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ABSTRACT

Three systems in the field of conversationel ccmputing
for small machines have been developed. The rain theme has
been the exploitation of the full duplex operation of a
typewriter to validate the syntax of all expressicons and
statements entered by the user, A hich deqgree of interaction
between the user and his proaram has been a secordarv theme,

The first of these systems, <called ACTIV-E, wAas
implemented on a D.E.C. PDP-8 computer, This svstem explored
how a computer program might be used to validate the syntax
of characters typed by the user. The lancuaqge implemented by
LCTIV-8 was a very limited subset of FORTREN, end once the
concept of echo-checking was developed, its implementation
was straightforward.

The second system is known as ACL-NOVZ ard was
implemented on a 0.G.C. NOVA computer, This svystem was
developed by the author and is beina used on several
installations.

The last system has the generic rame of XB &nd has been
implemented on the D.E.C, PDP-11 computer. Three tvpes of
expression have been provided in a lancuace structure
desianed to demonstrate the syntax &end recoverv techninues,
A concept of a '"set of allowable next «characters" s
developed. A broader view of the validitv of expressions is
explored. Very flexible means are aveilable for the user to

interact with the system and his procram,.
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INTRODUCTION
The first system in this project was a simple
conversational computing facility called ACTIV-& developed

for a PDP-8 computer in 1968. A feature cof ACTIV-8 was a
dynamic syntax checking scheme which exploited the
properties of a full duplex typewriter., ACTIV-8 was reacily
accepted and a second system called LCL was ceveloped, based
on the experience gained from the earlier system and
developing the theme of dynamic syntax checkinc. The ACL
system was implemented on a NOVA computer by Dr. P.L.Sancer,
an officer with the Australian Atomic Energy Commission
after the candidate changed employment from the A.A.E.C. to
Compunet Ltd. in August, 1969. The Director of the £.A.E.C.
has acknowledged that the candidate was the originator of
the ACL-NOVA project and of the major concepts behind it.

A paper describing these two systems hac been published
and this is reproduced as Appendix B, Althouch these two
systems have been superceded by & third svstem, called XB,
they were essential steps in the develcpment of the XB
system and the candidate requests thet they be considered as
part of this thesis.

The last system has been developed solely by the
candidate whilst employed with Compuret Ltd. The XB svystem
is being described here for the first time., The theme of
syntax checking has been developed to include reel, loaical

and string expressions,
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A mechanism to exercise the syntax algcrithms has been
developed. Initially, this was intencded solely to validate
the routines used to check the syntax, but hes been retained
in the final system to fill an adviscry role., £ user may
explore all the possible paths available at eny place in
expressions or statements,

Although the XB system has been mainly developed to
explore and demonstrate the syntax checking, it is a
power ful conversational system in its own richt. A guide for
users of the system has been included as Appendix A. A paper
tape copy of the XB system is provided as part of this
thesis. The candidate would be pleased to demonstrate this
system, but if this is not possible, Appendix E gives
instructions for its wuse on a 16K PDP-11, The body of the
thesis builds upon the users guide and the demonstration of
the system and it is concerned only with the broad

philosophy behind the development and implementation of the

XB system.

The XB system consists of over eight thousand
statements and the most relevant part is reproduced as
Appendix G. A set of sample flowcharts illustrating the

techniques used is given in Appendix F, A cross acssembler
and simulator for the PDP-11 on a Univac 11(C8 hes also hbeen
written in conjunction with the XB project and ic described
in Appendix U.

This document has been prepared using the UUCC FASTEXT
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system which is described in Appendix C.

HISTORICAL PERSPECTIVE

The IT.B.M. 1620 was one of the standard mechires of a
decade ago. By modern standards this machine is verv slow
and cumbersome; it had a 20 microseconc cycle time per
character and took about 500 microseconds tc add two ten
digit fields together, At the same time, a great virtue of
the 1620 was its slowness and therefore, accessability. One
felt one <could stop the machine and inspect the value of
variables; the time spent in doing so would not greatly
inconvenience the next user. At the £,A.E.C. time was booked
in lots of half an hour,.

After this, machines became faster, operating systems
were used to speed the flow of jobs and the machine became
remote from the user. Now there is a trerd to use the
larger, faster machines in a conversetional mode in crder to
regain the advantages which existed & decade ago with slow
machines. Rather than have just one wuser stopping and
starting a whole machine, several users are able to have
this ability via timesharing and typewriters,

The three systems in this Ph.D, pro/ect are part of
this revolution; an attempt to regein the corversational
facilities which existed in a crude form 10 vears ago.

A second trend over recent years has beer the use of

machines in an "impedance matchinc" mode, or, to have
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di fferent machines linked together with each performing the
tasks to which it is best suited (in particular, input and
output tasks). A classic example is the UCCompuret computer
network (Ref. 1). The central machine is a Univac 1108 which
has a high internal speed and also a lot of hardware devoted
to performing sophisticated instructions in &s few machine
cycles as possible; for example, a floatinc point multiply
is performed in 3 cycles. All input and ocutput to slow
peripherals such as card readers and printers are controlled
by a PDP-8 which is a fast mini-corputer with a minimal
instruction set. At present 14 card readers end printers are
attached to this PDP-8 (2 on site and 12 remote). Cards are
read into the PDP-8 and buffered into larce blocks. These
are sent into the 1108 at drum transfer speeds; several
hundred thousand <characters per second. Similerly, output
from the 1108 is sent to the PDP-8 and then to printers at
much lower speed.

Another example in the same network is the FASBAC
system (Ref. 2). Here 3 machines are arrenged in a
heirarchy. A PDP-8 computer is wused to receive &nd send
characters from and to low speed asynchronous terminals

(110, 134.5 and 300 baud). The PDP-8 is &lso used to

automatically echo any character it mav receive from 3
keyboard back to its matching teleprinter, Whenever a
complete line is accumulated it is transmitted into a

larger, more sophisticated PDP-9 computer., In this recard
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the PDP-8 acts as a pseudo card reader to the PDP-9,

The PDP-9 system is capable of building files, editing
files and performing character oriented (vs. arithmetic)
tasks. This document was formatted by the FASTEXT svstem on
the PUOP-9 computer (Ref. 2, Chapter &),

A complete program may be built in the PDP-9 as a file
and sent accross to the 1108 for processing.

Thus there is a heirarchy:-

a) The PDP-8 handles characters and builds lines,

b) The PDP-9 handles lines and builds files.

c) The 1108 handles files,

This approach of treating input and output in as simple
a fashion as possible is wusually carried over to single
processor conversational systems. In this recard, the three
systems in this project are a radical departure from the
norm. The XB system treats input from the kevboard as a most
important event; one requiring high priority ard perhaps a
lot of computing. The behaviour of the syster could not be
duplicated with a simple machine to receive and echo
characters and a more powerful mechine to perform arithmetic
and logic.

It will be demonstrated that this approach taken in the
XB system is worthwhile; that although the technicues

employed are inefficient, they are effective,
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MAIN THEME AND OUTLINE OF RECOVERY PROBLEM

The major theme of this project has been to explore the
possibilities of utilizing the full cduplex behaviour of a
typewriter communicatina with a computer, mairly to check
syntax,

Firstly, the term full duplex has several usaces and
its meaning in this context should be <clarified, On a
teletypewriter attached to a D.E.C. PDP-11 the kevboard and
teleprinter are two distinct devices, When a character is
keyed, the character 1is transmitted (actually the ASCII
representation) to the computer and an indication civen in
the machine. The character is not printed auvtomaticallv by
the action of striking the keyboard; it is the
responsibility of the program in the computer to do this.

Some machines, such as the [.,B.M. qgolf-tall tvpewriters
are half-duplex; each character keyed bv the user is tvped
locally without reference to the computer csystem. OQthers,
such as the Memorex 1280 are switch selectable between holf-
duplex and full-duplex.

This dearee of freedom of the procram leads to the
possibility of checking the incominc character for validity
in context and, in particular, syntax. If & character s
entered which <cannot possibly be correct (such as two
decimal points in a number) the simplest wav of indicatinag
the error is to not echo the character onto the teleprinter,

In this way all syntax errors cen be prevented. This
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leads to two savings. Firstly, no messzqges relatinc to
errors of syntax are needed (a savina cof <pace) and,
secondly, interpretation of statements mav assume that no
errors of syntax are possible (an increase of speed). Each
character is checked dvnamically for syntax as it is keved,
rather than considering a complete line after the line has

been entered, or a complete program after a program has beren

entered.
The main problem with syntax checking is one of
recovery, It is not very difficult to devise a scheme to

check the syntax of (say) an arithmetic expression. The real
problem lies in being able to continue with the same line
after rejecting an error (i.e., for the program to recover
to the state in which it was before the invelid character).

Another aspect of the recovery problem is the deletion
of <characters already entered. Recovery ofter an invalid

character has been entered means regeining just one state;

deleting several «characters means regaining anv one of
several states, If twenty characters had been entered in a
line, deletion could call for recovery of any one of these

states. Suppose the state of the machine is Sn while waitinag
for the nth character of a line. The problem i< to recover

to state S1, S2 etc.
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A SOLUTIGON TO THE RECOVERY PROBLEM

The first attempt, in ACTIV-&, to rprogram such a
behaviour avoided the problem of recovery to a large extent,
At each stage precautions were taken to recover the state Sn
if the nth character proved invalid. The simplest wav of
doing this was to place restrictions on the svntax. For
example, all variables were two <characters in length; a
letter fcllowed by a number. [f the second character entered
was not a number the program simply looped until it received
one.

With hindsight the solution to the recoverv problem in
the XB system seems straightforward, but meny schemes were
devised and discarded in the process, The evclution of the
solution lay only partly in meeting the requirements already
outlined. A major part of the evolution of the recovery
techniques for the XB system lay in e&daptinag the solution to
meet new ideas which lookéd as though thev should be able to
be incorporated weasily. If they proved difficult, the
recovery technique was modified wuntil it met the new
requirements while still satisfying the cld, Juring this
evolution the recovery technigque grew both more powerful and
simpler; always a good sign! To aid the explanestior of the
recovery mechanism, etc,, reference will be mede to the
source listing of XB (Appendix G). Such refererces will be
to the decimal serial numbers in the left hand cclumn., Thus

a reference to the subroutine to accept arithmetic



A SOLUTION TO THE RECOVERY PROBLEM pace 9
expressions will be to 1116-1349,

The first decision was to have a recevery mechanism
which had the minimum impact upon the program checking the
syntax of the incoming characters, The simplest way of doing
this was to have a single location in the machine to which a

Jump could be made (1434)., Because this jump roul” be made

from anywhere in the syntax, the only commor point from
which recovery could be made was the start of the line.
Ubviously this meant storing all the input characters in a

buffer (INPUT) and having a knowledge of the nurber of
characters which had been accepted (a pointer, INPAI,
pointing to the next free position in INPUT). During
recovery from the start a pointer (L) was needed to
indicate which character should be taken rext. Once the
pointer L had caught up to the pointer INPA1 recovery was
complete and the next character was needed from the user via
the keyboard. Hence to recover after an invalid cheracter,
INPA1 was decreased by one, L reset to point to the start of
INPUT and the program worked its wav through all the
characters at internal speed. Similarly, to backspece one
character, INPAl was decreased by two.

Another problem was the typing of cheracters. In the
normal case, valid characters had to be typec beck to the
teleprinter once they were accepted, but during recovery the
program had to treat them as internal data and certainly not

to be typed once more. The backspace using tte beckslash (\)
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required the line to continue, while the multiple beckspace
(<nn) called for a new line and the recuced lire to be
retyped. The control of the typing of characters was handled
by another pointer (INPB1) to the INPUT buffer. If no extra
typing was needed INPB1 was altered to match INPL1, Tf a new
line was needed, the new line was taken ancd INPB1 reset to
the start of INPUT. In this way the line was retvped during
recovery.

Some output from the system may be suppressec (Topic
/.2, page A-47, Appendix A) by the wuser giving an
unsolicited character from the keyboard. Jutput which mav be
suppressed is indicated by a variable, OPTION, set to non-
zero (5443,5467). The output is by-passed in the subroutine
which prints individual characters if OPTION is non-zero and
the keyboard flag is set (4040-4045). This epproach is used
to ensure that the program follows the same path whether the
printing is active or not. The alternative cf breaking into
the program stream was not seriously considered s deta may

be modified while the output is beinog prepared,

ACTIV-8 simply did not echo the input charecter to
indicate an error. On a teletype this is quite satisfactery.
There is an audible difference between a kev pressed
followed quickly by a character being typed, and a kevy bring
pressed followed by silence., However, on 2 video terminal it
proved to be most unsatisfactory. There is no sound involved

in the character appearing on the screen and one lcses the



A SCLUTION TO THE RECOVERY PROBLEM page 11
sense that there is something very wrong. To overcome this
the bell <character (control-G) was introduced. If the
character was not valid, the bell character was echoed
instead. This restored the impression of an error, even on
the video. At first the bell was initiated by the error
routine directly and was satisfactory for syntax errors, but
characters were rejected for other reasons (see the EDIT

tacility, Topic 4.7, page A-16, Appendix A) and it seemed a

pity not to wuse the same technique fcr eoll invelid
characters, irrespective of the cause of their rejection.
IThis was eventually solved by sounding the bell if two

successive calls were made for an input character without a
call for a character to be typed; if the first character was
not echoed, something was wrong,

This emphasised the problem of speed of recovery. When
one is simply not echoing, the progrem gives no cianal that
it has completed recovery. When the error routine signals
the bell, it does so when the error has been detected and
before recovery. When the bell is sounded by the seccond call
for an input character, it does so after recovery is
complete., So that the user does not lose rapport with the
system, the time difference between echoirng 2 valid
character and sounding the bell must be miniral. This is the
main reason for the programmed check (e.qg. 1116-1349,
arithmetic expressions) for syntax error< rather than the

more compact but slower methods aveilable with a table-
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driven scheme, However, a comprorise is used in the
acceptance of keywords (e.g. 4723-4729).

In essence, the technique is very simple. Suppose the
string

1.34E+
has been entered. The only character valid as the next
character is a number (1204, and 1976-1983 via 882 and 75-
84).

I[f the next character is a number, it is stored in
INPUT (1201 wvia 891 and 75-84 to 2741-374%), tvped (3746-
3751) and another character solicited from the kevbcard
(3753-4036). If it is not, an exit is made (1207 via 960 and
85-92 to 1434-1438) to the error routine. The pointer [INPAI
is decreased by one, and a jump made to one of several
restart points (say 5049, see 5047). From here the procram
is able to proaress from state S1 at the start of the line
to Sn (say) where it was just before the invelid cheracter,
Note that (5045, 5046) INPA1 and INPB1 are not reset, thus
forcing the program to use the internal charzccters end not
retype them. The bell character is scunded (2841-384¢) since
no character has been typed (4047) between input charecters.

The next point of interest is the expansion of a
character in some situations (Topic 7.1, paae A-L&, [opendix
A). An example of this is the compulsory space at the end of
the keyword -~ TRUE =, If a non-space is entered instead of

the terminating space, it is saved in INPUT (1531-1539) so
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that it is treated as the next character and a space
substituted. The value of HBECHO (which centrols the hell
resulting from two successive calls for an input character)
is increased so that the bell sounds unless there are two
characters echoed between calls for an input character
(1538). This is to allow for the non-space heino an invalid
character, Similarly the expansion of a special character
which has been associated with a compound statement via an
ASYNCH statement (4361-4386, Topic 5.18, page A-29, fppendix
A) is performed by expanding the strinc into INPUT,
increasing INPA1 to include the new characters, but leaving
the pointers L and INPB1 so that the extre cheracters are
both picked up and typed.

An expansion of particular interest is the null
statement number (5321-5338). Here a charecter is used to
indicate a null statement number of three spacecs, &nd the
most obvious choice is the space character itself. The
difficulty arises when a recovery is macde, If the space
character causes an expansion of one space into three, care
must be taken that the svstem does not end wup with five
spaces after recovery. This would most likely cause 2 svntax
error, another recovery and & ticht loop. This wes solved bv
distinguishing between keyboard characters ard recoverv
characters (5330). A new problem arises where a Jline
containing & null statement number is purchec onto paper

tape via the SUSPEND statement. (ne must punch all three
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spaces on the paper tape or the typing of the lire would not
match the line printed via a LIST. However, the first space
must not cause an expansion either, else cne vould end up
with five spaces instead of three, This was solved by
inserting a special non-printing character (control-7, 5321)
in front of the three spaces to suppress the expansion.

Because the syntax of incoming characters is checked,
there is an opportunity to store additional information to
simplify and speed the process of evaluation. An output
buffer (OUTPUT with a pointer SL) receives a copv of the
input characters as well as special <characters to act as
sign-posts for the evaluation. For example, a bracket for
subscripts (1226-1231), @ bracket for groupina (1131=-1134)
and & bracket enclosing an arcument for a function (1320-
1335) are all stored with & different special character
imbedded in front of ther, Similaerlv & urary plus (1121-
1125), an exponent plus (1191-1195) and an operater plus
(1171-1175) are all stored with different indicators. During
evaluation the speciel characters are sought rather than the
original characters., Since this "seecded" string must be used
to recover the original string at some future time (for
program listings, etc), the seed characters must be easily
distinguishable, Since the PDP-11 has <characters of eiaht
bits and ASCII is a seven bhit cocde, the cian bit of each
character was used.

In 2 sophisticated syntax scheme it was scmetimes
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necessary to follow one of two possibtle paths., For example

“IF B ANDT
looks like a continuing logical expression such as

“IF B AND Bz THEN TYPE A3~
but it could turn out to be

TIF B AND3=147
i.e, a variable AND3 rather than a logical operator £ND.

To cope with this problem it is necessarv to identifv
logical ends to an expression; After a varieble or literal,
one may have a logical end of expression or 2n operator. If
the <characters turn out not to be a continuetion of the
expression, @ "mini recovery" must be made to the last
logical end of expression and an exit taken. Note that a
full recovery is neither necessary or possible. It proved to
be sufficient to save and restore the two pointers L and SL.
In the example above, see 17C9-1718, 1735-1737, 19&4-1990.
The input <characters must be recoverecd from INPUT and new
seeds stored into QUTPUT.

It was important that the syntax check gracduated from
particular to c¢eneral, otherwise the cgeneral svntex could
accept a stream and never pass it on to the particular. £lso
care must be taken that another routine is available to
carry on the stream., If not, a later routine mav reject a
character already echoed to the teleprinter; resultinae in a
recovery and a tight Jloop. For example the cheracters

“ACCEPT™ could turn into an arithmetic or locical expression
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up until acceptance of the fifth character (variehles car be
four characters lorng). If a deviation is made from the
keyword in the first five characters, a mini recoverv is
made from the start of the line and the string treated as an
expression (4577-4578, 4723-4729, 4970-4972). In the case of
an arithmetic or string expression no operator is more than
one character long, and it is not necessary to ever perform
a mini recovery as for a logical operator such as ~ AND ~.
However care must be taken not to reject a charecter if a
logical end of expression has Jjust occured, but rather pass
the character back to the more specialized syntax routine
which may be calling the expression. For example 64C would
have the first two characters accepted as arithmetic
expression but the last (the () passed cver to the rore
specialized syntax routine for judgement (1178-1186, 1288~
1293). If the <calling routine were the arithmetic routine
looking for an operand for a function, the ( would bhe
rejected; any extra character must be a closing hracket
(1341-1342), But if it is a TYPE statement looking for an
operand it would be accepted (4680-4€83)., Note that even the
comma separatino the operands in a TYPE staterent s
inspected by an expression routine, found ncot to cornform to
the syntax for that expression and pessed back te the TYPE
statement.

In many cases a general expression is required (operand

for TYPE, expression statement) as opposed to a particular
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type of expression (subscript value, input curira execution
of an ACCEPT statement). A special routine (1815-1¢61) is
needed to determine the type of expression, to accept the
expression from the keyboard and to inform the calling
syntax routine, The only problem here is that either the
arithmetic or string expressions mav heccme logical
expressions by use of a relational operator. For example

14%(A1+3)
is an arithmetic expression, but

14=(A1+3) EQ 6
is a logical expression. The mini recovery technique is well
suited to this task. If the initiel charecter does not
indicate a logical or string expression, ar arithmetic
expression is taken from the kevboard (1917). If the
characters after the arithmetic expression (1919-194f) are a
relational operator, 3 mini recovery is made to the cstart of

the arithmetic expression and a logical expressicn is souaht

(1949-1961).

SET OF ALLOWABLE NEXT CHARACTERS

All the techniques described above were v.oll
established when the concept of the set of allcwable next
characters was introduced (see Topic 6, paae A-LL, [ppendix
A). This was born largely out of a concern to check all
possible <characters coming in from the keyboarc in anv

situation. By working systematically through the kevboard
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one could <classify <characters into not acceptehble if they

signaled an error or acceptable if thev were echced, In
order to continue with the next test charecter, the
particular situation must be regained, If the trial

character was rejected, recovery was automatic., I[If the
character was accepted, recovery had to be feorced bv means
of a backspace.

In some cases this was meanincless. Suppose the trial
character was a colon (treated as a carriage return) which
terminated a line which in turn deleted a stored stetement.
Here it is not possible to reverse this action bv 2
backspace! This was solved by restrictinc all the syntax
routines to merely gather information. [f the cheracter wes
being treated as a test character, this information could be
ignored (5369-5375), or if it was being treated in the
normal way, it could be acted upon (5C57-£2065). With this
modification, the automation of this Ythreshira" of the

system was practical, The sixty four ASCII «cheracters

(excluding control characters, lower <case <characters and
<7, 7> and ~\7) were tested. Each character in turn was
placed in the "next character" position ard followed by

several special characters (5508-5514) in case of expansion.
The number of internal characters was set to a3 verv larae
number (5515), typing was suppressed (551A) and a recovery
initiated. A jump to the error routine will ke mede, either

because the test character was invalid or beccuse the
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special character was detected (2764-3765). A <imple test
may be made (5523-5525) to determine this.,

A string of allowable characters is built up internally
(5482-5484, 5£5499-5502). If this string is empty (i.e. no
characters were valid) something is wrorg with the X3
system. If more than one character is valid, a fresh line is

taken, the set of characters typed, &nd & recoverv mecde with

the original line retyped.
If only one character is valid, it is echoed in the
users line, and a fresh scan made for the set of allowable

characters in the next position. If this new scan results in

only one <character, this character is also typed on the
users line and the process repeated., If more thar one valid
character is found, control is returned to the user to

continue keying in characters. Note that when the svstem s
following a keyword (the only real situctior repeatedly
returning one valid character) sixty four test —cheracters
(and 64 recoveries) are made for each character tvped for
the user.

A simple extension of this technique is used to print
out a two dimensional array of velid characters for the next
two positions.

Lastly, an option exists so that the system will oprint
the set of allowable next characters whenever the user makes
an error. This prompts the user with the set of cheracters

from which he must choose. If he was typing & keyword, where
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there is only one valid next character, the svstem will
complete the keyword, That is, if the user were tvpinc an
UNLESS keyword and had typed the U, then keved an M instead
of an N, the system would type an N instead cf the M and
continue with L, E, S, S, and the closing spece.

An important point is that this facility (a syntax
exorciser) is completely independant of the syntax routines.
No changes are needed to the exorcicser if the svntax s

changed.

OTHER ERRORS

Other errors may be checked in the same fashion as the
syntax errors. The single subscript of an erray must be in
the range 0-65535. Hence in the string

A(70000)
the subscript is clearly out of renge. Other examples are
one of two subscripts (0-255), string subscripts (1-31 at
worst), references to sequence or statement numbers (0-999;
GU TG, CALL, etc) and the arqument of the SCF furction (not
negative).

In the example above, the closing bracket should be
rejected, It is tempting to reject the lest zerc which
changes the subscript from 7000 to 7C000, but this would not
allow the valid expression

A(70000-X)

It is only when the user indicetes the subscript s
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completed that any decision can be maede about rejiectinc the
terminating character,

Clearly, it s necessary to evaluate the arithmetic
expression. This is not possible if reference is made to a
variable. There are two cases:-

a) The statement is to be stored. The varieble may
assume any value when the program is run.

b) The statement is an immeciate staterent. At first
one is tempted to use the current value of variables, but

there are two difficulties:-

1) X=-1:

A(X)+X=1:

2) X=-1:

X=1;3 A(X):

In the (first case, X will have a value of 1 during the
"real" evaluation. Any decision besed on the -1 value
ignores the possibility of X beina redefinecd before the
subscript is evaluated. The second cese is similiar.

The checking outlined above has been implementec in the
XB system as an option (See Topic 4.13, page A-20, fLppendix
A). In the case of

A(70000
a pointer to the left hand end of the subscript is saved,
When an attempt is made to end the subscript, the expression

is copied into an alternate arez., The Subroutine to
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reference the symbol table is conditioned so that reference
to a variable causes the evaluation to be aborted, After
verifying the syntax of the terminatina cheracter, an
attempt is made to evaluate the subscript., [If the attempt is
aborted, the incoming character must be accepted, [f the
evaluation can be completed, a check on the range of the
subscript may be made and if it is outside the rance, the
character may be rejected.

The time taken to evaluate the arithmetic expression
can be a problem. In practice a subscript like

A(1+2+3+4+5-4=4)
can be evaluated and the closing bracket rejected without
noticeable delay. However a subscript like

A(SQR(25)-SGR(24))
takes time to evaluate (particularly with cecimal floatino
point software!) and a considerable delav occurs before the
closing bracket is accepted. The problem would be recduced if
hardware floating point were available, If a real tire clock
were available, the attempt to evaluete the expression could
be aborted (similiar to the symbcl table reference) after
(say) 40 ms.

If the string

A(SQR(25)-SCR(24))++
were entered, the subscript would be evaluated once to
determine whether the closing brecket should he eccepted and

again during recovery after rejecting the <secord plus
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character, This second evaluation is unnecessarv ard, once
the problem is recognised, can be avoided. Heowever, care has
to be taken that the process of determinino the set of
allowable next characters is not upset (the two caces are
very similiar).

In the case of an immediate GO TO vith an earqumrent
which can be evaluated, a check is made that the seaguence or
statement number is defined. In the case of a statement
number, a check is made that it is unique,

The same idea may be used to monitor the FOP statement,
In the statement

FOR X=1,3,~-.5 A(X)=0:
the space after the -.5 could be rejected. HFHere all three
parameters of the FOR loop may be evaluated and the endless
loop recognized,

This exercise of rejecting out-of-ranae subsrripts etc,
was at first thouoht to be too difficult to implement,
However refinements of anv technique depends on the chanqges
needed to incorporate more facilities irto & method. (A
question of difficult prcblems vs, irnadequate soluticns.)

A check on the value for a SQR function mey bFe made
with the double set of allowable next characters feature,.
For

SQR(2EL-1E+>

$01234567895S

SQR(2E4-1E+>
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0 )*+-/0123456789"
1 )*+-/0123456789"°
2 )*+-/0123456789"
3 )%+-/0123456789"
4 )*+-/0123456789"
5 *+-/0123456789~
6 *+-/0123456789"
7 *+-/0123456789~
8 *+-/0123456789"
9 *+-/0123456789"
SQR(2EL4~1E+2):

141.068
>
the only numbers which mav follow the exponent plus

character and which may themselves be followed bv a rclosing
bracket are 0 through 4. The numbers 5 through 9 vield
negative values for the argument and hence the «closinag
bracket is not allowed,

A forerunner to rejecting nonexistant cequence numbers
was the implementation of an immediate staterent to delete
sequence numbers and change statement numbers (Topics 5.4
and 5.5, pages A-23 to A-26, Appendix A). £ riqid svntax
structure dictated that the sequence number should be in
cols 1, 2 and 3. When the carriace return is qgiven, & cherk
is made that a8 statement has been stored with that cequence

number.,
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Another possibility (not implemented at the time of
writing) is to check on the unicueress of the statement
number of a statement being entered for storege., This check
could be made when the second character of the statement
number is entered. One complication 1is thet the current
statement may be replacing one with the samre statement
number . If the wuniqueness check were to fail, this
possibility would have to be explored (by comparina sequence
numbers as well). Another consideration is that the user mav
be well aware that he is duplicatinc a statement number and
his next move would have been to delete the old stetement.
This places an unnatural restriction on his order of making
this change,

Strings longer than 31 characters could be cdetected at
input. That is, in the strina

“ABCDEFGHI JKLMNOPQRSTUVWXYZ 123456
the 6 is an error because it is the character which mzakes
the string exceed the maximum length. In the situation ahove
the only character which s va]fd is a8 <closinag aquote,
Similiarly the string

“ABCDEFGHI JKLMNOPQRSTUVWXYZ 87123456
is too long because of the 6. In this case the svstem would
have to recognise that two string literals, with known
lengths, were being concatenated. The strina

“ABCDEFGHI JKLMNOPQRSTUVWXYZ "8H1&7 123456

is also too long because of the 6, Here, althouch the volue
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of H1 is unknown at the time of receivinc the 6, the string
is too long even if Hl is a null string (vith a length of
zero).

The magnitude of numbers may not exceed .99%999E+39. If
a number

1.E+64
were entered the system could continuously attempt to
convert the number into internal form, In this case the &
could be rejected.

The above procedure is too simple. (Cne rust alsc allow

9999999999959999999999999999999€99999999999E-20
which is a valid number when the expconent is included, but
to a simple minded scheme the fortieth digit is en error and
would be rejected. It is only when the user indicates that
the number is <complete that a check cculd be rade, In the
example of 1.E+64 the 4 is the last <character since the
syntax will not allow more than two exponent cheracters. In

999999999999999999999999999999929999999¢999*
the * indicates the end of the number anc if the maximum
magnitude is exceeded, the * could be rejected.

Another problem appeared in the sample proaram cf Tcpic
5.19, page A-41 of Appendix A, The conditicr of validitv is
that

N GE 1 AND LE 9 AND PO(N) EQ MT
should be true. That is, the positicn must be con the board

and not taken. In practice, this does nct eachieve the
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desired effect and the condition must be broken in two to be

IF NLT 1 OR GT 9 GO ERR

[F PO(N) NE MT GO ERR

The reason for this is that if N has a wvalue of 21,
say, then PO(21) is cut of range, an error exit teken, an
error message given and the statement abcrtecd. Eut the
expression is identical to

FALSE AND B
Here, the value will be FALSE irrespective of B beinc TRUE,
FALSE or wundefined. The error status is really incdicating
that PO(N) NE MT is undefined. In this <case, it mekes no
difference to the final result,

Similarly,

TRUE OR B
will be TRUE. This difficulty could be overcome by allowéng
a third value for logical (i.e. undefined). If an undefined
were generated during an evaluation, an error message should
be stored. If the final value was defined, ro harm would be
done; if undefined, then the first error mescsage should be
given. Note that

TRUE ANU UNUDEFINED
should merely vyield a partial result of UNDEFINED. There s
no need to generate an error message, since clearlv the
error is due to some earlier concditicon and an error message
exists.

This extra value (UNDEFINED) for a logical variable is
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similiar to the floating point values of vundefined, plus
infinity and minus infinity on the CDC 6600 computer.

The identity

FALSE AND B is always FALSE
is used in optimising code in the [.B.M. FCRTRAN compiler
for the 360 computer. There it is used to avoid calculations
rather than avoid error messages. This raticnalization has

not been implemented at the time of writing.

FACILITIES FROM INTERNAL CHECKING

Such a large and closely-woven system as the XB system
on the PDP-11 requires extensive checking to meke sure all
possibilities are considered and tc assist ir isolating
errors. Many of these checks and facilites have provided
features for the user,

The set of allowable next cheracters stertec as a
method of checking that the syntax analvsic was reesoneble
and there were no tight loops. In the finel <system this
takes on an advisory role; giving the user en indicetion of
the characters which may be used in & particular situation,
either on request or when an error is mace,

Because the syntax analysis, if workine correctly,
guarentees the validity of the statements it is tempting to
have no checks in the evaluation stage of the interpretor.
However any error not detected in the svntax wculd go

undetected and result in a mysterious error far removed from
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its cause. For this reason many checks have beer incluced,
although far less than would be needed if these checks were
the first line of defense against syntax errors. These
checks have been included as assembly options (4S,4911),.

The fine trace feature, giving an operation by
operation analysis of the evaluation of an expressior (Topic
4,4, page A-12, Appendix A) is another example. This was
introduced to check the evaluation of expressions. As the
features within expressions became more sophisticated (such
as the elided operand in a relational) the fine trace
teature followed. When the possibility of invoking the step-
by-step analysis when an error occured was realized the
feature was retained in the systemr, rather than discarded

like many other implementation aids.

SYMBOL TABLE

A very simple symbol table is used for the XB svstem,
Two POP-11 words are used to hold veriables (4 cheracters
for simple variables, 2 characters and 16 bits for singly
subscripted arrays, and 2 characters and two by § bits for
doubly subscripted arrays) and two words for date (37 bits).

A sequential search is used to reference variables, The
table is not sorted, but rather entries added or alterec as
assignments are made.

A single area is devoted to storina statemerts and

strings and the symbol table, The wvarieble lencth data
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starts at the low end of the area eéend increases upwards,
while the symbol table (with fixed lenath date) starts at
the high end and increases downwards. This allcws optimal
use of the area.

A device used in looking up variable length information
is of interest., Special characters are used to indicaete the
start of each item, If the total length of variable lerath
data were n, then n searches need to be made if the data s
stored as true variable length with dense packina. A
worthwhile improvement in speed may be achieved bv padding
out the variable length data so that the special cheracters
are always a multiple of m characters from the start of the
table. This results in a m-fcld increase of speecd a2t the
cost of (m-1)/2 characters per item, A multiple cf 4 is used
in the XB system resultina in a four fold increese in speed
for 2 7.5% increase in space assuminc twentv characters per
item on average. (Actually a 3707 increase in speed because
of the increase in size.)

In order to repeat statements which end in error (Topic
L.4, page A-12, Appendix A) it is necessary to reverse the
effect of any assignments made durina the stetement. An
attempt was made to do exactly this, but showed all the
signs of being unwieldly., A simpler ctatement of the problem
was to reset the symbol table to its state at the cstart of
the statement. A solution to this equivilant problem proved

to be both simrple and elegant. The svmrbol tahle was
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partitioned into a permanent symbol table ancd an incremental
symbol table (initially empty). The permanent svmbol table
remained unchanged and assignments were made into the
incremental symbol table., Any reference was tried first in
the incremental table and then, if unrecolved, in the
permanent table. At the successful conclusion of a staterent
(or statements) the incremental table was consolidated into
the permanent table. If the staterent ended ir error, the

incremental table was simply abandoned,

SYNTAX

The syntax of expressions and statements ir the XB
system is not complex. The main concern has been exploiting
the full duplex typewriter characteristics, Sample
flowcharts for arithmetic expressions are aiven in [fopendix
F.

There are three types of data which must be reccanised,
It is desirable to be able to determine the tvpe bv the
first character to avoid complexities in the recoveryv
problem. Literals identify themselves in this way neturally
(e.g. quote for strina, space for logicel ard number or
decimal point for real), The first character of veriables
identifies their type. (An excellent precedert exists in
FORTRAN for integer variables!) Initially it was planned to
commence logical wvariables with an L, but the function LOG

would cause difficulties, So instead the letter R (for
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Boolean) was chosen. Similarly strina veriables were to
start with S but because of SQR and SIN beceme H (for
Hollerith). When strings were introduced, the subroutine
depth counter, then SRET, was chanced to ZRET, but not
changed back when string variables started with H rather
than S.

One construction of interest is the elicded relatioral.
Here

A EQ 2 OR A EQ 3
is simplified to

A EQ 2 OR 3
and

N LT 1 CR N GT 99
to

N LT ' CGR GT 99

This simplification 1is only possible where a full
relational has been given. For example

A EG 2 CR 3

is allowed, but not

2 OR 3 EQ A
A knowledge of past relationals is maintained, [t is set
(1758) when a full relational isc completed and reset

whenever a lcgical variable is used cr an assionment made,
Also the simplification may not carryv from real to strina.

For example

A EC 2 GR H EQ 27 OR A EQ 2
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may not be simplified to

A EQ 2 OR H EQ "2 DR 3
even though the syntax analysis and exprescion evaluation
are well defined. These restrictions are quite arhitrary and
designed to prevent the user from confusina situstiors.

There are two possibilities wher recoanizinc the use of
this simplification. In the first, where just the left hand
operand is elided, a relatioral operetor follows a locical
operator (1655-1659, 1687-1693). In the second 2 relational
operator does not follow the left hard arithretic operand of
what at first sight appears to be a complete relational
(1667-1678, 1679-1686).

I am indebted to Mr. Peter Moylar of Newcastle
University for bringing a similar constructicn tc my notice.
The expressicn

Al GT A2 AND A2 GT A3
may ke simplified to

Al GT A2 GT A3

This simplification is eattrective (especiallyv its
implementation) but [ have resisted the temptation of
including it in the present XB versicn.

Another construction of interest was thet of selective
assignment., The construction

IF 8 THEN A=X ELSE C=X
may be rewritten as

IF B THEN A= ELSE C=X
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Note that
[F B THEN A ELSE C=X
does not mean the same as the previous expressions because
in the XB system assignments like (=X mav Le treated as an
operand. This was considered as being of insufficient
benefit for the simple, vyet tediocus problems invelved in

implementation.

EDIT FACILITY

The edit facility (Topic 4.7, pace A-16, Appendix A)
enables the user to change characters alreadv entered in the
current line or stored previously.

The change sequence involves nominatinc a subhstring in
the current line. A subroutine is used to count the number
of times the substring exists within the current line., [f no
match is found, then the change is impossible, The last
character entered is either the (first charecter of a
substring or a subsequent one (to get this fer, the
substring must previously have existed within the current
line). The last character must then have beep in error and
should be rejected.

[f the substring exists within the current line the
character may be echoed, This different criterion to echo
caused the decision to give the warning bell character after
a second call for an input character rather thar a svntax

error.
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[f the substring exists once onlv (i.e. is unicue)
within the current line there is a unique rext character,
IThis <character may be nominated by the user via the ~>~
character. Unce the wuser has given sufficient of the
substring for it to be unique, the rest of the strinc mav be
easily nominated by this means. Note that the system cannot
advance automatically as with the set of allowabtle next
characters facility; the user must have ccmplete control
over the length of the substring he is nominetinc.

It would be possible to check the syrtax of the
characters making up the second substrina., For example, in
the following case

2+C*4<E

E>/C/C)
the 7)7 could be rejected just as it would ba in the
sequence

2+C)

However to change

2+C*4
into

(2+C)*4
would mean inserting the opening bracket first ard then the
closing bracket., The approach finally taken vas to allow the
user full rein to change the current line ancd to perform a
syntax check when the user indicates that ell chances have

been made. The current line is presented to the svntex 25 an
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internal stream, and a test made to see if ar error would be
indicated before the end of the string. If all is well the
line is retyped for the wuser while the svestem makes 3
complete recovery.

If a syntax error is indicated, a seconc scen is rmade
exactly like the first, but with the tvpirg irdicator
(INPB1) set to type the wvalid characters as thev are
accepted. A dollar character is given tc make arv space
character at the end of the line visible, The wuser s
returned to the edit mode with the complete line aveilable.

In this way the user is able to make <chances in the
line and the system verify that the new line still hes velid

syntax.

INTERACTION WITH PROGRAM

The XB system has been written to provide the maximum
interaction of a user with his progrem, [iecavse cf this it
is essential that interplay btween interpretaticon of stored
statements and the user should be as flexible as poscible.

When interpreting a stored program, a record rmust be
kept to indicate Qhe current statement and the rext. In the
XB system it is possible to stop a runninc progrem, add
extra stored statements and continue, Decause this may
involve moving statements in storace the onlv practical

means of recording a statement is by seguerce or staterent

number.,
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Where one statement follows sequentiallv frem enother,
the address of the next statement is held betweer stotements
in exactly this form; e.q. the staterment after (sav) 120.
Suppose at the time this next statement is 130 and at this
point the user regains control (Topic 5.17, peae A-38,
Appendix A) and inserts a stetement with sequence number
124, If the sequence number of the next statement is
calculated too early an incorrect return woulcd be made to
130 rather than 124,

Similarly when a CALL or GO TO is made, the tarcet must
be described exactly as such. Suppose in a stored program a
statement with a sequence number of 160 hed & statement
number of 23 and the program had just interpreted a GO TG 23
when the user regained control. The user must be free to
reassign the statement number to another statement; sav 220.
If a translation from statement rumber to sequenre numrber
had been made too early, a return to 160 would heve heen
made instead of the correct 220.

A breakpoint facility (Topic 5.§, page A-27, [Ilppenrdix
A) has been provided for the user to recein centrol ot a
specified point in his program, It is neccessary tc allow
the breakpoint to act either before or after the statement
to cover the case of a GO TO or CALL.

The user may regain control frcm the autcmatic rmode
(Topic 5.17, page A-38, Appendix A) with provision to return

-

control either to the next statement at full speed with ~:7,
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to the next statement for one staterent onlv with “;7 or to
any point in the program with a GO TC.

The user may break into the runninag procram and execute
a single nominated statement (Topic 5.18, page A-39,
Appendix A). Provision has been made to allow this nominated
statement to be a CALL statement.

A trace feature is available for varieble assianmrents
(Topic 5.9, page A-29, Appendix A) ard for listing
statements as they are interpreted. Another trace feature
(not yet implemented at the time of writinc) will be an
assignment trace for a particular variable covering all
statements rather than the present eé&ssignment trace which

covers all variables within a particular statement.

CALL and RETURN statements

The CALL statement and its companicon, the RETURN
statement, provide the means of usirg other statements in a
program and then continuing interpretation with the
statement after the CALL statement (Topic £.14, pace A-36,
Appendix A). Information must be saved durinc the execution
of a CALL statement so that the RETURN stetement mav send
control back to the correct point, Once this information has
been stored, the CALL statement may be, and is, treated as 2
GO TU statement., This information is held in a2 relative
form. Suppose the CALL were mede from sequence nurber 120

when the next sequence number was 13C. [f the user reaained
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control between the CALL and the RETURN and intrcduced a
statement with sequence number 124, the RETUFN will be made
to 1245 if the RETURN address were stored as 13C the system
would not be able to follow this change in the procram by
the user.

In the XB system this information is cavecd in the
symbol table. An array, ZR, holds &a stack of return
locations and a wvariable, ZRET, <counts the cepth of the
stack. In the case of a stored CALL @ sinale entrv is acdded
to ZR, and ZRET increased by one. For an immediate CALL
three entries are needed. The first two are the veriables
holding the sequence numbers of the previous é&end next
statements. The third is an indicator so that the RETURN can
interpret the stack values <correctly., A CALL mav also be
made by an ASYNCH statement, (Topic 5.18, pace A-39,
Appendix A) and three stack entries ere also neeced,

The use of the svywbol table allows recursive CALLs to
be made. The values are held in floatina point forr under
specific wvariable names so that the user mav have access to
them, For example, in a recursive subroutine & stack of
variables may be referenced wusinc the depth pointer 2s a
subscript as in A(ZRET). The wuser is not permitted to
redefine these variables as this could lead to mvsterious
errors. However, the exact state of the proaram has to be
stored on paper tape via the SUSPEND staterent ~nd he used

to reconstruct the program (Topic 5.11, pacge A-3Z, [Ipperdix
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A). This problem was solved by allewinc ar ascsignment
character after 7ZR(N) or ZRET orly if a nron-printina
password (control S, control Y, control S) is civer (1248-
1272). This allows the value of 7ZRET to be civer with the
password included and to look just like anv other immediate

statements to restore the value of a variable,

THE PRESENT SYSTEM AND THE FUTURE

The present system has been writter to explore the
possibilities of exploiting the full duplex behaviour of a
typewriter in a conversational computinag situation. The
standard mathematical functions such as SIN, COS etc. have
not been implemented to leave space for enhéncerents on the
main theme. The PDP-11 used to implerent the XB svstem has
no floating point harcdware so a software flecatira pcint
system wes written, With a system allowing 2 user such ease
of communication, constant conversion errors hecame a
problem with a binary internal representetior so a decimal
representation was used instead, However it would seem
sensible to use any hardware floatince point end to have an
equivalent software system so that thev mav use the same
mathematical functions.

The present XB system has been written to handle only
one typewriter. Because of the architecture of the PDP-1]
the present program can fairlv easily be upogradec to handle

several terminals.
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Other mediums than paper tape are now availehle such as
cassette and disc., It would be useful to bhe able tec store
and retrieve programs from these mediums at much hicher

transfer rates.

CONCLUSIONS

The concept of dvnamic syntex checking vie a full
duplex typewriter has been develcoped and deronstrated, The
priority given to attending charecters entered from the
keyboard has been reversed so that checking mav be performed
quickly enough that it is transparent tc the user., This
means that any expression or statement enterecd irto the
system has valid syntax.

A very powerful, but simple end flexible, method has
been evolved to handle a complex lenguage structure, The
concept of a set of allowable next characters follows simplv
and easily from this. A broader view of the wvalidity of
expressions has been presented.

Flexible means have been demonstrated in the ¥E svstem
for a user to interact with his program, A method of saving
sequencing information which can ccpe with dvnemic procram
changes has been used. A facility to repect exactlv anv
statement ending in error has been included,

The two earlier systems, ACIIV=-& and ACL-NQOVA, have
been well accepted. The ACL-NOVA system is in use irn seven

research and university centres. The XB svstem, which is of
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wider scope, should enjoy a similiar usace.
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1. Introduction

The XB system is a conversational computing system for
the DEC PDP-11 computer. Just like BASIC, FCRTRAN or ALGUL,
XB provides a facility to implement an algorithm.

All communication with the XB system is via a
teletypewriter or similar device. L central feature of the
XB system is a method of accepting only those characters
keyed by the user which are syntactically correct and this
applies to all dialogue between the user and the XB system.
A character which is incorrect is simply nct typed back to
the teleprinter and an audible sicnal wmay be given to
indicate the error. The wuser is free to continue typing
after an error has been made; by this means the wuser s
protected against trivial typing errors.

There are two modes of operation within the system., The
first is a user mode where the wuser is able to present
statements and have them executed immediately, or to enter
statements to be stored to build up e program. The second is
an automatic mode where the stored procram s being
executed. In the user mode, the user is in control in that
he supplies commands to the system, the system obevs them
and control returns to him. In the autometic mode, the
program is in control. Statements are fetched from the
stored program, the system obeys them and a rew statement is
fetched. There are flexible means of switching between the

two modes. A program may be started, the user recain
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control, perhaps inspect the values of variables, perhaps
change the program and then allow the program to continue,

There are three types of data; real, logical and
string. Une and two dimensional arrays may be mace with real
and logical variables. String variables may be subscripted
to access individual characters within a string.

Within the X8 system, expressions mey often be used
where a constant or variable is recuired. Subscripts for
arrays may be any real expressicn; input to the ACCEPT
statement may be an expression.

The user is able to save the state of &a prooram on
paper tape, reload the progream 2ot some later time and

continue.

2. Conventions for input

Input to the XbB system is a series of lines which are
terminated by a <carriage return. The visible character
colon, ~:7, is typed in response, Lines mev &lso be
terminated by the colon character itself,.

When the system is expecting the user tc provide input,
a prompt <character (or characters) is typecd in the initial
columns of the line, For input to the user mcde the prompt
is the "greater than" character or ~>7,

I[f an error has been made (such as 1.5 instead of 1.6)
characters may be deleted. These deletions teke the torm

\ Delete the last character. (Continue on same
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line.)
<: Jelete the last character. (A new line is taken.)
<3: Delete the last 3 cheracters. (& new line s
taken.)

<12 Delete the last 12 characters (carriage return is
not needed, new line taken).
The following commands may also be given.

<E Enter the EDIT mode (see Topic 4.7) with the
present line as data.

<A Abandon the present line and start again.

The system may be initialized at any time by the

keyboard character, control-G.

3. Expressions
There are three types of expression in the XB system,
These are logical (or boolean), real (or arithmetic) and

string. Topics 3.1, 3.2 and 3.3 discuss features common to

all these expressions.

3.1 Assignments

An equals character is used as an assignment character
in the XB system and in this users guide, A left pointing
arrow (ASCII 137) may optionally be substituted at
generation of the XB system. An example of a simple
assignment for a real variable is

A=2:
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The order for performing an assignment is to evaluate
the expression on the right of the assignment operator and
then define the variable on the left to have this value. In
the XB system an assignment is considered to have an overall
value and may be used as an operand. For example

2+A=4:
has a value of 6. In particular, the ALGUL construction

Al=A2=A3=0
is available.

Similarly multiple assignments like

Al1=3*A2=1+A3=1:
may be made with assignments being performed from right to
left, In this example A3 would be assigned a value of 1, A2

a value of 2 and Al a value of 6.

3.2 Brackets

Brackets may be used to vary the normal order of
evaluation. For example 3%2+]1 vields a value of 7 whereas
3%(2+1) has a value of 9.

The part of the expression to be evaluated first s
bounded by the Jleft-most closing bracket end its matching
opening bracket, This selection is continued until all
brackets have been eliminated. For example the expression

((2+43)%4)+3%(5+6)
would be evaluated as

((2+3)%4)+3%(5+6)
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((5)*%4)+3%(5+6)
(5%4)+3%(5+6)
(20)+3%(5+6)
20+3%(5+6)
20+3%(11)
20+3%11
20+33
53
In the expression
A(X)=X=X+1:

for an initial value of X of 2, £(2) will be set to 2.

3.3 Conditional clauses

A conditional clause of the formr

IF b.e. THEN expr1 ELSE expr2
may be used as an operand. The b.e. is a logical expression,
and exprl and expr2 are both logical, real or string. If
b.e. is true the overall value of the clause is expril, else
it is expr2. For example

2+IF B1 THEN 3 ELSE 4&:
is an arithmetic expression,

TAT&IF N1 EQ 1 THEN T“CDE™ ELSE H3:
is a string expression,

There is a heirachy within these 3 levels., Conditional
clauses are considered first, then brackets and then

assignments.
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3.4 Logical expressions

There are two logical constants

“ TRUE = and ~ FALSE ~.
The spaces, but not the quotes, are part of the constants.

Logical variable names may be 1, 2, 3 or 4 <characters
long; the first character must be the letter ~“B~ and
succeeding characters may be either letters or numbers.

Logical array names may be one or two characters long;
the first character must be the letter ~B~ and may be
followed by a letter or a number. There may be one or two
subscripts; each of which may be a real expression, If there
is one subscript, it may range in value from zero to 65535.
Each of two subscripts may range in value from zero to 255.
No declaration is needed for arrays. The sinole, double and
non-subscripted forms of a variable are distinct and mav all
be used.

Four logical operators may be used;

~ NOT °, T AND 7, 7~ OR 7 and ~ XOR 7.
They have their usual meanings and heirarchy.
Examples

>8T UR BF= FALSE AND BT= TRUE :

TRUE

>BF OR (BT AND BF):

FALSE

>3T XOR IF BT THEN BF ELSE 8T:

TRUE
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3.5 Real expressions

All arithmetic in the XB system is performed with
decimal floating point numbers and there are no separate
integer numbers. The floating point numbers have a precision
of Six decimal digits with a range from .1E-39 to
.999999E+39 inclusive.

Real wvariables and arrays are the same as logical
variables and arrays except the first character must be a
letter other than "B~ or "H™. (The simple veriable ZRET and
the single dimensioned array /R are not aveilable for
general use.)

There are five arithmetic operators. They are, in order
of heirarchy:-

- power; e.g. A™3

*, / multiply and divide

+, - add and subtract

Unary plus and minus are available where -A s
interpreted as 0-A, +A is 0+A anc the above heirarchy is
obeyed. The construction 27374 is not permitted, nor is any
disquise of this construction.

