THE
(=1) "IREADER QCCURS :

E MOVES RANGE M[A] ~ M[A + COUNTO - 1) TO

+ COUNTO < 1] AND SETS THE CLD RANGE TO THE
G, IT 18 CALLED IN SET WORD
MA

s

G
1

P (IMOVE)

{LINK 15)

777 7231

711 611

(M{1))

1

EGINI

N =0 .

OADER | TSELF

i}

ENDOFREAD INGPROGRAM

i

mMci=1)

BEG I NOFREAD I NGPROGRAM, Z
(=3)

SUMCHECK, 2Z

6
(DYST)

~0
512

G
NOF§EAD|NGPROGRAM -8, 2

(=3)
ENDOFREAD | NGPROGRAM
1

G
FMEMQRY » B, Z

(=3}
ER |8 DETERMINED.
THE | (NTERRUPT) F(LIPFLOP)S ARE CLEARED
€ IP « READER THE I|F FOR THIs ApPARATUS IS SET

(0) "TAKE THE FIRST |F = WORD IN A
L) “TAKE THE SECOND |F = WORD IN §
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3
5
“

i
1
L
1
1
2

R RN TR

- 270

v174525°
v.76n028"
t176027!
1176330
t170453L
r175032
1176333°
1176034
11760351

117560360
1176037

1176040"

5 e we 4c ve es we ws ea

1176041

2
1176042

117056420
V175043
Vi78p4en
ri75045"

12175046
'R70047"
117695¢C"
'178p51"
1170352
1175053
1176354
1175055
'176056!

1176062"
11756063

11750841

1176365
14760650
1176087
1175070
1176074
117580720
11760721

. mv we aa

4o as ae 4e we eh we 22 ws

e 2e s oo

we we se e% S0 we we @

1e6nn034an
v4au5na0nn7
TAROINNNTS

v40L3N0NAT
vgi2oannze

1AGONTRTIE
roeART7I00GD !
rgafLacese
re02onannd:

14620767221
15704767551

15724

764447

'536076554¢

1466076466
Tp2EennnL2t

rY3565784R2
5363764300

tp261767460
'432000000"
466072401
'42b07546nv

380072402
'426‘767F?'
7854070009
Ya26572401
15123000020
TO20478483 1
1536R74861 1
te7100006210

152L2h0A01 Y
152¢P7E6TLY

Ganae e
YOELNTAEL2
'E26176676
1162076444
11660724000
t536NT76354

(26076435

NCRAS
U:B"7JP
N, B = =B
N, B + 39
Y, B = &
IPREADER = B
IF OFF {8)
G = B
6 « '000 004 000"
INTTI AL I ZED: .
8 3 :BSTACK
SUBC (1BRUSH)
1S STARTED:
SUBC(IINIT REHEP)

"THE STACK IS

WTHE INITiALIZATICON

“THE TAPE 1S READ:
GOTC(IREBITARE)
TEND' INITIALIZAT!ON
"THIS SURBROGUTINE, CALLED BY SUBC(IREHERP), DELIVERS IN §
"THE NEXT HePTAD CF THE TAPE, IN AN YEND=OF~TAPE' S|iTUATION
WNEW START!ING CCMNANDS ARE GIVEN TO THE READER TiLL THE NEXT
"TAPE HWAS BFEN INSERTED,
“AS THE FIRST HEPTAD, WHICH
"PUFFERING gYSTEM OF THE READER,
"THE NEXT NON ~ LOCALS ARE USED?!
BUFLENGTH = 10, )
HEPPOINTER, STARTLINK, CODEWORD,
D18, STARTCOMMAND, OK, HEP
SAVER = B8
A = BUFLENGTH
U, HEPPOINTER =« A, P
N, GOTO (:HEP)
TC START THE READER,
G .= IPAR
38 = ~0
mGr2) = B8
B = D18
ME{2) = B
B8 = {PFREADER
e AFON(B)
U, A = MG[1), P
N, JUMP(=2)
"NQK SITUATIOUNS ARE HANDLED)
A = EMDWORD, P
GCTO (10K)
RUA(18), Z
‘Y, A = 1
Y, GCTO (DYST)
"NOW WE HANDLE THE gEND-CF=TAPE S{TUATION,
nA NEW STARTING COMMAND 1§ GIVEN, AFTER SETTING CNT ARD = 0.
“FIRSTONE iS USED Tg¢ MARK, WHETHER THE FIRST HEPTAD IN THE
“BUFFER 18 TG BE CORSIDERED, .
4 5 2
FIRSTONE = A
G = I1PAR
§ = (STARTLINK
MG = S
GOTOU ISTARTCOMMAND)
"A BUFFER HaS BEEN READ!
A 5 FIRSTONE

REHEP?

