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1. INTRODUCTION

THE NIBELER IS A SINGLE BOARD MICROCOMPUTER DESIGNED TO BE A
LOW COST HOBBY COMFUTER OR INTELLIGENT CONTROLLER FOR INDUSTRIAL AFPP-
LICATIONS. THE NIBBLER IS DESIGNED AROUND NATIONAL SEMICONDUCTOR S
SC/MP IT MICROPROCESSOR AND NIEL (PRONOUNDED NIEBELE) BASIC ROM CHIFS.
THE SC/MP II MICROPROCESSOR UTILIZES THE NIBL ROM TO FROVIDE AN EXTEND-
ED VERSION OF TINY BASIC.

TINY EASIC IS A SIMPLIFIED VERSION OF THE COMPUTER LANGUAGE BASIC,
DEVELOPED EBY DR. JOHN KEMENY AND DR. THOMAS KURTZ AT DARTMOUTH COLLEGE
IN 19&32.  BASIC HAS BECOME THE "PEOPLE'S COMPUTER LANGAUGE" BECAUSE IT

% EASY TO LEARN AND EASY TO USE BY PEOPLE WHO ARE NOT COMPUTER SCIEN-
TISTS OR PROFESSIONAL FROGRAMMERS. THE USERS OF BASIC ARE ENGINEERS,
TECHNICIANS, SCIENTISTS, STATISTICIANS, BUSINESS FEOFLE, HOBEIESTS,
TEACHERS, COLLEGE STUDENTS, AND A VAST MULTITUDE OF STUDENTS IN ELEMEN-
TARY AND SECONDARY SCHOOLS.

THE ORIGINAL TINY BASIC WAS DESIGNED FOR APPLICATIONS SUCH AS INT-
EGER ARITHMETIC PROGLEMS, COMPUTER GAMES AND TEACHING BEGINNERS HOW TO
PROGRAM COMPUTERS. NIBL HAS EXTENDED CAPABILITIES WHICH MAKE IT A POW-
ERFUL DESIGN TOOL FOR DEVELOFING CONTROL APPLICATIONS, A% WELL AS THE
APFPLICATIONS FOR WHICH TINY BASIC WAS ORIGINALLY DESIGNED

INFORMATION ON TINY BASIC WAS FIRST PUBLISHED IN “PEOPLE"S COMPUTER
COMFPANY, VIOL 3. NO 4 (MARCH 1975) AND VOL 4, NO 1 (JULY 1975). HOWEVER
THE BEST S0OURCE OF INFORMATION ON TINY BASIC IS DR, DOBE-S JOURNAL OF
COMFUTER CALISTHENICES AND ORTHODONTIA, BEGINNING WITH VOL 1, NO 1 (JAN
1974&) AND CONTINUING THROUGH SEVERAL ISSUES.

THE SC/MP 1T WAS CHOSEN BY DIGI-KEY FOR ITE LOW COST AND THE AVAIL-
ABILITY OF A TESTED AND FROVEN BASIC INTERFRETER. THE LARGE NUMBER OF
SC/ZMP IT USERS AND A GO0D SUPPLY OF DOCUMENTATION SUPFORTING SC/MF APP-
LICATIONS. DIGI-KEY IS FPROVIDING THE HOBRIEST AS WELL AS THE INUDUSTRIAL
USER A LOW COST MODULE THAT CAN EASILY BE USED AS AN INTRODUCTION INTO
THE WORLD OF MICROCOMPUTING.

THE LARGEST FROELEM FACING A EBEGINNER IN MICROCOMFUTING IS THE SEEM-
INGLY OVERWHELMING AMOUNT OF INFORMATION THAT MUST EE ASSIMILATED BEFORE
HE CZAN GET STARTED.  MOST LOW COST SYSTEMS REQUIRE THE USER TO LEARN THE
MACHINE LANGUAGE OF THE MICROFPROCESSOR BEFORE HE CAN FROCEELD. ON THE
OTHER HAND, IF A HIGHER LEVEL LANGUAGE IS AVAILAELE =SUCH A BASIC, THEN
THE COST IS INCREASED. DIGI-KEY IS PROVIDING THE NIEELER AS A SOLUTION
T THIS FPROBLEM. THE NIEBBLER WITH A COST OF $14% 95 PROVIDES ENOUGH COM-
FUTER POWER TO ALLOW IMMEDIATE EDUCATIONAL PROGRESS AT A REMARKAELE RATE
BASIC IS EASY TO LEARN AND USE.  NIBL PROVIDES ENOUGH EXTRA FOWER TO ALLOW
ACCESS TO THE FUNDAMENTAL FUNCTIONS OF THE MICROPROCESSOR FOR INDUSTRIAL
APPLICAT IONS. THE INDIRECT OPERATOR ALLOWS MEMORY READS AND WRITES JUST
LIKE MACHINE LANGLUAGE. THE STRING MANIPULATION CAFARILITY ALLOWS BYTE
WISE MANIPULATION OF DATA. THE LOGICAL OPERATORSE ALLOW BIT MANIPULATION



THE NIBELER OFFERZ INTEGER ARITHMETIC. ALL CALCULATIONS ARE FPER-
FORMED USING INTEGERS. THE LARGEST NUMBER THAT CAN BE REPRESENTED IN AN
INTEGER BASIC IS A FUNCTION OF THE STORAGE SPACE AVAILABLE FOR THE NUMEBER.
NIEL USES TWD BYTES (14 BITS) FOR NUMBER STORAGE. 15 BITS ARE UZED FOR
THE MAGNITUDE OF THE NUMBER AND 1 BIT FOR THE SIGN.  THEREFORE THE LARGEST
NUMBER REPRESENTED IN NIBL IS 2 RAISED TO THE 15TH POWER LESS 1 OR 32767
THE RESULT 0OF ANY ARITHMETIC OPERATION WILL ALS0 BE AN INTEGER, FOR EX-
AMPLE 3/2=1. THE FROBLEM HERE IS OBVIOUS, WHERE IS THE REMAINDER? THE
SOLUTION IS THE USE OF THE MOD INSTRUCTION. MOD STANDS FOR MODULD ARITH-
METIC AND ALLOWS YOU TO FIND REMAINDERS OF DIVISION DIRECTLY. THEREFORE
IT IS POSSIBLE TO WRITE ROUTINES THAT CAN PERFORM FLOATING POINT ARITH-
METIC IF YOU DESIRE TO HAVE THIS CAPABILITY. THE NIRBBLER CAN EE USED FOR
AN ENDORMOUS VARIETY 0OF FUNCTIONS WITHOUT THE FLOATING POINT CAPABILITY.
SEVERAL REFERENCE EOOKS ARE AVAILAELE FROM DIGI-KEY TO ASSIST YOU IN LUNDER-
STANDING HOW T UTILIZE YOUR NIBBLER IN A WIDE NUMEER OF APPLICATIONS.



P

"NIBBLER S0OFTWARE GUIDE"



2.1 ADDITIONS AND CORRECTIONS FOR SC/MP NIBL REFERENCE GUIDE

THE SC/MP NIBL REFERENCE GUIDE IS PROVIDED AS A SOFTWARE MANUAL.
THERE ARE SEVERAL ADDITIONS AND CORRECTIONS WHICH ARE NOTED EBELOW.

THE COMMENTS ARE
1.1 INTRODUCTION:

FIGURE 1-2:

[y
&

1. F:

AFPFENDIX E:

APPENDIX C:

DRGANIZED BY THE EXISTING HEADING NUMBERS.

THE NIBELER USES THE SC/MP 11 MICROPROCESSOR

FLEASE UTILIZE SHEET 1 OF THE NIEBLER LOGIC FOR

- THE BLOCE DIAGRAM.

A CRT TERMINAL SUCH AS A MICROTERM ACT 1A CAN BE
USED WITH THE TTL INTERFACE

ONLY A S VOLT 0. 4 AMF SUPPLY IS REQUIRED IF NOT
USING A TELETYFE.

THE NIBBLER CAN BE USED WITH A ROM PROGRAM AS DES—
CRIBED IN THE HARDWARE DESCRIPTION.  HOWEVER THE
NIBELER DOES NOT SUPPORT THE LCDS.

THE "AREA" ERROR MESSAGE WILL NOT RESULT WHEN MEMORY
SIZE IS EXCEEDED WITH A ZK RAM SYSTEM. THE NIBBLER
WILL LOCE UFP AND HAVE TO EBE RESET

THE BAGLES PROGRAM STATEMENT 140 SHOULLD READ:
"140 IF (G>1000) OR (5C100) GAOTO 120
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PREFACE

This reference guide for the National Industrial Basic Language Interpreter (NIBL, pronounced ''nibble'") is a
version of TINY BASIC; refer to Doctor Dobbs Journal, Volume 1, January 1976. NIBL is intended for moderate~
speed input/output and control applications utilizing either a SC/MP or a SC/MP-II microprocessor.

Included in the NIBL, Reference Guide is information pertaining to NIBL program-entry, program control, and
program content. The appendices provide information on NIBL Formal Grammar, NIBL Error Messages and
Descriptions, and "BAGELS'" — A simple NIBL game,

Versions of NIBL are available for both SC/MP (2-microsecond microcycle) and SC/MP-II (1-microsecond
microcycle). Versions for these two processors differ only in delay constants contained within their Teletype@
driver routines. These Teletype drivers contain software timing loops. For SC/MP-II, two standard products
are available: '

° ISP-8F/351 Eight 512 x 8 (MM5214) ROMs (see figure 1-1)
° ISP-8F/352 Two 2K x 8 (MM2316A) ROMs (see figure 1-2)

For either SC/MP or SC/MP-II, paper tape versions are available through COMPUTE, the National Micro-
processor Users Group Newsletter., Following are the order numbers for these versions:

° SL043A-P for SC/MP

o SL043A-N for SC/MP-II
The material within this publication is subject to change without notice. Changes will be reported in COMPUTE.
Copies of this publication and other National Semiconductor publications may be obtained from the National
Semiconductor sales office or the distributor serving your locality.

Related Publications:

o SC/MP Data Sheet, ISP-8A/500D Single-Chip 8-bit Microprocessor — Publication Number
420305227-001 — No charge. *

° SC/MP-I1I Data Sheet, ISP-8A/600 Single-Chip 8-bit (N-Channel) Microprocessor — Publication
Number 426305290-001 — No charge. *

° SC/MP Technical Description — Publication Number 4200079 — Cost $3. *

. SC/MP Assembly Language Programming Manual — Order Number ISP-85/994Y — Cost $10,
’ order from local distributor.

° SC/MP Kit Users Manual — Publication Number 4200113 — Not available separately; supplied
in SC/MP Kit.

° Dr. Dobb's Journal of Computer Calisthenics and Orthodontia — Volume 1, Number 1, January 1976
and Number 10, November 1976.

PCC
Box Number E
Menlo Park, CA 94025

) SC/MP Microprocessor Applications Handbook — Publication Number 420305239-001A — No
charge, *

° SC/MP Low Cost Development System (LCDS) Users Manual — Publication Number 4200105A —
Cost $10, order from local distributor.

* Contact: Marketing Services
National Semiconductor Corporation
2900 Semiconductor Drive
Santa Clara, California 95051

or

Telephone: (408) 737-5142
® Registered trademark of the Teletype Corporation
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Chapter 1

GENERAL INFORMATION

1.1 INTRODUCTION

The National Industrial Basic Language (NIBL) provides the user with a version of the TINY BASIC Programming
Language intended for moderate-speed input/output and control applications utilizing either a SC/MP or a
SC/MP-IL

1.2 SYSTEM DESCRIPTION

Because NIBL initializes in a logically clear state, the first requirement is to supply a program; refer to
chapter 2 for a detailed discussion of PROGRAM ENTRY. Chapter 2 also contains descriptions of various
initialization commands and their uses.

Chapter 3 provides explanations of NIBL variable names, relational operators, expressions, standard arith-
metic and logical operators, and decimal and hexadecimal constants, and a discussion of several functions
which may be included in NIBL arithmetic expressions. Chapter 4 includes descriptions of input/output and
assignment and control statements. Chapter 5 provides a discussion of the indirect operator.

The last two chapters (chapters 6 and 7) include discussions of multiple statements on a single line, multiple-
page handling, string handling, and explanations of the LINK, REMARK and END Statements.

The NIBL formal grammar, NIBL error messages and descriptions, and "BAGELS'" — a simple NIBL game —
are included in appendices A, B, and C, respectively.

1.3 HARDWARE CONFIGURATION

1.3.1 Minimum Hardware Configuration

The minimum hardware configuration required to support the NIBL Interpreter is as follows; also refer to
figures 1-1 and 1-2,

a. SC/MP Central Processing Unit (CPU), crystal, and support logic.

b. 110-Baud ASCII terminal interface.

c. 4K-by-8 Read-Only Memory (ROM) (0-FFF) for NIBL memory.

d. 2K-by-8 Read-Write Memory (RAM) (1000-17FF) for user memory (allows approximately
60 average NIBL line statements).

e. Model 33 ASR Teletype (TTY) or similar terminal.
f. Power supplies (+5, -12 volts).

Users who do not wish to build a system from scratch can obtain items a through d above already assembled and
tested in the form of the SC/MP Low Cost Development System (ISP-8P/301), the 4K-by-8 ROM/PROM Card
(ISP-8C/004P), and the 2K-by-8 RAM Card (ISP-8C/002). The blank MM5204Q PROMs (included in the
ISP-8C/004P) then may be programmed with NIBL using the paper tape that is available from COMPUTE, the
Microprocessor Users Group newsletter.

NOTE

The following SC/MP Status Register bits for Teletype
interfaces are not available to the user's NIBL program:
User Flag 0, User Flag 1, and Sense Bit B.

10



1.3.2 Additional Memory

Another 2K bytes of RAM (1800-1FFF) will expand the storage capacity to accommodate programs of approxi-
mately 160 lines. The total 4K bytes of RAM hereafter is referred to as PAGE 1. NIBL allows the user to
add on six more 4K bytes of pages, providing a total of 28K bytes of user memory that can be used to store
NIBL programs. Each 4K bytes of user memory can contain a separate NIBL program, and control can be
transferred from one page to another during execution.

1.3.3 Using a SC/MP-II

If a SC/MP-II is used, a 4.0-megahertz crystal is required because the SC/MP-II increased speed-of-operation
can be up to a maximum of twice that of the SC/MP speed-of-operation. The delay parameters in the Teletype
Input/Output Routines differ. between versions of NIBL operating on SC/MP and SC/MP-II. The COMPUTE
Users Library has two versions of NIBL, for SC/MP and SC/MP-II: the version released and supported by
National Semiconductor will run only on SC/MP-II.

1-2
11
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Figure 1-1. Minimum Hardware Configuration to Support the NIBL Interpreter (ISP-8F/351)
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Chapter 2

PROGRAM ENTRY AND CONTROL

2.1 PROGRAM ENTRY

NIBL initializes in a logically clear state so that the first requirement is to supply a program. This is accom-
plished either by typing in numbered lines, or by reading in a previously prepared program through the Paper
Tape Reader. NIBL doesn't recognize the difference between these two methods — it will read characters from
the paper tape if the Reader is ON; otherwise, the only input will be through the Keyboard. As is customary
with Teletypes, there is no distinction between tape and keyboard input, so typing while the Reader is running
will produce errors.

2.1.1 Prior to Program Entry

Before entering a new program, type the command . This procedure ensures that NIBL is ready to accept
a new program.

2.1.2 Entering Program Lines

Lines may be entered in whatever order is convenient; the actual order in the program is determined by the line
number, which must begin each line that is to be placed in the program — and not by the order in which the lines
are received. Leave an interval of at least 10 lines between line numbers because it may be necessary to insert
lines later; there is no way to renumber lines except to retype them. Leaving gaps in the line numbering is
reasonable since there are 32K possible line numbers.

2.1.3 Punctuation with Blanks

Punctuation with blanks is according to taste, as long as keywords are not broken up. Thus, though few blanks
are required, and all are stored with the program, blanks to provide clarity should be included.

2.1.4 Additional Proper Procedures

A line without a number executes immediately, but entering a number without a line will delete that line, if it
exists. This is permissible since it is the only way to dispose of a specific line; however, if the user starts to
type a line number and then changes his mind, he must be sure to hit a [CONTROL/U|, NOT the Carriage
Return Key, as it may cause a good line to disappear or be replaced by a mangled line. NIBL doesn't

check the correctness of lines as they are entered, so a mangled line will act as a hidden mine which will blow
up the program when it attempts to execute.

2.1.5 Control Characters

There are certain control characters which cannot appear in a NIBL text. These are described as follows:

CONTROL/U. Typing this character causes the current line to be
deleted.
CONTROL/C. Typing this character causes NIBL to resume accepting

program lines or immediate commands. Use |
CONTROL/C to abort program execution from an input |
statement response. |

2-1
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SHIFT/O (Back-Arrow). This character deletes the last character typed in (except
for another back-arrow), and may be used repetitively,

CONTROL/H (Back-Space). This character is identical in function to SHIFT/O, and
is intended for use with video terminals. It echoes as
back-space/space/back-space.

Carriage Return. This character terminates the current line and enters
it to the NIBL system.

Line Feed and Null Characters are echoed at the Teletype by NIBL, but are ignored. This allows the user to
save a program by listing it with the Paper Tape Punch turned ON; the tape can be entered to NIBL at any
time through the Paper Tape Reader.

Program execution can be halted by pressing any key; however, NIBL checks for this only between each state~

ment, so to halt program execution, the BREAK key on the Teletype is pressed. Pressing any key while NIBL
is listing a user's program will cause the listing to be terminated.

2.1.6 Program Entry Summary

° A line without a number executes immediately.
° A line with a number is inserted in order in the program.
° Line numbers must be from 0 to 32767. .

o No blanks in keywords (LET, IF, THEN, GOTO, GOSUB, GO, TO, SUB, RETURN, INPUT,
PRINT, LIST, CLEAR, RUN, and so on).

° Blanks outside keywords are optional.

° SHIFT/O (Back-arrow) deletes the last character typed.

° CONTROL/H (Backspace) has the same function as SHIFT/O (for use with CRT's).
) CONTROL/U deletes the entire line.

2.2 ~ PROGRAM CONTROL
2.2.1 NIBL Commands

2.2.1.1 NEW Command
The command should be typed on the TTY prior to entering a program, but the user must be reminded
that any existing program is lost after entering @ , the Carriage Return Key. Fortunately, the NEW

Command is not legal as a line in a NIBL program.

Typing followed by a Page Number clears the program in that PAGE.

2.2.1.2 RUN and GOTO Commands

Using the RUN Command is not the only way to start a program; that is, if 10 is the lowest line number,
GOTO 10| will accomplish the same thing. If it is desired to start at some line, say 110, not the first line

in the program, just type [GOTO 110] instead of [RUN].

The RUN Command clears all internal stacks and variables, the GOTO Command does not.

2-2
15



2.2.1.3 LIST Command

Typing causes the NIBL program in the current PAGE to be listed in its entirety. If the user wants to

check around line 110, type and hit the BREAK key when enough of the program has been listed. Beyond
its primary use, to display the program, LIST serves, on an ASR-33 Teletype, as the method for saving a program:
type ; then turn on the Punch; then hit @ , the Carriage Return Key.

2.2.1.4 CLEAR Command

The CLEAR Command will cause all variables (A-Z) to be zeroed. CLEAR also clears all the stacks used by
a NIBL program indirectly; that is, the GOSUB stack, the DO/UNTIL stack, and the FOR/NEXT stack.

2.2.2. Program Control Summary

° CLEAR clears all variables (A-Z) and all stacks.
. NEW deletes the program in PAGE 1 (normal page).
° NEW n (n is from 2-7) deletes the program in PAGE n.

. LIST lists the program starting at the lowest line number, or the line number given.
° RUN starts the program at the lowest line number.
NOTE

Repeated pressing of the BREAK Key interrupts
execution and returns the system to programming
mode.
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Chapter 3

NIBL EXPRESSIONS AND FUNCTIONS
3.1 EXPRESSIONS

3.1.1 Variable Names
In NIBL there are 26 variable names, that is, the single letters of the alphabet. The variables are all 16-bit

signed INTEGERS; there are no fractions or floating point numbers in NIBL. All numeric constants are decimal
numbers, except when preceded by a pound sign, '#', in which case the constant is taken to be hexadecimal.

3.1.2 Relational Operators
The Relational Operators ("=", "<", " >", "<=", ">="and '""< >") are the standard BASIC types and should

be self-explanatory, except for '< >', which means "is not equal to''. Note that '> <' is illegal. The Relational
Operators return either 0 (FALSE) or 1 (TRUE) as a result.

3.1.3 Arithmetic Operators

The standard operators '+', '-', '/', and '*' are provided. .

Arithmetic is standard 16-bit twos-complement arithmetic. Fractional quotients are truncated, not rounded;
division by zero induces an error break. The order of evaluation of arithmetic expressions in NIBL is controlled
by parentheses; operator precedence also influences operations, but is is safer to use many parentheses in
complicated expressions to avoid confusion.

3.1.4 Logical Operators

In addition to the standard arithmetic operators, NIBL provides Logical Operators AND, OR, and NOT. The

first two are binary operators like * and +; the last is a unary operator like @. These operators perform bitwise
logical operations on 16-bit arguments, producing 16-bit results.

3.1.5 Expression Summary

° All expressions are 16-bit, twos-complement values.
° 26 variable names: A through Z.

° Relational Operators <, >, =, <=, >=, < >,

° Arithmetic Operators +, -, *, /.

° Logical Operators AND, OR, NOT.
) Decimal Constants in the range -32767 to 32767.

° Hexadecimal Constants denoted by '#' followed by hex digits.

3.2 FUNCTIONS

There are several functions which may be included in arithmetic expressions in NIBL. These are described
as follows.
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3.2.1 MOD Function

MOD (a, b) returns the absolute value of the remainder of a/b, where a and b are arbitrary expressions. If b
is zero, (0), an error break will occur. ) :

3.2.2 RND Function

RND (a, b) returns a pseudo-random integer in the range of a through b, inclusive. For the function to work
correctly, b-a must be less than or equal to 32767 (base 10), and b should be greater than a.

3.2.3 STAT Function

STAT returns the value of the SC/MP Status Register (an 8-bit value). Note that STAT may appear on the left
side of an Assignment Statement as well as on the right side. The Carry and Overflow Flags of the status
register are usually meaningless, since the NIBL Interpreter itself is continually modifying these flags. The
Interrupt-Enable Flag cannot be altered by an assignment to STAT (as an example: STAT = #FF); NIBL clears
that bit when making any assignment to the status register. User Flags 0 and 1 and Sense Bit B are not available
to the user's NIBL program for Teletype interfaces. '

3.2.4 TOP Function

TOP returns the address of the first byte above the NIBL program in the current Page which is available for
use. In other words, it is the address of the highest byte in the NIBL program, plus 1. All the memory in the
current Page, above and including TOP, can be used by the NIBL program as scratch storage.

3.2.5 PAGE Function

PAGE is a pseudo-variable (like STAT) which refers to the 4K memory page in which a NIBL program is either
being edited or run. The only legal values for PAGE are 1 through 7; when a number is assigned to PAGE
which is outside these limits, only the least significant three bits of the number are used. If the resulting
value is 0, the value 1 is assumed. As an example, PAGE = 3000 would cause PAGE to be set to 1; refer to
6.2, Multiple-Page Handling, for more information.

3.2.6 Function Summary
) RND (a,b) returns the random number in the range a through b.
° MOD (a,b) returns the remainder of a/b.

° STAT returns the value of the SC/MP Status Register.
° PAGE returns the number of the current Page.

° TOP returns the highest address of NIBL program in the current Page.
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3.3 HIERARCHY OF OPERATIONS

The order of performing individual operations within an expression is determined by the hierarchy of operators
and the use of parentheses. Operations of the same precedence are performed from left to right in an expression.
Operations within parentheses are performed before operations not in parentheses. The hierarchy (from highest

to lowest) of operators is as follows:

NOT, functions, @, ( )

*x, /, AND

+, -, OR

<y >y <=y >F, < >
For example, the expression 2 + 3 * 4 would have the value 14, because the '*' operator has a higher precedence
than '+'. Thus, the term 3 * 4 is computed first, giving a result of 12; then the expression 2 + 12 is computed,

giving the final result of 14. On the other hand, the expression (2 + 3) * 4 would have the value 20, since NIBL
computes the value of the subexpression in parentheses before evaluating the surrounding expression.
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Chapter 4

INPUT/OUTPUT, ASSIGNMENT, AND CONTROL STATEMENTS
4.1 INPUT/OUTPUT STATEMENTS

4.1.1 Executing an Input/Output Statement

Input of all numbers to NIBL may be accomplished by executing a statement such as
INPUT A,B

When this statement is executed, NIBL prompts the user with a question mark. Now the user types in two
expressions, separated by commas, which will be assigned to the variables A and B. Thus, a legal response
to the INPUT statement above would be

String input is glso allowed in NIBL; refer to 6.3, String Handling, for more information.

Typing Control/C during an INPUT response causes NIBL to abort execution of the program and to return to the
Edit Mode.

4.1L2 _ Output Statements

In Output Statements, quoted strings (such as "THIS IS A STRING') are displayed exactly as they appear (with
the quotes removed). Numbers are printed in decimal format, with either a leading space (for positive numbers)
or a minus sign, '-', for negative numbers; and a trailing space for all numbers. A semicolon (3) at the end of
an Output Statement suppresses the usual Carriage Return with which NIBL terminates the output.

Strings in memory (such as those generated by a Sti'ing Input Statement) may also be printed; refer to 6.3,
String Handling, for more information. '

4.1.3 Input/Output Statement Summary

° INPUT X

[ INPUT X,Y,Z

. PRINT "A STRING"

. PRINT '"F =", M*A

° PRINT "TAKE",X,"PILLS BEFORE";

NOTE

The semicolon (;) suppresses an otherwise automatic
Carriage Return after any Output Statement,

4.2 ASSIGNMENT STATEMENTS
4.2.1 Assignment Statement Forms

The 'LET' in an Assignment Statement may be omitted, that is, the execution of the statement is actually
faster if '"LET' is omitted. :



The left portion of an Assignment Statement may be a simple variable (A-Z), STAT, PAGE, or a memory loca-
tion, indicated by a @ followed by a variable, number, or an expression in parentheses; refer to chapter 5,
Indirect Operator, for more information.

A String Assignment Statement is also allowed hy NIBL; refer to 6.3, String Handling, for more information.

In connection with Assignment Statements, a property may be noted by means of which conditional assignments
may be made without using any IF Statements. It hinges on the fact that all predicates, as an example: expres-
sions such as A > B or (A+3)*5 >100, are actually evaluated to yield a 1 if true, and a 0 if false. Thus, if a
predicate is enclosed in parentheses, it may be used as a multiplier in a statement such as:

[LET X = A*(A >=0)-A*(A<0)]

which assigns to X the absolute value of A.

4.2,2 Assignment Statement Summary

. LET X=17

L] E=1*R

(] STAT = #70

. PAGE = PAGE +1
. LET @A = 255

° @(T+36) = #FF

NOTE

'LET' is optional in any Assignment Statement.

4.3 CONTROL STATEMENTS

4.3.1 Control Statement Construction Allowances

NIBL, a superset of the originally-proposed TINY BASIC, allows certain construoctions in Control Statements
that are not allowed in larger standard BASIC's. These attractive aberrations are in two areas:

A. NIBL allows GOTO or GOSUB to use an arbitrary expression where standard BASIC's would
allow only a constant statement number; as an example:

GOTO X+5
or GOSUB A+(X >Y + 2)

B. NIBL allows an arbitrary statement to follow an [IF/THEN | rather than a statement number to
be executed if the predicate is true (as is the rule in standard BASIC's),

NIBL allows the omission of the THEN, as is also allowed in some larger BASIC's — this is one omission which
enhances clarity by removing '"noise' from the program.
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4.3.2 Subroutine Advantages -

For users without any programming background, a brief treatment of a "subroutine" (which is what GOSUB and
RETURN give to a BASIC) is given. If there is a computation of operation which must be carried out in more
than one place in the program, the need to repeat the code involved is avoided by setting this code outside of
the program; (as an example: beyond the last statement of the main program) with an additional statement,
RETURN, appended. When this has been accomplished such that the first statement of this segregated code
(now called a subroutine) is, as‘an example, 1000, -the operations it carries out may be invoked by the use of
a [GOSUB 1000]. The encountering of the RETURN Statement in the 1000 subroutine will cause execution to be
taken up at the first line following the last executed. Execution of a GOSUB is usually referred
to as calling (or invoking) a subroutine. The space saving and consolidation of code which has been alluded to
here as the advantage of the subroutine, is only the slightest suggestion of the immense utility and organiza-
tional power of the subroutine concept.

4.3.3 DO and UNTIL Statements

NIBL has another control structure which is not available in any standard BASIC, TINY or otherwise. This is
the DO/UNTIL construct, with which program loops may be designed with a minimum of GOTO Statements. The
overall effect of this feature is to greatly improve the readability, maintainability, and clarity of NIBL programs.

By enclosing zero or more statements between a DO Statement and an UNTIL <condition> Statement (where
" < condition > is any arbitrary expression), the user causes these statements to be repeated as a group until
the <condition > evaluates to a non-zero number. As an example of the use of the DO and UNTIL Statements,
a program which prints the prime numbers is listed as follows:

10 PRINT 1: PRINT 2

20 I=3 - :REM 11S THE NUMBER BEING TESTED

30 DO

40 J=1/2:N=1 :REM J IS THE LIMIT; N IS THE FACTOR

50 DO :REM TRIES TO FIND A DIVISIBLE FACTOR OF I
60 N=N+2

70 UNTIL (MOD(I, N)=0) OR (N >J)

80 IF N >J PRINT I :REM DID NOT FIND A DIVISIBLE FACTOR

90 =12
100 UNTILO :REM REPEATS THE OUTER LOOP FOREVER

4.3.4 FOR and NEXT Statements

NIBL also has FOR and NEXT Statements which are identical to the FOR and NEXT Statements in standard
BASIC's. As in other BASIC's, the STEP in the FOR Statement is optional, and if it is included, may be
either positive or negative. If the STEP is omitted, a STEP of +1 is assumed. A FOR loop is terminated
by a NEXT <var> Statement, where <var> is the variable referred to in the FOR Statement which began
the loop. NIBL causes an error break if the variable in the NEXT Statement does not match that in the
matching FOR Statement.

FOR/NEXT loops may be nested, and NIBL will report an error if the nesting level becomes too deep. Note
that a FOR loop will be executed at least once, even if the initial value of the control variable already exceeds
its bounds before starting. As an example of the use of the FOR and NEXT Statements, a program which
prints a table of random numbers is listed.
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4.3.5

10
20
30
40
50
60
70
80
1000
1010
1020
1030
1040
1050

1060.

1070
1080
1090
1100
1110

REM THIS PROGRAM PRINTS A TABLE OF RANDOM NUMBERS,
REM USING A SUBROUTINE TO FORMAT THE OUTPUT IN ZONES.
FOR K=1 TO 4
FOR J=1 TO 8: N=RND(-16000,16000): GOSUB 1030: NEXT J
PRINT mnee
NEXT K
END
REM
REM THIS SUBROUTINE PRINTS THE VALUE OF N AND SKIPS
REM TO THE NEXT PRINT ZONE (FIELD WIDTH = 8), THE
REM THE VALUES OF N AND I ARE DESTROYED. ‘
PRINT N;
I=0
DO
N=N/10: [=FI+1
UNTIL N=0
FOR I=1 TO 6-1
PRINT " 'y
NEXT I
RETURN

Control Statement Summary

GO TO 15 or GOTO 15
GOTO X+5

GO SUB 100 or GOSUB 100
RETURN

IF X+Y >3 THEN GOTO 15
IF X >3-Y GOTO 15

IF A=B LET A=B-C

FOR I =10 TO 0 STEP -2
NEXT I

FORK=1TO5

DO: X=X+1: UNTIL (X=10) OR (@X=13)
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Chapter 5

THE INDIRECT OPERATOR

5.1 INDIRECT OPERATOR USAGE

The Indirect Operator, a powerful feature, is a NIBL exclusive, at least in the realm of BASIC. It realizes
the functions of PEEK and POKE operations in other BASIC's, with a less cumbersome syntax, and is a way
to access absolute memory locations though its applications are not limited to that. In microprocessors such
as SC/MP, where interfacing is commonly carried out via memory addressing, its utility is especially
significant. '

Preceding a constant, a variable, or an expression in parentheses by an "at" sign ('@'), causes that constant,
variable, or expression to be used as an unsigned 16-bit address at which the value is to be obtained or stored.
Thus, if the input address of some device is #6800 (hexadecimal), then the statement [LET X=@#6800] inputs

from the device, and, if the output address is #6801, then [LET @#6801=Y | outputs to the device. As another
example, if it is desired to store a matrix of dimension M x N starting at a location stored in A, then the (I, J)th

byte of this matrix may be accessed as follows:

[LET @ (A+ N*(I-1) + (J-1)) = X]

if the array is to be stored by rows and indexed from (1,1). If indexing from (0, 0) is acceptable, as is standard
in larger BASIC's, and the matrix is to be stored by columns, then the proper assignment is as follows:

[LET @ (A+I+(J*M)) = X |

NOTE

The Indirect Operator allows one to access memory
locations only one byte at a time. Thus, the matrix
defined in the example above is a matrix of one-byte
elements. An assignment such as would
actually result in changing the memory location pointed
to by A to zero, not 256, because only the least signifi-
cant byte of 256 (which is zero) is stored at that loca-

tion.
5.2 INDIRECT OPERATOR SUMMARY
° Any place a variable, as an example: V, would be legal, the construct "@V" is also legal.