A set of arithmetic functions such as SCR are
available., A list of these is given in the Appendix.
txamples

>2%3/4+5:

6.5

>SQR(SQR(4))+1:
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2.41422
>2+A=1F B= TRUE THEN SGQR(5) ELSE 99:
L.23607

3.6 String expressions

Any sequence of characters enclosed in quotes may be
used as a string. The quote cheracter itself may be
indicated by a sequence of two quotes., Examples are

“CAT”

“THE QUICK BROWN FOX~
TWONTTTT

All string variables start with the letter "H™ and may
be followed by a letter or a number. There are no string
arrays as such, but any string variable may be subscripted
to indicate reference to individual characters within the
string.

There is a single string operator “8°, wvwhich indicates
concatenation. Strings may be concatenatec to form lorger
strings.

An individual character within & string mavy be
redefined with an assignment. A string may be extended by
defining its next <character, If a string has not been
defined, the first character may be defined. A character
within a string may be eliminated by redefining it as the
null character. In this case the string is reduced in length

by one with the higher characters being wmoved down one
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position.
Examples are

H3="AB"87C":

H3(2)="Z7":
H3 would now be “AZC~.

H3(4)="E":
H3 would now be TAZCE~.

H3(3)="":

H3 would now be “AZE~.

3.7 Relational expressions

The validity of a relationship between real expressions
has a logical value. As such they mey be used as an operand
in a logical expression. For example | EQ | is true, whereas
2 GT 3 is false. The standard six relational operators
between real expressions are available., These are

“EQ °, TNE ", LT 7, TGT 7, T LE T &and T GE ~.

The spaces, but not the quotes, are part of the operator.
The relational operators are considered in the heirarchv to
be after arithmetic operators, but before the logical
operators.

Similarly the relationships EQ end NE are meaningful
between strings and may be used to vield @ locical value.
For example

1+2 GT U AND “A” EQ "B”:

would be false,.
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Where a logical expression has two adjacent relationals
with an identical left hand side, the left hand side of the
second relational may be elided. For example

A EQ 2 GR A GT 9:
becomes

A EQ 2 BR GT 9:

Similarly, if two adjacent relationals have identical
left hand sides and identical relational operators, then
both the left hand side and the operator of the second
relational may be elided. For example

A EQ 2 OR A EQ 3:
becomes

A EQ 2 OR 3:

The rule for interpreting the simplified expression s
that the missing left hand operand and, if necessary, the
missing operator, are copied from the nearest preceding full

relational.

4. Facilities and statements in the user mode.

4,1 Expression statements

An expression may be wused as a statement. Uuring
execution the value of the expression is calculated and
unless the Jleftmost part of the expressicn consists of a
variable assignment, the value of the expression is typed.

For example, the value of
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1+2:
“AT8H1="BC":
would be typed, while the value of
A1=2+3:
BT= TRUE :
would not. In FORTRAN the arithmetic expression ebove is

known as an arithmetic statement.

L.,2 TYPE statement

The TYPE statement is for displaying information on the
teletypewriter. There are 3 classes of operand.

a) The value of an expression (real, locical or string)
may be typed.

b) Either an absolute or a relative positioring operand
may be given. The absolute positioning operard hes the form

arithmetic expression, C~
and indicates that the next value should be typed 2at a

particular coclumn., If the desired column is areater than the

current column, the teletypewriter carriace will be
positioned to the column on that line, otherwise a rew line
will be taken. The relative positioning operend has the form

-

arithmetic expression, X
and indicates that a number of columns shoulcd be skipped.

c) A combination is provided tc print an arithmetic
value so that its decimal point (or right hand side if there

is no decimal point) is positioned in a nominated column.
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This takes the form

[a.e.l,a.e.2]
where the value of the second arithmetic expression has its
value printed with its decimal point in the column nominated
by the first arithmetic expression,

These three types of operand may be wused in a [ITYPE
statement separated by commas, For example

TYPE “TEMP. IS ~,[15,T1],17C, "DEGREES F~:
fFor T1 values of 1.2 and 212 this would give

TEMP. IS 1.2 DEGREES F

TEMP. IS 212 DEGREES F

4.3 Compound statements

More than one statement may be used on & sinagle line by

terminating all but the last statement with ~; 7 (semi-

colon, space). The last statement must be terminated with

“:” (or carriage return) as usual,

Some statements may not be continued in this wav and a
list of these is given in the Appendix.
Examples

Jz=Jd+1; GU TO 4:

X=Y=0; P=Q=1:

L.,4 Statements which end in error

Messages are given for @all error conditions. The

relevant statement may be repeated with & trace by
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responding with a carriage return as the next line, The
trace consists of a printout after each operation hes been
performed. For example

>SQR(1+2+43+4+5-4%4):
#** ERROR #** SQR(-1) RANGE ERROR
>
SQR(1+2+3+4+45-4%4)
SQR(1+2+3+4+5-16)
SQR(3+3+4+5-16)
SQR(6+4+5-16)
SQR(10+5-16)
SQR(15-16)
SQR(-1)
** ERROR ** SQR(-1) RANGE ERROR
If any assignments were made during the statemert(s), their
effect is reversed.
Example
>A=-3:
>SA=A+2; SQR(A): (Value of A changed from =3 to -1)
*%* ERROR #* SQR(-1) RANGE ERROR
>A:
-3 (Value of A beck to -3)
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4.5 FOR statement

A FOR statement has the form

FOR J=J1,J2,J3 S1; S2:
where J is a real variable and Jl, J2 and J3 are real
expressions. The latter part of the statement is interpreted
for J=J1, J=J1+J3, etc until J is greater then JZ. A limited
selection of statements may be used in the latter part of
the statement. An indication of these is given in the
Appendix.

A check is made that the loop is finite. The increment
J3 mavy be elided, in which case it is chosen to be 1 or -1
as J2 is greater or less than Jl.

At the normal completion of the statement, the index
variable is not defined, but if a GO TO exit is taken out of
the loop, the index variable retains its value,.

Examples
>FOR X=1,3 TYPE [6,X],[12,SGR(X)]:
1 1
2 1.41422
3 1.73205

>FOR X=3,1 TYPE X:

3

2

1

>FOR X=250,300 A(4,X)=0:

%% ERROR ** A(4,256) HAS A SUBSCRIPT OUT OF RANGE
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L.6 IF statement

An IF statement has been implemented with the form

[F b.e. THEN S1; S2 ELSE S3; Sh:
If the logical expression b.e. is true the compound
statement S1; S2 is interpreted, else the compourd statement
S3; S4 is interpreted.

The ELSE part of the statement may be elided to give

IF b.e. THEN S1; S2:
In this case the "THEN ~ characters may also be elided to
give

IF b.e. S1; S2:
Examples

I[F X=X+1 LE 8 THEN GO TO 3 ELSE GO TQ 1:

IF A EQ 2 OR 3 TYPE TERROR™:

An alternate IF statement of the form

[F(b.e.) S1; S2:
is also available.

The FOR statement may be used in either the THEN or the
ELSE part of an IF statement, and the IF statement may be
part of a FOR statement.

An arithmetic If statement of the form

[F(r.e.)nl,n2,n3
has been implemented. The nl, n2 and n3 are real expressions
representing statement numbers or secuence numbers. If the
value of the r.e., is less than zero a GU TO nl is made.

Similarly if the r.e. is zero or greater than 7ero a
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U TO n2 or n3 is made. Any of nl, n2 or n3 may be elided.
IThe brackets around the r.e. may also be elicded.
Examples
IF(A) 21,22,23
IF C 3,,5
IF X(I) 3,4,Y(I)

4.7 Edit facility

Lines which are being typed in by the wuser may be
edited at any stage by entering “<E”., A new line is taken
with a prompt of TE>7, The following responses are
available:-

a) The character “P~. The line is typed.

b) A change sequence consisting of a special character,
a string of characters in the line to be changed, the same
special character to delimit the string, a string of
characters to replace the first and the delimiting special
character to terminate the line.

Characters in the first string are dynemicelly checked
tfor validity. If the string being proposed cdces not exist in
the 1line being edited, the last character entered is not
echoed. [If the string entered as the first string is not
unique in the line being edited, the speciel character
delimiting the first string is not echoed as a warning. At
this point further characters may be entered to uniquely

identify the change, or the special character may be entered
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again; this time it will be echoed ard the first occurence
of the string will be taken.

Once the string to be chanced has been uniquely
identified in the line to be edited, the character ~>~ may
be used to nominate the next character. At any stage during
the change sequence, the <character ~<~ may be used to
abandon the line.

c) A carriage return indicetes thet editinag has
finished and an exit should be taken. At this point a check
is made to see that the syntax is correct up to the end of
the line. If the syntax is not correct, the line is tvped up
to the point where an error was detected (a ~$~ is given at
the end of the line) and the edit mocde is retained., The full
line is once again available., If the syntax is <correct and
the line terminated by a carriace return, the line is
interpreted without being typed again. |If the svyntax s
correct and the line incomplete, the line is typed acain and
the user may continue his input.

d) The character “A” causes the line to be abandoned
just as if the characters ~<A” had been used instead of
T<ET.
txample

>1.2345<E

E>1.2345 (P entered)

E>/23/.32/ (change Z characters into 3)

E>1..3245 (P - note two decimal points)
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E>: (go back)

1.8 (extent of valid characters)
E>/.// (take out the .)

E>1.3245 (P)

£>: (go back)

1.3245+4: (finish line by adding +4)
5.3245 (result)

L,8 SYMBOLS statement
The SYMBOLS statement may be used to print the svmbol

table.

4.9 CLEAR statement

The CLEAR statement may be used to clear variables from
the symbol table. If no operands are used, 311 veriables are
cleared from the symbol table, If one or more veriables are
used as operands only those variables will be cleared from
the symbol table,.
Example

>A=1; C=2; D=3:

>SYMBOLS:

D=3

C=2

A=1
>CLEAR A,D:

>SYMBOLS:
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C=2
>CLEAR:

>SYMBOLS:

>

4.10 Undefined variables

A reference to a variable which has not hed &a value
assigned to it causes an error message to be printed. The
user is given the option of assigning a value at that point
and having the system repeat the statement,.

The system will ignore any detectable errors made by
the user in assigning the value and repeat the request.
Example

>SQR(A1):

Al IS UNDEFINED, GIVE VALUE NOW

u>99:

9.9499

>SQR(ZZ):

ZZ IS UNDEFINED, GIVE VALUE NOW

U>XY:

XY UNDEFINED, TRY AGAIN FOR ZZ

U>9/0:

*% ERROR ** 9/0 OVERFLOW, TRY AGAIN FUR 1Z

An exit to the user mode may be made by responding with

a null line (i.e. a carriage return).
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4,11 Statement suffix

Some statements may have a suffix

page A-20

indiceting conditions

under which the statement is to be performed. The forms are

S IF b.e.

S UNLESS b.e.
cxamples are

A=200 IF C GT O:

GO TO 4 UNLESS B:
A list of the statements which may have a suffix is given in
the Appendix.

4,12 Comments

Comments may be inserted by starting any line with “C~,
space. All characters are valid; except that ~:7~, ~<~, 7>~
and "\~ all retain their usual meanings.

4,13 A further validity check

As well as giving a means of indicatirg kevboard
characters which are invalid for svyntax reasons, the full
duplex typewriter may be used to prevent <ome errors of
numerical magnitude. Subscripts for arravs wmust not be
negative, and not more than 65535 in the case of single
subscripts and 255 in the case of double subscripts. fFor
example, in the lines

A1(70000)

A2(300,
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A3(4,100+8%25)
the last character indicates that the subscript is complete,
An option exists (see Appendix) in the XB system to attempt
to evaluate the subscript expression. If any reference to a
variable 1is made it is not possible to complete the
evaluation, the attempt is inconclusive anc the system has
to accept the closing character,

If, however, the evaluation can be made, and the value
is outside the legal limits, then the terminating character
can be rejected. Note that in the case of

A2(SQR(25)-SQR(24))

a noticeable time may be taken before the clcsing brecket is
accepted.

Similiarly, the closing bracket in

SQR(1+2+3+4+5-4%4)
would be rejected.

Another example of a numerical bouncs check is with
statement and sequence numbers. For example

GO TO 1+2-5

CALL 600+600
are both invalid. The bounds check will reject the character
which signifies the end of the statement or ceqguence number.,

A further check is made with immecdiate staterents to
make sure that referenced sequence numbers are cefined and
that referenced statement numbers have been cefined, but not

duplicated.
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5. Building a stored program

5.1 Sequence and Statement numbers

Every statement stored as part of a procram must have a
sequence number. The sequence number is a three digit number
in the range 100-999 and must be followed by a space in
column four. A space in column one has been interpreted as @2
request for the next sequence number; this will be ten more
than the sequence number of the line last stcred (note that
this means the sequences ~ NOT ~, - TRUE ~ and ~ FALSE ~
cannot be used to start an immediate logical expression).

Statements to be stored may have a two cigit statement
number in the range 00-99. A single digit nurber mav be used
such as 9. A statement number should be follcwed bv & sgpace
in column seven and the body of the statement ir column
eight. However, a non-space in column seven causes the
compulsory space to be inserted anc a space may be used in

column five to automatically generate a null statement

number.

5.2 References to statements

There are a number of statements which refer tc other
statements for the purpose of listing, deleting, etc. These
statements have a common format for referencinc other
statements. There are five variations and the LIST statement

is used as an example.
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1) LIST:

2) LIST N:

3) LIST NI1,N2:

4) LIST N1,:

5) LIST ,N2:

The first form refers to the entire stored program,

In the other four forms, the operand way be a real
expression which references a statement by statement or
sequence number depending on the value of the exgression
being in the range 00-99 or 100-999.

The second form references & single stetement. The
third form references a group of statements from N1 throuah
N2. The fourth form has its second operand elicded and this
is understood to mean from N1 to the end of the proaoram., The

last form means from the start of the prograr to N2.

5.3 LIST statement
A stored program may be typed by the LIST statement.

The operands may assume the five forms discussed in Topic

5.4 DELETE statement

Statements may be deleted from the stored proaram, The
operands may assume the five forms discussed in Topic 5.2.

A statement may also be deleted bv the sequence

“sequence number, space, carriage return., If the sequence
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number had not previously been defined the carriaace return
is rejected; a second carriage return causes the lina to be
abandoned.

Example
>110 X=0:
>120 X=X+1:
>130 X=X+2:
>140 X=X+3:
>150 X=X+4:
>160 X=X+5:

>170 GO TO 120:

>LIST:

110 X=0
120 X=X+1
130 X=X+2
140 X=X+3
150 X=X+4
160 X=X+5

170 GO T0O 120
>DELETE 120,130:

>LIST:

110 X=0
140 X=X+3
150 X=X+4
160 X=X+5

170 GU TO 120
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>140 :
>LIST:
110 X=0
150 X=X+4
160 X=X+5
170 GC TO 120

5.5 Changing statement numbers

A statement number may be changed by qgivinag the three
digit sequence number of the statement, & spece, the new
statement number and a carriage return, The new statement
number may be either two digits, & dicit or a space. Unce
again, if no statement has been stored with the nominated
sequence number, the carriage return is rejiected; a2 second
carriage return causes the line to be abandoned.
Example

>110 99 X=1:

>LIST 1106:

110 99 X=1

>110 88 :

>LIST 110:

110 88 X=1

>110 3

>LIST 110:

110 3 X=1

>110 :
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>LIST 110:

110 X=1

5.6 EDIT statement

A stored statement may be edited with the EDIT
statement, Its form is

EDIT N:
where N is a real expression representing either the
sequence number or the statement numrber of the desired
statement.

The actions described for the EDIT facility are now

available,

5.7 RUN statement

A stored program may be run by the RUN staetement.
Execution begins with the lowest sequence numrber., The symrbol
table is not altered.
Example

>110 X=S=0:

>120 S=S+X*X; IF X=X+1 LE 8 GO 120:

>130 TYPE “SuM IS7,S; STOP:

>RUN:

SUM IS 204

CONTROL RETURNED TO USER
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5.8 Pause Before and Pause After facility

A facility 1is available to return control to the user
before a nominated statement is executed. The statement has
the ceneral form

PB N:

The five forms discussed in Topic 5,2 are aveilable,
When a statement, which has been the subject of a P8
statement, is reached in the stored procram, control is
given back to the user., A new line is taken; the <cequence
number of the statement just completed, the seaquence number

of the statement next to be interpreted and a prompt of
“PB>T are all typed.

At this point all the facilities of the ucer rode are
available plus the following feetures related to the
suspended program.

a) The 727 character will cause the sequence nuirbers of
the previous and next statements to be typed. [f the next
statement has been nominated by a CO TO or CALL stetement,
the second operand has the form ~J N° where N is the
statement or sequence number used in the last stetement,

b) The ~:° (carriage return) character results in a
return to the suspended program,

c) The 7~ ;- character results in 3 return to the
suspended program for one statement only.

Once the PB condition has been satisfied, it is

removed.
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The PB condition may also be removed by the statement

PB ~

Nz

The same five variations are aveilable,

A similar facility for regaining control after a

statement

statement

Example
>110
>120
>130
>140
>150
>160
>170
>PB
>RUN

120

has been interpreted is provided by a PA

130:

130

130

140

G=99:
J=0:

PB>SYMBOLS:

END OF PROGRAM
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5.9 Assignment trace

An assignment trace may be set so that 2 record is
typed as assignments are made to the symbol table.

There are two assignment trace conditions. A global
assignment trace may be used to cive an &ssignment trace
record for all statements, for selected statements or for no
statements.

The glcbal trace may be changed from no statemrents to

selected statements or from selected statements to all

statements by

TRON:
Similarly, the global trece may be chanced from all
statements to selected statements or from selected

statements to no statements by

TROFF:

Initially the global trace s set to selected
statements. No harm will be done by promotinc the trace when
it is set to all statements or in demoting it when it is set

to no statements. In particular the trace may be set to all
statements from any state by
TRON; TRON:
or to selected statements by
TRON; TRON; TROFF:
or to no statements by
TROFF; TROFF:

A local assignment trace may be set on individusal
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statements by

TRON N:
where the operand may assume the latter four forms of Topic
5.2.

Initially the local assignment trace fecr each stored
statement is off. To reset the local eéessignment the
statement

TROFF N:
may be used where the operand may assume the same four forms
as for TRON N.

Another way of looking at the behaviour of the
assignment trace is to consider the global trace condition
as a variable, say GLTR, having values of -1, 0 and 1., The
action of TRON is

IF GLTR LT 1 GLTR=GLTR+1:

The action of TROFF is

[F GLTR GT -1 GLTR=GLTR-1:
The initial value of GLTR is 0.

The local trace may be considered a vector, say LT(N),
having values of 0 and 1.

The statement TRON N could be considerec tc heve the
action of

LT(N)=1:
and TROFF N to be

LT(N)=0:

As each statement, N, is interpreted, & trace is



printed i
GLTR

Example
>110
>120
>130
>140
>150
>160
>170
>TRG
>RUHN
130
140
150
CONT
>TRO
>RUN
110
120
130
140
150
160
CONT

>TRC

Appendix A
f

EQ T OR GLTR EQ 0O AND LT(N) EQ

D=3:
E=¢4:
F=5:
G=99:
STOP:

N 130,150:

D=3

E=4

F=5

ROL RETURNED TO USER

Nz

A=l

C=2

ROL RETURNED TO USER

FF; TROFF:

1

page A-31
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>RUN:

CONTROL RETURNED TO USER

5.10 List trace

A trace may be set so that a stetement is listed each
time it is interpreted,

This trace is similar, but distinct, to the assignment
trace. All statements have the keyword LTRUN rather than

TRON.

5.11 SUSPEND statement

The state of the program can be saved on paper tape so
that a program may be reinstated at some future time.

The full statement is

SUSPEND:

Interpretation awaits a keyboard character. This gives
the user an opportunity to switch on a paper tape punch in
parallel with the teletypewriter, QOutput consists of all
stored statements, the symbol table, statements to reset the
state of PB, PA, TRON and LTRON conditions and a RESET
statement. The RESET statement allows the procram to be
resumed by giving “:7 (carriage return).

[f the character “P” is used to signal the start of the
SUSPEND statement, output is directed to the hiagh speed

punch on the PDP-11 console. No output appears on the

teleprinter.



Example

>110 A=1:
>120 C=2:
>130 D=3:
>140 E=4:
>150 F=5:

>LTRON 120,130:
>TRON 130, 140:
>TRUFF:

>LTRON:

>PB 120,150:
>160 STOP:

>SUSPEND:
110 A=1
120 C=2
130 D=3
140 E=4
150 F=5
160 STOP
ZRET=0
LTRON
TROFF

PB 120,150

TRON 130,140
LTRON 120,130

RESET HHHH HHHH

Appendix A

page A-33
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5.12 GO TO statement

A GO TO statement is provided so that a statement other
than the next sequential statement mav be selectecd as the
next statement to be interpreted. The form is

GO TO N:
where N is a real expression., [f the value of N is in the
range 00-99 it is considered to be a statemert number; if it
is in the range 100-999 it is considered a sequence number
and a value outside these ranges is &n error.

Note that the general form of a real expression for N
includes the FORTRAN assigned GO TO (GO TO I) &and the
computed GG TO (GO TC A(I)). The statement may  be
abbreviated to

GO N:

The GO TO statement mav be used to commence automatic

execution of a program at any statement,

5.13 ACCEPT statement

An ACCEPT statement may be wused ir the proagram to
solicit the value of variables from the user, The form is

ACCEPT NI1,NZz:

Two types of operand may be used. A hecllerith literal
may be used to type information on the teleprinter, In this
regard the ACCEPT statement is identical tec the TYPE
statement. The second form of operand is & veriable,

indicating that 3@ value should be obtained from the user and
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assigned to this wvariable, All three data tvpes are
available and the input is required to be the same tvpe. The
input may be an expression rather then a conctant.

For each variable operand of an ACCEPT statement a
fresh line is taken, a prompt of “A>" is printed erd the
system waits for an expression to be typed in. At this staage
three responses are recognised

a) The ":7 (carriage return) returns the user to the
user mode with the line containing the ACCEPT statement as
the next statement. The effect of any assignments s
reversed.

b) The ~?7 <character «causes an identifier lire to be
typed consisting of the sequence number of the ACCEPT
statement, the characters “ACCEPT” and the voriable name,

c) An expression of the same type &s the veriable,
followed by “:” (carriage return).

Example
>110 ACCEPT “ENTER A1,C2,07,4£1,C2,D:
>120 TYPE “RESULT IS ~,A1+C2/D; ST0P:
>RUN:
ENTER A1,C2,D
A>? (Ask for more information)
110 ACCEPT Al
A>99/37: (Can cive an expressicn)
A>34,5<E (Can edit input)

E>34.5
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E>/4/3/
E>:
33.5:
A>?
110 ACCEPT D
A>.75:
RESULT IS 47.3424
CONTROL RETURNED TO USER

5.14 CALL and RETURN statements

A CALL statement is provided to enable other statements

in the program to be used as a subroutine. Tre generel form
is

CALL N:
where N has the same mearing as in the GCL TO stetement.
Control is passed to the new statement.

The RETURN statement is used to return cortrol to the
statement after the most recent CALL. There is orlv cre form
of the RETURN statement.

RETURN:

An arithmetic variable, ZRET, and an arithmetic array,
ZR(N), are associated with the subroutine facility, The CALL
statement is similar to

M ZRET=ZRET+1; ZR(ZRET)=M; GO TC N:
where M is the sequence number of the CALL statement and N

is the sequence or statement number of the terget statement.
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The RETURN statement is similar to

Ztemp=ZR(ZRET); ZRET=ZRET-1; GO TO S!''C(7temp):
where Ztemp is an internal variable and SUC(Ztemp) is the
next statement after Ztemp. The varieble ZRET and the array
ZR may not be altered by the user, but may te accessed. The
CALL statement may be used as an immediate statement.
Example

>110 X=2; CALL 9:

>120 STOP:

>130 9 TYPE “SQR IS ~,SQR(X); RETURN:

>RUN:

SQR IS 1.41422

CONTROL RETURNED TO USER

>X=88; CALL 9:

SQR IS 9.38085

5.15 CONTINUE statement
A CONTINUE statement provides a null cperction. More
than one statement number may be effectively given to a

statement by mears of the CONTINUE statement.

5.16 STOGP statement

The STUP statement is identicel to the TYPE statement
except that a return is made to the user mode after it has

been interpreted. The STOP statement may have no operands.



Appendix A pege A-38
5.17 Regaining control from automatic mode
The mode of the system may be changed from autoratic to
user at any time where input is not expected by hitting any
keyboard character., The <character is not relevant and its
only function is to cause the mode change.
The present statement is completed and control given to
the wuser. |In the particular case of the FOK statement, the
statement is abandoned and the FQOR statement becomres the

next statement.

A new line is taken on the teleprinter end & prompt
consisting of a sequence number and ~> is civen. This
sequence number is the sequence number of the line just
completed. The full facilities of the wuser mode 2are now

availiable plus the three features descrited in Topic 5.8
and reproduced here,

a) The "2 will cause the secuence numbers of the
previous and next statements to be typed. If the next
statement has been nominated by a GO TO or CALL statement,
the second operand has the form ~J N~ where N is the
statement or sequence number used in the last stetement,

b) The “:~ (carriage return) character results in a
return to the suspended program.

c) The 73~ <character results in a return to the
suspended program for one statement only,

Example

>110 X=0:
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>120 X=X+1:

>130 GO T0 120:

>RUN:

130 >X: (Get attention with space bar)
53 (Value of X is £3)

>7? (Position?)

130 J 120 (Just done 130; Jump to 120)
>3 (Do one more)

120 >X: (Just dcne 120)

54 (Value of X is £4)

>? (Position?)

120 130 (Done 1Z0; sequential tec 130)
> (Go back at full speed)

5.18 ASYNCH statement

Often contrcl is regained from the autoratic mode with
a specific task in mind. Perhaps a variable will be
inspected and control returned to the autometic mdode. The
ASYNCH statement has been provided to simplify this process.
[ts form is

ASYNCH $ S1; S2:

A special character, in this case ~$7, is associated
with a compound statement S1; S2. During automatir mode the
key ST may be used to

a) Gain control from the automatic moce,

b) Execute the compound statement as ar irrediate
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statement and

c) Return to the automatic mode.

The six characters from ASCII C41 to OLé (exclemation,
double quote, number sign, dollar, percent and ampersand)
may all be wused in this fashion. The associetion mavy be
cancelled by the statement

ASYNCH $:

Example

>110 X=0:

>120 X=X+1:

>130 GO TO 120:

-

>ASYNCH $ TYPE “VALUE OF X IS ~,X:

>RUN:

VALUE OF X IS 117

VALUE OF X IS 202

VALUE OF X IS 265

VALUE OF X IS 316

The special character associeted with the corpound
statement may be used to generate the compound statement
from the keyboard, This is effective in the user mode in
column one, or in column 8 after giving the preamble for

storing a statement. A carriage return is needed to complete

the line.
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5.19 Sample program
A program to play noughts and crosses is shown below.

The game is played on a 3 by 3 layout numbered as

U~
[o oRVA N, N
oW

Internally a vector PO holds the state of the game. This is
initiallized to all squares empty (110).

A move from the user is made vie the ACCEPT statement
at 120. Checks for validity of rance (123) and elecibility
(126) are made. If all is valid, the position s assioned
and a typeout of the game made (130, 320-352).

Now a scan is made over the eight possible diagonals
(140-192). The number of spaces (S(J)), the location of
spaces (Y(J)), the number of X“s (MG(J)) and the number of
G”s (YG(J)) in all diagonals are counted.

A scan is made to see if the wuser hacd just made a
winning move (200). A scan is made to see if the program is
in a winning position (210) and similarlv a scan is made to
see if the user is in a winninag position (220). If none of
these situations apply @ move is made in the first aveileble
free space, mapped into considering the most favourable
positions first by the vector A.

[f no positions are left, the geme is a draw (250).

The program:-
>110 1 FOR X=1,9 PO(X)=MT:
>120 2 ACCEPT "YOUR GO7,N:

>123 IF N LT 1 OR GT 9 TYPE “NOT VALID™: GO 2:
~126 IF PO(N) NE MT TYPE “NOT VALID ; GO Z:
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>130 PO(N)=YOU; CALL 9:

>140 J=1:

>150 3 S(J)=YG(J)=MG(J)=0; X=D(J,1):

>160 99 IF PU(X) EQ MT Y(J)=X; S(J)=S(J)+1:

>170 IF PO(X) EQ YOU YG(J)=YG(J)+1:

>180 IF PO(X) EQ ME MG(J)=MG(J)+1:

>190 [F X=X+D(J,3) LE D(J,2) GO 9¢:

>192 IF J=J+1 LE 8 GO 3:

>200 FOR J=1,8 IF YG(J) EQ 3 GO 4:

>210 FOR J=1,8 IF MG(J) EQ 2 AND S(J) EQ 1 Z=Y(J); GO 5:
>220 FOR J=1,8 IF YG(J) EGQ 2 AND S(J) EQ 1 Z=Y(J)s; GO 11:
>240 FOR X=1,9 IF PO(A(X)) EQ MT 7Z=A(X); GO 11:

>250 “DRAWN GAME™; GO 1:

>260 11 TYPE "MY GO IS ~,Z; PU(Z)=ME; CALL 9:
>270 GO 2:

“CONGRATULATIONS ON YOUR WINT; GO 1:
TYPE MY GO IS ~,Z; PO(Z)=ME; CALL 9:
>310 "1 WINT; GO 1:

>320 9 HI=HA(PO(1))& ' "8HA(PO(2))8 " 1"8HA(PO(3)
>330 H2=HA(PO(4))& ! "8HA(PO(5))_&7!"&HA(PO(6)
>340 H3=HA(PQO(7))& !"&HA(PO(8))& !“8HA{PO(9)
>350 TYPE 2C,H1,2C, ~==-- “,2C,H2,2C, " =---~ -,
>352 RETURN:

v
W
(@]
(@)
(VR

)

)
):
2C,H3:

>P(1

>D(3 2

T T T I T T 1 I O IO 7
WA 00N W N et et \O N e O =

®8 29 806 04 20 % 0 B0 b0 G b0 b 20 e e
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e se e

N SNW 20 =W

sl N

SRESET IHHI HIIH:
Execution:-

>RUN:
YOUR GO

- an o

10
A>7:
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MY GO IS 8
0! !X
gixt!o
YOUR GO
A>lL:
ul! !X
0tx!o
CONGRATULATIGNS ON YCUR WIN

6. Allowable next characters

The set of allowable next characters ray te scolicited
by entering the character ">, In the general case, where
there is more than cone character which could be given next,
the “>7 is echoed. A fresh line is typed concisting of all
the characters (except “<~, 7> and “\7) which are allowable
as the next character. A dollar character is gqgiven as the
first and last <characters of the line to allow the space
character to be easily identified. The originel 1line s
retyped and the user may continue with his irput.
txamples

1.2>

S *+-/0123456789:;E7S

1.2+(>

$(+-.0123456789ACDEFGIJKLMNOPQRSTUVIWXYZS

1.2+(9/7>

$)*+~-,/0123456789E"S

1.2+(9/7)>
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$ ¥+=/:1378

1.2+4(9/7):

2.48571

If there is only one character alloweble, this
character is typed instead of the ~>. Characters will
continue to be typed while there is only one character
allowable in the next position. Thus one or more characters
may be echoed in response to the ~“>" character. For example,
the CONTINUE statement is uniquely identified by the first
tive <characters, CONTI. If “>7 is entered after “CONTI~ the
system will respond with N, U and E.

Similarly, the set of allowable next cheracters for two
positions ahead may be typed by entering the character ~>~ 3
second time.

Example

>3+4 >

SEGILNUS

3+4 >

E Q

G ET

I F

L ET

N E

U N

3+4 GT 5:

TRUE
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In the example above the characters allowed &s the n+lth
character are given down the page as the first character of
each line, The characters from column three are the set of
characters allowed as the n+2nd character., For example G is
allowed as the n+lth character and FE or T as the n+2nd
character to form GE or GT.

A mode is available where the set of allowable next
characters is given whenever the user makes an error. In the
general case, the offending character results in the audible
bell character, the > character, a new line giving the set
of allowable next characters and a line recoverirg the users
line so he may continue,.

In the particular case where only cne character is
correct the system will give the audible bell character and
then the correct <character, |[If the user were tvping the
UNLESS keyword and had typed the U and the N, but had made a
mistake typing the L, the system would type the L, E, S, S
and the space at the end of the keyword. The effect is that
the system will "take over" typing these kevvords if the

user makes a mistake,

/. Appendix

/7.1 Places where characters are expanded
a) A space in column one gives a 3 digit sequence

number and a space,
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b) A space in column 5 after a sequence number ard a
space gives 3 spaces for a null statement numrber.

c) A non-space in column 6 asfter a sequence number and
2 single digit statement number gives two spzces and the
non-space is presented to column 8.

d) A non-space in column 7 after a sequence number and
a statement number gives a space and the non-space is
presented to column 8.

e) A non-space after ~ TRUE™ or ~ FALSE™ cenerates a
space followed by the non-space.

f) A special character associated with a compound
statement via an ASYNCH statement may be wused to oaenerate
the compound statement.

g) A non-space after a ~;~ separating stetements

generates a space followed by the non-spsce.

/.2 Suppressing output

In some <circumstances a large amount of output mav be
given by the system., The user may suppress output while it
is being typed by striking any kevboard character for the
tollowing situations.

All error messages.

Any fine trace (i.e., as each operstior is being
per formed).

The output from ~>7,

LIST, SYMBOLS and SUSPEND output.

LTRON and TRON (in the autcmatir mode the kevboard
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character will also cause the user mode to be entered).

/.3 Functions

The following functions are available:-

Name Input Jutput

SQR real exp. square rcot

ABS real exp. absolute value

INT real exp. integer part

RND real exp. rounded intecer part
LNG string exp. length of string

HXT any exp. cutput strinc

The operation, =, has not yet been implementecd fully,

For any arguments its result is one.
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/7.4 Properties of statements

ACCEPT
ASYNCH
C(omment)
CALL
CLEAR
CONTINUE
VELETE
EDIT

FOR

GO TO

IF

LIST
LTRON, TRON
PA,PB
RESET
RETURN
KUN

STOP
SUSPEND
SYMBOLS

TYPE

expressions

immediate

NG

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
NO

YES
YES
YES
YES
YES

YES

stored
YES
NO
YES
YES
YES
YES
YES
NO
YES
YES
YES
YES
YES
YES

NO

YES
YES
YES

3 cont

YES
IROL
IRGL
NG
NO
YES
NG
NC
IROL
NG
IROL
NU
YES
YES
NO
NG
NO
NO
YES
YES
YES

YES

FOR
NU

NG

NO
YES
NO
NO
NO
NO
YES
YES
NG
NO
NC
NO
NO
NG
NO
NO
NO
YES

YES

csuffix

YES
NG
NO
YES
NO
NO
NO
NG
NO
YES
NO
NO
NG

NO

NG
NO
YES

YES

pcge A-49
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Notes
a) ASYNCH is an immediate statement but is stored,
b) RESET is not available to the user,

c) IROL means Includes Rest Of Line.

/7.5 Invoking options

Several special modes wmway be invcocked, with control

characters. These control characters may be used at env time

the system is expecting input. They éore:-

Control-F Prompter on - Topic 4,13

Control-Q Prompter off

Control-C Numeric check on - Topic 6

Control-X Numeric check off

Control-U Fine trace on

Control-V Fine trace off

The fine trace mode exhibits the state of expressions

as each operation is performed. The mode is &lso entered to

repeat calculations which ended in error (Topic 4.4),

All these modes are reset eat initieclizetion of the

system or may be reset individually,
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ke Development of the ACL Lansuage

and its Implementation ACL-NOVA

i x
Zy N.W. Bennett' and P.L. Sanger

The devclepment of a oue-terminal system ACTIV-8 for the PDY-G computer is fimi
deseribed, The concepts of the dynamic syntax checking of keyboard input from the ter-
minal and the interrupiion of stored program execution via {he communicate statement are

presented.

The developracut of the new conversationa! language ACL and its inplementation as a
mu'ti-user conversationsl inferpreter ACL-NOVA Lo then descrited. The ACL-NOVA system
ruus £3 s stapd-alone sysiem snd provides a powerful conversaticna! computing facility for

mauy users Iz a time-shsiing environment.

1. INTRODUCTION

The firsi conversational computing faci'ity used at
the AAEC Research Establishment was a cie-terminal
interpretive system called ACTLIV-8 (Bennett 1968)
developed for a PDP-8 computer. The system was
designed to give individual scientists and engineers an
easy, direct way of solving small numerical problems
.and at the same time to provide resulis more quickl
than by use of a large batch processing computer.

ACTIV-8 was implemented on a 4K PDP-8 com-
puier, and piroved very popular with those users for

<7
J

whom it was designed. To expand the facilities pro-

vided by the ACTIV-8 system a multi-user conversa-
tional interpreter was written for a NOVA computer.
This interpreter was based un a new conversational
language, ACL, developed from the expericnce gained
using ACTTV-8. The implementation of tiie languace
is referred to 25 ACL-NOVA and was carried ont on
a 12K NOVA computer with five teletypewriter ter-
minals (Sanger 1971). .

The development and implementation of the
ACTIV-8 language is discussed Lelew, leading (o a dis-
cussion of the ACL language and its implementation.
These discussions are himited to the most important
features of ACTIV-8 and ACL. For a mort detailed
description of the systems the reader is referred to the
reports (Bennett 1968 and Sanger 1971).

2. THE ACTiV-8 LANGUAGE
2.1 General Discussion

The design of the ACTIV-8 language was infiuenced
by the fact that the people who would be using the
system were alrcady familiar with FORTRAN. The
initial  ACTIV-8 language was fairly simple. The
main statements were an arithmetic stetement, a GO
TO statement, an arithinetic IF statement, a TYPE
statement and an ACCEPT statement. Variable names
were restricted to a letter followed by a number, and
the only mode of arithmetic was reai.

Statements were entered from the teletypewriter
terminal in the form

statement number — space — statement

and were used to build up a stored progrem. State-

ment numbers were optional ana, if present, consisted
of two digit rumbers in the range 00-99. Staiements
were stored stricidy in the order in which they were
entered, and th: stored p.ogram was executcd on
receipt of aii END statemer.t.

2.2 Dyramic Syntax Checking

The teletypewriter attached to the PDP-8 computer
is operated in full-duplex mode. This means that
characters may be transmitted between the teletype-
writer and the computer in both directions simul-
taneously. In this case, it also means that a character
pressed on the keyboard is transmitted to the computer
but is not automatically printed on the teleprinter. In
normal practice, a character entered from the key-
board is read by the computer and transmitted back,
or “echosd”, immediately to the teleprinter, which
thus appears to operate like a normal office typewriter.
By taking advantage of full-duplex mode operation,
the computer can check it the character entered is valid
in syntax and, if not, the character is simply not echoed
back to the teietypewrite.

The dynamic syntax checking of input was an im-
portant part of the ACTIV-8 system and later played
an important part in the design and inplementation of
the ACL language.

To see how this syntax checking was carried out.
consider the case of an arithmetic expression. In its
simplest terins, an arithmetic expression must consist
of operands (i.c. variables and numlers) separated by
operators {(e.g. * and -}-). An expression must start
wi*h an operand (or una:y + or —) and it must finish
with an operand. The (shaplified) structure of an
arithmetic expression is illustraied by the directed-
graph shown in Figure 1, and the syntax checking en-
sured that this pattern was obeyzd. As shown in Fig-
ure 1, a “valid” Carriage Return was also required to
complete a statement. Expressions containing brackets
can be checked in the same way. An opening bracket
may only appear at the start of 2n expression or afier
an operater, while closing brackets may only appear
after an operand. An crtra condition for brackets is
that there may never be more closing brackets than

*Australian Atomic Energy Commission Research Establishment, Lucas Heights, N.S.W. 2232. tPr:sent address, UCCompLGet

Ltd.,, 23 Cleg Street, Artarmon, N.S.W. 2064.
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opening brackets, and before a carriage return is ac-
cepted there must be an equal number of opening
and closing brackets.

Reference to the standard mathematical functions
took the form of a three letter function name followed
by an arithmetic expression enclosed in brackets (e.g.
LOG(2)). The first indication of a function name was
the combination of a letter followed by another letter
insiead of thie number required for a variablc name.
An attemnt was then made to verify these first two
letters in a table of function names. If the second letter
was not verified in this way, it was rejected. The
character was net echoed to the teleprinier and the
progratu lcoped to request a new character in its
place. If the character was verified, the character was
printed and that table entry used to check the rest of
the function name.

All the statements in the ACTIV-8 language were
checked in this way. For example, if the first
character entered is the letter G, then at this stzge the
statement may be either a GO TO statement or an
arithmetic statement. If the second characier is the
letter O, the user is committed to z GO TO statement.
The only sequence of characters allowed from this
point is space, T, O, space, number, number and
carriage return. If the second character were a num-
ber, a commitment to an arithmetic statement would
be made. Variable names were restricted to a letter
followed by a number to settle this ambiguity as to
statement type as soon as possibie. It must be empha-
sised that while this scheme can detect incorract syn-
tax, it cannot detect the entry of incorrect information.
For example, 1.6 has the same syntax as 1.5, and
there is no way for the system to detect which number
the user really wanted to enter.

When a statement was completed by a “valid” car-
riage return, it was stored for later exccution, except
in the case of an END statement which caused the
stored program to be executed.

Dynamic syntax checking offered both advantages
and disadvantages for the ACTIV-8 systeni. Since all
statements were checked on input there covld be no
syntax errors at executicn time. This saved program
space in the system and saved times in processirg cach
statement. However, the sophistication of checking
the syntax of incoming characters was, at thai time,
thought to preclude the possibility of backspacing over
errors, particalarly on a small machine. Once an error
had been made, the entire line had to be abandoned.

- 2.3 Interpreter versus Compiler

Two broad methods of processing the language are
available. A compiler can scan the statements and
produce an object program which must be stored and
can later be given control. An interprcter also scans
the statements, but instead of generating actions to be
stored and executed later, those actions are carried
out as each statement is considered Thus the inter-
pretive approach does not require as much space as a
compiler, but to execute a program each statement
must be decoded from its source iorm each tine con-
trol passes to it. The interpretive approach was chosen
for the implementation of ACTIV-5 bccause of the
limited space available.

i06

Figure 1: In this diagram incoming characters are checked
against individual characters or groups of characters at nodes.
If the character is accepted 2¢ that node, thc character is typed
back to the user, another character is accepted and control
noves herizontally to the right. If the cuaracter is not accep-
ted by that unde, control passes vertically downwards to a
new node, or o the ~rror exit,

To follow the diagram consider tre expression A1#3, Syntax
checking begins by comparing the first character, A, with
unary plus (node 1). Since thes: do not match we move ver-
tically dowr to nede 5 and compare A with unary minus.
Again there is no match and we see if A is a letter (node 2).
This time there is a match, so we move horizontally and com-
pare the next character in the expression, 1, with a number
uode 3). A maich is obfained and we now compare the next
character, *, with + (node 4). There is no match and * is
pext compared with — (nod: 8). There is a match when *
is compared in node 11 and we now comp-re the next char-
acter, 3, with a letter (node 2). There is no match and we
move vertically dewn to cowmpare 3 with 2 number (node 6).
These match and we finally go through noaes 7, 9, 4, 8, 11,
14, and 15 to match the carriage rcfurn at the end of {he
expression,

An interpreter has a number cf aivantages over a
compiler. For example, when a GO TC statement re-
fers to a statement number that is not present in the
source program, the process of compilation cannot be
completed in the normal way. In an interpreter exccu-
tion terminates only if an attempt is made to pass
control to a statement with that statement number. The
case wherc two source statements have the same
statement number is very similar.

Another feature of an interpreter is that there is
always 2 convenient link between the name of the vari-
able and iis value; that is, via the symbol table. With a
compilation system, all variable names are translated
into machine locations during compilation and the
symbol table is not usually accessible during executici.
fhe ACTIV-8 system takes advantage of this feature
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in the ACCEPT statement. The ACCEPT statement
allows the user to input a value during execution which
will be associated with a variable. Because the symbol
table is available, ACTIV-8 allows the uscr to onter
an arithmetic expression rather than just a numeric
value. This expression is evaluated and its value is
assigned to the variable. Note that this arithmetic
cxpression is entered by the user during stored
pregram cxecution. This proved to be very useful.
For cxample, when the statement ACCEPT Al
is executed, the variable Al could be increased by one
by entering A1+41, Al could be increased by twenty
percent by entering A1*1.2, Al could be given the
samc value as another variable by entering this vari-
able name e.g. D4, and if A1 was expected to have a
value in centimetres then 7 inches would be entered
as 2.54%7.

With a compiler it is nct normally possible during
exccution to check whether the program is using a
variable which has been set to a particular vaiue. In
an interpreter, values can only be obtained by using
a variable name to access the symboi tuble and this
allows undefined variables to be detected.

2.4 The Communicate Staterent

The generality of the possible responses to the
ACCEPT statement led to the design of the communi-
cate statement. This statement consisted of {ie
question mark character stored as part of the program
and its action was determined by the response given
by the user at execution time. Some of the possible
responses were

(i) An arithmetic statement which is interpreted

and control returns to the communicate state.
This looping allows the user to give several
responses.

(i) The left hand side of an arithmetic statemont,
i.e. a variable name followed by an equals sign
and a carriage return. The value of ti.e vaciable
is printed on the same line and control returns
to the communicate state.

(iii) Two numbers indicating a statement number.
Control passes to the statement with that
statement nuniber. .

(iv) A null response (i.e. a carriage return immedi-
ately) indicating the end of the dialogue. Con-
trol passes to the statement stored after the
communicate statcment.

The above ieatures (and others), proved to be very
useful for debugging programs, provided the user
stored a communicate statement as part of the pro-
gram. The user can ecasily determine the value of
variavles and influence the path of control.

The communicate statement also allows the system
to act like a desk calculator, since the program

9 .

END
lets the user enter a series of arithmetic statements
which can refcr to previous resvlts. For example, a
user could give the responses

Al=3
Bl=4
Cl=5

S1—=(A14+Bi+C1)/2
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A2=SQR(S1*(S1 —A1)*(S1--B1)*(S1—C1))
A2=
where the last line causes the value of the variable A2
to be printed.

To allow for the case where a communicate state-
ment may not have been stored as part of a program,
a facility was added so that the communicate state
could be entered if the user pressed the question mark
character during program execution. Processing of the
current stored statement is completed and control is
given to the communicate state, with the position in
the program where the interruntion took place being
printed. The user can now interact with his program
using the responses described above. This feature is
also convenient for arothcr user who wants to do a
quick “desk” calculation and return control to the
stored program (provided, of course, that variables in
the suspended program have not been altered unin-
tentionally).

2.5 Implementtion

The ACTIV-3 language was implemented on a 4K
PDP-8 compwter supporting an Anelex line printer, 2
Burroughs card reader and one teletypewriicr ter-
minal. This computer was already being used to pro-
vide a card listing facility. '

The PDP-8 computer has a 12-bit word which rc-
sults in a fairly limited instruction set and an addres-
sing scheme which can directly refer to only 256 words
from any particular location. The combination of word
length, restricted instruction set, fixed page addressing
scheme and limited storage available in the PDP-8
computer influenced the design of the ACTIV-8 sys-
tem. To simplify the task of developing «nd testing
the ACTIV-8 system, a program was written for the
IBM 360/50 computer to accept PDP-8 source
language from cards, assemble the PDP-8 prograin
into a pseudo-core storage and simulate the actions of
executing thc assemblea program on the PDP-8 com-

puter. This type of program is known as an assembler/
simulator.

3. THE ACL LANGUAGE
3.1 General discussion

To expand the faciiities provided by the ACTIV-8
system a multi-user conversational interpreter was
written for a NOVA computer. This interpreter was
based ‘'on a morc sophisticated language. ACL, de-
veloped as a result of the experience gained wiih
ACTIV-8 and a clearer understanaing of the needs of
this class of user.

3.2 Development of the pangvage Structure
The most useful development had its origins in the
communicate statement. Here the user was able to
perform arithmetic statements and GO TO statements
in an immediate mode. The ACL language recognised
that, in thcory, there need be no barrier to any state-
ment being used in this way; and it would be very
convenient to have this mode available on first enter-
ing the system. Hence there would be two modes
1) The system wouid accept statements put in from
the teletypewriter; execute some statements in an
immediate mode and store others.
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2) The system would execuie previously stored

statements in an automatic mode.

To allow statements to be referenced icr storage,
deletion and editing, a sequence number was intro-
duced. This appeared at the start of statements which
were meant to be stored, distinguishing them from
statements meant for immediate execution. A require-
ment on the cxact Jayout of the statements was that the
dynamic syntax checking which had proved uscful in
ACTIV-8 should bc easily implemented. In this
instance it led to a space character separating the sc-
quence number ard the actual saatement. The two
types of statement iooked like this

sequence number — space — statement
statement

For the syntax checking, the sequence number was
indistinguishable from a number as nart of an arith-
metic expression (this possibiiity is raised later, Section
3.5). The cpace, which was not allowed in arithmetic
expressions, served to give an indication that a s=-
quence number was meant.

Because of the FORTRAN background of most
users and bccause statement numbers were used in
ACTIV-8, it was feit that the new language should
have statement nambers. Sequence numbers can also
serve as targets for transfers of comtrol, but in some
cases statement numbers are morc convenient. For
example, in debugging a program one may wish to
change the statement number of a statement. If only
the sequence number was availabic a change might also
mean a change in the crder in which statements were
executed sequentially. As both sequence and state-
ment numbers can be used for transfer of control and
they were both integer numbers, an ambiguity arcse.
This was resolved by having statement numbers from
zero to 92 and sequence numbers from 100 to 999.

Again, a space was introduced between the state-
ment number and the statement, this time for purely
aesthetic reasons. The two types of statement now had
this format

sequence number — space — statement number
— Space — statement
statement

For those stored statements which did nottinclude
a statemcnt number, two spaces could have been used.
To simplifv the process the uscr could enter a singie
space and the system responded with 3 spaces: two for
the statement number and one for the compulsorv
space. Also the user could ask for a new sequencc
number by giving a space at the start of the line. This
sequence number is 10 greater than the last sequence
number specified. Thus for a statement to be stored,
a new sequence number and a nuil statement number
may be nominated by two spaces.

3.3 Statement Modification
Provisicn was made for deleting stored statements
by entering )
sequence number — space — carriage return
Statement numbers could be altered. by entering
sequence number — space — new statement
nember — space — carriage return
A facility was introduced to allow the users to back-
space n characters by typing <n, to be able to rccon-
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struct the current linc in an EDIT mode (see below)
by typing <<, and to be able to cancel the current
line by typing << <.

A statement was provided to allow users to modify
stored statements in what is called edit mode. The
statement was

EDIT n

where n is an arithmetic statement or expression (see
Scction 3.5) indicating the sequence number of the
statement to be changed. This statemiznt is first dis-
played on the teletype. The user is now able to
compose a new linec consisting of characters taken
sequentially frem the old line or characters inserted
from the keyboard. The ability to skip characters from
the old line was provided. A complete syntax analysis
is carried out cn the new line as if it were being entered
from the kevboard.

3.4 Variables

Variable names were expanded from a set format of
a letter followed by a number in ACTIV-8 to the
general form of a letter which may be followed by up
to three letters ¢r numbers. Arrays were introduced
with array names which were variable names one or
two characters iong. The arrays could have either one
cr two subscripts and each subscript was allowed the
generality of an arithmetic statement or expression.
Function names remained as three characters, such as
LOG.

3.5 Arithmetic Statement; and Expressions

The basic operands in an expression are variables
and numbers. The arithmetic operators are 4, —, *. /
and 1t (power) with the usual mathematical hierarchv.
Assignments arc indicated by < instead of the equals
sign used in FORTRAN and ACT1V-8.

Immediate statements were designed to include the
capability of evaluating arithmetic expressions and
printing the results. Thus if onc entercd 2-+3, the
system would respond with the valuc 5.

If one wished to assign a value of LOG(2) to a
variable, one could use AT1<LOG(2). Statements
should behave exactly the same way whether they were
executed as part of a stored program or in immediate
mode. Since a stored program would normally contain
arithmetic assignment statements, it is important that
these should not cause printine. Thus it was decided
that the statement A1<LOG(2) shouid not cause
printing. To inspect the value of A1, one could simply
type in Al.