IS READ, 1S UNDEFINED, DUE To THE

THIS ONE IS SKIPPED.

| PREADER, DYST

YBEGIN®
tMT Y FIRSTONE,

ENDWORD, SAVES,

WHEPPOINTER > BUFLENGTH?

WTHE BUFFER IS EMPTY,

A NEW COMMAND WAS TO 3£ GIVENt
STARTCOMMAND :

WEFT e el
WAFT:z 1
WSTART IPREADER

"WAIT FOR COMMUNICATION
"FROM THE READER

Y,
"NBK?

HPHONE TECHNICIAN

oK :



173472 = 275 42

121 *176073" 'GOCG75433' HEPPOINTER & 4 .
122 11760741 rQ2zo00gan A= 1
123 '1760751T ';6A076432" FIRSTOGNE = A
1od4 117607602 HEP @ "A NEW HEPTAD CAN BE SELECTED: '
125 'A76076'  '21A2D76435! S = ISTARTLINK
124 1476077 1106NRT7R4270 S &« HEPPOINTER
327 127510907 --2o~741q«v s 3 MS[1)
128 '1761C1's 'p2i2anont! A s 1
129 1175302 1340076424 HEPPOINTER + &
130 1275133 4200764250 B 2 SAVESB
181 11721041 1520478377 GOTOR (MC([~11)
Y WINITIALIZATION OF REHEP
33 1276105 122NNl IN|TREHEP { A = (BUFLENGTH + 1)
1%4 'ATHL06'Y 1 06a0T647)0 HEFPOINTER = A
133 11791470 tpZzaprannge : Az 2
235 ti7H2100e YAENTH41 T FIRSTONE = A
137 17911t 142607h644 § = 1PREADER
138 178112 176U0R0NA4A2 LuUsS(2)
189 r175113': 020001000 s » €4
140 vi7h214 'L OANTHRENY IPAR = §
241 1476115, ryea2nnang 2y INJTREHEPAFTERMOVING A ¥ BUFLENGTH
142 1175146 toeUnNnONEYY LUA (18) “CODEWORDI= CNTPART#D18
143 'R76117v: 420764151 A 'STARTL!NKfil " + ADR
A4 V176120 v (6ADTEE 4 CCSEWORD = A
143 ALTALZLN v 26176643 6 = 1PAR
146 v1T7H1Z2 s (76%1 1 s = ISTARTLINK
T47 V17012301 14 haQT724N000 ME = § WARQ = {STARTLINK
T4R VEIT764240 t1gel744n0 MmSs = §
169 '176225'¢ "1 860743771 Me{=1) = §
L300 ATS82E5Y . 152647872771 GOTOR (FMC{=11)
135 "’PA»E FOR VAR!AJLEs AND THE BUFFER?
©i7 ':._75:_27!: HEPROINTERS (SUFLFNG"H . 1)
53 11755300 FIRSTONE ¢ 2
5% 11795310 '.uorﬂﬂnﬁn SAVEES [
155 1176432 gQ1000908Y D18 1 090 000
156 12764332 '(05005000 ENDWORD: 8
187 21763840 500n0gnnnr STARTLNK: il
158 117531350 oacﬂnrﬂwn- CCOEWORD: 0
239 viT7h1860 ﬁﬂﬂn”ﬂ' 0
3A0 T1Tn2 370 0
1h1 'i7eiedr: ~VVJ0“~rfn' ]
W82 'L7H44L T Lgn0anann? 2
133 ti795442%;  rgiufunanny b
184 T1T751430 rgagonnnnn? &
ved 1AT78144 . 50000 h0GY 9
18K VLTH1REY L rgGonnnnnn 0
67 tA737ab%:  1QQU00nDI0Y ¢
S35 1172447y rppC0uRNnG! O
&9 3 CEND!Y REHEP
74
371 Ti75150: REHEPINF: “THIS SUGROUTINE READS A HEPTAD FROM A TAPE, THE LENGTH OF
172 . "WHICH CAN RE CONSIDERED TO BE INFINITE, DUE TO HANDLING OF
173 HEMD=OF«TAPE SITUATIONS [NTERNALLY, A CALL, BY SUBC (:REHEPINF)
74 "DELIVERS OnE HEPTAD IN B,
x) 4 TBEGIN' tMTY START
176 VA7R250T 0 572476974 START: . SUBC({IREHEP)
77 7175151': 363102100 ' U, € e+ 64, 2 W7 -TH HOLE NOT 'PUNCHED?
LTR OVATHLIB2Y T 526675377 Y, GCTOR(MCI=11]) :
79 v1761530: 14130001770 s = 227, 2 w1s HEPTAD ERASE?
180 12761541

rg223ngac2: N, A = 2
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%81
182
183
184
185
285
%87
.88
189
190
191
192
193
194
195
196
197