The meaning of "@V" is the byte located at the memory location whose address is the value
of V. Thus, if the value of V is 10, then [LET @V=100] stores a decimal 100 in byte 10 and
LET W=@V |then sets W to 100.

° Also legal:

PRINT @10
LET E=@(A+10*I+J)

NOTE

Parentheses are required when applying @ to an
expression.
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Chapter 6
MULTIPLE STATEMENTS, PAGES, AND STRING HANDLING

6.1 PROGRAM LINE MULTIPLE STATEMENTS

More than one NIBL statement can be placed on a program line. This is accomplished by placing a colon (':')
between the statements to separate them. This practice can improve the readability of programs, and can
reduce the amount of memory required to store the program. As an example of the use of multiple statements
on a line, consider the following NIBL line:

IlOO PR "FUEL =", X: IF X< 0 PR "YOU BLEW IT": GOTO 32767]

The first Output (PRINT) Statement is executed; then, if X is negative, the "YOU BLEW IT!'" message is
printed, and NIBL proceeds to the last line in the program (if there is a line 32767). If X had been positive,
however, the last message would not have been printed, and control would have passed immediately to.the
next numbered line in the program after line 100.

The above example demonstrates that if the condition in an IF Statement fails, control is transferred to the next
program line, and anything else on the line is ignored by NIBL.

6.2 MULTIPLE PAGE HANDLING
6.2.1 4K PAGES

The NIBL system requires RAM from 1000 to 17FF (hex); the RAM, together with the optional RAM from 1800
to IFFF, comprises PAGE 1. This 4K Page is normally used to store a program; however, NIBL also allows
the user to add up to 6 more 4K Pages for storing other programs. These Pages are called PAGES 2-7.

This section describes briefly how to make use of this. hardware-dependent feature of NIBL.

6.2.2 Transferring PAGE Control

The pseudo-variable PAGE refers to the 4K Page in which a NIBL program is currently being executed or
edited. Legal Pages are 1-7; any assignment to PAGE (as an example: PAGE = PAGE + 1) uses only the

least significant 3 bits of the value as the new page number. PAGE 0 is the same as PAGE 1. An assign-
ment to PAGE during program execution causes control to be transferred to the first program line in that
PAGE, if any. If control is transferred from one Page to another by some other means (that is, via RETURN,
UNTIL, or NEXT Statements), the correct value of PAGE is automatically updated by NIBL. Page selection
allows seven completely separate programs to be maintained by the user; however, all programs use the same
variables and stacks.

6.2.3 PAGES 2 Through 7

PAGES 2 through 7 (corresponding to Starting Addresses 2000 to 7000 (hex)) may be ROM. When NIBL is
run initially, it attempts to initialize all pages, then transfers control to PAGE 2. If PAGE 2 does not
contain a NIBL program, the value of PAGE will be set to 1, and NIBL will immediately prompt with a (''>")
GREATER THAN sign at the Teletype. If PAGE 2 contains a NIBL program in the proper format, it will be
executed immediately without the need for the user to tell NIBL anything.

6.2.4 Moving NIBL Program Into ROM

Here is how to move a NIBL program into a PROM, once it has been written and entered to the NIBL system
(assuming the user has an LCDS). The final address of the program is found by typing[ PRINT TOH. Convert
the number that NIBL prints into hex for the LCDS. Halt the LCDS, and punch the section of memory containing
the program in Load Module Format. PAGE 1 programs begin at location 1l1E (hex); all other Pages start at
n000, where n is the page number. Once the Load Module is punched, use SPPRO on the PAGE DOS to program
some PROMs of the users NIBL program. Such a program can be moved from Page to Page, if so desired.
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6.3 STRING HANDLING

6.3.1 String Input

String input is accomplished by executing a statement of the form , where F is a factor, syntacti-

cally; refer to Appendix A. NIBL prompts with , indicating that the user is to type in a line terminated by
, the Carriage Return Key. All line editing characters can be used (Backspace, Line Delete, and so on).

The line is stored in consecutive locations starting at the address stored in F, up to and including the @ .

6.3.2 String Output

An item in an Output (PRINT) Statement can include the form , where F is a factor. This will cause the
string beginning at the address F to be printed, up to, but not including, the @ . A Keyboard Interrupt will
also terminate the printing if detected before the @ .

6.3.3 String Assignment

A statement of the form [$F = "THIS IS A STRING".| causes the characters in quotes to be stored in memory
starting at the address indicated by F (which is again a factor), with the @ appended to the string.

6.3.4 String Move

A statement of the form , where F and G are factors, causes the characters in memory beginning
with the Address G to be transferred byte-by-byte to memory starting at Address F, until a carriage return is
‘detected in the source string, or a Keyboard Interrupt is detected. The last character, normally a carriage
return, is also copied. A statement such as is disastrous unless the user presses the BREAK
Key very quickly, since it causes the entire contents of th- Page pointed to by F to be filled with the first
character of $F.

Page wraparound will occur if the user is not careful, but F and G may be in different Pages.

An example of a program using String Move and Input Statements follows; strings are typically put at the top of
a program in memory:

: NIBL code

.
:

Q =TOP: REM MAKES Q POINT TO EMPTY RAM ABOVE TOP OF PROGRAM
R =TOP +10: REM MAKES R POINT TO RAM 10 BYTES ABOVE Q

$Q = "A STRING"
INPUT $R

6.3.5 String Handling Summary
. $T = "THIS IS A STRING"
° PRINT $T, $(TOP+72)
° INPUT $ (U+20)
° $U = $(TOP + 2*36)
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Chapter 7

ADDITIONAL STATEMENTS

7.1 LINK STATEMENT

LINK < address> causes control to be transferred to the SC/MP Machine Language Routine starting at < address> .
Control is transferred by execution of an XPPC P3 instruction. The Machine Language Routine should make sure
that P3 is restored to its original value in order to return to NIBL (by execution of another XPPC P3 instruction).
The other pointers may be modified by the routine. P1's value is unpredictable; P2 points to the start of A-Z
variable storage. Variables are stored in alphabetically ascending order; two bytes each; low-order byte, then
high-order byte.

7.2 REMARK STATEMENT

The REM Statement is used to insert comments into NIBL programs. When NIBL encounters the word REM as
the first word in a statement, it skips to the next line in the program. It is wise to insert many comments into
a program while it is being developed. After the program is debugged, the comments can be removed if the
user requires more space and speed. However, if someone else besides the original programmer must under-
stand or modify the program someday, those comments can be extremely helpful.

7.3 END STATEMENT

The END Statement is useful for inserting breakpoints into a NIBL program while it is being debugged. When
NIBL encounters an END statement, it prints a break message and the current line npumber, and returns to edit
mode. Any number of END statements may appear in a program, and the last line in the program does not need
to be an END Statement. '
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Appendix A

NIBL FORMAL GRAMMAR

All items in single quotes are actual symbols in NIBL; all other identifiers are symbols in the grammar. The
equals sign "="", means '"'is defined as''; parentheses are used to group several items together as one item; the
exclamation point, '"'!"", means an exclusive-or choice between the items on either side of it; the asterisk, '"*",
means zero or more occurrences of the item to its left; the plus sign, "+", means one or more repetitions; the
question mark, " ?'", means zero or one occurrence; and the semicolon, '";", marks the end of a definition.

Nibl-line = Immediate-statement

! Program-line
Immediate-statement = (Command ! Statement) Carriage-return;
Program-line = (Decimal-number Statement-list Carriage-return) ;

Command = 'NEW' Decimal-number ?
I '"CLEAR'
! 'LIST' Decimal-number ?
! '"RUN!

’

Statement-list = Statement (':' Statement) *;

Statement = 'LET'" ? Left-part '=' Rel-exp

'LET' ? '$' Factor '=' (String ! '$' Factor)

'GO' ("TO' ! 'SUB') Rel-exp

'"RETURN'

("PR' ! 'PRINT") Print-list

'IF' Rel-expr 'THEN' ? Statement

IDOI

'UNTIL' Rel-exp

'FOR' Variable '=' Rel-exp 'TO' Rel-exp ('STEP' Rel-exp) ?
'NEXT' Variable

'INPUT" (Variable + ! '$' Factor)

'LINK' Rel-exp

'REM' Any-Character-Except-Carriage-Return *
'END'

i s tm e tee sem tm e sm sm e ea e

Left-part = (Variable ! '@' Factor ! 'STAT' ! 'PAGE') ;

Rel-exp = Expression Relop Expression
! Expression
H
Relop - l<l ! |<V 11 ! |<l '>| 1 |>| | l>| 1—1 ! l_—_l;
Expression = Expression Adding-operator Term
I ("+' 1 '-") ? Term

?

(Continued on Page A-2)
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Adding-operator = '+' | '-' | 'OR';
Term = Term Multiplying-opcrator Factor

! Factor
Multiplying-operator = '*' | '/t | 'AND';
Factor = Variable

! Decimal-number

! '(" Rel-exp ")'

! '@' Factor

! '#' Hex-number

! 'NOT' Factor

| '"MOD' '(" Rel-exp ',' Rel-exp ')’

! 'RND' '(" Rel-exp ',' Rel-exp ")'

! 'STAT'

! '"TOP!

! 'PAGE!

5
Variable = 'A' ! 'B'" ! 'C" ! ... ! YY" | 'Z';
Decimal-number = Decimal-digit + ;
‘Decimal-digit = '0' ! '1' ! 2r 1 ., 1 19"
Hex-number = (Decimal-digit ! Hex-digit) + ;
Hex-digit = 'A' ! 'B" ! 'C'" ! 'D' ! 'E' ! 'F';
Print-list = Print-item (',' Print-item) *7
Print-item = (String ! Rel-exp ! '$' Factor) ;
String = ''"' Almost-Any-Character '""' ;

Spaces are not usually significant in a NIBL program, with the following exceptions: Spaces cannot appear
within key words (like '"THEN' or 'PRINT') or within constants. Also, a variable (like 'A' or 'Z') must be
followed immediately by a non-alphabetic character to distinguish it from a key word.
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Appendix B

NIBL ERROR MESSAGES AND DESCRIPTIONS

Error messages are of the form:

[EEEE ERROR AT LN]|

where is one of the error codes below, and is the number of the line in which the error was en-
countered.

CHAR Character after logical end of statement

DIVO Division by zero

END" No ending quote on string

FOR FOR without NEXT

NEST Nesting limit exceeded in expression, FOR's, GOSUBs, etc.
NEXT NEXT without FOR

NOGO No line number corresponding to GOTO or GOSUB
RTRN RETURN without previous GOSUB

SNTX Syntax error

STMT Statement type used improperly

UNTL UNTIL without DO

VALU Constant format or value error

AREA No more room left in current page for program
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Appendix C

"BAGEILS" — A SIMPLE NIBL GAME

The object of the game is to guess the number that the microprocessor has picked. All numbers are between 100
and 999. For each correctly guessed digit in the correct location, the processor responds "FERMI". For each
correct digit not in the right location, the processor responds "PICO". If no correct digits are guessed, the
processor responds "BAGELS".

HE
10 PRINT" BAGELS'": PRINT'"': PRINT""
40 PRINT" I WILL THINK OF A THREE DIGIT NUMBER. YOU TRY TO"
50 PRINT" GUESS WHAT IT IS. FOR EACH CORRECT DIGIT IN THE"
53 PRINT" CORRECT LOCATION, I WILL PRINT 'FERMI'. FOR EACH"
55 PRINT" CORRECT DIGIT NOT IN THE CORRECT LOCATION, I WILL"
57 PRINT" PRINT 'PICQO'. IF NO DIGITS ARE CORRECT, I WILL PRINT"
58 PRINT" 'BAGELS'.": PRINT"": PRINT""

59 REM
60 A=RND(1, 9):B=RND(0, 9):C=RND(0, 9) :P=0

70 REM SELECT A NUMBER

71 REM :

120 PRINT "PLEASE GUESS A THREE DIGIT NUMBER. ";

130 INPUT G: REM INPUT GUESS, TEST RANGE
135 REM

140 IF G >1000 OR G< 100 GOTO 120
160 M=0: N=0: P=P+1: H=G/100: REM ZERO CNTRS, SELECT LEFT DIGIT

200 IF H=A M=M+1: REM CORRECT DIGIT & LOCATION
210 IF ((H=B)OR(H=C)) N=N+1: REM CORRECT DIGIT, BAD LOCATION
230 I=MOD(G, 100)/10: REM SELECT MID. DIGIT OF INPUT
240 IF ((I=A)OR(I=C)) N=N+1: REM CORRECT DIGIT, BAD LOCATION
250 IF =B M=M+1: REM CORRECT DIGIT & LOCATION
270 J=MOD(G, 10): REM SELECT RIGHT DIGIT OF INPUT
280 IF (J=A)OR(J=B)) N=N+1: REM CORRECT DIGIT, BAD LOCATION
300 IF J=C M=M-+1: ~ REM CORRECT DIGIT & LOCATION

310 IF M<3 GOTO 600

320 PRINT'"CONGRATULATIONS! YOU GOT IT IN", P, "TRIES. "
330 PRINT" PLAY AGAIN? (1=YES, 0=NO)"

340 INPUT Q: IF Q=0 GOTO 1000

360 GOTO 60

500 REM

550 REM NEXT SECTION PRINTS CLUES
600 IF M< >0 FOR T=1 TO M:PRINT"FERMI ";::NEXT T

620 IF N< >0 FOR T=1 TO N:PRINT"PICO ";:NEXT T

650 IF M+N=0 PRINT "BAGEIS"

700 PRINT'"'":GOTO 120: REM ASK FOR NEXT GUESS
1000 PRINT"GOODBYE"

34
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NIBL ROM LISTING

]
W

THE ROM LISTING IS5 FOR THE P-CHANNEL SC/MP 1. THE CHANGES FOR
THE SC/MP II (TTY ROUTINES) HAVE BEEN ANNOTATED
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TITLE:

NATIOMNAL =S=EEMICONDUCTOR

P’ ST/ MP

y)
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]
i
1)

ASSEMELER

?”-/C)I\M YW\:Q'&V
sc/mMP-3

NATIONAL SEMICONDUCTOR
WESTERN MICROPROCESSOR TRAIMING CENTER
1333 LAWRENCE EXPWY., SUITE 430
SANTA CLARA, CA 95051
TEL (408) 247-7924
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SC/MP ASSEMELER REV-A
NIEL 12/17/76

1 .TITLE NIBL, "12/17/767
2 0001 . LIST 1
¢} 5 SR 3EIE 3 I SE R 36 3R 3036 3 36 6 36 36 36 35 30 45 36 36 3 36 46 30 36 38 3090 36 36 36 30 3636 3 36 3 3696 3 36 3
5 HE *
& i # WE ARE TIED DOWN TO A LANGUAGE WHICH #*
7 i # MAKES UF IN OBSCURITY WHAT IT LACKS #
=] P IN STYLE. #*
= P # —— TOM STOPFARD #
10 i ¥ ) . #*
11 § BRI 330 36 3 40 36 3E 36 3 35 36 3 30 35 3H 36 3 35 36 3 36 36 36 36 3 36 20 3 36 3 36 36 3 36 36 3 6 46 36 36 30 30 30 3 36 34 3¢
] QOZ0 TSTEIT = 020 i I. L. INSTRUCTION FLAGS
14 Q040 JMPEIT = 040
15 Q0Oz0 CALEBIT = 080
14 0001 F1 = 1 i SC/MP FOINTER ASSIGNMENTS
17 000z F2 = b4
1& 000z F2 = 3 :
1% FFz0 EREG = -128 s THE EXTENSION REGISTER
20 '
Z1 ; DISPLACEMENTS FOR RAM VARIABLES USED BY INTERPRETER
22
23 FFFF OOPTR = -1 ; DD-STACK POINTER
24 FFFE FORFTR = -2 i FOR-STACK POINTER
25 FFFD LSTH = -3 i ARITHMETIC STACK POINTER
26 FFFLC SERFTR = -4 i BOSUE STACK POINTER
27 FFFE PCLOW = -5 i I. L. PROGRAM COUNTER
s FFFA PZHIGH = -5
% FFF#% FCSTK = -7 i I.L. CALL STACK FOINTER
=0 FFF= LOLINE = -3 i CURRENT LINE NUMBER
=21 FFF7 HILINE = -
3z FFF& FAGE = -10 ;i VALUE OF CURRENT PAGE
e FFF3 LISTNG = -11 i LISTING FLAG
=4 FFF4 RUNMOD = -1z i RUN/EDIT FLAG
25 FFFZ  LABLLO = -13
34 FFFZz LABLHI = -14
e FFF1 F1LoW = -1S5 ; SPACE TO SAVE CURSOR
et FFFO FIHIGH = -16
3% FFEF Lo = -17
40 FFEE HI = -12
41 FFED FAILLO = -19
4z FFEC FAILHI = =20
= FFEE NLIM = =21
44 FFEA TEMF = -22
45 FFE? TEMFZ2 = -22
46 FFE= TEMFZ = -24
7 FFE7 CHRNUM = -Z5
4z FFE& RNOF = -26&
4% FFES RNIIX = -27 ; SEEDS FOR RANDOM NUMBER
S0 FFE4 . RNDY = -25
51
52 i ALLIOCATION OF RAM FOR NIEL VARIABLES, STACKS,
S i AND LINE EBUFFER
=4
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SC/MF

RN |

-,
'’

SN0 O GO O O 0 O 3 Oy LN O n
R RSN I S| I SR T SR

-

72

N
o

SO0 0 00 00 00 00 00 0 O

0 g 0

R
DU =

~

-0 0
RN BN Y

ASSEMELER

[s]s]als]
101
1050
1046
1074
10846
10AA
1004
1120

QOO0
0001
Q007
0Oon
QOOF
0011
0013
0015
0017
Q01
oolE
o0o1c
O0O1E
QO1F
00zZ1
Q022
00z4
QOZ4
QOz2
GODZA
OOz
GOzZD
GOZF

T Q021

0033
003S
0037
00O3E

OO

C4FF
P00
Cc201
40D
CYFF
C40z
CAFE
3
C420
35
BI0Z
01
c1g0
E40D
w302
EBAFA
C4z0
29

C4FF

2200

CcwOl
=400
CYFF
S5
Oz

F410

VARS:
AESTEK:
SERSTK:
DOSTAK:
FORSTE:
FCSTAE:
LELF:
FGEM:

=01000+25

= +32 i NIEL. VARIABLES A-Z
=, +24 i ARITHMETIZ STACK

= +1& i GOSUE STACK

= +1& i DO/UNTIL STACK

= +I3 i FOR/NEXT STALCK

= +4a i I.L. CALL STACK

= +74 i LINE BUFFER

=0 i USER”S FPROGRAM

. MACRO  LDFI, F, VAL
. MLOC TEMF
. SET TEMF, VAL

LDI H{TEMF)
XFAH F

LDI L{TEMF)
XFAL F

ENDM

§ 36363634 36 3t 38 3 35 38 38 35 36 30 3 36 36 36 30 030 38 3 30 3 36 dE 40 3 SEE SE ISR 30 3E

HE 3

INITIALIZATION OF NIEL #*

i Fo 3t 3t 3t 3 3 30 30 3 3F 3 3 3 3 3 36 3 0 38 36 30 38 3 3 6 36 30 S 3R 30 30 R 3R 4R 0 F

$0:
SR

NOF

LDFI FZ, VARS i FOINT FZ AT VARIAEBLES

LDFI F1, PGM i FOINT F1 AT PAGE ONE PROGRAM
LDI -1 i STORE -1 AT START OF FROGRAM
=T O(P1)

=T 1(F1)

LDI oD i ALSO STORE A DUMMY

ST =1 (FD) ;i  CARRIAGE RETURN

LoI 2 i POINT P2Z AT PAGE 2,

ST FAGE(PZ) i INITIALLY SET PAGE TO 2
XFAL F1

LOI 020

XFAH F1

oL 2(F1) i CHECK IF THERE IS REALLY

XAE i A PROGRAM IN PAGE 2:

Lo EREG(F1) i IF FIRST LINE LENGTH

XRI oD ;i POINTS TO CARR. RETURN

JZ $0 ; AT END OF LINE

DLD PAGE(F2Z) ; IF NOT, FAGE = 1

LDI 020

XFAaH F1

LOI -1 ; STORE -1 IN 2 CONZECUTIVE
=T (F1) i LOCATIONS AT START OF FAGE
=T T(FL)

LoI on i ALSD PUT A DUMMY END-OF-LINE
ST -1(F1) i JUST BEFORE TEXT

XFAH F1 i UFDATE F1 TO POINT TO

CCL - i NEXT FAGE (UNTIL FAGE=8)
ADI 010 ' i REFEAT INITIALIZATION
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SC/MF
NIBL

10%
110
111
11z
112
114
115
114
117
112
112
120
121
122
122
124

125

124
127
122
129
120
121
132
133
1z24
125
124
127
122
129
140
141
142
143
144
145
144
147
14z
14%
150
151
152
153
1354
155
154
157
152
159
140
141
162

ASSEMELER REV-A
12717776

O0ZE
00z0
OOZF
0041
0043
0043
0047
0042
004Ln
Q040
0O04F
o051
Q0Sz
0033
Q0S4
QOss
005A
005
OOSD
QOSF
0O0LO
Q0&2
00&S
0044
004632
QOLA
Q0LIC
O0LE
Q070
0Q72
Q074

Q074
0072
0077
Q07E
QO7C
007E
Q0O7F
slot=3}
0022

E4=20
=04
E420
POER
2400
CAF4
CAFS
Cc452
CAFE
Z40C
CAFA
C400
CAEA
01

400
CAZO
AAEA

c o1

424
A0

CF4
2450
CAFD
C47A
CAFF
C4LA
CAFC
C4A&
CAFS
C42A
CAFE

CZFE
23
C2ZFA
37
C701
01
Z701

IE

CAFE
40~

=5 D40F

Q02D
003F

DCoO0
=7

CAFA

40

D4FO
E42Z0

XRI
JZ
XRI
JMFE
$1: LDI
ST
ST
LDI
ST
LoI

-

CLEAR: LDI
ST
XAE

CLEARL: LDI
ST
ILD
XAE
LOI
XRE
JNZ
LDI

-

pd

LDI
5T
LDI
ST
LDI
&7
LDI
ST

080

%1

0z0

$LOOP

0
RUNMOD(F2Z)
LISTNSZ(F2)
L(EESIN)
FCLOW(FZ)
H(BEGIN)
FCHIGH(PZ)
0

TEMF(FZ)

0

EREG(F2Z)
TEMP(F2Z)

52

CLEAR1
L(AESTK)
LETEA(FP2Z)
L(DOSTAK)
DOPTR(FZ)
L{SERSTK)
SERPTR(FZ)
L{FCETAK)
FCETR(FZ)
L{FORSTK)
FORFTR(FPZ)

i FOR PAGES 2-7

; CLEAR SOME FLAGS

i INITIALIZE IL FPC SO THAT
i NIEL FPROGRAM
i IS EXECUTED IMMEDIATELY

i SET ALL VARIABLES
i TO ZERD

i INITIALIZE S0OME STACKS:
;i ARITHMETIC STACK,

i DOJUNTIL STACK,
i GOD3SUB STACK,
i I.L. CALL STACK,

i FOR/NEXT STACK

5 B 03RS 3 3 30 38 36 36 33 36 38 30 38 36 36 6 3 30 38 30 36 36 36 3 6 SE 0 SRR 3E

i INTERMEDIATE LANGUAGE EXECUTOR *
iR 3 S A6 3 336 3 46 36 30 336 30 3 36 40 3 35 20 3030 3 30 0 S0 030 30 3

EXECIL: LD
XPAL
Lo
XFAH

CHEAT: LD
XAE
Lo
XPAL
=T
LDE
ANI
ORI
XFAH
=T
LOE
ANI
XRI

PCLOW(PZ)
P3
FCHIGH(F2)

i<}

@1(F3)

@1(F3)
F3
FCLOW(F2)

OF
L SIS

._l

FEHIGH(FZ)

OFO

TSTEBIT

Lo

;SET P2 TO CURRENT

i IL PC

; GET NEW I. L. INSTRUCTION
i INTO P3 THROLGH
i DBSCURE METHODS
i SIMULTANEOUSLY, INCREMENT
i THE I.L. PC BY Z

i REMOVE FLAG FROM INSTRUCTION
s TURN INTO ACTUAL. ADDRESS,

i PUT BACK INTO P3

i CHECK IF I.L. INSTRUCTION

i IS A “TEST”



el i el
DOV Sy B o O
R BN R |

199
FO0
201
202
203
204
205
ZO
207
208
202
210
211
Z1z
21z
Z14
Z15

214

ASSEMELER REV-A
12717774

o021
QO3
0023
0097
00w
QOYE
00w

QOYE
QOAD
O0OAZ

.00A4

O0AL
OOAS
D0OAA
QOAE
QOALD
QOAF
QOEO
DOOE1
QOBZ
O0ORS
QOOR7
QOEY
QOBER
QORC
QOEE
QOEF

A QOCQ

QOCZ
Qo4
OQIC A
OOE
QOOCA
00z
OOCE
O0OCF
0oD1

FEIF
E4A0
¥E07
E4CO
wEEL
=F

2002

CZFw
E4DA
YCo4
C40A
Z0OLD
E4DA
32

CAEA
410
a7

01

CZFE
CFOL
CZFA
CFO1
CZEA

R Lo

=

LAF?

40

=y
-t

SOEA

CAE7
CS01
E4Z0
TIFA
CSFF
CZFA
a7

CAEC
CZFE

e

ooDs =232

oong
OOLnA
oo

CAED
C701
01

Az
XRI
JZ
XRI
AZ
XFFC
JMF

NOJLMP

TST

CALEIT!TSTRIT

ILCALL

JMPEIT!CALEIT

CHEAT
P2
EXECIL

i CHECK. FOR I. L. CALL

 CHECE. FOR I. L. JUMF

s I.L. JUMF IS TRIVIAL

i MUST BE AN ML SUBROUTINE
i IF NONE OF THE ABOVE

§ A 4R 30 SR IR AR I 33 3 S S R R
HES INTERMEDIATE LANGUAGE CALL #*
53006 3 3 30 30 3 00 20 3 336 B3 3 30 30 0 30 306 36 33 H 3

ILCALL: LD
XRI
JNZ
LDI
JMF

ILCL: XRI
XPAL
5T
Lol
XFAH
XAE
LD
ST
Lo
=T
Lo
XFAL
=T
LDE
XFAH

CHEAT1: JMF

FCSTK(PZ)
L (LBUF)
ILC1

10

EOA
L(LEUF) -
F=
TEMP(P2)
H(FCSTAK)
F=

PLLOW(PZ)
@1(F3)
PCHIGH(FZ)
@1(P3)
TEMP (FZ)
Fa

FCETK(PZ)

F3
CHEAT

; CHECK FOR STACK QVERFLOW

i RESTORE ACCUMULATOR

i SAVE LOW EBYTE OF NEW

i I.L. FPC IN TEMP

i FOINT F3 AT I.L.

i SUBROUTINE STACK

i SAVE NEW I. L. PC HIGH IN EX
i SAVE OLD I.L. PC ON STACK

i BET LOW BYTE OF NEW

;i I.L. PC INTO P3 LOW
i UFDATE I.L. STACK POINTER

; GET HIGH EBYTE OF NEW
i I.L. PC INTOD P32 HIGH

5 03 030 30 3 3 3 36 3 3 3 S0 I IR 3 I R0 E ISR E 0 R IR

i I L.

INSTRUCTION

#*

;o3RRI SEIE SR R SE I IR SR E R I HF

. LOCAL
5T 5T
SCAN: LD

ARI

JdZ

Lo

Lo

XFAH

ST

LD

XFAL

=T
sLOOF: LD

XAE

CHRMUM(FZ)
@1(P1)

$SCAN
@-1(F1)
PCHIGH(FZ)
Fa
FAILHI(FZ)
PCLOW(FRZ)
Pz
FAILLO(FZ)
@1{F3)

41

i CLEAR NUMEER OF CHARS SCANNE
i SLEW OFF SPACES

iREPUSITIDN CURSOR
i POQINT FP3 AT I.L. TABLE

; OLD P3 BECOMES THE
i TEZT FAIL ADDRESS

i SAVE CHAR FROM TAEBLE
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12717774

o0oDw
OODE
QODC
QOOLDE
OOEOD
O0OEZ
QOE3
O0OES
O0OE7
QOOEZ
O0QER
QOEC
QO0QEE
QOFO
DOF1
QOF =
O0F4

-Q0OF 4
O0F =
QOF=Z
QOFE
OOFLC
OOFE
OOFF
0101
0102
0104
0105
0104
010

010A
o10c
O10E
0110
0112
0114
0115
0117
011%
o11a

o1ic =

0110

BAE7
40

D47F
ES0O1
207
40

P4F 1
O3
w0zh
CZE7
01

CS20
CZED
233

CZEC
=27

FOCA

C410
37
CZF?
A
ey

C7FF
01
C7FF
CAFS
40
27
2OES

2041

CZFC
E47A
=
AAFLC
AAFIC
410
27

CZF4
AT A

CEFF

oLn
LDE
ANI
XOR
JINZ
LDE
CJFP
JAMF
X0 IMF
SNEZ: Lo
XAE
LD
LD
XFAL
LD
XFAH
JMP

CHRNUM(FZ2)

0O7F
@1(F1)
SNEL!

SLOOF
CHEAT
EXECIL
CHRNUM(F2)

@EREG (F1)
FAILLO(P2)
Fa
FAILHI(PZ)
P

CHEAT1

i DECREMENT CHAR COUNT

i GET CHAR EACK

i SCRUB OFF FLAG (IF ANY)

i IS CHAR EGUAL TO TEXT CHAR?
i NO - END TEST

i YES — BUT IS IT LAST CHARY
i IF NOT, CONTINUE TO COMPARE
i IF S0, GET NEXT I.L.

i INSTRUCTION

;i RESTORE F1 TO

i DRIGINAL VALLE

i LOAD TEST-FAIL ADDRESS
i INTO P2 :

i GET NEXT I.L. INSTRUCTION

§ FEFE R 3 30 0 3 363 30 3 35 3 36 36 36 36 36 H 30 3 34 36 37 30 30 30 36 3E 30 36 3 3343

P ¥ I L.

SUEBROUTINE RETURN

3*

§ 3 3R SE S SE 3 30 30 3E 30 38 3638 3 36 30 36 35 36 36 30 30 36 S0 SE 3 E RS 3E 3 334

RTN: LDI
XFPAH
LD
XFAL
LD
XAE
LD
XFAL
ST
LDE
XFAH
JIMF

EOA: JMP

H{FZSTAK)
F3 .
PCSTK(FPZ)
F3
@-1(FP3)

e-1(F3)
P3
PCSTK (P2)

2
-t

CHEAT1
EO

i FOINT P2 AT I.L. PC STACK

i BET HIGH PART OF OLD PC
i GBET LOW FART OF OLD PC
i UPDATE IL STACK POINTER

i P3 NOW HAS OLD IL PC

j F 303 3 36 3 3 3 3 36 36 36 36 36 3 35 3 3 3 3E 3t 33 36 3 30 3 36 36 36 36 36 300 093

3

i CHECK FOR MORE
i THAN 2 SAVES

i SET P2 TO
i SUBROUTINE STACK TOP

i IF IMMEDIATE MODE,
i SAVE NEGATIVE ADDRESS.
; SAVE HIGH FPORTION

P #* SAVE GOZUE RETURN ADDRESS
2222222222222 2222220 2 bRt b XL g
SAV: LD SERFTR(FZ)

XRI L{DSTAE)

JZ SAVZ

ILD SERFTR(F2)

ILD SERFTR(F2)

AFAL F3

LDI H(SERSTEK)

XFAH Pz

LD RUNMOD(F2)

JZ SAVL

XFAH Fi

ST C=1(F3)

42

i OF CURSOR



SC/MP ASSEMELER REV-A
NIEL 12/17/76

271 O11F 25 XFAH F1

272 0120 31 XFAL P1 i SAVE LOW FORTION
273 0121 CEFE 5T -Z(F3) i DOF CURSOR

Z74 0123 31 XFAL F1

275 0124 2001 JMF X0 ' i RETURN

274 01246 CAFF =AYV LDI -1 ;i IMMEDIATE MOLDE

277 01zZ2 CEFF =T -1(F3) i RETURN ADDRESS IS
272 01zA FOLRE JMF X0 i NEGATIVE.