The first rule that determined whether the value of
an expression should be printed was the absence of an
assicnment. A development of this led to the form
(A1<6) which would cause both the assignment and
its value to be printed. Tt was convenient to consider
the form (A1<C€) as having a value like any other
operand and to include it as such in expressions; e.g.
A2<14*(A1<6). This device of cnclosing a completc
arithmetic expression in brackets resulted in the firsi
rule being modified.

Tf an expressioi becan with « variable followed by
an assignment arrow, then the cxpression was called an
“arithmetic statement” and its value was not printed;
if it commenced in any other way. it was called an
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“arithmetic expression” and its value was printed.
Thus the values of 243 and 44-(Al+6) should be
printed, while the values of Al<6 and
A23<244+(C3«Al) should not.

Finally, the extra bracket pair around assignments
uscd as operands was dropped on the undersianding
that assignment should proceed from right to left, with
the value of the cxpression on the right of the assign-
ment arrow being assigned to the variable on the left.
Thus the expression A23¢244(C3<Al) becomes
A23<244+C3<Al. This allows a very general struc-
ture for multiple assignments and includes the type of
multiple assignments that occur in ALGOL e.g.
A<B<«C<2 is allowed.

3.6 ACCEPT and TYPE Statements

The ACCEPT and TYPE siatemenis were inclu-
ded in ACL. While the ACCEFT statement was un-
changed, the generality of the TYPE statement was
‘increased in a number of ways. Firstly, literals were
allowed so that descriptive information as well as
numeric values could be printed. Secondly, a variety
of separators provided line contro'. Thus, if 2 comma
were used as a separator, the next operand would be
given on the same line. If a semi-colon were used, the
next operand would be given on a new line. The form
<arith expression> was introduced as an operand.
This form was used to position the carriage to an
absolute location. Lastly, a function called DPT was
provided to allow numbers on differeni lines to bz
typed so that their decimal poinis were aligned verti-
cally. The value of the DPT function is the position
of the decimal point relativc to the start of the number.
If the number A3 has a value of 89.5 then DPT(A3)

wculd have a value of 3. To ensure that the decimal

point of a number is printed in column 10 the statement
TYPE <10-DPT(A3)>,A3
mav be used.

3.7 Control Statements

The GO TO statement was expanded to allow an
cxpression 1nstead of an absolute statement number.
1f the value of the expression was in the range zero to
99, the reference is to a statement number. If the
value was in the range 100-999, a sequence number
was required. This form encomnaswd the FORTRAN
ASSIGN statement (GO TO I) ana alsc the computed
GO TO (GO TG A3(D)).

A CALL statement and its associated RETURIY
statement were introduced to allow the nser to refer-
ence other statements within the program as sub-
routines.

A logical TF siatement was provided to give decision
making capabilitics. The format was

IF(expression.relational operator.expression)
statement
where the relational operator could be any of the six
common FORTRAN relational operators. The gencr-
ality of the exnreszions ailowed the IF statement to be
uscd as a Ioor‘ control e.g.
IF(I*-I-H .LE.100) GO TO 23

3.8 Supervisory Statements
A number of statements were introduced for auxil-
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where the operands tane the forn, Pzazdth 54t or €Xprizy,

jary purposes. The EDIT statement falls into this
category. Because of their usage, these statcments are
only available as immediate statements. A list of all
the statements with ar indication of these restrictions
is given in Table 1.

TABLE . List of ACL statements

IMCEDIATS STATEMENTS

Cotaments

Aritimeiic stateeents

Avithimetic expressions

RUN

CODTOY {arilh stemt or expzn}

LIST [] [*6 arith stot or cxprr{,orith stiat ox m:prr:]] )
SYHDOLS [ 1]

CLEAP. [6 vur{able[, variable] "’]
SPALE

FTiON

FTROFF

TRGnL(: acith stmt or exprn]

TROFF [ svith stmt ox exprn]

[ (1 Ll-J=1 1)
j[: L‘]~'}°v°"“’[{'[’3[:1}--- }I
T |

where the operands take the fori, [<urilh stnt or er.prn>,} [.]

\
*cheracters’

arith sumt or P»prl?
4

PR T [a;ith stmt or exprn}

PA L f{arith stat or cxprn]

sToP

EXD

SUSPEWD [ ]

ECIT b farith stmt or cxpm}

Systicin Messages

c. STOLE STATENENTS

Comnents
Arichietic statoucits
Aritieostic expoeisings

COLTIH {arinh swmt T exprr.}

l
TYPE ‘
i.

s

L

—

ACCLIT © {variahi:[,va:;sblvj..}
CALL {..:im stet or »xpm}
RETURY

CONTINGE

STOP

; l
LAlb stmt or ey,

G,

NG
o,
[T
LT
JLE,

1F { (aril'r. Stt or cxprn} 11

[

st -,
YU st
1 ac S
o
01 s N
w TIWE st '
S10F some J
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A RUN statement is used to begin execution of
a stored program starting at the statement with the
lowest sequence number. A LIST statement is pro-
vided to give a listing of the stored statements. A
companicn SUSPEND statement is designed to record
the state of the program as a series of immediate
arithmetic statements followed by an immediate GO
TO stateirent. These two statements may be used to
prepare a paper tape so that execution may be resumed
at sonic later fime.

Trace statements allow assignments that occur in

individual stored statements to be printed, or allow -

every stored statement that is executed to be listed.

Two conditional PAUSE statements are available.
A pause before (PB) and a pause after (PA) statement
will cause control to be returned to the user just before
or just after a specified statemeni is executed. These
two statements provide a valuable checkpoint facility
and, together with the trace statements, form a power-
ful aid to program debugging.

4. DEVELCPMENT OF THE ACL-NOVA
SYSTEM
4.1 General Discussion

The ACL language was implemented as a multi-
user conversational interpreter on a 12K NOVA com-
puter supporting five teletypewriter terminals.

The NOVA computer has a 16-bit word length, a
powerful instruction set and four registers, two of
which can be used as index registers. The addressing
scheine on the NOVA allows direct reference to page
zero (the first 256 locations), 256 locations centred
about the prograin counter and 256 locations centred
about each of the index registers. Each instruction
occupics one NOVA word. An assembler/simulator
for the NOVA computer written to run on the IEM
360/50 computer (Sanger 1970) was alsc used to
develop and test *he ACL-NOVA system.

The resident part of the ACL-NOVA system uses
the first 6K of the NOVA computer.
such as the number of simultaneous users o be sup-
ported by the system, the size of each incremcnt of
work area to be allocated to a user and rhe total
amcunt of work space available to the system are noi
assembled into the program but must be spécified
when the system is first loaded into the computcr.
Woik space may be reserved for terminals or Icit
“floating”, and when a user signs on at a termianal
either the space that was reserved for that terminai or
one increment of work space is initialised. Dynamic
allocation of work space allows the “floating” work
space to be allocated to users who need more space,
and this 1« returned to the system when the user com-
pletes woik at his terminal.

4.2 Arithmetic )

All arithmetic is performed on 32 bit floating point
numbers stored as two NOVA words. These numbers
have a sign bit, a 7 bit characteristic and a 24 Lit frac-
tion. This form coiresponds to. the short floating point
numbei on an IBM 360 compucer and can renresent
numbers approximately in the range 5.4E-70 <=
number <= 7.2E+4-75. This choicz simpliiied the
developrsent of the floating point software because the
results obtained from the NOVA simulations could
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Paraineters

casily be compared with the corresponding IBM 360
hardware fleating point instructions. The only diffci-
ence betweern the twe was that the NOVA routines
were set up to round ihe result of each arithmetic op-
cration to produce morc uniform error distributions.
The times taken to perform tirc arithmetic operations
were: addition and subtraction, 0.55 msec; multiplica-
tion, 1.72 msec; division, 2.96 iusec.

4.3. The ACL-NOVA Program

The ACL-NOVA program has two main parts. One
part, the Interrupt Handler, syntax checks the input
trom the terminals and stores it essentially as a string
of source characters in a huffer area located in the ap-
propriate user work area. This part cf the program
also handles any output that must be sent to the ter-
minals.

The second part, the Backgiound Program, controls
statement exccuticn. Requests for statement execution
from cach terminal are treated at the same priority
level. Each terminal is serviced in a round-robin
approach with the computer processing one statcment
at a time for each user. Thus the Background Pro-
gram: (i) executes an immediate statement by inteipre-
ting the source string stored in. the user buffer area and
performing the indicated operations, (ii) stores a state-
ment for later execution by moving the character
string from the buffer area to another part of the user
work area, and (iii) exccutes a stored program by
fetching one statement at a time from the user work
area and moving this into the bufier 2vea for processing
.as in (1).

The ACL-NOVA program spends most of its time
in the Background Program executing statements or
checking whether there is a statcment to bte executed.
However, the Background Program can be interrupted
at any time by input or output operations at a terminal
and these interrupts are serviced completely before
control is returned to the Background Program.

4.4 Allocation of Spacc within a Work Arca

The first 135 words of exch user’s work area is used
for various pointers and buffers for the ACL-NGVA
system. Tt includes two flag words and nincteen words
of pointers used by the system as wcll as an input
buffer, an internal code buffer and an output buffer.
The remaining pari of the user work area is used for
storing statements and for the symbol table. To pro-
vide the most cfficient use of core storage, statements
are stored starting from the end of the buffer arcas
and continuing towards the cnd of the work area,
while symbol table entries are sfored starting at the cnd
of the work area and continving backwards towards
the start of the work area. In this way a program with
many statcments but few variables, or a program with
few statements but many variables can be handled. By
setting up the work area in this way, the task of ex-
panding user areas was simplified and this is discussed
in Section 4.9.

4.5 Internal Code Buffer

When a statement is being entered at a terminal, it
is syntax checked character by character and a copy
£ “« M P : 4 . .
ol the “valid” characters is kept in the input buffer in
input or external code form. At the same time, the
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syntax checker translates these characters into an in-
ternal code to simplify statement processing and stores
them in an internal code bufifer. When the input siate-
ment reaches a point where the statement iype can be
determined, an appropriate indicator is stored at the
front of the internal code (IC) buffer.

4.6 Editing Statements and Error Correction

When a stored program is listed at a terminat, each
statement is translated back into external code form
and stored in the output buffer from which it ic sent
one character at a time to the terminal. To allow state-
ments to be modified using the EDIT statement. the
required statement is listed at thie terminal in the above
way. The pointer to the curreni position in the output
is reset to point to the start of the output buffer.

When the space character is entered, the character
indicated by the output buffer pointer is stored in the
input buifer as virtual input from the terminal and is
syntax checked in the normal way. If the character is
valid, the 1C buffer is updated, the input buffer poiater
increased by one and the output buffer poinier is in-
creased by one; otherwise it is rejected. In the same
way, new characters can be enteicd from the terminal
during edit mode and these affect only the input buffer,
the input buffer pointer and the IC buffer. When each
DEL or RUB CUT character is entered, the cutput
buffer pointer is increased by one, thus deleting one
character from the statement.

A similar procedure allows input from the terminal
to be modified in edit mode. The only difference is
that after the carriage return characters are entered,
the current contents of the input buffer are copied into
the output buffer before sending a carriage return, line
fecd to the terminal. The original input is then edited
as described above.

The correction of input from a terminal by deleting
the last n characters may also be carried out simply.
Jf there are m characters in the input buffer (m is al-
weys greater than n), then the input buffer pointer is
reset to m-n and the contents of the input buffer are
syntax checked in a loop that analyses 1 character,
then 2 characters, then 3 characters, . . ., then m-n
characters so that the contents of the IC buffer are
updated correctly. This multiple scan is particularly
important in the case of an IF statement, and at the
point in the input where the statement type may be
altered by the deletion of input characters.

4.7 Symbel Table

Each symbol table entry uses four NOVA words;
two words to store the variable name and two words to
swore its floating point value. This allows a simple
variable name consisting of a letter, which nay be
followed by up to three letters or numbers, stored in
internal code form padded with blanks where necessary
as shown in Figure 2(a). °

Subscripted variable names were chosen to be a
letter, which may be followed by a letter or a number,
stored in the first word in internal code form padded
with a blank if necessary with the appropriate subscript
or subscripts stored in the second word. This allows a
singly subscripted variable to have a subscript in the
range 0 to 65535, and each of the subscripts of a
doubly subscripted variable to be in the range 0 to
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(a) Simple Variables

Al23 0B ol e 0B ol

?
02 03 02 25
floating point floating point
value value
——
AL 0B o1 A 0B 25
25 25 25 25

floating point floating point
value value

(b) Singly Subscripted Variables

AL(L A ™ T top bit of lsc
&b ot 88 2 character (IC)
0001 :

set to one to
0001

indicate singly
subscripted
variable

floating pcint
value

floating point
value

subscript
in binary

single ]

(c) Doubly Subscripted Variables

_ N

5B 31 AL D 8B AS ‘1 top bits of cach
i character set to
ol ol ol 01 one to indicace
/ doubly subscript-
floating point first floating point ed variable
valuc subscript value

2nd
subscript

AL(l,1)

Figure 2: Sym:bol table entries

255 as shown in Figure 2(b) and 2(c).

The fact that the internal codes for letters and num-
bers required at most 6 bits was used to distinguish
between simple variables, singly subscripted variables
and doubly subscripted variabics. This means that the
top bits of each character in the first word of a symbol
table entry can be used as indicators. A singly sub-
scripted variable is sci up so that tlie top bit of the
first character in the tame is sei to one. Doubly
subscripted variables are set up with the top bit of each
of the characters in the first word of tiie symbol table
entry set to one. This is alsc shown in Figure 2(b) and
2(c). This scheme has the advantage that there is no
conflict when the variables A, A(1), A(1,1) are refer-
enced by a user, as occurs for example in FORTRAN.

The symbol table entries are not ordered and a
given enfry is located by a sequential search of the
symbol table. The search is carried out by adding an
entry to the end of the symbol table for the variable
required and ensures that a match is obtained from
the sequential search. If the match occurs on the last
entry of the symboi fable, this indicates that the vari-
able is undefined. The choice of a sequential scarch
method simplified the structure of each work area and
is adequate for this application where the symbol table
is quite small for most users.

4.8 Stoved Slatement Precessing

Execution -of a storcd program begins with the
execution of a PUN statement or an immediate GO
TO statement. This causcs the sequeace numnber of
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the first staiement in the stored program or the se-
quence number of the statement referred to in the GO
TO statement to be stored as the sequence nuniber of
the next statement to be executed and the stcred
program to be executed flag is turned on.

When this terminal is next serviced by the round-
robin background program this statement is located in
the user work area and is copied into the 1C bufler for
processing. The sequence number of this statemernt is
stored as thie sequence number of the statement being
executed (this is referenced in error messages, noting
pause conditions, for trace output etc.) and the se-

quence number of the next stored stateruent (which:

can easily be located by using the length of the state-
ment being processed) is stored as the sequence ium-
ber of the next statement to be processed. The stored
statement is now executed from the IC buffer. In this
process, the IC buffer is partially over-written by re-
placerent operands (see Section 4.10) and thic is why
the statement cannot be exccuted directly from the user
work area. At this point control is returned to the
Background Program.

Sequertial statement processing continues in this way
until a statement that alters the path of control is
executea. The simplest way 1o do this is to execute a
GO TO statement. In this case, once the statement
has been processed the sequence number referred to
in the GO TO statement is stored as the sequence
number of the next statement to be processed.

The CALL statement can also be used to transfer
control to another group of stored statemenis. This
statement causes (i) the sequence number of the staie-
ment referred io in the CALL statement to be stored
as the sequence number of the next statement to be
exccuted, (ii) the sequence number to be used by the
RETURN statement to be stored in this CALL state-
ment in the user area, and (iii) the secquence number
of this CALL statement to be stored as the sequence
nuniber to be used by the RETURN statement. This
scheme allows nested CALL statements to be used.

When a RETURN statement is cxecuted, the se-
queice number to be used by the RETURN statement
contains the sequence number of the last CALL state-
ment executed. In this case, the sequence number of
the statement foillowing the last CALL statement
executed is stored as the sequence number of the next
statement to be executed, and the sequence number
stored within this CALL statement is stored as the
new sequence number to be used by the RETURN
statement.

4.9 Expansion of a User’s Work Area

When an arithmetic statement or expression that
occurs in any statement is executed, an initial scan
through the expression counts the number, n, of
assignment arrows. During execution of this expres-
sion, a maximum of 4n words may be added to the
symbol table, and if this space is not available in the
user’s own area the system allocates the user an extra
increment of work space from the “floating” space if
this is possible. Similarly if a statement to be stored
cannot fit into the user’s work area, the system
atterupts to increase this work area. '

Wlhen additional space is aliocated to a user, that

112

'FLOATING'

'FLOATING'
WORK SPACE

USER ATEA 3

WORK SPACE

WOFK
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USER SYMBOL TABLE
_________________ 1
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RESIDENT RESIDENT
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:
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ACL-NOVA ACIL-NOVA
SYSTEM sysTzn

Figume 3: Expansion of user work crcas

user’s symbol table and the other user work areas that
are stored above this user area must be copied into
higher core locations as shown in Figure 3. The index
to the start of the symbol tavle and the index for the
next entry in the symbol table must be updated for this
user while the amount of “floating” space available to
the system and pointers to the other user work areas
must also be updated.

After the user has completed his calculations by
executing an END statement, the cxtra space that was
obtained is returned to the system with the other user
work areas stored above this user being shuffled down
into lower core locations.

This dynamic allocation of work space gives the
system considerable fiexibility. The structure of the
user work area made this scheme possible, while care
was taken to ensure that the pcinters in the 135 word
area were used as displacemeuts from the start of the
user area rather than as absolute addresses.

4.10 Expression Evaluation

If a variable is followed by au assignment arrow,
then during statement execution ilie expression to the
right of the assignmeni arrow is evaluaied and its value
given to that variable. The variable name and its value
in floating point form are stored in the symbol tahle.
When multiple assigninents occur in an expression,
assuming first of all that the expression is bracket free,
then the rightmost assignment arrow is located. The
expression to the right of ihis ic evaluated and the
resulting value given to the variable. This process is
continued until 21l the assignments have been carried
out.

In mcre complicated eapressions that contain a
number of levels of brackets plus multiple assignments,
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the expression is evaluated by searching first for the
rightmost opening bracket. The ecxpression enclosed
between the corresponding pair of opening and closing
brackeis (an cxpression at zero bracket level) is then
evaluated by searching for the rightmost assigument
arrow and proceeding as described above. This pro-
cess is continued until the whole expression is reduced
to zero bracket level and cvaluated.

During the process of reducing an expression to zero
bracket level, subscripted variables are replaced by
subscripted variable replacement operands. A four
character subscripted variable replacement operand of
the form K'pii was chosen (to cope with the simplesi
form of a subscripted variable, namely A(1)) where
the character R’ indicates the start of a subscripted
variable replacement operand, the character p 1s o
pointer to the position of the next opcrator or de-
limiter in the expression, and the two characters ii
forir a 16-bit index to the appropriate symbol table
“entry relative to the start of the user work area.

Expressions at zero bracket levei (and the bracket
pair surrcunding the expression, if any) are replaced
by simple replacement operands. A three character
simple replacemcnt operand of the form Rpi was
chosen (to copc with the simplest form of arithmetic
expression, namely 34-2) where the character ¥ indi-
cates the start of a simple replacement operand, the
character p is a pointer to the position of the next
operator or delimiter in the expressicn, and the
character i is an index to the floating point value of the
expression. If an expression alrcady contains simpis
replacement operands, then tiie simple replacement
operand describing the value of the expression 1s given
the same index as the last simple replacement operand

in the expression. By using the same simple replace-

ment operard a number of times the number of NOVA
words requircd for saving simple replacement operand
values was minimised. The maximum pumber of
simple replacement operands occurs for the expression
A*A4+B*B+4+C*C+ ... up to 71 characters and turns
out to be 18. (Because of the mathematical hierarchy
tue multiplications must be done first.)

However, if statements are being traced by a user,
then statement processing is temporarily tsuspended
when a symbol table assignment occurs so that frace
output may be printed at the terminai. During this time,
statements can be processed for otuer terminals and
consequently the replaceinent operand index and the
values of simple replacement operands must be stored
in each user area. The input buffer is not being used
at this stage and it is exactly 36 words leng (i.e. the
-space required to stere the floating point values of 18
simple replacement operands). Thus the simple re-
placement operand index is an index to the floating
point values relative to the start of the input buffer.

S. CONCLUSIONS

The one-tcrminal ACTIV-8 system gave iudividual
scientists and zngiueers an easy, direct way of solving
small numerical problems. Statements entered 2t a
terminal were stored in the user work area strictly in
the ordcr in which they were typed and the resuiting
stored program could later be executed. Stored pro-
gram execution could be interrupted at any time to
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examine the contents of the symbol table, or to
evaluate arithmetic statements, or to examine the value
of individual variables or to allow tracing to occur.
Stored program execution could then be coqtmued
from the same point or some other point in the
program.

The ACL-NGCVA system cllows for stored program
execution or for the exccution of immediate statements
to perform one-time or “desk calculator” calculations,
to control the execution of a stcred program and to
perform various editing and debugging functions.
Stored program execution can again be interrupled at
any time by pressing the ? character. However this
time stored statements can be inserted, modified or
deleted as well as any of the immediate statements
being executed, before program execution is continued
from the same point or some other point in the pro-

ram.

: The EDIT statement is the most important of the
error correction facilities provided in the ACL language
and it provides a novel way of allowing characters to
be copied from, inserted into or deleted from an exist-
ing statement. This facility combined with other
special features such as ways of suspending stored
program execution and powerful tracing statements
provide interaction with the users. The fiexibility of
the IF statement and the generality of the arithmetic
statements and expressions, with the freedom of mul-
tiple assignments, also adds a great deal of power to
the ACL language.

Consideration of the fuli duplex mode of opcraticn
of teletypewriter terminals played an extremely imp-
portant part in the design of the ACTIV-8 and ACL-
NOVA systems. The dynamic syntax checking of
keyboard input provides interaction witn the computer
and protects the user from triviai typing errors. It
also has the advantage ihat statements do not have
to be checked for syntax at run time thus improving -
program exccution times.

The implementation of the ACL language as a
multi-user conversational interpreter has provided a
powerful conversational computing facility for many
users in a time-sharing environment. The number of
terminals to be supported, the size of work area incre-
ments and the available user area are specified when
the ACL-NOVA system is first loaded into thie
computer and work space may be reserved for cach
terminal or left “floating” to provide the greatest
flexibility for the system. The dynamic allocation of
work space in the ACL-NOVA system provides for a
more efficient use of the available user arca tha. can
be obtained from a system having fixed user partititons.
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This document has been prepaered with the use of the UCC
FASTEXT system. The original source was entered vie a
typewriter connected to the UCC FASBAC svstem as an EDIT
file. This enabled the candidate to tvpe the source in free
format, proof-read and correct errors.

The EDIT file was then processed by the FASTEXT svstem
to produce a formatted version of the file. Commends mav be
built into the source file to specifv spacinc, pcae cize and
paragraphs.

The next pace is the original input from which the

title page and this page were prepared,



ty
.doublespace
.begin
.centre
.space 10
Appendix C
.space 20
The UCC FASTEXT system
.nocentre
.heading 1,2,1
Appendix C
.begin

This document has been prepared
with the use of the UCC FASTEXT system.

The original source was entered via a typewriter
connected to the UCC FASBAC

system as an EDIT file.

This enabled the candidate to type the source in free
format, proof-read and correct errors.

The EDIT file was then processed by the FASTEYT
system to produce a formatted version of the file,
Commands may be built into the source file to
specify spacing, page size and paracrapbs.

The next page is the original input from which
the title page and this page were prepared,
>
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The next eight pages of computer listings are a sample
run of the assembler/simulator which was usec¢ to develop the
XB system on a UNIVAC 1108.

Page 1 shows the assembly of a small progrem. Lines 17
through 32 are a fixed point divide by ten subroutine for
the PDP-11. Lines 11 through 15 are used to set up data,
enter the subroutine and display resuilts. The RESET
instruction causes the simulator to re-enter the assembler,

There are five columns to the left of the assembler
source language on Page 1., The first column is a decimal
line number for each source line. The seconc column is a
six-digit octal address of each word of the assembled
program and the third column is the octal contents which
have been assembled into that word. The fourth and fifth
columns are hexidecimal equivilants of the seconc and third
columns.

A cross~-reference table showing where symbols have been
defined and used is at the bottom of the pege, There are
several columns to the right of the symwbols, The first
column is always a one; this indicates the program segment
within which the symbol was defined and in the sample this
feature is not being used. The seconc column gives the line
where the symbol was defined and succeeding columns give the
numbers of the lines where a reference was made to the
symbol.

The END statement (line 33) nominates a starting
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address for simulation.

The second and third pages show the simulation of the
assembled program. Normally there are 9 fields accross each
line. These are :-

1) The hexadecimal address of each instruction.

2) The mneumonic of the instruction.

3) The contents of the N, Z, V and C indicators before
the instruction.

L) The hexadecimal address (or register name) of the
source field.

5) The hexadecimal contents of the source field.

6) The hexadecimal address (or register name) of the
destination field.

7) The hexadecimal contents of the destination field
before the instruction.

8) The hexadecimal contents of the destination field
after the instruction,

9) The contents of the N, Z, V and C indicators after
the instruction,

Jumps and successful branches have an indicator printed
on the extreme right and a line skipped. In the case of
subroutine jumps the contents of the register 6 stack are
displayed after the instruction. The first line is a set of
hexadecimal addresses from four words below the stack
pointer to 12 words above it. The actual value of register 6

is highlighted. The second line is the contents of the
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stack. For example the return address of the JSR instruction
at HEX 2718 is HEX 271C. The return from subroutine
instruction causes the contents of the stack before the
instruction to be printed.

The instructions at HEX 271C and 271E display the
contents of registers zero and one; the remainder and result
of the divide.

Page 4 shows an assembly of two different instructions
into the existing assembled program.

Pages 5 and 6 show the simulation of the altered
program with the results of 3 and 5 shown.

Page 7 is similar to page 5 but the printout of the
divide subroutine has been suppressed (line 1). This results

in a much reduced output from the simrulation (pace 8).
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273C RTS 0100 0007 0100 RTS -
271C MOV 0100 REG O 0001 . REG O 0001 - 0001 0000
"271E MOV 0000 REG 1 0002 REG 1 0002 - 0002 : 0000
0318 031A 031C O031E *0320% 0322 0324 0326 0328 032A 032C 032 0330 0332 0334 0336
00u0 0000 Q0LO 271C 0600 0000 0000 0000 0000 0000 000C 000U 00CO 0000. 0000 0000
2720 RESET 0000 R . 0000
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O o0

#0331t
271iC

[l e e Nw] [= 3 N o Nl OO OO

SO OO

0
0
1

1
1
0

-

QOO O o oo o COOO0O0

o OO

0322
0000

0320
06000

. 2726
0320
0000 0000

273€

273k

2740

0320
0000

0322
0000

2740

2740
2742

0320
0000

0322
03930

2742

2742
2744

03260
0000

0322
00C0

2744

2746

2744

27546

2744

, 2746

2744

2746

0322

2722
0324 0326 0328
0000 0000 0GOC
. REG 1
273g" REG ‘2
0324 0326 0328
0000 0000 0000
2710 REG 0
2710 REG O
03E8 2738
0324 0326 0328
0000 0000 0000

03E8 REG 0

03E8 REG 0
0064 2738
0324 0326 0328
0000 0000 00600
0064 REG O
0064 REG 0
000A 2738
0324 0326 0328
0600 0000 GOUOGC
000cA REG ©
0c¢o1 REG 1
000A REG 0O
3001 REG 1
C00A REG .0
0001 REG 1
000A REG O
0001 REG 1

0A01
032A
0000 0000
0000
0000
032A
0000 0000

0035

D925
0001

032A
0000

032C
0000

0035

FCuD
0001

032A
0000

032C
0000

0035

FFD1
0001

032A
00020

032C
0000

0035

0600
0028
0001

go21

00902

00617

0003

032¢C

032¢

032E
0600

0330

032E
0000

0330

0003

00F6

0330
0000

032E
0000

0003

00F$s

0330
0600

032€
0000

0003

0U0F6

032E
6000

0330
0000

0003

00FB

0003

00FB

0003

00F8B

0003

00FB

0000,

0000

0332
0000

0000
273E
0332

000Q -

D925

0035

0332
0000

FC4D

0035

0332
0600

FFD1

0035

0332
0000

0028

0001

6o21

0002

0017

0003

000D

0004

0334
0000

0334

0000

0334 -

0000

0334
0000

0334

0000

o

oo o

[eNo] Ll il [« N Ne) [l il =)

o

[eNoNeNo Nl

OO OO0 OO0

[N =NoRo]

[l o)

[oNoNo]

(== N}

CQOOOO0O (ol e N [=No Nl [N o) e

ocooo (oo B o B e }

[N =N eia

ooOo oOoo (=1 =) oo

oo

O 00 |

COoOOOOo

SO0 Q

oo oO0o QO OO

O Om rOo QoM O COr PEO oo

[oN el oNe Nl

COoOO0O OO0 OO o Neolole)

JSR

BR

BR

‘BR

BR

BR

BR

BR

BR

BR

BR



272A SuB
272C BCS
272E ADD
2732 bR

272A SUB
272C bCs

2734 ADD
e750 CMP
273A BNE
U3ls
goou
273C RTS

0316
0000

031A
0000

271C MOV

271E MOV
031A 031C
0000 0000

2720 RESET

0318
0000

00O0O

00O0CO

0000

0000

00O00O

1001

1001

0001

0100

031C *031E* 0320
0000 271C 0000
0100

0100 RE

0000 RE
031E *U320% 0322
271C u000 0000
006060

2744

2746

2744

2744
2746

0322
0000

G 0

G 1
0324
0000

00C0A

0001

000A

000A
0001

0324
0000

0326
0000

0003

0005
0326
0000

0328
0000

REG 0

REG 1

REG 0

REG 0
2738

0328
0000
00C7

REG O
REG 1
032A
0000

032A

000D -

0004

0003

FFF9
0001

032C

0000 0000

0003

0005
032E
0000

032C
0000

0003

00FB

0003

00F6
032E 0330
0000 0000

0330 0332
0000 0000

0003

0005

FFF9

0003

0332
0000

0003
0605
0334
0000

0334
0000

0336
0000

Ll o OO0

ocoo0oo

oo [=Ner o N

k=
coo

OO0

oo

Lol o] [eNeNoNol

OO+

BR

BR

RTS



1
2 023420
3 023420
0z34z2
4  0234c4
023426
S
'DIV1O 1
"RO i
Ko 1
START 1
Tul 1

012706
001440
012700
001443

UG R e

2710
2710
2712
2714
2716

15C6
0320
15C0
0323

KREAL TIME CLOCK INTERROGATED AT 11:42:35

TRKILL DIV10.TBL
ORG 10000

MOV =800+R6

MOV =803¢R0O

END START



2718 JSR
0316 0316« 031A
0000 ¢GOU0 00u0

271C MOV

271 MOV
0318 UJ3l1A U31lC
0000 0uU0 00vu.

2720 RESEY

00co0oO0
031C *331E* 0320 0322
0000 271C 0000 0000
0100 REG O
0000 REG 1
031E *0320% 0322 0324
271C 0000 o0u00 0000
00O0GC :

2722

0324 0326 0328
0000 0000 o0CGO0O
0003 REG O
0050 REG 1
0326 0328 032A
0000 0000 0000

OAQ1
032A 032C
0000 0000

0003

0050
032C 03cE
000U 0000

032E
0000

0330
0000

0330
0000

0332
0000

0332
0000

0003

0050 P

0334
0000

0334
0000

0336
0090

0000

o o
QO
oo
[ Ne]

0000

JSR



Appendix E

Use of the XB paper tape system



Appendix E

There are two paper tapes provided with the thesis.
They are marked "XB system" and "XB demonstration tape". The
XB system is in standard PDP-11 binary loader format and
should be loaded normally via the high speed paper tape
reader.

The key combination CONTROL-G may be used at any time
to initialize the system. A heading describing the version
of XB will be typed each time the system is initialized.

The demonstation tape is & collection of about 50
graded examples designed to introduce the major concepts of
the system, kEach frame may be read bv giving & CONTRCL-D
character. This sets a mode to read from the high speed
paper tape reader. The user is free to use the system from
the keyboard between frames.

Most of the frames are self-contained, However, an
asynchronous interupt from the kevboard can only be made by
the wuser, This is needed to interupt the automatic mode to

regain control or to invoke an ASYNCH statement.



Appendix F

Sample flowchart - Arithmetic expressions



Appendix F

The next few pages illustrate the techniques used in
accepting or rejecting individual characters to form an
arithmetic expression. When a character is accepted, a new
character is taken from the keyboard and compared with the
characters or groups of characters allowable as the next
character., For example, after an exponent E (see flowchart
of Number) the next character must be plus, wminus or a
number. In other situations, such as after a number in the
final flowchart, the arithmetic routine cannot judge the
validity of characters by itself, If a character is not one
of the five operators, an exit is taken and the validity of
the character decided elsewhere. The comma in

TYPE 1+2,
would be accepted, but the comma in

A=1+2,
would not be.

As explained in the body of the thesis, the program to
check expressions for validity is written in assembler for
maximum speed., For arithmetic expressions, see 1116-1349,

Appendix G.
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Appendix G

Partial Source of the XB system



Appendix G

The next 61 pages are the source statements of the PDP-
11 program written as the major part of this project. The
source statements given here are not complete; the full
program consists of over 8000 statements. That portion given
here is the code which implements the algorithms described
in the body of the thesis.

A row of asterisks marks the places where part of the
program has been left out. Reference is made in the thesis
to the program by the decimal line number on the left hand
side. The addresses and contents given here are not
necessarily the same as in the program supplied on paper

tape.



WOEONCU FOGNDM

000000
000000
000002
000004
00u00s

000010

000012
000014

000015

5U0020

000022

000000
000000
000001
000002
00u003
00U0uY
000004
ooooue
00u005
uoooue
000007
177550
177552
177554
177556
177500
177502
177504
177506
177570
177657
177724
175372
1573356
177740
177700
177772
177773
177701
177603
177625
177546
177560
177703
000367
177713
177652
177732
177623
177624
177525
177637
177642
177730

177731

177711
104210

002302
0ouLouo

002002 -

0oo0c1
002002
0000uv2
015136
000000
031310
000000

00090
0000
0002
(VS
00006
0008
000A
oouc
000E
0C10
0012

0000
0000
0001
0002
0003
0004
0004
0004
0005
0006
0007
FFe8
FF6A
FF6C
FF6E
FF70
FF72
FF74
FF76
FF78
FFAF
FFO4
FAFA
DEDE
FFEO
FFCC
FFFA
FFFB
FFC1
FF83

- FFo6

FFAG
FFBO
FFC3
00F7
FFCB
FFAA

FFDA -

FF93
FFo4

© FF95
. FFOF

FFA2 -

' FFD8

FFD9
FFCO
8388

0402
0000
0402
00vu1
0402
0002
1ASE
c000

‘32C8
0000

R6 E
PC £
PRS
PRB
PPS
PPB
TKS
T8
TPS
P8
SWR

QR ©

QR 7

EQU 0'1
EQU 0'1
EQU O'1
EQU 0'1
EQU 0'1
EQU 0'1
EQU 0O'1
EQU 01
EQU O'1

77550"
77552°
775541
77556"
775601
775621
77564
775661
775701

CHSTRI EQU X'FFAF!
CHOLEX EQU XT'FFD4?
FALSE EQU X'FAFA'

TRUE
CHSP
CHCO
CHFA
CHFB
CHCl
CH83
CH96
CHAG
CHBO

- CHCS

CHF7
CHCB
CHAA
CHDA
CHe3
CHou
CH9S
CHOF
CHA2

. CHDY
- CHD9
.CHC9

STRI

$4S

ORG
DCH

" DCH

DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH

EQU X'
ZR EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
£X EQU
£X EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
EX EQU
ND EQU

DEDE !
X'FFEO?
X'FFCO?
XtEFFAY
X'FFFB!

X'EFCLY.

XTFF83*
X'FF96*
X'FFAG?
XTFFU0?
X'FFC3?
X*OGF7?
X'FFCE?
X'FFAA?
X'FFEDAY
X'FF93"
XTFF94"
X'FF9S5Y
X FF9FY
X1FFA2?
X'FFDB8"
X'FFDO*

XVFFCOt .

Xv18888"*

-INDICATE STRING
INDICATE OPERATOR
REPRESENTATION OF FALSE
" REPRESENTATICN OF TRUE
SPECIAL ZERO
INDICATE OPENING BRACKET
START OF ARITH FIELD
END OF ARITH FIELD
INDICATE ARRAY NAME
INDICATOR AFTER 'IF '

END OF LOGICAL EXPR AFTER *IF °
INDICATOR AT END OF *TRUE' PART
INDICATOR AT END OF °*FALSE' PART

INDICATOR FOR A FUNCTION
START GF A STORED LINE

INDICATE STRING IN A+2

INCLUDE CONFIDENCE CODE o

0
TRAPZZ
0 .
TRAPZZ
1
TRAPZZ

2

STL

0
LADDER

0



61 000030 0018
62 000030 002004 0018 0404
63 000032 000000 001A 6000
64 000034 002042 001C 0422
65 000036 000000 0OLE 0000
66 000200 o0UB0
67 000200 6080
68
69
70 002000 6400
71 002000 0400
72 002000 002002 0400 0402
73 002002 104144 0402 8864
74
75 002004 010137 0404 105F
U020u6 053376 0406 S6FE
76 002010 011601 0408 1381
77 - 002012 016616 040A 1G8E
002014 0000u2 040C 0002
78 002016 010166 04UE 1076
0U2020 000002 0410 0002
79 002022 0lul01 0412 1841
80 002024 042701 0414 4s5C1
~ 0L2026 177400 G416 FFOO
81 002030 016146 0418 "1C66
002032 006460 041A 0D30
82
83 002034 013701 ou1c 17¢1
002036 053376 ABLE S6FE
‘B4 002040 0000U2 0420 0002
85 002042 010137 0422 105F
002044 0H3376 o4zl S6FE
86 0020406 V11601 0426 1381
87 002050 o0lalol 0428 1841
88 002052 042701 Qu2A 45Cl
002054 177400 ou2C FF0O
89 002056 016116 04 2E 1C4E
- Quz0L0 00b742 0430 0DE2
99
91 002062 013701 0432 17¢1
02064 053376 0434 S6FE
92 CU2066 0000UL2 04356 0002
*********!***********)‘.‘*******fx*#************t*
868 0Cb4o0 D30
Bb9 0U64H0 003252 0D3a0 06AA
870 006402 002624 0D32 0594
871 UUb4e4 003110 sDIG 0648
872 006466 003030 D36 0618
873 006470 004326 0D38 0806
874 006472 00u434 OD3A 091cC
875 006474 030666 UD3C 31B56
876 006476 030144 0D3E 3C64
877 006590 047612 puo LFBA
878 006502 004356 opu2 08EE
879 006504 003202 D44 0682
880 006506 003310 oDL6 06C8
gul  0065i0 004502 0pus 0942
8s2 006512 015062 ODYA 1A32
863 006514 004444 - 0DUC 0924
854 (L6516 031144 0DYE 3264

ORG 0'030C*

DCH EMTVEC
- DCH O

DCH TRPVEC

DCH ©

ORG 128

FFEERR DSB 0O LOOK AT PC# SHOULD BE LESS THAN OCTAL 400

* AREA FROM 256 TO 1024 FOR R6 STACK

" . x USE THIS FOR PATCH AREA

ORG 1024
LOCORE DSH 0 FOR CHECKSUM
DCH TRAFZZ FOR TOO MANY RTS

TRAPZZ EMT VCOO71-EMTTBL HALT ROUTINE
Foiok KooKk Rk kkk CHECK ON STACK
EMTVEC MOV R1sSAVR1

MOV (R6)rR1 RETURN ADDRESS
MOV 2(R6)r (R6)

MOV R1r2(R6)

MOV =(R1)+R1 GET INSTRUCTION
BIC =X'FF00'sR1

MOV EMTTBL(R1) ¢={R6)

* MOV EMTTBL-X'8800%'+1(R1)r~(R6) sxxikxxe ALLOW FOR 1'S ARITH

MOV SAVR1eR1

RTI
TRPVEC MOV R1¢SAVR1

MOV (R6)R1 RETURN ADDRESS
MOV =(R1J)rR1 “GET INSTRUCTION
BIC =X'FF0O0'rR1

MOV TRPTBL(R1)r (R6)

* MOV TRPTBL-X'8900'+1(R1)¢(RE) #xtxrx ALLOW FOR

MOV SAVR1+¢R1

RTI

EMTTBL DSH 0
VC0001 DCH Sw
VC0002 DCH PRNM
VC0003 DCH ADDS
vC0004 OCH TWODAD
VC0005 DCH PRERR
VC0006 DCH VALUE
VC0007 DCH TYPECH
VC0008 DCH SETBLE

© VC0009 DCH FIXENT

VC0010 DCH MOVCHR
VC001i1l DCH ADDY
VC0012 DCH MUL11
VCO0013 DCH GETN
VC0O014 DCH NUMB
VCOCLS5 DCH SHFT
VC0016 DCH NEWLIN

i*'S ARITH



865
846

891

916
917
918
919
920
921
22
923
9z4
- 9¢5
326
927
9¢8
929
940
931
952
933
934
935
" 936
937
938
939
940
9ui
942
943
94y

ov6520
006522
006524
006526
006530
006552
V06554
006556
006540
006542
006544
QlbL54u6
006550
036552
006554
u0ebve
006560
0Ub562
006564
006506
000570
006572
006574
006576
06600
006e6U2
00o6UY
006606
000610
0U6612
00660
U616
006620
006622
OUobzl
0066206
006630
006632
0U6EIU
006636
006540
006642
006644
006646
006650
006692
C0bobY
0656
006660
0Le662
0066064
QU666
606670
0060672
QU%5674
006676
Q067u0
006702
0u6704
006706

027016
047702
n3cles
004776
005374
003356
027154
010616
015056
004552
627174
012470
014202
015106
015040
002076
005504
005472
017252
017270
017726
020140
00070
021344
042640
017650

046614

025660
017322
023506
023052
015306
024344
025210
035402
025672
011700
027556
025366
032400
032420
017372
031502
031554
033326
037040
05106
051770
052072
ouc2032
026562
037510
40706
041634
oul1s524
045656
050604
020654
023162
042610

G0S0
ons2
0D54
uDs6
0058
0D5A
0D5C
UDSE
0Do0
0062
0DoY
0DoLS
0Do8
0DoLA
0DoC
UJI6E
0D70
D72
0074
0076
uD78
0D7A
gp7¢C
0D7E
0080
0p82
o0D34
0D86
(10]:1:)
0DVA
uDsC
UDBE
0090
0092
0094
0D9%6
0p98
OC9A
009C
UDSE
0DAO
0DA2
ODAY
0DA6
oLA8
CDAA
0DAC
0DAC
oDyo
op82
oDuH
ouBe6
0083

ODBA
. 0D8C

0DuE
0DCO
opc2
0DCY%
upce

2EOE
4FF2
3C54
09FE
0AFC
06EE
2ES5C
118E
1A2E
096A
2E7C
1538
1882
1A46
1A20
04 3F
oBuY
0B3A
1EAA
1EB8
1FD6
2060
0438
22E4
45A0
1FAB
4pac
2BB0
1ED2
2746
262A
1AC6
28E4
27088
3Bdo2
2BBA
13C0
2FdE
26F6
3700
3710
1EFA
3342
336C
3606
3E20
5216
S3FS
543A
441a
2072
3Fus
41C6
‘439C
4354
4B9L
5184
219C
2672
4588

vcool7
vcoois
VC0019
VC0020
vcoo21
vC0022
VCo024
VC0025
vVCco027
vCo028
VC0030
VC0o031
vC0032
VC0033
VCOG3Y
VC0035
vC0037
vCo0040
vCcooul
vcoou2
vCoou3
VCcosus
VCO046
VC0050
VC0055
VC0056
vC0057
vC0050
YC0061
vC0062
VCOO06Y4
VC0065
VCo067
YC0070
VC0071
VCo072
V20073
vcoo74
VC0075
VCu076
vCcou77
vcoousa
vcolol
VC0102
VC0103
vVC01905
vCo106
vCo107
VCO0110
vco111
vcol12
vVCo113
VCo115
VCO0116
veo117
vC0120

"veo121

vCcol22
vCoi23
vcolza

DCH
DCH
DCH
OCH
DCH
CCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH

DCH F

DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
OCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
OCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
DCH
OCH
OCH
DCH
OCH
DCH
UCH
DCH
DCH

]

TBLABT
RETREV
URGE
CONV
MCONV
MuL22

FM \
SETUPP
PRESCN
GHALFS
FILLIN
FS
LHOP
INTVAR
PRTVAL
TBLU
TBSPPA
PROUTZ
VGY
FXDS
RND
VGZ34
GTEMP
TRAKK
TBPUT
STREX
KEYRBRCH
IMTINT
RESTH8
cosuUB
STOCHR
QSTRNG
VARR
ELPOSS
LOOKLN
CONVBD
FNDZA
LNELIM

INTERP

TBLCON
GETST
EDDY
EDKEY
EDCHK
GETARG
GETADR
VGX
INTCON
POSITN



945 006710 051072 opcs 523A ’ VC0130 DCH SH3500

946 006712 045660 0DCA 4BB0O VCO0131 DCH GET2ND

947 006714 025352 0pcce 2AEA VCO134 DCH TBLUPM

948 000716 046600 0DCE 4p80 VC0135 DCH SRETLK

949 006720 046214 0D00 . 4C8C - VCO0137 DCH DBLARG

950 006722 050424 opo2 5114 VvCN140 DCH OBL2

951 006724 050252 oDLY SO0AA VCO141 DCH LISTD

952 0V6726 052270 0DV6 5486 VC0142 DCH FND2EN

953 006730 052006 00L8 5406 VC01u4 DCH FNDZB

954 006732 052164 COVA 5474 VCO145 DCH FNDSTN

955 (UL734 opocC DSH 3 SPARE

956 006742 T0pE2 ) TRPTBL DSH ©

957  0UOGT42 004370 ope2 08F8 . VB0002 DCH ST1ERR

958 QU744 002612 OLEY 058A VB00O# DCH TRSRZ

959 (0U6746 935640 00ES 3BA0 VB000S DCH STRTF

950 (06750 012236 ODES8 149¢ YOOU11l DCH STSC

961 006752 013514 UDEA 174C VB0014 DCH PS5 .

962 0VU6754 012476 0DEC 153E VB0016 DCH R21 :

363 006756 023522 0DLE 2752 VB0023 DCH VG“O

964 Q06760 (12242 ODFO 14A2 VB0027 DCH ALT2

905 006762 010616 0pF2 118E ' V80031 DCH AREX

906 006764 051174 ODF4 527C V80041 DCH MJSCHD

907 006766 027544 00F6 2F64 VB0043 DOCH RLBB

968 0U6770 040716 0DF8 41Cg VBO0O45 DCH LPEB1

969 006772 050242 ODFA S0A2 VB00S1 UCH INTERB

970 0UOBT74 ODFC : DSH 3 SPARE ,

****t#**4:******&*#t***************:ﬁ*********t*

1116 010616 118€ AREX DSH 0

13117 01U616 162706 118E - E5Cé SUB =2/R6
01U620 000002 1120 0002 .

1118 010622 005016 1192 0AOE CLR (R6) LAST OPERATOR NOT UP ARROW

1119 010624 000003 1194 0003 DEBUG STL SUBR

1120 010626 177772 1196 FFFA DCH CHFAEYX . .

1121 010630 022700 1198 25C0 S1 CMP ZE'+t¢K IS IT A UNARY PLUS
010632 000053 119a 0028

1122 010634 001006 119c¢C 0206 BHNE M1

1123 010636 0600003  119E 0003 M2 DEBUS STL SUBR

1124 01u640 177740 11A0 FFEOD o OCH CHSPZR STORE A SPECIAL ZERO

1125 Uludd2 000203 11A2 0n03 DEBUG STL SUBR

1126 010644 177724 11A4 FFO4 DCH CHDY4EX STORE INDICATOR BEFORE OPERATOR

1127 010646 104054 1146 882¢C EMT VCO024=-EMTTRL

1128 010650 Q0ubyd 11A8 0103 - BR S§2 .

1129 0106%2 022700 1iaA 25C0 ML CMP =E*='¢K IS IT A UNARY MINUS
010654 QO0U0LS ‘L1AC 002D

1130 010656 Q01767 11AE 03F7 ' BEQ@ M2 TREAT AS FOR UNARY PLUS

1131 010660 022700 1180 25C0 S2 CMP =ZE'(frK IS IT AN OPENING BRACKET
010bb2 000050 1182 0028 : ,

1132 uUl0%64 001011 114 0209 BNE M3

1133 01l0bob 000003 1L1uy6 0003 DEBUG STL SuBR STORE INDICATOR TO THE OPENING BRACKET

1134 010670 177700 1188  FFCO DCH CHCOEX

1135 010672 1049054 118A 882¢ EMT VCUO024=-EMTTRBL

1136 V10074 1040%6 11u¢C 882t EMT VCO025-EMTTBL

1137 010676 022700 118E 25C0 CMP =ZE*")*»K MUST END IN A CLOSING BRACKET
01u700 0QUGObL1 11C0 0029 :

1138 010702 001110 11¢2 0248 BNE LBJ IF NOT IS AN ERROR

1139 010704 104054 11CH 882¢C EMT VCO0024~EMTTBL

1140 01i07¢e 000436 11Cé6 011€E BR L315

1141 010710 022700 11C8 25C0 . . M3 CMP =E'.'sK IS IT A DECIMAL POINT
010712 000056 -11CA oozt :
ll4z 010714 0010952 11CC 0202 BNE M4



1143

- 1l44
1145
1146

1147 -

1148
1149
1150
11561

1152

1153
1154

- 1155

1156

1157
1198
1159
1lo0
liel
llo2
1163
1lo4
1165
1166
1167

1168
1lo9
1170
1171

1172
1173
1174
1175
1176
1177
1178

1179
1180

lisl
llse

1183
1184

1185
1186

1187
1188
1189
1190
1191

010716

. 010720

010722
010722
010724
010726
ulc726
010750
Q10732
010752
010734
010730
010740
010742
010744
0107406
910750
0107%2
010754
viu756
010700
010760
010762
010704
010704
010706
010766
910770
01u772
010774
0ig770
011000
011002
0110u4
011006
011010
011012
011014
011016
011020
0l10e22
011024
uli026
011030
011032
0119034
011036
011040
011042
0119044
011046
011050
011002
011004
011056
011000
011002
011064
011066
¢11070

104054

000417

104032
001002

104054
000502

o0ou737
015024
001072
005037
053312
005037
053314

110057

053312
104054
000476

104032
001050

104054

104032
u01775
022700
000105
0010v2
104054
000432
0227v0
000053
0010us
005016
0000ud
177724
104054
000716
022700
0600055
001770
022700
000052
001765
022700
000057
001702
023700
052444
u01402
00u137
0lidz4
005716
00100
005216
Qug752
022700

11CE
1100,

1102

‘11v2

1104
1106
1106
11lu8
110A

11DA .

11DC

‘11DE

110
l11g2
llgs
l1lEe6
118
11EA
11€£C
L1EE

11F0

11F0
11F2
11F4
11F4
11Fe
11r6
11F8
11FA
11FC
11FE
lz2u0
1202
lzu4
1206
1208
120A
120C
120E
1210
1212
1214
1216
1218
121A
1z1c
12iE
1220
1222
1224
lze6
1228
122A
122C
i22€
1230
1232
1234
1230
1238

882C
010F

881A

0202

882C
0142

09DF
1A14
023A

" O0Al1F

S56CA
O0ALF
56CC
901F
56CA
882C
013

881A

10230

882C

881A
03FD
25C0
0045
0202
882C
C11A
25C0
0028
0205
0AOE
0003
FFOU4
882¢C
01CE
25C0
002D

0%F8 .