O X~ IS O N DN

[EREM U SV AFAS KSR BN AS I SO L G U A I AR IR O |
B8 FY g § 1ok (4 pvpa

- 274

'176155"
1176156
1176157

175460

1176161
4

175402

5
11761627
1175153
ti76184
t1175165"
11754661
1176287°
1176170
1175174
vi76172"
11764730
1176174
'176375%)

vi75176¢
v175477¢
vi752007
1178204
11759020
YAT7ARZLT

*F

1175210
"170211"
v17éz12¢
175213
v176214"
11767151

5 .

11762161

6

117%52.6"
1175217
vi7h220"
1174221
1176222
1176223
1175224
t176225"
1176226
176227
t1762390¢

we Ge G Ba es 85 ws ee e we #=

1526376577
15724762631
1113000177
'51E300N003¢°
5360763661

1g2atnsnp4?

T GHEDTECRA

VHALRONLAG
10En076425"
VL BGNTEEDS
15724783607
VgEDTALEY
106076422
13261764170
PERITIET IR
'7251764130
15363763661

3663764151

15
'g2azannai?
150063755451
ro7e0n0a0n4!
1520475377
YIOa0a0nn0n
*oo0000Nan
YLoaoeansG
v4040nCa000

,
7
2
'51E200003"
1572478340

1GLEINNNG3

1g2RINQNY4
15263765341
YGRULHENTEY
1266076430°
1066076426"

T 17700000221

REPEATS

N, GOTO(DYST)
SUBEC {IREMEP)
S = 1270 Z
N, JUMP (=3}
GOTC (3ISTART)
YEND' REMEPINF
REBIWORD:
HIN A AND ST A CONTAINS €1 AND C2,

NSK 1P
“ Bl = TAPE TiLL
" © ERASE

"TH)s SUBROUTINE, CALLED BY susc (:{REBIWORD), READS A B! = WORD
S CONTAINS D26

- DO, .

WiN CASE CF A PARITY ERROR THWE MACHINE WiLL STOP DYNAMiCALLY,

»THE FIRST WEPTAD
*MT' SAVEA, SAVES, CNT,
As 4
ENT = A
LUAS(6)
SAVEA = &
SAVES = §
SUBC ($REHEPINF)
A = SAVEA
S +« SAVES
G = CNT
G -~ 1, Z
CNT = G
N, GOTO (IREPEAT)

VBEGIN? REPEAT, D26

"THE PARITY HAS TC
THIS BIT 1S NOT INyOLVED IN THE SH{FTPROCESS,
RCA (1)» P
N, S Yar D28
N, A !a!-DEéI

8 't 3

N, A
Ny, GCTO(DYST)
A L X-N) _4
"GCTOR (MC{=11)

CiNT ¢
SAVEAS Lo . o
SAVESH
D2
TEND!

0
1400 000 aCn’
REBIVORD

REBITAPE: "THIS SUBROUTINE,
"OF THE B! w» TarE,
"CASE OF AN END MARKEZR ENDACT,

TBEGINT sMTt CNT, ApRr, C1&M1, READBIWORD,

IS EXPECTED BY REBIWORD

CALLED BY GOTO (:RESITAPE),
T0 SET A MEMORY WORD,

{N S

"ENT= 4
"ASta AS 3 Zaué

"ASiz AS + HEPTAD

"IF CNT > 0 THEN GOTO REPEAT

5E CHECKED ANZ THE SIGNBIT OF $ SET,

"p26 = 0? Ats A 'DiVY 2

SET BIT26t= 0

NPAR(A)'#!PAR{S) = PAR(A'41S)

ALplz PAR(A '41 §)
WAtz A '+1 § tat 8§ z A
wliz LP :

"EVEN

WOELETE 'PARITY BIT

READS THE Bl = BLOCKS
SET WORD 1§ CALLED, IN THE

READB | BLOCK

“WE START BY READINg THE FIRST WORDs THE DIRECTIVE: OF THE BLOCK,

SUBC (I{REHEPINF)
u, & = 5, 2
Y, JUMP (=3}
SUBC(IREBIWORD)
Uy A = 3, 2
N, A = 4
N, GCTC
A=
A Vet DLBMY
ADR =z A
RCS ¢18)

READBIBLOCK: .