27% 0120 C40A SAVZ: LDI 10 ; ERROR: MORE THAN
230 012E %01E JMP EO i 8 GOSUBS

221

282

a3 GO AE IR 6 35 30 20 26 36 36 30 35 36 06 35 0 4 35 36 45 3 36 36 30 30 36 36 30 0 330 30 38

224 i #® CHECK. STATEMENT FIMISHED #

zZ35 i ORI 3 33 R SRR I 3 3 S R R S

226

227 0130 501 DONE: LD @1(F1) i SKIF SPACES

282 0122 E4Z0 XR1 s

239 0124 92FA JZ DIONE _

290 0124 E4ZD XRI MR 6} § i I35 IT CARRIAGE RETURN?
291 0122 9204 Iz DONEL i YES - RETURN

292 013A E4Z7 XRI 0z7 i IS CHAR A 77 7
9T 0130 7Z01 JANZ DONEZ i NO — ERROR

294 O13E ZF DONEL1: XFFLC Fz i YES - RETURN

275 012F C404 DONEZ: LDI 4

296 0141 2003 JMF EO

227

295

el G AR 36 3 36 3 0 626 4325 3 4R 6 S0 S S H R B

200 i #* RETLURN FROM GOSUE #

=01 GRS 6 3 30 36 3 30 6 230 46 6 3 HEGF S R B SRR H

202 '

202 0142 CEFC RZTR: Lo SERFTR(FZ)

204 0145 E44A XRI L(SERSTE) i CHECK. FOR RETURN
205 0147 2004 JNZ RZTR1 i W/0 GOSUBR

2046 0147 2409 LDI @

207 014E 2040 EQ: AMF E1l i REPORT THE ERROR
302 014D BAFC RSZTR1: DLD SERFTR(FZ)

207 014F EBAFC pLD SBRFTR(FZ) i FOP GOSUB STACK,
310 0151 23 XFAL Fz i PUT FTR INTO P3
211 0152 410 LDI H{SERZTK)

212 0154 =27 XFPAH Fz

313 0155 SOl Lh 1{F3) i IF ADDRESS NEGATIVE,
314 0157 2404 JF RETRZ i SUBROUTINE WAS CALLED
215 0159 C400 LDI 0 i FROM EDIT MODE,
214 OL1SE CAFS =T RUNMOD(FZ) ; 20 RETURN TO EDITING
217 015D wozs X1: JAMF X0

212 01SF 35 RZTRZ: XFAH F1 i RESTORE ZURSZOR HIGH
217 01460 2200 Lo O(F3)

B20 0142 21 XFAL Fi1 ;i RESTORE CURZOR LOW
321 0142 401 LDI 1 i SET RUN MOLE

JZ2 0145 CAF4 =T RLUNMOLDO(FZ)

223 0147 F0F4 MF X1

43
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NIEL

[DRORD]
NN REN

0N U

3
)

J ) O
i
._0 D

tl
30 0y
Fo o 0

AR R R R L A

RN EOROEANA NN NS RN
- ENEDEDER NN NG

ASSEMELER REV-A
12/17/76

0147
0146B
014D
O14F
0171
0172
0173

2 0176

017cC
O17E
0120

0122

2 0124

0186
0122
D12
012k
Q120

013F

01%1 =

0172
0194
0124
0127
0159

2 01%E

019D
O1%F
01A1
01AZ
01AS
01A7

C2F2
7404
C403
F01C
401
CAF4
3F

301
E4z22
*2DE
E4ZF
TEOS
E4OD
3F

YOER
407
2025

C410
AAFD
AAFD
C40A
CEBFE
400
CEFF
C405
CAE7
C4FF
CEOS
CIFD

§ AR 36 E IR 36 30 36 36 30 36 3E 36 3 36 33 36 3 36 30 3 H0 0 3R 30 30 36 3 36 30 36 3 303

R TRANSFER TO NEW STATEMENT #*
5 3SR IR0 T I3 4 3 336 363 36 36 30 4 36 3530 3 3 3 S 3636

XFER: LD LABLHI(PZ) i CHECK FOR NON-EXISTENT LINE

JP XFER1
LDI 8
JMP E1
XFER1: LDI 1 s SET RUN MODE TO 1
5T RUNMOD (FZ)
XPFC  P3

§ 3SR I 4 A IE 33 3 3 S S B B S R R R
i ¥ FRINT STRING IN TEXT #*
§OREHEIE I R R 36 336 36 33 SIS B S I R R RN

FRS: LDPI F3, PUTC-1 - i POINT P3 AT PUTC ROUTINE
LD @1(F1) i LOAD NEXT CHAR
XRI e i IF ", END OF
JZ X1 i STRING
XRI 0ZF i IF CR, ERROR
JdZ FRS1
XRI oD i RESTORE CHAR
XFPC F3 i PRINT CHAR
JMP FRS 3 BET NEXT CHAR
FRE1: LOI 7 i SYNTAX ERROR

El: JMP EZ

3 AR AR 36363538 38 28 3 3 30 0 0 03306 3 303 SH H 636 303030 S S 3
P # FRINT NUMEER ON STACK #
5O R IR0 I35 36 36 30 30 SE 36 6 300 35 38 303 F IR H

i THIS ROUTINE IS BASED ON DENNIS ALLISON“S BINARY TO DECIMAL
i CONVERSION ROUTINE IN VOL. 1, #1 OF "DR. DOBE“S JOURNAL",
i BUT IS MUCH MORE OBSCURE BECAUSE OF THE STACK MANIPULATION.

. LocAL

FRN: LDI H{AE3TK) i POINT P23 AT A E. STACK
XFAH Pz
ILD LSTKA(FZ)
ILD LETK(FZ)
XFAL Pz ‘
LDI 10 i PUT 10 ON STACK (WE-LL BE
=T -Z(P3) i DIVIDING BY IT LATER)
LDI O '
ST -1{(F3)
LDI b ; SET CHRNUM TO POINT TO PLACE
5T CHRNUM(F2) A i IN STACK WHERE WE STORE
LDI -1 ;i THE CHARACTERS TO FRINT
ST S(FP3) i FIRST CHAR IS A FLAG (-1)

Lo -3(P3) L i CHECK IF NUMBER IS NEGATIVE
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01AaY
Ol1AE
o1AaD
O1AF
OlE1
QO1EZ
O1E4
O1Bs&
Ol1ES
Q1EA
Q1B
QO1EE
010
0o1C2
01c4a

O1CA
olics
O1CA
0O1CE
O1CD
O1CE
o100
o101
01Dz
oL1ps
o107
o10%
0O10E
o1ipD
Q1DF
0O1lE1
QIEZ
0O1ES
0O1E7
OlED
OlEF
O1F1
O1F=
OlF4
O1F&
QO1F7
O1LF=2
O1FE
O1FC
O1FE
0Z00
QZ0Z
QzZ04
OZ0A

O208

w41z
c4zn
CEO4
400
0z

FEFC
CEFC
400
FEFD
CEFD
FOF
2420
CREO4
209
POST

AAFD
AAFD
=1

c410
25

ARE7
01

101
D20
CPE0
C1iFD
D2FC
¥20A
C40F
CAFA
c4zx
CAFE
SODE

C2FS
MY
104
=F

CZE7
01

520
100
oF

Ca3FF
24FE
450
CAFD

CZFS

2CEA
o420

AR %1
LE'I P
ST 4(F3)
LI 0
=
CAD -4(FZ2)
=T -4(F3)
oI 0O
CAD -3(P3)
ST -3 (P2
JMF X1
$1: LDI T
=T 4(FP3)
X4: JMF X1
EZ: JAMF ERR1

i THE DIVISION IS PERFORMED,
i TO FRN1, WHICH FOLLOWS.

FRN1:  ILD LSTK(F2)
ILD LSTE(FZ)
XFAL F1
LOI H(AESTK)
XFPAH F1
ILD CHRNUM(P2)
XAE
LD 1(F1)
ORI 20
=T EREG(F1)
LD -3(P1)
OR -4(P1)
JZ $FRNT
LDI H(PRNUM1 )
5T FCHIGH(PZ)
LDI L ( FRNLIM1)
5T PCLOW(F2)
JMF X4
$FRNT: LDOFI F3, PUTC-1
LD LISTNG(PZ)
JINZ $2 :
LD 4(F1)
XFPC F3
LD CHRNUM(FZ)
XAE |
$2: LD @EREG(F1)
LD (F1)
$LOOF:  XFPC P2
LD e-1(F1)
JP $LOOF
LDI L(AESTK)
5T LETE(F2Z)
LD LISTNG(FZ)
JINZ X4
LDT o

Ls

i FUT =7 DN STACK,
i THE NUMEER

AND NEGATE

;GO DD DIVISION EBY 10
i IF FOSITIVE, FUT 7 © ON
i STACK EEFORE DIVISION

THEN CONTROL IS TRANSFERRED

i FOINT P1 AT A.E. STACK

i INCREMENT CHARACTER STACK
i FOINTER, FUT IN EX. REG.
i GET REMAINDER FROM DIVIDE,

; FUT IT ON THE STACK
;1S THE @UOTIENT ZERO YET?

i YES - GO PRINT THE NUMBER
i NO - CHANGE THE I.L. PC

i S0 THAT DIVIDE IS

i FPERFORMED AGAIN

i GO DO DIVISION BY 10 AGAIN
i POINT P32 AT PUTC ROUTINE

i IF LISTING, SKIFP PRINTING
i LEADING SPACE

i FRINT EITHER =~

i DR LEADING SPACE

i GET EX. REG. VALUE BACK

i FOINT P2 AT FIRST CHAR
i TO BE PRINTED

i FRINT THE CHARACTER

i GET NEXT CHARACTER

i REFEAT UNTIL = -1

i CLEAR THE A. E. STACK
i FRINT A TRAILING SPACE
i IF NOT LISTING PROGRAM
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NIEL

433
434
435
434
437
428
439
440
441
44z
44z
444
445
444
447
443
449
450
451
452
453
454
455
454
457
452
459
460
441
462
46z
444
345
Abts
447
448
449
470
471
472
473
474
475
47¢
477
472
479
420
321
432

432

424 0O25F

435

424

02Z0A 3F

0Z0E 2

020D
0213
0215
0214
0z13
0212

0Z1E
0z1n
0Z1F
0221
0223
0222
022B
0zz2C
0ZZE
0O2ZF
Q235
023

0z3%
02Z3B
022D
022F
0241
0242
0z44
0244
0z4%
024A
0z4cC

DS
Lo

0254
0zZ35
0257
0259
025E
025D

0240
Q0262

c400
3F
C40A
3F
F0A7

405
CAER
CZER
CAEA

40D
3F
C40A
2F

EAEER
Y206
CS0o1
Y4FC
FOF A
C501
2F

C1FF
F4F?
CZEA
E40E
200

C501
2F

C1FF
T4F?
CZF4
2340
420

=F

=441
z=F

XFF
JMF

F3

X4

i 3R Fe b3 3 3F 36 3 38 3E 3 3 3E 36 35 36 3 35 36 36 3 34 38 3 36 36 36 30 30 36 3 S 3R 3R 3 3¢

P # CARRIAGE RETURN/LINE FEED

- %

5 FESEIESE 3036 36 36 36 3 35 36 3 3 36 3 3 3 3 36 36 36 34 3 34 36 3 3436 3 36 330 634 3¢

NLINE: LDFI
LDI
XFFC
LDI
XPPC

X3 JMF

3, FUTC-1
oD
P
0A
P
X4

i POINT P32 AT PUTC ROUTINE
i CARRIAGE RETURN

i LINE FEED

§ BRI 36 40 3 3 3 3 366 0 36 3 330 0 4 300 30 3 30 30 0 0
i % ERROR ROUTINE
3B IR 6 46 3 36 36 FE 3 36 36 6 30 36 36 36 33036 36 34 36 30 S 036 36 30 S0 0

. LOCAL
ERR: LoI
ERR1: =T
ERRZ: Lo
ST
LOFI
LDI
XFFC
LDI
XFPLC
LDFPI
$1: DLD
Iz
sLOOP: LD
JP
JMF
MEG: Lo
XFPLC
LD
JF
LD
XRI
JZ
LDFI
$2: LD
XFFC
LD
JP
ECH LD
JZ
LDI
XFFC
LOI
XFFLC

S

NUM(FZ)
NUM(F2Z)
TEMF(F2)
F2,PUTC=-1
on

F2

0A

F3

F1, MESGS
NUM(F2)
EMS5
e1(F1)
SLOOF

%1

@1(F1)

F3

-1(F1)
M5
TEMFR(FZ)
14

3]

F1l, MESGS
@1(F1)

F3

-1(P1)

$2
RUNMOD(F2)
FIN
F3
o A -~

PRI

46

#*

i SYNTAX ERROR
i SAVE ERROR #

i FPOINT P23 AT FUTC
i PRINT CR/LF

i P1 ->» ERROR MESSAGES

i IS THIS THE RIGHT MESSAGE?
i YES - GO PRINT IT

i NO - SCAN THROUGH TO

i NEXT MEZSSAGE

i GET MESSAGE CHAR

i FRINT IT

; IS MESSAGE DONE?

i NO = GET NEXT CHAR

i WAS THIS A BREAK MESSAGE?

i YES - SKIP PRINTING “ERROR”
i NO = PRINT “ERROR”

i GET CHARACTER

i PRINT IT -~

i DONE™?

i NO - REPEAT LOOP

i DON“T PRINT LINE #

i IF IMMEDIATE MODE

; SPACE
i AT
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492
493
494
495
494
497
498
499
S00
s01
S02
s03

S04

S0S
S04
507
S0
509
510
511
S1z
S13
S14
515
S16
S17
S18
519
520
521
S22
S22
524
525
526
527

S22
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Q25
Q25"
02L&
02&2
0247
02LB
0260
OZ4E
0270
0272
0274
0274
0z27%=
0274
0z7C
0Z7E

[ R
o~ O~
)

X

zas
0Z2E
QZ3F
0z
0Zo3
02935
0zZ%7
Oz
QZYE
027N
QZ2F
OZAl
0ZAZ
OZAS
0za7
ozaT

OZAA
QZAC
OZAE
QZE0
OZBZ
OZE4
OZLB4A
QZEzZ

=y
L YELE

T 100

=454
aF

cC410
=7

AAFD
AAFD
23

CZF7
CEFF
CZFa
CEBFE
421
CAFE
C40E
CAFA
@09

C40E
O

C2F4

D4=0
YC1C
Ok

D4zo
Y2ED
C1iFF
E40OD
PL08
C501
CAF7
CS0zZ
CAFS
C40c
CAFA
434
CAFE
=F

400
CAF4
5450
CAFD
I
CAFE
400
CAFA

LOI
XFFC
LDI
XFAH
ILD
ILD
XFAL
Lo
=T
LD
=T
LoI
=T
LDI
=T

XSA: JMF

iT.-'

P
H(AESTE)
Pz
LETEA(FZ)
LETEA(F2)
Pz
HILINE(F2)
-1(F3)
LOLINE(FZ)
-2(F3) .
L (ERRNLM)
FCLOW(FZ)
H(ERRNLIM)
FCHIGH(FZ)

XS

i POINT P2 AT A E. STACK

i GET HIGH BYTE OF LINE #
i PUT ON STACK

i BET LOW BYTE OF LINE #
i PUT ON STACK

GO TO FRN

3 FE 363 3 3E 3 5 30 35 36 37 3 b 36 3 3SR 3R 30 0 30 90 0 0 40 36 S SE 3R H 0GR SR R

¥*

s % CAUSE A BREAK ###

i st NEXT STATEMENT ##%#
; IF IN EDIT MODE,

i STOP EXECUTION

i IF WE HIT END OF FILE,
i FINISH UP THINGZ

; BREAK IF SOMEONE IS
i TYFING ON THE CONSOLE

3 BET LAST CHARALCTER SCANNED
iWAS IT CARRIAGE RETURNY

i YES = SKIF FOLLOWING UPDATES
i GET HIGH EBYTE OF NEXT LINE #
i SAVE IT

i GET LOW BYTE OF LINE #,

i LINE LENGTH BYTE

IN IL TABLE

SKIP

i GO TO “STMT”

i###® FINISH EXECUTION 33
i CLEAR RUN MODE
i CLEAR ARITHMETIC STACK

i MODIFY I.L. PC TO RETURN
i TO PROMFT FOR COMMAND

i # EREAK, NXT, FIN, % STRT
5 et 3R 36 36 36 36 38 36 36 3 30 30 3R 3 30 S 0 I S 3R 330 SR JE ISR SEIE 0
EREAK: LDI 14
EZA: JMF ERR1
NXT: LD RUNMOD(FZ)
JZ FIN
LD (F1)
ANI 020
JNZ FIN
CSA
ANI 020
JZ EREAK
LD -1(F1)
XRI oD
JNZ NXT1
LD @1(F1)
sT HILINE(F2)
LD @Z(F1)
=T LOLINE(FPZ)
NXT1: LDI H(STMT)
T FCHIGH(FPZ)
LDI L{STMT)
=T FCLOWC(FZ)
XFFC P2
FIN: LDI 0
T RLNMOD (FZ)
LDI L{AESTK)
=T LETEAFZ)
LoI L{(START)
5T FCLOW(FZ)
LoI H(START)
aT FCHIGH(FZ)

47
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0ZEA

2 OZEC

OZEE

02ZC0
0z2C2
0zC4
0ZC3
0zC7
0zCcs
0zZCA
ozCC

 OZCE

o200
0zZDz2
0204
oz0s

3 02D7

ozne
02Z0B
(Veanj]
Q2DF
02E1
02EZ
DZE4
OZE#4

T OZE7

02E?
0ZEE

A OZED

0OZEF
0OZF1
02ZF2
0O2FS
QZF7
0OZF2
QOZFE
0302
Q=04
0204
Q300C
Oz0D0
QZ0OF
0211
0313
0215
0317
031

C4A6
CAF®
SOBE

AAF4
CZE>
25

CzZE=S
21

C44eA
CAFLC
C42A
CAFE
Z474
CAFF
2F

*0A7
TOAT

100
E4:=0
w413
410
37
AAFD
AAFD
33
C301
CEBFF
-S01
CEBFE
C301
401
CAFS
*ODE
=400
CAFS
-402
2001
2001

Ot
0D4zo
YEEL

CS01
E40D
P05
E40D
2F

* ASSEMELER REV-A

LDI
ST
JMF

STRT: ILD
LD
XFAH
LD
XPAL
LDI
ST
LDI
ST
LDI
ST
XFPFLC

X4 JIMF

E4: JAMF

L(FCSTAK)
FCETK(P2)
X3A

RUNMDD(F2Z)
TEMPZ(F2)
Fi
TEMPZ(FP2)
Fi
L{SBRSTK)
SERFTR(F2)
L{FDR2TK)
FORPTR(FP2Z)
L(DOSTAK)
DOFPTR(F2)
Pz

X5A

EZA

i ##3% START EXECUTION st
i RUN MODE = 1

i FOINT CURSOR TO

i START OF NIEL PROGRAM

i EMPTY SOME STACKS:
i GOSUB STACK,
i FOR STACK

i % DO/UNTIL STACK
i RETURN

3 FE 3636 336 38 30 95 38 3 3 35 36 36 36 36 36 3E 3 38 38 38 3 36 36 35 36 3 330 30030 30 30 4 3¢

3¥*

i CHECK. FOR END OF FILE

i GET LINE NUMBER ONTO STACK

i SKIP OVER LINE LENGTH'

i SET LISTING FLAG
i GO FRINT LINE NUMBER

i CLEAR LISTING FLAG
; GO TO NXT

i FOINT P3 AT FUTC

i IF TYFPING, STOP
i BET NEXT CHAR
i TEST FOR CR

i GBET CHARACTER

P #® LIST NIEBL FPROGRAM
5 FEIEIE 3R 30 36 3 36 36 36 3 36 36 3 36 1R 36 E 6 3 3E I FE I 3E 0 0 330 30 3 33
LET: LD (F1)
XRI 030 .
JP L=T2
LDI H(AESTK)
XFAH F3
ILD STEA(F2)
ILD STKA(FZ)
XFAL P32
LD @1(F1)
ST -1(F3)
LD e1(F1)
ST -2Z(P3)
LD @1(F1)
LDl 1
ST LISTNG(FZ)
JMF X5
LETZ: LDI 0
ST LISTNG(PZ)
Js 3, NXT
X&A: JMP Xé&
ES: JMP E4
¥ITZ: LDOFI PZ, PUTC-1
LST4: CZA
ANI 020
JZ LSTZ
LD @1(F1)
XRI oD
Az LSTS
XRI on
XPFLC Pz

48

i FRINT CHARACTER
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595
596
397
598
52%
L£00
£01
&02
&032
404
505
L0O4&
£07
&08
L0
£10
t11
412
&12
&14
&15
L14
&17
t12
L19
£20
R-Y4!
L22
&232
L24
625
&264
&27
428

L322

G
5

o L
(0]
)

oo oS O O

DD R T O R TR D

I A R O

2o
B
2

Y X
&H44
LH45
L4
&47
&4

A-

0Z1A
21C
0=1E
OZ1F
0321
03222
0323
0225
0227
02279

032ZE

0320
QZZ2F
02330
0332
0224
0335
02334
Q22

0=z

Q232C
OZZE
QzZ40
0342

0244
0344
0247
024%
0O24E
034
0z4n
024F
03251
Q252
0255
0257
0259

Q23R
OzZ5h
QO3SE

FOFO
400D
oF
C40A
3F
02
C44E
CAFE
C40C
CAFA
FOAC

C410
=7
EAFD
EAFLD
=3
02
C3FE
200
CBFE
C2FF
Fz01
CEBFF
2OERE

C410
27
EAFD
EAFLD
oz
C3FE
FEOO
CEFE
C2FF
FEO1
CEFF
#0OA7

-410
=7
C2ZFD

QO=&0 33

DT
et o
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JMF
LETS: LOI
XFFL
LoI
XPFC
i
LDI
ST
LOI

=
—t

JMF

LET4
oD
Pz
0A
Fz

L{LIST3)

PCLOW(PZ)

H(LIZTZ)

FCHIGH(F2)

LET

i CARRIAGE RETURN

i LINE FEED

i GET NEXT LINE

j R IR I I I IR FHH

HE .2

ADD ANLD

SUBTRALCT

#*

5 333 IR 3E 3030 38 3030 3 3 36 36 40 3 36 E 90 30 38 36 3 30 30 3R 30 30 30 30 e

ADD: LDI
XFAH
DLD
DLD
XFAL
CCL
LD
ADD
=T
LD
ADD
=T

X7: JMF

SUE: LDI
XFAH
pLD
oLD
XFAL
sCL
LD
AL
=T
Lo
CAD
=T
JMF

H(AESTK)
F3

LSTK (PZ)
Pz

=Z(F3)
O(F3)
=2(P3)
=1(F3)
1(F3)
=1(F3)
X&A

H{AESTK)
Pz

STEA(FZ)
LETK(PZ)
F3

-2(P2)
O(F3)
=-2(F3)
-1(F2)

1(F3)
-1(P2)
X&EA

LETK(P2)

i SET F3 TO CURRENT
i STACK LOCATION

i REFPLACE TWO TOF ITEMS
;i ON STACK BY THEIR SUM

i SET P2 TO CURRENT
i STACK LOCATION

i REPLACE TWDQ TOP ITEMS
i ON STACEK BY THEIR
i DIFFERENCE

3 3R 30 IR 3 3E 3 38 30 38 3 3 30 S E IR0 W H I

k-3

NEGATE

¥*

HE LD LD bR 2 L 2 E b St L L 2 L L

- NEG: LOI

XFAH
LD
XFAL

H{AESTK)
P3
LETKA(FPZ)
P

L9

i 3ET P33 TO CURRENT
i STACK LOCATION
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£49 0341 03 SCL

LS50 0262 C400° LDI 0

451 0344 FEFE CAD -2(P3) i NEGATE TOP ITEM ON STACK
&52 0244 CEFE aT =2Z(P3)

£53 03462 400 LDI 0

454 03&A FEFF CAD -1(F3)

&S5 034C CEFF ST -1(P3)

454 OZLE 20DZ : JMF X7

457 0370 9092  Eé: JMP ES

458

659

&60 H ***********-ﬁ-*%***********************

&bl P # MULTIFLY #

EL2 3SR 3E 3t 3E 3E 3 35 30 35 3 30 3 36 36 36 3 3F 36 36 35 30 3 3 30 36 36 e 34 3 S 3E 30 SR 30038

¥

&L64 . LocAL

&LS 0372 C410 MUL: LDI H(AESTK) i SET P3 TO CURRENT
thbk 0374 37 XPAH F3 i STACK LOCATION
467 0375 C2FD LD LETK(P2)

&&8 0377 23 XFAL F3 _ i DETERMINE SIGN OF PRODUCT,
6% 0372 C3FF LD -1(F3) ; SAVE IN TEMP(P2)
&£70 037A EZFD XOR -3(P3)

671 027C CAEA ST TEMF(F2) v

672 037E C3IFF LD -1(P3) i CHECK FOR NEGATIVE
&73 0380 240D JP $1 i MULTIPLIER

&£74 0382 03 SCL

475 0383 C400 LDI o i IF NEGATIVE,

&74 03285 FEFE CAD -2(P3) i NEGATE

477 0287 CEFE ST -2(P3)

£72 0329 400 LDI 0

479 032R FEFF CAD -1(P3)

4£20 028D CEFF ST -1(P3)

631 O28F C3IFD  $1: LD =3(P3) i CHECK FOR NEGATIVE
482 0371 240D JP $2 i MULTIPLICAND

433 0293 03 SCL

424 0394 C400 LDI 0 i IF NEGATIVE,

&35 0396 FEFC CAD -4(P3) i NEGATE

484 03958 CEFC ST ~-4(P3)

£27 039A 400 LDI 0

428 039C FEFD CAD -3(F3)

429 02%E CEFD ST -3(P3)

420 03A0 C400  $2: LDI 0 i CLEAR WORKSPACE
~21 02AZ CEOO ST 0(P2)

492 02A4 CEO1 ST 1(F3)

£73 03ZAL CBOZ ST 2(F3)

&4 03A2 CEO2 ST IP3)

&?5 O3ZAA C410 LDI 1& ; SET COUNTER TO 14
£94 OZAC CAEE =T NLM(FZ)

£97 OZAE C3IFF  $LOOF: LD -1(P3) i ROTATE MULTIFLIER
£92 OZEO0 1F RRL i RIGHT ONE BIT
499 O2E1 CEFF ST -1(P3) '

700 O3ZBZ C3FE LD ~2Z(F3)

701 O2BS 1F ‘ RRL

702 O2ZB4 CEFE 5T ~Z(P3)

50
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703 03ZB3 06 CSA i CHECK FOR CARRY BIT

704 OIE? 2411 JF | 3] ‘ i IF NOT SET, DON‘T DO ADD
705 O3IBE 02 CCL

70& OZEC CZ0O2 Lo Z(F3) ; ADD MULTIPLICAND

707 OZEE F2FC ADD -4(F3) : i INTO WORKSFACE

7038 0300 CROZ =T 2Z(F3)

709 Q3CZ C303 LD 2(F)

710 02C4 FIFD ALD -3(F3)

711 02CA CEOZ ST i)

712 03Cs 2002 JMF %3

712 0ZCA P0A4 E&A: JIMP E&

714 ORCC 02 $3: [

715 0ZCD C30Z Lo 3(F3) i SHIFT WORKSFACE RIGHT BY 1
7146 OZCF 1F RRL :
717 OZD0O CEOZ 5 3(P3)

712 0202 C20Z LD Z(P3)

719 0304 1F RRL

720 Q20% CROZ = Z{P3)

721 02D7 Cz01 LD 1(F3)

722 0z0% 1F RRL

723 02DA CEO1 = 1(P3)
724 0Z0C CI00 LD OP2)
725 O2DE 1F RRL

72& OZ0F CROO ST O(F3)

27 OZEL1l EBAEE pLOD NUM(FZ) i DECREMENT CUOUNTER
72 O3ES SCCT JNZ SLIOOF ; LOOF IF NOT ZERO
729 QO2ES 9002 JMF £4
730 QOIET7 025 X% JMF Xa :

731 O3ZE? CZEA $£4: LD TEMF(P2) ; CHECK SIGN WORD

722 OZEE 240D JF SEXIT i IF BIT7 = 1, NEGATE FRODUCT
733 O3ED 0= oL

724 0OZEE 400 LDI 0

735 0O3F0 FEOO CAD 0(F3)

726 O3FZ CEROO 5T O(FZ2)

27 0O3F4 C400 LDI 0

723 O3F6 FERO1 CAD 1(FZ)

73?9 QO3Fs CEO1 =T 1(F3)

740 0O3IFA CZ00 $EXIT: LD O(F3) s PUT PRODUCT ON TOP
741 Q3IFC CEFC ST -4 (FP3) i OF STACK

742 OZFE 301 Lo 1(F3) A

743 0400 CEFD =T -3(F32)

744 0402 BAFD DLD STK(P2) i SUBTRACT 2 FROM
745 0404 EBAFD oLnD LESTK(FZ) i LSTK

744 0404 YODF JAMF X2

747

74%

74= 5 SRR IEIE IS SR IR e I AR JE 3

TS0 ;# DIVIDE #*

751 HE 22 22 Ry Y Y Y Y

752

753 , . LacAL

754 0408 C410 DIvV: LDI H{AESTK)

755 040Aa =7 XFAH Fz

7546 040FB CZFD LD LETEA(RPZ)
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761

762
763
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7467
7468
769
770
771

772
77%
774
775
776
777
778
779
750
721

7522
783
724

785

734 0444 CEFE
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0400
O40E
0410
0412
0414
0414
0413
0414
041
041E

0420

0422
0424
0425
0427
042
042k
042D
042ZF
0431

04322
0435
0437
0432
043E
0420
0O43F
0441

0447

33

C3FF
DEFE
SCO4
40D
FORZ
CZFD
EZFF
CAEA
C=FD

2411

C400
0z

FEFC
ZROZ
400
FEFD
CEOZ2
2O0A
Y0OE4
C3FD
CEOZ
CI2FC
CEOZ
C3FF
240D
C400
(03]

FEFE

727 0444 C400

7a28

0443

FEFF

789 044A CEFF

7 R0 044C C400

721
7L
793
724
795
726
727
792
799
200
=01
202
2032
204
205
206
207
S0
209
210

044E
0450
0452
04354
0454
0453
0452
0O45E
0430
QO435F
0441
0443
0445
0444
0442
044A
044C
"044E
0470
0472

CEO1
CEOO
CAEE
CEBFLD
CEFC
0z

CoFC
F2FC
CEFC
CZFD
FZFD
CEFD
0z

o302
F203
CEOZ
o0z

202

CROZ

cz01

$0:

X27A:
$FOS:

$1:

$2:

SLOOF:

XFAL
LD
DR
JNZ
LDI
JMF
Lo
X0R
ST
LD -
JP
LDI
sCL
CAD
=T
LOI
CAD
ST
JMF
JMP
Lo
ST
LD
ST
LD
JF
LoI
SCL
caD
=11
Lol
CAD
5T
Lol
5T
ST
ST
=T
cCL
LD
ADD

=

LD
ADD
=T
CCL
LD
ADD
=T
LD
ADD
ST
Lo

Pz
=1(F3)
=Z(P3)
%0

13

E&A
=3(F3)
=1(F3)
TEMF (F2)
-3(P3)
sPOS

0

=4(F3)
BFP3)
0
=3(FP3)
2Z(F3)
$1

X%
=3(P3)
Z(F3)
-4(P3)
3(F3)
=-1(F3)
$2

0

=2(P2)
=2(F3)
0
=1(F3)
=1(FP3)
0
1(F3)
O(F3)
NUM(FP2)
=3 (P3)
=4(F3)

-4(P3)
-4(F3)
-4(F3)
-3(P3)
-Z3(F3)

-3(F3)

3(P3)
3(P3)
3(P3)

C2(P3)

2Z(P3)
Z(F3)
1(P3)
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; CHECK. FOR DIVISION BY O

iSAVE SIGN OF QUOTIENT
i IS DIVIDEND FOSITIVE?
i YES = JUMP

i NO — NEGATE DIVIDEND,
i STORE IN RIGHT HALF
i OF 32-BIT ACCUMULATOR

i STORE NON-NEGATED DIVIDEND
i IN 32-BIT ACCUMULATOR

i CHECK FOR NEGATIVE DIVISOR

i NEGATE DIVISOR

i PUT ZEROQ IN:
i LEFT HALF OF 32-BIT ACC,

i THE COUNTER, AND

i IN THE DIVIDEND, NOW USED
i  STORE THE GUOTIENT

i BEGIN MAIN DIVIDE LOOP:

i SHIFT QAUOTIENT LEFT,

i SHIFT 32Z-BIT ACC LEFT,



1

0 ) LI L) L)L) () D

= OO N®ARWDR

00 00 00 00 0D 00 0D 00 00 0D

OOy

{

=
P

0474
0474

1 0473

047A
0471
047E
047F
0421
0423
0425
0427
Q422
Q4ZE
042D
Q4zE
0420
0422
0424
0474
0493
0474
Q40
047E
Q4A0
04AZ
O4AQ4
04A4
04AS
04A4
044A1C
04AQE
Q4E0

% O4E1

O4E3
Q4RSS

. O4R7

O4E?
O4EE
O4ED
O4EF

04c1

2 04Cz

044
044
Q47
040

» 04CA

04CC

Fz01
CEO1
CI00
Fz00
CEOO
0z
=01
FEFE
ZEO1
o300
FEFF
CEOO
2411
0z
CZ01
ZFE
CEO1
200
F3FF
CREOO
2003
P03
CIFC
OCo1
CEBFC
AAEE
E410
SCAE
CZEA
240D
2400
03
FEFLC
CEBFC
2400
FEFD
CRBFD
EAFD
EAFD
2O0E

410
=7

CZFD
C7FD
01

C301
CARO

SSEMELER REV-A
S17776

ADD
=T
LD
ADD
ST
SCL
LD
CAD
5T
LD
CAD
ST
JF
coL
LD
ADD
5T
LD
ADD
5T
JMF

X2E: JMF
$ENT1: LD

ORI
=T

$3: ILD

XRI
JNZ
Lh
JP
Lol
SCL
-AD
=T
LI
cab
ST
SEND: pLD
OLp
JMF

1{F3)
1(F3)
(F3)
(F3)
(F3)

1(F3
-2(F3)
1(P3)
(F3)
-1(F3)
(F3)
$ENT1

1(P3)
-2(F3)
1(F3)
(F3)
-1(PZ2)
(F3)

3

XA
-4(P3)
1
-4(F3)
NLUM(PZ)
14
SLOOF
TEMP(F2Z)
SEND

#)

-4(F3
—4(F3)
0O

~3(F3)

—3(P3)

CLETEA(F2)

LSTK (P2)
X?E

“ws We we %o W e we twe

i SUBTRACT DIVISOR INTO
j LEFT HALF OF ACC,

i IF RESULT IS NEGATIVE,
i RESTORE ORIGINAL CONTENTS
i OF ACC BY ADDING DIVISOR

ELSE IF RESULT POSITIVE,
RECORD A 1 IN GQUOTIENT
W/0 RESTORING THE ACC
INCREMENT THE COUNTER

ARE WE DONE?