25C0
002A
03F5
25C0
002F
03F2
27C0
5524
0302
005F
1314
0BCE
0210
OABE
U1EA
25C0

EMT
. BR
M4 D
CEMT
BNE
84 D
EMT
BR
M5 D
JSR

8NE
CLR

CLR
MoV

EMT
" BR
L34A

EMT

BNE
M7 D

EMT
L312

ENMT

BEQ
L313

BNE

EMT

BR
L315

. BNE
M85
M858

VCO024=EMTTUBL
L3YAZX o
SH 0 - IS IT A NUMBER
VCOO14-EMTTBEL
M5  NO :
SH O
VC0024=-EMTTBL .
L43 _ . o '
SH 0 IS IT A LETTER OTHER THAN 'B' OR 'H!
PCLETT :

LBJ IF NOT IS AN ERROR
VARNM

VARNM+2
B RO¢VARNM GAVE 1ST CHARACTER OF VARIABLE .

VC0024-EMTTBL
L53AZX )

ZX DSH O . IS IT A NUMBER
VCOO14-EMTTBL

LBJ

SH 0

VCO024~EMTTBL

DSH 0 IS IT A NUMBER
VCOO14~-EMTTBL

M7

CMP =E'E?rK IS IT THE LETIER E

L315

VC0024~EMTTBL

L322

CMP =Ef+'»K IS IT A PLUS

B13
CLR (R6) THIS OPERATOR NOT AN UP ARROW
DEBUG STL SUBR :

OCH CHD4EX STORE INDICATOR BEFORE OPERATOR

EMT
BR
B13

BEQ
cvp

BEQ
cMpP

GEG
cMP

BEQ
JMpP

M85A
BNE
INC
BR

L322z

VC0024=EMTTBL
s2 : « /
CHP ZE'=1,K .

M85
TE'*'9K IS IT AN ASTERISK
M8S
ZEY/'eK IS IT DIVIDE
M85
EXPCHeK IS IT UP ARROW
MBSA
LEND
TST (R6) WAS LAST OPERATOR AN UP ARROW
LBJ YES? IS AM ERROR .
(R6)
M858
CMP =E*+'¢K IS IT E+



1192
1193
1194
119%
1196

1197
1198
1199
1200
i2u1
i2v2
1203
1204
1205
12v6
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216

1217
1218
1219
1220
1221
1222
12235

l224
1225
1226

1227
1228
12:29

1250
1231
1252
1253
1234

1235
1236
1237
1238

12359
12490
1241

0i1072
011074
011076
011076
U1&100
011102
N1iluy
011106
011110
Olllle
011114
011114
0111re
011120
011120
O1l1ee
Olliay
011124
0il1126
011126
011130
011132
011134
011156
011126
011140
ullig2
011144
0lli46
911150
011152
011154
0lli5hk
0Ll156
011100
Blllo2
0llio4
011166
011170
011172
0l1174
0li176
011176
011200
011202
0ilzou
G1l2u6
vllziv
glizle
011214
gl121e6
011229
ollzee
011224
0112z6
011250
gllzs2
01123%
011236
011240

000053
001002

104054
000407
022700
000055
001773
104032
001004

104054
00u402

104032
01774

104406

104032
001325
104054
006723

104032
001672
022700
00056
001311
104054
000705

104060
0010uy4
110037
053313
1040%4%
0005u4
022700
00C0%0
gQ1027

005237
053314
00u003
177701
1064054
104056
022700
000051
031415
022700
000054
8001337

005247.

053314
104054
104056
p227u0
000051

123A
123C
123E
125€
i240
1242
1244
1246
1248
124A
124C
124C
124E
1250
1256
1252
1254
1254
1256
1256
1258
125A

20C

" 125E

125E
1200
1262
1204
12066
1208
120A
126C
126C
126E
1270
1272
1274
1276
1278
127A
127¢C
127E
127E
1280
1282
1244
1286
1268
128A
128C
128€
1290
1292
1294
1296
1298
129A
129C
L29E
12A0

0028
0202

882C
0107
25C0
002D
03FB
881A
0204

a8zc
0103

881A
03FC

8906

881A
02D5
882cC
0103

881A
03BA
25C0
002E
02¢Co
8a82C
01C5

8830
0204
9C1F
56C8
8a2¢C
o144
25C0
0028
0217

OAQF
56CC
0003
FFC1
882C
882E
25C0
0029
030D
25C0
002cC
02DF
OA9F
56CC
882C
582E
25C0
002¢

BNE B3A
B253 DSH 0
EMT VvC0024=EMTTBL
AR L33Y
B3A CMP =E*=*'»K IS IT E=~
RE@ R253
EMT .vC0014~EMTTBL
BNE LBJ
835 DSH 0
EMT VC0024-EMTTBL
BR L34
L33Y DSH O Is IT E*9
EMT VCOO14-EMTTBL
B£Q B35
LBJ DSH ©
TRAP VB0011-TRPTBL
L34 DSH 0O IS IT E99 OR E+99
EMT VCOOLl4-EMTTBL
BNE L315 MUST 3E AN OPERATOR OR FIMISH
EMT VC0024-EMTTBL
BR L315
L43 DSH 0 IS IT A NUMBER
EMT VCOO14-EMTTBL ‘
BEQ B4
CMP ZET«.*'+K IS IT A DICIMAL POINT
BNE L313
EMT vC0024~EMTTBL
BR L312
L53AZX DSH 0 IS IT A NUMBER OR A LETTER
EMT vC0027-~EMTTBL
BNE L52Z
MOVB RO»VARNM+1 SAVE 2ND CHAR OF VARIABLE
EMT VvC0024-EMTTBL
BR LS51
L52Z CMP =E'('+K IS IT AN ARRAY NAME (SINGLE CHARACTER)
BNE L53
B6A DSH O
INC VARNM+2 INDICATE ONE SUBSCRIPT
DEBUG STL SUBR
DCit CHC1EX STORE INDICATOR (ARRAY NAME)
EMT VCOC24-EMTTIL
EMT VC0025-EMTTBL
CMP =ZE")* K
BEQ B73AAA ONE SUBSCRIPT ’
CMP =ZE'»'»K COMMAr SECOND SUBSCRIP
BNE LBJ
INC VARNM+2 INDICATE SECOND, SUBSCRIPT
. EMT VvCO0024~-EMTTOL
EMT VCO0025-EMTTHL
CMP

SE')'rK  MUST FINISH WITH A CLOSING BRACKET.



1242
1243
1244

1245
1246
1247
La48
1249

1250
1251

1252

1253

1254
1255
1256

1257 .

1258
1259

1200
1201

1202
1263

120k
12605

1206
1267

12¢8
1209

1270
1271
1272

1273
1274
1275
1276
1277
1278

1279
1240
12481
i2g2

1285
1284

011242
011244
011246
011250
011252
0Ll12s2
011254

011254

011256
011200
0l1l2e62
U1ll264

011266

011270
011272
011274

wila27e

011300
011302
011304

0113u4

" 0113u6

UL131v
011312
011314
V11316
011320
011322
011324
011326
611330
011332
011354
011336
011340
011342
011344
011346
011350
011352
011354
011356
011356
011360
011362
011364
011366
011370
011372
011374
011376
611400
011400
011402
0l1404
011406
011410
011412

001330
000402

110037

053315

104054 -

022757
051132
053312
001035
022737
052105
053314
001404
022737
000001
053314
001025

005737

053340 .

001235
022700
000023
001382
005257
053406
104004
022700
000031
001371
009247
053406
1040064
022700

000023

001363
005237
053406
104004

023700
052420
001355
005016
000003
177724
104054
000137
010630

104060
001004
110037
053314
104054
000455

l2A2
12A4
12A6
12A8
12AA
12AA

12AC

12AC

12AE
1280
1282

1204 -

1286
1248
128A

. LagC

12BE
12C0
12c2
12Cu

12C4
i2Cs
12C8
12CA

- 12CC

2CE
1200
lav2
1204
1206
1208
120A
12pC
120E
12e0
lzE2

‘12Eu

1280
12E8
12EA
12eC
12EE
12E€
12F0
12F2
12F4
12F6
12F8
12FA
12FC
12FE
1300
1300
n2o2
1304
1306
1308
130A

0208
0102
901F
56CD

8s82¢ -

25DF °

525A
56CA

0210 -
250F

5445
56CC
0304
25DF
0001
56CC
0215

0BDF
56E0
029D
25C0
0013
029A
0A9F
5706

8834

25C0
0019
02F9
OAQF
5706
8834
25CC
0013
02F3
0ASF
5706
8834

27¢0
5510
02€D
0AOE
0003
FFDY4
882¢C
005F
1198

8830
Qa04
901F
56CC
&szc
0120

BNE LBJ
BR B73AAA :
B73 MOVB ROrVARNM+3 SAVE 4TH CHAR OF VARIABLE

"B73AAA DSH O ‘ACCEPT 4TH CHAR OF VARIABLE

EMT VC0024=EMTTBL
L5Z DSH 0
* ° PASSWORD WILL BE IN INPUT IN CASE - OF RECOVERY
CMP =E'ZR"rVARNM tZR?

BNE LS3A :
CMP-=ETET'»VARNM+2 'ET?

BEQ L538 . . -
CMP =X?10C0L?» VARNM+2 ONE SUBSCRIPT

BNE L53A
LS3e DSH 0 . '

* IMMEDIATE MODE ONLY
TST MAJMOD

BNE L315

CMP =0'023"1K CONTROL S

L315AA BNE L315 .
INC INPB1 MOVE PRINTED POINTER

EMT VCO030-EMTTBL

CMP =0'0311.K ‘CONTROL Y

BNE L315AA

INC INPB1 MOVE PRINTED POINTER
EMT VCOO030-EMTTBL

CMP =01023'rK CONTROL S

BNE L315AA

CINC INPBL MOVE PRINTED POINTER

EMT VCO030-EMTTBL :
L53A DSH 0 ' N
CMP ASEQLS+K IS IT ASSIGNMENT ARROWe ONLY AFTER VARIABLE

BNE L315AA

CLR (R6) NOT AN UP ARROW
DEBUS  STL SUBR

DCH CHD4EX

EMT VC0024=-EMTTBL

JMP S1
LS1 DSH 0 IS IT A NUMBER OR A LETTER

EMT VCO027-EMTTBL '

BNE BT3AZX

MOVB ROsVARNM+2 SAVE TRD CHARACTER OF VARIABLE

EMT VC0024-EMTTBL
BR L59



1285

1286
1287
1288
1289

1290
lz9l
1292
1293
1294

1295
1296

1297
1298

1299
1300
1301
1302
1303
1304
13u5
13ve

1307

13v8
13409
13190
1311

13i2

1313
1314
1315
1316
1317
1318
1319
1320

1321
1322

Cll41y
011416
011420
011422
0l1i424
011424
011426
011430
011450
0li452
011434
011456
011440
011442
0ilitu4
Uiidye
011450
0114952
0lla54
011456
011460
Ull4p2
011404
011406
011470
ul1472
011474
011476
011500
011502
011504
Ul15uS
0ilbu6
011507
011510
0611511
011512
0x1514
011516
011520
011522
011524
011526
011527
011530
(11531
611532
011533
011554
0115%6
JLisuu
Ul1i542
011544
011546
0lidSue
011550
011552
011554
QL1595
011500

022700
000050
301006
000665

062706
gouoou2

0000U3
177773
Q0u2u7
g227uC
000040
001304
0227357
000111
053320
001364
022737
0001ue6
053322
001360
104054
000003
177603
104066
00u00V3
177626
004437
015170
000040
0uleh
000110
000105
ovolie
G0U040
000072
104056
000003
177646
0UYH37
0151790
000040
0001uS
000114
ou0le3
000105
0006040
000072
104056
000003
177660
000727

104Co0
001636
022700
000050
00173C
012757

130C
130E
1310
1312
1314
1314
1316
1518
1318

A31A

131C
131E
1320
1322
1324
1526
1328
132A
132C
132E
1330
1332
1334
1336
1334
133A
133C
133E
1340
1342
1344
1345
13546
1347
1348
1349
134A
134C
134E
1350
1352
1354
1356
1357
1398
1209
L1A5A
1358
135C
13%E
1300
1362
1304
1306
1366
1568
1J0A
156¢C
130E&
1370

25C0
0028
0206
0185

65C6
0002

0003
FFFB
0087
25C0
0020
o2ck
250DF

- 0049

5500
02F4
250F
0046
5602
02F0
882¢C
003
FF83
8336
0003
FF96
091F
1A78
0020
0054
0048
0045
004E
0020
003A
882E
0003
FFAG
091F
1778
0020
0045
004C
0053
0045
0020
003A
882E
0003
FFB30
0107

8830
039E
25C0
0028
029t
150F

B73AZX CMP =E'('+K IS IT AN ARRAY NAME (TWO CHARACTERS)

BNE B71
BR B6A YES
LEND DSH 0
ADD =2rR6

STRTS DSH 0

DEBUG STL SUBR

DCH CHFBEX

RTS PC
B71 CMP =E' *+K IS THIS A SPACE

BNE L53 ,
CMP =E'I',KCH2 WAS SECOND LAST CHARACTZR AN I

BNE LEND
CMP ZE'F'»KCH1 WAS LAST CHARACTER AN F

BNE LEND .

EMT VCO024-EMTTHL

DEBUG STL SUBR

OCH CHBJIEX STORE INDICATOR FOR IF
EMT VCO031-EMTTBL

DE3UG STL SUBR

DCH CHI96EX STORE INDICATOR

JSR CHKRr CHECK -

DCC E' THEN :' NEXT CHARACTERS TO BE ' THEN '

EMT VCO025-EMTTBL

DEBUG STL SUBR .
DCH CHAB6EX STORE INDICATOR
JSR CHKRrCHECK

DCC E' ELSE ¢t NEXT CHARACTERS TO BE ' ELSE v

tMT VCO0025~-EMTTBL

DEBUG STL SUBR

DCH CHBBOEX STORE INDICATOR TO END OF SECOND PART ’

BR LEND MUST BE END OR ELSE A«Es WOULD STILL BE GOING
LS9 DSH 0

EMT VCOO27-EMTTBL

BEQ B73 FOURTH CHARACTER IS NUMBER OR LETTER

CMP =E* ('K

BNE L53 NOT A FUNCTION -
MOV =L315rSUBRET



1323
1324

1325

1326
1327

1328
1329

1330
1331

1332
13353

1334
1335
i33e
1337

1338

1339
1340
1341

1342
1343
1344

1345
1546
1347

1348
1349

1350
1301
1352
1353
1354

1355
1356

1357

1358

1359
13690
1361
1362
1363

136%

011562
011504
011566
011566
011570
011572
011574
011576
011600
ulleu2
Ollou4
Ullouve
01lvl0
0llelz2
011614
0li61le
011620
01lle22
Ollozh
011626
011630

011632

011634
011636
011640
011642
011644
011646
011646
011650
011652
011654
011656
011660
011662
011604
011666
011670
011672
011674
011676
011700
0i1700
011702
011704
011704
011706
011710
011712
011714
011716
011720
011722
011724
011726
011730
011732
011734
011736
011740

011004
053016

012703
012246
121327
006072
001436
122337
V53316
V01026
122337
0535320
001024
122337
053322
001022
112337
055020
000003
177703
104054
1137063
055020
016301
012314
004711

022700
000051
001171
104054
013707
053016
005203
00203
062703
000003
000737
000137
ul2236

0600003
177772

022700
0co1l11

001446

022700
000110
001415

022700

000047
001130
104164
000023
177637
022700
000045
001233

1372
1374
1376
1376
1378
137A
137¢C
137E
1380
1342
1384
1346
1368
138A
138C
138E
1390
1392
1394
1396

1398

139A
139C
1359E
15A0
13A2
13A4
13A6
1346
13A8
13AA
13AC
13AE
1380
1382
1384
1386
1388
13BA
138C
138E
13C0
13C0
13C2
13C4
13C4
13Cé6
13C8
13CA
13CC
13CE
1300
1302
1304
1306
1308
130A
130C
130E
13£0

1204
560E

15C3

14A6-

A2D7
003A
031E
A4DF
S6CE
0216
ALDF
5600
0214
AY4DF
5602
0212
S4DF
SA10
0003
FFC3
882C
97C3
5A10
1CC1
14CC
03¢Co

25C0
0029
0279
882C
17¢7
560E
0A83
0A83
65C3
0003
01CF
005F
149E

0003
FFFA

25C0
0049
0326
25C0
0ous
030D
25C0
0027
0258
8874
0003
FFOF
25C0
0026
0298

SUBRAB DSH 0
MOV =NMS+R3

LOOPC CMPB (R3)r=ET':' FUNCTION; SEE IF NAME IS ON LIST

BEQ LBSTSC
CMPB (R3)+rKCH3

BNE AD2
CMPB (R3)+eKCH2

BNE AD1
CMPB (R3)+¢KCH1

BNE ADO
MOVB (R3)+,SUBYT

DEBUG STL SUBR

DCH CHC3EX INDICATES FUNCTION
EMT vC0024-EMTTBL

MOVB SUBYTYR3

MOV STBL{R3)rR1

JSR PCr (R1)
NGB DSH O
CMP =E*)'»K MUST CLOSE WITH A ERACKET

BNE STSC
EMT vCO024-EMTTBL
MOV SUBRET!PC

AD2 INC R3
AD1l INC R3
ADO ADD =3+R3 : .

BR LOOPC
LBSTSC JMp STSC

STREX DSH 0
DEBUG
DCH CHFAEX
STREX1 DSH 0
CMP zE'I' K

BEQ STRIF1
CMP =E*H'/K

BEQ STRA1L
CMP =0'047'»K QUOTE

BNE STRAS

EMT VvCO1Ci~EMTTBL PICK UP STRING LITERAL
DEBUG . '
DCH CHSFEX ’

STRA3 CMP =E'&''K AMPERSAND

BME STRTS



1365 011742 000003 13g2 0003 DEBUG

1366 011744 177724 1354 FFO4 - DCH CHDYEX
1307 011746 104054 13€6 882C " EMT VCO024-EMTTBL
1368 011750 000755 13:8 01ED BR STREX1
1369 011752 104054 13EA 882C STRA1 EMT VCO024~EMTTBL STORE FIRST CHAR
1370 011754 104060 13:2C 8830 EMT VCO027-EMTTBL IS IT LETTER OR NUMBER
1371 01175 001001 13LE 0201 BNE STRA2
1372 011760 104054 13F0 = 882C EMT VC0024=EMTTBL
1373 031702 022700 13F2 25C0 STRA2 CMP =E'(':K
Uil704% 000050 13F4 0028 -
1374 011706 001054 13F6 022¢ BNE STRA6
1375 011770 000003 13F8 0003 DEBUG
1376 011772 177701 13FA FFC1 DCH CHC1EX
1377 611774 104054 13FC 882C , EMT VC0024~EMTTEL
1378 011776 104056 13FE 882E EMT VC0025=-EMTTBL AREX
1379 012000 022700 1400 25C0 CMP =E') K :
012002 000051 1402 0029
1380 012004 001114 1404 024C , BNE STSC
1381 0l20U6 104054 1406 882C : EMT VCO024~EMTTBL ,
1382 012010 023700 1408 27¢0 STRA4 CMP ASEQLS!K IS IT ASSIGN
012012 052420 14UA 5510
1383 012014 001347 140C 02E7 BNE STRA3
1364 012016 GO0LOU3 140E 0003 . . DEBUG
1385 012020 1777z4 1410~ FFD4 DCH CHDYEX
1386 012022 104054 1412 882C EMT VCO024=EMTTBL
1387 (12024 €00727 1414 0107 BR STREX1
1388 012026 004437 1416 091F STRIF1 JSR CHKR:CHECK
012030 015170 1418 1A78
1389 012032 000111 141A 0049 . DCC E'IF 3
012053 000106 1418 0046 -
012034 000040 1u1C 0020 ;)
012045 000072 141D 003A
1390 012036 0Q0U0U3 141E 00063 .- DEBUG
1391 012040 177603 1420 FF83 DCH CHB83EX : '
1392 012042 104066 1422 8836 EMT VCO031-EMTTBL . =~ LOGICAL EXPRESSION
1393 012044 Q00003 - ‘1424 0003 . DEBUG :
1394 012046 177626 1426 FF96 . DCH CH96EX
1395 012050 Q04437 . lu28 091F JSR CHKR ¢ CHECK
' 012052 015170 1424 1A78 : ‘
1396 012054 000040 = 142C 0020 DCC E' THEN 3*°
012055 000124 1420 0054
012036 000110 142E 0048 -
012057 000105 " 142F 0045
012060 000116 1430 0O04E
0i2001 000040 1431 .. 0020
012062 000072 1432 003A ,
1397 012004 104150 1434 8368 . . . " EMT VCOOT3~EMTTBL
1398 012066 000003 1436 0003 . . . DEBUG :
1399 012070 .177646 1438 FFA6 . - . DCH CHAGEX o
1400 012072 004437 1437 091F J L JSR THKRPCHECK o e
012074 015170 143C - 1A78 . .. - ' .
1401 012076 0006040 143E 0020 . © DCC E' ELSE 2
012077 000105 143F 0045 v :
0121u0 000114 1440 00u4cC

012101 000123 1841 0053
012102 0001065 1442 - 0045

0i21u3 000040 MUE 3) 0020
0lzivs 9000072 1444 003A - .
1402 012106 104150 1446 88068 _ EMT VCO073~EMTTBL

1403 012110 000003 448 0003 DEBUG



1404
1408

l4u6
1407

1408
1409

1410

1611

1412
1413
1410
1415
i4le

iu17
1418

1419

1420
1421
1422

1423
42k

1425
l426
1427
1428
14z9
1430

1451
1452
1453
1454
1435

1436
1457
1438

1439
14490

1441
1442
1443

1444
1445

glz21i12

0lz2114

0i211e
012120
viz1z22
0l21i24
0121206
012150
012132
012134
012156
012140
012142
012144
012146
612150
012152
012154
012156
012150
0l2lo2
0izlol
012106
012170
ciz2172
012174
012176
0122v0
0122v2
0122904
012296
012210
012212
Ll2214
012216
012220
0i22ze
012224
012226
012230
012252
012254
0122356
012236
012240

gla242
claz2uy

gl2246
Gle247
012250
ulez2sl
uiz2u2
ulz22o4
112255
Ui2226
0l22v?
¢l2200

177660
000157
011450
012703

S 0l2246

la213e7

000072

001727
122357
053320
061016

122337

053322
001014
122300
001013
104054
022700
000050
001026
012747
011754
053016
o157
011506
005203
005203
062703
000003
000747
022700
000050
601011
000003

177700 -

104054
104150
022700
000051
001J02
104054
000657

005337
053404

013707
053306
000123
000121
000122

000000~

015370
uocouiol
000102
000123
0060U0
03L142

1444
144¢C
144E
1450
1452
1454

1356

1458
145A
145C

. 145€

14060
1402
luol
1406
1468
146A
1406C

. 14oE

1470
1472
1474
1476
1478
147A
147C
147E
14860
1482
1484
1486
1488
14064
148C
148E
1490
1492
1494
1496
1498
1L49A
149C
149E
149E
1440

l4s2
14A4

14A6
1477

14A8 .,

14A9
14AA
14AC
14AD
14AE
Lunf
1430

FFBO
005F
1318
15C3

T1446

A207
003A
0307
A4DF
5600
020E
A4DF
56D2
020C
AuCC
0208
882C
25C0
0028
0216
150F
13DC

560E. .

005F
1376
OA83
0AB3
65C3
6003
01€7
25C0
0028
0209
0003
FFCO
882C
8868
25C0
0029

6202 -

882C

019F |

OADF
5704

17¢7
56C6

0053
0051
0052
0000
1AFQ
0041
0042
0053
0000
SA02

DCH CHUOEX
JMP STRTS

STRA6 MOV =NMS*R3

STRAG6N CMPB (R3)r=Eg' 2

BEQ STRA4
CMPB (R3)+rKCH2

BNE STRA62 o
CMPB (R3)++KCH1

 BNE STRA61

cMPB (R3)+rK
BNE STRA60

- EMT VvC0024-EMTTBL

CMP ZE' ('K

BNE STSC .
MOV =STRA3rSUBRET

JMP SUBRAB

STRA62 INC R3
STRABL INC R3 -
STRA6O ADD =3sR3

BR STRAG6N
STRAS CMP =E'('rK

BNE STSC

DEBUG

DCH CHCOEX

EMT VvC0024~EMTTBL
EMT VCOO73-EMTTBL
CMP ZE*')*K

BNE STSC
EMT vC0024=-EMTTBL
BR STRA3
STSC DSH 0
DEC INPAL

*ALT2 MOV ALT2A!R1
* JMP (R1)
ALT2 MOY ALT2ArPC

* USE 4TH CHAR TC INDICATE EXPRESSION INSIDE

NMS DCC E'SGR!

DCB 0 AREX
DCH FSGR
DCC E*ABS!

DCB 0 AREX
OCH FABS

THAT CHARACTER DID NOT HAPPEN



‘1446 012262 000111 a2 - 0049 DCC ETINT!
012203 000116 1483 004E

012264 000124 lepy 0954
147 012205 000000 . 1485 0000 -DCB 0 AREX
1448 012266 015602 1466 - 1B82 . DCH FINT
1449 012270 000122 1488 "0052 DCC E'RND?

012271 000116 1489 004€E
012272 006104 148A 004y

1450 012273 000000 148 0000 DCB 0 AREX
1451 Q12274 015306 148C . "1AC6 DOCH RND
1452 012276 0090114 148E 004C ’ DCC E°LNG*

012277 000116 143F 004E
012300 000107 14C0 - 0047

1493 012301 000002 1u4cCl 0002 " . DCB 2 STRING
1454 012302 012366  14€2 14F6 DCH LNGTH
1485 (¢12304 000110 - l4cy 0048 . DCC E'HXT:*
0123u5 (000130 14CS -0058 :
" 0123ve 000124 , l4cCeé 0054 o .
1456 012307 Q00006 14C7 . 0305 DCB 6 LOGEX
1457 012310 c¢12324 ..l4cs 14D4 o DCH SXTSXT
4458 012312 000072 L4CA. 003A : . DCC gt
012313 000040 - 14CB 0020 - o o .
1459 012314 010616 14CC 118 . " STBL DCH AREX
1460 - 012316 011700  14Cg 13C0 o DCH STREX )
1401 012320 012470 1400 1538 . DCH LOGEX
1402 012322 014202. 14p2 1882 DCH GENEX
A AR AR AR AR AR AR AR KRR KR XK KKK KRR K XK
1500 012470 1538 LOGEX DSH 0
1501 012470 162706 = 1538 ESC6 SUB =2+R6
- 012472 000002 - 153A 0002 o o ‘ : _— :
1502 012474 005016 153C - 0A0E CLR (R6) NO FULL RELATIONAL FOUND
L5033 012476 022700 153€ - 25C0 R21 CMP =E' '»K IS IT A SPACE
012500 0Uwo40 1540 0020 o
- A5u4  ulavu2 oulloz loy2 0247 . BNE Ri2
1505 012504 013737 1544 170F MOV L.LOGZ SAVE STATE
0125u6 053324 - 1546 5604 '
012510 053342 = 1548 56€2
1506 012512 013737 154A 170F : MOV SL,LOG2
012514 052326 154cC 5606 .
012516 053344 154E . 56E4 ,
1507 012520 104054 1550 g8zc EMT VCO0024~EMTTBL .
1508 012bz22 022700 1552 25C0 CMP =E'N'»K IS IT * Nt
012524 000116 1554 00uLE . :
i509 012526 001031 1556 6219 BNE P1A
1510 012530 104054 1558 882C EMT VC0024=-EMTTBL
1511 012532 022700 155A 25C0 ) CMP =£'0'/K IS IT ' NO!?
012534 (000117 155C 004F
1512 0125356 001llo2 155 . 0272 BNE R21REC
1513 012540 104054 1560 882C EMT VZ0024=-EMTTEL
1514 012542 022700 1502 25C0 CMP ZE*'T'»K 1S IT * NOT!
012544 000124 1564 0054
1515 012546 001052 1566 022A BNE STSKA
15i6 012550 104054 1568 882C EMT VvC0024-EMTTBL
1817 012552 000003 156A 0003 DEBUG STL.SUBR
1518 012554 177724 156C  FFD4 © - DCH CHD4EX STORE INDICATOR
1519 012556 022700 . 136E 25C0 CMP =E*' *,K
012500 000040 1870 0020 . )
1520 012502 001044 1572 0224 BNE STSKA MUST BE ' NOT
1521 012564 104054 1574 882C | EMT VCO024-EMTTBL

1522 012566 022700 1576 25C0 CMP ZE* %K IS IT A SPACE



1523
1524

1525
1520
1527

1528
1529

1550

1831

1532
1533

1534
1535

1536
1537

1539

1540
1541

1542

1543

1544
1545

1546

012570

012572

012574
012576
0126040
012602
012604
0iZ2oub
012610
0126)2
012614
N12616
012620
012622
012624
012625
012626
012627
012630
012632
012634
012636
012640
012642
012644

12646
012650
gl12652
012654

012656

212600
glze0o2
Ul2ool
C12666
Jlz2670
ulee7e
012674
012676
012700

- 312702

012704
012706
0i2710
g1z27ie2
012713
012714
012715
012716
012717
012720
01272
012724
012726
012730
012732
Gie7sn
0127356
12740
012742
012744

000040
001053
013737
053324
053342
013737
053326
053344
104054
022700
000124
001030
0oLy 37
015170
oduizy
ougciz2
ooules
900105
000072
022700
000040
001414
013704
052404
005304
112724
000040
1100«
010437
053404
005247
053014
012700
00u0uo
104054
104410
000157
012236
02700
000106

001077

Louus7
015170
0001ub
00ulul
00ully
000123
000105
00uu72
000744
022700
000050
001024
Q00003
177700
104054
104070
010137
053342
022700

1578
157A
157¢C
157€
1580
1582
1584
1566
1588
158A
156C
154E
1590
i592
1594
1595
1596
1597
1598
159A
159C
159E
15A0
15a2
15A4
1576

- 15A8

15AA
15AC
15AE

1580 -
“1582

los4
1586
1588
L5HA
158C
158E
15C0
15C2
15Cu
15C6
15C8
15CA
15CH
l1uce

15C0O-

15CE
15CF
1500
1502
1504
1506
1508
15DA
150C
15DE
1580
15€2
i5¢ck

0020

0228
170F
5604
56€E2
170F
5606
Sé6cu
882C
25C0
0054
0218
091F
1A78
0054
0052
0055
0045
003A
25C0
0020

- 030C

17¢C4
5704
OACY

- 9504

0020
9014
111F
5704
0A9F
560C
15C0
0020
882C
8998
005F
149€
25C0
0046

023F
091F

1A78
0046
o041
oou4c
0053
004S
003A
OlES
25C0
0028
0214
[
FFCO
882C
6838

105F -

56E2
25C0

BNE R12
MOV LrLOGZ

MOV SL»LOG2
EMT vCO0024-EMTTBL

PLA CMP ZE*T*»K IS IT * T!

BNE A23
JSR CHKR»CHECK

DCC E'TRUE:Y IS IT ' TRLE !

KWH2 CMP ZE' /K

BEQ KWHI1A
MOV INPA1/R4

DEC R&
MOVB ZE' 'r(RY4)I+

MovB Kr(R4)+
MOV R4rINPAL

INC HBECHO

MoV =E' */K

KWH1A EMT vC0O024-EMTTBL
TRAP VBOO14~-TRPTBL

STSKA JMP STSC

' A23 CMP ZE'F'eK

BNE R21REC
JSR CHKR+CHECK

| DCC E'FALSE:' IS IT ! FALSE °

BR KWHZ ‘
R12 CMP =E'('sK' IS IT AN OPENING BRACKET

BNE A13 _
DEBUG STL SUBK
DCH CHCOEX

EMT VCO0024-EMTTBL
EMT VC0032-EMTTBL

MOV R1.LOGZ STORE RESULT IN LOGZ: O ARITHr 1 LOGICAL?

CMP =E') "+K

-1 STRING



1556
1557
558

1559
1560
1501

1502
1503

1504
1565
1566
1567

1508
1509

1579
1571
1872

1573
1574
1575
1576
1577
1578

13797
1580

1581
1582
1583
1564

1585
1586
1587
1568

1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1549
PESIUY
16vul
leg2
1602
lous

012746
012750
01275L2
012754
012756
012700
012702
012704
V12700
012770
012770
012772
012774
012774
012776
0135000
013002
0130u4
013006
0135010
013012
013014
013016
6130290
013022
013024
0130626
013050
013032
013034
013036
013040
013042
013044
013046
013050
013052
013054
013056
V13060
013002
013002
013004
015006
013070
013u72
013074
V13076
013100
013102
013104
013106
013106
013110
gl31.L2
013114
0135116
01310
013120
0r3ie2

000051
001351
104054
005737
053342
0014u3
100004
000137
013402

000157
013454

005916
104410
022700
00ulv2
001440
022700
Noo111
001465
00U555
022700
000050
001020
000003
177701
104054
104006
022700
060051
001410

0227u0 -

(UL
001312
104004
104056
022700
000051
001305

104054
023700
052420
001341
005016
000003
177724
104054
104412
000512

305016
104054
104060
601340
104054

104060
U0i4G4

15E6

15¢g8
15EA
15EC
15tE
15F0
15F2
15F4
15F6
15F8
15F8
15FA
15FC
15FC

CFE
1600
lov2
l6u4
16U6
l6uU8
16UA
160C
l6vE
1010
léie
1614
1616
1618
161A
161C
16lE
1620
1622
1624
1626
lo23
162A
162C
16<E
1650
1632
1632
1634
1636
1638
163A
163C
163E
1640
1642
144
1646
1046
1648
LO6UA
164C
164€E
Loeb0
1650
1652

0029
02E9
&82C
0BDF
SEE2
0303
8004
005F
1702

005F- -

171C

OAOQE
8308

© 25C0

0042
0320
25C0
0049
0335
016D
25C0
0028
0210
0003
FFC1
882C
882E
25C0
0029
0308
25C0
002C
02CA
882C
882E
25C0
0029
02C5

882¢C
27C0
5510
02E1
O0AOE
0003
FFD4
882C
890A
014A

OAOE
882C
8830
02E0

882¢C

6830
0304

BNE STSKA MUST END IN CLOSING BRACKET '
EMY VCOO024-EMTTBL ,
TST LOGZ TEST TYPE OF EXPRESSION JUST PICKED UP

BEQ PPP61 ARITH
3PL PSTRA LCGICAL

JMP PTTAA STRING
PPP61 DSH 0

JMP P61 N
PSTRA DSH 0

"CLR (R6) NOT FULL RELATIONAL ANY MORE: LOGICAL EXPR

TRAP VBO0OO14~TRAVBL
Al3 CMP =ZE'B'+K IS IT A 'B'/ LOGICAL VARIABLES START WITH B

BEQ P3X .
CvMP =E'I'+,K IS IT AN 'I' POSSIBLY IF

BEQ P4
CR P6 MUST BE START OF ARITH OR STRING EXPRESS.
AS CMP =E'('»K IS SECOND CHARACTER AN OPENING BRACKET

SNE P34
A63 DEBUG STL SUBR

DCH CHC1EX STORE INDICATOR (ARRAY NAME)
EMT VCOO024=EMTTBL

EMT VvC0025=-EMTTBL

CMP ZE') 'K

BEQ P322 JUST ONE SUBSCRIPT
CMP =E'r 7K IF COMMA A SECOND SUBSCRIPT IS THERE

BNE STSKA
EMT VvC0024=-EMTTBL

" EMT VCO0025-EMTTBL

CMP =E')'¢rK MUST END IN CLOSIMG BRACKET

BNE STSKA
P322 DSH O

EMT VCOO024=-EMTTBL .
P34 CMP ASEQLSeK IS IT ASSIGNMENT ARROW

BNE PSTRA PICK UP OPERATOR .

CLR (R6) NOT FULL RELATIONAL ANY MORE: ASSIGNMENT
DEBUG STL SUBR

DCH CHD4EX

EMT VC0024-EMTTOL

TRAP VB0016~TRPTBL
R21REC BR Z25S
P3X DSH 0 ACCEPT FIRST CHARACTER OF VARIABLE NAME
CLR (R6) NOT FULL RELATIONAL ANY MORE# BOOLEAN VARIABLE
EMT vCCO024-EMTTBL )

EMT VC0027-EMTTBL

BNE AS

EMT VC0024=-EMTTBL
P32 DSH O IS THIRD CHARACTER A NUMBER OR A LETTER
EMT VCO027-~EMTTBL

BEQ P32A

}



16U5 013124 022700 1654 . 25C0 CMP =E'(',K IS.THIRD CHARACTER AN OPENING BRACKET
: 013126 000050 1656 0028 )

1606 013130 001355 1658 02ED BNE P34
1607 013132 000734 165A 01DC BR A63
1608 013134 165¢C » . P32A DSH O
1609 013134 104054 165C 882C EMT VC0024-EMTTBL
1610 013136 022700  165E 25C0 CMP ZE' ('K
013140 000050 1600 . 0028 :
1611 013142 001005 1662 0205 , BNE P328B ' Y
1612 013144 012737 1664 150F . MOV =PSTRA+SUBRET
013146 012774 1666 15FC - '
013150 053016 . 1608 560E .
1613 C13152 000137 = 160A 005F © . JMP SUBRAB
013154 011506 166C 1376 S :
1614 013156 leok S T P32B8 DSH 0 -
1615 013156 104060 lo6E . ' 8830 ‘ EMT VC0027-EMTTBL o
1616 013160 001341 1670 02EL BNE P34 : Ty
1617 013162 104054 1672 882C : EMT VC0024—-EMTTBL. ’
1618 0131o4 000737 1674 010DF © " 'BR P34 '
1619 013lvo 013737 1676 170F . P4 MOV LsLOGZ SAVE STATE OF POINTERS
‘ © 013170 052324 1678 5604 .
013172 053342  167A 56E2 : '
1620 013174 013737 167C - 170F MOV SLrLOG2
013170 053326 167€ 5606
013200 053344 1680 56C4 ' ‘
1621 01382u2 0110387 Loy 139F MOV (R6) rLOGH SAVE STATE OF FULL RELATIONAL
Ul32uf  UbI3uo 1o434 LOEG
1622 013206  1040L4 1686 a8ec EMT VCOU24=EMTTDL -
1623 013210 022700 1668 25C0 CMP =ZE'F*,K IS NEXT CHARACTER AN 'F?
013212 000106 168A 00u6 , '
1624 013214 (0LlO44 166C 0224 .BNE Z2
1625 013216 104054 168E 882C EMT VC0024-EMTTBL
1626 013220 (22700 1690 - 25C0 CMP ZE' '»K IS NEXT CHARACTER A SPACE
013222 00G040 1692 0020 :
1627 013224 001040 1694 0220 BNE 22
16286 013226 104054 1696 -£82C EMT VCO02u~EMTTHL
1629 0Ul3230 00UOU3 16943 00U - DEHUG  STL SUBR
1630 013232 177603 169A°  FF383 DCH CHB3EX STORE INDICATOR AFTER 'IF !
1631 013234 104066 169C 8536 EMT VCO031-EMTTHL
1632 013236 0CUOU3 169C 0003 DEBUG STL SUBR
1633 013240 177626 16A0 FF96 DCH CH96EX STORE INDICATOR
1634 013242 0045437 1642 091F ‘ JSR CHKR ¢ CHECK -
013244 015170 16A4 1A78 A : ,
1635 015246 000040 1646 0020 DCC E* THEN :' NEXT CHARACTERS MUST BE ' THEN '
013247 000124 16A7 0054
12250 000110 16A8 0048
013251 000105 1649 0045
613252 000116 16AA 004E
J13253 000040 16AB 0020
013254 000072 16AC 003A
1636 €1325%6 104070 . 16AE 8838 EMT VC0032-EMTTBL
1657 013200 010137 1680 105F MOV R1,LOGZ SAVE TYPE OF EXPRESSION
013262 053342 1612 S6E2
1638 013264 000003 lol4 06003 DEBUG STL SUBR .
1639 013206 177646 lodgo FFAG DCH CHAGEX STORE INDICATOR
1640 013270 004457 16u8 091F JSR CHKRvCHECK
013272 015170 16UA 1A78 . 7 . ' '
1641 013274 000040 1ouC 0020 DCC E' ELSE :' NEXT CHARACTERS MUST BE ' ELSE !
013275 0UU105 168D o0ous

013270 UQUL1l4 1eul gd4cC



1642

1643
1644
1645
1646
1647
i648
1649
1650
1651

leds2
1653

1654
1655
1656
1657
1658

1659
16060

1661
1602

1663
1604
160b
156
1607

15v8
16069
1670
1671
1672
1673
1674
1675
le7e6
1677
1678
1679
1640

16451
i6u2
1683
1084
1665
1686

013277
013300
013301
013302
013304
0133U6
0135310
u13312
013314
013316
0135316
013320
0133z2
013324
013326
013350
013332
013354
013356
013340
013342
013344
013346
013350
0138252
013354
013356
013300
013302
0.5304
Ul3306
013370
vl3372
013374
u13376
Ul3400

013400
013402
013404
013406
013410
013412

013414
0l3u1e6
013420
013422
013424
0134206
013430
013432
013434
013436
013440
013442
03444
013446

013450

000123
doouius
000040
0060072
005737
053342

001473 .

100001
000467

104006
000003
177660
060547
013716
053346
013737
053342
053324
015737
053344
055326
104072
005716
001404
100436
Go4737
013652
001442
022700
00u0il0
001403
022700
000Cu7
001015

104150
004757
014044
001407
005716
100036

0000063
177724
00u0uoou3
177711
000433
104159
000431
10405%6
004737
012652
001424
005716
106421
001420

000761

168F
16C0
l6C1
16C2
loC4
16Cé6
16C8
1eCA
16cCC
16CE
16CE
1600
1o6u2
levy
i606
1608
160DA
ledC
160E
160
leE2
16l4
leE6b
i6L8
lelA
16EC
16LE
16F0
loF2
leF4
16F6
16F8
1oFA
l6FC
16FE
17¢0

1700

1702

1704
1706
1708
170A

17c¢cC
170E
1710
1712

- 1714

1716
1718
171A
171C
171€
1720
1722
1724
1726

0053
0045
6C20
603A
0BOF
S6E2
0338
3001
0137

8836
0003
FFB0
0157
17CE
56E6
170F
S56£2
5604
170F
S6E4
5606
8834
0BCE
0304
811E
090F
17AA
0322
25C0
0048
0303
250
0027
020D

8868
090F
1824
0307
03CiZ
801E

0003
FFDU
0003
FFCO
0118
8868
0119
882E
09DF
17AA
031u
03CE
8111
0310

01F1

TST LOGZ TEST TYPE
BEQ P6X ARITH

BPL Z2AA LOGICAL
BR P93VV STRING
Z2AA DSH O

EMT VvC0031-EMTTBL

DEBUG STL SUBR

DCH CHBOEX INDICATE END OF SECOND PART
BR R32 MUST RE END OF LOGICAL EXPRESSION
22 MOV LOGYr (R6E)

2255 MOV LOGZ,L NOT 'IF *'? RESTORE POINTERS

n

MOV LO0G2rSL

EMT VCOO033-EMTTBL
P6 TST (RS)

BEQ P998B NO FULL RELATIONAL

BMI PS9CC PREVIOUS STRING RELATIONAL
JSR PC+PHIREL SEZ IF ONE OF 6

BEQ P996GG
PO28B CMP =ZE'H'!K

BEQ SZA
CMP =0'047' K

BNE P99DD
SZA OSH O
* STRING

EMT VCO073~EMTTBL
P77AA JSR PCePHLSRL SEE IF EQ OR NE

BEQ PY9EE YES

TST (R6)

BPL STSK2

* CASE OF ELIDED LHOP AND REL
P9999 DEBUG '

DCH CHD4EX ]

DEBUG : .

DCH CHCI9EX '

BR P5
PY9EE EMT VCOO73-EMTTBL o
BR P5 '
P99DD EMT VCO02S-EMTTBL
P61 JSR PCrP6IREL

BEQ P9QOFF

TST (R6}

BMI STSK2

BEQ STSK2

* CASE OF ELIDED LHOP AND REL
BR P9999



1687 013452 004737 172A 09DF P99CC JSR PCrP61SRL

013454 014044 i72c l8z4
1648 013456 001342 L72E 02g2 BNE pP9988
1689 * CASE OF ELIDEC LHOP FOR STRING
1690 013460 104150 1730 3868 EMT VCO0073-EMTTBL  °
1691 013402 QOU003 1752 0003 P99JJ DEBUG
1692 013404 177713 1734 “FFCB BCH CHCBEX
1693 013406 000412 1736 010A . BR PS5
1694 (013470 104056 1738 882E PO9GG EMT VCO025-EMTTOL
1695 013472 000772 173A 01FB BR P99JJ
1696 013474 104150 173¢ 8868 P99VVv EMT VCOO73-EMTTBL
1697 013476 000401 173€E 0101 BR PO9wWY
1693 013500 1740 ) P6X DSH 0O PICK UP ARITHMETIC OPERATOR
1599 013500 104356 1740 882K EMT VCO025-EMTTBL
1700 013502 1742 P93wv DSH 0
1701 013502 0000u3 1742 0003 DEBUG STL SuUBR
1702 013504 17760C 1744 FFB0 } OCH CHBOEX INDICATE END OF SECOND PART
1703 013506 000752 1746 O1lEA BR P61
17v4 013510 1748 . STSK2 DSH 0
1705 013510 104406 1748 8906 TRAP VB0011~-TRPTEBL
1705 (013%12 104056 ° 174A 882F .PASFF EMT VvC0025=-EMT7BL
1707 013514 022700 174C 25C0 PS CMP =E' 'sK
013516 000040 174E 00290
1708 013520 001051 1750 6229 BNE R32 NOT START OF LOGICAL OPERATOR? EXIT
L1702 013522 013737 1752 170F MOV LeLOGZ SAVE STATE OF POINTERS
013524 053224 1754 5604 ’
013526 050342 1756 56E2
1710 013550 013737 1758 170F . MOV SLrLOG2
013532 053326 i7oA 5606 .
013534 055344 175C S56E4
1711 013526 104054 175E 882C EMT vC0024-EMTTBL
1712 013540 005257 1760 GA9F . INC FORPER A
013542 053332 1762 S6DA ..
1713 015544 000004 1704 0004 L 10T
1714 013540 000101 1706 0041 DCB E'A':POB6~LADTAB
. Jd13547 Q0cCo00 1767 - 0000 .
1715 013550 00Ullé - 1768 004E DCB E*N*PDB74~LADTAB
313551 000002 1709. 0092 : )
1716 013552 000luw: 1706A° o0uy DCB E'D':PDB74-LADTAB
013553 0500062 1768 0002 . .
1717 013554 000072 176C 003A DCH E*2*
1718 01356 00u4ol 176€ 0101 o BR 88wl
1719 013500 - 1770 - B88YIOW DSH 0
1720 G§13500 104054 1770 882C EMT vC0024-EMTTBL
1721 013502 0000U3d . 17727 0003 .o B8W1 DEBUG STL SUBR
1722 013504 177724 1774 FFO4 - . DCH CHD4EX STORE INDICATOR
1723 013506 022700 1776 25¢C0 - - CMP =E' '+K CHECK LAST CHARACTER A SPACE
o . 013570 000040 . 1778 . 0020 o . . . :
1724 vl3572 001015 177A .0200 - BNE B74
1725 wul3574 104054 177¢C 682C EMT VCO0024-EMTTBL
1726 013576 104412  177c 890A - TRAP VB0016~TRPTBL
1727 0136U0° 022700 1740 25C0 . 86 CMP =E'X''K ARE TWO CHARACTERS * X*
013vbuz 000130 1782 0058 . .
1728 013604 001001 1784 0201 - BNE B6EX
1729 Ul13606 1040bL4 ‘1786 882C EMT vC0024=-gMTTBL
1753 013610 022700 1788 25C0 BO6EX CMP =ZE'0*rK ARE CHARACTERS ' XO' OR ' O
L13ole ©0UL17 178A 004F
1751 013614 0010ys 178C 0204 BNE B74
1732 015616 104054 170E 882C EMT VCOO024-EMTTBL

1743 013620 022700 17490 25C0 CMP ZE*R'/K ARE CHARACTERS ' XOR' OR ' OR!



1734
1755

1756

1737
1738
1759

1740
1741

013622
013624
Ul3626
013650
013022
V13654
010606
V13640
0idou2
vl3644
01304l
013646
015050
Uidooe
013654
013656
013600
013602
013604
0135606
Ul3670
ulsn72
013674
Ulo676
Ul37u0
0137v2
Ul3d704
Ui3706
0137106
ul3712

Uio714’

Ul37:14
Jlo7 40
013720
Q13722
013724
013726
U1l5750
0313752
L3754
Ul37%0
013740
013742
013744
Ul3746
Cl3750
013702
015704
Ul3756
0137460
013702
013704
Ui3706e
013770
013772

013772,

013774
013776
0l49uQ
vi40u2

000122
001745
013757
U63542
0533:4
013757
053344
053326
104072

062706
000002
00u207
ULa737
000324
053342
013737
053326
053344
Ue2700
000040
0010v2
106054
6ce27u0
ulul1o0s
001020
104004
022700
goulel
001043

104094
000003
177724
022700
000040
001055
104054
015706
052416
uduoo2
QUu204
Quu207
u22700
goo0116
001005
104004
022700
UuulUS
00100
QUuU754%
022700
Q00114
001010

104054
022700
0001065
061745
02270

1792
1794
17%0
1798
179A
179C
179E
170
17A2
L7A4
17A4
1746
LTA8
17AN
17AC
17A€E
17:30
17u2
1744
17656
1768
17uvA
173C
L7GE
17¢0
17C2
17¢s
17¢Co6
17C8
17CA
17CC
17¢C
17CE

1700 -

17ue
1704
1706
1708
170A
170C
170
170
172
1784

.17e6

1768
17&A
17¢C
17tk
17F0
17F2
17F4
17F6
17F8
17FA
17FA
17FC
17FE
1600
l8u2

0052
0320
170F
56E2
5604
170F
56EL
5606
B83A

65C6
0002
00867
170F
5604
5682
170F
56D0
S56E4
25C0
00290
0232
882C
25C0
0045
0210
882C
25C0
0051
0223

882C
0eco3
FFD4
25C0
0020
0210
882C
176
SS0E
0002
00B4
0087
25C0

004E"

0205
a82C
25C0
0045
0210
01EC
25C0
0o04C
0208

882C
25C0
0045
03€ES
25C0

BEQ BBWOW .
B74 MOV LOGZsL RESTORE POINTERS

MOV L0G2+SL

EMT VCO0033-EMTTBL
R32 DSH O
ADD =2+R6 FULL RELATIONAL SPACE

RTS PC EXIT
P&LREL MOV L»LOGZ

MOV SLrLOG2

CMP =E' '¢K

BNE STSTXX
EMT VCOO024=EMTTBL
CMP ZE'E*rK IS FIRST CHARACTER AN 'EY

BNE B1l4
EMT VCO024=EMTTHBL
CMP =E'Q'»K IS TWO CHARACTERS 'EQ'

BMNE STSTST
P7 DSH 0
MT VC0024-EMTTBL
CEBUG STL SUBR
DCH CHD4EX STORE INDICATOR i
CMP =E' '+K MUST FINISH WITH SPACE

BNE STSTST
EMT VCO024~EMTTBL
MOV COMPON»2(R6) TURN ON IF COMPON IS NON=-ZERO

SEZ SET TO EQUAL
RTS PC GO BACK :
Bl4 CMP =E'N*trK IS FIRST CHARACTER AN °*N?