(OYST)

"§iz REHEP
s BLANK

"ASts Blw WORD

"ADR .
" BECONES

" ADDRESS PART OF §

THENT
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241
2642
243
Ty
D45
246
=47
2478
24¢
25¢
251
252
253
z54
253
256
257
z88
239
260
251
252
el
264
263
266
267
“63

AR A N AT R N RO RGN N,
CAD NN N N N NN S NN
€ ) DN DR e RGO O

O OO OO NG N0 O DL G O

[ BRa N I (AN

"W

O DS O3 E TRNY BN D 0O N U B G

GIRQ AYAY AT AY NI RT RY A AT\

=
o

- 270

v176231°
1175232
*176293"

11762340
175235
11752360

1176237
r176240
t176281"
t175242
t175243"
11756244
1276245
1176246
1176247

1176250
1176251

°s s we

e 4o os 4o we e e as

4 40 ee oo

11752527

11762534

1175254
11752550
1175236
13178237
6

1176260

7
1176260
117462610
‘1748262
11762631

BSOEE RS b BB B

1175273
1176274
11762751
1176278
V1762771

e 40 ai es

4o w4 we es sm wv as

565000777
ri2zz2010n9?
r1a66076421°

r""_?j'h]‘no')v
tpg3200000
1572676534

1572476310
1572476321

so3ononon’
1523000050
1526376511
‘p22n00ant !
104s276410 "
YE2u0T76407 "
1572476410

",26C75804 "
PRI L L EN
1566076407
"53637636%"

530076341
’COLLWBHCU'
goconnnnnn?
'000777777'

1 3660TE48T7
105eRTE4TL Y
'5LA778471"
Y535376427

3 ’3ﬂunﬁn‘
TUR63766463"
'26078455 1

16261764710
VG52572408"
1553572377
15103000720
10423764661

44

BECCMES
COUNTPART
OF. S

S tet 1777, 2 "
Y, § = 512 "
CNT = 8§ g
“NOoWw WE HANDLE THE cASE OF AN END=MARKER
U, § » 512, 2
v, A ¢ 0, 2
v, suBC (:1END acCT)
“CNT Ble WORDS SHOULD BE READ AND STORED SEQUENTIALLY
"START NG FROM ADR 4 1,
READBIWCRD !

IN "THE  MEMORY

SUBC(tREHEPINF)
SUBC (IREBIWORD)
A+ 0, 2
N, A = 8
N, GCTO (DVYST)
A = 3
ADR + A
A = ADR
sUBC (ISETWORD)
"THE READING PROGRAM MAY HAVE BEEN MOVED NOy,
“HOWEVER ARE UNCHANGED

"Ssz HEPTAD
"Asi=s Bl w=yORD
"C1,'NE' g0 v C2

'NE' 02

THE vALUES OF CNT AND 4ADR

A = CNT
A= 1, Z WENTiz CNT = 1
CNT = A WIF CNT>0 THEN GOTO REPEAY
N, GOCTO ($REZADSIWORD)
WREAD THE NEXT Bl BLOCK:
GCTO (tREADBIBLOCK)
CNT: 0
ADR: 0
Digmie t777 777
tENDY REBITAPE

SETWURD: "THIS SUBReUTINE SETS MAl= S, IF

"SHOULD OVERWRITE

EXECUTION OF THE INSTRUCTION

Trit READINGPRCGRAM, THEN BEZFORE EXECUTION

WAY) T IS CRECKED, WHETHER THERE EXISTS A COHERENT RANGE IN
" THE MEMaoRY FOR THE READINGPROGRAM, AND
"8} THE REARINGPROGRAM 1§ MOVED,

"ASSUMED TO BE GLCBAL ARE? BEGINOFREAD |NGPROGRAM,
"ENDGFREADINGPRCGRAM, LEMGTHOFREAD INGPROGRAM,
'MT' SAVEA, $AVES, SAVEZ, REPEAT, RETURNADDRESS,
SAVEA = A
U, BEGINCFREADINGPROGRAM - A, P
M, A = ZNDOFREADINGPROGRAM, P
N, GCTO (iDiSPL)
TEST WHEThER THE MEroRy ¢ELL ASKED FOR BY THE
OF THE 'MCOLy' ACDRESSES
SAVEA
A = M[B6], P
U, A = M[62), E
Y, & = LINK15, P
N, A =

6
Ny GCTC (DYST)

'BEGIN! SET, DISPL.