LOOP IF NOT DONE

CHECK THE RUOTIENT” S SIGN,
NEGATING IF NECESSARY

i DECREMENT THE STACK FOINTER.,

i AND EXIT

i 363300 36 36 36 30 30 3 3 3 30 3 3 36 5 36 38 30 38 36 30 36 36 3E S 0 SR 3R 3R SR b3t

P STORE VARIAELE

3*

j ISR SRE 3 R I3 3E I 3 R R H R H I HR

STORE: LDI
XFAH
LD
XFAL
LD
XAE
LD
ST

H(AESTE)
F3
LSTK(F2)
P3
@-3(F3)

1(F2)

EREG(FZ)

; SET P3 TO STACK

i GET VARIABLE INDEX

i FUT IN E REG

i STORE LOWER 2 RITS
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QO4CE
Q041CF
o4no0
04nz
04032
0403
0407
o040

2 04DA

04E1
0O4EZ
04ES
04E7
04E®
04EA
O4EC
04EE
QO4EF
04F1
04F =
04FS
Q04F7
0O4F 3
04FA
Q04FE
04FD
O4FF
0501

0z
30
F401
o1
0302
CAS0O
CAFD
C400

501
E4Z0
22FA
C1FF
0z

FCSE
2405
03

FCEA
w41z
CSFF

05032 %0

0505
0S04
0503
050w
OS0E
OS0D
QOS0E
0510

= 0312

0514
0515
0517
0513

= 051w

0S1A
OS1E
osSiD
031F

0520

01
2100
0oz
FCSE
2405
03
FZE&
24E1
2410
=7
AAFD
0z
40
70
CEFF
o402
0z
FZFE

CCL
LDE
ADI
XAE
LD
=T
XFAL
ST
X10: JE

1

Z(F3)
EREG(F2)

P2

LETKA(F2)
F3, EXECIL

i INTO VARIABLE
i INCREMENT INDEX

i STURE UFFER = BITS
i INTO VARIAELE
i UPDATE STACK FOINTER

5 363636 30 30 36 36 3 3 3 3 3 35 3 3 30 3 35 36 36 36 30 36 36 30 36 36 30 eGSR R 3E

R TEST FOR VARIAELE IN TEXT

3*

§ 3030330363 36 36 3 3 34 3 3 30 0 36 36 30 3 36 30 36 36 3 36 34 0 I S I

TSTVAR: LD
XR1
JZ
LD
SCL
CAI
JP
SCL
CAl
JP
$FAIL: LD
LD
XFAL
LD
XPAH
LD
=T
Lo
ST
JMP
XAE
LD
SCL
CAI
JP
SCL
CAI
JP
LDOI
XFAH

$MAYEE:

SOk

ILD

XFAL
CiCL
LDE
ADE
=T
LDI
e
ADD

@1(FP1)
TSTVAR
-1(F1)

/z."+1
SFAIL

Ppr—rgeq
$MAYEE
e-1(F1)
PCLOW(F2)
F3 -
PCHIGH(F2)
P3 |
(P3
PCHIGH(P2)
1(F3)
PCLOW(P2)
X10

(F1)

“7<+1
SOK

Ry e |
$FAIL
H(AESTK)
F3 :
LETKA(F2)
F3

=1(P3)

=z
a

FCLOW(FZ)

54

i SLEW OFF SPACES
i GET CHARACTER IN RUESTION

i SUBTRACT “Z7+1
i NOT VARIAELE IF POSITIVE

i SUBTRACT “A”

i IF POS, MAY BE VARIABLE

i BACKSPACE CURSOR

i GET TEST-FAIL ADDRESS

;3 FROM I.L. TABLE, PUT IT

i INTO I.L. PROGRAM COUNTER

i SAVE VALUE (0-25)

i CHECK. FOLLOWING CHAR

i MUST NOT BE A LETTER

i ODTHERWISE WE'D BE LOOKING

AT A KEYWORD, NOT VARIABLE

i SET P33 TO CURRENT
i STACK LOCATION
i INCR STACK POINTER

; DOUBLE VARIAELE INDEX
; PUT INDEX ON STACK

i INCREMENT I.L. PC, SKIPFING
i OVER TEST-FAIL ADDRESS



SC/MF
MI BL

20 8
P20
721
QzZ
@22
224
P25
24

@27
o=

0 -
I
9

)

I B I B
) [0
N AR

.

L) W0 LY Y () )

00 0 9 0

w900 N
sReloRoNoRoNoNoNoNeoNoRoRoRo e

0

. 0 . Q
b b
-

w
I
.

“

943
244
245
244
247
243
249
250
251
'7=-"t

Nl

PRI

254
255
954
257

osa

9oy
GLO
a1
PE2
PET
2E4
LG
Db
PET
L]

PLY
270
271
272
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0522
0524
0524
0522
052A

NN Cnononononon o O R
o o YRR RN I 5 IOV O R YRR I (N SO

NOMPDOBDDONARPR=TIMO

0544
0544
0542
0544A
0S4C
0S4E
')E

055C
0OS5E
OSSF
0S4&1
Dqﬁ-
0S464
OSaS
Ol.'.‘l-'

s

Q54

CAFE
c400

2ZFA
CAFA
YOAE

C410
27
AAFD

oy
I

P;FE
01
C230
CEFE
0z
40
Fa01
01
CZE0
CEFF
FORE

401
wOl1zZ
402
F00E
403
2004

O 404

2O0A
C405
2002
C404

CAEE
410
=7

EAFD
EAFD

C2FE
FEOO
CAEF

ST
LDI
ADD
ST
JMP

FCLOW(FZ)
0
FCHIGH(FZ)
FCHIGH(FZ)
X10

33330 3630 30 30 3H 30 30 3 36 30 36 34 3 $E 30 30 30 30 o0 0 I 03

P IND -- EVALUATE A VARIAELE #*
5 BRI S AE S 3 3 3 36 363636 36 36 36 36 33 36 6 T S I 48 6306 36 36 3 38

IND: LOI
XFAH
ILD
XFAL
LD
XAE
LD
5T
[
LDE
ADI
XAE
Lo
5T

X11: JMF

P3

H(AESTK) i SET P33 TO STACK
LQTK(PZ)
-2(?3) i BET INDEX OFF TOF
i FUT INDEX IN E REG
EREG(F2) ; GET LOWER 2 BITS
-2(P3) i SAVE ON STACK
i INCREMENT E REG
1
EREG(P2) i GET UFFER & BITS
-1 (FZ) 3 SAVE ON STACK
X10

P S T S 2 2
i % RELATIONAL OFERATORS #*
§ R B SR 36 6 330 S S 396 348 S 0 3 S IR R

EG: LDI
JMP
NEG: LI
JMF
LS LDI
JMF
LEG: LDI
JMF
GTR: LDI
JMP
GEG: LDI

CMF: =T
LDI
XFPAH
oLD
oLo
XFAL
SCL
Lo
CAD
ST

1 i EACH RELATIONAL OFERATOR

CMP i LOADS A NUMBER USED LATER

2 i A% A CASE SELECTOR, AFTER
CMF i THE TWO OFPERANDS ARE COM-

3 i PARED. BASED ON THE COM-
CMP i PARIZON, FLAGS ARE SET THAT
4 i ARE EGUIVALENT TO THOSE SET
CMF i BY THE “CMP” INSTRUCTION IN
b i THE PDF-11. THESE PSEUDO-
CMF ; FLAGS ARE USED TO DETERMINE
& i WHETHER THE FARTICULAR

' i RELATION IS SATISFIED OR NO
NUM(F2Z)

H{AESTE) i SET F3 - ARITH STALK

F3 :

LETEA(FZ)

LETK(P2Z)

F3

=Z(F3) i SUETRACT THE TWO OFPERANLDS,
(F32) i STORING RESULT IN LO &% HI

LOCFZ)

55



CEC/MP
NIEL

732
@74
Y75
Q76
77
978
7P
280
v81
982
AR
ve4
985
988
w27

LSS

e

90

w9l

992

A

@94

5

AT

27

P93

I
1000
1001
1002
1002
1004
10035
1004
1007
1002
1009
1010
1011
1012
1013
1014
1013
1014
1017
1012
10192
1020
1021
1022
1022
1024
1025
1024

AZSEMELER REV-A
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OS4E
OSAD
OSEF
03571
0572
0574
0576
0oS72
0579
037k
057D
O57F
0521
05323
Q53"
0%

~d

1

[ x M2}

oSz
052A
0Sec
0Ssh
0SEF
0591
0523
0o
0S4
0o2e
039A
oS0
0S2E
05A0
0SAZ
05A4
0SAL
0SA7
0SAY
0OSAE
0OSAD
OSAF
0SERO
OSEZ
0SkR4
OSEA
QOSES
OSEA
OSEC
QOSEE
Qo0
QOS2
0osSCca
QSCE
0SCe
QoCF

C3FF
FEO1
CAEE
EZFF
01

CIFF
E301
50

EZEE
CAEA
CZEE
DAEF
202
C4s50
E420
01

EAEE
FCOD
40

F0OZE
2OE1
EAEER
COS
40

E420
2020
BAEE
FC0O4
CZEA
2013
EAEE
PCOS
40

DAEA
FO0F
EAEDR
2C07
40

DAEA
E4:=0
2004
ZZEA
E4Z20
2404
2401
2002
400
CEBFE
2400
CEFF
400
2OEBE

SETZ:

LEGL:

GTR1:

GEL:

CMF1:

FALZE:
CMFZ:

LD
ZAD
ST
XOR
XAE
LD
XOR
ANE

XOR

=T
Lh
OR
JAZ
LoI
XRI
XAE

pLD
JNZ
LDE
IMF
JMF
DLD

JINZ-

LDE
XRI
JMF
oLo

- JNZ

LD

JIMP

pLD
JINZ
LDE
OR

JMP
DLD
JNZ

LDE

OR
XRI
JMF
Lo
XRI
JF
LOI
AMF
LOI

LDOI
ST
JdE

JMF

=1(F3)
1(F3)

HI(FZ)
-1(F32)

-1(P2)
1(P3)

CHI(PZ)
" TEMF(F2)

HI(F2)
LO(RPZ)
SETZ
03

oz

NLIM(PZ)
NE1

CMF1
X11
NUM(FZ)
L=51

080
CMP1
NUM(P2Z)
LER1
TEMP(PZ)

CMP1

NUM(P2)
GTR1

TEMP(F2)
CMP1
NUM(PZ)
GER1

TEMF (F2)
00
CMP1
TEMF (F2)
020
FALZE
1
CMF2Z
0
=2(P3)
0 :
=1(FP3)
F=, RTN
X1z

56

i OVERFLOW QCCURS IF SIGNS OF
i RESULT AND 15T OPERAND

; DIFFER, AND SIGNS OF THE

; TWO OPERANDS DIFFER

i BIT 7 ERUIVALENT TO V FLAG

i BIT 7 EQUIVALENT TO N XOR V
i STORE IN TEMP

; DETERMINE IF RESULT WAS ZERO

i IF RESULT=0, SET Z FLAG
i ELSE CLEAR Z FLAG

i BIT 7 OF EX = Z FLAG
i TEST FOR =
; BGAL IF Z =1

i TEST FOR <>

i NOT EQUAL IF Z = O

3 TEST FOR <
i LESS THAN IF (N XOR V)=1
3 TEST FOR <=

LESS THAN OR EQUAL
i IF (Z DR (N XOR V))=1

i TEST FOR >

i GREATER THAN
i IF (Z OR (N XOR V))=0

i BREATER THAN OR EGUAL
i IF (N XOR V)=0

i IS RELATION SATISFIED?
i YES - PUSH 1 ON STACK

iNO - FUSH O ON STACK

;D0 AN I. L. RETURN
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1027
1022 R R T Y e e T T
1022 P # IF STATEMENT TE=T FOR ZERO )
1030 HE: 2 & 20222 2223 -2 2 2223 8- 2 F- 22212 2-2-2-F- 2. - 3- -2 - T-3
1021
1022 0SD1 CZEF CMFPR: LD LO(FZ2) i GET LOW & HI BYTEZS OF EXFR.
1032 05SDZ DAEE OR HI(FZ) i TEST IF EXPRESSION IS ZERO
1024 OSDS 7202 JZ FAIL i YES - IT IS
10325 0507 90ER4 JMF X1z iNO — IT ISN“T S0 CONTINUE
1034 OSD? CS01 FAIL: LD @1(F1) i SKIP TO NEXT LINE IN PROGRAM
1037 OSDE E40D0 XRI oD i (I.E. TIL NEXT CR)
1032 0SDD ZCFA JNZ FAIL
1032 OSDF 2402 JS P23, NXT *= G CALL NXT AND RETURN
1040 OSEL 70A7 X1ZA: JMF X1z
1041
1042
1043 G BRI E 3R 303 0 36 36 36 2 35 4 45 36 38 36 36 35 30 46 30 36 3 40 3 30 36 3 3E 4 3 30 3 30 36
1044 P # AND, OR, & NOT #*
1045 i BRI IR S IR 5 30 36 3 46 35 36 3 30 35 4 3F 330 0 3 43 4 SR I S 33 38
1044 : _
1047 LAl .
1042 OSEZ 401 ANDOF:  LDI S | ; EACH OFERATION HAS ITS
1042 OSEA 004 JMP $1 ;i OWN CASE SELECTOR
1050 OSEC 2402 OROF: LDI 2
051 OSEE 2002 JMP $1
1052 0OSFO C4032 NOTOF: LDI 3 :
1052 OSFZ CAEER $1: ST NUM(FZ)
1054 OSF4 410 LDI H(AESTE) i SET P3 -> ARITH. STACK
1095 0SF& 37 XFAH P
1054 O3F7 BAFD pLD LSTKA(FZ)
1057 OSF? BAFD LD LETK(F2Z)
1052 OSFE 232 XFAL F3
1059 OSFC BAEER oLD NUM(FZ) ; TEST FOR “AND-
1040 OSFE ZCOE JNZ $IOR
10461 OAD0 2201 : Lo 1(F2) i REFLACE TWO TOF ITEMS ON
10462 0&02 D2FF AND -1(F3) ; STACK BY THEIR “AND”
1042 0604 CEFF =T -1(F2)
10464 QLOL C300 LD O(F3Z)
1045 0402 DZFE AND -Z(F3)
1044 OL0A CEFE =T -2(F3)
1047 0460 2003 AMF X1zZA
1042 0&£OE BAEER FOR: oLD NLIM(FZ) ;i TEST FOR “OR-
1042 0&10 2COE JNZ $SNOT
1070 04612 2201 Lo . 1(F3) s REFLACE TWO TOP ITEMS ON
1071 0414 DEFF OR -1(F2) i STACK BY THEIR “OR”
1072 O&146 CEFF ST -1(P2
10732 0&12 23200 Lo 0P
1074 0&1A4 DEFE OR -2{F3)
1075 0&1C CEFE =T -Z{(F32)
1074 OLIE 2OCA JMEF X1z2A
077 0&2Z0 701 SNOT: LD @1(F2) ; “NOTY OFERATION
1072 04622 E4AFF XR1I OFF
1079 04&£24 ZEFF =T -1(F32) . JREFLACE TOF ITEM ON STACK
1020 04626 C701 Lo R1(FZ) i BY ITS ONE“S COMFLEMENT

57
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1021
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1024
1025
1026
1027
1038
1089
1090
1091
1092
10932
1024
10935
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1097
1098
10992
1100
1101
1102
1102
1104
1105
1104
1107
1102
1109
1110
1111
1112
1112
1114
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1114
1117
1112
1112
1120
1121
1122
11232
1124
1125
1124
1127
1122
1129
11320
11321
11322
1132

11324
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a0 o
NN

[0

[oReRwNole)
Moo Dm

D

0631
0LZ4
QL34
&2
QA2
QL3R

QOLZC
OLZE
0L40
04&41
046473
0445

0440
0L4E

EAFF
CEFF
CAFLD
P0ES

CZF1

3 31

CAF1
CZFO

CAFO
oF

C2F4

w201

aF
405
CAEE
£402

AAFD
AAFD

a2

0LS0 32

0A31
QL3532
QLS4
OLSA
ST
0&SA
QAT
QOASE
QLA
OALZ
QbLL4
QLbb
(TCY 4
QlL?

2410
37

2400
CEFF
CEFE
CAEE
S0l
E4Z0
F2FA
CSFF
100
0=

FC2A
2409

XRI OFF

ST =-1(P3)

XPAL Fz

ST LETK(F2Z) i STACK POINTER FIXUF
X12ZE: JMF X12A '

§ I3 S B0 A JE 0 0 HE 3 36 36 36 38 36 38 3 B B SR I H N H
i% EXCHANGE CURZOR WITH RAM #*
§ AR I IR IR 363 36 36 36 36 3 3 S0 B B S H I A

XCHGF1: LD F1LOW(P2) i THIS ROUTINE IS HANDY WHEN
XFAL  F1 i EXECUTING AN “INFUT~ STMT
ST P1LOW(FZ) i IT EXCHANGES THE CURRENT
LD PIHIGH(F2) i TEXT CURSOR WITH ONE SAVED
XPAH  P1 | i IN RAM
ST PIHIGH(F2Z)
XFFC  P3

5 330 30 3 36 36 36 3 38 36 35 3t 36 3F 36 38 3 36 3 36 3 38 36 30 30 S0 36 30 3 36 0 S

i # CHECK RUN MODE #*
3R AE IR 033 30 3 3 30 36 30 303 3 3 30 33 S S 306 3 3

CEMODE: LD RLUNMOD(F2) i THIS ROUTINE CAUSES AN ERROK
Az CK1 ; IF CURRENTLY IN EDIT MODE
XFPC F3 '

CE1: LDOI 3

ES: ST NUMCF2) ; ERROR IF RUN MODE = O

JE P32, ERR2 i MINOR KLUGE

§ OB AR 3R 36 33 0 30 3 36 36 30 30 36 36 36 3 30 H 30 3 36 4 S0 3 33038
i GET HEXADECIMAL NUMEER *
5334 36 3 36 3 00 6 3030 36 36 6 36 36 36 36 36 36 36 36 36 336 36 36 36 36 38

. LOCAL .
HEX: ILD LSTEA(FP2) 3 POINT P3 AT ARITH STACK
ILD LSTK(FP2)
XFAL F3
LDI H{AESTK)
XPAH P32
LDI 0 i NUMEBER INITIALLY ZERD
ST -1(FP3) i PUT IT ON STACK
= =2(P3)
= NUM(FZ) i ZERD NUMEBER OF DIGITS
$SKIF: LD @1(F1) i SKIP ANY SPACES
X R I - o
Iz SKIF
LD @-1(F1)
sLOOF: LD (F1) i BET A CHARALCTER
SCL .
CAI TR+l : i CHECK FOR A NUMERIC CHAR
JR - $LETR

58
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1135 0&LE OF SCL

1134 QLAD FOFA CAI M A | i IF NUMERIC, SHIFT NUMEER
1137 OLEE 7413 JP $ENTER i AND ADD NEW HEX DIGIT
11322 0&70 20Z2 JMF SEND

11239 0&72 20EBE X120C: JMF X1ZE

1140 04L74 O $LETR: =CL i CHECK, FOR HEX LETTER
1141 04&75 FOD CAI MEE RN Al |

1142 OL77 2421 JP SEND

1142 0&77% 03 SCL

1144 047A FCFA : CAI “TAT="57

1145 0&70C 2402 JFP : TH1 Y

1144 OL7E 9024 JMF - $END

1147 0&20 02 T o cCL ;ADD 10 TO GET TRUE VALUE
1142 0421 F40A ADI 10 ; OF LETTER

1142 0&£232 01 $ENTER: XAE iNEW DIGIT IN EX REG
1150 0424 2404 LDI 4 i SET SHIFT COUNTER

1151 O04&246 CAEA ST TEMF(FPZ)

1152 04622 CZAEDR ST NUM(FPZ) s DIGIT COUNT IS NON-ZERO
1152 0624 CZFE $SHIFT: LD -Z(F3) i SHIFT NUMEER LEFT BY 4
1154 0&2C 02 (N

1155 0&20 FZFE ADD —-Z{(F3)

11546 04&2F CEFE =T -Z(F32)

1157 0&21 C3FF Lo -1(P3)

1153 04932 FIFF ADD -1(F3Z)

152 0475 CEBFF =T -1{F3)

1140 04627 EBAEA DLD TEMF(FZ)

1141 Q&% 2CEF JINZ $SHIFT

1142 O4&7B CZFE LD -Z(F3) ; ADD NEW DIGIT

1142 0&%0 32 ORE ;i INTO NUMEER

1144 Q&7E CEFE =T —-2Z(F)

1145 0&A0 CSO1 LD @1(F1) i ADVANCE THE CURSOR
11446 Q&AZ 2020 AMF SsLOOF i GET NEXT CHAR

1147 0&4£A4 CZEER $ENL: LD NLM(PZ) ; CHECE IF THERE WERE
1142 0&AL 02T JINZ X12E ; MORE THAN © CHARACTERS
1142 0&AZ C405 LOI S ;i ERROR IF THERE WERE NONE
1170 0LAA 2027 E2E: JMF EZ

1171

1172

1172 G 33363 36 36 4 36 36 35 36 3 36 35 36 36 30 35 36 36 36 36 36 3 36 36 3 036 30 30 3 30 26 3 30 36

1174 P # TEST FOR NUMEBER IN TEXT #*

1175 5 A6 3E 336 36 96 3 36 35 3630 35 35 3 36 3 36 35 35 3 36 30 3 36 3 36 36 36 36 36 36 35 36 36 36 3¢

1174

1177 i THIS ROUTINE TESTS FOR A NUMEER IN THE TEXT. IF NO
1178 i NUMEER IS FOUUND, I.L. CONTROL FASSES TO THE ADDRESS
1172 i INDICATED IN THE “"TSTN® INSTRIUCTION. OTHERWISE, THE
1120 ;o NUMEBER IS SCANNED AND PUT ON THE ARITHMETIC STALCK,
1121 i WITH I. L. CONTROL PASZSING TO THE NEXT INSTRUCTION.
1132

1132 . LIOCAL

1124 0&AC 2501 TSTNUM: LD @1(F1)

125 0AAE E42Z0 XRI S i SKIF OVER ANY SPACES
134 OLBO PSFA JZ TSTNUM

1127 O&ARZ CSFF LI @-1(F1) i GET FIRST CHAR
1122 0&AR4 03¢ SCL i TEST FOR DIGIT

59
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1122 O4ABS FCZA Al A |

1190 04AE7 2405 JF $SAEBORT

1121 OLBY O3 SCL

1192 O&LEA FCFA LAl M R Aat b |

1192 O&EC 2421 JP %1

1194 QO4LBE CZFE $ABIORT: LD FCLOW(PZ) i GET TEST-FAIL ADDRESS
1195 0400 323 XFaL F3 i FROM I.L. TABLE

1194 04LC1 C2ZFA . LD FCHIGH(FZ)

1127 0&CZ 37 XFAH P

1123 0&C4 C200 LD (FZ2) i PUT TEST-FAIL ADDRESS
1199 04&CAH CAFA = - PCHIGH(F2) i INTOD I.L. PC

1200 Q4&C2 2201 Lo 1(FP3)

1201 OACA DAEE ST PCLOW(FZ)

1202 04&CC 20A4 JMP X122

1202 0&CE C402 $RET: LDI 2 _ y SKIP OVER ONE IL INSTRUCTION
1204 04600 OZ oCL i IF NUMBER I3 DONE
1205 04&D1 F2FE ADD FCLOW(RZ)

1204 0AD2 CAFE ST FELOW(PZ)

1207 04&DS 2400 ©LDI O

1202 O0&D7 FZFA ADD FCHIGH(FP2)

120% OADY CAFA =T FCHIGH(FZ)

1210 0&DE 20995 X13: JAMP X120z

1211 O0&DD ZOCE E=A: JAMF EzE :

1212 QADF O1 $1: XAE i SAVE DIGIT IN EX REG ~
1213 O4AEQ 2410 LDI H{AEZTK) i POINT P2 AT AE STACK
1214 O&EZ 37 XFAH F3

1215 O&EZ= AAFD ILD LETKA(FZ)

1214 OLES AAFD ILD LETKA(FPZ)

1217 OLE7 23 ' XFAL F3

1218 O4LES C400 LDI 0

1212 OLEA CEFF = -1(P3)

1220 OLEC 40 L.OE

1221 0O4LED CEFE =T -2(P3)

1222 O4LEF CSO1 sLOoP: LD @1(F1) i GET NEXT CHAR

1223 0&F1 2100 Lo (F1)

1224 OLFZ 02 SCL i TEST IF IT I3 DIGIT
1225 0OAF4 FCZA CAl AR 3 '

12246 OLFLE 24D4A R $RET i RETURN IF IT ISN-T
1227 0&F32 02 sCL ,

1222 04LF7 FCFA CAI TOT=TR -]

1229 0O4LFE 2402 P $2

1220 O&FD 20CF JAMF SRET

1221 O&FF 01 E: Y XAE i SAVE DIGIT

1222 0700 C3IFF Lo -1(F3) ; PUT RESULT IN SCRATCH SPALCE
1222 0702 CRO1 =T 1(FZ)

1224 0704 C3IFE LD =Z(F)

1225 0704 CROO =T (F2)

1224 0702 C402 LDl 2z

1237 070A CAEA =T TEMF(FZ) PMULTIPLY RESULT BY 10
12538 Q700 02 $SHIFT: oL s FIRST MULTIFLY BY 4
1229 0700 C3IFE LD -Z(FZ) ‘

1240 O70F FZFE ADD -2(P32)

1241 0711 CEFE =T ~Z(FP3)

1242 0712 C3FF LD -1(P2)
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124%
1244
12473
1244
1247
1242
1249
1250
1251

252
1252

1254
{1285

o vt e
1254
1257
1253
125%

1240
1241

o

-~

[ S
~g oo
O 00 NG

[ T e e )

Rl

ASSEMELER REV-A
12717776

07135
0717
0712
071k
071D
071F
0721
0722
0724
07264
0723
072ZA
0720
QO7ZE
0720
0722
07323

L0735

07327

? Q732

072k
0720
0O732F
0741

0743
0744
0745
0747
074%
074L

= 074D

074F
0751

A OOT753 4

F=FF
CEFF
04s0
24
EAEA
ZCER
0z

CZFE
F200
CEFE
C2FF
Fz01
CBFF
n4:z0
YCAF
0z

C2FE
FZFE
CEFE
C2FF
F2FF
CEFF
0420
FC0OE
0z

40

FZFE
CEFE
400
FZFF
CEFF
249E
C30A

0755 wOS

0757
0750
O7SF

0741

r 0747

0O7&2
O746B
O74&D
O74E
Q770
077

0773

D
o

3
F
47
F’

D Y}

U
3

3
I
I
T G

$ERR:
E=®:
X14:

ADD
5T

ANI
HNZ
OLD
JNZ
oL
Lo

ADD
ST
LD

ADD
=T

ANIT
JINZ
oL
LD

ALD
LD

ALD
ANI
JANZ
[ e I
LDOE
ADD
LDI
ADD
ST

AR

LDI
JMF
JAMF

-1(P3)
=1(F3)
0=0
$ERR
TEMF(FZ)
$SHIFT

=2(FP3)
(F3)
=2Z(F32)
=1{(FP2)
1(F3)
=-1(F3)
0=0
$SERR

=Z(FP3)
-2(P3)
—Z(P3)
=1(F3)
=-1(pPZ
=1(F3)
Q=0
$ERR

-Z{P3)
~Z(F3)
0
-1(P)
-1(F3)
$LOOF
b

EZA
X13

i MAKE SURE NO OVERFLOW
i OCCURRED

i THEN ADD QLD RESULT,
i S0 WE HAVE RESULT # &

i MAKE SURE NO OVERFLOW
i OCCURRED
i THEN MULTIFLY EBY TWO

i MAKE SURE NO OVERFLOW
i QCCURRED
; THEN ADD IN NEW DIGIT

i REFEAT IF NO OVERFLOW

i ELSE REFPORT ERROR

j F 3036 4 3E 30 30 38 3 3F 3 3F 3 5 48 3E 38 30 98 30 30 30 36 36 30 30 38 R 3R 30 SE S 3030

HE 3

GET LINE FROM TELETYFE

¥*

336 3F 3636 38 36 30 3 3 3 3 36 3 36 3E 3 3 30 3F 36 3 30 eSS 3 0 dE S S I3

GETL:

- TN

CLOCzAL
LDOFI
LDOI
=T
LOFI
(]
JZ
LOI
XFPLC
LDOI
XFFLC
JME
LDI

F1, LEUF

(8]
CHRNLM(FZ)
F2, PUTC-1
RLUNMODI(FZ)
0

61

i SET F1 TO LBUF
i CLEAR NO. 0OF CHAR

i FOINT P2 AT PUTC ROUTINE

i PRINT 72 IF RUNNING
i (I.E. DURING “INPUT")

i DTHERWIZE FRINT "¢



SC/MP
NIBL

1297
1292
1299
1200

z01
1202
12032
132304
1205
1204
1207
1202
1309
1210
1211

212
12132
1214
12195
1214
1217
1212
1219
1220
12321

e i

1223
1224
1325
1326
1327
1328
1329

1Z320

ASSEMELER
12717774

0775 =F
07746 C40F
0770 Caci
Q77F 33
0720 40
Q721 I3F3
0722 E40A
07235 Y2EF
0727 40
0722 E40D
072/ 22350
0780 40
0720 E45SF
O72F w241
0771 40
0722 E402
0774 o34
0726 40
0797 E415
0739 PE0F
O7%E 40
072C E4032
07%E 2C1A
07680 CASE
0O7AZ ZF
O7A/= C44%3
07A45 ZF
07484 C40E
07483 F0A7
07AA C45E
07aC =
0740 =455
O7AF =F
O7E0 400

721 O7RBZ ZF

O7B2 C404A

P Q7RED ZF

40

CDo1
ARE7
E443
0701 PCES
0703 240D

Q705 01

L O7C4A 40

0707 3F
Q703 2012

 DT70A PORT

Q700 Ca4z0

= O7CE =F
@ QO7CF 2408

o701 ZF

REV-A

$1:

FXL:

P27
X15:
$ENTER:

E10:
$XH:

XPFC
=
LOI
XFAL
LDE
JdZ
XRI
JdZ
LLDE-
XRI
Iz
LDE
XRI
JZ
LDE
XRI
JZ
LDE
XRI
JZ
LDE
XRI
JANZ
Lol
AFFC
LDI
XFFLC
LDI
JAMF
LDI
XFFC
LDI
XFPLC
LDI
XFFPLC
LDI
XFPC
JMF
JdMP
LOE
2T
ILD
XRI
JNZ
LDOI
XAE
LOE
XFPC
JAMF
JdMF
LDI
XFPLC
LDI

XFFL

Fz

P3, GECO
L(FPUTC) -1
Fz

$1
OA
$1

oD
SCR

‘07010
SRUB

$XH
015
$XU

B}

$ENTER
P3

o

14

Ew
P3
1
Pz
oD
e
(0]
Fz
GETL
X14 -

@1(F1)
CHRNLUM(F2)
72

%1

oD

F3
$CR
E%

(R}
"

il
[0

62

i BET CHARALCTER

i FOINT P2 AT PUTC AGAIN

i GET TYFED CHAR
i IGNORE NULLS
i IGNORE LINE FEED

i CHECK. FOR CR

i CHECE, FOR SHIFT/0O
i CHECE, FOR CTRL/H
i CHECK FOR CTRL/U
i CHECEK, FOR CTRL/C

i ECHO CONTROL/C AS G

i CALSE A BREAK

i ECHO CONTROL/U AT U

i FPRINT CR/LF

- 30 GET ANDTHER LINE

i PUT CHAR IN LEUF
i INCREMENT CHRNUM
i IF=72, LINE FULL
i SAVE CARRIAGE RET

i PRINT IT
i STORE IT IN LEBUF

i BLANK. OUT THE CHARACTER

i FRINT ANOTHER EBACKSFPACE



SC/ME AS
MIBL 12

o770z
o704
O7D0&A
o703
o704
o700
0700
Q70F

DR I B ) R B I IR B |

LU RN BN B CRTV I W e U VTR B S I SRR N

O7EZ

[l

O7ES

O~

‘!