BNE B2
EMT vCO024-EMTTBL
CMP =E'E'»K IS TWO CHARACTERS NE

BNE STSTST
BR P7 .
B2 CMP =£'L*'rK 1S FIRST CHARACTER AN 'L?*

BNE B33

B254 DSH 0

EMT VCOO024-~EMTTHL ’
CMP ZE'E''K IS TWO CHARACTERS 'LE' OR 'GE*

BEQ P7
CMP =ZE'T'»K IS TWO CHARACTERS 'LT' OR '6T*



1774
1775
1776

1777
1778
1779

1740

1781
1782
1733
1784
1765

17¢6

1787

1788
1749
1790

1791
1792
1793

1794
1795
1796
1797
1798

1799
1800
1801

is¢02 -

1803
1804
i8ub

1806
1867
l8u8
1809
1819

1811

014904
014006
014010
giugo012
014014
014016
014020
014022
014024
014026
014030
014032
014054
014036
014040
014040
g140u2
014044
0140406
014050
014052
014054
G1l40%6
014060
014002
014000
014006
014070
014072
014074
0140706
Ultiu0
0ltlu2
0141u4
014106
%9i4110
014112
0L4114
014116
014129
014122
014124
014126
014130
014132
0141534
Glal136
014140
014142
014144
014146
014150
014152
014154
01lul1o6
014160
0l4lo2
Cl4lol
0l4l66
g14170

govlizy
001742
000404
022700
000107
001001
006704
013737
053342
053324
0137357
053344
053326
164072

000244
000207
013737
053324
0533u2
013737
055326
053344
022700
000040
G01044
104054
02700
000105
001022
104054
022700
600121
001025
104054
0000uU3
177724
022700
000040
0061017
104054
013706
052416
000002
005466
ocuop2
000204
0co2u7
022700
000116
001004
104054
022700
000105
001753
013737
053342
053324
013737
059344

0054
03E2
0104
25C0
0047
0201
01F4
170F
S6E2
56D4
170F
S6EY
5606
883A

00AL
0087
170F
5604
56E2
170F
5606
S6EH
25C0
0020
0224
882C
25C0
0045
0212
382C
25C0
c051
0215
882C
0003
FFO4
25C0
0020
020F
882cC
17F6
550E
0002
0836
0002
ooy
0087
25C0
004E
0204
882C
25C0
0045
03EB
170F
S6E2
5604
170F
56E4

BEG P7
BR STSTST
B3B CMP ZE'G'tK J5 FIRST CHARACTER A *G!

BNE STSTST

BR B254
STSTST MOV LOGZeL

MOV LOG2¢SL

EMT VCO033-EMTTBL RECOVER
STSTXX DSH O

cLz SET TO NOT EQUAL
RTS PC GO BACK

P61SRL MOV LrLOGZ

MOV SL»LOG2

CMP =E' '.K

BNE P61S8B
EMT VC0024-EMTTBL
CMP =E'E'+K

BNE P61SA
EMT VCO0024~EMTTBL
CMP ZE'Q'+K

BNE P61SC

P61SD EMT VCO024~EMTTBL
DEBUG

DCH CHDYUEX

CMP =E' '¢K

BNE P61SC
EMT VCO024=-EMTTBL
MOV COMPCN*2(R6)

NEG 2(R6)

"SEZ

RTS PC
P61SA CMP ZE'N'»¢X
BNE P61SC

EMT VC0024~EMTTBL
CMP ZE'E'rK

8EQ P61SD
P61SC MOV LOGZ»L

MOV L0G2SL



014172 053326 187A 5606
1812 014174 104072 187¢C 883A EMT VCO0033-EMTTBL.

1815 014176 000244 187E 00AL - P61sS3 CLZ
1814 014200 g¢002u7 1840 0087 - RTS PC )
1815 014202 162706 1882 ESC6 GENEX SUB =4,R6 PICK UP GENERAL EXPRESSIONs 2 LOCAL WORDS
014204 000004 1834 0004
1816 014200 022700 18806 25C0 CMP =E' '+K IS FIRST CHARACTER A SPACE
014210 000040 1846 0020
1817 wla212 0010u2 188A 0202 © BNE 61188
1318 Glu214 lyd6C BOG1 DSH O IF SO GO TO Gl & PICK UP A LOGICAL EXPRe -
1819 014214 0001437 188C 005F JMP Gl
014216 015900 18&E 100
1820 014220 1890 61188 DSH 0O
1821 014220 . ¢227u0 1890 25C0 CMP =E'8'+K IS FIRST CHAR A *'B!
viu222 Q00102 1892 oou2
1822 Gly224 001773 1894 03FH BXQ BQGl IF SO GO TO 61
1623 0l4226 Q013716 1896 17CE MOV L¢{R6) SAVE STATE OF POINTERS
014230 053324 1898 56D4
1824 Q14282 015766 189A 17F6 » MOV SL+2(R6)
014234 053326 189C 5606
014256 000002 189€E 0002
1825 014240 022700 18A0 25C0 CMP =E'H*+K IS FIRST CHAR AN 'H'
014242 000110 1842 0048
1826 014244 Q01427 1374 0317 BEQ GENSAA
1827 014246 022700 18A6 25C0 CMP =0'047'+K IS FIRST CHARACTER A QUOTE
014250 00u0u7 18A8 6027 '
188 014232 001424 18AA 0314 - HES GENSAA
1829 Q14254 0227C0 18AC 25C0 CMP =E*'{(*'yK SEE IF OPENING BRACKET
014256 00050 18AE 0028 ‘ :
1800 014200 001076 1380 023E BNE All
18351 01422 000003 1882 0003 DEBUG STL SUBR
1832 OLl4204% 1777u0 1884 FFCO . DCH CHCOEX STORE INDICATOR
L1833 014206 104054 1816 882C EMT VCO024-EMTTBL
16854 014270 104070 - 18u8 8838 EMT VC0032~-EMTTBL
1835 014272 010137 183A 105F " MOV R1/GENZ SAVE TYPE OF EXPRESSION: -0 ARITH» 1 LOGICAL
QL4274 0533L6 188C . 56EE
1856 014276 022700 C14BE 25C0 CMP =E') 'K
014300 00u051 13C0 0029
1837 01l43u2 0061007 l8c2 0207 BME STSCXX  MUST BE CLOSING BRACKET
1338 0lua3uus 104094 15CH 882C : EMT VC0024=-EMTTBL
1859 014306 005737 16C6 08DOF i TST GENZ TEST TYPE
014310 053356 18C8 S6EE -
1846 014312 001543 18CA 0363 BEQ 62 ARITH )
1841 014514 100404 18CcC 8104 BMI GENSAB STRING
1842 014316 0001357 18CE 005F JMP ABL LOGICAL
014320 014704 1800 i9F4
1843 014322 1602 STSCXX DSH O
1844  Qiul3ze 104406 1802 8906 TRAP VBOO11=-TRPTBL
1845 014324 104150 1804 8868 GENSAA EMT VCOO73-EMTTBL
1846 014326 1806 ‘ GENSAB DSH 0
1847 014326 022700, 1806 25C0 CMP =ZE' 'K
014330 000040 1808 0020
1848 014302 0010646 180A 0226 BNE STRB9 MUST BE STRING
1849 014334 013737 180C 17DF MOV LerGENG
014336 (05334 180E 56D4
014340 0535360 180 S6F0
1850 014342 010737 18£2 170F MOV SL»GENS
014344 053326 184 5606
014346 053502 18L6 56F2

1851 014350 304004 18£8 J82¢ EMT VCO0024~EMTTHL



. 1852 014352 022700 _18EA  25C0 "CMP =E'E'/K

014354 00UlUS 18EC 0045
1853 014356 001413 18cE 0308 BEGQ STRB2
1854 014360 022700 18F0 25C0 ‘ CMP =E'N'»K
014302 000116 ~ 18F2 °  004E
1855 014364 001415 18F4 030D ~ BEO STRB3
1856 014306 013757 ~ 18F6 - 170F STRB4 MOV GEN6'rL
014370 (053300 15F8 56F0 -
014372 053324 18FA 5604 ' Co
1857 014374 013757 18FC 170F . MOV GENB8»SL
014376 053362 18FE 56F2 -
014400 053326 1900 5606 o ,
1858 014402 104072 - 1902 813A . EMT 'VCOO033~EMTTBL
1859 - Ul44u4 000421 1904 0111 : BR STRB39 -
1860 014406 104054 1306 882cC © STRB2 EMT VCO024-EMTTBL -
1861 014410 022700 1908 25C0 CMP ZE'0'¢K IS IT * EQ°
0lu4412 000121 19U0A 0051 L
1862 014414 001364 190¢C 02F4 _BNE STRBUY
1863 01luule 00U40Y 130€ 0104 BR STRBS :
1804 01442 104054 1910 882¢C STRB3 EMT VCO024-EMTTBL
1865 0luL22 022700 .1912 - 25C0 CMP =E'Z*"sK IS IT * NE'
Ulabz4 Q00105 1914 0045
1866 014426 001357 1916 02EF . BNE STRB4- ‘
1867 UI4L430 011637 1918 139F STRES MOV (R6) L RESTORE TO START OF STRING
] 014432 053324 191A 5604
1868 014434 016637 L91C 1D9F ) MOV 2(R6)»SL
Ul4430 000002 191E 0002
014440 053326 1920 56D6
1869 01l4L4u2 104072 1922 6583A © EMT VCO0033=-eMTTBL
1870  Ul4444 Q00137 1924 005F JMP 61 GO BACK AND PICK UP AS LOGICAL
014446 015000 1926 1A00 ’ .
1871 014450 1926 - STRBY DSH ©
1872 014450 012701 1928 15C1 MOV ==1/sR1
0l4ub2 177777 1924 FFFF '
1373 014454 000560 192¢C 0170 BR G3A
1874 01446 022700 132E 25C0 Al4 CMP =E'I*»K- IS IT 'I!
014400 0Q0Ulll 1930 0049 . '
1875 Gi4us62 001057 1322 022F BNE G2 MUST BE ARITH EXP.
1876 Ol4dod 104054 1934 es2c EMT VCO0024=-gMTTHL
1877 Ul44e6 022700 1936 25C0 CMP ZE'F?!K IS IT 'IF?
014470 U0L106 1938 0046
1878 01luu72 001053 193A 0228 BNE G2
1879 014474 104054 133¢C 882C EMT VCO024=-EMTTSL
1850 014476 022700 193¢ 25C0 CMP =E* *'»K IS IT 'IF
0145U0 000040 1940 0020
1881 014502 001047 1942 0227 BNE 62
1802 014504 104054 1944 8s2¢C EMT VCO024=EMTTBL
1883  0lu506 U000UL3 1946 0003 DEBUG STL SUBR
1884 014516 177603 1548 FF83 DCH CHB3EX STORE INDICATOR
1855 014512 104066 L9u4A 8836 EMT VCO031-EMTTBL
1886 014514 06uCL3 194C 0003 DEBUG STL SUBR
1887 014516 177626 194E FF96 : DCH CH96EX STORE INDICATOR
1886 014520 004437 1950 091F. JSR CHKR» CHECK
014522 015170 1952 1A78
1889 014524 000040 1954 0020 . DCC E' THEN :* MUST BE ? THEN !
014525 000124 1955 0054
014526 000110 1956 0048

014527 000105 1997 0045
014530 000116 1958 004E
614531 000040 1959 6020



1890
1891

1892
1893

1894

1895

1896

1897

1898
1899
1900
ig%ul
l9u2
1903
19u4
19u5
19Uo
1907
1908
1909
1910
1911
1912
1913
1914

1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
11925
1945

1927
1928

vl4532
0145354
014536
014540
ulgh42
L4544
014540
014550
ulysse
014853
014554
0Llu5H5
014556
Ulu5SL7
014500
014502
014504
0l45606
Ul4570
014572
014572
014574
Ui4S76
0il4000
014602
014602
0l4604
014606
014610
Qiuoli2
014612
0l4614
014616
014620
0l4622
Glaely
0lub26
0146350
014622
314654
014056
Ui4640
014640
014642
Ui4044
Ol4bbo
gl4650
Ulyone
014654
Ul4bs6
014660
014602
Ul4oc4
Ul4606
Ul4o7¢0
0lLe72
Ulyo7y
ulbe76
014709
Uik7u2

000072
104070
010137
053356
0CuOu3
177046
004437
Ul15170
0uoouun
0UU105S
06011y
oLles
000105
006040
000072
005737
055326
001411
1000u4

104150
000003
177600
gooebe

104066
6000063
177660
GOOUTY

104056
000003
177600
00uLy7
011657
Us33z4
016637
000002
053326
104072
104056

022700
Youoso
001003
013757
053324
053360
013737
053326
053302
104054
022700
0ouils
0014cbH
6227060
00ulu7
001423
022700
6Q010u5

195A
195C
195E
19460
1902
1964
1906
1908
196A
1968
190C
1960
190E
190F
1970
1972
1974
1976
1878

Cl97A

197A
197C
197¢
19&0
1932
1982
1944
1946
1938
198A
193A
194C
196K
1990
1992
1994
1996
1998
199A
199C
1Y9E
19A0
19A0
19A2
1944
1976
19A8
L9AA
19AC
19AE
1930
1982
194
1906
1l9u8
19uA
196C
logE
19C0

19¢2

003A
8838
105F
S56EL
€033
FFAG
J91F
1A78
0020
0045
004C
0053
0045
0020
003A
083DF
S6EE
0309
8004

£868
0003
FF30
01AA

8836
0003
FFEO
013C

882E
0003
FFB0
0107
139F

5604

1D9F
060c2
5606
883A
882E

25C0
0020
0233
170F
5604
S€EF0
170F
5606
56F2
882C
25C0
gouc
U316
25C0
0047
0313
25C0

0045

EMT VC0032=-EMTTBL
MOV R1¢GENZ SAVE TYPEZ OF EXPRESSION

DEBUG STL SUBR :
DCH CHABEX STORE INDICATOR
JSR CHKR»CHECK

pCC E' ELSE :* MUST BE ' ELSE °

TST GENZ TEST TYPE

BEQ A2X ARITH
BPL Z2CC LOGICAL
DSH O STRING
EMT VCOO073~EMTTOL
DEBUG

DCH CHBOEX

BR GENSAB SHOULD TEST FOR ' EQ *# ' NE *»
22CC DSH ©

FMT VCOO031-EMTTBL

DEBUG STL SU3R

DCH CHBOEX STORE INDICATOR

BR G1A SET LOGICAL AND EXIT

A2X DSH 0 PICK UP ARITHMETIC EXPRESSION
EMT VCOO025-EMTT3L

DEBUG STL SUBR

DCH CHBJEX STORE INDICATOR
BR Ga2MwgY
G2 MOV (Ré)rL RESTORE INDICATORS

MOV 2(R6)SL

EMT VCOO33-EMTTBL

EMT VvC0025-EMTTBL

G2NWBY DSH 0

CMP =E' '»K IS IT SPaCe

BNE 63 MUST BE ARITH
MOV LrGENG6

MOV SLrGENS8

EMT VCO0024-EMTTBL
CMP =E'L'»K IS IT " L?

BEQ G621
CMP =E'G'+'K IS IT ' G*

BEQ G21
CMP ZEE'eK IS IT ' E!



1929
1950

1951
1952
1933

1934

1935
19506
1957
19048
1939

1940
1941
1942
1943
1944

1945
1946
1947

1948
1949

- 1950

l951
1962
1953
1954

1955
1350
1357
1958
1959
1960

1961
1902

1263
19064

1865
196006

1967

1908

1969
1970
1971

014704
0147yd
014710
0l4712
014714

014714,

014716
014720
clu722
014724
014726
014750
uly7.2
014754
Glu754
014736
014740
Uly742
014744
014746
014746
014750
014752
014754
ula7%6
014756
014700
01472
014764
L8706
014770
014772
014774
014776
015000
ulv000
015002
Uil5004
0150U6
015010
015010
015012
Ul5014
015016
015020
015022
015024
015026
015030

015032.

015034
015056
015040
0inoy2
0150u4
015046
015050
015052
025354
015056

001413
022700
00G116
001456

0137457
053360
050324
013737
0533062
053326
104072
000430

104054
022700
goviz21
001304
000407

104054
022700
0001k
001403

0227490
GC0105
001354
011637
053324
0lob37
000002
053326
104072

104066
012701
Gocoul
0004u3

104054
QuC701
005001
062706
oououY
yooa2u7
022700
ooouiG2
001424
622700
000110
001421
02007
ugolul
lucklo
022700

oguliz2 .

100413
000410

19C4
19C6
19C8
19CA
19CC
19cC
19CE
1900
1902
1904
1906
1908
190A
i90C
19vC
19vE

- 19e0

192
1984
19:6
i9te6
i9e8
19EA
19cC
19cE
19es
1970
19F2
19F4
19Fo

- 19F8

19FA
19FC
19FE
1A00
1AU0
1no2
1A0G
1A006
1A08
‘1AU8
LTAUA

" 1A0C

1AUE
1A10
1A12
ialy
1Al6
1A18
LA1A

- 1A1C

1A1E
1A20
1A22
la2

1A26
1A28
1A2A
1heC

1A2E -

0308
25C0
0Cu4E
031€

17DF
56F0
5604
170F
56F2
5606
883A
0118

882C
25C0
0051
02F4
0107

882C
25C0
0054
0303

"~ 25C0

0045
02€C
139F

© 5604

1D9F
0002
5606
883A

8836
15CL
0001
0103

882C
01F1
0AU1
65€6

0004 -

0087
25C0
0042
0314
25C0
0048

0311 °

2017
ooul
810
25C0
005A
6108
0108

BE@ A33
CMP =E'N'»K IS IT ' N*

BEQ A4
A49 DSH 0
MOV GEN6rL

MOV GEN8»SL

EMT VCO033-EMTTBL

BR G3 SET ARITH AND EXIT
A33 DSH O

EMT vC0024-EMTTBL

cHp =E'Q'rK IS IT * EQ*

BNE A49

BR ABY
G21 DSH O

EMT VC0024=EMTTBL _
CMP =E'T'yK IS IT * LT* OR * 6T

© BEQ AS4

621ZAB DSH O
cMpP fE'E'vK IS IT * LE* OR ' GE* OR ' NE!

BNE Au49 : ' .
AG4 MOV (R6)rL.  YES RELATICNAL OP: RESTORE TO START OF A.E.

MOV 2(R6)sSL

EMT VvCOG33-EMTTSL

Gl DSH O PICK UP LOGICAL EXPRESSION
EMT VCOO31-EMTTSL :
GlA MOV =1+,R1 SET TO LOGICAL

BR G3A

A4 DSH 0

EMT VCOO024=EMTTBL
BR 6G21ZA8B

“63 CLR Rl SET TO ZERO TO INDICATE ARITHMETIC EXP

G3A ADD =4:R6 RESTORE STACK OVER 2 LOCAL WORDS -

RTS PC
LETT CMP =E'B'rX LETTER TEST

BEQ MO -

CMP =E'H'sK

BEQ@ NO . :
LETL CMP KeZE'A?

BMI NO
CMP =E'Z'/K

BMI NO
BR YES
NL DSH 0O



1972 015056 104074 1A2E 883C
1973 015000 0014u7 1A30 0307
1974
1975
1976 015062 020027 1A32 2017
015004 U00060. LALY 0030
1977 Ulb0066 10U4U5 1456 8105
1978 015070 022700 1A58 25C0
U1l%072 000071 LASA 0039
1979 019074 100402 1A3C 8102
1940 19070 J0U20H 1ASE oony
19431 ulbluv  guvo2u? 1A40 Q087
1942 01v1lu2 000244 1A42 00AL
1965 LVlbilud  udUu2u7 LALG 0087
1904 U1S1lu6  0l27ul 1A406 17C1
Ulbil0 Obasidan A48 5604
195 01bliz 1627ul LAGA £5C1
0lnlle  voLOuUL 1A4C 000u
1900 Ulblio  L12157 1AGE 9L45F
UlbLlel  UubLISsLG 1ALU 56CE
1987 Ulble2 112157 LAL2 9ubE
UlYldy  UH3s20 1ASH S6LU
1988  0iblew 1121387 1A50 QY5F
UL5130 0933e2 1AL8 5602
199 UiLls2 112100 LADA 9uuQ
1990  Ulblod4  Q0uv2u7 1ALC 0067
1991 ulbloo 010157 1ALE 109F
Ulb1l40 UL3I376 1A00 S6FE
1992 UiLlide Uli7u2 1av2 17C2
Ulbluy 093326 1AnY 5606
1¢S5 Ulblas 0llool 1AL6 1381
1994 ylbloo 11zi22 1ALSE 9452
1995 019%lo2 010237 LAOA 109F
015184 093326 1A6C 56D6
1996 uivlue vUL20l1 1AoE 0Agdl
1997 ULvlou 0lullo LA70 104E
1998 Glbiluv2 015701 1A72 17C1
Lviblod 053376 1A74 S6FE
1999  Ulb1u6 00uUVU2 1A70 0002
2000 015170 1124%ul 1A78 9501
20Ul U1lL17& 122701 1AT7A ASC1
01174 vuuo72 1A7C 003A
2002 U1%176  QO0lHub LATE 0304
2003 Ulb2u0  w20001 1780 29701
20U4%  0Olbzue U0l0uob Lace 0206
2005 019204 104uL4 1A8% 882C
20ub  Ulbzue QU0770 1A80 01F8
2007 ulHz2lo 1A048
20Uy JLILZLIU U0L204 LAB8 ONBY
2009  Ulvbzl2 042704 1AdA 45CY
Uloheld Youlvel - 1nsC 0001
2010 019216 00uv2U04 1A0E 0084
2011l Vih2eu 1A9U
cUl2  UlLbZzu o 19h4ub 1Av0 B90VO
FoRA R AT A b b R AR AR A A A AR AR R A A AR K K KR A OR KK R KOR KOk K
3740 Ge7Y30 004757 21108 09DF
UsT182 0342 2EOA 2pu2
5741 ULT713% 0157uUl 2k oC 17C1
Uorlat 0L5326 2600 HOL6
374 U2/7100  L1U0&L 26060 9911

EMT VCOO34-EMTTBL
BEQ RETPC
* JSUBR PCr»NUMB

* RTS

PC

NUMB CMP Kr=E'0* NUMBER TEST

8MI NO
CMP ZE'9'.K

BMI NO
YES SEZ

RETPC

RTS PC

NO CLZ
RTS PC
GETK MOV L+R1

SUB =UeR1

MOoVvH
MOoVB
MOoVB

MovB

RESTORE BUFFER AND CHARACTER IN REG Z2ENC

(R1)++,KCH3

(R1)+rKCH2

(R1)+eKCHL

(R1)+¢K

RTS PC
STL MOV R1+SAVR1

MOV SLrR2

MoV (
Mmova

INC R

R6) fR1

(R1)+r» (R2)+
MOV R2¢SL

1

MOV R1¢(R6)
MOV SAVRI1(R1

RTI
CHECK
CMPB

MOVB (CHKR)+rR1 CHECK A SEQUENCE OF CHARACTERS

ZEYIRY

BEQ CHECK1

CHpP K
RNE C

rR1
HECK2

EMT VCOO24-EMTT3L
B3R CHECK

CHECK1
Irc C

£Ic =

DSH O
HKR
Xro001,

CHKR

CHECK3 KTS CHKR

CHECK?2
TRAP

D5H 0
vi30011-T

RPTBL

STKERRE JSR PCrTRAKK

5TK MO

MOV

VvV SLeR1

RO» (R1)+

LOAD POINTER TO VECTOR

STORE CHARACTER



3743
37uy

3745
37406

3747
3748
3749
3750
3751
3752
3753

3754

3755
3756
3757

3758

3759 .

3760
3701
3702

3703
3764

3705
37v6
3767
3708
3769
3770
3771

3772

3773

3774

3775

3776
3777

3778
3779

027142
0e71lu4
027146
027150
027152
027154
027156
027160
027102
02710l
027106
027170
027172
027174
027174
027176
g27200
027202
027204
027206
027210
027212
027214
g27216
027220
02722
027224
027226

027230
027252
027234
027256
027240
vz27242
027244
027240
027250
027252
027252
V27254
027254
027256
027200
V27202
027204
027206
027270
027272
027274
Q7276
027300
027302
0273u4
027306
027310
Ge73s2
02734
u27216
027 0

010137
0533z6
u1ld701
053324
005301
020137
0534u6
101363
0010ul
112100
ululs7
0535406
104044

013737
053320
053316
013737
053322
053320
010047
053322
013701
053324
013702
053404
020102
001412

112100

005037
055002
010137
053324
022700
177777
001401
000207

104406

104152
0127357
000077
055002
010237
055332
113757
54644
054045
110037
osu6uy
023727
054644
037076
001414
022700
000074
001415
022700

2E62
2E64
2E06
2E68
QEOA
2EuC
2E0E
2£70
2£72
2E74
2C76
2ETH
2ET7A
287C
2E7C
2E7E
2EB0
2E82
2E8L
2E£36
2E88
2E8A
2£8C
2E8E
290
2E92
2E94
2E96

2E98
2E9A
2£9C
2E9E
2EAQ
2EA2
2EAL
2EAD
2L.AB
2EAA
2EAA
CEAC
2EAC
2EAE
2E10
2EB2
2EUL
286
2888
2EUA
2e8C
QEUBE
2ECO
2E.C2
2eCh
2EC6
2LCH
2ECA
2ECC
2ECE
2EDU

105F
5606
17C1
5604
UAC1
205F
5706
82F3
0204
9440
105F
5706
880C

170F
5600
56CE
170F
56D2
5600
101F
56D2
17C1
5604
17Cc2
5704
2042
030A

9440
0ALF
SA02
105F
5604
25C0
FFFE
4301
0087

8906

886A
150F
COSF
5A02
109F
SADA
97DF
59A4
59A5
901F
59A4
2707
594
3E3E
030C
25C0
003C
030D
25C0

MOV R1.SL STORE POINTER
MOV LeR1

DEC R1

CMP R1¢INPB1
BHI STKERR
BNE STK1

MovB (R1)++.RO
MOV R1¢INPB1

EMT VCO007-EMTTBL
STK1 DSH 0
GNC MOV KCH2+KCH3 GET NEXT CHARACTER

MOV KCH1e¢KCH2

MOV KrKCH1

MOV LsR1 POINTER TO LAST + 1 CHARACTER TAKEN FROM STRING

MOV INPA1sR2 POINTS TO NEXT CHARACTER TO BE ENTERED INTO STRING

CMP R1/R2

BEQ GNC1 IF EQ MEANS THAT THE CHARACTERS HAVE ALL BEEN GIVEN TO THE PROG
* WILL HAVE TO GET ONE FROM THE KEYBOARD :
MOVB (R1)++K  GET NEXT CHAR. FROM STRING: INC THE POINTER

CLR STRCHR '

MOV RlrL RESTORE THE POINTER

CMP =X'FFFF RO

BEGQ GNCA EDIT OR EXORCISER:

RTS PC e
GNCA DSH 0 - ;
TRAP VB0011-TRPTBL -G *
GNC1 DSH 0 GET CHARACTER FROM KEYBOARD: MUST NOT CLOBBER R1

EMT VCOO7u4=EMTTBL
MOV =63»STRCHR
MOV R2rINPZZ

MOVB LASTCHeLASTCH+1

MOVB RO(LASTCH
CMP LASTCH»=E?D>D>?

BEQ F2222

CMP =E'<'+RO <

BEG RUBOUT
CMP ZE'>*!RO



027322 000076 2tp2 003E

3780 027324 001410 2ED4 0308 BEQ GNCB . '

3761 02736 100e2 2EU6 9012 MOVD Kr (R2)+ STORE BYTE IN STRING

3762 027330 010237 2€08 109F MOV R2»INPA1l STORE POINTER TO STRING
027352 053404 2EDA 5704 :

3783 027334 010237 280C 109F MOV R2:L
027330 053324 26DE 5604

3784% 027340 000207 2£¢0 0087 RTS PC

3765 u27342 000137 2EE2 005F F2222 JMP F22A
U27344  QUULLY 2EEY 4124

3786 027346 2EE6 GNC3 DSH 0

3787 027346 000137 206 005F ~ JMP FERRET
027350 037770 2EL8 3FF8

3788 027352 2ECA : RUBOUT DSH 0

3769  0273%2 104014 2ECA 880C EMT VCO0007-EMTTBL

3790 Gz73s4 012737 2eeC 1S0F MOV =1¢RUBAAA
027356 00UOGL 2EEE 0001 ’
027300 055354 2EF0 5ADC

3791 027302 2eF2 : RUBA2 DSH 0

3792 L27302 104152 2EF2° 880A EMT VCOO74-EMTTBL

3793 027304 022700 2EF4 25C0 CMP =ZE*':'!R0O
227306 000072 2LF6 003A

3794 027370 001442 2EF8 0322 REQ RUBAL

3795 027372 022700 2EFA 25C0 CMP ZE'E'¢RO
027374 0001uS 2EFC 0045

3790  U27376 001456 2EFE 032€ DEQ RUBE

3797 027400 022700 2F00 25C0 CMP =E'A' (RO
27402 000101 2F02 . 004l _

3798 027404 001450 2F 0k 0328, BEGQ RUBA

3799 (27406 104052 2F 06 881A ~ EMT VCOO014=EMTTS

38u0 027410 0013y 2F08 02F4 BNE RUBA2

S0ul 027412 104014 2F0A 380C EMT VCOGO7-EMTTSBL

3802 027414 162700 2FuC E5CO SUB =E'0'/RO
J27416  00U000 2FUE 0030

3803 027420 010037 2F10 1C1F MOV ROrRUBAAA
VeT7422  U5H304 2Fi2 5ADC.

J3BuL 0274z4 2F 14 ’ FUBA3 DSH 0

3805 027424 104152 2F 14 886A EMT VCOOT4=-EMTTSL

3806 027426 022700 2F 16 25C0 CMP =E':'+RO
027450 QUOJT72 2F18 003A°

3807 027452 00L&zl 2F LA 0311 BEQ RUBAL

38u8 V27434  L0u032 2F1C &81A , EMT VCO0014-EMTTBL

2809 U2T74on  U0L1s72 2F LE 02FA BNE RUBA3

3810 OUz744G 104014 ZF20 880C Z¥T VCODO7~EMTTBL

3811 027442 015702 2r22 17¢2 MOV RUBAAA:R2
027444 55334 2F24 5ADC

3812 (27446 00L302 2F26 occe ASL R2

3813 027450 Q10203 2728 1063 _ MOV R2/R3

3814 (27452 006303 2F2A oce3 “ASL R3

3815 027454 V00303 2Fz2C 6CC3 ASL R3

3816 G27456 006U2U3 2F2E 6033 ADD R2¢R3

‘3817 02740l 060003 ~ 2F30 6003 ADD RO#/R3

3818 U274u2 162703 2F 32 E5C3 ' SUB =E'0'sR3
02740l QU0060 2F34 0030

3819 0a7%0b 0103357 2F36 100F MOV R3rRUBAAA
027470 055334 2F58 5ADC

35¢0 027472 012700 2F3A 15¢C MOV =E':':RO
027474 000072 2F3C 003A

3821 V27476 2F5E RUBAL DSH 0

3g2e 027476 lo4Ci4 2F3E 880C EMT VCOOO07—~EMTTOL



3823

3824

3825

3826

38e7
3828

3829
3850

S$831
d8s52

3833
3854
3855
3336

3807
3338
3839
3840
S841

3842
3843

38y
3845

3846
3847

5848
2849

3850
3851

3853

V27500
0275u2
027504
u2750o0
027510
027512
07514
0627516
02750
0e7522
027524
Ve75L6
027930
027952
Qe 7504
027554
027550
027540
V27540
027542
027544
027546
027550
027552
07554
027556
027556
J2755%6
027500
027502
027504
027566
027570
027572
027574
027576
u270u0
027602
e 7604
027604
ue7ous
27610
uz270i2
027614
027016
027620
027622
027624
027626
V7650
027632
027634
V27656
027646
027640
027042
u27644
027644
27646
027650

013700
055302

163700

0553354

010057

0534ub
020027
054515
100011
013797
055330
104014
ul3707
0553350

go0137

037532

104014
000707
012757
054514
053406
104056
104416

005737
052014
vo1410
005737
052414
001405
Ul12760
000C07
104014
005057

052514

005757
052514
0ul100t
013737
052426
052514
0006466
005337
052514
012700
0C0076
000137
030342

012737
U00001
053014
005737
052376
001574

2F40
2F42
2F 44
2F46
2Fu48
2F4A
2F4C
2FLE
2F SV
2F92
2F5Y
2F56
<Fo8
2F LA
2FHC
2FLC
2F bt
2F 60
2F 60
2F02
2F o4
2Fob
2508
2FOA
2F6C
2FOE
2F bk
2F ok
2F70
2F72
2F 74
2F76
2F78
2FTA
2F7C
2FTE
2F sl
2Fge
2F 8.
2F84
2F 86
2Fo8
2FBA
2F8C
2F3E
2F90
2F92
2F94%
2F96
2798
2FYA
2F9C
2F9E
2F%E
2FAQ
2FA2
2FAY
2F AL
2FA6
2FA8

17¢co

SADA
E7CO
SADC

“101F
S704-

2017
5940
8009
17¢C7
5AD8
880C
17¢7
SAD8

005F
SFSA

880C
01F7
150F
594C
5706
881t
890E

0BDF
560C
0308
08B0F
550C
0305
15C0
0007
gaoc
OALF
554C

0BDF
554C
0204
170F

5516

554C
0106
0ADF
554C
15C0
003E
00SF
30&2

150F

" 0001

560C

080F
S4FE
037C

MOV

suB

MoV

cMpP

oBPL
ALTS

RUBA
MOV

RUBE
JMP

EMT

INPZZ+RO
RUBAAArRO
RO INPAL
ROP=INPUT+1L ~

RUDBSB
MOV ALT3ArPC

EMT VCOO007-EMTTBL
ALT3ArPC

DSH 0
EDYN

RUBAY2 DSH O

VCO007-EMTTBL

BR ALT3

RUBH

EMT

MOV ZINPUT»INPB1 PRINT ALL OVER

vCo016-EMTTBL

TRAP VBO027-TRPTBL
KEYBCH DSH 0
WALKZ2 DSH 0

TST

BEQ
TST

BEQ
MOV

EMT
CLR

HBECHO

WALK2A A TYPE HAS OCCURRED SINCE LAST CALL
DINGER .

WALK2A
=X100071* RO

VCOO007-EMTTEL
MODE2A  DOMT ADD INSULT TO INJURY

WALK2A DSH O

TST

BNE
MOV

MODEZ2A

MODLA1L
MODE2BrMODE2A

BR MODLA2
MODLAL DEC MODEZ2A

MOV ZE'>1,K

JMP KEYCOM

MODLA2 DSH 0
MOV =1+HBECHO

PREV1O DSH O
TST SIMULA

BEQ SIMINE



38061 027652
027654
3802 (0276%6
38063 027600
27662
3864 027064
3865 027666
027670
3806 U27672
027074
387 027676
3808 L2T7700
27702
3369 027704
3870 0e77U6
027710
3871 027712
872 U774
0277i0
3875 02772V
uz7722
3874 027724
3875 027725
3876 027726
AN A KA KK KK
3937 030284
03C2006
3338 U3u20l
02v2o2
3939 030204
39408 030206
030270
3941 030272
03u27h
%42 030276
3943 (30300
Uad0t3v2
3944 (333u4
6303406
3945 (30310
3946 030310
I9u7  U303le
39486 050314
030210
3949 050320
3950 (030322
030324
3951 0303z9
3952
3953
3904
3955 030330
030332
3956 U3VI3L
3657 (C303%0
050340
3958 030342
3959  U303u2
3820 030342
Go0344

005737
177560
100423
0057357
05z4%u2
001413
005237
177550
105737
1775060
100413
10737
177550
100372
113700
177502
Q0LS60
0UL237
177500
L0757
1775¢c0
100375

113700

N R Sl AR KOK A AR R AR K A KOK OK KOR R K HOK K R kK koK

0427090
177000
005737
053174
001411
005047
053174
0622700
000007
0010u2
000157
03otab
000137
027636

005700
001774
022700
00ul177
001771
022700
gtooiz
001766

0035737
052404
guigue
004757
031174

022700
J0u01s

2FAA 03DF
«<FAC FF70
25AE 8113
2F30 0BCF
eFi32 5502
2Ful 0308
2Fub OASF
2Fu8 FF68
2FBA 830F
2FuC FF70
2FLE 8108
2FC0 8BDF
2FCe FF68
<FCY 80FA
2FCo 97C0
2+C8 FF6A
2FCA G170
eFCC 0AYF
2FCE FF70
2FU0 8B0F
" 2Fu2 FF70
Z2Fo4 8OFD
2FD6
2F(35 97C0
S0AC 45C0
30AE FF80
3000 0BDF
3032 567C
3084 0309
3066 OALlF
3036 567C
JouAa 25C0
30sC 0007
30 0202
30C0 GOSF
30C2 3834
S0CH GOSF
30Co 2F2E
30C8
3088 08CO
30CA 03FC
3uCC 25C0
30CE 007F
3000 03F9
J0ue 25C0
3004 0Q00A
3006 03F6
30ud 0BOF
300A 5504
300C 0202
300E G9DF
390 327¢C
302
J0ER2
30e2 25¢C0
304 000D

TST TKS

BMI WALKZZ
TST PARIND

BEQ PARINQ
INC PRS

PARINC TSTB TKS

BMI PARINE
TSTB PRS

BPL PARINC
MOVE PRBrRO

BR PARCOM
PARING INC TKS

PARINRB TSTB TKS

BPL PARINBG
WALKZZ DOSH 0
PARINE MOVB TKB!RO

PARCOM BIC =0'177600'rR0O
TST ASYCHR

BEQ ASYYY
CLR ASYCHR

CMP =0'007°*+RO

BNE MODLE2
JMP SSTRT

MCDLE2 JvP MODLAZ

ASYYY DSH 0O

TST RO

BEQ@ MODLE2

CMP 2011771 +RC

RPEQ MOULLEZ2
CMP =0'12*'+RO

BEQ MODLEZ2
*

* SEE IF ECHO ONTO HSP
*

TST FASTXT

BNE KEY(31
JSR PCrHSPSUB

KEYB1 D5H ©
KEYCOM DSH 0
CMP =0'015"+R0



3901
3902

39063
3904

3965
3966

3967

39ul
3969

3970
3971
3972
3973

3974
3975

3976
3977
3978

3979
J93u

3941
3962
3963
3984
3965

3286

3987

3908

3969
3990
3991

3992
3993

399y
3990
3996

3997
3998

030346
030350
030352
030304
030354
030356
030300
030302
050304
030306
30370
030372
030372
L30374
0630376
G30400
u304u2
030404
030406
U30410
030412
GoUG LG
050410
030420
ua04u22
030424
020426
U304leo
03U450
030452
Q304354
0304360
050440
U3cu4y2
030444

030hL4 .

030446
030450
030452
050404
050456
030460
030402
020404
0o0lLG
030470
LauLa72
ud0472
D304 T4
y3us76
030500
0505062
UaGouY
0sU5ub
0oud10
030510
udusie
g3u514
305106
050520

001002
012700
guog72

032700
000140

- 0010C4

005037
055014
005057
052514

022700
0ouou3
00100L5

012737

000077
052410
Go0L157
0275L6
0227u0
0000590
0010uU3
005037
0524190
00u779

022709
guuous
g01004
012757
Q0uou77
052402
0u0701

0227u0
000005
001018
005057
05z4u2
005757
052376
001751
00V5037
177550
000746

0ce7u0
000010
001du4
0127357
00uG77
ISRV
000757

022700
000011
0010u3
0U5037
052400

306
30E8
30CA
30EC
30cC
30LE

30F0

S0F2
30F4
30F6
30F8
BUFA
30UFA
30FC
30FE
3100
3102
3104
3106
3108
310A
310C
31Ut
3110
3112
3114
3116
3116
3118
311A
311C
311€
3120
3122
3124
3124
3126
3128

S12A-

312C
312€
3130
3132
3134
3106
3138
313A
313A
313C
315K
3140
dia2
3144
Slao
3148
3148
314A
314C
S14E
3150

0202
15¢0
003A

35C0
0060
0204
0ALF
560C
OAlF
554C

25C0
0003
0205
15DF
003F
5508
005F

2F6E

25C0
0018
0203
OALlF
5508

- 01F8

25C0
000y
0204
15DF
003F
5502
01F1

25C0

0005

T 0208

OAlF
5502
0BDF
S54FE
03E9
0ALlF
FFog
01E£6

25¢0
0008
0204
15C0F
003F
5500
010F

25C0
0009
0203
GALF
5500

BNE NBS
MOV =E':I'+RO

NBS DSH 0
BIT =0'140'+RD

BNE NRS123
CLR HBECHO

CLR MODEZ2A

NBS123 DSH ©
CMP =0'003'»RO

BNE THBLRS1
MOV =632+ TBLTRG

TBLRS3 JMP KEYBCH

TBLRS1 CMP =0'030' RO

BME TBLRS2
CLR TBLTRG

BR TBLRS3
TBLRS2 DSH 0
CMP =0'004"',RO

BNE COMD
MOV =63¢PARIND

BR TBLRS3
COMD DSH 0
CMP =0'005',RO

BMNE COME
CLR PARIND .

TST STIMULA

BEQ TBLRS3
CLR PRS

BR TELRS3
COME DSH O
CMP =C'010'/RO

BNE COMH
MOV =63rHSPDAT

BR TELRSS
COMH DSH O
CMP =0'011',R0O

BNE COMI
CLR HSPDAT

SEE IF CONTROL CHARACTER

 NEVER DING A CONTROL CHARACTER

CONTROL C# TURN ON TABLE TRACE

CONTROL Xi TURN OFF TABLE TRACE

CONTROL D3 TURN ON PAPER TAPE READER

CONTROL E? TURN CFF PAPER TAPE READER

CONTROL Hi TURN ON PUNCH: ECHO INPUT

CONTOL I: TURN OFF PUNCH:# ECHO INPUT



3999
4000
4001

40u2
4003

4004
L0ub
L0U6

4ou?
4008

40uY
4010
4011

4012
4013

4014
4015
4016

4017
4018

19
4020
4021

4022
L3

o 40z4
4025
4020
4027
4026
4029
4030
4031

4032

40353

4oou
3035

4036

4037
4058

030522
030524
0350524
030526
050550
030532
030534
V3U530
VSUS40
030542
030542
es0544
830546
039550
030552
030554
030596
050556
0305590
030502
030564
030506
03u570
030572
050574
g3uS74
050570
toubu0
030602
30604
0oUnUb
o054 0
030010
03ubl2
030614
130616
050620
vigoe2
050624
G306

030630

0306352
Ud0bJd4
030656
VL0640
Uolobue
Calb4y
030640
030650
Q50652
30654
030654
030656

030600
0306062
030604
030606
0505666
030670

000731

u22700
000017
gul004
012737
000077
052404

-00u770

022700
000020
001003
005057
0Sz4ul
00u762

022700
000025
0010uy
012757
000077
052406
000753

022700
uC0026
001003
005087
052406
0uu74S

G22700
000Ul
001007
162700
00G0u1l
010037
052456
0050357
052514
090733
022700
oguugue
Qul7o6
022700
00002
guitv2
000137
052370

022700
000007

U01130°

000137
035404

005737
052376

3192
3104

314

3156
3158
315A
315C
3LHE
3100
3102
3102
3log
3106
3108
S10A
3ioC
310E
31loE
3170
3172
3174
3176
3178
31i7A
317C
317C
317E
3180
J3lae2
31384
3166
3188
3188
318A
31sC
218E
3190

- 3192

3194
3196
3198
319A
319C
3198
31A0
3lne
J1AG
31A6
J1A8
BIAA
31AC
31AC
31AE

3130
Sig2
31lc4

31806

31ub6
318

¢1D9

25C0
000F
G204
150F
003F
5504
01F8

25C0
€010
0203
OALF
5504
01F2

25C0
0015
0204
15DF
0C3F
5506
01EB

25C0
0016
0203
OALF
5506
01E5

25C0
0001
0207
£5C0
0001
101F
5516
OALF
554C
61D8
25C0
0002
03F6
25C0
Quiz2
0202
005F
54F8

25C0 .

0007

0258
Q05F
B34

0BDF
SUFE

KEYBCC BR TBLRS3

COMI DSH 0
CMP =0°'017'/RO

BNE COMO
MOV =63»FASTXT

BR KEYBCC
COMO DSH ©
CMP =0'020'rRO

BNE COMP
CLR FASTXT

BR KEYBCC
COMP DSH O
CMP =0'025'/RO

BNE COMU
MOV =63+PROUTS

BR KEYBCC
comMu DSH O
CMP =0'026'+RO

BNE COMV
CLR PROUTS8

BR KEYBCC
COMV DSH O
CMP =0'001"'/K

BNE MODLB

CONTROL 0% TURN ON PUNCH: ECHO OQUTPUT

CONTROL P# TURN OFF PUNCH? ECHO OUTPUT

CONTROL U?# TURN ON PROUTS

CONTROL Vi TURN OFF PRCUTS

MODLA SUB =0'001*+K

MOV KrMODE2B
CLR MODE2A

BR KEYBCC

MODLB CiP =0'002''K

 BEW MODLA - .
CHMP =0'022°+R0

- BNE ECH1

JMP .CLRBLL

ECH1 DSH 0

CMP =0'Q07',R0O

CONTROL R

CONTROL 6

* CONTROL G SHOULD WORK UNDER INTERRUPT

< BNE TYPA2

JMP SSTRT

TYPECH DOSH 0
TST SIMULA



4029
4040

4041
4042

4043
4044

4045
4046
4Cu7

4048

L4049

4050

4051
40r2

4053
4054

4055
40¢to6

4057
4058
4059

4000
4001

4Go2
4003

4064
4005

4066

4007
4068

4009
4070

4071
Lo72

4073
4074

4075
4076
4077
4078

030672
030674
v30676
Udu700
030702
030704
030706
630710
030712
030714
0250716
030720
030720
038722
U307l
030726
030730
030752
050754
050730
036740
050742
UdQ744
020746
030750
030752
020754
050706
030700
030702
giv7o4
030704
0307006
30770
udl772
030774
{30776
U31000
031002
051004
551000
031010
251012
031014
031010
0310cu
0d1022
031024
031026
0310350
031032
03103+
031056
£31040
031042
031044
(31046
0310ud
021059

001412
005737
052502
001407
105737
177560
10u0UY
012757
0000uL1
053174
000511

0002357
053014
022740
000035
031004
022737
oououl
055326
ooluny
0227u0
000012
001006
005737
055440
u0i4u3
0050357
055440
000433

005737
052376
0014e?
uos737

U52LLE

001016
1057357
177504
100375
116057
177506
0605757
052404
001413
022790
00u0v7
001410
004757
03i202
000L405
105757
177554
100375
110057
177556

000401

S16A
3iuc
31UE
31C0
31C2
S1C4
31C6
31C8
S1CA
S1CC
S1CL
3100
3100
3luz
3104
31u6
3108
31UA
310C

- S1DE

310
dlce
31z4
31E6
31E8
1A
31¢EC
31EE

31F 0.

31F2
31F4
31F4
31F6
31F8
31FA
31FC
31FE
32040
3202
S204
3200
3208

"320A

320C
S20E
3210
3212
3214
5216
3218
S321A
521C
321E
5220
32e2
3224
3220
3226
5228

030A
0BDF
5542
0307
88DF
FF70
8004
150F
0001
567¢C
0149

0CoF
560C
25C0

- 0000

0204
250F
0001
SADE
0324
25C0
GUO0A
02006
0BDF
5820
03063
OAlF
5620
0118

0BDF
SUFE
0317
08DF
5536
020E
8B0F
FF7H4
80FD
901F
FF76
0RDF
5504
0308
25C0
06007
0308
09DF
3282
0105
8BDF
FFoC
80FD
901F
FFet

0101

BEQ
TST

BEQ

TYPECZ
OPTION

TYPECZ

TST8 TKS

8rL
MOV

TYPECZ
=1+,ASYCHR

BR TYPA2
TYPECZ DSH O

ASR
CiP
BNE
cMpP

BEQ

HBECHO
=0'15' RO
TYPALL
=1»COLKNT

TYPAL2

HAS BEEN ECHOED

DONT TYPE

TYPAL1 CMP =0'12"'/R0O

BNE
TST

BEQ
CLR

TYPAL3
SKPLF

TYPALS
SKPLF

BR TYPAL2
TYPAL3 DSH 0

TST

BEQG
TST

BNE

SIMULA

SIMING
PAROP

PAROPA

PAROPB TSTB TPS

aPL

PAROP3

MOV3 RO.TPB

TST

BEQ
cMP

BEQ
JSR

FASTXT

PAROPC
=0'007*sRC

PAROPC
PCrHSPAAA

BR PAROPC
PAROPA TSTB PPS

BPL

PAROPA

Mov8 RO-PPB

PAROPC DSH O
BR TYPALZ2
SIMING DSH O

TRON

DONT TYPE



uQ79
4040
40ou1l
4062

4083
40b%

4085
40L0
4087
40u8

4049
4090
4091
40y2
4093

4094
4095
4096

4097
4gvs

4099

4100
41yl
Live

41u3
4104

ul108
4106
4107
“1u8
4109
%110

4111
4112
4113
Glig

4115
4j16

43117
4118

4119
4120

631050

0310u2
051002
031054
031056
0310060
031002
051Cul
031000
031070
col072
051074
031076
0o11¢0
041102
0311v4
031106
041110
U&1i.0
31112
051114
031116
0211z0
031120
03112
0vilen
0oll1le
031100
0311352
031134%
Us11356
031140
0borluz
0311lu4
031146
U311ibu
031152
031154

031156
031100
051100
03112
Ud1lliny
021106
031170
031172
031174
031175
031200
031202
031204
03leuo
031210
031212
Cal2i4
ca 2l
031220

010000

0e227u0
000015
001020
322737
000u074
055,326
100002
005000
1040106
022737
000056
055336
10udu2
0050600
104014

012727
003001
055326
00uz2u7

032700
000140
001l4u6
005257
0506356
023727
Cbo3%0
0Jullo
100007
006207
012700
000015
104014
012700
V00012

000643

104010
012701
0101065
ics022

104040

104404
005737
052376
001442
022700
000010
001437
022749
00u0iLl
u0i1434
022700
000017

3228

322A
32LA
$22C
322K
3250
J3z32
3254
3256
3238
323A
323C
3238
3249
3242
3244
3246
3248
3248
3z4A
324C
S26E
3250
3220
3252
324
3256
3208
32DA
325C
328
3260

3202

204
206
3268
I20A

320C

326E

S 3270

3270
3272
3274
3276
3278
327A
327C
S27E
3260
3232
RIERT

3266,

32386
323A
3248C
J2¢E
3290

1000

25C0
000D
0210
250F
603C
SALE
8002
0AQ0
£80C
250F
001t
S5ALE
8002
0AQO
880C

150F
0001
SADE
ugs7

35C0
0060
03uo
OA9F
SADE
2707
SADE
0048
3007
noavy
15C0
000D
880C
i5C0
000A

01A3
8808

15C1
1075

831z

8820
8904
0BDF
S4FE
0322
25C0
6ouB
G31F
25C0
0009
021C
25C0
000F

MOV ROsRO

TROFF

TYPAL2 DSH 0

TYPCOM CMP =0'15'+RO

BNE TYPA1L
CMP =60¢COLKNT

BPL NEWAL

CLR RO

EMT VCODO7-EMTTHL
NEWAL CMP =30+ COLKNT

BPL NEWA2

CLR RO

EMT VCO0007-EMTTSL
NEWA2 DSH 0 .