"Now wE
"1S ONE

PROGRAM TO BE LOADED

U,

"SECONOLY WE TEST WRETHER THE MEMORY CELL 1S -ONE OF THE
“APFARATUS REGISTERs OF THE |P READER OR THE RESET. IN WHICH
"CASE A SHADOW ADMINISTRATICN |S PERFORMED,

¢ = IPAR
U, A = IMG[3)}, P
Uy A w tMGlwl]), E '
Ny, A » G '
N, A & $SHADOW IPAR
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141

- 270

t176300°
117630
1176302
1176303¢
1176304
'176324°
*1746305"

1176306
1176307

11763107

1175341
11753120
1176313
1176344"
1175315
1176316
1175317
1475320
1176321

1170322
11753230
12753241
11706325"

1763261
11763271

1178330
'176331°
1276332
14753331
13753341

V175335
11753360
V75337
YI75340!
12763410
t17583420
vi70343
1276344
1176345 ¢
13176346
1175347
V176350
12176351

as s

e en ee ve

.
H

“F vs ws S wa

WO Vo

1033300330
1622764700
|160073490n

EQ04783TT

14660764441
1166076444

12680764501
Yo006n76443°
1316076437

14260764410
'620190N07 30
rOa20ne777)
VLINRa507 8
YLERZINNNT
'526376436'

1200000750
'*‘0003P75'

260764351

-

>7175377v
6376364
csqoo’r'
£3763641
1199074
2300n06"

L (A ('3 Gl

(B NI Y

46076414
40?76014'
f°f7‘4
L H 10097'
340""91'
Sealtalnnae
CLPE 076409'
'n7047615
'u200764ﬂ2'
112007640730
'536076332¢
~r”"onaonn'
'506C00Na0Y

45

Us A = !RESET AR, Z
Y, A = 1 SHADOw RESET AR
SET: MA o S
GCTOR (MClw1)) :
DiISPL; "A, S AND 8 gHOULD BE SAVED As THE READINGPROGRAM |S DISPLACED,
SAVEB = B
. SAVES = §
"FIRST 1T i§ CHECKEpR, WHETHER THERE EXISTS A RANGE, IN WHICH THE
"READ INGPROGRAM ¥FITg, | ,E, A RANGE M[1], | = START ADDRESS:;..T
WEND ADDRESS, MI{1] = 0, ENDADDRESS « STARTADDRESS = ENDOFREADINGPROGRAM

"w BEGINOFREADINGPROGRAMY
A =
A+
A =

SETADDRESS vGE' END ADDRESS + 1,
LENGTHOFREAD INGPROGRAM M)A |S THE NUMBER OF
BEGINOFREAD INGPROGRAM “)THAT 1S NEEDED FOR
SAVEA nyRANGE, THE FIRST TIME
O MYLESS THAN ’
WYLENGTHOFREAD INGPROGRAM

WORDS,
THE NEW
THIS |8

B = BEGINOFREADINGPROGRAM
REPEAT: G =z A
G + 511
U, 8 = G, P "ANY SPACE LEFT?
N, & = 7
N, &OTO (DYST)
S =8 ’ ") CONTAINS THE LAST ADDRESS
S w A ")TO BE TESTED
A = LENGTHOFREADINGPROGRAM
")THE NEXT TIME WE HAVE To TEST
"YOVER THE WHOLE RANGE
6 & MCl=11, Z "M{B-1]) = 0% Biz B8 = 1
N, GOTQ (:RFPEAT)
G = - G, P i
N, GCTO (:REPEAT)
u, B w8, 2
JUMP (-6) HTHE WHOLE RANGE TESTED?
vA NEW RANGE 1S FOUND UF1CH MATCHWES THE REQUIREMENTS, THE BASE ADDRESS OP
MIT 1S CONTAINED BY B, THE NEXT STEF 1S TC MOVE THE READINGPROGRAM TO

"M{E] = M{B + LENGTHOFREADINGPROGRAM « 1),
"THIS IS DONE BY CALLING NMOVE, STOREC IN THE 'HOLY CORE', MOVE EXPECTS
"IN A THE OLD BEGIN ADDRESS, IN B THE NEW BEGIN ADDRESS, IN 6 THE vakyg,