D

Py
l\.l.

O7EA
O7EC
O7ED
O7EF
Q7FO
O7FZ
Q7F
07F 4
O7F &
> O7F7
T O7FY
O7FE
QO7FD
 O7FF
0201
N R
Q=04
Q=05

OE0A

DRSO B I AR NI

I3~ NN D

‘-0. A

[l=]nl=]
DE0A
s OROR

O7E4 3

O7E7 =
O7E2 %

CEET
TEAD
EBAET
CSFF
2090
40

CDot

C40A
O7E1 =

c410
=7
CZFD

e
P P}

CEFF

01

C3FE
=1

CAEF
2100
CEFE
=400
CEFF
LZEF

—

FORO

3410
=7

CZFD

Q=0n Iz

SEMELER REV-A
25177574

$RUE: LD CHRNUM(F2)
Jz $1
DLD CHRNUM(FZ) i ONE LESS CHAR
LI @-1(F1) i BACKSPACE CURSOR
JMF $1

$CR: LDE
=T @1(F1) i STORE CR IN LEUF
LDI - OA i FRINT LINE FEED
XFFCZ  F3 |
LDI H{LELF) i SET F1 TO BEGIN-
XFAH  F1 i NING OF LBUF
LDI L (LEUF)
XPAL  Fl1

X1k JMP

X15

3OS 330 50 33 340 69 3 36 33030 3 330 AR S0 S 4R SR S S R S0
;% EVAL —- GET MEMORY CONTENTS *
3B 336 AR A 3 AR 3 3 3R 3 3 S S S 3

i THIS ROUTINE IMPLEMENTZ THE “@” OFERATOR IN EXFRESSIONS

EVAL: LOI H(AESTE)
XFAH e
LD LETE(FZ)
XFAL Fz i P2 = ARITH STACK
LD =-1(F3) i GET ADDR 0OFF STACEK,
XFAH F1 i AND INTO F1,
XAE i SAVING OLD F1 IN EX & LO
Lo =-Z(F3)
XFAL F1
5T LO(PZ) ‘
LD O(F1) i GET MEMORY CONTENTS,
=T =Z(P3) i SHOVE ONTO STACK
LOI 0
=T =-1(F3) i HIGH ORDER 2 EBITS ZEROED
Lo LO(FZE)
XFAL Fi i RESTORE ORIGINAL P1
LLOE
XFAH F1
JMF X13

;¥ 33 3036 3t 0 4 3 26 36 30 AE E 3 3E 030 30 30 35 3 34 3R b S I 3R 0 S b

P # MOVE —-- STORE INTO MEMORY *
§ AR S 0 0 R R SR IE I R 30 3 3646 36 34 36 336 36 30 30 4038

;i THIE ROUTINE IMPLEMENTZ THE STATEMENT:
i ‘@ FACTOR "= REL-EXF
MOVE: LDI H(AESTE)
XFAH F=
Lo LETEAFZ)
XFAL Fa i P33 =2 ARITH

63

STACK



SC/MF
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1405
1404
1407
1402
140%
1410
1411
1412
1412
1414
1415
1414
1417
1412
1412
1420
1421
1422
14373
1424
1425
1424
1427
1422
1423
14320
14321
1422
142%=
14324
1425
1434
14327
1422
142w
1440
1441
1442
144%=
1444
1445
1444
1447
144z
144%
1430
1451
1452
1453
1454
1455
1454
1457
1453

A-

O20E
0210
o211
013
021S
oz17
Dis
0214
OS1C
o=10
O=21E
OSZ0
Q=T

'o? fet i il

0zz4

Q224

0z27

0229

02zA

C7FE
01

C7FF
CAEA
C7FF

CAFD
CZEA
37
40
CEOO
2OCA

TOAA

C410
=7
CZEFD

C=01

. ZAF7

C3200

»ICAFE

CZF1

ZZFO

=7

= 2404

CAET7

L7701

E4OD
2204

Z ARE7

FOF &

~ CZE7
© E404

DCOZ

Z CAE7

L S T

ZZEMEBLER REV-A
12717776

LD
XAE
Lo
=T
Lo
XFAL
ST
LD
XFAH
LDE
: aT
X17: JMP
Ell: JMP

@-2Z(F3)

e-1(F3)
TEMF(F2)
e-1(F3)
F3
LESTEA(FZ)
TEMF(FZ)
F=

O(F3)
X1é&
E10

i GET BYTE TO BE MOVED

i NOW GET ADDRESS INTO F3
i STACK FPTR UFPDATED NOW

;i MOVE THE BYTE INTO MEMORY

5 HE SRR I 30 9F 38 30 30 36 30 36 3 36 3 36 35 30 36 36 35 3 30 36 36 36 3 36 30 S 36 303030 303

HE- 3

TEXT EDITOR

¥*

SR IE3E I 38 30 30 36 30 30 36 30 38 36 35 35 3 38 36 36 38 30 36 30 30 38 3E 36 30 30 3R 3 30 3036

» INFUTS TO THIS ROUTINE: FOINTER TO LINE BUFFER IN PILOW %

i F1HIGH
i THE A. E.

. LoCAL

INSRT: LDI
XFAH
LD
XFAL
LD
=T
LD
ST
LD
XPAL
LD
XFAH
LOI
ST
$1: LD
XRI
JZ
ILD
JAMP
LD
XR1I
JNZ
ST

i
[

F1 POINTS
STACK

FORMAT: TWO BYTES
HIGH ORDER BYTE FIRST),
LENGTH OF THE LINE,
BY A CARRIAGE RETURN.
FOLLOWED BY TWO CONSECUTIVE BYTES OF X-FF.

TO THE INSERTION POINT IN THE TEXT.

HAS THE LINE NUMEBER ON IT (STACK FOINTER
i IS ALREADY FOFFED).

H(AESTK)
F3
LETK(F2Z)
Fz

1(F3)
HILINE(FPZ)
O(P3)
LOLINE(F2)
FILOW(FZ)
Pz
FIHIGH(FZ)
Pz

4
CHRNUM(FZ)
e1(P)

on

: 4
CHRNLUM(F2Z)
$1
CHRNUM(FZ)
a :

%3
CHRNLIM(F2)

6L

EACH LINE IN THE NIEL TEXT IS5 STORED IN THE FOLLOWING
CONTAINING THE LINE NUMBER (IN BINARY,
THEN ONE BYTE CONTAINING THE
AND FINALLY THE LINE ITSELF FOLLOWED
THE LAST LINE IN THE TEXT IS

i POINT P3 AT AE STACK,
i WHICH HAS THE LINE #
i ON IT

i SAVE NEW LINE“3 NUMBER

i PUT POINTER TO LEBUF INTO P3

i INITIALLY LENGTH OF NEW LINE
= 4 ADD 1 TO LENGTH FOR
EACH CHAR IN LINE UP TO,
BUT NOT INCLUDING,

CARRIAGE RETURN

e W e wme W

i IF LENGTH STILL 4,
i WE“LL DELETE A LINE,
i S0 SET LENGTH = O



NIEL 1i 7/76

1457 QOZ4E CZE7
1440 0250 01
1441 0251 C2FZ
1442 0252 2404
1442 0255 D47F
1444 0257 CAFZ
1445 0239 2013
1444 Q252E CSOZ
1447 0350 40
1442 O25E 02
1442 O25SF F4FC
1470 0241 01
1471 02462 0501
Z E4O0D
@E0E
= 40
AT 02
F4FF
01
FOF 3
YOAF
Z0AF
40
DAE7
WIFT7
C47A
CAFF
C44A
CAFC
y D42A
CAFE
40
SE&ED
2410
Z100
CwE0
o501
Z4F =
C100
L 24F4
g i=1]
YO4E
C1FE
t CAEA
CaFF
CYFE
2450
= CYFF
-S01
94FD

D

O Y
R O S O
w4~ \l
U B
D D

e
b
ORI

3 T 0
nEnle]

RV B B S S
DOVRE T R DU ) e B e o

OO0 O 00 OO 00 00 00 g

311 u_HD =5
1512 OZAE CAEE

SEMELER REV-

*®
0

$4:

SMOVE:

SOOWN:

$LIF:

sLIF1:

LD
XAE
LD
JF
ANI
=T
JMP
LD
LDOE
ool
ADI
XAE
LD
XRI
JZ
LOE
(I
All
XAE
JAMF
JMF
AMF
LOE
oOR
Az
LDI

LDI
ST
LDOI
=T
LDE
Iz
JF
LD

LD
R
LD
JF
=T
JMP
Lo
=T
LDOI
=T
LDI

LB
JF
LD
JF
XFAH
=T

CHRNLIM(PZ)

LAELHI (F2)
$4

07F
LABLHI(FZ)
$MOVE

@=(F1)

-4

@1(F1)
oD
SMOVE

-1

5
X17
Ell

CHRNUM(FZ)
X1z
L(DOSTAK)
ODOFTR(FZ)
L{SERSTEK)
SERFTR(FZ)
L{FORSTK)
FORFTR(FZ)

sA00
sLIF
O(F1)
EREG{(F1)
@1IYF1)
SO0WN
O({F1)
SOOWN
EREG(F1)
sADD
-Z(F1)
TEMF(PZ)
-1
—-Z(F1)
=0
=-1(F1)
@1(F1)
$LIF1
O(F1)
FLF1
F1
HI(F2)
65

; PUT NEW LINE LENGTH IN EX

i IS5 NEW LINE REFLACING 0OLD?

i YES - DO REFLACE

i NO = WE“LL INSERT LINE HERE,
i WHERE FNDLEL GOT US

i BUT FIRST MAKE ROOM

i SKIF LINE # AND LENGTH

; EX, NOW HOLDING NEW LINE

i LENGTH, WILL S00N HOLD

i DISFLACEMENT OF LINES

i TO BEE MOVED

i SUBTRACT 1 FROM DISFLACEMENT
i FOR EACH CHAR IN LINE BEING
i REFLACED

i IF DISFLACEMENT AND LENGTH
i OF NEW LINE ARE O, RETURN

; CLEAR SOME STACKS

; DON-T NEED TO MOVE LINES

i SKIF IF DISP. POSITIVE

i NEGATIVE DISPLACEMENT:

3 D

H M(F1+DIZF) = M(F1);

i Fl = F1+1;

i UNTIL M(FP1)<O &% M(FP1-1)<0;
iMCFLI+DISF) = M(P1);

i FOSITIVE DISFPLACEMENT:

i FLAG BEGINNING OF MOVE WITH
i A -1 FOLLOWED BY 20, WHICH
i CAN NEVER AFFEAR IN A

i NIBL TEXT

i ADVANCE F1 TO END OF TEXT

i SAVE FP1 IN LO, HI
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1513
1514
1515
1514
1517
1513
1519
1520
1521
1522
1523
1524
1525
1526
1527
1522
1527
1520
1531
15322
1533
1524
1525
1524
15327
1528
1529
1540
1541
1547z
15432
1544
1545
1544
1547
1543
1542
1550
1551
1552
1553
1554
1555

1

byl

~d

N n

R X}

g g 3 O o L on o
o

LA

fode ek ok pek b b ek ek b

DR R B I R R R |

[
i
o~
[

0714 POCF

ASSEMELER REV-A
12717774

QEEO
03kl
OBz
OSE4
OSES CZEF
Q=E7 02

02E2 70

O=Bw C400
Q2EE FZEE
OZED EZEE
OZEBF D4FO
o2Cl 9203
0302 C400

(w]
D
m
Tl

- il

[
[

$LFZ:
BUFE:

QZCE C101
O=D0O E450
s oEhz Y204

OzZ04 100
OzD4&A YOF0
o202 CZEA
OZDA C200
Oz0C C40D
OZDE CR0l
O=ZEO 40

OZEL w204
OZES 2402
O2ES 2024
O2E7 CZET
O3EY Y224

$LF4:

E1zA:
$ADD:
X1%A:

OZER CZF1

OSED =1

OZEE CZZFO
O2F0 35

O3F1 ZZFZ
OZFZ 33

OZF4 CZFZ
O=F4& 37

O=F7 C2F7
OSF2 CFO1
O2FER CZF2
O3FD CFO1
O=FF ZZE7
0201 CFO1
0202 C501
0205 CFO1
Ow07 E40D
O020% PCFE
OFOE oD
o200 2400 - XZ0:
E1Z:

salll:

XFAH
XFAL
ST
XFAL
LD
CoL
ADE
LDI
ADD
XOR
ANI
JZ
LDOI
XAE
LDI
ST
LD
JF
LD
XRI
Az
LD
JMF
LD
ST
LDI
=T
LDE
JNZ
LDI
JMF
LD
AZ
LD
XFAL
LD
XFAH
LD
XFAL
LD
XFAH
Lh
=T
LD
=T
LD
=T
Ln
=T
XRI
JNZ
JMF
Js

JMF

F1
F1
LO(FZ)
F1
LO(PZ)

0
HI(F2)
HI(F2Z)
OF O
SUF2
0

-1
EREG(F1)
e-1(F1)
sLF3
1(P1)

80

sUF4
O(F1)
SLIP:
TEMFP(FZ)
O0(P1)

oD

1(F1)

$ADD
=~

E12
CHRNUM(PZ)
X1<
FI1LOW(FZ)
F1
FIHIGH(FPZ)
Fi
LAEBLLO(FZ)
P
LABLHI(FPZ)
Pz
HILINE(FZ)
@1(F3)
LOLINE(FZ)
@1(FZ)
CHRNUM(FZ)
@1(Fz
@1(F1)
e1(FPz2)
oD
sADD1
X17A
Fz, EXECIL
E1ZA

66

; ADD DISPLACEMENT TO

i VALUE OF F1, TO CHECK
i WHETHER WE-“RE OUT OF

i RAM FOR USER“S FROGRAM

i IF OUT OF RAM, CHANGE
; DISPLACEMENT TO ZERO

i MOVE TEXT UF UNTIL WE REACH
; THE FLAGS SET ABOVE

i RESTORE THE FLAGGED LOCATION
i TO THEIR ORIGINAL VALUES

i IF DISPLACEMENT = 0, WE“RE
i OUT OF RAM, S0 REFPORT ERROR

i INSERT NEW LINE
i UNLESS LENGTH IS ZERO
i POINT P1 AT LINE BUFFER

; FOINT P3 AT INSERTION PLACE
i FUT LINE NUMBER INTO TEXT

i STORE LINE LENGTH IN TEXT

i PUT REST OF CHARS
i (INCLUDING CZR) INTO TEXT

; RETURN
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1401
1402
14073
1404
1405
1606
1407
1408
1409
1410
1411
1412
14132
1414
1515
1414
14517
TA1E
A1

1420
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0714
oTls
021A
O¥1E
o110
0O%1E

s

OIZ0

0wz
0924

0w2h

L RE0A

O2ZE
0240
041

0v4z

ow44 =

0245
0247
Ow4s
0v4A

Q4R

EAFD
EAFD
23

=410
2300
CAEF
201
CAEE

TOES

2 CZFF

01
40
E47A
@04

EAFF

= BAFF

2OCD
40

3R IR A R IR R 3336 36 336 36 3 2 S I I 3 3838
P # FOF ARITHMETIC STACK #
3O AE 33 3 3 R0 IR 0 3 3R S S I I RS

FOJFAE:  DLD LETEA(FZ) i THIS ROUTINE POF THE A. E.
Lo LETEA(FPZ) i STACK, AND FUTS THE RESULT
XFAL P i INTO LOC(PZ) AND HI(FZ)
LI H(AESTE)
XFAH ~ F3
LD (F2)
=T LOC(FP2)
LD 1(F3)
ST HI(F2)
JMP 20

§ oS 3R SR 30 3E 3 3 3 3E 3 3F 30 30 3 38 30 3 30 30 0 30 3 36 3 30 0 SR S A 3E

P ® UNTIL #*
§ AR AR 66 36 3636 3 3 30 0 30 6 3010 36 36 3 3040 0 0 H 0 0 30336 36 3 3 430

. LocAL
UNTIL: LD DOFTR(FZ) i CHECK, FOR DO-STACK UNDERFLOW
' XAE
LDE
XRI L(DOSTAK)
INZ $1
LI 13
JME ElZ
$1: Lo LOC(F2) ; CHECE, FOR EXPRESSION = O
OR HI(FZ)
JZ SREDD i IF ZERDO, REFPEAT DO-LOOP
oLD OOFTR(FPZ) i ELSE POF SAVE STACK
oLo DOPTR{FZ)
JIMF X200 i CONTINUE TO NEXT STMT
$REDD:  LDE s i FOINT P2 AT DO-STACK
XFAL Pz
LOI H({DOSTAK)
XFAH FZz
LD -1{(P3) i LOAD F1 FROM DD STACK
XFAH F1
LD —-Z(P3)
XFAL F1 i CURSOR NOW POINTS TO FIRST
AMF X20 i STATEMENT OF DO-LOOP

P OAE L SR SR SE AR S IE I 3 3 3 348 36 3 33 0 6 B S I
% STORE INTO STATUS REGISTER #*
3B 3 SR I 3 36 36 40 36 36 3650 30 36 30 0 30 36 3 A6 3 336 36 3 3

i THIZ ROUTINE IMFLEMENTS THE STATEMENT:
; “STAT® ~=* REL-EXF
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1421 0240 CZEF MOVESR: LD LOCFZ) i LOW BYTE GOES TO STATUS

14622 O24F D4F7 ANI OF7 ; BUT WITH IEN EBIT CLEARED
1422 0251 07 CAsS

1424 0952 20R? AZ1: JMF Xz20

1425 0954 20FEE Ei4: JMP E1Z

1424

1427

14628 3 G SHEEIE 3 340 430 346 36 36 36 26 40 S 36 30 36 36 36 35 36 96 36 26 90 336 36 30 36 36

1422 HE STAT FLUNCTION 3*

1430 G 3R IR R IR 36 3 330 30 30 36 30 3 36 S0 6 6 35 36 30 36 3H 3 36 30 336 30 34 36 36 36 36 36 3

164321

1422 0954 2410 STATLES: LDI H(AESTE)

1432 058 2 XFAH Fz #FPOQINT P3 AT AE STACK
1424 0952 AAFD ILD LETR(PZ)

1425 O93E AAFD ILD LETK(FPZ)

1434 0950 33 XFAL FZ :

14637 O93E 0& e

1422 O0%SF CEFE =T =2(F2) , G STATUS REG IS LOW BYTE
1427 02461 2400 LDI 0 :

1440 0242 CEFF =T -1(FP32) ;i ZERO IS HIGH BYTE

1441 0245 Y0OER JMF XZ1

1442

1442

16444 § 36330 3R 3E 36 30 3E S 30 JE 20 36 3E 36 3 36 36 36 S 36 3 I I IR RIS 3¢

1445 i ¥ MACHINE LANGUAGE SUBROUTINE %*

1444 3 I IR 30 30 35 36 35 3 25 35 35 45 36 36 35 35 36 36 35 36 36 30 6 36 30 35 6 36 36 36 36 36 3¢

1447

1442 i THIZ ROUTINE IMFLEMENTS THE “LINK“ STATEMENT

144% :
1450 0247 CZEE CALLML: LD HI(FZ) ; GET HIGH BYTE OF ADDRESS
14651 0262 327 ) XFAH FP3

1452 024646 CZEF LD LOC(P2) ; GET LOW BYTE

14532 ORAC 23 XFAL F3 iP3 => USER“S ROUTINE
1454 OowaD CT7FF - LD e-1(F3) ;i CORRECT P3

1455 O%&F 2F XFPLC ] ; CALL ROUTINE (PRAY IT WORKS)
1456 0270 LOFI FZ, VARS i RESTORE RAM POINTER
1457 0274 20DA JAMF Xz1 i RETURN

16453

1652

1 AaD 53R 36 36 36 30 36 30 35 36 36 35 35 36 30 35 35 36 36 3 36 36 36 3 6 36 36 36 6 36 303 M 3

1641 HE SAVE DO LOOP ADDRESS 3*

14462 5 OHESE SR 4R 36 36 30 336 30 3 35 36 35 3 0 3630 35 3036 30 36 6 30 30 0 36 S E

14463

1444 i THIS ROUTINE IMFLEMENTS THE “D0O- STATEMENT

1AED

1&64 . LizAL

144647 0972 CZFF SAVEDD: LD DOPTR(FZ) ; CHECK. FOR STACK OVERFLOW
1482 0974 E42ZA XRI L(FOR3TK)

A&7 Q70 2004 ANZ %1

1470 OP7E 2404/ LDI 10

1471 0 2ODZ ELS: JMF Ei14

1472 0222 AAFF $1: ILD DOFTR(FZ)

1472 02324 AAFF ILD DOFTR{FZ)

1474 0936 23 XFAL P33
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1707
1710
1711
1712
1712
1714
1715
1714
1717
1713
1717
1720
1721

1722

ASSEMELER REV-A

127177764

0927 410
Owge 57
0O2A 35
02k CEFF

021 =1
0992 WOERE

094 CZEY
026 37
097 CZES
O 23

OFZA 2200
O 2402
OIPE 2007
OYA0 C202
OYAZ 01

oAz 720
OPAT YOF3
OPA7 702

L OPRY AAFD

OYAE AAFD
Owan =23

£ OFAE 01

O2ZAF C410

= 0%R1 27

O%BZ CEFF
OYE4 40

O%ES CEFE
OZE7 2009

OZE 2301
OFEE E40D
OFED FCFA
OFEF IF

LDI
XFAH
XFAH
=T
XFAH
XFAL
ST
XFAL
JMF

X2

(X

H(DOSTAK)
Fz

F1

=1(F3)

F1

F1

=2(F3)

F1l

21

iF3 => TOF OF DO STACK
i SAVE CURZSOR ON THE STACK

5 F 3R I 3E 0 30 30 36 36 3030 36 330 38 H 36 RS0 SE S0 3 E 0 36

R TOF OF RAM FUNCTION

#*

oI IR F I I H I IR IR

. LocAL
TOF: LD
XFAH
Lo
XFPAL
$0: Lo
JF
JMF
$1: Lo
XAE
LD
JMF
$2: Lo
ILD
ILD
XFAL
XAE
LDI
XFAH
ST
LOE
ST
JMP

TEMFZ(F2)
P3
TEMP3(F2)

2
]

(FZ2
%1

2
Z(F3)

@EREG(F3)
%0

@Z(FZ)
LETE(PZ)
LETKA(F2Z)

P2
H(AESTK)
3
-1(P3)

=Z(P3)
X2z

i SET P2 TO POINT TO
i START OF NIEL TEXT

i HAVE WE HIT END OF TEXT?
i NO = SKIF TO NEXT LINE

i YES - PUT CURSOR ON STACK
i GET LENGTH 0OF LINE

i SKIP TO NEXT LINE

i GO CHECK FOR EOF

iF3 = P3 + 2

i SET P2 TO STACK, SAVING

i QLD PZ (WHICH CONTAINS TOP)
i ON IT SOMEHOW

j FE 3R 3 3 3 36 30 98 30 3F 3 36 35 3 30 30 36 38 3 3 38 36 36 38 36 30 30 36 30 36 30 36 E 3 3E 309

;¥ SKIF TO

NEXT NIBL LINE

3#*

5 T3 3E 3R 3 38 38 38 38 36 3 3F 36 36 3 30 36 58 35 30 0 3 30 E 30 S S SIS 33

IGNORE: LD
XRI
INZ
XFFLC

e1(F1)
oD
IGNORE
F3

i SCAN TIL WE“RE PAST
i CARRIAGE RETURN

3O H R HH I NI RN

;o MODIULD FUNCTION
2 - Lt 2k 22 022 - - 22222 2 2Lk - 2T F- - 2.2 2

69
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1722
17320
1721
1732
L1733
1724
1725
1734
1727
1738
1739
1740
1741
1742
174z
1744

1745

1744
1747
1743
17472
1720
1751
1752
17532
1754
1755
1754
1757
1752
1752
1740
17461
17462
174632
1744
1745
1745
1747
1745
1749
1770
1771
1772
1772
1774
1775
1774
1777
1772

77
1750
1721

-
1722

ASSEMELER REV-A
12717774

OC0
ozCZ
090
OFCS
[ 10 S
(o)d e
oA
O
OYCE
o300

0202
ozn4g
O20A
o20s
oo
O2DE
sl nju
O20OF
OYEQ
O7EL
OYEZ
OYE4
OZES
0O2E7
O?E?
OYEER
QOPED
OYEE
O2EF
09F 1
OYF2Z
OvF4
OZFS
O9F7
OwFZ
O7FA
OwFC
OFFE
OFF
0AD1
OAOZ=
OAC4
QA0S
0AD7
QRO
OAOE
QaoD

CZFD

2410
=7

o303
CEFE
302
ZEBEFF
POCZ
YOARE

-402
CAER
CZES
01
CZE4
CAEY
CZES
0z
70
01
CZES
0z
FZE®
CAE4
EAEE
YCFO
40
0z
F407
01
CZE4
0z
F407
1E
CAE4
AREL
TE03
40
CAED
CZFD

EA1D
37
401

CEOO

400
CEO1

MODUJLD: LD
XFPAL
LDI
XFAaH
LD
=T
LD
5T

X272 JMF

Elé&: JMF

LSTK(FZ)
F3
H(AESTK)
P3

S(P3)
~Z(P3)
2(P3)
-1(F3)
X22

E1S

;i THIS ROUTINE MUST BE
i IMMEDIATELY AFTER A
;i DIVIDE TO WORK CORRECTLY

i GET LOW BYTE OF REMAINDER
i PUT ON STACK:

i GET HIGH BYTE OF REMAINDER
i PUT ON ETACK

§ B 3E 66 I6 36 3040 330 I 96 3 40 36 3 90 36 3035 306 3 H 33036 330 3 3636

HE

RANDOM FLINCTION

3*

5 SR 3 3E 0 3E3E 0 3 36 30 36 31 35 30 3 36 3 36 30 36 3 36 30 330 S I I 3R 3

. LocAL

RANDOM: LDI
ST
LD
XAE
LD
ST

SLIOOF: Lo
I
ALDE
XAE
LD
CCL
ADD
=T
oLD
JNZ
LDE
ZCL
ADI
XAE
LD
CCL
ADI
RR
ST
ILD
JZ
LDE
=T

$1: Lo
XFAL
LDI
XFAH
LDI
=T
LDI
3T

b

NUM(F2Z)
RNDX (FP2)

RNDY (F2)

TEMFZ(F2Z)

RNDX (F2)

RNDY(F2)

TEMPZ(F2Z)

RNDY (F2)
NUM(F2)
$LOOF

7
RNDY (FZ)
7

RNDY(F2)
RNOF (PZ)
$1

RNLOX(FZ)
LESTKA(FZ)
Pz
H(AESTK)
Pz

1 ‘
(P3)

0

1(F3) 70

; LOOP COUNTER ROR MULTIPLY

i MULTIFPLY THE SEEDS BY 9

i ADD 7 TQ SEEDS

i HAVE WE GONE THROUGH

i 236 GENERATIUONS?

i IF S0, SKIP GENERATING

i THE NEW RNDX

i START MESSING WITH THE STACK

i FIRST PUT 1 ON STACK
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17332
1754
17325
1724
1727
1732
1722
1720
1771
1792
1723
1724
1795
1794
1797
1722
17292
1200
1201
1202
1203
1204
1205
1204
13207

200
1209
1210
1211
1212
1212
1214
1215
1214
1217

—

R )]

SR RN AR AR

000 T 00 00 00 0 00 Q0 OO DD 0D 0D D 0D

O T I o o T T S S S S Sy SV

ASSEMELER REV-A
127177764

OAOF
0All
OAlS
0A/lS
0A17
0Al1lY
OALE
OALD
OALF
oAzl
OAZZ
OAZS
DAZ7
OAZ?
OAZE
OAZD
OAZE

0AZ0

QAZZ

[@TANCTY: S
OAZA
DAzZE
oAz
OAZE
CASC
OAZE
0A40
OA4Z
0OA44

0OR44
0Aa4=
0A4A
(oYY e
OAJE
QASO
QAaSZ
OASZ
TAL

OAST7

5 0OASE
W OASA

CZFE
CEOZ
CZFF
CEO3
[ =
CEO4
CEFD
CEOS
ZZE4
CEFE
CZES
E4FF
047F
CEFF
704
CAFD
2OPC
2O

AARFD
AAFL

o

-410
=27

Z400
CEFF
=401
CEFE
20OEA

CZFE
E4A~
FC04
-340A8
*OEZ
E4A&
21

CAF1

= Q FO
CZFD

LD -Z(P3) ; FPUT EXPRZ ON STACK
=T Z(F3)
LD -1(F3)
=T 2{(F2)
LD - -4(F3) i PUT EXFR1 ON STACK
=T 4(F3)
Lo -3(FP3)
ST S(F3) :
LD RNOY(FZ) s PUT RANDOM # ON STACK
ST -2(F3)
Lo RNDX(FPZ)
XRI OFF
ANI QO7F
ST -1(F3)
LD @A (P3) ;AOD 6 TO STACK POINTER
XFaL F3
5T LSTK(F2Z)
Xz4: JMF XZ3
El14A: JAMF Elé&

5 FEH 6 3 6 0 S 030 T3 36 39 36 36 36336 36 38 36 6 30 330 30 3¢
PE FUSH 1 ON ARITHMETIC STACK *
§ SRR IE A 3 33 3 3 3 B 3 3 3R 3 3 S 038

LITL: ILD LETK(FZ)
ILD LETKIF2)
XFAL F= ‘
LDI H(AESTE)
XFAH Fz
LOI 0
=T =1(F3)
LOI 1
=T —2(F3)

JMF X24

GO 3R 3330 6 36 3 30 36 36 3 30 36 3536 35 36 3 30 30 36 40 30 90 30 3636 46 30 336 30 34
;o FOR-LOOF INITIALIZATION #
5 3R 36 336 36 3 35 38 36 36 36 36 36 35 3630 36 36 36 36 36 3636 36 36 3 36 3 36 3 M IE 36 3 36 36

. LOCAL
SAVFOR: LD FORFTR(FZ) i CHECK FOR FOR STACK
XR1I L(PCSTAK) ; OVERFLOW
JINZ $1
LI 10
E17: JIMF E14A
$1: XR1 L(FCSTAK)
XFAL Fi i POINT P1 AT FOR STACK
5T F1LOW(F2) i SAVING 0OLD Pi1
LDI H(FORSTE)
XFAH Fi
ST FIHIGH(FZ)

Lo LETEA(FPZ) i POINT F3 AT AE STACK

71
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53R RAE A3 30 24 3E30 E 3 335 6 20 3 33330 3 330 S S0 S0 I
P FIRST FPART OF “NEXT VAR” *
5B TE 3 306 30 30 36 35 36 6 36 36 335 6 36 3 38 35 36 30 3 36 300 3 2 3 2030

DOy N S v S S N N S ) BN )
MRANFARORESSOODONF AL, RPN O ODONNRODN = OO0

227 OASC 23 XFAL P2

232 0ASD C410 LDI H(AESTK)

539 OASF 37 XPAH F3

240 OALD CIFD LD -7(F3) ; GET VARIABLE INDEX
241 0A&Z CDO1 ST @1(F1) i SAVE ON FOR-STACK
242 0OAL4 CIFC LD -4(F3) i GET L(LIMIT)

243 OAts CDO1 ST @1(F1) i SAVE .

244 0A&S C3IFD LD -3{(F3) i GET H(LIMIT)

245 0A&A CDO1 5T @1(F1) i SAVE

244 OAAC CEFE LD -Z(FP3) i GET LL(STEP)

247 OALE CDO1 ST - @1(FP1) i SAVE

242 0A70 CIFF Lo -1(P3) ; GET H(STEP)

249 0A72 COO1 ST @1(P1) i BAVE

250 0A74 C2ZF1 LD P1LOW(FZ) i GET L(P1)

251 0A74& CO0O1 ST @1(P1) i SAVE

252 0A72 C2ZFO LD PIHIGH(F2) i GET H(P1)

253 0A7A CL0O1 5T @1(F1) i SAVE

254 0A7C 35 XFAH -~ Pl _ ; RESTORE OLD F1

255 0A7D CZF1 LD FPILOW(PZ)

254 0A7F =t XFAL F1

=) OAS0 CAFE -1 FORFPTR(FZ) ; UPDATE FOR STACK FTR
252 0ASZ C7FC LD @-4(F32) .