MOV =1 COLKNT

RTS PC
TYPAL DSH O
TYPX1 BIT =0'140'+RO

BEQ TYPA2
INC COLKNT

CMP COLKNT»=72

BPL TYPAX
TYPA2 RTS PC
NEVILIN MOV =0'15'¢RO

EMT vCO007-EMTIBL
MOV =0'12'+RO

* JSUBR PCrTYPECH
* RTS PC

RR TYPECH

TYPAX DOSH O

EMT VCOO03=-EMTTBL
MOV =TYPMES'R1

EMT VCO010-EMTTRL

EMT VCUOL7-EMTTEL

TRAP VH30005-TRPTBL
HSPSUB TST SIMULA

BEQ HSPBBB3
CMP =0'010'»R0O

BEQ HSP30B
CMP =0'011*,RO

BEQ HSPBBO
CMP =0'017' RO

ABORT TABLE

CONTROL H

CONTROL I

CONTROL €



4121

4122

4123
4leo4

4125
4l2o

4127
“iz28

. 4129
4130

4151

5132

4133
LPRL

4155
4136
4157

4158
G109
4140
4141
4142

+143
4144

4145
4ibo

L1247
4148
4149

4150
4151

4152
4153
4154
4105
4156
4157

L1b8
4159
4100

410l
Glo2

031222
031224
031226
031250
p3l202
031254
Ud1l256
0sl240
031242
o63l24y4
031240
055250
031252
051254
051206
031200
031202
031204
0312066
031278
gslziz
031274
031276
031300
0314502
0sl13un
031300
V31306
081310
031310
031312
G31314
031316
0313¢0
0313z2
C3.324
031326
031330
031352

Uol352.

051534
531300
031340
Vol342
051344
031346
051300
03135%2
031304
0313%6
031360
031302
05130%
031306
031370
031372
031374
051376
031400
0314ve

001431
022700
000020
001l4Zo
0227060
00u0uY
001423
0227C0
Q000US
001420
022700
u0LuUu3
001415
022700
000040
001412
0NSH7.57
052400
001497
032757
10v200
177554
001771
100402
110057

L7706

oou2u7

011604
005737
053350
0ul405
005737
053332
001414
005057
053352

112401

22701
000072
001417
112437
yse6uu
021100
¢010uS
104054
000766
005204
1124357
U526U4
062706
C0000G
115701
052604
016107
031406
005204
olukleé

3292
3294
3295
32986
J2YA
329C
329E
32A0
S2Ae
d2hb
den6

- 32A8

32AA
32AC
32AE
3200
3282
L
3286

. 3288

323A
s2uc
32BE
32Cu
sacea
da2ch
daco
d2Co
32C38
32C8
32CA
32CC
52CE
3200
3202
3204
3206
LU
320A
320A
3z20C
320K
3200
dare
324
3286
32E8
32EA
32EC
32K
32F0
J2F2
32F4
32F6
32F8
32FA
3eFC
S2FE
3300
3302

0319

25C0

oo1ic
0316
25C0
0004
0313
25C0
0005
0310
25C0
0003
0300
25C0
0018
030A
0BDF
5500
0307
35DF
5080
FF6C
‘03F9
8102
90K
RO

0087

1384
0RDF

5608 -

0305
0nDF
S56DA
030C
OALF
S6CA

9501
25C1
005A
030F
951F
5584
2040
0205
882C
G1F6
0A8Y
951F
5584
65C6
9004
a7Cl
5584
1847
3306
0ALY
110€

BEQ HSPBRB
CMP =0'020' RO

BEQ HSPBEB :
CMP =0'004' /RO .

PEG HSPBBB3
CHMP =0'005' /RO

BEQ HSFBBB
~CMP =0'003'»R0O

BEQ HSPBREB
CMP =0'030*+R0

BEQ HSPBHB
HSPAAA TST HSPDAT

BEQ HSPBGB
BIT =X'8080',PPS

BEQ HSPAAA
OMI HSPHBR
MOVi3 RO.PPB

ERRO

HSPBRIZ DSH 0
RTS PC.
LADDER DSH 0
MOV (R6) »RU
TST FORIND

BEQ LADLAB
TST FORPER

PEQ LADOUT
CLR FORPER

LADLAE USH O
MOVS (R4)+rR1
CHP =E':' /K1

BEG LAD1L
MOVB (Ru4)+rLAD22A

CMP R1+RO
BNE LAD2

EMT VC0O02L=EMTTBL

BR LADLAB

LADOUT INC R4

MOVS (R&)+¢LAD22A
LAD2 ADD =4/+R6
MOVS LAD22AsR1
MOV LADTAB(R1)+PC

LADL INC R4
MOV R4r (R6)

CONTROL P

CONTROL D

CONTROL E

CONTROL C

CONTROL X

R

ECHO THE INPUT



413
4lo4
415
4166
4107
41L8
4109
4170
4171
4172
o R173
4174
4175
4176
4177
4178
4179
4100
4181
4162
4183
L4184
41lubd
4166
4167
4168
43109
4190
4191
4192
4193
4194
4195
4196
4137
4194

4199
4200

4201
4202
4203
42ul

4205
4206
4207

4208
4209

4210
4211
4212
4213
G214

V3l4ub
03l4ye
031496
031410

051412

031414

Ual4ld
031420

031422
031424

031426
031450

0olu3s2

051454

051456
031440
V31442
031444
0314ub
Ud1l45U
031452
U316504
031456
031400
DVIido2
U3lbtol
Uolédoo
31470
udla72
031474
G317
031500

031502
051502
u315u4
V315Ub
0351510
031512
051514
031516
03150
031522
031522
Uoidbcl
031520
031520
031552
031554
051556
Uo15H40
031b42
051544
031546
031550
0albsue
Golsul
331556
051500
031lov2

000002

013600
Uls026
032520
0350386
033400
033666
035392
033646
034212
035106
034202
034372
034312
034616
034420
034500
035404
34052
039170
035076
U3H15H56
035524
035352
0253540
12256
034342
0320656
034750
035044
udsee’

104054
032700
00L140
0014¢3
022700
Quoa72
001001
104406

022700
00u047
COL305
1U4000
032760
0006140
001770
022700
glu0a?7
001035
00u0u3
177652
000753
110037
05300t
105057
0530u5

3304 ¢

3306
3306
3308
33UA
35uC
d30E
3310
3312
3314

3316 -

3318
33LA
351C
33LE
330
34z
3324
3326
358
332A
352C
S5ZE
5550
3502
3334
3356
3338
353A
335C
3308
3340

3342
3342
3344
2546
2348
33UA
J334C
334E
23550
3352
3352
3504
5350
336¢

335A
335C
530k
3300
3302
304
3300
3308
330A
350C
J330E
5370
3372

0002

1780
1796
3550
361E
3700
2736
3AEA
3716
388A
3AL46
33AA
3EFA
38CA
39BE
3918
3970
3334
39AA

3A78

SA3E
SAGE
3AIY
3AEA
3AEO
149K
J8E2
359E
39£8
3A24
3692

882C
35C0
0060
06303
25C0
J03A
0201
8906

25C0
0027
02F5
382C
35CU
G000
03F3
25C0
0027
021D
0003
FFAA
01E0
901F
5604
8ALF
5605

RTI
LADTAB DSH 0
PDB6 DCH B6
PHOB74  DCH B74

"PDCLA  LCH Cl1A

PDCZL DCH CZ1
PDRSTB DCH RESTS8S
PDAL1l DCH All
POEXX DCH EXX
POSHGO DCH SHGO
POB11 DCH B11
PDJ11 DCH J11
PDCL1 DCH Cl11
PDD11  DCH D11
PREIL  DCH E11l
PDG1l1 DCH G1l1
PDOS1  DCH D51
PDOD51A DCH DS1AAA
PDSTRT DCH SSTRT
PDH11  DCH H11 .
POK11H DCH K11FGH
POHS1  DCH H51
PDJS1  OCH J51
PDK1:1Z DCH K11FGZ
PON11 DCH N1l
POJL1A DCH J11A
PDSTSC LCH STSC
PDSUSZ DCH SUSZ
PDASY1 DCH ASY1
PNCLR  DCH CLR
POCONT DCH CONT
PDFORB DCH FORA

* COULD COUNT UP TO 31 THEN WOULD NOT NEED CHECK IN LHOP
QSTRNG DSH O

EMT VC0024-EMTTBL

BIT =0'140*' /RO CONTROL CHARACTER

BEG ORSTA
CMP =ETI' RO

BNE QRST

QRSTA TRAP V30011-TRPTBL

GRST DSH O

CHMP =047 K : QUOTE

BNE QSTRNG
EMT VCO024-EMTT3EL
31T =0*140',RO CONTROL CHARACTER

BEQ ORSTA

CHP =047 .K QUOTE

BNE OEND

NEBUG  STL SUBR

DCH CHAAEX INDICATE 2ND QUOTE

BR QSTRNG
VARR MOVB ROrVARRNM

CLRB VARRNM+1



4216 031504 104074 3374 883C s EMT VCOO34=-EMTTRL

S 4217 0IL566 001025 3376 0215 ANE STSK3
4218 031570 1040594 3478 882¢C - EMT VCO024=EMTTBL
4219  UIL5T2 022700 . 337A 25C0 ‘ CMP ZE' ('K
031574 000050 337C 6028 . . '
4220 031576 001022 SITE 0212 BNE AlS MOT A ¢
4221 031600 00UOU3 3380 0003 AZ4 DEBUG STL SUDBR
4222 03L6u2 177701 3542 FFC1 DCH CHICLFX .
4225 021604 104054 dhu 6n32C : FMT VCO024=EMTTEL
4224  0316U6  LUL0L6 3280 "BB2E EMT VCOC25-EMTTBL
4229 021010 022700 2388 25C0 CMP ZE') 'K
031612 00UO0bLL 335A 0029 ;
4226 031614 001440 334C 0320 BEQ ARU4A
4227 Udlele 022700 356E 25C0 CMP ZEtr 4K
031620 006G0S4 3390 G6ozc¢
42e8 031622 001007 3392 6207 RNE STSK3
4229  U3lo24  1040LY 3394 882C EMT VCO024-EMTTBL
4250 031626 104056 3346 832E EMT VC0025~EMTTBEL
4231 031650 022700 5398 25C0 CMP =E'")':K
Udl6s2 00UOYHL C329A 0029
4252  0516s4  0010U2 339C 0202 BHE STSK3
4233 031646 339E ) A24 DSH 0
4254 031606 104054 339€ 882¢C EMT VC0024=~EMTTHL
425% 031040 33A0 GEND DSH 0
4256 031646 006207 3340 0087 A21 RTS PC
4257 0G3l642 335A2 STSK3 DSH O
4238 031642 104406 33A2 8906 TRAP VBOG11-TRPTBL
4259 031644 T 33A4 © Al5 DSH 0 TEST 2ND
4240 031644 104060 33n4 8830 - EMT VC0027-EMTTBL
4241  US1646 Q01374 3316 02¢¢C BNE A21
4242 031650 11u037 3348 901F . MOVB RO»sYVARRNM+1
0ileb2 053005 3ZAA 5605
4243 031654 104054 334C 862C EMT VCO0024=-EMTTBL
4244 051656 022700 33AE 25C0 ' CMP =E' ('K
031660 006050 3300, 0028
4245 (31662 001746 33u2 03g5 DEQ A3G
4246 (31604  104Go0 3204 8330 EMT VCO027~EnTTBL
4247 (Slovo (01304 2200 GarFu BUE A21
5248 031670 110637 3560 901F ‘ MOVE RO VARRNM+2
0318672 053006 338A S6U6
4249 (021674 104054 3306C 8s82C EMT VC0024~EMTTRL
4250 L31676 104000 33LE 8830 EMT VCO0027=-EMTTOL
4251 031700 001357 33C0 02eF BNE A21
4252 951702 110037 33C2 YO1F MOVB ROrVARRNM+3
031704 053007 33C4 5607 .
4253  0317uB 022757 33C6 250F CMP ZE'ET' rVARRNM+2
031710 052105 35C8 5445
031712 052006 33CA 5606
4254  U317i4 001350 33CC 02c8 BNE A24
4255 031716 022737 33CE 25DF A24A CMP =E'ZR'+VARRNM
031720 051132 3300 S25A
031722 053004 3502 S604
©256 03174 001344 3304 02E4 BNE A24
4257 031726 000745 3506 0lES . BR STSK3
7‘;«*****4\*tnr*nu*********_**********»:*t***********
4358 032356 . S4UE - COSTAT DSH O GETS A COMPLETE LINE FROM THE KEYBOARD
4359 032336 013737 . 34u0E 17DF MOV L»GSAVL SAVE L '
032350 (53324 34E0  56C4 :
032342 055354 34e2 S5AEC

4300 Qa2284% U177 Sl 170F ' MOV SLeGSAVSL SAVE SL



4301
4302

4303
4304

4305
4306

4307
5308

4309

43575
43706

4377
4378
4379
43cU

63ul
43c2
4303

4304 .

435

4355
4387

43506 -

4362
4390
4391

4392
4393

4395
396
4597

4398

032346
032520

032352
032304
032356
052300
032362
03230k
002305
032370
032572
032374
002370
us2400
032442
03244tk
Us24uo
324140
udawl2
032414
052416
032420
gd2422
Li2beld
03246
032450
nacbs2
032434
Ud24o0
032440
032442
032444
QocHtio
032450
02452
Us24n2
0324H4
032456
032406
632400
Udz2do2
Uo24%04
ud24o5
632470
032472
032474

032476 .

Us25u0
032502
032503
032504
dA250hH
d2LUo
032507
052510
J32ovbil
032L12
032513
032514

053326
0LL3L6

020027
000041
100457
022700
ouoo4s
100434
105700
ubeted
001517
0lz7v2
052570
112722
000000
i1lz722
000071
0627u0
000020
110012
104250
013704
05340
005304
062701
000023
111100
112103
100776
022743
00u072
001402

118324

0Cu771

01Cu37

053404

905737
033350
0u101i6
gio7¢2
053325
112722
0003L5
0102357
053326
600600y
000105
00QGuY
vouvlos
GUulus
NVIVR U
g0oueoy
oouvize
00C004
ugooue
yooous
oouo72

346
S48

SHEA
S4EC
34LE
S4F0
J4rF2
SLFG
dL4FS
34F8
SLFA
34FC

S4FE"

3500
2502
3504
3506
3508
350A
350C
S5uE
3510
3512
3514
3516
3518
351A
351C
3 1E
3520
3He2
3524

3520

35286
35¢A
3H2A
352C
352¢E
3ok
3HA0
3532

(O55k

3556
3558
JO3A
352C
IH3E
3540
3542
3543
3544

3L45

3o4b
3547
548
3549
SDUA
30470

354C

5606
S5AEE

2017
0021
811F
25C0
0026
811C
8BFU
5525
034F
15C2
5578
95D<
0039
9502
0039
65C0
0010
900A

. .88A8

17C4
5704
CACH
65C1
0013
9240

L9443

81F=
25C3
003A
c302
9004
01F9

I11F
5704

0BOF
568

020E
17Cc2
56006

. 9502

COED
109F
5506
0004
0045
0004
0044
0004

- 0049

0ock
0054
coo4
0020
Go04
ICIA

xxkEkkxkkk IF ! TO &

CHMP

BMI
cMpP

BMI

Ke=0'42"

ZZA001
=0'46* /K

Z2ZA001

TSTB ASYIND-0'41i'(RO)

BEQ
MOV

ASYNIX
=SEQ3rR2

MOVB =ZE'Q's (R2)+

‘MOVB =E'9',(R2)+

ADD

=0'20"+RQ

MOVB ROr(R2)

ENT
MoV

DEC
ADD

VCO144-EMTTBL
INPALRG

R4
=19+/R1

1Move (R1)sRO
©ZZA002 MOV3 (R1)+/R3

BMI
CMP

BEQ

ZZA002
SE'IY RS,

ZZA003

MOV3 R3r (RG)+
3R ZZA002 | -
ZZA003 DSH 0

© MOV

RU4r INPAL

ZZA001 DSH O

TST

BMNE

MOV’

SEE IF CAN EXPAND INTO INPUT

’

MAJMOD _ IS IT TO BE STORED
CiA EDIT CANNOT BE STORED B
SLeR2 '

MOVB =X'ED'» (R2)+

MOV

I0T
oen

0CB
Dey
o042}
DCy

DCH

R2¢SL

E'E' PDCIA-LAGTAB
E'D'PDCIA-LADTAB
E‘I'vPDClA-LADTAB
E*T*»PDC1A-LADTAB
£ +PDCLA-LADTAB

E':'



4399 ' : * JSUBR PCrAREX

4400 ] * RTS PC
44yl 032516 104420 3ISGE 8910 TRAP VBOO031-TRPTBL ‘
B4y2 032520 3550 - Clp DSH © GO BACK
4403 032520 104156 3550 886EF EMT VCUO076-EMTTBL
44y * LOOK FOR ASYNCH
4405 032522 005737 3552 oBDF TST MAJMOD MUST BE IMMEDIATE BUT WILL BE STORED
032524 053340 3554 S56E0 '
4406 032526 001043 3556 0223 BNE ASY1
GLU7 032550 0137u2 3558 i17¢c2 MOV SLsR2
032532 053326 355 5606
4408  Cs2H34 112722 355C 9502 MOVB =X'EEtr(R2)+
0325% 000396 355E 0CCE
Luuy  U3254u 0LlL237 3500 109F MOV R2s5SL
002542 053526 3502 5606
4410 032544 0000UL 3554 0004 10T
4411 032546 Q0Ulil 3506 0041 DCB E'A'»PDASY1-LADTAB
0525L7 006064 3507 0034
4412 (32550 000123 3568 0053 DCB E*S'+ PDASY1-LADTAB
032551 00C06Y 3509 0034
G413 032552 00011 3S6A 0059 DCB E*'Y*»PDASY1-LADTAB
032553 UL0UbY 3508 0034
4414 032554 (00116 355C 004E DCB E'N'+PDASY1=LADTAB
032535 0000LY 358D 0034
4415 052556 006103 3%6E 0043 DCB E'C'rPDASY1-LADTAE
052557  00UQol 350F 0034
4416 032560 0CU110 3570 ooug DCB E'H'¢,PDSTSC-LADTAB
32501 000000 3571 0030
4417 Q2502 00U040 3572 0020 DCB E' '+PDSTSC~LADTAB
052503 000000 3573 0030
4418 3¢5064 000072 3574 003A DCH E' 2 ‘
4419  03250L6 Q05237 3576 OASF INC ASYDIG IT IS AN ASYNCH STATEMENT
032570 055350 3578 S5AES
LUgU 032572 w2ud27 357A 2017 CMP Krz=O'41"
052574 00004 L 357C 0021
4421 032576  10G4i5 357E 8100 BMI ASYNIX
U4z G320u0 022700 3540 25C0 CMP =0'467 1K
032602 UOLOL6 3502 026
4423 032604 100412 3504 &1UA BMI ASYMIX
GU24 032606 10e0b54 35656 882C EMT VCO024-EMTTBL
4425 (32610 022700 3548 25C0 . CMP ZE':iK
032612 00LGO72 356A 003A )
G426 032014 001405 354C 0305 BEQ ASYDEL
4427 Q32616 022700 356E 25C0 CMP zZE' *yK
@ 032620 (0u040 5590 10020 ‘
448 0H2022 VLLIGO3 3592 0203 BNE ASYNIX
4429  0s2624 104054 3594 882¢C EMT VCO024=EMTTHL
4430 032626 0004LY 3596 0104 BR NEWSUB .
4435 032630 000207 3598 0087 ASYDEL RTS PC ) '
4432 032652 000137 3594 00SF ASYNIX JMP STSC NO GOr POGO
032634 012236 359C 149€
Bu33 032656 104156 359E 886EL ASY1 EMT VCOOQ76=-EMTTBL RESTORE POINTERS
4454 _ . * JSUBR PCyNEWSUB
4435 . * RTS PC
4456 032040 3540 - : NEWSUB DSH 0 o : o,
4437 052040 005037 - 35A0 - OALF CLR FORIND T '
V32642 (55320 35A2 5608
C4E38 0o2644 (05007 39A4 OALF " CLR FORPER
032646 053352 35A6 560A

L R439 032650 005037 35A8 OALF CLR ELSFOR -~ - ) .



4440

4441

4442
4443

 4buy

G445
44

Y447
© 448
4449

445U
4451

4452
4453

a5y
Lhsy

4456
L4s7
G408
4459
4400
L4461l
G422
4463
4404
4465
4466

447
44l

4409

4470

4471
w472

4473

4474

032652
052604
032600
0326060
032602
V32604
U22606
Uo2070
032672
Ca2074
Vo270
032700
v32702
032704
0327ub
032710
0232712
032714
002716
33270
032722
us2724
032726
022750
032751
032752
052733
032734
0227355
032736
032740
0252742
032744
032746
032720

032752
032754%
032720
Qo27ul
052762
032704
032740
032770
0se772
032774
L2776
U339U0
Gi30u2
0230ub
053005
052006
035007
NNIARY
053011

0533354
005057
095344

009037 .

ogsuau2

013737

053324
005354
013737
0533u6
0oLILE
J0b7a7
0503454
06010L5
012702
UH35¢H
112722
000357
016227
055326
9U5257
053352
000004
Q0ulil
u0uoue
coulue
G0ulub
06L040
JuGCusb
0ouyu72
00237
Us5344
104006
000003
177732

G22700
00C040
QulGeo
104056
013757
0533z4
Usb3ok
G1ly737
Ud332%
0503506
0CL237
U53352
oguoes
udulah
Q300usb
Juoliv
00uoun
GOG1ud
Qou0Le

35AA -
. 35AC

SLAE

3530 0

3562
35064

35u6

3508
3506A
250C
356L
$5C0
35C2

3scu

586

IoC8 .

35CA
35CC
35CE
3500
3502
Soul
a506
3508
3509
350A
35013
S50C
350D
350E
350
35tL2
I5EY
35L6
358

3S5EA
35¢cC
3558
SaF0
35F2
3oF4
SoF6
35F8
35FA
35FC
35FE
3600
d6ue
J60h
3505
3600
36u7

©36(8

3609

560C
UALF

SACH -

OALF
SAE2
170F
5604
SAEC
170F
5606
SAEE
GBCF
SAEH
022D

17ce

5606
9502
00EF
109F
56D6
OA9F

S60A:

0004%
0049
uooo
0046
00066
0020
0006
002A
0ASF
SAEZY
6336
0003
FFDA

25C0
0020
0216
832¢C

C170F

5604
SAEC

170F

5606
S5ACE
0A9F

T 56DA

0004
0054
0006
oou8
0006
0045
0006

NEW8
CLr

NEW1

MoV

TST

BlHE

MoV

CLR INIFCH
ELSECH

MOV LrGSAVL
SLeGSAVSL
INIFCH

NZwW2
SlLeR2

MOVE =X'CF7s(R2)+

MOV R2eSL

INC FORPER

10T

DCB E'I'rPDCZ1-LADTAB
DCB E'F'sPOCZ1-LADTAB
DCB E' '+PDCZL~LADTAB
DCH E*:*

INC INIFCH

EMT VCOO31-EMTTAL

DEBUG STL SUBR

DCi4 CHDAEX
* "~ IF B THEN
* DA
* IF B THEN
* DA
* IF B8
* DA
CMP =E' "iK

3NE STSKXY

EMT VCO024~EMTTBL

MOV LsGSAVL

MOV SL»GSAVSL OITTO S.
INC FORPER

10T

DCB E*T*»PDCZ1=-LADTAB

EtH'PDCZ1-LADTAB

E'E'»PDCZL1~-LADTAB

STORE L AGAIN

DA

ELSE

A2



4475 033012 000116 360A 004E DCB E'N*+»PDCZ1~-LADTAB

033013 000006 3608 0006
4476 033014 00004V 360C 0020 DC8 E' '+PDCZi~LADTAB
033015 V00vUe 360D 0006 '
4477 0330le 000072 3608 003A DCH ET2
4478 033020 005247 3610 OA9F INC ELSECH
033022 055342 3612 SAE2
4479 035024 014737 3614 +  170F MOV FORIND¢ELSFOR
0332026 053330 3616 5608
033020 053334 3618 560C
440 033032 000402 361A 0102 BR NEW2
Luel 033034 104406 361C 8906 STSKXY TRAP VE0011-TRPTHBL
4432 085086 1041496 361E 886E CZ1 EMT VCOO76-EMTTBL
448> 033040 013757 3620 170F " NEW2 MOV LrGSAVL
033042 053324 3622 5504
033044 055354 36l SAEC
4484 033046 013737 3026 170F MOV SLsGSAVSL
033050 053326 3628 5606
035052 055356 3o2A SAEE ,
4455 033054  Q0USHTST 362C UBOF TST FORIND
U35056 053330 362€ 5608
44056 (33000 001061 3630 0231 BHE NEW3
4487 033002 013702 3602 17¢c2 MOV SLsR2
033004 053326 3634 5606
4428 U330L6  11o722 3536 9su2 MOVB =X'E6'r(R2)+
033070 000346 3638 00E6
44s9 (33072 010237 S03A L09F MOV R2¢SL
. Go3074 053326 363C 5606
4450 033076  0UGOUY4 365E 0004 ioT
4491 033200 UOUL1UG 3040 0046 DCB E'F'/PDFORB-LADTAB
Us3lul 006072 3641 003A
4492 $33102 U0L1l7 3642 004F DCB E'0*+PDFORB-LADTAB
0331u3 000072 3643 003A
4493  0a31u4 00CG122 3644 0052 DCB E'R''PDFORB~LADTAB
03%1u5 000072 3645 003A
4494 035106  0CU040 3646 002¢ DCB E' '/PDFORB-LADTAS
033107 COLG72 3647 003A
4495 (351i0 000072 Jo4h QU3A ~ DCH E':Y
449 033112 UUL237 364A CAGF . . INC FORIND
. 035114 095350 364C" 56D0 '
4497  0331le  0227u0 364E 25C0 CMP =E'H' /RO
033120 GGUuli0 . 2650 0048
4498 T y33122° 0Ui643 3052 03A3 . BEQ ASYNIX
G499 033124 022700 3654 25C0 - CMP =E£°%3'»R0
033126 0001U2 3656 0042 E
4500 033130 001640 3658 - 03A0 - BEG ASYNIX
4501 033132 004737 3654 0SUF ~JSR PCrVARR
033154 031554 305C 336C S
4502 033136 022700 365K 25C0 - " CMP ZE'=',R0
053140 00U075 3660 0030 . :
45u3 033142 001233 ~ 3602 0298 ' BNE ASYHNIX
4504 033144 104054 36064 882¢ . EMT VCO0024=EMTTBL
4505 033146 104056 3666 882€ EMT VCO0025=-EMTTBL
4506 033150 G00U0U3 36066 0003 DEBUG ‘
4507 033152 177623 360A  FF93 DCH CHY3EX END OF X1 EXPRESSION
4508 033154 0224700 366C 25C0 CMP ZE*»'¢R0 , ‘
035150 000054 306E 002¢C ,
4509 053160 001224 3670 0294 BNE ASYNIX
4510 033iv2 104054 2672 882cC EMT VCO024~EMTTBL

4511 0331ed 104006 367+ 882E EMT VC0025~-ZMTTHL



4512 035106 000003 3676 0003 : DEBUG

4513 033170 177624 3678 FFo4 : DCH CHO4LEX END OF X2 EXPRESSION

4514 033172 v2z7u0 S6TA 25C0 CMP ZE'+' /RO
023174 000054 357C 00ecC

4515 003176 0010us S67E 0204 8HNE FORC

4516 033200 10404 3680 8g82C EMT VCO024-EMTTBL

4517 033202 104096 3682 882E EMT VC0025-EMTTBL

4518 v33d204 Q00UUL3 Jos4 0003 DEBUG

4519 (0332ub 177625 3606 FF95 DCH CHISEX

4520 033210 0227u0 Soub 25C0 FORC CMP =E' *'/RO
Udl2iz 006040 J3638A 0020 .

4521 033214 0012u6 S6uC 0266 BNE ASYNIX

4822 033216 104054 J366E 882C EMT VCOO024=gEMTTBL

4523 033220 0000621 3690 0191 BR NEW1 ’

4524 033222 104156 35692 886E ' FORB EMT VCO075-EMTTBL

L5225 y33224 004757 3094 U90F A NEW3 JSR PC-COSUB

L Ud3220  UBEHZ20 3696 3710 :

4526 Ud5230 022700 5698 25C0 CMP ZETI'/RO
033252 000072 J69A 003A

AS527 w3234 001510 . 569C 0348 BEQ CEND2

4528 033236 022700 369E 25C0 CMP =E'#'+RO

° 033240 000073 36A0 0038

4529 033242 001007 Jona 0207 BNE D3

4550 033244 104054 J6nt 882C EMT VCOO024~gMTTBL

4531 033245 022700 36A06 25Cu CMP ZE' *»RO
033250 00uCu40 30A8 0020

4532 Uo32n2 001270 36AA 0238 BNE STSKXY

4503 U332o4 104054 36AC 882cC © EMT VCUOGC24-EMTTBL

4534 033256 (00137 SOAE 005F JMP NEW1
0332060 0dzbok 36430 3584 .

4535 033202 00B757 d602 03DF D3 TST ELSECH
055204 055342 3644 SAEZ2

34536 033266 001o02 3660 ¢ 0382 - BEQ@ STSKXY

4507 033270 0000U3 3668 0003 . DEBUG

4538 133272 177732 SouA FFODA DCH CHDAEX

4539  U3s3274 04437 36aC 091F ‘ JSR CHKR»CHECK
(33276 015170 NICTH 1A78 .

4540 V33300 V00U4O JoCU 6020 DCC E' ELSE 3!
053501 00801uS 36Cl Qous
0533u2 00ulls del2 004C
U333u3 000123 36C3 0053
033304 00vlgs - 36CH 0045
033305 000049 36C5 0020
003306 00ua72 36C6 003A

4541 033310 00u003 36C8 0003 DEBUG

4542 0323312 177642 36CA FFA2 : DCH CHAZ2EX

4543 033314 013737 36CC 170F MOV ELSFORrFORIND
033314 053334 36CE - 560C :
043320 0535350 3000 56038

4544 033322 00UL137 3602 005F JMP NEWS
0333<4 032654 3604 35AC

4545 033326 005737 3606 0BDF ELPOSS TST ELSECH
u33350 055342 3608 SAE2

4546 0353332 001451 S6DA 0329 BEQ CEND2

4547 033334 Cl3707 Souc 170F MOV L»GSAVL
0338236 053324 SOUE 5604
0333540 059354 3610 SAEC

4548  03I342 013737 Joc2 170F MOV SL»GSAVSL ,
033344 093326 Sl 5606 ‘ )

033340 0559356 3616 SALE 3



4549 03330 005237 3618 OA9F INC FORPER

035352 055332 36EA S60A
4550 032354 COU00L 36cC . 0004 10T
4551 033356 00u040 3oEE 0020 DCB E' '»PDRST8~LADTAB
035337 000010 36EF 0008
4552 035300  0001US 36F0 - 0045 DCB E'E'sPDRSTE-LADTAB
633361 000010 . 36F1 0008
4553  0333v2 000114 36F2 004cC DCB E*'L'+PDRST8-LADTAB
033363 00U010 S56F3 0608
4S54 (33364 000123 36 0053 . DCB E'S*+PDRSTB-LADTAB
053305 000010 56F5 0008 :
4555 033306  CO0ULLS 30F6 00us DCB E'E'+PDRSTB=LADTAB
U33307  00GNLD 36F7 0008
BSLE 055370 000040 3668 0020 DCB E' ':PDRSTE~LADTAB
035371 000010 3659 0008
4557 054372 000072 S6FA 003A DCH E*:
4558 058374 062706 36FC 65C6 ADD =2/R6
053376  0000V2 36FE 0002
4500 * JSUBR PCrRESTS8
4560 * RTS PC BACK TO IF LEVEL
4501 0334U0 013737 3700 170F RESTB8 MOV GSAVLL
033402  US5354 5702 SAEC
033404 053324 3704 5604
4502 033406 013737 3706 170F MOV GSAVSL»SL
033410 055356 5708 SAEE :
033412 053326 370A 5606
4553 * JSUBR PCrGETK
4504 ' * RTS PC
4505 (33414 000137 379C 005K JMP GETK
0334156 015106 570E 1A46
45co 053420 3710 COSUB DSH 0
4507 033420 0000U3 3710 0003 DEBUG STL SUBR
4568 033422 177730 3712 FFD8 DCH CHDBEX
4509 033524 (13737 3714 170F MOV SL¢SLKP1
U334co 053326 5716 5606 v
035430 055300 3716 5AF0
4570 058432 0052457 371A CAYF INC SL
003434 053326 371C 5606
4571 033436 00LTST 37iE 0SDF : JSR PCrMOSTAT
033440 033460 3720 3730
4572 083442 013702 3722 17¢2 MOV SLKP1r,R2
033444 055350 3724 SAFO
4573 usd44e 113712 3726 97CA MOVB STYPE' (R2)
033450 155306 3728 5456 -
4574 035452 0000U3 3724 0003 DEBUG STL SUBR
4575 033654 177751 372C FFU9 DCH CHDIEX
4576 033456 ©0u207 3725 0087 CEND2 RTS PC
4577 033400 (13737 5750  17CF MOSTAT MOV L»SAVL
053402 05354 3732 5604
035404 UHH3I02 3754 SAF2
4578  UL34ub 013757 | 3756 170F MOV SLrSAVSL
033470  US5326 3738 5606
053472 USS30b 3737 SAF4
4579 033474 005057 373C ONALF CLR STOPER
UB0476 055246 373€ SKEG
4540 * COULD USE *COM's GET OVER *C EQ 2' PROBLEM
4581 0633560 022700 3740 25C0 CMP ZEfC' /RO
V33502 000103 3742 0043
4512 U335u4  0UL023 3744 0212 AME C1C

B583 033500 104054 746 882C EMT VC0024=EMTTBL



4584

4585
4546
4507
4566

4549
45990

T 4591
4592
T 4593

459

4595
4590
4597
4599

4599
4600

4601
46Uu2

46U
$6UY

4607

4503
460u9

4010
4611

4612
4613
4614
4615

4610
4617
4618
4519
4620

033510
033512
033514
033516
035%10
US9520
ud3be2
033544
033526
03535350
055552
VH3554
05830306
03352%0
0353543
003542
033044
053546
053500
Q033502
Ud3b5o4

CO3BLG
Uo3buvo

033560

035502
033503
Go3504
035509
Ud3H00
J3dboT
025570
025572
US3574
035576
03.’)()uU
Uddoie
033ouy
V3sbub
032010
032012
Csd614
033016
03560
vodouw
0325023
udlo6eh
03365
03366
o567
033630
035032
033652
Uod0d4
U35030
US3540
030642
Udo044
0dZo44
023656

022700
000G0u40
001010

104054
022700
oui072
001374
01z707
00udnd
055306
000207

613737
055362
05334
010737
055304
0535326
104072

009237
055332
vouluy
009107
gouole
U0Vii7,
o0Loly
000040
000014
ouga’e
012757
006341
uv5306
013757
053324
05552
0135757
053326
055304
UL257
053332
v0G00G
00cles
nY0016
gou117
000010
000040
0GuLlo
000u7

1040%6
2700
uGuc7d
Q0i4ul
uos2u7

104406
013737

3748
374A
374C
3T4E
374E
3750
3792
A754
3756
5758
370A
375C
ATHE
3T5E
3700

d7we

37ul
3766
3706
ITELA
370C

37¢C
ST0E
3770
3712
3773
3774
3775
3776
3777
3778
37T7h
377C
I77E
3730
3702
2784
37¢5
SToud
376A
576C
S70C
3720
379&
3793
3794
3795
3790
37197
3798
379N
3 7 9 f\
379C
3TCE
3710
3Th2
3784
37AL
3746

25¢9

06020
G208

882C

25¢0
003A
02FC
150F
00EE

SAFb

0087

170F
SAF2
5604
170F
SAFL
5606
883A

CASF
SADA
(VIVIVE
0947
000A
CO4F
0o0C
0020
[
003A
150DF
001
SAF6
170F
5604
SAF2
170F
56006
SAFL
OAGF
S560A

0004 -

0054
0u0E
004F
000E
0020
000K
003A

882E
25C0
003
0301
0037

8305
170F

cmp
BNE
C1lA2
EMT

Ch2

BNE
MOV

RTS

ZE' 'eRO

cis

PSH 0
VCO024=EMTTBL
SECIRO

Cla2
ZX'EE'STYPE

PC

CiB DSH O

MOV

MoV

EMT

SAVL L
SAVSL»SL

VCO033-EMTTBL

C1C DSH O
*' SEF IF 6O

INC

FORPER

10T -

DCB
ocB
DCa
OCH
MOV

MOV

MOV

INC

I0T
oCB

Dcy
ocs
DCH

E'G'rPDALLI-LADTAD
E'O' P PLEXX=LADTAB
E* '+PDEXX-LADTAB
Eree

=XTEL'FSTYPE
LeSAVL.

SL»SAVSL

FORPER

E'T'+PDSHGO-LADTAB
E'0'»PDSHGO-LADTAB
E' *+PDSHGO-LADTAB
AFK

SH2JUKL DSH O

EMT

VCO025~EMTTBL

SH3 CMP zZE'? 'K

BEQ STSKNB

MHDBRG RTS PC
STSKNB DSH 0

TRAP VBU011=TROTHL
SHGO MOV SAVLeL



4621

4622
4623
4624

46295
4626

Loz

4628

4629

4650

G63]
452

46335
4604
4635
4636

4657
LH08

4639
4640
4641
4642
4643
4644
SO45
Lo4o
4647
46408
464G
4650

4651

+ELH2

4653
4654

4655
4656
4057
4656
46559
4660
4H0l
4ool

053650
055652
U33654
LT36L6
035600
y33oob2
023504
U33%6ub
U33670

033672

0ds674
3907H
V32676
083077
33700
V337ul
Vas7u2
0233703
035704
0337u5
0337u6
053710
083712
035714
033716
053716
033720
035722
053724
035726
633750
003732
033754
033756
0&3740
033742
053744
UL33746
0353750
033752
033704
U3s756
053700
Uo3702
033702
033764
U33706
033770
033772
033774
33776
034000
034002
G3400%n
024004
Q34096
034010
Qi4012
024014
034016

055362
053324
013757
055304
0533526
104072
000762
005257
ub33%2
0000UH
Olulel
000uU20
Q0ulsl
00udz2
uoi1en
00U014
00G1luS
uuouoLlL
Uy00040
CUuL1lG
u00072
012737
000343
055306

000093
000241
02e7357
000342
055306
U01043
022700
gau047
001040
0uG0d3
177772
104104
60uJu3
1776067
000003
177772
0000La
000254

022790
000054
g01002
104054

00G7H3

005737
055346
uoxr720
000714

104054
1040%6
000UGS
vi0U3n5
022700
0euoLy

37h8

S3TAA

37AC
3TAL
3730
3782
3764
3756
3708
37d8A
37:C
378D
3Tk
STUF
37C0
37C1L
37C2
37C3
37C4H

. 97CH

37C6
37C86
37CA
37CC
37CE
37CE
3700
3702
3704
3706
3708
STUA
370C
STOE
370

s7Le

RYF=
3756
078
A7A
37¢C
STt
37F0
37F2
37F2
2T7F4
37Fb
37F8
37FA
37FC
37FE
3800
3802
38ou
3604

3400
3805

J6UA
386C
380E

SAF2

5604

170F
SAFYL
5506
883A
01F2
GAQF
560A
00G4
0054
0010
0059
0012
0050
eooc
0045
0ooc
0020
000C
003A
15DF
00€E3
5AF6

0003
00A1
25DF
00E2
SAF6
0223
25C0
0027
0220
0003
FFFA
6874
6003
FFYF
0003
FFFB
6003

0CAC -

25C0
002C
0202
882C
01leB
0BOF
SAES
0300
g1ccC

882C
BE2E
0003
00F5
25C0
002¢

Mov

EMT VCOO033~EMTTBL

SAVSL,SL

BR SH2JKL
All INC FORPER

10T
DCB

DeCB
DeCB
DCB
DCB

DCH
MOV

E'T*,PDBLl1-LADTAB

E'Y*'»PDJLI-LADTAB

E'P'PDEXX~LADTAB

E'ETPDEXX-LADTAB

E' '+PDEXX~LADTAB

Eree

SX'E3'STYPE

HBACCH DSH 0
DEBUG STL SUBR

DCH
HB1A

BNE
cpP

BNE

X*'00AL"

CMP =X'E2' ¢ STYPE

HB2C
047K

HB2C

DEBUG ‘

DCH

EMT VCO101-EMTTBL

CHFAEX

DEBYUG

DCH

CHIFEX

DEBUG

DCH

CHFBEX

DEBUG STL SU3R

OCH

X*Q0AC"

HB3 DSH O

CMP

BMNE

EMT VC0024-EMTTBL

SEte'eK

MMDCCT

BF HB1A
MNDCC7 TST STOPER

BEQ

MNDBE6

BR SH3

HRAL

EMT vC0024-gEMTTBL
EMT VvC0025=EMTTBL

OSH O

DEBUG  STL SUBR

DCH
CMP

XY00F5"
ZETr 9RO

SEE IF ACCEPT

SEE IF GQUOTE



4603 034020 001311 3810 0a2co BNE STSKNB

4eolh 034022 104054 3812 8s82c EMT VC0024=-EMTTBL
4605 034024 1040%6 3814 882E EMT VCO0025=-EMTTBL’
4666 034026 022700 3616 25C0 CHMP =0'135',R0O _CLOSING SQUARE BRACKET
034930 000135 3818 005D ’
4607  G34Us2 001304 331A - 02C4 BNE STSKNB
4668 034034 104054 381C &82C ’ EMT VCO024-EMTTUL
T 4609 034036 000751 ¢ 331E 01t9 BR HB3
4670 034040 022757 3820 250F HR2C CMP =X'E2'»STYPE SEE IF ACCEPT
: 034042 000342 3822 .00E2 ' : : )
034044 055306 3824 SAF6 :
. 4671 034046 001420 3826 0310 BEQ HB2 .
4672 (24050 (022700 3328 25¢c0 CMP =0'133',R0
: 054052 U0U133 382A 0058 ; e o :
S B673 034054 001753 3a2C 03ER © BEQ HBAL CPENING SQUARE BRACKET
C 4874 L34056 104070 282E 8838 - EMT VCOO032=-EMTTBL
4675 - 034000 V00003 3830 0003 . : DEBUG STL SUBR -
4676 U34062 000254 3832 00nC © DCH X'00AC?
4677 034004 005701, 3834 osc1 . TST R1 ) ‘
4676 0U340ob 001335 3836 020D . BNE HB3 LOGICAL OR STRING
4679 % ONLY ARITH LEFY
4680 234070 022760 3833 25C0 CMP ZET'X' K ;
: © 034072 QUUL140 383A 0058 : :
4651 US4074 Q014U3 382C - 0303 BEQ HBS
4602 Q34076 022740 383E 25C0U CMP ZE*C'+K
034100 060103 3840 0043 - .
S 4663 0341u2 001327 3842 207 BNE HB3
Yould 054104 3544 HBS DSH O
YO0 0o4104 106054, RREL 8u2c ) EMT VCO024-EMTTBL
4o Uo4luu  00Uu7lH 240 010 BR HBS
GOLT UBHLLY GR227U0 T 4due8 . 25C0 HB2 CMP ZE'B'sK
034112 000i02 384A 0042 :
4668  G34llt 001006 284C 0206 BNE HB2A
4609 034116 000003 384E 6003 DEBUG STL SUBR ° : :
4690 084120 177711 3550 " FFC9 DCH CHCYEX INDICATE LOGICAL VARIABLE ACCEPT OP.
4691  U341z2 3652 . . HB2B DSH 0 .
46U  Ud4122 1U41lod 3852 8876 EMT VC0102-EMTTBL
4693 034124 3354 HB20D2 DSH 0
4694  U341z4% 000003 3854 0003 DEBUG  STL SUBR
4695 034lze  L77713 3256 FFCB DCH CHCBEX
4696 0341050 000714 3858 o1cce BR HBE3 :
4697 0341582 3554 HR2A DSH 0O ‘ .
G69e 034132 022700 389A 25C0 CMP =E'H'»K
034104 000110 385C 0C4b
4699 U341s6 U01403 325E 0303 . BEQ 1B2D
470 034140 00U0U3 3800 0003 DELUG STL SUBR
4701 034142 006312 3802 0NCA DCH X'00CA' * INDICATE ARITH VARIABLE
47y2 038144 000766 3804 01F6 ~ BR HB23 , )
4703 0341l4%6 000063 36866 0003 HB2D DEBUG
4704 034150 wUUG3L0 3808 oocs CCH Xro00cat ,
4705 034152 104054 . 386A . 8B2C EMT VCO024-EMTTBL : STORE THE 'H!
4706 V34154 104000 380C 86830 EMT VCO027-EMTTBL ‘
4707 054156 001001 3860E 0201 BNE HB2D1
4708 U3blo0 104054 387U 682C EMT VCO024=-EMTTBL
470Y  0SL162 022700 3572 25C0 HB2D1 CMP =E*(*/K
0o4lo4 000050 3874 vozs.
4710 034loe 001356 3876 02EE BNE HB2D2
471} 034170 4000UL3 33878 0003 DEBUG
H712 04172 1777ul S87A FFC1 DCH CHC1EX

G713 034174  1040bL% 387C 812c EMT VCOU2u4-EMTTHL



4714
4715

4716
4717
4718
4719
4720
4721
4722
4723
4724
LTeYH
4726

4727

4728

4729

4750
4731

L4752
4755
4To4
4755
4756

4727
4738
4729
4740
4741
4742
4743
Q744
4745
4746
4747
4748

4749

V34176
054200
0342u2
vot2ul
0342u6
034210
034212
ud4212
QL2
Uo4216
034220
0ou2ec2
uadg222
036224
Udh2esH
V34220
ushea
Ud425U
0d4221
uau2s2
034253
USTRARTT
Vau235
UI4256
G34257
Jlu240
Q34242
0d4zuy
udu246
024250
V34250
uaaegsnha
034252
034254
034255
0342095
034257
034200
034201
Vo202
034203
0o4204%
034206
054270
ud4272
La4274
0342706
034300
0o4302
034304
U343vo
034310
034312
U34314
034315
0A4316
04317
ud4320
oo 3del
Gou322

104056
06227u0
00u0bLL
oula2l7
104054
006745

005747
053340
001415
00000Y
000101
0000z
000103
vouuls
Quulud
Juouoly
UUU1UsS
00¢0oLy
0dula0
000014
goglzu
00000
ouoouo
00000
000072
Glz757
Gdudy2
055306

gouse2

0000uL
000123
000J26
g0glay
000050
00uil7
voG014
0tuleo
gncule
Jogo7e
012737
000343
055306
(22700
000040
001144
104054
005237
055346
006757
0000uLY
00u131
QuGCee
00115
U001y
sgulive
Q00G14H
000117

387€
3850
3842
38484
3840
3868
S388A
388A
J8sC
386K
3890
3892
3893
3804
LY )
5896
3597
2896
3899
SEYA
5890
33¢C
3890
e IE
2897
JBA0
33A2
ABAG
S8A0
3878
38A8
38AA
38AA
38AC
38A0
SGAL
SBAF
360
RYTERS
Sdue
3853
3804
3516
388
38uA
38uC
ek
3aC0
3gca
o6CH
38Co
38C8
IBCA
36CC
36CD
SuCE
38CF
3800
SLul

L38ue

882K
25C0
0029
028F
882C
ClES

08DF
56E0
030D
0004
0041
0014
0043
000cC
0043
6oucC
0045
0nocC
0050
0oocC
GOH4
C030
0020
0050
003
150F
002
SAFb

0192

0004
0053
0016
0054
0018
004F
6oocC
0050
6aoc
GO2A
150F
00E3
S5AF6
25C0
0020
0264
882C
0ASF
SAE6
O1EF
0004
0059
0032
004D
000c
0042
Co0GC

004F

EMT VC0025-EMTTRL AREX
CMP ZE') 'K N
BNE STSKNR

EMT VCO024=CMTTBLL

BR HR2D2
B11 DSH 0

TST MAJMOD

REQ C11

10T

DCB E'A'»PDC11-LADTARB

DCB E*tC? 1 PDEXX=LADTAR

DCH E'Ct rPDEXX~LADTAL

DCB E'E? rPDEXX=LADTAB

DCB E'P'rPDEXX-LADTAB

DCB E'T*rPDSTSC~LADTAB

DCB E' *1PDSTSC~-LADTAB

DCH E*:*

MOV =X'E2'rSTYPE
PIGGY DSH 0

RR HBACCH
C11 DSH 0

10T

DCB E'S'»PDD11-LADTAB

DCB E'T'+PDELL-_ADTAB IF
DCB E'0* 1 POEXX=LADTAB

DCB E'P'+PDEXX=LADTAB

DCH E's®

MOV =X'E3'sSTYPE

CMP =E* 1K 1S 1T A SPACE
BNE E£13 CANNOT BE t3 ¢
EMT VC0024=EMTTBL

INC STOPER

BR PIGGY
E11 IOT

DCG E'Y'rPDSUSZ-LADTAB

DCB E*M*sPDEXX-LADTAB

DCB E'B'»PDEXX=LADTAS

DC3 E'0'» PDEXX~LADTAR

IF NOT

NOT

15T

*S' GO TO D11

GO TO E11



4752
4753
4704
Q70L5

4756
YEYS
4758
4759
4700
4701
4702
4703
4764
4765
4766
4767
4708
4709
4770
4771
Q772
4773
4774
4779
4776

4777
4778
4779
4700
4701
4782
763
4784
47865
4786

4787

34323
034324
034325
u343cb
034227
Jud30
(VMNP
Ca4504
V4350
US4 540
Cluduz
036242
056544
024340
034350
Ui43b2
034353
034354
034305
034356
034357
034300
0243501
034202
0o4503
034504
034305
0343006
034370
0ou372
034372
054374
0343575
U437
034377
034400
034t el
034402
gobtuy
0344yb
354410
Ga44l2
034414
094410
054420
Q34422
034424
Lauy2s6
035450
Qoustse
034424
Uod4d0
U3u44uo
034441
024442
U3uL43
yauhiy
034440
goiletio
voun?

000014
00C1i4
000U0L0
0006123
000L0L0
guuo7a

QLE757 -

DU03LY
UHL 206
guu2u?

Guo737
093340
0011357
gsuous
600125
UG00L4
00ule3
0uuoLs
0601z0
00uUUlY
00ulus
000014
QCullis
000Ul
QOulus
0006060
uuu072
000700

000004
udvliz2
000952
Q0C1leS
000004
ooulie
00001
gouc72
012757
060346
052306
022700
go0co72
001475
022700
00uU040
001472
gou5u7
0UL737
053340
001051
006004
00u 105
GoudlLs
g0ul123
coOuUly
u001ub
U0ullh
QuUlel
wiu0iu

3803

3804
3305
3806
3807
Sl
JLUA

S deuc

Juul
StLU

dsre .

30ER2
35tk
33c6
338
3BEA
38cH
35EC
SUED
38EE
38LF
38F0
36F1
38F2
38F3
S8FY4
3655
38F6
36FS
36FA
SBFA
38FC
305D
38FE
3FF
3900
3901
3902
Sguh
3906
3903
3904
390C
390E
3910
3912
3914

391o -

3918
J391A
391C
391E
39¢40
3921
3922
3€23
3924
5925
3926
3927

0600C
oouc
0030
0053
00306
003A
150F
(e
SAFG
oous?

OBOF
S56E0
025F
0go4
0G55
000C
0053
000C
C050
000C
0045
000C
004E
0020
co4u
0030
003A
01FC

0004
0052
001A
0055
0601C
00UE
¢0gGC
CO2A
150F
00ED
S5AF6
25C0
003A
035D
25C0
6920
033A
0147
GBUF
S6E0
0229
o004
0nus
soouc
G053
coo0cC

0604Y%
600C

054

goocC

DCB
DCB

NCH

E'L*rPDSTSC~LADTAB
E'St»PDSTSC~LADVAB

Erae .