Myt CH O OSHOULD BE STERED IN THE OLD RANGE, IN COUNTO THE LENGTH OF THE
"READINGPROGRAM AND IN LiINK{S THE RETURN ADDRESS,

COUNTD = A
A & BEGINOFREADINGPROGRAM
5 w A wyg = SHIFTLENGTH

435 AS WELL AS THE STACK TO

HWHICH 1T PCINTS, THE DEPTH OF
nyWHICH NOW EQUALS 1+ HAVE TO BE
"IMODIFIED,

ENDOFREADINGPROGRAM + §
BEGINOFREADINGPROGRAM + S
. § % {RETURNADDRESS
) LINKLE = 8§
6 = ~0
GCTO (1MOVE)
B = SAVEB
SUBC (1 INITREHERAFTERMOVING)
A u SAVEA
S = SAVES
GOTQ (ISET) .
SAVEA? 0 ) \
SAVEE: 0

“THE OLD RANGE IS SET TO <0

RETURNADDRESS
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361
362
363
384
3635
346
s 367
368
369
370
371
372
373
374
375
376

377

78
379
250
381
28z
383
354
385
386
87
288
389
390
391
362

- 270

v175352':
7

117635313
11763541
11763550
17435481,
'176357;
11745371
1176361
1176362
1176383
11763641
117630851
V1763661
V178367
'1743749"
11763711
1176372

1176373

1176373
117537413
11763751 ;
127637673
117637715
11764001
1176401
11764021
11764037,
11764341

11756405
1176405
11754070

1176422
1176443
ti75414!"
v176415¢
1ATH416"
11762317
1175429
117494210
1376422
*1754230;
11764247
*

-

e ey TR @b %e ss ee wa as e ae

vI00050000

‘pgoizennn:
10001764240
10067777771
rggaongnpn:e
13O0
v G0G2ng000
rgeennnnon:
‘geononng:
500000000
TOGEONONRG!
NELUELRIE
TCCunagnaaY
rgeaeachoge

'goggnorng -

tgeneeagoon
rggoconnga’

15620763720
VaRERTHRT I
V0754040
626173400
1726175400
rpozennnnty
14111000740

1E1ERANANG

tGENLT763661
1 e000330

1e5G06aNNNY
15260763470
17640710001

15200763420
120076345
rgéueananG?
rp3anngnnat
rtyereaqane’
'7204ap3357
V7EN070nes!
t7650750¢C0
t76yangnga2’
pizangandy

YOeUNT7AN&S T

vE26475377
rgeeenonone

46

SAVES: 0
YEND' SETWORD

"SOME SPACE FOR CONSTANTS AND VARIABLES
BEGINOFREAD INGPROGRAM: PINITIALIZATION
ENDOFREADIMGPROGRAM: IVERYF |RSTEND
DYsST: . Y777 777¢

{ PREADER
LENGTHOFREAD I NGPROGPAM
ENDOFMENORY !

IS RESERVED:

0
(+VERYFIRSTEND =» (VERYFIRSTBEGIN # 1)
(LASTADDRESS «+ 1)

385TACK: N W)FOR THE STACK 4 WORDS
“")YARE NEEDED ONLY

FPARL

SHADOW 1PAR?

8O ZOCO0DCOoOQ0O O

SMADCW RESET ARG

ENDACT! "THiS ROUTINE HANDLES THE END ACT|ONS:
WFIRSTLY THE APPARATUS REGISTERS OF THE P READER AND THE RESET

"ARE FILLED.

A = { SHADOW [|PAR
B8 = IPAR

s = : MCl+4]

G = MA

MC & 6

A & 1 !

U, o =» 8, 2
No JUMP(=3)
A = SHADDW RESET AR
) RESET AR(O] = A .
"SECCNDLY, THE PROGRAM IS
WCLEARED, G8Y THE ROUTINE CLEAR, WHICH 1§ STORED |N THE 'THOLY'! CORE,
“THIS RCUTINE EXPECTS IN B THE BEGINADDRESS, IN G THE VALUE, WiTH WHICH
“THE READERPROGRAM wAS TO BE OVERWRITTEN AHD IN COUNTO THE NUMBER OF _
"WORDS TO BE CLEAREpD, EVENTUALLY AN INTERRUPT OF THE 1P « READER IS FORCED,
. IV GFF WTHE MACHINE BECOMES DEAF
B = |PREADER
IF ON (5} *1F THE CPU WERE LISTENING,THERE
"WOULD CCME AN INTERRUPT NOW
B ¢ BEGINOFREADINGPROGRAM ,
A = LENGTHOFREAD INGPROGRAM
COUNTD & A
G = «f
GCTO (1CLEAR)
RESET ARIO)] = G
AFON (RESETNR)
IFS (0}
LCS (2), P
Y, JUMP ('3)
IFOFF (RESETMR)
GOTOR(MEm1])
VERYF IRSTEND: ) 1
IE‘\D'