257 0AZ4 33 XPAL P2 ,

2 0ASS CAFD 5T STK(PZ) i UPDATE AE STACK PTR
241 OART7 T0A7 X2S: © JMP X24

T T T T e e e e o T R S T e e e e e el T S e e el e e e e N el e ol o ey

. LOCAL
QAZY CZIFE NEXTV: LD FORPTR(F2) ; POINT P1 AT FOR STACK,

70 OASE E4:ZA ' XRI L(FORSTK) ; CHECKING FOR UNDERFLOW
71 OA=D 2C04 JNZ $1

72 0OAZF C40E LDI 11 i REFORT ERROR

72 0A%1 TORER JMF E17

74 OATZ EA4ZA $1: XRI L{(FORZTK)
=75 0AYS 21 XFAL Fi
274 OA%EA CAF1 ST FI1LOW(F2Z) i SAVE OLD P1
277 0ATS C410 LDI H(FORS3TK)
272 0AYA 35 XFAH F1
279 0APE CAFO ST FIHIGH(P2)
20 0ATD CIZFD ' LD STK(FZ) i POINT P3 AT AE STACK
21 OAYF 33 XFAL F3

LDI H(AESTK)
: < XFAH F3

224 OAAZ C7FF LD @-1(F3) i GET VARIABLE INDEX
555 0AAS ELF? XOR -7(F1) ; COMPARE WITH INDEX
=& OART7 7204 JZ $10 ; ON FOR STACK: ERROR
=7 0OAAT C400C LDI 12 i IF NOT EGUAL

=2 0AAR YO0A1 Elz: AMF EL17 ‘
=27 0AAD ELF® $10: XOR -7(F1) ; RESTORE INDEX
220 OAAF 01 ' XAE i SAVE IN EREG
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OAERO
OALRZ

T DARS

OAERS
OAE7
QOAE?
OARE

: OAED

OAERF
OAC1
OACS
OACS
QAC7
QOACY

= OACE

D& OACD

1207
1=0s
1209
1210
1¥11
1212
191%=
1¥14

215

Z QOROZ
 DEROS
OROS 2

GACF

-0AD1

OADE
DADS

QAL7.

OADY

OADE,

OADD
OADF

A OREL

OAEZ

L ORE4

OAE&
OAES
QAREY

OAEE =
: DAEL *

OAEE

OAFO
OAFZ
OAF4
OAFS
OAF7

5 DAFY

OAFA

T OAFT

OAFD
OAFF
(s)cloly}

CZS0
)ed

FiFiZ
CAZO
CEOO
CAO1
cz20
F1FD
CAZ0
CRO1
C&FF
C1FA
CROZ
CiFE
CEO=
C1iFD
2410
c404
CAELE
Z701
E4FF
CEFF
ERAELR

PLFA

2002
2704

PEOS
CZFE
0z

FaF®

CZEF

LD
CoL
ALD
=T
ST
LD
I I R
ADD
aT
ST
Lo
Lo
ST
Lo
=T
LD
JFP
LDI
SLOOPF: LD
XRI
=T
pLD
JNZ
JMP
$2Z: L
$3; XFaL
=T
LD
XFAL
LD
XFAH

X2&:  CJMP

EREG(P2)

-4(F1)
EREG(FZ)
(F3)
@1(F2)
EREG(F2)
¢3(P1)
EREG(F2)
1(P3),
e-1(F2),
-6(F1)
Z(P3)
-S(F1)
S(P3)
-3(F1)
$2
4
NLIM(F2)
@1(F3)
OFF
-1(F3)
NUM(F2)
$LODF
$3
@4(P3)
F3
STK(P2)
P1LOW(FZ)
F1
FIHIGH(F2)
F1

T X25

i GET L(VARIABLE)

; ADD L(STEFR)

i STORE IN VARIABLE

i AND ON- STACK

i INCREMENT RAM PTR

#+ GET H(VARIAELE)

i ADD H(STER)

i STORE IN VARIABLE

i AND ON STACK

i RESTORE RAM POINTER
i GET L(LIMIT)

i FUT ON STACK

+BET H(LIMIT)

 PUT ON STACK

i GET H(STEF)

i IF NEGATIVE, INVERT
i ITEMS ON A . E. STACK
i NUM = LOOP COUNTER
; BET BYTE FROM STACK
i INVERT IT

i PUT BACK ON STACK

i DO UNTIL NUM = O

i UPFDATE AE STALCK FPOINTER

; RESTORE -OLD F1

3 330 3030 3t 36 3 30 36 3R 30 36 40 3E F 3 0 30 3 3 30 30 R SR S SR RIS H

“NEXT VAR-

3*

; 1S FOR-LOOF OVER WITH?
i NO - REPEAT LOOP
i YES - POP FOR-STACK

i RETURN TO I. L.
i FOINT P2 AT FOR STACK

; GET OLD P1 OFF STACK

P ¥ SECOND FART OF
303036 3030 36 36 36 30 36 36 36 36 3 38 30 38 3 00 30 30 0 S0 30 30 3 36 30 30 0 3R 30 3E
NEXTV1: LD LO(P2)

JZ SREDD
LD FORFTR(FZ)
CCL
ADI -7
=T FORFTR(PZ)
XFFC F3

$SREDO: LD FORFTR(F2Z)
XFAL Fz
LOI ++ « ~H(FORSTK) -
XFAH Fz
LD =-1(F3)
XFAH F1
LD =Z(F3)
XFAL F1

73
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1945 OEO&

20OE4 JMF XZ6
1744 QROZ2 $0OA1 E17: JMF Ei1Z
1247
1243
124% § ORI E IR 0GR SR 0 30 36 30 3 36 S 36 6 SIS I F
1250 i ¥ FRINT MEMORY AS STRING *
1951 R R R R R s L R 2 S e s L e L
1252 .
1933 i THISZ ROUTINE IMPLEMENTS THE STATEMENT;
1954 H PRINT” “%- FACTOR
1255
1954 , . LOCAL
1957 OBOA CZEE STRNG: LD " HI(FZ) i POINT P1 AT STRING TO PRINT
19232 OBOC 2§ XPAH P1
125% OBOD CZEF LD LO(FZ)
1240 OEOF 21 XPAL F1
1941 OB10O LDPI F3, PUTC-1 ; POINT P3 AT PUTC ROUTINE
1262 OBl16 C501 $1: LD e1(F1) i GET A CHARACTER
1763 OF13 E40D ' XR1 oD . 315 IT A CARRIAGE RETURN?
1944 ORB1A 2200 JZ X266 : i YES — WE“RE DONE
1945 OB1C E40D XRI oD i NO - PRINT THE CHARACTER
1944 OBLE ZF : XPPC P3 ‘
1247 OB1F 04 CSA i MAKE SURE NO ONE IS
1248 OBZO D4ZOD ANT 020 ; TYPING ON THE TTY
1969 OB22 JCFZ INZ $1 i BEFORE REFEATING LOOP
1270 ORZ4 QL& JMP X246
1971 :
1972 .
1972 Bl bl detelod b Aol & & Safeibihubiiatinhh Ak A dod &k
1974 P % INPUT 'A STRING B
1275 5 WAE 6 SEIE 36 35 36 45 J6 3 36 35 35 36 35 36 36 96 36 36 3 36 36 36 36 36 36 38 6 36 34 34 36 3¢
19746
1977 i THIS ROUTINE IMPLEMENTS THE STATEMENT:
1272 i “INFUT” “%° FACTOR
1279
1920 OBZ&4 CZEE ISTRNG: LD HI(FZ) i GET ADDRESS TO STORE THE
1?81 oRpzo 27 XFAH F3 i STRING, PUT IT INTO P32
1932 ORBZY CZEF LD CLO(P2) :
19232 OBZE 233 XFAL P23 _
1924 ORzC 2501 Z: LD @1 (P1) i GET A BYTE FROM LINE BUFFER
1725 OBZE CFO1 5T @1(F3) ;PUT IT IN SPECIFIED LOCATION
1224 OR20 E40D XR1 oD ; DO UNTIL CHAR = CARR. RETURN
1237 QBIZ YCFS JNZ $2
1932 OLEZ24 20ORA& XZ7, JMF X26
1929
12920
17%1 3 VRS AR S I I I S I A T S
1922 I STRING CONSTANT ASSIGNMENT #*
1o 3 I 46 A 3 3030 36 20 36 38 38 36 36 38 36 3 o 30 30 3030 30 S SR 35 30 036
1974
1795 i THIZ ROUTINE IMPLEMENTS THE STATEMENT:
1924 g “$7 FACTOR ‘=7 STRING '
19297

1798 CLOCAL gy
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1299
ZO00
zZ001
2002
20073
2004
2005
2004
2007
2003
2009
Z010
2011
2012
2013
2014

2015

20164
2017
Z018
2019
2020
2021
022
2023
2024
2025
Z0Z6
2027
2028
2029
20320
2021
20322
20332
20z4
20325
20324
20327
2023
20329
2040
2041
2042
2042
2044
2045
20485
2047
04
<04
2050
C2051
2052

AZSEMELER REV-A
12717774

OBZ4
OoRp2a
QE27
OEBZE
ORZC
QOEZE
OE40
OE42
OR44
OB44
oLR4s
QOB4A
OR41C
OR4E
QRS0
OESZ
QBS54

OES&
(8] c3at]
OESY
QOESE
OESC

OBSE =

ORSF
OB&1L
OR&Z
OEAS
ORA&S

CZEF
CZEE
37

o501
E4Z22
PE0OE
E4ZF
*z04
=407
*OERE
E40D
CFO1
ORI
c400
CEOO
2O0E

CZFD
C410
37
C7FF
395
C7FF
=1
C7FF
01
C7FF

ORAT7 3

OEAS
ORAA
QORAE
ORALC
QOB+E
QR70
OR72
QE74
OER75
OE77

OR7

CAFD
40

27

o501
CFO1
E4GD
2S00
O

0420
SCF3
PORY

PUTSTR: LD LO(F2) i BET ADDRESS TOD STORE STRING,
XFAL F32 i PUT IT INTO P3 :
LD HI(FZ)
XFAH P32 S
$LOOF: LD @1(F1) i GET A BYTE FROM STRING
XRI e ; CHECK, FOR END OF STRING
JZ SEND
XRI- MR R ¢) 1) i MAKE SURE THERE’S NO CR
JNZ $1
LDI 7
JMF E1lY i ERROR IF CARRIAGE RETURN
®1: XRI oD i RESTORE CHARALCTER
=T @1(F3) i FUT IN SFPECIFIED LOCATION
JMF SLOOF i GET NEXT CHARALCTER ’
$SEND: LOI oD i AFFEND CARRIAGE RETURN
ST (F3) i TD STRING
JMF Xz7

3 FEFEIEIE I IE 6 43033 30 90 3 30 630 36303638 3 30 30 H 306 30 30363003 36
i# MOVE STRING
§ 33363636 36 36 0 40 S0 T 6 HE 3 3 36 36 336 304096 330 00 0 0 30336 36

3#*

i THIS ROUTINE IMPLEMENTS THE STATEMENT:
; “$° FACTOR “=7. ~$*

. LOCAL
MOVETR: LD

LESTK(P2Z)

i FOINT P3 AT A. E. STACK

XFAL Pz
LDI H(AESTK)
XFAH 3
LD @-1(F3) i GET ADDRESS OF SOURCE STRING
XFAH F1 . i INTO P1
LD e-1(P3)
XFAL Fi
LD e-1(F3) ; BET ADDRESS OF DESTINATION
XAE ; STRING INTO FP3
Lo e-1(P3)
XFAL §c;
=T LETK(F2Z) i UPDATE STACK POINTER
LDE
XFAH Pz
$LOOF:. LD @1(F1) i GET A SOURCE CHARACTER
ST @1(F3) ; SEND IT TO DESTINATION
XR1I oD i REFEAT UNTIL CARRIAGE RET.
JdZ X27
CEA i OR KEYEDARD INTERRUFT
ANI 020
INZ $LOOP
JMF X27

§ AR 3 6 6 A 6 30 FE 56 3 336 96 36 36 36 36 306 330 3 30 S0 H
i FUT PAGE NUMEFR ON STACK #*
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2053
2054
2055
2054
2057
2053
2059
2040
2061
2042
2063
2064
20465
2064
2067
2062
20467
2070
2071
2072
2073
2074
2075
2076
2077
2073
2079
2020
2021
2037
2033
2024

2085

2024
2027
2028
20S%
2020
2091
2092
2093
2074
2093
ZO%E
2097
Z20%2
20w
2100
2101
2102
21032
2104
21035
2104

AZSEMELER REV-A
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QE7E
QOE70
ORB7F
OR20
Qp=Z
OE23
OoE2S
OEE7
(0] =iy
ORzE

AAFD
33

C410
27

C2ZF &
CEFE
C400
CEFF
FOAT

OR=ED
QORZF
OE<1
OBZ3
OE%S

OEw7

C2EF
0407
20z
c401
CAF&
=F

OES
OEYA
OBSC
OEE
OBAD
OEAZ
OBA4
OEA&
OBA7
OEAY
OEAA
ORALC
OBAE
QEBAF 02
OEEOQ 70
OBEL 01
OREZ
OEE4
QOEEA

C2F &
E401
PCOY
c411
CAE?
420
CAES
3F

E401
01

Z404
CAEER
40

SRS

40

AAFD

.;*

EAEE -

5 3E3ESE 3630 36 36 30 36 36 30 36 3 3 36 3 36 3 38 36 36 34 36 3E 330 3030 36 36 36 36 30 3436

FUTFGE: ILD LETK(P2Z)
ILD LETK(F2)
XFAL Pz
LDI H{AESTK)
XFAH P3
LD FAGE(F2)
ST . =2(F3)
LDI 0
ST =1(F3)

Xz27

JMF

5 3336636 30 340 363 3 36 36 36 35 86 3630 36 6 30 30 36 35 36 3 36 36 36 36 36 36 36 30 3¢
R SS5IGN NEW FAGE #
5 3633330330 30 30 36 30 30 3 3 3638 3630 30 30 0 H 30 3303636 363303

. LOCAL

NUFAGE: LD LaC(P2) i GET PAGE # FROM STACK,
ANI 7 i GET THE LOW 3 BITS
JNZ $0 i PAGE O BECOMES PAGE 1
LDI 1

$0: 5T FAGE(FPZ)
XFFLC P3 i RETURN

i T A 36 330 33 30 303 0303 36 30383 30 3 30 30 0 3000

FIND START OF PAGE *
PR 222 2 22 2 s T e R e S S L e

& THIS ROUTINE COMFUTES THE START OF THE CURRENT TEXT PAGE,

i STORING THE ADDRESS IN TEMPZ(PZ) [THE HIGH BYTE],
i TEMPZ(FZ) [THE LOW BYTE].

AND

FNDFGE: LD . PAGE(P2)
XR1I 1 i SPECIAL CASE IS PAGE 1, BUT
JNZ $1 i OTHERS ARE CONVENTIONAL
LDI H{FGM) i PAGE 1 STARTS AT ‘PGM~
5T TEMF2(P2) ~
LDI L(FGM)
ST TEMPZ(F2)
XFFPC F3 i RETURN
$1: XRI 1 i RESTORE PAGE #
XAE i SAVE IT
LDI 4 ; LOOFP COUNTER = 4
ST NUM(FP2Z)
$LOOF: LDE i MULTIPLY PﬁGE# BY 16
CCL A
ALDE
XAE
DLD NUM(FZ)
JINZ $LOOF
LDE '
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2107 OEE7 CAEY ST TEMFZ(FZ) i TEMF2Z HAS HIGH BYTE
2102 OEE? C402 LOI ped i OF ADDRESS NOW

Z10% OEEE CAESD 5T TEMP3(F2) i LOW BYTE IS ALWAYS 2Z
2110 OEBED Z=F XFPFC F3

2111

211z

2113 3 3303630 3 30 3 38 36 3E 3E 3 3 35 3 35 3 3 30 3 38 36 3 38 38 30 36 36 3 3 3 30 36 0 3¢

2114 i MOVE CURZIOR TO NEW PAGE #

2115 336363630 36 36 3 3 36 3 3 38 36 3 36 36 36 3 36 34 38 38 36 36 36 36 36 36 34 36 36 34 3 36 3

2114

2117 OBEE CZEY CHFAGE: LD - TEMFZ(F2) i FUT START OF PAGE
2112 OECO =5 XFAH F1 i INTO P1. THIS ROUTINE
21192 ORC1 CZESR LD TEMF3(F2Z) i MUST BE CALLED RIGHT
2120 OBCE 31 XFAL F1 i AFTER “FNDPGE~
2121 OEC4 =F XFFLC F3 i RETURN

2124 H ******’é****%*****************%******

2125 P #* DETERMINE CURRENT PAGE #

2124 3 363 3 3 36 36 36 36 36 35 3 3 36 3 36 3 3 0 96 36 3F 36 3 36 36 36 3 3E 36 36 30 3633

2127

2122 ORpCS 25 DETFGE: XFAH F1 i CURRENT PAGE IS HIGH
2129 OBCe O1 XAE 3 PART OF CURZOR DIVIDED
120 ORCT7 40 LDE i BY 16

131 ORCE 25 XFAH F1 -

2132 OBC? 40 LDE

2132 OBCA 1 SR

2134 ORCE 1C SR

21325 ORCC 1C SR

21324 ORCD 12 SR

2137 OEBECE CAF4& ST FAGE(FPZ)

2132 ORDO 2 XFFC 2] i RETURN

2139

2140

Z141 i AR 46 3 35 36 36 3 36 36 3 336 3 3 36 36 35 36 36 30 3 46 36 30 36 36 30 3 36 3 3 6 36 3

2142 HE CLEAR CLRRENT FAGE *

2142 3 O3S 3 36 3 3 36 46 36 36 36 3E 36 36 35 36 36 35 3 35 3 45 3646 36 36 36 36 6 36 34 3

2144

2145 OEBD1 CZE? NEWFGM: LD TEMFRZ(FZ) i POINT P1 AT CURRENT PAGE
2144 ORDZ 25 XFAH F1

2147 ORLD4 CZES Lo TEMRP3(FZ)

2142 ORD&A 21 XFAL F1

2142 OEBED7 C400 LOI on i PUT DUMMY END-0OF-LINE
2130 OokDe C9FF =T -1(F1) i JUST BEFORE TEXT
2151 ORDE C4FF LDOI -1 i PUT =1 AT START OF TEXT
2152 opDh Cv0o0 =T (F1)

2152 ORDF C701 ST 1(F1)

2154 OEE1l Z=F XFFLC FZ i RETURN

2155

154 ,

2157 i AR IR 32636 30 3 36 36 3 3 6 36 36 36 35 3 696 36 35 36 35 36 36 36 36 36 36 36 3E 36 34

2152 i #* FIND LINE NUMEER IN TEXT #

2159 § RS S 3 SR 3 2 56 36 36 3 36 36 36 36 SE 6 6 2 5

2140 g
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2141
21462
2143
2144
21465
2146
2147
2142
2149
Z170
2171

2172
2173
2174
2175
2174
2177
2173
Z179
2120
Z131

Ziz2
2123
2124
2125
2124
2127
Zias
2129
2120
Zz121

2192
2193
21924
Z195
Z196
21927
2193
2129
2200
Z201

2202

2203

e it VT ot

2204

ASSEMELER REV-A

12717774

OEEZ
OEE4
OBES
OEE7
OEES
OREA

OEBEC

OBEE
OREF
ORF1
OBF:=
OBFS
QEF7
QORF?
OBFE
QOBFLC
OEFE
OO0
o011
o0
OCZ04
Q0%
oCZ07
QCoz
OIZ0A
QOC
DCOE
OC10
Oz1z
oC14
oC1s
Qz17
oC1w
OCLE

-101
FAEF
2100
FAEE
w407
Z102
01
CS20
YOES
=1
ZAF3
=1
25
CAFZ
29
CZEF
E101
@207
CZEE
E100
2201
=F
DZF2
D20
CAFZ
oF

i INPUTS:

’

s QUTFUTS:

S e e e

FNDLEL:

$1:

THE START OF THE CURRENT FAGE IN TEMPZ AND TEMF3,
THE LINE NUMEER TO LDOK FOR IN LO AND HI.

WHOSE LINE NUMEER IS
NUMEER IN HI AND LO,
IN THE RAM VARIAELES
BIT OF LABLHI IS SET

. LOCAL
LD
XPAH
LD
XPAL
LD
XRI
JP
SCL
LD
CAD
LD
CAD
JP
LD
XAE
LD
JMF
XPAL
ST
XPAL
XPAH
5T
XPAH
LD
XOR
JINZ
LD
XOR
JNZ
XPPC
LD
ORI -
5T
XPPLC

TEMPZ(FZ)
F1
TEMPZ2(P2)
F1

(F1)

OFF

$2

1(F1)
LO(F2)
0(P1)
HI(PZ)
2
2(F1)

CEREG(F1)
%1

F1
LABLLO(P2)
F1

F1
LABLHI(PZ)
P1

LOC(PZ)
1(F1)

$3

HI(F2)
O(FP1)

$3

F3 :
LABLHI(PZ)
0go
LABLHI(PZ)
F3

78

THE ADDREZS OF THE FIRST LINE IN THE NIBL TEXT
GREATER THAN OR EGUAL TO THE
RETURNED IN F1 AND ALSO IN
LABLLO AND LAELHI.
IF EXACT LINE IS NOT FOUND.

THE SIGN

i POINT P1 AT START OF TEXT

i HAVE WE HIT END OF TEXT?

;i YES - STOP LOOKING
i NO - COMPARE LINE NUMBERS
i BY SUBTRACTING

i IS TEXT LINE # >= LINE #7
i YES = STOFP LOOKING
i NO — TRY NEXT LINE IN TEXT

i SKIP LENGTH OF LINE

i SAVE ADDRESS OF FOUND LINE
i IN LABLHI AND LABLLO

i WAS THERE AN EXACT MATCH?

iND - FLAG THE ADDRESS

i YES - RETURN NORMALLY

i SET SIGN BIT OF HIGH PART
i OF ADDRESS TO INDICATE

i INEXACT MATCH OF LINE #°S
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2205 . PAGE
206
2207
FTOS P # I.
2209
Z2Z10
Z211 . LOCAL
221z
2213 2000 $TSTRIT =
2214 S000 SCALBIT =
2215 4000 $JMFEIT =
2Z14
2217 . MACRO
2Z1E . DEYTE
2217 . IF
2220 . BYTE
2221 . ELSE
2222 .ASCII
223 . BYTE
2224 . ENDIF
2225 . ENDM
2225
2227 . MACRD
e . DEYTE
122w . BYTE
2230 . ENDM
2221
2222 . MACRD
2233 . ADDR
prarsct: . OBYTE
2235 . ENOIM
2226
Z2E7 . MACRO
222E . ADDR
223 . DEBYTE
2240 . ENDM
2241
2247 . MACRD
2243 . DEYTE
2244 . ENDM
7245
2244 . MACRI
2247 . DBYTE
2z24% . ENDM
2247
2250 . MACRO
2251 . MLOC
2252 . SET
22353 Do
TIE4 . ADDR
(235 . SET
2E54A . ENDIDC
2257 . ENI'M

- I. L. MACROS”

5 AR 36 3 3 3 IR 3 3 35 3 30 3 3 30 30 30 3030 S 3 S0
L. MACROS #
§ O30 2 0 096 30 6 40 9636 3 36 3535 2 30040 F 3 3 3 34 303

TSTRIT#256
CALBIT#256
JMFEIT*#256

TET, FAIL, A B
FAIL % OFFF !
#=2

“ACI0B0

$TSTBIT

<’ A s
"BTOBO

TSTCR, FAIL
FAIL & OFFF !
0D! 030

$TSTBIT

T5TV, FAIL
TSTVAR % OFFF
FAIL

TSTN, FAIL
TSTNUM & OFFF
FAIL

JUMP, ADR

ADR 2% OFFF ! $JMPBIT

CALL, ADR

ADR % OFFF ! $CALBIT

#I % OFFF
I,I+1
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)}

S~
-t

oc1c
OC1E
0CZ0
oz
oCzZs
oCzw

O Ty ey
| IR

RRNRNNRNKNRNRERRNRR R

PO= O g oS R-

k3

QT35
(#] C
oCzh
oc41
oC45
Q47
Q4%
QC4E
oC4n
OC4F

QPR R NN RN RER R KRR R

b

RN NI IR

[N NI X (N (VN
‘.9

S
b
&
&
A
&
&
&
b
&
&
&
7
7
7
7
7
7
7
7
7
7

OCS1
OCS6

ocss

BRSO

OCA0
QC&7

RUNCORNE O |

s’

[ NI N N I S N

-

QCaD
OC72
OC7 4
73
0z7Aa

3

q
=
b
o
P}
=
o
b}
=
=2

=z
- o
.
AN
274
295
294
257
[
P

b

11

201 0OCYA
Z ocwD
3 O0CwF
D4 OCAZ
05 OCA4

[

v
ad
O
~

QZAA
03 OCAE
2 QRO
O OCE4
1 OCEA

LV N N NI R SN ST DN R SN N U N NI AN N N NN
3

MRS ENER

. FAGE

- I. L. TABLE~”

§ FE S 3630 3 36 38 30 36 38 36 30 36 36 30 36 30 36 3¢ 30 36 34 35 3036 3 36 36 3 36 36 36 3 0 36 3 3¢

HE 3

L. TAELE #

5 3636 3 38 35 36 36 36 36 3 3 30 34 36 36 30 35 36 34 36 36 36 36 36 3¢ 36 36 36 3 36 36 34 36 3¢

START:
FROMFT:

FRMFT1:

LIST:

LIST1:
LISTZ:
LISTS:

RUN:
EBEGIN:
CLR:

NEW:

DFALLT:

NEW1:

STMT:
LET:

AT:

IF:

IF1:

oo

DO
TSTCR
JUMP
TSTN
oo
JUMP

T5T
Do o
TSTN
DO
JUMP
Do
Do
CALL
Do
JUMF

TST

Do
a1n]

ST
Do

TST
TSTN
JUMF
DO
0o

TST
TSTV
TST
CALL
juln}
T5T
CALL
TST
CALL
oo

TST
CALL
TST
Do
JUMF

“ NLINE

GETL

PRMFT1

FROMFT

LIST '
FNDPGE, XCHGFP1, FOFPAE, FNDLEL, INSRT
FROMFT ‘

RUN, “LIZ”, ° T~
FNDOPGE

LIST1

FOFAE, FNOLEL
LISTZ
CHPAGE

LST

FRNLM

LST3

START

CLR, “RU", “N”
DONE
FNDFPGE, CHPAGE, STRT, NXT

NEW., “CLEA”, "R”
DONE, CLEAR, NXT

STMT, "NE“, "W~

DFAULT

NEW1

LIT1

DONE, POPAE, NUPAGE, FNDPGE, NEWFGM, NXT

LET, "LE", " T~
AT

SYNTAX, "=~
RELEXF

STORE, DONE, NXT
IF, “e~

FACTOR
SYNTAX, 7=-
RELEXFP

MOVE, DONE, NXT

UNT, “I7, “F~
RELEXF

IF1, “THE", "N~
FOFAE, CMPR
STMT
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12/71777&
TAELE

OCEC
[ T

QoCs
o7

oDl
ocDS

oCoD

322 0E1
T QCES

OCE?7
OCE®

L OCER

NP O

o~

ROy By B I}

-
'

RSN RN RO RO AR RO D R
L)

U I (N N ST NI SR SR ST (N N AN OV I SN (N

RURUUERS O B SR T (NI

4
4
4
4
4
4
4
4
4
4
5
S

NN R
Ly )

3 opnoes

OCFO

: OCFZ
OCF&

Qnoo

on1o
Qo1&
onts
onic
OnzZo
onzz

ODZA
ODZF
oDzl
Onzs
oDz
ODZA
ODZE
on4o
on4s
onas
on4A
on4ac

ons4
onsA
opsn
QDSF
(8] N7 8

Qne7
ODAD
on7o
on7z

LNT -

GOSUE:

GOl

RETURN:

NEXT:

FOR:

FOR1:
FORZ:

STAT:

FGE:

OOLLAR:

TST
Do
CALL
Do

T5T
Do

T5T
TST
CALL
Do
JUMF
TST
CALL
Do
Do

TET
Do

TST
oo
TSTV
AN
CALL
Do

T=T
Do
T=TV
T2T
CALL
TST
CALL
TST
CALL
JUMP
Do
Do

T2T
T=T
cALL
Do
Do

T=T
TST
CALL
oo

TET

0D, “UNTI, 7L7

CKMODE

RELEXF

DONE, POPAE, UNTIL, DETPGE, NXT

GOTO, “D7, 707 ‘
CKMODE, DONE, SAVEDD, NXT

RETURN, “G7, 70~

GOSUE, °T7, "0~

RELEXF

DONE

501

SYNTAX, “SU”, "B~

RELEXF

DONE, SAV

FNDPGE, FOPAE, FNDLEL, XFER, NXT

NEXT, “RETUR, “N”
DONE, RETR, DETFGE, NXT

FOR, “NEX*, “T*

CKMODE

SYNTAX

DONE, NEXTV

GTROP

POPAE, NEXTV1, DETPGE, NXT

STAT, “FO7, “R”
CRMODE ’
SYNTAX
BYNTAX, "=~
RELEXP
SYNTAX, "T7, "0~
RELEXF

FOR1, “"STE", "F7
RELEXP

FORZ

LIT1

DONE, SAVFOR, STORE, NXT

FGE, “STA", T
SYNTAX, 7=~
RELEXF

FOPAE, MOVESR
DIONE, NXT

DOLLAR, "PAG7, “E”
SYNTAX, "=~
RELEXF

DONE, FOFAE, NUUFAGE, FNDPGE, CHPAGE, NXT

FRINT, "%~
81
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2366 0DE1 CALL FACTUOR

2367 oDe3 TST SYNTAX, "=~

23462 0Ds6 TST DOLR1, 7"~

23469 oDhaw Do POFAE, PUTSTR

2370 oDpsD’ JUMP DOLRZ

2371 ODsSF DOLR1:  T3T SYNTAX, "¢~

2272 0D%z2 CALL FACTOR

2272 oDwa Do - XCHGF1, MOVSTR, XCHGF1
2274 OoDwA DOLRZ: DO DONE, NXT :
Z375

2374 ODE FRINT: TST INFUT, “FP~, “R~

2277 ODAZ TST FR1, "IN, ° T~

2272 oDhAa7 PR1: TST PR2Z, “"~

2272 0DAA Do FRS

2220 ODAC JUMF COMMA

2221 ODAE FRZ: TST PR3, "%~

Z ODE1 CALL FACTOR

2. ODE:= Do XCHGF1, FOFPAE, FSTRNG, XCHGP1
2324 ODEE v ~JUMP COMMA

2235 ODED FRZ: CALL RELEXP

2336 ODEF CALL FRNUM

2237 oDt COMMA: TST FPR4, “, ~

Z onC4 JUMP FR1

2329 ODCA FR4: TST PR3, 75

2390 onCe JUMP FRé&

2221 ODCE FRS: ] NLINE

2292 oDCh FRA: juju DONE, NXT

2393 ~

2224 00D INFUT: TST ENLD, “INPU-, T~

2295 oDOE ]a} CKMODE

2394 ODDA TSTV INZ

2297 ODDE Do XCHGP1, GETL

2292 ODEZ IN1: CALL RELEXF

2392 ODE4 Do STORE, XCHGP1

2400 OQDE= TST INZ, 7, 7

2401 ODEE TSTV SYNTAX

Z402 ODEF DO XCHGP1

2402 ODF1 T5T SYNTAX, 7,

Z404 OLDF4 JUMF IN1

2405 ODF& INZ: T5T SYNTAX, "%~

240+ ODF9 CALL FACTOR

2407 ODFE Do XCHGF1, GETL, POFPAE: ISTRNG, XCHGP1
24032 OEOS ING: Do DONE, NXT

2409

2410 OEOw ENL: T=T ML, "EN”, “DO°

Z411 OEQE oo DONE, BREAK,

2412

Z41Z2 0OE1Z ML : T=T REM, "LIN“, 7K~

2414 OE1:= CALL RELEXP

2415 OE1A Do DONE, XCHGF1, POFPAE, CALLML, XCHGP1, NXT
2414 ,
2417 OEZ4 REM: TST SYNTAX, "RE“, "M~
Z4132 OEZE juln] IGNORE, NXT

2419 ' o
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NIEL

I. L.

2420
2421
2422
247%
2424
2425
2424
2427
2425
242%
2430
2421
2432
2433
2434
243235
24324
2427
24z
2439
2440
2441
244z
2443
444
L4435
2444
2447
244z
2447
2450
2451
2452
2453
Z454
Z4355
2454
2457
24552
2452
2450
2441
244L2
Z234L3
244&4
Z445
Z24E5
2447
2442
4L
470
471
2472
247

QEZS
OE=7
QEZA
OEZC
OE=ZE
OE41
QE44
OE4A
QOE42
OE4E

‘OE4D

OE4F
OES1
OESZ
QESA
OESY
QESE
OESD
OESF

OEAL
OEA4
OE&L
QE&LE
OELA
OEA&D
OE&F
DE72
OE74
OE7&
QE7=
OE7E
OE7D
OE7F
OEZ21
OESS
OEZ7
OE=w
QEZE

QEZD
OEZF
OEZZ
OE%3
OEZ&
OE>=
QEZE

SYNTAX:
ERRNUM:

i NOTE:

oo
CALL
Do

EACH RELATIONAL UOFERATOR (ER,

ERR
FRNLUM
FIN

LER,

ETC. ) DOES AN

i AUTOMATIC “RTN” (THIS SAVES VALUAELE BYTES AND TIME)

RELEXF:

REL1:

RELZ:

RELS:

REL4:

RELS:
GTROF;

EXPR:

EX1:
EXZ:
EX3:

EX4:

EXS:

RETEXF:

TERM:
T1i:

CALL
TST
CALL
Do
TST
TST
CALL
Do
TST
CALL
]
CALL
Do
TST
TST
CALL
Do
CALL
]

T5T
CALL
Do
JUMP
T=T
CALL
T=T
CALL
oo
JUMP
TST
CALL
Do
JUMF
TST
CALL
i}
ALIMF
JuiN]

CALL
TST
CALL
]}
JUMP
TST
CALL

EXFR
REL1, "=~
EXFR

EQ

REL4, "<~
RELZ, 7=~
EXFR
LEG
REL3, ">~
EXPR
NER
EXFR
LES
RETEXP, "2~
RELS, 7=~
EXFR
GER
EXFR
GTR

EX1, *=~
TERM
NEG
EXZ
EXZ, "+~
TERM
EX4, “+~
TERM
ADD
EXZ
EXS, "=~
TERM
SUBE
EXZ

RETEXF, "D, “"R”

TERM
OROF
EXZ
RTN

FACTOR
TZ, “ %
FACTOR
MUL
T1
T3, 77
FACTOR
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SC/MF
NIEL

I. L

2474
2475
2474
2477
2473
2479
2430
2421
2422
24232
2424
2425
24324
24z7
242z
242
2430
2471
2492
2493
2424
2495
2426
2427
2423
2499
2500
2501
2302
25032
2504
2503
2506
2507
2503
2507
2310
23511
2512
2513
2514
2515
2516
2517
2512

ASSEMELER REV-A

12717776
TAELE

OE®D
OE%F
OEA1L
DEAA
OEAS
OEAA

OEAC
OEEO
OEE4
QOEE=
OEEA
OEED
OEC1
OEC4
OEC&
OEC?
OECE
QOECE
QEDO
OED4
OEDY
QOEDE
OEDF
QEES
QEE®
OEEE
OEF4
OEF?2
OEFE
QOFO1
OFOA
OFOS
OF 14
OF1LC

OF20
OFZ3
OF 25
OFz=
OFZA
OFZD

OF 2F
OF 23

FACTOR:
F1i:

n
N

n
it

Fa:

F10:

DOUELE:

PRNLM:
FRNUM1:

Do
JLIMP
T5T
CALL
Do
JUMP

T3TV
Do
T3TN
Do
TST
Do
TST
CALL
TST
Do
T5T
CALL
no
TET
CALL
Do
TST
Do
TST
jln)
5T
CALL
Do
TST
CALL
juln]
T2T
oo

T3T
CALL
TS
CALL
TST
Do

no
DO

OIv

T1

RETEXF, “AN“, “D”
FACTOR

ANDOF

T1

Fi

IND, RTN

F2

RTN

F2, "#7

HEX, RTN

F4, "¢~

RELEXF
SYNTAX, 7)7

RTN

FS, “@”

FACTOR:

EVAL, RTN

F&, "NO7, 7T
FACTOR

NOTOF, RTN

F7, “53TA", °"T*
STATUS, RTN

Fa, “TO", 7P~
FNDFGE, TOP, RTN
Fe, fM'j"i ‘D~
DOUBLE

DIV, MODULG, RTN
F10, “RN“, D~
DOUELE

RANDOM, SUB, ADD, DIV, MODULO, ADD, RTN
SYNTAX, "PAG”, “E~
FUTFGE, RTN

SYNTAX, 7 (7
RELEXF
SYNTAX, 7, 7
RELEXF
SYNTAX, ")~
RTN

XCHGF1, PRN
DIV, PRN1, XCHGF1, RTN
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SC/MP
NIEL

2519
2520
2521
527
FETT

A

24

I’_.'I

EURVUE N

J
S O S P I T

) EJ
ol b3 e

1S4
544

ASSEMELER REV-A

12717774
ERROR MESSAGES

OF2E
UF41
OF4%5
OF4%
OF4n
OFS1

,OFSS

OF =%
QOF S0
OF&1
OF &3
OF &%
OF &2
OF70
QOF73

. PAGE

“ERROR MESSAGES”

§ 3 3030 36 36 3 30 36 38 36 3E 3 36 36 3 35 36 36 3 36 38 30 36 38 36 3 3 dE 0 3 30 30 38

HE

ERROR MESSAGES

3#

36330 3 3430 36 36 30 38 36 36 36 36 3 3 38 3E 3 3 3 3 3 36 3 36 3 3 30 3 S 30303

. MACRD
.ASCII
. BYTE
. ENDM

MESZSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MEZSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MESSAGE
MEo-AbE
MESSAGE
MESSAGE

MESSAGE, A B

‘A7
"B Y030

* ERRO*, 7
/A"

“ARE”,
“ETM?, 7
“CHA®,
SSNT”, ~

T/

.’R -

X

VAL, “U”

“END", *

"e

“NOG, 707

“RTR",
“NES”,
“NEX~,
“FO°, ‘R
DIV,
“ER*, “K
“UNT”,
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SC/MP ASSEMBLER REV-A
NIEL 12/17/7&
TELETYPE ROUTINES

2545 .PAGE  ~ TELETYFE ROUTINES”

7546

2547 5 36363096 38 3636 36 35 35 95 36 36 35 36 3E 36 35 36 36 35 3 36 35 36 36 3 30 36 36 3 36 33

2542 ; # GET CHARACTER AND ECHO IT *

2542 ' 5 FEIE IR IEIE I I I I I I IE I IR 3EIE I I

2550 ; .