£12 MOV =X'EC'»STYPE

MHOBAT KTS PC

SUSZ
TST

BNE
I0T
DCB
DoCB
oCB
0CB
DCu
DCB

DCH

DSH O
MAJUMOD

H11EXX

E'U' » PDEXX=LADTAB
E1S*'»PDEXX=-LADTAB
E*P*»PDEXX=LADTAB
E'E' 1 PDEXX~LADTAB
E*N'»PDSTSC-LADTAB
E'D'PDSTSC-LADTAB
Eree

BR E12
D11 DSH O

I0T
oCB

DCB
DCB
DCH
MoV
cMp

BEQ
cMpP

BEG

E*R*»PDG11-LADTAB
EtU'»PDD51~-LADTAB
E*N'PDEXX-LADTAB
AR

=X'E67 v STYPE
ZE*I'»RO

E13
=E? '»RO

E13

BR H11EXX
D51 T=T MAJIMOD

BNE
I0T
DeB
DCB

ocB

DS1AAA
E*E® +PDEXX-LADTAB
E*S*+PDEXX~LADTAB

ETE* rPDEXX-LADTASB

DCB EfTTrPDEXX-LADTAB



47058 034450 000023 3928 0013 . DCB 0'023'»PDSTRT~LADTAB

034451 Q00U40 3929 0020

4789 034452 (000031 392A 0019 ‘ DCB 0'031'PDSTRT-LADTAB
034453 000040 3928 0020

4790 034454 000023 392C 0013 DCB 0'023'PDSTRT-LADTAB
024455 000040 392D 0020

4791 024456 Q00072 39E 0G3A DCH E*:?

4792 054400 (12707 39350 150F MOV =X'E6'+STYPE
034to2 0OCU346 3902 0CE6
0o44p04 0EH3056 3954 SAF6

4793 034406 0Qla7s7 3936 150F ©OMOV =20A
Uokl470 00ulbUL2 35938 0002
034472 052640 3934 5590

4794 CaL4T74 Q12757 395¢C 150F D51BCD MOV =#4.SAVE
V34476  00U00Y4 390k 0004
Gousulb  USS4u0 3960 5700

4795 054502 022700 2942 25C0 CMP =E* 'R0
034504 0Qu0ou0 3944 00290

4796  0345u6 01022 3946 g212 . BNE D51STR

4797 034510 1064054 3948 © 882C EMT VCO0024~EMTTBL

4798 034512 Q2u027 394A 2017 DS1ABC CMP RO+=E'H?
034014 u0u130 394C 0048

4799 034516 104416 394E 810E BMI D51STR

4300 ysud20  V2e7uo0 39950 25C0 CMP ZE'W'sRQO
Qo45e2  C0uie? 5952 0057

L8ul Yiubz4 100413 3954 £1938 : BMI D51STR

4802 254526 1U40b4 3996 832C EMT vC0024=-EMTTBL

4303 034550 005357 3953 . . OADF DEC SAVE
C34532 ub3uwul SYHA 5700

4304  0o4554 001366 3asC 02F6 BMNE D51ABC

48U5 V34556 005347 395E OADF DEC A
034540 052620 3960 5820

480c  Qoubu2 001354 3962 02EC ONE DS18CD

4307 Qa4544 022700 390l 25CG CMP ZE'I'/RO
034546 o0uoG72 3906 CO3A

4808 03453U 0010U1 3908 0201 BNE DS1STR

43U9  Qo4bbe Yluao? 390A w087 - RTS pPC .

4810 024554 000137 3%0C 0G5F DS1STR JMP SGTRT
034596 SHdol SS9t 3334

4811 034500 005757 2970 CBOF DS1AAA TST MAUMOD
034502 053340 3972 S6ED

4812 034504 GUILL0 3974 0318 © BEQ HI1EXX

4313 0345060 00UOUYL 3976 G004 07T

4814 0s4570 U0ULGS 3978 0045 DCB E'E'PDEXX-LADTAB
034571 000014 3973 coocC

4815 034572 00Ule4 397A 0054 DCB E'T*'+PDEXX-LADTAB
054573 000014 3976 600C

4816 034574 00015 397C 0055 DCB E'U’ rPDEXX=LADTAB °
034575 puGlOae 3970 000C :

4817 Qous76 ulolee S97E 0052 - DCB E'R'+PDEXX-LADTAB
034577 00004i4 397F 0a0c¢C .

4818 0o400Y (OULLi6 39430 004E DCB E'N'sPDSTSC~LADTAB
054601 0000CC 39%s1 0030

4819 03uobu2 000072 3952 003A DCH E'3!

4820 054604 0127357 39854 150F MOV =X'ES*»STYPE
Usteu6  v003u5 3986 00ES
034610 055306 3948 S5AFS

48zl Q3%o0l12 393A : £13 DSH 0

4822 034012 000157 394A 00SF JMP SH3

034614 033054 398C 379C



4823

4824
4325
4326
4827

VQSZ&
5829
4850
4831

4852
4353

4854

48535
4830

4837
4828

48359

4840
4841

4542
4843

4844
IR

4846
4oLy

LgLe
4849
4850

4851
4852
4853

4354
4855

4350
4357
4858
4829
4800
4801
480z

G34616
034616

034616
03420
034621
goube
034623
us4els
034625
L34oed

054627

U34630
Qi40dl
[VINETIN
[FRTYSNT
LAILLIO
UI40H4U
0340k
V34644
034646
034646
034650
Qo4bL2
0o40Lb4
03865
Uo4050
Ud4657
034600
V34002
O0o4oo0l
Ud4600
034670
uate72
QaU67h
0346756
V34700
03n792
034704
024706
034710
034712
034714
U34716
034720
0347e2
034724
034726
054750
054742
034724
034736
034740
034742
Q34742
054744
054744
034746
0347450
034752

000004
[(ISIVB V)
000042
0600101
U0G60o06
0006114
000014
000114
00001y
Quuus0

uoulLly

Quuv72
ul12737
000344
05L366
000137
0330602

000137
035352
uooouY
guuleo
Q0uiuy
0%ulul
000046
060u0o72
0127457
000352
055306
104170
022700
ouvuo72
00156
022760
QOGI/2

001523
022700
00u040
Qui0i3
10U054

023700

052442
JU11b%6
1049054
022700
000040
901404
022700
000072
0015u5

1044yo

104054
000544
005737
053340

S98E
S98E
398¢&

3990
3991

. 3992 -

3993
3994
3995
3996
3997
3998
3399
399A

3949C

399K
39A0
39A2
39hL
39A6
39A6
IGA8
IS A
3GiC
SIAD
39AE
SYAF
3930
3942
394
3946
39u8
398A
394C
39K
39CO
392
T
39Co
39C6
39CA
39CC
39CE.
3900
39D2
3904
3906
39V8
390A
390C
390K
39L0
392
39t2
39

- 39g4

S9L0
398
JI9LA

0004
0043
0022
0041
0036
004C
000C
goscC
00ac
uo2o
6oocC
003A
150F
OUEY
SAF6
005F
379A

005F
SAEA
Q004
0050
00z4
0041
0026
003A
150F
00EA
SAF6
5678
25C0
003A
0356
25C0
60308

0253.

25C0
Gd20
0208
862C
27C0
5522
026E
88eC
25C0
0020
0304
25C0
003A
0345
8906
882C
Oloh

UBLF
56£0

G611l

GS1

*.
10
DC

ales
DC
ne
DC
e
MO
JIM

H11
JM

H11
o] o3

DC

DeC
H13

EM
CM

BE

M

RE
CM

BN
EM
M

BN
M

DSH 0

DSH 0 .
COULD DO AS IMMEDIAT
T
8 E'C'»PDHL1-LADTAB
B E*A'PDCLR=LADTAB
B E'L'PDEXX-LADTAB
B E'L'+PDEXX~LADTAB
B E' '+PDEXX~LADTAB
HOEYSS!

V SXYEL e STYPE

P SH2JKL

EXX DSH 0
P EXX

10T
B E'P' PDK11H=LADTAB

B E'A'rPDHS1~LADTAB
H E®'S!

MOV =X'EA'rSTYPE

T VCO103-EMTTBL

P ZE':'/RO

Q@ J13
TE'I'RO

Q J13
P =E* '»RO

E 4STSC
T VCO024-EMTTRBL

E: STORE RETURN ADDRESS AS ZERO

P PANEGeK . UP ARROW

E HH74C :
T VCOO24=-EMTTBL

CMP =E' '/K

REGQ HH74B
CMP ZE':%»K

BEQ J13
HSTSC DSH O
TRAP VBOO11-TRPTDBL

EM
BR
CLR

HH74033 DSH 0O

T VCOO24-EMTTBL
HH74C
TET MAJMOD



4863
480h4

4805
4866

4807
4868
L4809

4870
4671

4872

4873
4874

4875
4376
4877
4378
4879
4860

4861
48u2

4363
48304
4885
4846
4887
4886
4869
4890
4891
4392
4893

4894
+895
4896

4897
4898
4899
499¢C

Ua4754
034756
U3470Y
Uo470e2
034704
034765
V34706
034707
034770

034771

ud4772
0364773
usu774
034776
usu0ouLo
0355002
(250Ul
035000

T 035010

035012

oS04 -
1035016

03500
U350
089024
035026
UaH050
035002
[VISISTVIRTE
035000
0oL L40
05502
055044
005046
035047
35050
035051
035002

635003

035004
0350L5
J350bo
035697
035000
035001
055002
03503
035004
035006
035070
055072
035074
voblip
Ca510¢
035101
039102
0351u4
U351ub
035110
035111

001176
005257
050352
00ulul
000114
QU070
Voul0S
vouo14

00U1ul

(VIVIVIeR
001z2
0Gu01Yy
uuLe72
012707
000347
055306
022740
oovo72
001451
22700

00u0L0 .
001351
CL040%G

10410k
[IVISRR IS
177713
022700
QuLo72e
0GL%47
022700
0300LY
000705
0Cco0u4
U0u117
00udis
006116
g00014
00ulcH
gouolLYy
00Lisl
(VISReRsp )
006116
00GO1ly
00uleS
¢000is
v0165S
000014
Lo0072
012737
CUE355
055306
000207
gltuoul
gvulu2
uou0Le
000072
000666
yuooun
o0o01z2
000014

39CC
398
39r 0
39F 2
3974
39F5
39Fob
39F T
dursg
SYF9
S9FA
I9FD

. 39FC

S9FE

- 3AU0.
SAU2

3A04
3AUE

- 3AU8
- SAUA

3AVC
SAUL
3A10
3A12
SALY
3A16
3a18
SALA
3ALC
3ALE
3020
3n2e2
3IAzG
3AZo
AR27
3A28
3A29
DAZA
SA2rs
3Inec
JALD
JA2E
3AZF
AAS0
SASL
3RS2
3A33
SA3L
ZA36
2AS8
3ASA
SASC
SASE
3A40
3A41
Sa42
SALG
3A40
SA48
3h49

027F
0ASF
560DA
0004
0ouc
0038
0045
gouc
0041

-000C

0052

1 000C
S 003A

150F
JOE7

" S5AF6

25C0

0I3A
0331 -

25C0
§020
62E9
682C
8876
8003
FFCB
25C0
003A
0327
25C0
002C
C1F5
0004
004F
000C
004E
000C
0054
00QC
0049
60aC
004&4E
000C
C05Y
uouc
6045
00CC
003A
150F
00ED
S5AFE
0067
000u
0042
300C
003A
0106
00CGL
0052
goec

BME EXX
INC FORPER

I0T
DCB E'L"POCONT-LADTAB

DCB E'E?'»PDEXX-LADTAB
DCB E'A'»PDEXX=LADTAB
DCB E'R*'rPDEXX-LADTAB
OCH E':?

MOV =X'E7'+rSTYPE

CMP ZE':1iRO

. BEQ CLRTS |
cMP =E' '+RO
CLRD BNE HSTSC
EMT VCO024=EMTTBL
EMT VC0102=-EMTTBL
- DEBUG
DCH CHCBEX
CHMP =E':'(RO

BEQ CLRTS
CMP ZE':'»RO

8R CLRD

CONT 10T .
DCB E'0'+PDEXX-LADTAB
DCB E'N'rPDEXX-LADTAB
DCR E'T'+PDEXX=LADTAS
DCB E'I'»PDEXX=LADTAB
DCB E'N'+PDEXX-LADTAB
DCH E'UY r PDEXX-LADTAS
DCB E'E'rPDEXX~LADTAB
DCH E*31

MOV =XTED' r STYPE

RTS PC

- H51 IOT

DCB E'B'rPDEXX=LADTAB

DCH £
BR H13
J11 10T
DCB E*RY+PDEXX=LADTAB

GET NAME OF VARIABLE



49u1
49u2

49u3
45ub

49u5
4906

4947
4908
49u9
4910
4911
4912
49413
4914
49 5
4910
4917
491y
4919
4920
4921
L9z
4923
4924
. L9e5
L9z
4927
4928
4929
4900
4951
4952
4933
4904
4935
4936

4957

035112
U35113
035114
03911%
035116
Uds12u
yaole2
03%1icl
035120
udhblou
0351352
ua51o4
Udblob
U35140
gdblaz
udsiuz
UsH1i4e
055146
035150
3512
0ob 1Ll
035154
03H15%
U35100
Uo2lol
0d51le2
0obivd
G3olod
035100
035170
0635170
0obive
035173
035174
udhlis
Uasl70
035177
udb2uu

S 0%52u1

03s2u2
035203
035204
‘03v2ub
0352V0
045210
NoH2i2
03H214
03bcloe

1035220

u3s222
035224
03n224
035226
035227
LIL2350
035231
vivaae
0352353
625234
035255

000117

000014

uoo1lli6
00uds0
00ub72
012737
O0U353
055300
104170
022700
00u040
g010u7
104054
gousu7

004757
004532
Q42757
100000
05260

020207
QU0O0uY
000106
000014
youiud
ancule
ugeo72
GoOTok

Q0004
00010k
[RRVIVITASY-S
000LuS
0ou0LH
goulis
QU00Le
Uoui(s
00udLlY
Qo0uvicH
00u014
yloolilus
gouoLY
youo72

uiz2737

000351
055306
005237
055346
00u411l

000004
ogulls
g0uQLH
goutlil
Joulbe
00uled
000014
0001c4
00ouo14

SA4A
JA4H
3ALC
3A4D
SALGE
3A50
3AL2
SASH
3A56
JA58
3ALA
SALC
Shol
SAo2
3A02
3Aok
3A0D
3A08
SAGA
3AaC
SAOC
IN0E
3A70
SAT1
3AT2
3A73
SATH
3A76
SATH
SA78
JSATA
SATB
3AT7C
SATD
SATE
SATF
SAo0
SAbL1

3A82

IAB3
SAdL

C5A55

Jh30
SA38
SABA
SAsC
SALE
3A90
3AG2
3A94
3A94
3N96
IN9T
SAYL
SAYY
JAIA
3AYL
3A9C
3A9D

004F
g0ocC
Co4gE
0028
003A
150F
00LED
SAFS
£878
25C0
ccao
0207
382C
0127

09DF
095A
450F
8000
5590

0087
0004
0046
g0GuC
00ub
000C
003A
01lecC
0004

004y
002A

0045’

000C
004C
000C
yCus
0006C
GOSUY

000C -

0045

00ac.

003A
1SDF
00ES
5AF6
0A9F
5AE6

- 0109

0004
004C
6n2¢
0049
002F
0053
000C
0054
6oocC

DCG E'0'rPDEXX~LADTAB
DCB E'N'rPDJ51-LADTAB
DCH E* 3t
J12 MOV =X'EB'sSTYPE
EMT VCO103=EMTTBL
CMP =E! *9K
BNE J13 4
EMT VC0024=EMTTB
AR HHT4C
FABS DSH O
$4T JSR PCrVERRRI
BIC =X'8000'sA
CLRTS DSH 0
J13 RTS PC
Js1 107
DCB E'F'+PDEXX-LADTAB
DCB E'F*¢PDEXX-LADTAB
DCH Ev2?
BR J12
K11FGH DSH 0
10T
DCB E'D*rPOK112-LADTAB
DCB E'E' PDEXX-LADTAB
' DCB E'L'+PDEXX~LADTAB
DCB E'E'»PDEXX-LADTAB
_DCB E'T*+PDEXX-LADTAB
DCB E'E' rPDEXX-LADTAB
DCH Etir '
MOV =X'EQ?»STYPE
INC STOPER

BR K1lFGY

K11FGZ DSH O

I0T
DCB E'L'+PDN11-LADTAB

DCB E'I'rPDJI1A-LADTAB
‘DCB E'S' P PDEXX~LADTAB
DCB E'T?PDEXX=LADTAB



4958
4959

4940
4941
4942

4943
49uy
4945

L 94k
4947
4948
4949
4950
4951

4952
4903
4954

4355
43956
4957
43955
4959

4900
4901

4902
4903
4904
4905
4906
. 4907
4908
4909
43790

L4971

4972
4973

4974
4975
49706
4977
4378

4979

035256
035240
030242
035244
Qobedo
Cci5246
035250
vosbene
035254
V3v2Lbo
030200
0352v2
035204
U35206
055270
03%272
035274

1035276

03593u0
0ob3u2
055302
035304
0353u6
035310
03b312
025314
0505316
03530

Ebdz2
005324

T U3b3ueo

U35330
gobds2
035354

038356
035340

052342
035344
033406
035320
035302
035352
35354
U35356
055360
Lob3u2
035264
035306
655370
035372
0605374

055370
035%uY
0354u2
G354uL
u354u06
G3b41U
usbnli2

000072
012757
0Gu350

055306

104170
622790
000040
ouio1o0
1046054
022700
000054
Jy0i0uoe
QUUuO0Uu3
177763
104054
104050
000157
033774

104056
022700
000054
Yoid72
900003
177763
104054
02<¢700
cu0040
001704
022700
o072
001761
104056
U0u77

. 02z70C
900124

goigou2
104054
000656

013737
gHH302
Uss3z4
QL3757
055304
055326
104072
012757
COL340
U55306

000137
Ui4262
Ul0da7
0352620
004757
031144
vou737

3A9C
3AA0
OANZ
SAAG
3AAD
3AA6
SAA8
SAAA
3AAC
SAAE
A0
JAu2
SAUL
3AU6
3ABY8
JAUA
3nhoC
SAGE
SACO

SAC2

IAC2
3ACYH
3ACH
3ALS
3ACA
3ACC
SACE
3AU0
SAD2

s 3ADG

3AUD
3A08
3AUA
3AGC

" 3AUE

3AEO
SAE2
AL
SAL6
SAES
SALA
SACA
3ALC
SACE
SAFU

AB0A

C03A
150F
00L8
SAFH

8878
25C0
0020
0208
882C
25C0
002C
0206
0003
FFF3
gs2c
382€E
GOSF
37FC

882K
25C0
002C

. 02F

0003
FFF3
882C
25C0
0020

. 03F4

25C0
003A

03F1°
882g -

OlEF
25C0
3054
6202
882C
01AE

17CF
SAF2
5604
170F
SAFY
5606
883A

~ 15DF

00EuU
SAF6

005F
1882
L19F
55993
09DF
J264
090F

DCH E* 2!
MOV =X'E8'"/STYPE

K11FGY DSH O
EMT VCO103-EMTTBL
CMP =E' "¢K

BNE K13QWE
EMT VCO02u=-EMTTBL
HH74C CMP ZE'» 'K

BNE K12

DEBUG STL SUBR
DCH X*'FFF3!

EMT VC0024-=EMTTBL
EMT VCO0025-EMTTBL
K13QWE JMP MNDCC7

K12 DSH O
EMT VCO025-EMTTBL
CMP ZE'»'¢K

BNE K13GVE

DEBUG STL SUBR
DCH X'FFF3?

EMT VCOO024~EMTT3L
CMP =E* '/RO

BEQG K13QWE
CMP =E*'I'¢RO

BEQ K13QWE

EMT VC0025-EMTTOL -

"RR KI13GWE

"J1IA CMP =E'T'eK

BNE EXX
EMT VCOG24-EMTTBL
BR Ji1l )

‘N1l DSH ©

EXX MOV SAVL-L
MOV SAVSLeSL

EMT VCO033-EMTTBL
MOV =X'E0*STYPE

* JSUBR PC»GENEX

% RTS PC

JMP GENEX
TRAKK MOV Rb6rA

JSR PCeyNEWLIN

GET 1ST OPERAND

TRACE1 JSR PCeNEWLIN



49a7

4968
4949

4990
4991
4992
4993
4994
4995

4996
4997
4998
4999
5000
5Cul
5002

5003
SAuy

5005

50ub
5007

5008

5009

5010
51l

5012
5013

035414
035416
03%420
gds422
03bLey
035426
0355430
udbbse
035454
U2bu4so
035440
038442
UShHauy
[VRISTITYCY
035450
BoLusSe
0354504
U3db456
045400
[VIIe LTS Y
Udb4%04
Udo4o4
035%0b
G5H470
035472
USHLuT74
03b470
03555u0
03L502
go5v50u2
055504
035506
035210
gdvol2
020l
035516
03552

03552
03554
035520
03553U
035550
035552
035534
02550
0395540
035542
029546
035540
035550
050552
VOHOLY
Uoub5uLoH
gauovoU
05L5ue
0obboul
GabYhoo
045570
udvbL7e
U35574

031144
013704
152620
0047487
022704
U13701
052620
012104
010157
052620
004737
Ce27ol
025737
052020
0bz4%39
100757
0000u0
005757
177570
V010656

005737
052376
yul4yy
00u00U5
012757
077770
D5c422

013706
052430
Cluso7
0553236
012700
Gou00S
Q04757
031202
012737
0006120
0S34%00

005000
004737
031174
005337
052460
001372
012700
00U0L7
uoL757
31174
012707
000400
159372
vic7ul
Ohedol
gle/7us
vluol1?7
goL021
005300

330C
3BVE
38410
3ul2
Bly
3816
ais
3BH1A
381cC
SH1E
3320
322
324
336
2iiz8
SB2A
3i32C
3neE
B30
31332
3334
S5
du96
31388
SB3A
SB3C
3BIE
3840
dB42
w2
NI
dB546
3B48
SB4A
384C
384E
35350
3po2
Stoh
IB56
3358
31358
385A
3eLC
SUSE
ZBo0
302
S8LL
3p00
308
3P06A
droC
JBOE
3370
2372
Ar 74
SL76
Su78
SBRT7A
337C

3264

17C4
5590
09VF
25F4
17C1
5590
1444
105F
5590
090F
25F4
270F
5590
5518
6les
0009
03DF
FF78
0236

G3LF
SUrFgE
0304
0005
150F
T7FF8
5512

17¢Co
5518
119F
SADE
15C0
0005
09DF
32p2
150F
0050
5700

0AGO

09DF -

327C
OADF
57G0
02FA
15C0
0007
09DLF
327C
150F
0100
SAFA
15C1
5554
15C0
000F
OALl
OGACO

MoV
JSR
MoV

1MoV
MOV

JSR

cuMp

BMI

ArRY
PCrRESHEX
ArR1

(R1)+.RY4
R1zA

PCrRESHEX

A»STKTOP

TRACEL

HALT

TST
BNE

SWR
STRTF

SSTRT DSH O

TST

BEQ

SIMULA

SIMDIM

RESET

MOV

SXTTFFS) » SYMHI

SIMDIM DSH 0

MOV

MOV

MOV

JSR

MOV

STKTOP*rR6
R6 ¢ COLKNT
=0'005' RO
PCrHSPAAA

=80,SAVE

SIMXXX DSH 0

CLR
JSR

DEC

BNE
MOV

JSR

MOV

MOV

MoV

RO
PCrHSPSUB

SAVE

SIMXXX
=0'007'»R0O

PC+»HSPSUB

=X'0100*,STSEQ

=CRUDrR1 SET UP ADDRESS
=15¢R0 NUMBER OF WORDS

SSLOOP CLR (R1)+

beC

RO



5014
015
S0io
5017
5018
5019
56«u
501
20e2
503
S0cel
H0ed
50t
2027
5028
5029
5040

5001

50352
50563
2054

2035

5036
5037
50358
5059
5040

5041
5042

5043
5044

5045

5046

5047

035576

035600
0356u2
03%6u4
055600
035610
Q%5612
0shole
03b616
U35620
035622
035624
03b620
Ud56350
035602
035652
035604
U3Loso
U35640
025642
G366y
035646
0350600
Udbobe
03LOLVY
035606
35600
Udovon2
0i0504
035600
045070
U35672
035674
035676
035700
035702
035704
035746
635710
055712
035724
035716
U3db720
gas722
0595724

001375

10490356
012701
007324
1040e2
104016
013757
052424
052546
013757
0s52uz4
C5z402
005057
054554

012757
000061
052550
005057
052502
0137ub
054N
105056
01a7u0
QGLo76
104014
013706

052420 -

012737
054514
Uso+il
012757
054514
0524ub
012737
03L714
053206
012737
035640
055359
013706
052450
Q10657
05952
Ule737

3B7E

3080
82
B8

386

3008
3L0A
3348C
3ok
3090
3y
3394
3396
3398
389A
3UYA
389C
3B9E
3BA0
3'&;}}\2
3ent
2840
AL
SUAA
3BnaC
3E5E
23:0
3Ub'2
Spt4
3Bubd
3Bus
SBLA
3EsC
SBUE
313C0
3pc2
303Ch
36C6
33CH
SBCA
313CC
3i3CE
30300
3302
vt

02FD

881E
15C1
0ED4
812
8H80GE
170F
5514
5566
170F
5514
5532
O0ALlF
556C

15DF
C031
55638
OALF
55162
17Ce6
551
831E
15C0
003E
880cC
1786
5518
150F
594C
5704
150F
594C
5706
150F
snce
56CH
150F
33A0
SADS8
17Ce6
5518
1197
H55A
150F

XX R K F X K F X X KX X K O R

BNE SSLOOP .
CLR (R1}+ CRUD

CLR (R1)+ PAROP

CLR (R1)+ TRACE

CLR (R11+ SLLTR

CLR (R1)+ GLTTR

CLR (R1)+ LSTERR

CLR (R1)+ PREVAD

CLR (RL)+ SPECTF

CLR (R1)+ PREVCH

CLR (R1l+ OPTION !
CLR (R1)+ WUNMOR : : '
CLR {R1)+ ASYIND

CLR (R1)+ ASYIND+2

CLR (R1)+ £SYIND+4

CLR (R1)+ MODE2A

EMT VCO016=-EMTTBL
MOV =HEADYrR1

EMT VCO0010-EMTTRL

EMT VCOOO8-EMTTHL -
MOV STORLO+*STPTR

MOV STGRLOrSYMLO

DROP CLR RETADR NO RETURN ADDRESS
STRTFP DSH 0O

MOV =E'1',STATE
STRTF CLR OPTION

MOV STKTOP»RE

EMT VCOO016=-EMTTL
MOV ZE*'> RO

EMT VCOO07-EMTTOL -
STRTF2 MOV STKTOP:R6

MOV =INPUTrINPAL SET POINTER TO BUFFER? NO STORED STRING
MOV =INPUT»INPBIL ALL CHARACTERS TO BE TYPED
MOV =RESTRZrALT2A STSC RESTART

MOV =STRTF«ALT3A ABORT RESTART’

RESTRZ MCV STKTOPrR6
MOV Rb&¢ TYSMRH SAVE REG 6

MOV =LOOKLNeTYSAM |



035726 037040 3006 3E20

© 035730 053310 3308 56C8 . .
5052 . C35732 104172 SBUA 887A EMT. VCO105-EMTTBL
50953 035734 010087 3BuC © 101F MOV ROrASYRO
, 035756 055352 330E SAEA
5054 035740 104014 360 880C o EMT VCO007-EMTTSL
S H0b5  03H742 104036 3E2 881¢€ EMT VC0016~=ZMTTBL
50%0 035744 Q12737 . 3ucl 150F MOV =63:SKPLF SKIP THE NEXT LINE FEED
039746 . QUUOTT. 386  003F . ' .
039750 055440 JBLS 5820
5057 030702 013703 3BEA 17C3 LPEA2 MOV QUTrR3
035754 055370 3BeC 5AF8 ‘
5098 035796 006303 3bEE . 0CC3 ASL R3 DOYALE
5059 035700 0163067 3Lr0 1cCc7 MOV JTBL{R3) ,PC
035702 03%7ol4 3LF2 T 3BFU .
5000 0ILTo4  U36176 3BEYL 3C7E JTEL DCH SUBVID 0 = 60 BACK TO STORED PROGRAM
500l 025706 (036646 3BEO 3D9E DCH AMCOL2 1 - IMMEDIATE STATEMENT
502 03770 036610 3378 2068 DCH DELSTM 2 - DELETE STATEMENT
9003 035772 036616+ 3BFA 3DBE DCH DELNUM 3 = CHANGE STATEMENT NUMBER
5004 035774 036426 3GFC 3D16 NCH FUULIN- 4 - FULL LINE TO BE STORED
5005 $3L776  0300U0 SUFE 3C00 DCH COL1NM 5 = REQUEST FOR POSITION
A AR K A Ak R R K 4 K K NOR A A KOk OK KR K KO kK K R K K A 3R R K K ok oK K K K
5208 037040 3E£20 LOOKLN DSH O
5269 037040 005037 5E20 0ALF CLR 0ouUT CLEAR RESULT WORD
037642 055370 dee22 5AF8
5270 057044 005047 L2 0hlc CLR CRUD
037046 0%z4ol4 2226 5534
5271 G27020  uLb037 3E28 0ALF . CI.R ASYDIG
037052 055350 SLeA SAES
H272 03704 012737 3e2C 15DF MOV =IMNPUTL
037056  USL51Y SE2E 594C
037000 0HI3<H 3E30 56054
5273 U37%02 012757 3ILd2 150F : MOV =OQUTPUT»SL
0870084 Q%3410 3E54 5708
U37006 053326 3E6 5606
9274 037070 104004 LE38 8834 EMT VCOO030-EMTTRL
5275 057072 422700 3ESA 25C0 CHMP =0'077' /RO
037074 GOLCT7 SEZC 0D 3F
5270 (37070 001017 JESE G20F BNE COLOO
5277  U371u0 008757 SEH0 030OF TST RETADR
U371u2  uLasbh 3Eu2 556C
5278 USTLu4 QU145 3e84y 0315 OEQ SSTTSC
5279 (037106 0UU555 340 0160 _ 8R 2575
5260 037110 0065037 3EL8 GALF AMCOL1 CLR MAJMOD
037112 (153340 SEGA 56E0
5251 UdT1L4 Ulz787 3E4C 150F MOV =INPUT+1.L
037116 u5S%8515 SELE 5940
037120 055324 3ESHO 5604
5282 UdTl22 Qle7o7 3En2 150F MOV =QUTPUTSL.
0371c4 053410 S5 5708 .
037126 053326 3EH6 5506
S263 037130 104072 3EH8 ‘B33A EMT VCO033-EMTTRL
5204 (037152 104206 3ESA 8886 EMT VCO113-EMTTBL
S2u65% 037194 (000552 3ESC 016A BR Z1Z1
5266 0271306 SESE COLOO DSH ¢
5207 037136 ‘ SESE ASYNXZ DSH O
5206 057120 022700 3ELE 25C0 CMP ZE*:'/RO
037140 wOLOT72 JELO 003A
-5289  0L7142 001007 sEG2 0207 BNE MABEL

H290 V37144 005757 . JE64 0BOF _TST LSTERR



5291
5292
5293

5294
5295
5296
5297

5298
5299

037146

27150
0637152
05712
0371%4%
057156
U371o0V
3710y
037162
037104
037106
7170
037172
Ud7174
ud71l76
Uu72060
06372u2

T U372u4%

037206
037210
037212
uad7214%
037210
Ud721o0
05720
057220
o722
027224
0372¢o
057220
037230
3732
Ud7234
037206
037240
037242
037244
37246
057250
037252
037204
37256
037200
037202
037204
037206
037270
037272
037274
037276
037300
037342
037314
0373ud
027310
vtaidlie
V37516
07310
037320
g37se2

052476
001146

00L757
052554
001143

104496
022700
000073
001771
012737
00ud77
053340
G227060
00004C
0016y
0zz700
000000
001737
104032
001335

104054

104052
001332
104004

104032
001327
154054
022700
000040
001323
104054
022700
00u072
001511
022700

000032

001011
u0b50357

055014

0053357
058324
U053437
055404
004737
027174
gou4el
022700
000040
001dLh
U0n7.o7
uLbLUY2

Uuiskly

013704
053404
Jubdoy

SE66
3Eec8
SLOA
SLOA
3cC
3t ok
3E70
3E7C
3e72
SETH
370
3C78
SETA
3e7C
JETE
3E80
Stv2
SEvl
3EcH
3Ea38

" JEBA

sL8C
SEoE
JE S
3L£90
SEQU
AE92
394
3296
JLYL
JL9
3E9A
3£9C
3EYE

- 3EAD

JEA2
SEAY
SEAS
3EAS
SEAA
SEAC
SEAE
3Eu0
SEp2
SEuld
JELE
SEu8
SEOA
3EuC

SEBE.

SECO
JEC2
SECH
3ECo6
3CCH
S.CA
JLCC
SECL
3ECD
stoe

S5S3E
c266

CBDF
55¢€C
0263

8906
25CY
0038
03F9
150F
003F
56E0
25C0
0020
03A4
25C0
0030
030F
881A
020D

832C

831A
02DA
882C

881A
0207
882C
25C0
0020
0203
682C
25C0
CC3A

6349 -

25C0
001A

0209

OALlF

"560C
0ADF

S6D4
OADF
5704
09DF
2E7C
0111
25C3
0020
020C
CRLF
SA02
0304y
17C4
5704
OACH

BME

2020

MAXINE DSH 0O

TST

BNE

RETADR

Z0Z0

SSTTSC DSH €

TRAP VvB0011-TRPTBL

MABEL CMP =E';i 'R0

BEQ
MOV

coll

BEG-

CcMP

BEQ
EMT
BNE

EMT
coLe2
EMT
BNE
EMT
coL3
EMT
BNE
EMT
CoLY

BMNE
EMT

COoLS5

BEQ
cMp

BNE

CLR.

DEC

" DEC

JSR

MAXIME
=63+ MAJUMOD

CMP ZE* /RO
GETNEX
=E'0'rRO

AMCOLY
VCOO14=-EMTTBL
AMCOL1

COL2B4 DSH 0

VCO024-EMTTBL
OSH O
VCU014-EMTTBL
AMCOL1
VCO024~-EMTTBL
DSH 0 '
VCOO14-EMTTBL
AMCOLL
VCOO024-EMTTHL
CMP =E' /KO

AMCOL1
VCO024~EMTTHL
CMP =E*:1sRO

ZZPREVA
=0'032'+RO

COLSXY -
HBECHO .

L
INPAL

PCrGNC

BR coLeB4

COLSXY CMP =g!

BNE
TST

BEaQ
MoV

CEC

*»RO

COLSN
STRCHR

coLony
INPALl R4

R& )

GET NEXT SEQ

NOT A NUMBER?
ACCEPT COL 1

TNNN

ASSUME WILL BE STORED

NUMBER AND A SPACE

ABORT BACK TO COL 1
N

DELETE STORED STATEMENT

DONT STORZ THE CONTROL Z ™.



5334
5355
5330
5357

5348
5359
5340
L34
5342
5343
5344
53ub

5340
5347
5348
5349
5350
5351
n252

5353
5354

5305
5306

0357
5358

0359
5360

SRI P

5303
S3v4
5365
5300
5307
5308
5369
5370
£371
5372
5373
374
5375
5376

5377

ud7324
0373co
037350
037352
037334
037336
027340
037340
037342

037344
037344
037246
057350
037322
VS7304
037356
037300
0373560

037362
067304
037306
037370
037372
037374
0573760
037400
Ua74u2
Uo74U4
0374406
037410
027412
037414
03741l
037420
37422
C37uch
037420
0374¢o
Us7450
637452
037454
0374356
Qo7440
037442
037444
037446
037450
037452
037404
037456
037400
037402
037404
037406
0374006
037470
037472
037474

liu024
11004
110024
010437
053404
00042

104032
601262

104054
0227300
0ou0ou0
ubli402
104032
001300

105054

022700
uoud7e
001440
022700
000040
(I
0L37u4

053404

005304
112724
000040
110024
Ulions7
053404
C0L257
053014
012700
000040

104054
u22700
ouu072
001415
104206
00uuu2
05257
055370
005257
055370
005257
055370
005237
055370
005257
055379

000207
005237
055370

304
SEL6
SEL8
SEVA
3LDC
3EVE
3ELO
SELO
SEE2

SEEU
dEch

CED
e
SEEA
3£
SELE
SEFO
SEFO

SEF2
3Ery
SEF6
SEE8
SEFA
SEFC
SEFE
3F00
SFu2
dF U4
SFuo
3F08
SFUA
3FuC
3FUE
3F10
SFi2
3F 1Y
3Fle
SF16
SF1A
SFLA
3F1C
JF1E
3F20
SFe2
SFe4
3Fe6
3F <8
3F2A
SFaC
SFZE
3F350
SF32
SF34
IF 36
SF 30
JF38
SF3A
3FaC

9014
9014
9014
111F
5704
0102

881A
0282

882C
25C0
06020
0302
881A
02C0

25C0
003A
0320
2520
0020
030C
17C4
5704
0ACH
9504
0020
9014
111F
5704
OAGF
560C
15¢C0
0029

s82C
25C0
GO3A
030D
8860
0102
0AOF
SAF8
0ASF
SAF8
0ASF
SAF8
0A9F
5AF8
0A9F

SAFS

0087
0ASF
5AF8

MOVB ROr (R4)+
MOVB RO¢ (RG)+
MOVB ROr (R4} +
MOV R4, INPAL

DR COL6BY
COLSHN DSH O

EMT VCOO14-EMTTBL

3NE AMCOL1 ) .

* NOW COMMITED TO STORING STATEMENT
coLsny DSH O ACCEPT COL 5 *NNN N?
EMT VC002u-EMTTBL

COL6 CMP =ZEg' '+RRO

REGQ COLoA

EMT VCO01l4-EMTTBLS
BNE SSTTSC
COL6A DSH O

EMT VvCO024=EMTTBL
*  OR 'YNNN '
COL7 CMP =E':'rRO

" ACCEPT COL 6 *NNN NNt

BEG Z3PREV CHANGE STATEMENT NUMBER
CMP ZE® 'K .

BEQ COL7A
MOV INPAlYRY4

DEC R&
MOVB =E' 'r(RG4)+

MOVB Kr (Ry4)+
MOV R4rINPAL

INC HBECHO MAKE IT TWO

MOV zZEr 'K

COL7A DSH 0
EMT VCOO24=~EMTTHL
CHMP =ET'I'»RO TNNN NN o

BEQ Z3PREV
EMT VCO113-EMTTIL
BR zZ4z4

Z5Z5 INC 0UT GIVE LOCATION

Zu4z4 INC OUT FULL LINE TO STORE
2323 INC OUT CHANGE STATEMENT NUMBER
Z2Z2 INC OuT DELETE STORED STATEMENT
Z1Z1 INC OUT IMMEDIATE LINE

2020 DSH 0 REPEAT/START STORED LINE
RTS pC

Z3PREV INC OUT

Z2PREV DSH 0 *

OR

OR

*NNN Y

'NNN N

TNNN NN ?



5378 037474 104176 3F3C 887E
$379 037476 012700 3FSE 15C0
0375060 000072 3740 003A

5380 037%u02 005701 3Fy42 oict

5331 037504 001364 3Fuy 02F4

532 057%U6 - 00Uo2H 3Fu6 0194

5363 037510 3F48 )

5364 037510 004737 3Fu8 09DF
037512 032326 SE4A 34DE

5305 037514 022700 SFu4C 25C0
037516  C0LOT2 LFaE 0034

536 0A7520 001217 3F5H0 026F

3367 037522 0137ul 352 L7¢1
037524 0535326 3FL4 S606

S3s8  037%26 11iu011 3556 $009

9389 037530 Quu207 3F58 0067

A AR A A OR K AR OK o A K R A AR K K ok K K kOK 0K Ok K ok K KK R K K % KK

Sl 0A7T70  wlu237 3FF8 109F
037772 U5H2546 3FFA 555E

S442  CATT74 012737 3FFC 15DF
037776 04u010 3FFE 4008
ULO0Us 953012 4000 560A

S443 0400u2 005257 40u2 0ASF
04U0U4 052502 40us 5542

SL44  04%0UV06 000473 40vb 0138

. 5445 040010 . 4008

St4o 040010 122737 4008 ASDF
v40012 00UL37T7 4OUA 00FF
040014 054401 400C 5901

5447 040016 (0L1043 40OUE 0223

BY48 0400c0 u05797 4010 0BOF
L4002 052426 4012 5516

5449 04U024 001040 4oL 0220

5450 640026 113700 4016~ 97cu
V40030 054400 4018 5900

SB5L 04U0s2 005037 “LOLA _CGALF

' QuOB34  0Shoud 40'LC 5904

5452 UY4u0s6 (22700 40LE 25CG
0GUU40  LUC0T72 4620 003A

5653 L0042 00iGoLY 4Q22 032¢C

5454 SEyods  0137ul 402t 17¢C1
C40046 052536 4026 555€

5455 . 040050 110021 4028 9011

S4no  Q4udvbe 010157 LU2A 105F
040054 052536 402¢C 555E

S457  (400bs 104014 GOE 830c¢C

5458  04u0o0 012737 4950 150F
04ulv2 04u070 4ud2 4038

) . 04%00b4 0953012 4004 S60A

5459 04C0e6 Q00443 4036 0123

5460 CL0O70 4008 -

Buapli 040070 122737 4058 ASDF
040072 Q000377 LUSA 00FF
UsQ074 054401 403C 5901

5402 040076 D017H3 403E 03E8

Hdud  0401u0  V1ILTYT LU40 170F
Quulue 052536 Gu42 555E
0L0OluG 053404 4044 5704

S4o4 Q4106 012737 4046 150F
VL0110 056404 4044

LIS

EMT VCO107=-gMTTBL
MOV =E'I'»RO

TST R1

BNE Z2Z2

BR SSTTSC
GETST DSH 0O
JSR PCrCOSTAT
CHMP =ZE'*I'sRO

BHE SSTTSC
MOV SLrR1

1M0VB RO+ (R1)
RTS PC

FERRET MOV R2+R2FERR

MOV =FRR1:FRETRN

INC OPTION

BR FERSUB
FRR1 DSH ©
CMPB =X*FFYsFERSTK+1

STORE THE COLON

BNE FERRYY MORE THAN ONE

TST MODEZ28

BME FERRYY
FERRJJ MOVB FERSTK+RO

CLR LASTCH
CMP =ZE':' RO

BEQ FERKTT
MOV R2FERR#R1

TMOVE RO (R1)+.
MOV R1¢R2FERR

EMT VCOOO7=EMTTBL
MOV =FRR2¢FRETRN

BR FERSUB
FRR2 DSH 0
CMPB =X'FF? »FERSTK+1

BEG FERRJJ
MOV R2FERRe INPAL

MOV ZINPUT+1000, INPBL

‘DONT GO AHEAD IF PROMPTING



S4ub
S40b
S4o7

Sto8
S4o9

5470
5471
d4e

473
o474

5475
5476

2477
SLE
5479
SUol

blsl
Sho

Shol
SHeD

"blso
o487

BLYTS)
5309

569y
5491

5492

LLYY
SHY«

SU95
24906

H497
L4y
S4w9
oSl

55yl

040112
040114
04016
Q40120
040122
us0124
0401cH
VL0100
0u4uioz
vbhulol
U4uloon
U40140
040lu42
Uaelus
0401%¢e
UitdloU
ULU152
U4ulby
04010
040100
04ulu2
L40lod
U4uloo
CLQ170
04ul72
Owul7s
040170
U402u0
L4u202
040204
Ui02tc
040210
g4uzie
ut21y
U4u246
040220
uhg2s2
g40224
vhueco
04u230
040252
40224
ud4U206
04Uu240
u4u242
(VERVIATYS
udg2so
U4us0
gra2L2
V40204
U4 U200
guulou
usg2oe
04uU204%
U200
d4uz70
cauzie
GLhu27e
UGus7u

L4ysuo

uso406
005000
L0401y
v05337
Ubebu2
104416
112700
000076
104014
104026
ulaz7uC
00006y
104014%
Gle701
QLBLU0
1a40z2

12700
VIVESREISY)
1045014
013757
055352
UbI40s
Vub3a7
0b&5du2
1084248
104148
01a700
054400
016037
Uss5112

12710
006377
012700
JuULusY
PROAVERVSY

01387060

452540
Y0240
u22700
000140
RSN EE YAY Y
010857
052540
0227u0
0u0o74
Q01705

22700
Vou07o
001702
012757
Duv2uh
054646
GLu%ly
UL id55
ulo7v2
ubLllz
115722
U%~2540
1e7L2
Quua7ys

LO4A
4usC
LGU4GE
4050
4052
40y

4056
4058
G0OLA
4G0C
LGO5E
4000
4002
4004
SUovb
4yu8
4C00A
+00C
400t
4079
4072
4074
4070
4078
S07A
407C
407¢€
40480
4032
huol
L0ub
4048
4U0A
496C
403E
409C

40v2 .

4094
4090
40948
G0A
46wC
G0YE
40A0
40A2
QUAY
40AL
LUAZ
40AA

HIAC

4UAE
4030

S hiu2

GyLy
40u6
L4oul

" 40uA

40uC
byot
40C0

5706

QACO
830C
OADF
5542
89UE
95C0
003
839C
881
15C0
0024
88yC
15C1
»900
8812
15C0
0024
8s0C
170F
SAUA
S704
UADF
5542
8914
8864
15C0

5900

101F
SALA
15¢Cs8
00FF

15C0.

0020
G106
17ce
5560
UAG0
25C0
00U
0316
101F
5500
25C0
005C
03Fo
25C0
0G3L
03F2
L50F
5064
H59A6
01uC
620
17Ce2
HALA
3702
5500
9HCA
COFF

CLR RO ‘GIVE A NULL
EMT vCO0007-EMTTBL TYPECH
DEC OPTION

TRAP VvB0027-TRPTBL ALT2
FERKYY mMOVB =E'>',R0O

EMT VCO007-ZMTTRL
EMT VvCOO0le—-eEMTTBL
MOV ZE'3' RO

EMT VCONQ7-ZMTTSL
MOV =ZFERSTKR1

EMT VCUO010-EMTT3L
MOV =ZETL' RO

EMT VCOO007-EMTTBL
MOV INPZZe INPAL

DEC OPTION

TRAP VBOD43—-TRPTHL »
FERRTT EMT VCOO71-EMTTBL HALT ROUTINE
FERSUB MOV =FERSTKrRO

MOV RO»FERPRT

MOV =X'UOFF ', (RO) -

MOV =0'0Q40°* RO

" BR FERR2 -

FERR3 MOV FERCHR!KO

INC RO
CMP ZO0'140' /RO

- BCQ FERFIN
FERR2 MOV ROsFERCHR

CMP =E'<':RO

BEQ FERR3
CMP ZE'>'/RO

BEQ FERR3
MOV ZFERRZZyFSRETN

BR FTEST
FERRZZ 3NE FERRY NO GOOD
MOV FERPRT#R2

MOVi3 FERCHRe (R2)+

MOVE =X'FF*r (R2)



55¢2

5503

5504

5505

5506

5507

5508
5509
5510
5511
5512
5513
5514
5515

SSie

" 5517
5518
- 5519

5520

5521
5522

5532

5533
5534

5555
5536

040302
G4u3uL
40306
040310
040312
040314
u4udle
040320
40322
oLu3d24
Q40320
G4U350
040302
040354
Quudd6
us0340
U342
040344
40346
040350
040852
V403C4
V40356
G4udol
guol02
060304
[BERVIRYSYSY
C40370
064u372
0LU374
40370
40400
gbguu2
U3udoy

TR ITINTSY

Ju0410
0401z
d4gu iy
4U4le
40420
o4ude2
004l
U40426
(RN
G4uUH L2
Uyl oy
[SEYVIUNTS)
040440
ououL2
040644
0404406
040450
guous2
040u54
040456
040400
0i4Clo2
guouns
00606
40470

010257
0%5112
00U744
Ul37u7
055012
013747
0523u6
052534
0le737
g4Q412
Un33ue
0137u2
059556
1100g2
ula27vu1l
0006377
1101z2
110122
110122
1101e2
110122
012757
050Ul
052404
012757
0504l
9534U6
013706
052532
Ulo7ul
053310
004711
013737
052534
0533ub
00u407

U13737

052554
093306
0137¢1
003324
114100
100004
013701
Ubhoho

Quu20h -

Juulltl
0137v7
0540406
010237
054652
005257
052502
012700
020040
0600403
Ul3700
0652540
605200
010037

40c2
40CH
4GCce
40Cd
4UCA
Lgcc
40CE
4000
4002
4U04
40Lb
4008
4J0UA
400C
40DE
40c0
402
40t 4
4026
LUEB
40LCA
40LC

40k |

4OFQ
4OF2
40FY
40F6
LGFa
4LOFA
40KC
4OFE

+100.

41v2
4104
4106
4108
410A

10C
410E
4110
4112

L1l

41L6
4118
HLLA
411C
411t
4120
4122
4L2h

4126 .

G12¢
412A
412C
4iz2c
4130

4132 .

4154
4156
4158

109F
SAYA
Cigy
17C7
560A
170F
56C6
555C
150F
410A
56C6
17C2
O55E
9012
15C1
00FF
@052
9052
9052
9052

. 9052

150F
5034
5704
150F
5034
57006

-17Co

555A
17C1
56C8
09C9
170F
555C
56CH
c1c7
170F
555C
36C6
17C1
5504
gLy
6004
17¢1
5970
00134
VoG9
17¢7
59A6
109F
SYAA
OASF
5542
15C0
0020
0103
17¢0
53560
0A80
101F

MOV R2sFERPRT

BR FERR3
FERFIN MOV FRETRNr(PC RETURN

FTEST MOV ALTZA:ALT2AF
MOV =FERRL1+ALT2A

MOV R2FERRrR2

MOVB RGr (R2)+
MOV =X'0O0FF'¢R1

MOV R1r(R2)+
MOV Rlrs(R2)+
MOVB R1r(R2)+
MOVB R1e(R2)+
MOVB R1r(R2)+
MOV —INPUT+1000,INPAL

MoV =INPQT*1000'INP81

MOV TYSMR6+RE
MOV TYSAM!R1 -
JSR PCr{R1)

MOV ALT2AFr»ALT2A

BR FERRS .
FERRL MOV ALT2AF+ALT2A

MOV LeRL
MOVB =(R1) RO

BPL FERR3A
FERRY MOV FSRETN:R1

SEZ SET TO EGUAL
JMP (R1) SoookskkackkRookk DONT CONDENSE
FERR3A MOV FSRETNrPC  - CLEAR EQUAL? RETURN

'F22A MOV R2rF22R2A

INC OPTION
MOV =0'040°*sR0O

8R F22B , -
F22C MOV FERCHRsRO ’ .