BRUSH!
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DR
-
[}

BRJUSAH
BSTALK
SBUFLENGTH
CLERR

CNT

CODEWORD

215

D18uy

D25

o1 5Py

SYST

ENDALCT

ENDCFVEMORY
NIDODFREADINGPROGRAM
NZWwORD

1 STONE

HEP

HEPPOINTER
INIT AL 1 ZATION
INTTRERED
INITRERERPAF TERMOV [ NG

HOMM ey

MovE
NODECLARAT | ON

»

PR I U P TRV VI TS

IRV LN LN Al LI 1]

l"’l in

>

O

SAVES

-

[&]

= A
[¥]

tPAS
RESHTAR

2
4 U
o

3+

wn Uy N n
1-1 T I mw
3.

LRTCCMMAND
STARTLINK
SUMC=HECK

VERVF IRSTBEGIN
VERYFiRSTEND

x

INOFREAD I NGPROGRAY

CPRTIIM{ 11752561 )

(PMTOIM[11753530 )
("MT eI 1176415%]
('MTOIM{ 11703610
thoonie’
MErnogno2')
(T {r176212"]
(PETOIM 1170255 )
("\"l)“{ll 0135"]
(M'ﬂ)'[ﬂ%;u;?']
(PMTYINL 1176257
(P eTeami1176245")
(PeToIM{ 1176304
('FT')NI'176355']
("FTIOIPR[rI76373!
CeMTEYM 19 76360°
(PMTYIM{ V1763541 ]

TR (1476133

i
)
4
]
(T (*170130 ]
(IRTOIM(01700767 ]
(*MTrIP {76127
M{re7s000% )
CrpTr YR e 7520580
("nYr)pwitg720125")
(M7 M e1753680]
(T IMT r17483560)
1177777

DINGPROGR AN

(PMTIIM{1763857")
MEraoangetl
LRIE Rt Rl P

(rnTesm {76072
lr.'j""l)v 117 ihv
(CrisTr e {v370237°
(vav)y{v17621b'
CrMT )M {76168
('l‘TI)M\|t7°
(TP 076
I!v?v)ufrv"]u

:-

N 0T

]
T
b
(emT e yMe g 747

rvnN

f/uul P*Hk
iy OOt

—~
—i

~

K

]
~N D
Cr €2
LD
.
(7o 3

)
('n*-)vc~17.?13 ]
CeMT M 1703501
CreTIMIT176131 0]
(YT oOyM 1170354 )
CrinTrymlri76754%]
(PMTeym 1743520
(tpTr)M{ri76352%0
(epT oy r1752600)
(PMTIn{t17634601]
(tpTrYv{r178372')
(M7 )M{ 1761501 ]
("BPTUIM[ 1760460 ]
(tlTy )i 175134 ]

MIeAGo0L4t )
M{11760007
M{11764241" ]

.h

[+

[ Sl BRI o S A I S RV LR 2 I S S

R G G R

TR

FO R B G 1 S N N SN OE SNUT SN S N SN R R O O G O R S

239

an
72
74
90
+13
i54
243
144
g7

238

208
283
44
247
5
37
104
114
92
91
12
74
IR
G4
66
31

312
019

105
ZVU
+250
76

188

" w79

+171
+165
*313
301
4
354
166
28¢
g9
306
167
367
+303
258
3ol
302
+476
+«G4
116
«22
+33
366

49
+400
345
133
16
201
261
+158
+1588
+269
269
+3085

%7
257
281

+371
141
408
203
263

+222
181

123

126
365

140
137

«369
353

251
182
230

331
400
414

€220
292
v154
354
+221
+361

365
393

143

+416

#268

313

182

+219
*267

348
136

129

145

+368

405

314

+360

146

317

296
401

356

«157

342 349 +365 ag4
254 291 322 +367
+152
+375 386
+359
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~
N
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10
11
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26
27
28
7l
39
31

e
33

901123
00 124

1301125
130126
01127
't00)180"

1989330
‘00970
5077
TaoLenLt
tgoLgee!
'G5eL003
'aGLn04
*901ga5
'a0Lgos?
2

11757300
1175430
1i75150¢
1174400
'174200"

- O O

(3]
(2

B b
RN N

G
ASTRSHEY

11763531
'176354"

3
1176150

(NER NSNS}

en av vo we

48 se 4s 45 2v 4o me e ee

.