2551 . LocAL

2552 OF77 C408  GECO: LDI 2 ; SET COUNT = 8

2553 OF79 CAER 5T NUM(PZ) ‘

7554 OF7E Ob CSA i SET READER RELAY
2555 OF7C DCOZ ORI z

2554 OF7E 07 CAS

2557 OF7F 04 $1: CSA i WAIT FOR START BIT
2552 OF=20 D420 ANI 020

7559 OFSZ 9CEER JNZ $1 i NOT FOUND :
75460 OF34 c:E%: c3 LDI 87 195 ; DELAY 172 BIT TIME
2541 OFS26 & 08 DLY 4 8 -
2562 OF32 0& CSA ;IS START BIT STILL THERE?
7543 OFS% D420 ANI 020

7544 OFSE 90FZ JNZ $1 i NO

2545 OF2D 06 cSA ; SEND START BIT

2544 OFZE DAFD ANI %2 - ; RESET READER RELAY
2547 OF90 DCO1 ORI 1

2543 OF%2 07 CAS :

7569 OF73 C4GS) L5s2: LDI 133 69 ; DELAY 1 BIT TIME
2570 OF9S SFES) 11 DLY 8 17

2571 OF97 O& CSA ; GET BIT (SENSEB)
2572 OF¥S D420 ANT 020

2573 OF2A 9504 Jz $3

7574 OF9C £401 LDI 1

2575 OF9E 2004 JMP $4

7574 OFAO C400  $3: LDI 0

2577 OFAZ 9CO0 JNZ $4

2572 OFA4 CAEA  $4: ST TEMF (F2) i SAVE BIT VALUE (0 DR 1)
2579 OFAL 1IF RRL ; ROTATE INTO LINK
7520 OFA7 O1 XAE

2521 OFAZ 1D SRL ; SHIFT INTO CHARACTER
7552 OFAY 01 XAE ; RETURN CHAR TO E
7553 OFAA O& C=A ; ECHO BIT TO OUTPUT
2524 OFAE DCO1 ORI 1

2555 OFAD EZEA XOR TEMP(F2)

2524 OFAF 07 CAS

7527 OFEO BAEE DLD NUM(F2) ; DECREMENT BIT COUNT
2582 OFB2Z 2COF JNZ $2 ; LOOP UNTIL O

2539 OFE4 06 oS , ; SET STOP BIT

2590 OFES D4FE ANRE - OFE

2591 OFE7 07 CAS

2597 OFES :311 oLY a8 17 ; DELAY APPROX. 1 BIT TIME
7593 OFEA 40 LDE i AC HAS INFUT CHARACTER
7594 OFEE D47F ANI O7F

7595 OFED 01 XAE

7594 OFEE 40 LDE

2597 OFEF =F XFFC P3 i RETURN

*S9S OFCO YORS JMF GECO :
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SC/MFP ASSEMELER REV-A
NIBL 12/17774
T TELETYFE ROUTINES

2599

ZE00 5 eI IR I 3E 3 SE 3 e 3 S S I R IESE I IR IR IR IE I IE IR S

2601 ;% FRINT CHARACTER AT TTY #

2602 3 IR ISR S SE I R IEIE It R IE 03

ZL03

2604 OFC2 O1 FUTLC: XAE

2605 OFC3 [ BB LDI 255 187 ; DELAY ALMOST

2606 OFCS S 2F oLy prac. L7 i 3 BIT TIMES

2607 OFC7 O& . CSA 3 SET OUTPUT BIT TO LOGIC O
2608 OFCS DCO1 ORI 1 ; FOR START BIT

260% OFCA O7 CAS

2610 OFCE C40% LDI @ i INITIALIZE BIT COUNT
2611 OFCD CAES 5T TEMF2(F2)

7612 OFCF ca€q SWFPUTCL:  LDI 138 8L i DELAY 1 BIT TIME
2&1% OFD1 2RDE)11 oLy = 17

7414 OFDE EAET OLD TEMF3(PZ) ; DECREMENT BEIT COUNT.
Z&15 OFDS 9210 JZ PUTCZ

Z&14 OFO7 40 LDE ; FREPARE NEXT BIT
2617 OFDE D401 ANI 1

Z&12 OFDA CAEY 5T TEMPZ(FZ)

Z&1% OFDC 01 XAE i SHIFT DATA RIGHT 1 BIT
7620 OFDD 1C SR

24621 OFDE O1 XAE

=4£ZZ OFDF O&4 . CSA ; SET UP OUTPUT BIT
LZ3 OFEO DCO1 ORI 1

2624 OFEZ EZE® XOR TEMFZ(F2)

2625 OFE4 07 CAS ;i PUT BIT TO TTY

2624 OFES 90ES JMP FUTC1

24627 OFE7 04 PUTCZ: CSA i SET STOP BIT

ZL28 OFES DAFE ANT OFE

2629 OFEA 07 CAS

2630 OFEE 3F XFPC P3 i RETURN

2431 OFEC %0D4 JMP FUTC

IEET 0000 . END o
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SC/MP ASSEMELER REV-A

NIEL

ADD
EEGIN
CHEAT
Ck1
CLR
CMPR
b Y]
DOLRZ
DOFTR
EOA
E1Z
E1S
ELS

E4

E=

END
ERR1
EX1
EXS
F10

FS

Fo
FAILLD
FNDFGE
FORFTR
GER1
GOTO
HEX
IF1
IN1t
INFUT
LAERLHI
LER1
LISTZ
Lo

LET
LTS
MODULO
MUL
NEW
NEXTV
NOTOP
NXT1
P1LOW
FCHIGH
FGE
FRZ
FR&
FRN1
FR=
FUTC1
RANDOM
REL4
RETEXF

12717776

0220
oCsSs
0071
0441
Q&0
0301
04038
onzA
FFFF
0102
0271
0720
DAAE
0Oz07
04472
DEOY
OzZ1D
DEAA
OE=1
OF14
QOED4
OFO01
FFED
() CETE
FFFE
OSEA
OCDD
0L412
OCEA
ODEZ
opni
FFF2
0SAzZ
o4
FFEF
0zZD%
oz1c
Q-0
0z372
QCAD
CAZ2
OSF0
0ZA1
FFF1
FFFA
One7
ODAE
OnZD
01C4
0174
OFCF
O=DZ
OESZ
DESE

AESTK
EREAK
ZHEAT1
CEMODE
ZMF
ZIOMMA
Do
DONE
DOSTAK
E1l
E1ZA
Elé
E1?

ES

EZA

ER
ERRZ
EXZ
EXECIL
FZ

Fé&
FACTOR
FALSE
FOR
FORSTE
SETL
GTR

HI
IGNORE
INZ
INSRT
LABLLDO
LET
LISTZ
LOLINE
LETZ2
LSTE
MOVE
NEG
NEW1
NEXTV1
NLIM
OROF
FZ
PCLOW
FGM
PRZ
FRINT
FRNLIM
FRZ1
FUTZ2
REL1
RELS
RETLIRN

1050
0230
0OOCOo
0&3C
035A
opci
OoCD1
0120
107A
018D
OSES
09Do
OBOS
0204
o4&DD0D
0544
0Z1F
OE&D
00764
OEEA
OEDF
OEAC
0SCo
onzZA
102A
0757
03554
FFEE
O?E?
ODF &
0224
FFF3
QCER
Q4B
FFF3
OZF7
FFFD
0202
OZSE
QC7A
OAEE
FFEE
QOSEC
0002
FFFE
1120
ODED
OnvE
QOF ZF
012k
OFE7
OEZE
OESD
Onoo

ANDOP
CALBIT
CHPAGE
CLEAR
CMF1
DETPGE
DOLLAR
DONEL
DOUBLE
E10
E13
E14A
EZ2

E&

ESB
EREG
ERRNUM
EX3
EXFR
F2

F7
FAIL
FIN
FOR1
GECO
Go1
GTR1

HILINE

ILC1
IN3
ISTRNG
LBUF
LIST
LISTNG
LES
LST3
MESGS
MOVESR
NER
NEWPGM
NL INE
NUPAGE
P1

P3
PCSTAK
FOPAE
FR4
FPRMPT1
FRNUM1
FSTRNG
FUTFGE
REL.Z
RELEXF
RNDF

88

OSES
0020
OBBE
0051
OSEA
OECS
OD7E
QO132E
OFZ0
07CA
0714
0A32
0o1C4
0370
Q6AA
FF20
0OE31
OE&F
QOEA&L
OEC1
QOEE®
05D
OZAA
oD4A
OF77
OCF&
03AE
FFF7
00A3
OEOS
OB26
10DA
o35
FFFS
0S4
0306
OFZB
024D
03543
QOED1
ozon
QB2D
0001
0003
10A6
0?16
ODC4
025
OF 33
QOROA
OE7B

- QE4=

QEZS
FFE&

AT
CALLML
CHRNLIM
CLEAR1
CMP2
DFAULT
DOLR1
DONE2
EO

Ei1
E14
E17
E3A
E4A

E?

ERR
EVAL
EX4

Fi

Fa

FS
FAILHI
FNDLEL
FORZ
GEQ
GOSUB
GTROF
IF
ILCALL
IND
JMFEIT
LER
LIST1
LIT1
LSS1
LST4
ML
MOVSTR
NEQ1
NEXT
NOJUMF
NXT
P1HIGH
PAGE
PCSTK
FR1
PRS
FRN
PROMPT
PUTC
FUTSTR
REL3
REM
RNDIX

OC?A
087
FFE7
0056
0SCZ
0oC78
oDEF
O13F
014E
0822
0954

.OA4E

0282
0O3CA
075%
02Z1B
O7EA
OE73
OEE4
OECE
OEF4
FFEC
OBEZ2
op4c
0553
OCEB
OESF
OCAA
00%E
052C
0040
0S50
0cC47
0A34
059A
o30C
OE1Z2
OBSA4
0591
0oD10
00%E
0284
FFFO
FFFé&
FFF9
ODA7
oncB
O18F
OC1E
OFC2
OB36
OE4F
OEZ6
FFES



S0/MF ASSEMELER REV-A

NIEBL

RNDOY
RTN
SAVL
SERFTR
STAT
=TRT
T2
TEMFZ
STEIT
LINTIL
X10
X1ZE
X15
X124
Xzz
Xz7
XA
X<
XFER
ZZ0002
ZZ0O007
ZZ000E
—7Z0O00F
001z
LZ0017
ZZ0O01E
ZZO01F
220023
220027
ZZ00ZE
ZZ00ZF
ZZ00323
220037
ZZ003E
ZZ0O0=F
2270043
72720047
ZZI004E
"ZZ004F
220053
220057
ZZ00SE
$0
%1
%1
$1
$1

%1
7

$2
$3
$2
$4

127177764

FFE4
OOF &
Q1264
FFFC
ons4
QzZC0
OEZZ
FFES
QOZ0
Ovza
0O4DA
OLZF
O7Eo
QSEY
OICE
OB=4
oz0Os
QZE7
014672
OFC1
OF 2B
OFIZ1
o002z
0002
(e]olela}
o004
Q004
0004
o005
Q0O2
Q004
Q02
QOO0
QOO03
Q002
002
DO0Z
0O0Z
000z
Q003
slnlotst
0005
OF7A
0Z39
OLDF
Oz
Oa23
QRES
0252
O7B4A 3
QORI
O30
o115
OFA4

RSTR
RLIN
sAvz
SERSTE
STATUS
SLUE

T=
TERM
TSTNUM
VARS
X11
X12c
X164
X220
X248

X4

X&A
X7A
XFER1
220004
220003
2Z000C
7220010
7720014
720018
720010
220020
220024
720025
720020
720030
7220034
720038
ZZ003C
220040

ZZ0044

2200432
220041
Z2Z0050
220054
2720053
$0
F0
$1
$1
$1
%1
$1
E
4
$2
- 3¢
: 3¢
i ]

0143
oCsS1
012C
1046A
0956
0z44
OEA1
OESD
O4&AC
10102
0342
0LT72
O7E3
OeoD
DAZ0
01c2
0202
045351
0171
OFC1
OF 2B
101C
Q004
0002
0004
0004
Q003
o00S
o002z
QOO0
0003
Q003
0002
0007
0002
0002
0002
0002
0003z
Q0032
Q003
Q0ZA
QE23
O32F
0774
OZAD
QB14
OF7F
Q35RO
0244
QZ00
04AQ4
OFAD

0862

RETR1
RUNMOD
SAVEDD
SETZ
STMT
SYNTAX
TEMP
TOF
TSTVAR
X0

X1z
X13
X17
X221
X225

XS

X7

X9B
ZZI0001
ZZ0005
ZZ0002
220000
220011
270015
270019
ZZ001D
220021
220025
220029
22002D
Z2Z0031
2720035
270039
Z2Z003D
220041
220045
270042
Z2Z004D
270051
220055
220059
%0

%1

$1

%1

+1

$1

$10

7

2

: 4

- 3¢

4
$AGBOR

89

014D
FFF4
0978
0525
0CEk
OEZF
FFEA
0994
04E1
OOE7
0SEF
O4DE
0220
0952
0AZ7
0z19
0342
047C
1010

OFC1 -

OFIZ1
OFiZ1
0002z
Q002
0002
0003
o002
Q00Z
Q00Z
0007
000z
0002
0004
Q003
0002
000z
0002
000z
000z
0004
000Z
0413
0043
043k
Q33C
0AD1
OB4A
OAAD
044C
OZA7
OF 23
024E
Q2ED

OABE -

RSTRZ
SAV
SAVFOR
START
STORE
T1
TEMPZ
TST
UNT
X1
X12A
X14
X1%
X2z
X26
XSA
XS
XCHGF 1
720002
- 2Z0006
ZZ000A
ZZOOOE
720012
220016
Z2001A
ZZ0O1E
— 220022
220026
72002A
22002E
720032
220036
22003A
ZZ0OS3E
720042
220046
Z2004A
ZZ004E
720052
270056
ZZ00SA
$0
$1
$1
$1
$1
$1
$2
$Z
$2
$3
$3
$4
- $ADD

O15F
010A
0A4L
ocic
04C1

-OEBF

FFE®
oocCz
OCEC
015D
O3ES
0735
OB4F
092
OAEC
027E

34E
0621
1120
OFC1
10D&
0002
0003
0002
0007
0002
0003
0003
0003
0003
0005
0003
0003
0002
0002
0002
0002
0003
0003
coo4
0003z
0773
O1BE
OSFZ
0934
0ASO
OBA7
O1F7
O&FF
OAE1
0259
DAEZ
035k
OBE7



SC/MF ASSEMELER REV-A

NIBL

$ADD1
SEND
$ENTE
$FAIL
SLO0OF
SLOORF
SsLO0OF
$MAYE
SNOT
sFOS
$SRET
$SHIF
sUFP1
$XH

12717774

090z
O4EE
OLS2
O4F =
00Dk
0452
OADS
0505
0620
0433
DLCE
070C
0EAS
O7CC

ND ERROR LINES

SOURCE CHECKSUM = B&C1

INFUT FILE

$CALE
SEND
SENTE
%.IMFE
SLOOF
sLOOF
sLOOF
$MOVE
SOK
SFPRNT
$RUE
$SKIF
sLIPZ
XL

3000
0LA4
O7EA
4000
O1FE
0LL4
QOEZC
0373
0512
01E7
o702
(75
[S1=e)
07AA

Z:NIELSLOW. SRC

SCR
$SEND
$ERR
$LETR
SLOOF
SLOOP
sLOOF
$MSG
SOk
$REDO
$SCAN
$TSTE
SUP3

O7DC
ORS0
0751
0674
0239
O&EF
OBG&C
02Z3F
04620
0240
00Cc4
2000

=] ]
D] W)

90

SD0OWN
$ENT1
$EXIT
SLOOF
SLOOF
SLOOF
SsLOOP
SNEI
SOR
$SREDOD

$SHIF .

sUP
sUP4

(ol=t=2
042E
O3FA
00zZC
OZAE
O7DD
OBAE

"O0EY

0&0E
OAFA
063A
029y
ozDe



2. 4 SHORT PROGRAM EXAMPLES

1000 ITERATION FOR/NEXT LOOP
EXECUTION TIME: 11 SECONDS

10 FOR X=1 T 1000
Z0 NEXT X
20 END

1000 ITERATION CONDITIONAL GOTO LOOP
EXECUTION TIME: 63 SECONDS

10 X=0

20 X=X+1

30 IF X<1000 50TO 20
40 END

1000 ITERATION INTEGER ARITHMETIC FUNCTIONS
EXECUTION TIME: 5& SECONDS :

10 FOR X=1 TO 1000
20 Y=X/2#3+4-0

30 NEXT X

40 END

1000 ITERATION INTEGER ARITHMETIC WITH A SUBROUTINE CALL
EXECUTION TIME: 34 SECONDS

10 FOR X=1 TO 1000
20 Y=X/2Z#3+4-5

25 GOSUB 100

20 NEXT X

40 END

100 RETURN
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THIZ PROGRAM INFUTS TWO DIGIT HEXADECIMAL NUMEBERS AND =TORES
THEM IN SEGUENTIAL MEMORY LOCATIONS

THE FPROGRAM: COMMENTS: #

10 R=5000 LOCATION IN MEMORY FOR TWO DIGIT
NUMEBER TO BE BUFFERED WHILE CONVERTING

20 INPUT U INFUT THE STARTING MEMORY LOCATION

40 INFUT %R INPUT TWO DIGIT CHARACTER STRING

SO LET X=@(R):GOSLE 1000 CALL THE CONVERSION ROUTINE 15T DIGIT

55 A=X SET THE A VARIABLE TO FIRST DIGIT

A0 LET X=@(R+1): GOSUE 1000 CALL THE CONVERSION ROUTINE 2ZND DIGIT

65 B=X SET THE B VARIARBLE TO 2ND DIGIT

70 C=(1&#A)+B CONVERT THE 2 HEXT DIGITS TO DECIMAL

S0 LET e =1 STORE THE DECIMAL NUMEER

20 U=U+1 INCREMENT THE COUNTER

1000 IF X=45 X=53 IF A, CONVERT TO 1O0+ASCII OFFSET (42)

1010 IF X=45 X=59 IF E, CONVERT TOD 11+4ASCII OFFSET (48)

1020 IF X=47 X=40 IF 2, CONVERT TO 12+ASCII OFFSET (43)

1030 IF X=&2 X=&1 IF I, CONVERT TO 13+ASCII OFFSET (43)

1040 IF X=49 X=432 IF E, CONVERT TO 14+ASCII OFFSET (42)

1050 IF X=70 X=6&32 IF F, CONVERT TO 1S+ASCII OFFSET (43)

1040 X=X-43 SUBTRACT ASCII OFFSET

1070 RETURN RETURN TO THE MAIN FROGRAM

THE SURBROUTINE RETURNS VALUES O THROUGH 15 TO THE MAIN PROGRAM
STATEMENT 70 CALCULATES THE DECIMAL EGQUIVALENT TO THE HEXADECIMAL NLUMEER.
STATEMENT 20 USES THE INDIRECT OPERATOR TO STORE THE NUMBER IN MEMORY.
THE NUMBER IS STORED AS A HEXADECIMAL IR BINARY NUMBER.

*#*THEZE COMMENTS ARE NOT PART OF THE FROGRAM STATEMENT. IF THEY WERE., THE
REM QUALIFIER WOULD HAVE TO EBE INSERTED AND A COLON PLACED AFTER EACH
STATEMENT. IN NIBL. COMMENTS REGUIRE LARGE AMIUNTSE OF MEMORY FOR STORAGE.
THIZ FACT MUST BE KEFT IN MIND WHEN LUSING COMMENTS.

WHEN THE ARIVE LISTED PROGRAM IS IN MEMORY, THE FRINT TOF COMMAND
RETURNS A VALLIE OF 4447, THE FIRST MEMORY LOCATION AVAILAELE FOR
STORAGE OF A FROGRAM IS 4332 THEREFIORE THE PROGRAM ARBOVE REQUIRES
2339 BYTES FOR STORAGE. IF THE COMMENTS HAD BEEN INCLUDED, THE AMOUNT
OF MEMORY REGUIRED WOULD HAVE BEEN OVER 1000 BYTES
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EXECUTING THE FPROGRAM AND INPUTTING HEX NUMBERS

RUN
? 6000 LOCATION TO START FLACING NUMBERS
AR ‘

BB

CC

Do

EE

FF

o1

02

03

04

05

0&

Q7

0s

O

(CONTROL C—--TO INTERUPT EXECUTION OF PROGRAM)

N ]

wd

-

RN IR | %] N

N} o N

w3

o

BRE AT 40

PRINTING OUT A FEW LOCATIONS USING THE INDIRECT OPERATOR, CHECKING
OuUT THE RESULT OF THE ABOVE EXECUTION.

PRINT @4000

170 I.E. 170 DECIMAL IS AA IN HEX
PRINT @4001 .

127 I.E. 137 DECIMAL IS BE IN HEX
FPRINT @&0O0OZ

204 I.E. 204 DECIMAL IS CC IN HEX
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THIZ PROGRAM OUTFUTS TWO DIGIT HEXADECIMAL NUMBERS FROM SERQUENTIAL
MEMORY LOCATIONS:

4 INFUT L)
S INFUT V

10
11
&0
70
=0
¥ 31
& 32
* ¥1
X2
& 92
r94
* o5

FOR
LET
E=X/s
F=Md
LET
LET
LET
LET
LET
LET
LET

=50

Y=l TO V

X=@({Y)

14

D(X, 1&)

@3000=E+43
@S001=F+4%
@3002=132

Z=@3000: GISUE 1000
@S000=2
Z=@5001: GOSUR
@5001=2Z

Q0

1000

100 PRINT Y., $R
110 NEXT Y
120 END

1000
1010
1020
10320
1040
1050
1040
NOTE: U

IF
IF
IF
IF
IF
IF
RE

O 0

RGN

Wl ouwnh

[

I T I T T |

N oo s
-

41 f'\'l | ot

NNNNNN

o~ ooe oo 00
Iq-l

NNNNNN

TURN
SE OF

b IS THE START OF MEMORY TO READ
V IS END OF MEMORY TO READ

SET
READ
CONY

ADD

PUT
SET
FPUT
SET
PUT
ADDR
Do T

SET
SET
SET
SET
SET
SET

UF FOR/NEXT LOOP
OuUT NUMBER
ERT TO HEXADECZIMAL
IN ASCII OFFSETS
IN ZARRIAGE RETURN
UFP PRINTAEBLE FOR A
FRINTABLE IN FRINT
UFP PRINTARLE FOR A
FRINTABLE IN PRINT
ESS FPRINT EUFFER
HE FPRINT 0OF SGRING

P A
UF E
UF
uF I
Ur E
UF F

PRINTABLE
PRINTAELE
FRINTAEBLE
PRINTABLE
PRINTAELE
FRINTABLE

SEQMJENTIAL STATEMENT NUMEERS IS BAD FPRACTICE

NO ROOM FOR INSERTING MORE STATEMENTS.

FROGRAM.

EXE

PRINTING OUT THE ZSAME LOCATIONS
LO14

CUTING THE PROGRAM

NOTE LOCATIONS

(OD IN HEX)

T F IST DIGIT
BUFFER

TO F ZND DIGIT
BUFFER

FROM BUFFER

IT LEAVES

AS INPUTTED TO IN THE FPREVIOUS

TO 4020 WERE NOT WRITTEN TO
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RLIN

7 A000 STARTING LOCATION TO READ FROM
7 &QZ0 ENDING LOCATION TO READ FROM
&O00 AR
001 BRE
002 O
&002 DD
<004 EE
&005 FF
&O0L O1
&Q07 G2
AQ0Z 03
&Q0% O
HO010 05
A011 04
&012Z Q7
6012 08
6014 09
AHQ15 00
0146 0D
&017 Do
6012 DD
AQ1% 1D
&£020 0D

BRE AT 120
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3.1 THEORY 0OF OFPERATION

THE NIEBLER UTILIZEZ THE SC/MF ITI MICROPROCESSOR AND "NIBL" READ
ONLY MEMORY INTEGRATED CIRCUITES. THESE COMPONENTS FORM THE BASIS FOR THE
NIBBLER MICROCOMPUTER. THE FOLLOWING DISCIESSZION PRESENTS THE RATIONALE
BEHIND THE DESIGN USED FOR THE NIBBLER

30101 LOGIC CONVENTION

THE LOGIC IS ARRANGED ACCORDING TO SIGNAL NAMES. ALMOST ALL SIG-
NALS ARE GIVEN SIGNAL NAMES.  THE METHODOLOGY FOR SIGNAL NAMING IS DES-
CRIBED AS FOLLOWS: ALL POSITIVE LOGIC (TRUE WHEN HIGH) SIGNALS CONTAIN A
P SUFFIX. ALL NEGATIVE LOGIC (TRUE WHEN LOW) SIGNALS CONTAIN AN N SUFFIX
SIGNALS AT THEIR S0URCE HAVE A 1 SUFFIX.  FOR EXAMFLE ADDRESS LINE ADOO AT
THE MICROPROCESSOR CHIF (THE S0URCE) IS INDICATED A% ADOO-F1. THE “P°
INDICATING TRUE WHEN HIGH AND THE "1" THE FIRST LEVEL 0OF LOGIC. AFTER
THE SIGNAL IS BUFFERED BY A S1L597, IT IS STILL TRUE WHEN HIGH, BUT A SEC-
OND LEVEL SIGNAL. THEREFORE THE NAME IS CHANGED TO ADOO-F2Z, IF AN INVER-
TING BUFFER WAS USED THE SIGNAL WOULD EE ADOO-N1, I.E. THE FIRST LEVEL OF
NEGATIVE LOGIC.  MILITARY STANDARD 204FR IS UTILIZED T3 INDICATE GATE FUN-
CTION, FOR EXAMFLE, A1 IS A FOSITIVE LOGIC "AND" GATE OR A NEGATIVE LOGIC
"OR" GATE. THE GATE IS DRAWN A5 IT I5 UTILIZED IN THE CIRCUIT. MSI/LSI,
WHERE CHIP SELECTS OR OUTPUTS ARE NEGATIVE WHEN TRUE, ARE INDICATED WITH
BUBELES.

AND NEG LOGIC OR

[
[y

.2 DISCUSSION OF SIGNALS

EACH OUTPUT 0OF THE SC/MFP IT WAS DESIGNED TO DRIVE ONE TTL LOAD.
THEREFORE ALL OUTFUTEZ, WHEN UTILIZED, ARE BUFFERED USING EITHER A S81L597
GATE DR A 74L% GATE. THE 21L597 GATES ARE CAFABLE OF TRI-STATE OPERATION,
HOWEVER THIS FEATURE WAS NOT UTILIZEL. THE BUS FROVIDED HERE IS AN ACTIVE
STATE SPLIT DIRECTION BUS.  WE FELT THAT THIS BUS ARRANGEMENT WOULD BE EASY
TO WORE. WITH FOR THE NEW INITIATE INTO MICROCOMFUTING.  THE DISCUSSION
FRESENTED HERE CAN BE FOLLOWED EBY USING THE ELOCK DIAGRAM AND THE DETAILED
LOGIC PROVIDED WITH YOUR NIBBELER EBOARD (SECTION 3. &).
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THE SIGNAL NRST IS THE MASTER RESET FOR SC/MP. THE RC NETWORE
CONNECTED TO GATE Bz-13% FROVIDES A FOWER-UF CLEAR TO THE MICROFPROCESSOR
CONFORMING T THE 100 MSEC INITIALIZATION REAUIREMENT. IT WOULD EBE A
GOOD IDEA TO PROVIDE A SWITCH CLOSURE FROM GROUND TO FIN 4% OF THE EDGE
CONNECTOR FOR RESET FURFOSES AFTER POWER UP

THE FOLLOWING LIST OF STATUS SIGNALS, THEIR PRE-WIRED CONDITION
AND A DESCRIFTION OF THEIR FUNCTION IS PROVIDED FOR YOUR REFERENCE.