INC RO
F228 MOV ROrFERCHR



5506

55093
5570

5571
Luh72

040472
040474
uLu476
Q40500
utgs02
0405u4
040506
g4ubiu
04uS12
04uUS1le
040510
040520
0405¢2
NLPsS24
04U526
040550
4ubse

S 080554

040935
040540
040542
040544
040546
040550
04052
040554%
U4905%0
U40500
fuuho2
040504
0Lubob
ub0570
U4uh72
040574
040576
u+LGU0
o4u602
000oUuY
040006
040610
Q40ol2
CLu61LY
v40616
U406.0
40622
U40624
040620
V4030
040602
HGUHI4
40636
040040
QL4uoirz
04uoLY
040640
040070
040652
U40054%
U406%6
U4 0600

052540
022700
000140
Q1474
v2e7u0
000074
001705
02£7u0
000076
001702
U138757
054052
0525356
012757
IV
054646
000670
001352

104056

013700
052540
104014
012700
0006040
134014
1227457
0uuo72
052540
001437
012700
oououo

000a03"

U13700
05465650
005200
010057
054650
022700
000140
901724
u2e760
00Co74
001708
027u0

Q8G076 -

VU172
013737
UH4652
052550
00L257
052536
012747
040650
054046
000622
001350
013700
354650
104014
Q0UTak

413A
415C
H19E
4140
4142
4144
4140
4148
G14A
414C
414t
4150
4152
4154
4156
4158
415A
415C
41lob
4100

Llo2

Glo4
4lo6
+1lo08&
41c0A
41ovC
416E
4170
4172
4174
4176
4178
417A
417C
417E
4160
G182

G184 -

1006
4163
GluA
431dC
41dE
4190
4192
4194
4196
4198
419A
4319C
419E
41A0
41laz
4iA4
41AD
41A8
41AA
B1AC
41AE
410

5560
25C0
0060
033¢C
25C0
003C
03F5
25C0
003E
03F2
17DF
S9AA
555E
15DF
415C
S9A6
0183

. UZ2EA

831E
17€0
5560
880C
15C0
0020
880C
ASOF

003A

5560
031F
15C0
002V

0103
17C0

52A8
CAB0
101F
59A8
25C9
0060
G304
25C0
003C
G3FS
25C0
0032
03F2
170F
S59AA
555&
0ASF
555L
150F
41A8
59106
0162
02E8
17¢C0
59A8
880C
01LG

CMP

BEQ
cMpP

B=@
cMP

BEQ
MOV

MOV

=0*'140"' /RO

F22FIN
ZE'<'¢RO

Fa2za¢C -
ZE'>'sRO

F22C
F22R2ArR2FERR

=F22D¢FSRETN

BR FTEST

" F220

EMT
MOV

EMT
MOV

EMT

BNE F22C NO GOOD
VCOO15-EMTTBL
FERCHR*RO

VCODO7=-EMTTBL
ZE' 'R0

VCO007~EMTTBL

CMPB =E*:'/FERCHR

' BEQ

MOV

F23FIN .
=0'040'rRO

BR F23B

F23C

. INC
F238

CipP

BEQ
cup

BEQ
Ccvp

8EQ
MOV
INC

MoV

MOV FERCHB!RO-

RO
MOV RO+FERCHB

=0'140* RO

F22C
ZE'<' /RO

F23C
ZET>' RO

F23C
F22R2ArR2FERR
R2FERR

=F23D+FSRETN

BR FTEST

F23D
MOV

Z4T

GNE F23C
FERCHBRO

VCCOO07-EMTTBL

BRF23C



5573

5574
5575
L5376

5577

5578

0406v2
QLudol
040606
040670
u4u672
oque74
04U67H
040700
V4u702
040704

012700
00u0uY .

104014
000674
005337
0525v2
013757
055332
053404
104424

4132
4104
4136
4138
413A
4isC
G1IGE
41C0

41Cez’

41Cu

15C0
.0024
880C. .

018C
OADF
5542
170F
5ALA
5704
8914

. F23FIN MOV =E'$'/RO

EMT . VCOO0O07-EMTTBL
BR F22C

-F22FIN DEC OPTION

MOV INPZZ/INPAL.

TRAP VB0O43-TRPTBL
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The XB system 1Is an experimental system aesigned to
demonstrate the practicability of detecting syntax errors by
echo-checking individual characters as they are presented via a
teletypewriter.

The state of the art of computing, upon which the XB system

builds, can be broken down into three main areas cf interest,

each with their own history. These areas are
a) The Development of Electronic Computers.
b) The Develoomert of Programming Languaces.

c) The Development of On-line Computing.

1. Develooment of Electronic Computing.

The first electronic computer was a wmachine called ENIAC
(Electronic Numerical Integrator And Calculator) built by Eckert
and Mauchly at the University of Pennsylvania in 19%4c.

This machine was based on eighteen thousand vacuum tubes and
nproarams to be run had to be installed by engineers who changed
the wirina among its various components. The technology usea in
computers has grown from vacuum tubes via the transistor,
invented in 1948, to large-scale integrated circuits. Three
ceneratiors of computers based on these technolegies correspond
te the years 1946-1959, 1959-1965 and 1965 to present.

[lectronic computers and the prcarams which drive them have
each had a large effect on the evolution of the otner. Frograms
are paturally written to most effectively use the hardware wihich

i< available and hardware is built with the needs of the programs



N

Tre ZCP-11, acart frcr teing trne electroric ccrpLter usec to

irclerert the XE syster, is typical of the state of tne present
art o¢of =2lectreric corouters. It is ore of a fariily ct connouters,

eech ravirg 3 similiar instructior set wnich e€nabies procrens
cdevelccec or a srall, slow remter cf trne fearmiiy tc Cce run ¢n a
larcer, fester ~erter. (trer examples cf famiiies are the [3 Zoo
ceriec arc the CLCC Cykter series. Tne evoluticr of trnese families
nas teer brcucnt abcut ty a recccrnition of tne erorious task of

tc taxke aavaentace of faster checocer

wn

rewritinrcg larce oroccranm
crrouters, @ clearer urcerstancirg of instructicrn sets anc tre

sassire of corouters from the experimental stece tc being & teol.

Tre internal ocorcarizatior of electrcric <cciputers has
svelved ir tne cirecticr cof larce irstructicon sets (irclucing
fiecatirna coirt instructiors), oriority interrug systeis,

~Lltinle recisters e&rc stack tecnniques (wricn allcw recursive
sukroctire cails, usec reevily bty tne X& syster).

icn soeeac remcry systems have cevelcopecd from electestatic

sterace <cystewTs to solic-state rermcries with cycle speecs cof a
ju

few rurdred rarccecorcs. farly machires were ccnsicerec eceguate

»

withr 2 trkcusanc wercs of steocrece whnile tne I&1 3ul series nas

heep cecicrmec to adcrecs feour Tillicn worcs of sterace.

s}

fr axce|lert ricstcricel survey «c¢f trne cavelcoiert ¢

lectrenic Cornuters res teer writter by <CStih-c¢. See alsc LLT-

M

7 - SIATLE-7Z, AlLNES-oC anc Z2ELL-71 (Chee. - esp.).

N
PP ISR



2. Develcocpment of Prcgramming Languages

At the level where instructions are electronically
interpreted in a computer the language used is normally expressed
in binary code. In the first computers it was necessary for the
programmer to write a procgram as a set of binary inrnstructions.
Fer example, on the I8M 704 the instruction

¢11011 000000 000UO00OC CO0000 COUCCO 110000
wculd meant place the contents cof storage location 438 in the
accumulator.

A first steo in relieving the problem of dealing totally in
binary was to introduce mremonic codes for instructions and the
irstruction above became

cLA C00000 00000C 0CCOOO 0O00CGLU 110000

Another development was to condense 3 bits intc an octal
number

CLA GO 0C 00 00 &0
or the address field on the right could be expressed in decimal

CLA 00 00 00 00 48

[f it was found necessary to later insert a new instruction
ir a proaram this could cause references to some instructions to
he incorrect. A partial solution was provided by a concept of
reaional addressing where a program was divided into cections and
a modification to one section did not upset the entire prcgran.

The concept of symbolic addresses was developed, so that the

samnle instruction became

CLA TEMP



where TEMP was a storage location defined elsewhere by the
nroarammer. The translation of the mnemonic and the allocation of
storace was made via the machine itself by a program called an
assembler. One of the first assemblers was for the ItM 704 and
known as SAP (Symbolic Assembly Program).

“hile such an assembler made 1life a loct easier for the
procraumer, he still had to write a sequence such as

cLa C

MPY [

ADD P

STO A
when he really wanted to form A equal to B+C*D. This led to the
development of higher-level languages, the most widely used being
FORTRAM (FDRmula TRANslation). The advantages of higher-level

lanquaoces {vs assemblers) has been given by SAMMETT-68 (pp 14~

17). These are

1. Ease of learning.

2. Fase of coding and understanding.

2, Fase of debugging.
L, FTase of maintenance and documenting.
5. Fese of conversion.

6. Reduced elapsed time for problem solving.

In general, higher level languages allow the prcgrammer to

inter face more directly with the problem he is trying to solve.
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SAMMETT-6& (pp 17-19) also discusses these disadvantaces:-
1. Time required for compiling.

2. Irefficient object code.

2. Difficulties in debugging without Jlearning machine
lanquaae.
4, Inability of the lancuace to express all needed

operations.

Despite these objections, the use of hicher-level languages

is wusually preferred where the problem may be expressed in a

hiaher-level language. Much work nhas been put into reducing the
disadvantages listed above.
2.1 FORTRAN

A lardmark quoted by SAMMETT-68 (p 143) is a document marked
"DRELIMINARY REPORT, Specifications for the IbBM i1athematical
FORmula TRANslating system, FURTRAN" dated 10th November, 1254
issued by the programming Research Group, Applied Science
Divisior of IBM for the 704 computer. |

The 704 FORTRAN system was issued early in 157 and a new
ECRTRAN compi ler FORTRAN I1 was issued in June 1958 (thus caucsing
the earlier FORTRAN to become FLRTRAN ). These cevelopments
initiated a flood of FCRTRAN compilers (709 & 50 in late 1%56;
16720 & 7070 in 1960 and 7030 (Stretcn) in 196.) by I8N anc other
comparies. By 1963 wvirtually all manufacturers had FUORTRAN
compi lers. OSWALD-64 cites the existance of 42 FURTRAN comnpilers.

Incompatibilities crept in because of this flocod of FJORTRAN



cempilers. Methods of implementation ciffered not only between
manufacturers but even within the same manufacturer for different
machines. In an effort to standardise and elso introduce new
features in a controlled fashion, the SHARE FUGRTRAN Committee in
March, 19¢1 went on record as favouring a new, improved FUORTRAN
lanauace. In May, 1962 a Committee working for the American
Standards Association was formed anc a publication "American
Standard FORTRAN" was approved dated March 7th, 19%b6. At the same
time a preoper subset known as Basic FCRTRAN was also cefined.

The development of FORTRAN has had a very significant impact
on computing. Because it was the first such language and because
such enormous effort has been spent on education, compiler
deve lopment and nrograms, it is difficult for FURTRAN to take

advantaqge of research into programming languages.

2.2 ALGOL

In the late fifties many groups were working on procramming
lanauaces. In October 1¢57 GAMM (German Association for applied
Mathematics and Mechanics) and the ACM (the Asscciation for
Computina Machinery, the American computer scciety formed in
1947) joined efforts to produce a language first known as IAL
(International Alcorithmic Language) and Jater as ALGIL 5¢
(P GOrithric lLanauage). Despite the interest of the ACM, ALGCL
was (and still is) largely a European language. ALGUL 60 follcwed
fror an internaticnal meeting held irn Paris in January, 1900 ana

ar "Alcorithms" secticn appeared in the Commurications of the ACM
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in February of that vyear for the «¢issemination of basic
nroarammire algorithms (written in ALGOL).

SAMMETT-6S (p 192) discusses these <contributions to the
state cf the art made by ALGOL:-

1) block structure and defining the scope of variables.

2) a formal language definition.

2) recursive procedures.

4) a significant embedding capability for differing
subunits.

£) a general simplicity combined with power for stating
comnutaticnal processes.

€) concepts of separate reference, publication and hardware
imnlementation languaces.

7) a requirenent for the deve lopment of better
irnlementation technigues.

&) the spawnina of a significant number of languages as
ouarowths (such as NELIAC, MAD and JCVIAL).

Hewever ALGOL was designed as a language for procedures
internal to a machine and facilities for input and output of data
were sinply not de fined and were left to incivicual

imnlementations to define (inevitably, differently).

2.2 COBOL
while these developments were going cn in the programming
lanquaaes meart for tecnical purposes, a parallel develcpient was

hanperirg for a business language.

Tn June 1959 a committee was formed by six menufecturers



(Lurrouchs, IBM, Honeywell, RCA, Remington Rand and Sylvania
Electric Products) and two government agencies (Air taterial
Cormand, USAF and David Taylor Model Basin, Department of the
Navy) and known as CODASYL (CCnference on Data SYstems Languacges)
Short-rance committee. COBOL (COmmon Business Orientea Language)
speci fications were designed by December of that vyear.

There have been three main ccentributions to the state of the
art by the CCBOL language. (See SAMMETT-6& p 375).

The first is the separation of any CCBOL program into four
main divisions:-

a) An IDENTIFICATION division, which does not contribute to
the final running program but its recuirements are an aid to
documentira the orogram.

b) An ENVIRONMENT division which <collects the hardware
descrionticons together. This division associates all input and
output files with the hardware implementation. It is not intended

that this division be independent of a particular machine.

c) A DATA division describes all the data wused in the
program. This is intended to be machine Iindependent but in
nractise there is a conflict between describing items in a
machire-irdependent fashion at the loss of efficiency, or
choosing efficiency by describing items in a way which is well
suited to the nparticular machine at the cost cf macnine

dependence.

d) N PROCFDURE division where the actions to be taken on the

data are described. The same conflict arises between efficiency



and indeoendence for the PROCEDURE division.

The second contribution is the accent on hanclinc large
files and the third is the development of a language which s
very natural to read (although not necessarily tc write) and

allows lona mnemonjic names.

2.4 PL/I

The lancuage ncw known as PL/] arose from inacequacies of
FORTRAN in two mair areas; character handling and interactions
with modern operating systems. (See SAMMETT-68 p 540).

I comrmittee was formed in September 1963 by SHARL anc IBM to
look at ways of extending FORTRAN. As this work pnrcgressed, it
was felt by this Advarnced Language Committee that tryinc to
nreserve compatibility with FORTRAN would prevent very worthwhile
corcerts from ALGOL and C0B0OL being included. The FORTRAN
cerpatibility was abandcned and after a series of reports and a
change of name (NPL fer New Prooramming Languace met with
objection from the National Physical Labcratory) an official
manual for PL/I was issued in early 165 by IEM ard in August
1966 the first compiler feor the systen 360 was released.

By building on the experience gained from FORTRAN, ALGOL and
CCROL and also by abandoning considerations of compatibility with
an existing language, PL/I may eventually replace these languages
with a single lancuage, suitable over a wide range of
apnlicaticons.

See CURRIF-66 for a comparison between PL/I and /£LGGL, CUBOL
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and FORTRAN,

3. Development of On-line Computing.

A1l  the programming languages described so far were
primarily designed to specify a computing procedure in its
entirety. A file of input (program and data) was presented to the
machine, usually via a card reader, and a file of output was
returned, uvsually via a orinter.

In the early sixties programmers began to feel that a
typewriter directly connected to a computer and, also, a file
system could be a very effective substitute for a carc¢ punch and
card reader.

LAWRENCE-72 (p 590) summarises some of the advantages of

this apporcach. These are

1) Direct proagram entry which eliminates the keypunching

cycle.
2) Syntax checking on a line-by-line basis.
3) Line by line execution.

4) An editing capability.
5) Data set handling.

€) Direct input/output.

7) Use of an error-detecting fast-compiling system for
debuaci ng and later use of an optimizing fast-executing systei.

£) Immediate execution.

) Stop, modify and continue capability.

10) Cbject deck storage.

See also MEADOW-70 bpp 261-293.
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2.1 CUICKTRAN

Ylork on QUICKTRAN was started in 1961 in IBM. The objective
was to use standard computing equipment and to write a system
which would be largely compatible with an existing language but
with nower ful debuoging and terminal control facilities added.
The ecuinment used were IEM 7040/44 computers and 1050 terminals
and the language Rasic FORTRAN. A first version of this systen
was running in mid 19¢€63.

There were two modes; a COMMAND mode (where statements were
executed immediately) and a PROGRAM mode where statements were
storecd to build a procram. A number of program control statements
were intrcduced to assist in debugging.

SAMMETT-68 (p 229) summarises CUICKTRAN iike this:
"CUICKTRAN was significant from several viewpoints. It was the
first on-line system using standard equipment; it retained
cemnatibility with an existing languagce and thus mace possible
for the user to debug a program on-line and then to use a regular

FOCRTRAN compiler for batch production runs." See alsc MARTIN-73

pp 55-58.

3.2 JOCSS

JOSS (Johnniac Open Shop System) is a system ceveloped at
the RAND Corporation in 1963-64 to run on the JOHNWIAC cemputer.
A acal of JCSS (SAMMETT-68 p 218) was to demonstrate "the value
of on-line access to a computer via an appropriate languacge." "It

was desioned to give the individual scientist or engineer an
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easy, direct way of solving his small numerical problems without
a larce investment in learning to use an operating systei, a
comni ler and debugging tools or in explaining his problems to a
niofessional computer orogrammer and in checking the latter’s
results."”

JOSS uses a specially-desigred typewriter (BAKER-€¢7) witn
upper- and Jlower-case letters, the 10 digits and a set of special
characters including (fer example) a single character for less
than or equal to (a combination of < and =).

There are two modes of entry of statements; a DIRECT mode
where statements are executed and an INDIRECT mode where
statements are stored to be run as a program. The INDIRECT
statements have a line label which consists of numbers which can
have a decimal opoint in them to allow for insertion of lines. A
step refers to a single line, e.g. 3.2, while a part refers to
all lines with the designated number at the left of the decimal
noint.

Variables consist of a sincgle upper- or lower- case letter
wnich can have two subscripts separated by éommas. The value of
subscriots must be between 0 and 99.

Cnly arithmetic variables are permitted, but they car be
either integer or floating point. JOSS stores &ll numbers

internally as floating point.

Cpefations are +, -, . (for multiply), /, and * (for

exponentiation). Conditions can be quite complex as in

i1 a<b<c and d=e
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The assignment statement is of the form
Set var = expression
The transfer of control is to a step as in
Te step 1.35
or to a nart as in

To part 4.

Do statements may refer to a single step or to a part; e.g.

Do step n for x = al(b)c
or

Dc part n for x = a(b)c
where a and c are initial ana terminal wvalues and b the
increment. A list is also allowed as in

Do step 3.1 for x=1,2,3,1C0
A full set of functions are available. Both SEMMETT-0& pp

217-226 and MEADOW-70 pp 293-223 have sumraries of JUSS.

2.3 BASIC

BASIC (Beginners All-purpose Symbolic Instruction Code) is a
system developed at Dartmouth College in 1965 by Kemeny and Kurtz
for the GE 226. It was intended for students as a first language
and a steopning stcne towards FORTRAN or ALGOL.

As in QUICKTRAN and JOSS there are two modes of statenment
entry: an immediate and a program-storage mode. [ statement
number {(between 1 and 999¢9) acts to indicate the sequence of the
stored orogram and as a target for both GUTO and GosSuR
statements.

Variables in BASIC are a sincle letter pcssibly followed by
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a sinole digit. Single letter wvariables can have one or two
subscripts.

Cnly arithmetic data is available, but more advencec BASIC
systems have features such as string variables and matrix
manipulation. (See DATA GENERAL CCRPORATICUN-74, HEWLETT-PACKARD-
68).

Lssiconment statements are of the form

LET var = expression
The transfer of control statement is of the form
GCTO 123
i subroutine call is of the form
GCOSUB 345
with its companion
RETURN
A simple IF statement of the form
IF A<B THEN 23
transfers control if the condition is met.
The loop control is of the form
FCR I=1 T0 9
and is ended by its comparion
NEXT 1

SAMMETT-68 pp 229-2322 discusses the original BASIC systen.

2.4 AMTRAN

LMTRAN (Automatic [Mathematical TRAMslation) s a system
in Huntsville, Alabama. The basic oijective of

developed at NASA

the work was to provide &an on-line system to faci litate the
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solution of mathematical problems by non-professicnal
nrogrammers.

The over-all system was inspired by the work of Culler and
Fried and was influenced by JUSS. (See SAMMETT-68 pp 258-264).

The main aim (REINFELDS-72 p 293) of AMIRAN is to exploit
the general n-dimensional rectangular array as & basic c¢ata
structure using operators derived from concepts familiar to a
numerical analyst. The language is decsigned to eliminate as wmuch
exnlicit array component Jloop writing as possible.

In Fortran, Algol or PL/I, the basic data item is a single
entity: number or character or whatever. In AMIRAN the basic cata
item is an array of entities of the same type.

The following examples are taken from REINFELDS-73 pp  9-14.
AMTRAN operands are either numbers or strings. For example

XXX =5
W= ‘A STRING”

Automatic arrays form the backbone of the AMTKAN system.
Memory is allocated dynamically and arrays may ke created or
changed in dimension without prior declarations. Arrays may be
created by concatenation,

¥=18285, TYPE X
1
2
5

or by an ARRAY operator
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XXX = ARRAY(0,10,5), TYPE XXX

8
10

Subscripting is performed by a SUB operator. For example

W="A STRUNG ,W SUB 5 ‘17, TYPE W

A STRING

L volume of the ACM SIGPLAN Notices was devoted to AMIRAN
(REINFELDS-71).

3.5 APL

ROSEN-72 p 593 describes the history of APL. "The APL
languaae was developed over many years by Kenneth Iverson at the
IEM research Laboratories - a developrnent which culminated in the
bublication of his book in 1962. (IVERSON-62). The language and
the book achieved considerable notice, mecstly in academic
circles. It seemed wuseful as a publication languace for
descr ihinc hardware and software computing algorithms btut, at
least oriainally, was not considered important as a practical
prograiwming language. In 1966 Iverson and his colleagues at 1I3M
designed and installed an elegant time-sharing system on an [3M
360/50 based on the use of APL as a programmi ng languace. APL
di ffers from most so-called higher-level lancuages in that it

attempts to emulate and exploit the conciseness and elegance of
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mathematical notation in the expression cof algorithms. It
provides many operators on scalars and vectors and matrices, and
some of the operators <do complicated things. The resulting
conciseness is attractive to users of slow terminals, since
power ful algorithms can be expressed in a few lines. Some people
find this unattractive, claiming that the language is cryptic and
confusing, but some, especially scphisticated progranmers, lcve
it."

MARTIN-73 p 58 also describes this dichotomy. "The computer
wor 1d became divided on APL -into enthusiasts and detractors. Few
nersons familiar with the topic remained neutral." "Often the
enthusiasm will rival that of a religious convert."

SAMMETT-68 pp 247-252 gives a short summary of the APL/260
lanquage. A fuller description is given in IBM-69.

2.6 The development of the syntax-checking systens.

The three syntax-checking systems which are cgescribed in the
thesis all indicate syntax errors to the wuser at the time an
invalid character is entered. This is in contrast tc compilers
which were written to receive input from a card reader. Jhese
compilers were usually multipass systems and depenced on the
entire oroagram being available. With on-line computing, ccmpilers
evalved which cave error messages on & line-by-line basis (Sce
LAWREMNCE-72 p 590).

The syntax checking systems exploit the full duplex
behaviour of a teletype so that syntax errors can be cetected on

a character-by-character basis. This approach means that the user
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can correct his error immediately and messages relating tc syntax
errors are not needed.

The first of these systems (ACTIV-8) was written in early
1268 for 2 D.E.C. PDP-8 computer and was a first attempt to
exploit the full-duplex behaviour of the teletype. The syntax of
the languace implemented was kept very simple and the problem of
recovery to an earlier point in the same line was avoided. ACiIV-
8 had only a program entry mode and the only type «c¢f «cata
permitted was real.

Variables were a letter followed by a numbter. This wvery
simple form made a decisicn between a command and an assignment
statement possible at the second character.

Transfer of control was a GO TU such as

cO TC 21
and conditional transfer of control could be made by an
arithmetic IF such as

IF(A2-100) 18,21,28

Input to ACTIV-8 during execution allowed expressions
inclucing references to defined variables. For example, an input
value equal to A3 plus 10% was A3*1.1 and 14 inches cculd be

exoressed in centimetres as 2.54%14.,

The second system (ACL) was written between 190% and 1971
with Dr. P.L. Sanger for a D.G.C. NOUVA computer. This system
implemented a more complex lanauage and allowec ar inmediate
execution mode as well as a program entry mode. Like ACTIV-3, the

only type of data permitted was reals; although ACL dic¢ allow IF
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statements similar to the Fortran logical IF.

Trie third system (XB) was written in 197z and 1972 for a
D.E.C. PDP-11 computer. The language implemented is much more
ccmplex than the ACTIV-8 or ACL systems. There are three c¢ata
tyoes allowed (real, boolean and string) and these way all be
ccmbired in one expression such as

IF B2 AND R1 GT 2 H3="127&H2

Lssignments in XB may occurr at several levels.

AT=3*%A2=1+A3=1
is evaluated from right to left (at assignment level). A3 s
given a value of 13 AZ a value of 2 and Al a value of 6.

Transfer of control is via a GO TO statement like

CO TC 12
or

cO0 TC 1
where | has previously been defined or

GC TC X(I)
wiiich gives a computed GO TO capatility.

Conditionals are performed by a logical IF statement of the

IF logical THEN statement ELSL statement
or

IF logical THEN statement
or the THEN may be elided to

IF logical statement

such as
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2 S=S+X(I); IF I=I+1 LE & GO TG 3

There is a FOR statement such as

FOR ¥=150,200 A(X)=0

There is a powerful EDIT statement which allows source
lanaouage previously entered to be changed.

L1711 these statements and commands are entered under the
watchdoc checking of the syntax. In the XB system it 1is not
possible to make any syntax errors; on the other hand, any
expression which is correct in syntax is permittec.

It is necessary to echo correct characters quickiy enough tc
retain the confidence of the user. In order to do this a method
similiar to CONWAY-63 was evolved. Timing tests on the XB system
show a8 complete recovery time of about 8 ms for a line of 72
charactersy a per character acceptance time of about 125
microseconds using a PDP 11/5C.

A formal grammar approach to language analysis is presented
by HIGMAN-73, GRIES-71 and FELDMAN-68. The techniques presentead
in the thesis allow the syntax checking of a languace more
aeneral than LR(1) (FELDMAN-68 pp 89-<¢0) as shown in the exanple
on p 15 of the thesis. It is necessary only to determine whether
ar incominrng character is‘acceptable. The language string ' entered
may be amtigquous (as in the example on o 15 of the thesis) but
this is not imnortant - echo checking can still proceed,

The Text Editor for the Nova (DATA GENERAL CLRPURATIUN-7Z »p
1-1) also exploits the full duplex behaviour of a teletype with

ite rubout character. If the user types
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THE RCW
and he really wanted

THE BROW
he can delete three characters by entering three rubcuts. Triese
rubouts echo the character being deleted, so the line will look
like

THE ROWWOR
and the user can continue thus

THE ROWWORBROWN DERBY
and the Iinformation entered into the system will be

THE BROWN DEREBY

Cn the DEC SYSTEM 10, the system maintains the security of

user passwords by not echoing tne information back to the

teletype. (DIGITAL EQUIPMENT CORPCRATION - 1972, p 2-129)
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SUMMARY

Demon is o system for rapid solution of problems involving
ordinary differential equations, It accepts differential equations
in the D-notuation and gencrates @ FORTRAM program to
solve the peoblem., A means is provided for solving boundary
equation probiems. New integration methods moy be defined
to LEMON toyether with the problem. These wmethods may
range {rom Predictor-Corrector to Gaussien quadrature, idon
self-starting methods are automatically started. The DEMDN
prograin has been written in CORCL and should be suitable
for any large machine. Using the AAEC.'s 32K IBM-70C40
at Lucas Hcights, N.S.W., the time taken from completely
defining the problein to scceipt of the results may be as low
as three minutes.

1. Introduction

This paper describes a system called DEMON1 which has
been written for a digital computer so that a person can solve
problems involving ordinary ditferential equations much faster
thai by conventional methods.

The system allows the problem to be described in a language
very similar to FORTRAN, and then produces a complete
FORTRAN program to solve the given problem.

There are two reasons for the speed of the system. Firstly,
problems can be specified in a language which has been
oricnted towards desceibing differential equations. The speci-
fication is usuaily very short since it ouly has to describe the
problem and nou specify how to solve it.  Sccondly, speed is
gaincd because the prob'om is handled entirely by the com-
puter from this stage.

DEMON i, rather like a library information retricval system
and depends on a large skeleton progrum. TParts of this are
selected and modified to fit the specified problem and are then
moulded into a completc FOTRAN program. v

2. Typical Problems and Essential Notation )
The folloving specification is an example of a problem which
may be posed to the DEMON system.
T = 0.0
= 00
STEP = 0.01
IFNTER DEMON
(T = 1)
FUNCTION
DY == 1.0 + Y**2
END DEMON
CALL EXIT 9
END ) 10
The problan described is “Intgrate the differential equa-
tion (7)

D 00 Y O U QO N

dy

— =142

dt
with initiz! values t == 0.0 (1) and y == 0.0 (2) using a step sur¢
of 0.01 (3. When the point t == L. (5) is 1eached, pass contyol
back to the monitor (9).”

1/1/1

The problem has thus been deseribed in 10 statemonts, or
which four are dircections to the system.

The eventual solution given to this problem is the numerical
values of T and Y, which are printed with identifying formar.
For example, the first line of the output would he:

T = 00 Y = vl

The total time taken to solve this problem from the specihca-
tion was 204 scconds on the IBM-7040 at Lucas Hcights. This
was composed of:

generation 64 scconds
compilation and locding 66 scconds
execution 4 scconds.

The discrepancy in the total is due to dead time, such as
tapc rewinding.

The language for describing  differential
heavily on two devices of notation.

The first is the D-notation which is wcll accepted and may
be punched on a card for input to the machine. The follow-
ing example illustrates the use of the D-notation in DEMON:

equations, rclies

a=1+4yx7zZ A =1 4 Y*DZ
y = z 4 sit (?) DY = Z 4 SIN (A)
2 = —y -+ 7 D27 = —Y 4 DZ

Conventional FORTRAN may be mixed with the differential
equations. Suppose a differential equation changes when T is
cqual to A. This may be desaibed by:

IF (T —A) 1, 2, 2
1DY =F (I,Y)
GO TO 3
2DY =G (T,Y)
3 CONTINUE.

Any number of differential equations of differing order will
be accepted by the DEMON system.

The sccond device of notation is used to rcfer to points along
the integration path. The statement

(F = 1.
was used in the sample problem t()) indicate the last point ot
the integration. More conplex points may be described; for
cxample
(X*X 4 VEY = 25)
indicates the point on the integraiton path which is five units
from the origin.

Points that occur more than once may also be described. The

notation:
Y = 0.0, 3)
describes the point where y is zero for the third time,

“The notation for describing points may also be extended for
describing boundary cquations. The following problem illus-
trates this,

T = 0.0

Y = 0.0

A=1

STEP = 0.01
ENTER DEMON
ALTER (A)

Y (T = 1) = 15, .001
FUNCTION

DY = 1. 4+ A¥Y**2
END DEMON

CALL EXIT

END

This problem is very similar to the first example. The dif-
ferential cquation (9) has a slightly diflerent form. A pound-
ary equation states that A should be altered (6) so that v will
be 1.5 when t is equai to one. An initial estimate of A has
becen given (8).

A variation of Newton’s method is used in the generated
program to find the reynited value of A.

If the first integration docs not satisfy the houndary equation
to within a certain tolerance (as shown on statement 7), another
integration is made with a slightly changed value of A Trou
these two integrations, an cxirapolation may he made to a
better approximation for A, 'This cycle s then vepeated until
the boundary equation is satisficd.

The total time taken to run this problein on the TBM-7046
at Lucas Heights was 229 seconds,

DEMON las been designed (o solve any mnnher of boundmy
cquations, hut no guaraptee n Le given that the process wili
converge for every problow.

SOOI O QON —
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3. Systems Language

The DEMON generator, which produces the FORG RAN pro-
gram, has Dbecen written in COBOJL. and consists of six
thousand statements. -

There are several rcasons for choosing the COBOL language.
The most important was its ability t¢ handle characters and
strings of characiers.  The following statements illustrate this:

IF CN (CNPT) = ¢ (" ADD 1 TO BC.
MOVE ‘GO TO 4108 TO CARD-AREA.

With such a large pregram, it was also important to have
it written in a language which is independent of the machine.

FORTRAN was chosen jor the generated program Dbecause
it is the inajor scieniific computing language used at Lucas
Hcights. The gencrated program is built up from only the
most basic FORTRAN, so that the entire DEMON system s
machinc independent. .

4. Implementation of Demon

Since the program generator is much slower than the
FORTRAN cornpiler, some interesting compromises had to be
made. The generated program may contain the tollowing
statcients: .

GO TO 4108
4108 CONTINUE.
It turns ont that it is much faster in total time to leave these
redundant statcrments in the program rather than attempt to
1emove ther.

These statements were crcated because the geuerated pro-
gram ruuast be correct for any combination of its basic build-
ing blocks.  In a dificrent combination there may be a biock
of statements between the two shown and statement 4108 may
be the start of another block. Hewever, since statement 4108
has been introduced, a redundant statement has fo be uscd.

DEMON has been in use on the 32K IBM-7040 at Lucus
Heights since April 1965. Problems using DEMON are yun in
one job by gencrating the FORTRAN program on to a
scratch tape and then compiling and executing the program
from this tape.

5. Other Applications of Denion . .

Threce more features of DEMON have proved to be very
useful. :

The fist is that new integration methods may be defined to
DEMON with the problem. ‘The way in which

y =1
should be integrated is desaribed; from this the method may
be applied to the particular problem.

Both self-starting and non-sclf-starting methods may be
defined.  The non-sclf-starting methods are automatically
started by DEMON. ‘The methods may range from simple
Runge Kutta to high order Picdictor-corrector methods which
changc their step size.  An outline of the definition of integra-
tion mmcthods is giver in the Appendix.

" Somctiines s:ts of differential equations have a common
structure. These may be described to DEMON by using dimen-
sioned differcaiial equations in a DO-loop. TFor cxample

DO 1K =2 99 i )

1 DX(K) = C*(¥ + 1) —2*X(K) -+ X(K --1))/DELX**2
may be used to describe the flow of heat in a bar of metal.
The cquations of objects under mutual gravitational felds may
also be cast in this form.

DEMON mav also be used to solve problems not re'all_y
involving difterentiai equations. The best example of this is
in non-linear equations.

Consider the equations

xy = .25

x —1)2 4 y2 = L
The problem of solving these equations may be desciibed to
DFMON as follows:

STEY = 1u.
ENTER DiMON

T = 0.0 1
N o= 1.0 2
Y o= 1.0 3
4
5

ALTER (X) G
ALTER (Y) 7
R (T = 0.0) = 0.0, .0001 3
P (I == 0.0) = 0.0, .000! 9
RELAX (%) 10
FUNC1ION 11
R = X*'Y —25 12
P o= (X —1)%2 4 Y**2 —I, 13
END DEMON 14
CALL EXIT 15
END 16

Here the equations have been posed as boundary equations
for a trivial differential cquation.  The resulting program
gives a Newton’s mcthod solution to the cquations. The
RELAX statement (10} gives the fraction of the estimated cor-
rection which should bLe applied; this is done to aid con-
vergence. This particular preblem converged to the required
accuracy in 9 iterations and the total achine time was 235
seconds.

6. Conclusion

Programs produced Ly DEMON are usually slightly slower
and larger than an cquivalent hand-written program. How-
ever, since the DIEMON produced program is obtained very
sunply and invariably compiles correctly, results may be pro-
duced very much faster by using DEMON. This has been con-
firmed by experience in using DEMON at Lucas Heights.

7. Reference

1. Bennett, N.  W. (1965). — DEMON — A program generator for
problems involving ordinary differential equations. AAEC/E142.

APPENDIX

New intcegration mcibods may be described to DEMON. A
simplified explanation of the process is given here. The method
deseribed  treats, vectors directly.  In practice DO-statements
and subscripted variables would be uscd.

The second order Runge Kutta method illustrates the basic
features of the technique:

DY2 = FUNCTION (¥2)

Loopr

ROTATE (Y1, Y2) (DY1, DY2)

P = Y1 4 STEP*DYI

OP = FUNCTION (P)

Y2 = Y1 -+ S5*STEP*(DY! - DP)
DY2 = FUNCTION (Y2)

END '

This description shows how YZ and DY2 may be calculated
from Y1 and DY1.

In the beginning the initial valucs are stored in Y2. Stote-
ment 1 indicates that the derivative of Y2 should be cvaluated
and placed in DY2. Statements 5 and 7 have a similar indica-
tion. The LOOP statcment (2) indicates the entry point for a
new integration step.  Statement 8 places the information Y2
and DY?2 into Y1 and DY1 so that a new integration step can
lc made. This sccond order Runge Kutta is the staudard
method used in DEMON.

A non-sclf-starting method may also be used. The method

Yo = 5Y0 —4y: + 2hy’e +- 4hy’
illustrates this: .
NY2 = FUNCTION (¥2)
YXAMINE
ROTATE (YZ, Y1, Y2) (DYZ, DY], DYZ)
CALCULATE (Y1, DYi, Y2, DY2)
LOOP 3
ROTATE (YZ, Y1, Y2) (DYZ, DY1, DY.)
Y2 = 5.*YZ —4.%Y1l -+ 2*STEP*(DYZ - 2.#DY1)
DY2 = FUNCTION (Y2)
END
The EXAMINE statcment (2) indicates that the values in Y2
and DY2 are complete and may be used for output and other
puiposes.  Statement 4 is translated as a call to the self-starting
method.

Tt is also possible to deseribe Gaussian quadraiave methods
and methods that change their step size.

QIO Tt QO N =

D OO SIS TT OO N =t

1/1/2
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ABACUS is a fast FORTRAN system for the IBM 360 compufer. The US.ASY
standard FORTRAN has been impiemenied without any extensicus, t¢ provide a reference
poini for teaching and prograrmme inferchange, A large proporiivn of the system is devoted
to the detection of crrors and the production of diagnostics. A simple monitor ensures
rapid transition from one job to the next. )

Introduction

The IBM 360/50 computer system is supported by
a large operating system, which inciudes many
language compilers. With such an operating system
there is an inevitable overhead in recognising a job
being presented, invoking the appropriate compiler
and running the compiled program. For long-running
jobs this overhead is insignificant, but for small jobs
overhead can be the major part of the job time. Com-
pilation of a small program may also be a large part
of the job time. .

For these reasons it is desirable to have an addi-
tional compiler which can compile a small program
as quickly as possible, execute 1t and proceed to the
next job with a minimum of delay. This report de-
scribes such a compiler called ABACUS.

The easiest way to keep overhead down is to restrict
a stream of jobs to the one language and to kecp the
compiler resident in the machine from one job tc the
next. With this type of compiler a single pass of the
source statcments is made, and the compiled pro-
gram is generafed into a reserved arca of core storage
where it can be executed. Programs in compiled form
should b~ neither produced nor accepted because com-
pilation would be slowed down to produce an object
deck and input with an object deck would be only
marginaliy faster than with the original source deck.

An alferuative of generating a program onto disc
and then reaaing it back into the machine was rejected
because ot the overhead involved and the possihil‘xty of
a future expansion of the core storage.

Naturally, if a compiler is written to be as fast as
possible the compiled program cannot be as effi-
cient as that produced by a compiler without this bias.
Also if tie compiler is resident dJuring cxccution
the spuace avauable to the object program is less.
Many systems written ajong these lines are now avail-
able, but when the ABACUS project was started in
August 1966, there was no fast FORTRAN compiler
available for the 360 computer.

Choice of FORTRAN

FORTRAN is the language most used by nuclear
rescarch establishments throuchout the world, for both

domestic use and for program interchange. It is used
at the A.A.E.C.s Research Establishment, Lucas
Heights and it was obvious that any fast processor for
small jobs should use the FORTRAN language.

The United States of America Standards Institute
(1966) has approved a standard for FORTRAN which
has been set so that a FORTRAN program may be
written for one machine and ihen run on another, if
desired.  Many computer companies have implemented
this standard FORTRAN for their particular machine,
but in doing this, a lot of extensions have been added
to the standard. Somc of thesc extensions have filled
a genuine need in the language, but others have intro-
duced discrepancies which the standard was intended
to remove. One of the worst of these is an extension
made by two companies which looks the same, but has
different meanings. Honeywell Inc. (1966) interpret
AFR**C as (A**B)**C, whereas IBM (1966) re-
gard it as A**(B**C).

It was decided to write a fast FORTRAN compiler
for the 360 and to implement the compleie standard
FORTRAN or as large a subset of it as possible. Be-~
cause of space limitations it was not possible to imple-
ment the COMPLEX data type or the EXTERNAL
statement. Also the EXTEKRNAL statement creates
complications which the author considered outweighed
its usefulness. The PAUSE statement was not imple-
mented because it confiicts with the concept of fast
job processing.

Two popular extensions to the standard were imple-
mented, but these may be deleted by use cf a compile
option as suggested by the American Nuclear Society
(Communications of the A.CM. 1966). Thesc exten-
sions exist in the IBM FORTRAN system, so their
inclusion docs not preclude testing a job with ABACUS,
and then ranning it for much longer periods using the
IBM system. The cxtensions are

(1) The ‘END= option in the READ statement

which gives the address of an end of {ilc routine.

(2) The use of qguotes to dclimit Hollerith ficlds

within FORMAT statements.

Description of lie 360 at Tucas Heights
The IBM 360/50 at Lucas Heights has 256K byfes

% Austrclian Atomic Energy Commission. Manuscripi received September, 1968.
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of core storage. These bytes are cight bit characters.
A single word (or one storage unit as defined by the
standard) consists of 4 bytes. A card reader, card
punch and printer are attached on a multiplexor chan-
nel, with 4 discs and 2 tapes connected to two sciector
channels.  The ABACUS system resides on a disc,
but once it has been read into core storage, the discs
and tapes arc ignored,

The ABACUS system is organized along the lines
already cutlined. It consists of over 150 assembler
subroutines which take up 162K bytes. The symbol
table uses 12K byies, the compiled program may use
16K bytes for variables and arrays, 8K bytes are re-
served for storage of constants and addresses, the
compiled program may be up to 24K bytes long, and
the rest of the rnachine (34K) is used by the IBM
operaung systetii.

The desirability of having a single pass over the
source language forces a requirement on the order in
which spccification statements may be presented. This
required order is:—

(1) DIMENSION or type statements

(2) COMMON statcments

(3) EQUIVATLENCE statements.

The DIMENSION and type statements must pre-
cede COMMON statements so that addresses in COM-
MON can be assigned while the COMMON statement
is being scanned. Similatly, the DIMENSION and
COMMON statements must precede the BQUIVAL-
ENCE statemenfs so that a complete description of
an array or variable is available for processing the
equivalence ielationships. :

Addressing on the 360

The 360 system has been designed for a maximum
core storage of 16M bytes. To rcference a position
in this maximum size store requires a 24 bir address
and the designers considered a 24 bit address in every
memory reference instruction to be wasteful of storage
space, particularly when an actual store of 256X re-
quires only an 18 bit address. instead, memory refer-
ence instructions contain a reference to one of 16
general purpos: registers and also a positive displace-
ment of 12 bits. When referenced in this way, the
general purpose register is called a base register. The
address to memory is obtained by adding the displace-
ment fo the contents of the base register. With this
addressing schome an origin in a base register can only
be used to address an expanse of 4096 bytes. To
address a location outside this expanse, the origin in
the base register must be changed, or another base
register containing a suitable origin must be used.

This addressing structure creates problems in the
organisation of the compiled program. Firstly, refer-
ence must be made to different peints in the compiled
program; to statement numbers, subroutinc cntrics, etc.
These references are made only occasionally and in
ABACUS an address is loaded into a register which
is used as a base. This basc is then used by an in-
struction with a zero displacement.  This approach is
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also needed because of the single pass structure of
the system.

Reference to variables is a more serious problem.
Exccution would be very slow if a double rcference
were needed for each variable. Because of the small
amount (4K words) of storage available to the com-
piled program, a much faster and imore pleasing
approach may be taken.

The base register designation in the instruction is to
the left of the displacement. Thercfore if an incre-
ment were made to the displacement in an instruction,
any overflow would cause the numerically next Ligher
register to be indicated. Now this overflow does not
matter if the next register contains an address 4096
higher than the first. In effect, by this arrangement
the displacement within the instruction can be ex-
tended. Six of the 16 registers are used in ABACUS
to reference the 4K words of data and 2K words of
pointers to siatement numbers, subroutine entries, etc.

When extra core storage becomes available for the
360/50 at Lucas Heights, the complete standard
FORTRAN will be implementcd. The addressing
scheme described above is valuable mainly for vari-
ables. Currently the 4K words of data contain both
variables and arrays. The arrays could be taken out of
this region with a small loss in performance due to
double referencing those array clements which have
abeolute subscripts. Array elements whose subscripts
have to be calculated are double referenced ecither way.
For variables in COMMON and variables in equival-
ence with array elements, a double reference address-
ing scheme svould be needed.

The Blank Character in FORTRAN

In most statements in FORTRAN (including stan-
dard FORTRAN) the blank character has no meaning
and may be used freely to improve the appearance of
the program. The author fecls that blanks imbed-
ded in words, or words without & blank separating
them, do not improve the appearance of a program.
A. compiler cen be more casily written to recognise
individual statements in the FORTRAN language if
the restrictions suggested sbove arc made. As an
example, consider the two statements:—

DO2J = 1,3

DO2J =13
For compilers which are toleiant to blanks the first
statement is a DO statement ana the second is an
arithmetic statement. However, considerable anzlysis
of one statement must be made before it is reclassified
as a statement of the other type. For ABACUS the
first statement is a valid DO statement and the second
is an invalid DO ctatement. This approach has led
to some conflicts.  People used to writing

GOTO28
are not pleascd at having the statement rejected, but
why should all piograms be compiled more slowly
because a few uscrs have poor punctuation?

Treatment of Fivers—Compilasion
Onc of the aims of ABACUS was to produce ngud

error McsSsages. Juring  compilation an  cxtensive
check is made of the statements. For all errors de-
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tected a full message is produced, with a pointer to
a card column where needed. The parts of the coni-

piler used to check for errors and all the possible error -

messages take up a large amount of storage. Further
action depcnds on the type of error. If the error is
in an executable statement, instructions are generated
so that execution will be terminated i control reaches
that point. If the crror is in a specification statement,
it will aflect the entire program unit. I the error is
in the maialine program, execution is deleted; if it is
in a sub-program, execution will be terminated on
entry. For statement numbers missing or subprograms
missing, their address link is filled in so that control
will pass to an error routine if they are referenced.

Treatment of Errors—Execntion

The operating systein must consider the invocation
of the batch processor as a single job. If the operat-
ing system is allowed to follow its usual course when,
say, an overflow occurs, the remaining jobs in the
batch may be flushed. Because of this unsympathetic
behaviour of the operating system and because so few
of its features are used, ABACUS has its own small
operating system to handle input-output, timing and
interrupts.

There are two modes of operation on the 3¢0. One
is a supervisor state where all insiructions are legal,
and the second is a problem state where instructions
such as input-output arc illegal. A special instruction,
supervisor call, is provided for a program in the
problem state to request supervisor services. A speciai
supervisor call, SVC 255, has been implemented at
Lucas Heights to allow a program in problem state
to enter the supervisor state. This feature is used by
ABACUS to give control to its own operating system.

Errors during execution can be divided into crrors
which any program might make, such as an ovcrflow,
and those which violate the rules of FORTRAN, such
as the subscript for an array element being out of
range. The first type of error causes an interrupt and
information needed to diagnose the fault is avaiiable
to the system.

It is much more difficult to detect the second type
of error and gather information about it. The program
produced by ABACUS contains checks for thistyne
of error and, if one should occur, provides the infor-
mation necessary to diagnose it. One example of this
is the array subscripts already mentioned. Another
is a check that none of the parameters of a DO state-
ment is changed during its range This is achieved
by making a copy of the parameters at the start of the
loop and comparing them at the end of the loop.

The Disassembler

A disassembler is part of the ABACUS system and
this is a program which can provide an assembler
language listing from basic machine language. The
disassembler was used during development of the
system to check the compiled progran. This feature
which taies up little space, was invaluable to the author
when checking the generated program. The dis-
assembler is used in the completed program to give
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an assembler languuge listing of the compilea program
(if the user desires), and also to give a Iist of any
statement which signals an crror during exccution.
Scveral tables are available io the disassembler in order
to make the listing more readable. The first of these
is the symbol table, which is rciained throughout the
joc.  Addresses found in instructions can be used to
find the relevant variable name in the symbol table;
this name may then be included in the listing. The
symbol table entry also gives the variable type. This
means the current value of the vaiiable may be given
in the appropriate format. Many instructions are only
gencrated in unique circumstances. A table of these
is available to the disassembler and when they occur
a relevant comment can be included in the listing.
During compilation a table containing the lengths of
individual statements is built; this is used later to
scparate the compiled program into the original state-
ments for listing.

The Epilogue

At the end of execution an epilogue is given which’
is a summary of the cxecution giviug the time taken,
the number of cards read, the number of lines printed
and the number of cards punched. The last card
read and the last card punched are reproduced in the
epilogue. The reasons for termination are given. This
may merely be an indication that control reachcd a
STOP statement or it may be wauch longer. Suppose
the error was an overflow in an arithmetic statement.
Using the address of the overflow, the disasscmbler
is able to list the complete arithmetic statement in
question. As mentioned before, this list will contain
the names of the variables in the statement and their
values. Every fault is handled in this way. A message
gives the nature of the fault and the list of the relevant
statement gives added detailed information. If the
fault occurs in a subprogram, the path back to the
mainline program is followed, giving a list of each call
statement, including the value of all arguments.

A compile option is available to give the program’s
path prior to termination. The compiled program
has en instruction inserted before the normal code for
each statement. During execution this instruction calls
a trace subroutinc which records the latest 1000 re-
turn addresses and counts the number of calls. This
count and these addresses are given in the epilogue.
If the program had been in an endless loop, the actual
loop could be determined by an analysis of the state-
ment locations. This couid also be done by the sys-
tem, but lack of space prevents ite inclusion in
ABACUS. Another option is available to iist the value
of all variables and arrays zafter exccution. This pro-
vides a valuable aid to locating errors.

The Batch Contrel Card

It is vsual for a system to have different options
available. Among these may be the option to produce
a list of the variables and statement numbers in the
program, cr to exccute not Jonger than a set time.  So
that cvery job need not explicitly state all the options,
a standard sct of options is normelly adopted. If a
job does not state a particular option, the relevant
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standard staté can be taken. This standard set of
options is usually built into a system, but with
ABACUS a standard state may be set for a batch of
jobs.  This is done with a control card which, precedes
the batch and also specifies if an option may be changed
by an individual job. There are two classes of options.
The first contains qualitative options, such as a list
of the variables and statement numbers. The control
card states the standard option and also whether it
may be changed. If it may not be changed, the user’s
attempt to do so will be fruitless. The second class con-
tains quantitative options, such as a time limit for
execution. As well as the standard length of time,
the control card sets a maximum time which the user
cannot exceed. Suppose the standard limit is 10 secs.
and the maximum limit 60 secs. If the individual job
does not set its own limit, 10 cecs. will be taken. If
the job specifies any time up to 60 secs. this will be
allowed, but any atiempt to request more than the 60
secs. will be taken as 60 secs. only.

This concept of a maximum limit also applies to all
quantitative options such as the number of lines printed
and the number of cards punched.

Performance

ABACUS will run each small job in approximately
2 seconds. This compares very favourably with the
equivalent IBM time of 61 secs. Naturally, the
execuiion speed of ABACUS is not as good as the
longer compiling IBM system; this is also due to the
time required for checking errors. For jobs which
use many subscripted variables, the comiparative speed
may be about 35 per cent, but a carefully written
program using only simple variables may execute at
aboui 95 per cent. The size of the source program

natnrally varies with the complexity of the statements.
If 1he statcmenrts were ail as simple as
A=DB+C ’

then ABACUS could handle a program with two
thousand statements. The realistic limit would be
about 500 to 700 statements. It has been very wo:th-
while to include the check for executinn errors with
the production of full error messages. Users of the
ABACUS system have commented that errors are well
diagnosed and that this has enabled them to correct
their programs more quickly.

Conclusions

Possibly the most valuable lesson learnt from writ-
ing ABACUS is that detecting crrors and producing
good diagnostics takes up a lot of space.  Apart
from the fact that parts of standard FORTRAN are
not implemented because of space limitations, the
design aims of the project have been realised. The
time taken ic process small jobs has been greatly re-
duced from that required by the IBM system. The
time required to find and correct errors has been re-
duced by the provision of execution checking and good
messagces. :
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