11751540

1176152|.
1176253

t174154"

4
‘06 030"
60031
581032
T50 1933
1501034

s e as e es

rogoeoonaty
rpoocnpnng?

opaoce N3

EOLLEDEY
1GOUCNONNS!
000906

V7977777571
rypuononnye
rgoucanany?
repunannat!
tpgutngngay
tppaEngnps
TORGPnnng Y
vooGRanNnS e
L0777 7!

17777777756
V2777777750
'777777774"
1777777773
777777772

1777777776
V777777775
v777777774¢
t777777773%
v7ITT77772

r5z2000n31"
1201000700
tQRinon?7e
r6Q001N0123

‘000100124

2

"SEST FCR BkAM ASSEMBLER AND BINARY LOADER RPR 06057171, 2014N
TBEGINY 2Z = M,YY = M{1Z2Z),XX = ZZ,wW = T,VV = IXX[IXX « 1221},
Uy = MIBYTT = MIB = (1YY + Vy)],SS = zZ(6 + (1YY + VV)I,
AA,BB = ('200 000' = '2 000'), END OF MEMORY
'B"
{11233 ii
03
33
43
53
61
M{1330'): -16
T MIBe]) 1
M{631: 1
M{55374 LY R
2;
33
43
5
END CF MEMORY: ('2n3 00G' = 1)
tBEGINY ZZ = MG,YY = M&,XX = M&,WW 3 Me,VV = MN¥,
UL = MB,TT 5 M231451,85 = M58{10 = 55
M{3B - t100:): % '
(6B = t4000)8 2
M[BB - *700:11: 3
M[3B « t14Qnt]: 4
®{38 ~ '1700'1: 5 ‘

ITS

YNOTE THAT THE BEGIN-ADDRESS OF THE OADER 15 BB AND THAT
"LENGTH 1§ 1425' iINSTRUCTIONS,
TEND .
YBEGIN' UU = TAA,TT = 22,55 = ($AA & 1A ~1AA)
MIBB & '1350+¢): =13
“2;
-33
a4
) -5

.+ "PHEg LOADER 1S NOW SHIFTED OVER '55!

¥ OPLACES, AND THE MACHINE 1S INSPECTED TO CHECK THAT

" THE END=ADDRESS OF THE LOADER 15 INDEED )

" (8B + 150 - 1) = 1174 3a7',

"¥HE TECHNIQUE TO FORCE THE LOADER TO STGP IS BY MEANS

" OF AN END-OF=-TAPE SITUATION,
"BEGIN' UU & IMG,TT = i1MA,SS =
MIBB +« "150'3)5 -4

TC

w23
3}
=43
-5
1S NOW SHIFTED TO THE FIRST FREE TRAJECT,
{8 NOw (BB =~ '700' ~ 1) = '175 077!

"HE LOADER
" 1S END-ADDRESS

" ONCE MORE THIS HMAS T0 BE INSPECTED,
IENDc
M{241 Gave (25)
: & 5 M[36); :

€ « M[63)5
: 6 « M{11237];
G & M{V1247])
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40

41
42
. 43
44
43
4%
47
48
49

- 2714

"G0In35"
1301036"
10019370
501040
v30131041
1001042
1002043"
1002044
1501045"
Y30 1046
1900647"

3

1

v

teefIngL27
tolC1nQg130"
toQ8L100330
r4200nin0s!
'$00175377°
v412501000
'5122n0003°
rgLiiningas!
rp32200n01
1G3EIngnn2
1526173400

YEND !

TEND

L)

Y,
¥,

¥,
M,
Y,

X

MLr1a701;

& + M['130']);
& + M{'3301]

END OF MEMORY

END OF MEMORY, 2

¢ *
8 =
G & ME[-1])
8 = 512, 9
YUMP (=3)
G =
& = w3
& = 2

= MR

"A FORBIDDEN SITUATION,
WTHE %8 STOPS,



ENDOFMEMDRY
Ss

TT

U

Vv

W

XX

YY
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oANp26
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MG
rpengont
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HFIYR0007A )
pelal
MLTORBGR0Y Y
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MATD)
MLYO000nNNTY
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