SIGNAL FUNCT IONAL DESCRIFTION NIBBLER
MNEMONIC NAME CIRCUIT
CONT CONT INUE WHEN SET HIGH ENAEBLES NORMAL EX- PLLLED HIGH
INFUT ECUTION OF PROGRAM STORED IN EX- WITH 10K TO
TERNAL MEMORY. WHEN SET LOW, a5V

SC/MP OPERATION IS5 SUSPEMOED AFTER
COMPLETION OF CURRENT INISTRUCTION.
WITHOUT 1255 OF INTERNAL STATUS

NERE®R ELE REGQUEST ASSOCIATED WITH SC/7MF INTERNAL AL- FULLED HIGH
INPUT/ZQUTFUT LOCATION LLOGIC FOR SYSTEM BUES. CAN WITH 10K TO
EBE USED A% A BUS REQUEST OUTFUT OR SV

BUS EBUZY INPUT. REQUIRES EXTERNAL
LOAD RESISTORS TO VCC

NENIN ENAELE INPUT SEOCIATED WITH =C/MP INTERNAL AL- JUMPERED
LOCATION LOGIC FOR SYSTEM EUS. WHEN LOW WITH
SET LOW. SC/7MP IS GRANTEDR ACCESS TO JMP-A

SYSTEM BUSSES. WHEN SZET HIGH, PLACES
SYSTEM EBUSSES IN HIGH IMFEDANCE
(TRI-STATE) MODE

NHOLD INFUT/ZOUTPUT WHEN SET LOW PRIOR TO TRAILING EDGE PULLED HIGH
CYCLE EXTEND OF NRDEZ OR NWDES STROBE, STRETCHES WITH 10K TO
INFPUT STROBE T2 EXTEND INFUT/OUTRUT CYCLE =V

THAT IS, STROBE IS HELD LOW UNTIL
NHOLD SIGNAL IS RETURNED HIGH
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THE FOLLOWING LIST 0OF DYNAMIC SIGNALS, THEIR QUIESCENT STATE AND A
DESCRIPTION IS PROVIDED FOR YOUR REFERENCE.

SIGNAL

"FUNCT IONAL

MNEMONIC NAME

NRST

NADS

NRDZ

NWDs

SENSE

FLAGS
0,1

ADOO~
AD11

RESET INPUT

ADDRESS
STROBE
OUTPUT

READ STRORBE
QUTPUT

WRITE
STROEBE OUT-
PUT

SENSE INPUT

FLAG OUT-
FUTS

ADORESS EBIT
00 THROUGH
ADDRESS BILT
11

DESCRIPTION

SET HIGH FOR NORMAL OPERATION

WHEN SET LOW, ABORTS IN PROCESS
OPERATIONS.  WHEN RETURNED HIGH,
INTERNAL CONTROLS CIRCUIT ZEREOS
ALL PROGRAMMER ACCESSABLE REGISTERS
THEN THE FIRST INSTRUCTION IS FET-
CHED FROM MEMORY LOCATION 0001

ACTIVE LOW STROBE, WHILE LOW, IN-

DICATES THAT VALID ADDRESS AND

-STATUS OUTPUT ARE FRESENT ON SYSTEM

BUSSES.

ACTIVE LOW STROBE. ON TRAILING
EDGE DATA ARE INFUT TO SC/MF FROM
8-BIT BIDIRECTIONAL DATA BUS.  HIGH
IMPEDANCE (TRI-STATE) OUTPUT WHEN
INPUT/Z0UTPUT CYCLE IS NOT IN FRO-
GRESE.

ACTIVE LOW STROBE, WHILE LOW, IN-
DICATES THAT VALID OUTFUT DATA ARE
FRESENT ON BIIRECTIONAL DATA

BUS. HIGH IMFEDANCE OUTPUT WHEN
INPUT/Z70UTPUT CYCLE NOT IN PROGRESS

USER DESIGNATED SENSE CONDITION
INPUT SENSE CONDITION TESTING IS
EFFECTED BY COPYING SITATUS REGISTER
TO ACCUMULATOR.

USER-DESIGNATED GENERAL FURFOSE
FLAG QUTPUTS OFSTATUS REGISTER.
UNDER PROGRAM CONTROL, FLAGS CAN
BEE SET AND RESET BY COPYING
ACCUMULATOR TO STATUS REGISGER

TWELVE TRI-STATE ADDRESS OUTPUT
~LINES, SC/7MP OUTFUTS 12 LEARST SIG-

NIFICZANT ADDRESS BITS ON THIS BUS
WHEN NADZ STROBE IS LOW. ADDRESS
BITS ARE THEN HELD UNTIL TRAILING
EDGE OF READ (NRDS) OR WRITE (NWDES)
STROEBES
OR NWDs STROBE, BUS IS SET TO TRI-
STATE MODE UNTIL NEXT NADS STROBE.
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AFTER TRAILING EDGE OF NRDS

NIBBLER -
CIRCUIT
DRIVEN BY

BZ2-17 NOR-
MAL HIGH

HAS INTER-

NAL TERMI-
NATION.

REGUIRES
10K PULL
P

RERUIRES
10K PULL
P

USED AS
SERIAL DATA

INPUT

USED AS
SERIAL DATA
QUTPUT

BUFFERED BY

o2 % B2



STGNAL
MNEMONIC

DBO

DE1

DE4

DES

DB6&

DE7

FLNCT IONAL
NAME

ADDRESS EBIT

12

ADDRESS EBIT

132
ADDRESS BIT

14

ADDRESES EIT

15

1))

R-FLAG

1-FLAG

D-FLAG

H-FL.AG

DESCRIPTION

FOURTH MOST SIG
NIFICANT BIT OF
164-BIT ADDRES=S

THIRD MOST SIG-
NIFICZANT BIT OF
164-BIT ADORESS

ZND MOST S5IG-
NIFICANT BIT 0OF
16~-EIT ADDRESES

MOET SIGNIFICAN
BIT OF 14-BIT A
DRESS.

WHEN HIGH, DATA
INFUT CYCOLE IS
STARTING. WHEM
LOW., DATA QUTFUT
CYCLE IS START-
ING

WHEN HIGH, FIRST
BEYTE OF INSTRUCT-
ION IS BEING
FETZHED.

WHEN HIGH, INDI-
ATES DELAY CZYCLE
IS STARTING, IF
SECOND BYTE OF

DLY INSTRUCTION
IS BEING FETCHED

WHEN HIGH, INDIC—
ATEZ THAT HALT
INSTRUCTION HAS
BEEN EXECUTED. IN
SOME SYSTEM CON-
FIGLRATIONS, THE
H-FLAG CQUTPUT IS
LATCHED WITH THE
CONTINLE INFUT T3
FROVIDE A FPROG-
RAMMELD HALT.

100

INPUT AT INPUT AT NIBELER
NRDS TIME NWDS TIME CIRCUIT

INFUT DATA OUTPUT DATA BUFFER-
ARE EXFECT- ARE VALID ED BY
ED ON THE ON THE B& & B3
EIGHT (DRO- EIGHT (DBO-

DE7) LINES. DE7) LINES.

NOTE: THE DBO THROUGH DE7
(AD12-HFLG) LINES ARE A
HIGH IMPEDANCE (OPEN CIR-
CUIT) LOAD WHEN SC/MP DOES
NOT HAVE ACCESS TO THE
INFUT/Z0UTPUT BUS



THE REMAINING SC/MP SIGNALS SUCH AS NENOUT, FLGZ, SENA, SIN, AND
SOUT ARE NOT USED EUT ARE PROVIDED AT THE EDGE CONNECTOR FOR POSSIBLE FUT-
URE USE, THEY ARE NOT BUFFERED. THE BIDIRECTIONAL DATA BUS ARE BUFFERED
OuUT BY B& AND BUFFERED IN BY BE® B4 IS ACTIVE AT ALL TIMES, B3 IS AC-
TIVE ONLY DURING NRDS TIME. THE ADDRESS LINES ARE ACTIVE AT ALL TIMES, THE
CONTROL. STROBES NADS, NRDS AND NWDS ARE BUFFERED BY BZ.. THE LEAST SIGNIF-
ICANT DATA BITS DBOO THROUGH DBO3 ARE LATCHED BY BS TO BE UTIIZED AS ADD-
RESS BITS Al12Z THROUGH A15. NADS IS INVERTED BY Aé& AND USED AS A STROBE
TO LATCH DBOO-DBOZ IN BS. ADDRESS LINES A10, All AND A1Z ARE DECODED BY
AS TO PROVIDE CHIF SELECTS AT 1K BOUNDARIES FOR THE ON-BOARD &K AND OFF
BOARD 2K MEMORY SFPACE. THE NIEL ROM I35 ORGANIZED IN ZK SECTIONS. THERE-
FORE. THE SELECTS FOR THE 0,1 BOUNDARIES ARE "OR-D" TOGETHER BY AZ TO
FROVIDE A CHIP SELECT TO ROM 1. IN A SIMILAR MANNER THE 2,3 ZELECTS
ARE "OR“D" BY AZ TO PROVIDE A CHIP SELECT FOR ROM 2. CHIP SELECTS 4 AND 5
ARE USED BY THE ON BOARD 2K RAM. CHIP SELECTS 4 AND 7 ARE PROVIDED AT THE
EDGE CONNECTOR PIN 27 FOR DESELECTING THE ON-EOARD DECODER FOR GREATER THAN
K 0OF MEMORY SPACE. THIS DESELECT IS JUMPERED TO GROUND WITH JMP-C ON YOUR
SHIPFED BOARD. THIS WILL ALLOW THE BOARD TO BE USED WITHOUT EXTERNAL MEM-
DRY AND DECODING.

3. 1.3 DETAILED DISCUSSION OF MEMORY ADDRESSING

THE MAIN COMPUTER BOARD CONTAINS THE NIEBL INTERPRETER IN TWO Z214A
RIOMS. THE ROMS ARE ADDRESSED BY ADDRESS LINES ADOO-PZ THROUGH AD10O-PZ.
THE ADNDRESS LINES SELECT 1 BYTE OUT.OF A POSSIBLE 2043 THE 1 OF 2 231475
IS SELECTED BY THE DECODE RESULTING FROM AN EIGHT LINE DECODER (74L5155).
ADDRESS LINES AD1O-PZ, AD11-PZ AND AD1Z-P1 ARE USED TO DRIVE DECODER AS
THE DECODES RESULTING ARE ON 1K (1024) BOUNDARIES. THE TWD SELECTS (0O-
O7FF), IN HEX, ARE "OR-“D" TO PROVIDE A CHIP SELECT FOR THE FIRST NIBL ROM.
THE SECOND TWO SELECTS (0200-0FFF) ARE "OR“D" TO PROVIDE A CHIF SELECT FOR
THE SECOND NIEBL ROM.

THE REMAINING FOUUR DECODER QUTPUTS ARE
USED AS CHIP SELECTS FOR 1K BYTE MODULES COMPOSED OF 2-21L02-4 MEMORY
CHIFS. TWD 1K MODULES ARE FROVIDED DN THE MAIN COMPUTER BOARD. THE TWO
MODULESZ ARE SELECTED BY DECODES 4 AND 5. THE TWD REMAINING DECODES A
AND 7 ARE PROVIDED AS OUTPUTS ON THE EDGE CONNECTOR. THE CHIP SELECTS
FROVIDED ALLOW AN ADDRESS SFACE OF 3K, THIS 8k SPACE CONSISTS OF 4K NIEBEL
ROMS AND UFP TO 4K OF RAM. EXPANSION OF THE MEMORY SPACE T 22K INCLUSIVE
OF THE INTERFRETER IS ALLOWED. OFF BOARD DECODING MUST BE PROVIDED FOR
ADDITIONAL MEMORY EXFANSION. T3 PREVENT WRAF-AROUND, I.E. ADDRESSING OF
MAIN BOARD MEMORY AGAIN AT 2192, A DIZARBLE MUST BE PROVIDED TO THE EDGE
CONNECTOR (PIN 27). THIZ DISABLE CAN BE FORMED BY "ORING" THE ADDRESS
LINES AD1Z AND AD14. AD1S IS5 NOT REQJIRED AS THE ADDRESS SPACE OF NIEBL
DOES NOT INCLUDE THE UPPER 32k OF MEMORY. MEMORY ADDRESS SPACE IS SHOWN IN
FIGURE 3 1.
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MEMORY ADDRESS SPACE

PAGE 1
0000(163 0000C10)
NIBL ROM §1
9 07FF(16]m - = = = — = — = J2047C10)
NIBL ROM #2
v OFFFC18] 4095(10)
A .
ON BOARD RAM
17FFC16] = = = = = = = = = J6143C10)
EXPARSION RAM
ON BOARD SELECT
X IFFFQ6 8191(10)
TYPICAL ROM
PAGE
A 4
2FFF(16) 12287(10)

— A —

'Y
»

p

&

SFFF(16

6FFFC16 ).

7FFF(16

-

Al
A
¥

T T
24570C10)
ROM OR RAM
28671C10)
ROM OR RAM

32767C10)

FIGURE 3.1

~

OFFF(16)

10FF(16)

11FF(C16)

12FF(16)

13FF(16)

14FF(16)

15FF(16)

16FF(C16)

17FF(C16)

MEMORY ADDRESS SPACE

RAM USED BY
NIBL INTERPRETER

L2

- - e e e = e ae o

Tbsaz(xo)

FIRST MEMORY LOCAT
AVAILABLE FOR USE

4095(10)

4351(10)
438110

4607C10>

4863C10)

5119(10)

5375C10)

5631(10)

5887(10)

6143(10)




3.2 TYPICAL SYSTEM CONFIGURATION

THE =YSTEM SHOWN IN FIGURE 3.2 IS BUILT AROUND THE DIGI-KEY POWER
SUPPLY AND INTERFACING BOARD WHICH IS AVAILABLE FOR PURCHASE WITH THE
NIEBLER BDARD. THE POWER SUPPLY PROVIDES 5V AT 1A AND + & — 12V AT 100 MA.
THE INTERFACE PROVIDES A TELETYPE AND RS5232 I/0 CAPABILITY FOR THE NIEELER
BOARD.  THE INTERFACE BOARD ALSO PROVIDES A REED RELAY FOR CONTROLLING THE
PAFER TAFPE READER OF A TELETYPE. THE PAFER TAFE CAPABILITY OF A TELETYFE
IS NECESSARY FOR PROGRAM STORAGE AND RETRIEVAL AT THIS TIME. A CRT TERM-
INAL CAN BE USED FOR PROGRAM DEVELOPMENT. THE TELETYPE CAN BE WUSED FOR
HARDCOPY OUTFUT.  THE FAFPER TAPE READER AND PUNCH ARE USED FOR PROGRAM STOR-
AGE AND RETRIEVAL. A DISABLE SWITCH CAN BE INSTALLED IN THE TELETYPE FPAGE
PRINTER LINE =0 THAT THE CHARACTERS READ IN FROM THE PAFPER TAPE ARE NOT
PRINTED ON THE FAFER OUT. THIS ARRANGEMENT 0OF CRT AND TELETYPE MAKES A
VERY EFFICIENT PROGRAM DEVELOPMENT SYSTEM

THE LOGIC FOR A TELETYPE AND R35232 INTERFACE IS SHOWN IN FIGURE

3. 2B SEE SECTION 3. 5.1 AND 3. 5. 2 FOR FOWER AND TELETYFE INTERFACING
DETAILE.
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NIBBLER BOARD .
721

2 8 10 12 49
RESET
-L-.RDRCONT*NI ———‘4——+—-GR0UND
IOIN-N1
, I00UT-N1
+5V @.4A
2 8 10 12 72

POWER SUPPLY AND INTERFACE BOARD

BCDE H-J TUV z
TTYOUF - L] ReELAY NO
TTYOUT + /(__—__7f" RELAY COM
RS232 IN RELAY NC
TTYIN - RS232 OUT '
TTYIN +

34 56 R R 1 2 3

TELETYPE CRT TERMINAL

FIGURE 3.2A TYPICAL SYSTEM CONFIGURATION
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+

270 %:_iL 1MF 1K
TTLIN (MY — N\ -]-," '

\J1
1
+
v

TTYIN+(E) 741 10 I0IN-N1
TTYIN-(D) ——Aa—-12
RS232IN (H)
RS2320uT (JD
8 I100UT-N1

TTYOUT- (B>

TTYOUT+ (C)- —AVVWWA 48
1MF

REED

RELAY NC (1) RELAY -
RELAY CO (Y>—¢e
RELAY NO (VO —

12 RDRCONT-N1

ING14L8

FIGURE 3.2B INTERFACE BOARD LOGIC
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303 BACKEFLANE WIRING

A BACKPLANE CAN BE FREFPARED BY RUNNING BUS STRIFPS DOWN THE +5V AND
GROLND FINS FOR FOWER AND WIREWRAFFING THE REST OF THE SIGNAL PINS ToO-
GETHER.  FIGURE 2 2 SHOWS A TYPICAL SYSTEM WIRED FOR USE WITH & CARDS
DIGI-KEY. SELLE A CARD FILE CAPABLE OF HOLDING UF TO 14 CARDS.  THE SIGNAL
DESCRIFPTIONS ARE GIVEN BY SHEET 2 OF THE LOGIC DIAGRAMS. THE SIGNALS ARE
GROLIFED BY FUNCTIGON WHERE FOSSIELE.  THE DATA IN SIGNALS, DATA OUT SIGNALS,
17 LEAST SIGNIFICANT ADDRESS LINES., 4 MOST SIGNIFICANT ADDRESS LINES, AND
I/70 LINES ARE GROUFED TOGETHER.

FIGURE 3.3 RACKPLAME WIRING
WITH POWER SUPPLY
DISTRIBUTION STRIPS
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3.4 BOARD JUMFERING

1. JUMFER A IS FPROVIDED =0 THAT NENIN-NI MAY BE UTILIZED AS A
CONTROL INFUT TO THE SC/7MP. THE JUMFER WILL NORMALLY EE INSTALLED
S0 THAT NENIN-NI WILL BE GROUNDEL. THE NIEELER I3 PROVIDED WITH
THIZ JUMFPER

2o JUMPER B OIS FROVIDED TO ALLOW IOIN-NL TO BE ACTIVE AS AN INPUT
THE JUMFER MUSZT EE IN FLACE TO BE USED WITH THE FOWER SUPPLY INTER-
FACT EROARD

30 JUMPER C OIS FROVIDED TO SELECT THE ON EBOARD MEMORY. THE EOARD
IS PROVIDED WITH THIS JUMPER

| TumfeR G
:».«!ﬂ

FIGURE = 4 BEJARD JUMFERING
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]

INTERFALING

n

20581 POWER INTERFACING

EDGE CONNECTOR PINS ARE PROVIDED ON THE FRINTED CIRCUIT EBOARD
FOR CONNECTION OF INFUT FOWER. A SINGLE +5V SUPFLY IS ALL THAT IS RE-
BUIRED EXCILLUSIVE OF THE I/0 INTERFACE. THE POWER MUST BE SUPPLIED AS
SHOWN BELDOW.

THE FPINS ON THE REVERSZE SIDE OF FIN 1(2) AND FIN 71(72) ARE PLATED
THROUGH RESFPECTIVELY

GRO 71 «p

FIGURE = 5 FOWER SUPPLY HOOKLF
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3. 5. 2 TELETYPE INTERFACING

TELETYPE SETUF AND SYSTEM CONNECTION

THE NIBEBLER IS DESIGNED TO OPERATE WITH A STANDARD TELETYPE MODEL.
ASR3220/JC OR TU (WITH OR WITHOUT A PAPER TAFPE READER./PUNCH) NITHOUT XON,
XOFF, AND WITH THE AUTOMATIC ANSWERBACK OFTION DISABLED.

THE TTY MUST BE SET TO OPERATE IN THE FULL-DUFLEX MODE WITH A 20
MA CURRENT LOOF INTERFACE. INSTRUCTIONS FOR TTY SET UP AND CONNECTION
TO THE NIBELER ARE FROVIDED BELOW. FIGURE 3. 6A IS A TOP VIEW OF THE TTY
SHOWING THE LOCATION OF THE ASSEMBILES THAT ARE REFERRED TO IN THESE
INSTRUCTIONS. FIGURES 3. 4B AND 3. 6C SHOW THE DETAILS OF THE TERMINAL STRIP
AND CURRENT SOURCE RESISTOR. IN THESE FIGURES, THE DOTTED LINES INDICATE
THE CONNECTIONS FOR HALF-DUFLEX AND 40 MA CURRENT LOOP OPERATION. THIS IS
THE CONFIGURATION IN WHICH THE TTY IS NORMALLY SHIPPED FROM TELETYPE CUORF
THE S0LID LINES INDICATE THE DESIRED CONECTIONS FOR FULL-DUPLEX AND 20 MA
CURRENT LOOFP OPERATION. ENSURE THAT POWER IS REMOVED FROM THE TTY EBEFORE
PERFORMING THE FOLLOWING STEPS.
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1. TO SET TTY CURRENT =S0URCE TO 20 MA, MOVE BLUE WIRE FROM TERMINAL
3 TO TERMINAL 4 OF THE CURRENT SOURCE RESISTOR. '

2. TO SET RECEIVE CURRENT TO 20 MA, MOVE PURFLE WIRE FROM PIN 2
TO PIN ® ON THE TERMINAL STRIFP LOCATED AT REAR OF TTY

[

T CONFIGURE TTY FOR FULL-DUPLEX, MOVE WHITE-BLUE WIRE FROM
FIN 4 TO PIN 5 ON THE TERMINAL STRIP, AND MOVE EROWN-YELLOW WIRE
FROM PIN 2 TO PIN 5. _ ’

4. TO DISABLE THE AUTO-ANSWERBACK OFTION, LIFT THE PRINT STATION
PAFER COVER. AND LOCATE THE CAVITY BEHIND THE KEYRBOARD. DIRECTLY
BENEATH THE CARRIAGE IS A SET OF NINE CODEBARS. AT THE FRONT OF
THIS ASSEMELY IS A TIE-EAR. (SEE FIGURE = 7). THE AUTO-ANSWERBACK
IS DISABLED BY PLACING A CLIP OVER THE TIE-BAR 50 THAT THE THIRD
SLOT FROM THE RIGHT IS COVERED.  ON S0OME MODELS, ONE OF THESE
COPFPER-COLORED CLIPS ALREADY MAY BE PLACED OVER THE SECOND =SLOT; IF
S0OMOVE IT TO THE THIRD SLOT. IF NO CLIP IS FROVIDED, IT CAN BE
OETAINED FROM YOUR LOCAL TELETYFE DEALER.

CONNECT TTYOUT (+) FROM 22z PIN CONN "E" TO PIN & ON THE
TTY TERMINAL STRIF

o

6. CONNECT TTYOUT (-) FROM Z2 FIN CONN "C" TO PIN 7 ON THE
TTY TERMINAL =STRIF

7. CONNECT TTYIN (+) FROM 22 PIN CONN"E" TO FIN 4 ON THE
TTY TERMINAL STRIF

3. CONNECT TTYIN (=) FROM 22 FIN CONN"D" TO FIN 2 ON THE
TTY TERMINAL STRIF

NOTE:
CAELE LENGTH FROM THE TTY TO THE NIBELER P5/1 CARD SHOULD

NOT EXCEED 12 FEET. RECOMMENDED CABLE TYFE I5 STANDARD
TWISTED PAIR, 2Z2Z AWG.
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|
I
|

Eas —
e
| a| O
Eoe com J oH — - mE -
TTY OUT
gL
TTY
@ Jl OUT (&} ol O
ST i FULL DURLE
<e}— : +| Ot 4 — — —(HALF DUBLEX
= TTY IN () - — TATE BOPTER S —
\D_I % ol O —{ HALF DUPLEX
| ~jO
| -lo
| —

b) TERMINAL STRIP
DETAIL

MOLEX CONNECTOR
TO POWER PACK

IN PEDESTAL —-—v>| I t,

.
DISTRIBUTOR [___]Jr——
MOTOR TRIP MAGNET  |—
ASSEMBLY
|
I raee | )
PRINTER

L— - UNIT O
—— 77
: tare | D

READER | KEYBOARD
L__ 1 ]

MODE
SWITCH
a) TOP VIEW OF

TELETYPE OUTLINE

——————(_20MA
(© T}-AM-2-P (PURPLE)

pu—g

L FULL DUPLEX (© T} AM-(14)-W-BL(WHITE-BLUE)

FULL-DUPLEX
CONNECTION

AD-8-BR-Y (BROWN-YELLOW)

[ }—20MA
TN AM-(-8L (BLUE)

[ }--10MA —
[T

i

¢) CURRENT SOURCE
RESISTOR DETAIL

4
3
2
1

TERMINAL STRIP
(SEE DETAIL b)

CURRENT
SOURCE
RESISTOR
(SEE DETAIL ¢}

FIGURE 3. & TELETYPE CONNECTIONS
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CODEBAR BASKET ASSEMBLY

FIGURE 3. 7 DISABLING TTY ALTO~-ANSWERBACK
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2.5 2 A SAMFLE I/70 APPLICATION DISCUSSION

CONSIDER THE FOLLOWING FROBLEM. I WANT TO CONTROL THE TEMPERATURE
OF A PROCESS, IF THE TEMPERATURE REACHES A CERTAIN VALUE, I WANT TO OPEN
A VALVE, TO INCREAZE FLOW AND REDUCE THE TEMPERATIURE. THE TEMPERATURE
SENSOR A/D INPUT IS ADDRESSED AT MEMORY LOCATION 146324, THE TEMPERATURE
I5 2CALED IN A LINEAR FASHION FROM O TO 255 F OVER THE RARNGE OF AN 2 BIT
A IF FOR EXAMPLE I READ 122 FROM THE A/D I HAVE A TEMPERATURE OF 123 F
I WANT TO DETECT A TEMPERATURE OF 123 F. AND TURN ON A VALVE ADDRESSED AT
MEMORY LOCATION 24574, HERE IS THE FROGRAM FOR THE CONTROL FUNCTION.

10 LET X=@14324 READ MEMORY LOCATION 146384 INTO X
20 IF X»=12Z2 GOTO 320 IF TEMF IS5 = OR GREATER THAN 12%
GOTO STATEMENT 20
25 5GOTo 10 SINCE TEMP IS LOWER THAN 122 50
. BACK UF AND READ IT AGAIN
20 LET @245746£=255 WRITE ALL 1-S TO LOCATION 24574,

ANY ONE OF WHICH CAN EBE USED TO
TURN ON THE VALVE
40 PRINT "THE VALVE IS OPEN"
S0 END

HOW ABOUT CLOSING THE VALVE AFTER THE PROCESS COOLS OFF A BIT?
LETS CHANGE THE PROGRAM A LITTLE

10 LET X=@143224
20 IF X<100 GOTO 35 IF THE TEMP 0OF THE PROCESS
IS BELOW 100 F EBE SURE THE
VALVE I35 TURNED OFF
20 IF X>=128 GOTO 40 IF THE TEMFERATURE OF THE PROCESS
I5 ABOVE DR EQUAL TO 1238 F,
TURN ON THE VALVE.
32 GOTO 10 GO CHECE THE TEMP AGAIN
25 LET@Z4574=0 : GOTO 10 TURN OFF VALVE, GO CHECEK TEMP AGAIN
40 LET @2Z4576=255 : GOTD 10 TURN ON VALVE, GO CHECEKE TEMP AGAIN

I AM READING LOCATION 14334, IF TEMF IS LESS THAN 100 I TURN THE
VALVE OFF, IF THE TEMF IS EQUAL TO OR ABOVE 123, I WILL TURN THE VALVE
ON. IN THE REGION 100 TO 127, THE VALVE WILL REMAIN IN THE PRESENT
CONDITION.
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3 5.4 A LODK AT THE EASE OF I/0 PROGRAMMING

LETE CRAWL DOWN INSIDE OF THE NIBELER AND LOOK AT SOME OF THE 170
SIGNALS GENERATED WITH SOME RATHER SIMFLE FROGRAMS. THE WAVEFORMS SHOWN
HERE WERE OETAINED AS FOLLOWS.

THE SCOPE WAS TRIGGERED OFF OF ADDRESS LINE AD14-F1. WHY USE THIS LINE?
WE WANT A SWEEF TO BE TRIGGERED AT A REFETITIVE RATE EUT NOT RECURRING MORE
OFTEN THAN WHAT WE WANT TO LOOK AT. AD14-F1 IS5 THE ADDRESS LINE FOR THE
146K MEMORY BOUNDARY. OUR EXISTING ROM & RAM ARE EBELOW THIS ADDRESS, THERE-
FORE THIS ADDRESS LINE SHOULD NEVER BE TRUE EXCEPT IF WE ADDRESES IT THROUGH
OUR FROGRAM. BY FLACING A MEMORY ACCESS INSTRUCTION IN OUR FROGRAM WE AN
UZE AD14-FP1 AS A MILESTONE MARKER

THE TRACES FOR OESERVATION WOULD EE-
A. NADS--ADDRESS STROBE

E. NWDS--WRITE STROEBE

. NRDW--READ STROBE

D DOUT(0-7)~-DATA OUT LINES

THE FOLLOWING PROGRAM WAS WRITTEN:
10 LET X=@1&334 : GOTO 10

THIS FROGRAM READS THE CONTENTS OF MEMORY LOCATION 14324 INTO THE
VARIAELE X, THEN ERANCHES BACK T REFEAT THE STATEMENT

THE FOLLOWING WAVEFORM RESULTS:

e Yo ms —
a14-F1 ——J L , — -

— b~ Sussc

THE FOLLOWING CONCLUSION COULD BE REACHED:

THE EXECUTION OF THE TWO STATEMENTS ON LINE 10 REQUIRE 40 MSEC.
THE WIDTH OF THE AD14-F1 FULSE I3 3 LISEC, WHAT IS THE REAZON FDR.
THIS?® RECALL THAT ADDRESS LINES ADC1YZ, 13, 14, & 15) ARE LOCATED
IN THE 74L5174 FROM THE LEAST SIGNIFICANT DATA BUS ERITS DE(O-3)
THEREFORE THE A4 LINE WILL STAY TRUE UNTIL A NEW ADDRESES VALUE IS
FLACED ON THE ADDRESS LINES. LET "= LOOK AT THE ADDRESS STROBE NADES-NZ
IN RELATION TO AD14-F1.
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l¢————————— s uscc |

AD14-P1 | ‘ L

NADE-F2
PROELEM %

NOTICE THE LITTLE SLIVER THAT IS LABELED FROBLEM. THIS TIME I=
AROLIT S0 NSEC. THE FROBLEM IS THE TIME THAT THE ADDRESS STROEE AFFEARS BE-
FORE THE ADDRESS IS CORRECT.  RECALL THE LATCHING OF THE AS(12-14) BITS
IN THE 74L5174. THE STROBE LUSED TO CLOCE THE DATA BUS BITS(0-32) INTO THE
74L 5174 135 NADS-P2. THEREFORE: THERE IS A FINITE DELAY CAUSED BY THE
INVERTER FROPAGATION DELAY AND THE 74L5174 FROFAGATION DELAY BEFORE THE
ADDRESS IS FIRM IN THE 74L=174 OUTPUTS. THE REASON FOR THIS DISCUSSION
IS TO SHOW WHY YOU MUST USE THE TRAILING EDGE OF NADS-N2Z FOR CLOCKING THE
ADDRESS INTD A FLIP FLOP. IF YOU USE A LATCH LIKE A 7475 THERE WOULD BE
NO PROELEM A% THE DATA OUT WILL FOLLOW THE DATA IN UNTIL THE CLOCK PULSE
GOES FALSE. LET"S LOOK AT THE READ STROBE NRDS-FZ IN RELATION TO AD14-P1.

v

-
N

<

Al14-P1

NRD:=-NZ

—>| Soonsex E lt—a 00 nSEC

THE PROGRAM COLLD BE CHANGED TO THE FOLLOWING:
10 LET@143284=255 © GOTO 10

THIS PROGRAM WRITES ALL ONES TO LOCATION 14324, LETS LOOE AT THE
WRITE STROBE NWDS-FZ IN RELATION TO AD14-F1 AND DOUT (0-7)-P1.

AD14~F1 ————J o | S

‘ [

NWD'S—-NzZ l | I !

'e500 »|& oo —> ‘

- S ‘ ‘
DOUT(O-7)~F1 4 I\‘- \00 ?’L_""_fo

THE DATA ARE FIRM DURING THE STROEE TIME AND COULD BE LATCHED INTO

A DATA REGISTER. LET'S GO DOWN O - ey THE )
INE LANGUAGE OF THE scomp, o e LEVEL OF FROGRAMMING TO THE MACH-

116



LETS WRITE THE FOLLOWING PROGRAM:
10 R=32000

20 INPUT U
40 INFUT $R
50 LET X=@(R)

53 A=X

GOSUE 1000

&0 LET X=@(R+1): GOSUE 1000

&5 B=X

70 C=(16%#A)+B
20 LET edl)=C

20 LU=li+1

100 GOTO 40

1000 IF
1010 IF
1020 IF
1030 IF
1040 IF
10350 IF

X=4&35

X=58

X=L& X=59

X=47

X=60

X=&i2 X=61

X=&9

X=62

X=70 X=63
1060 X=X-4&
1070 RETURN

EUFFER AREA FOR 2 CHAR. STRING.
STARTING LOC. FOR INFUT

INPUT TWO HEX CHAR.

IN A STRING.

CONVERT FIRST DIGIT

ONE

12

I I I I

CONVERT
CONVERT 2
WRITE DECIMAL BYTE
GO ) ANOTHER
IS IT "A", SET
Is IT "B", SET
IS 17T "@&v, SET
Is IT D", SET
IS IT “E", SET
Is IT "F", SET
CONVERT Q-9

SECOND DIGIT

DIGIT NBR INTO DECIMAL

10
11

132
14
15

THIS PROGRAM ALLOWS S TO SPECIFY A LOCATION IN MEMORY AND TO
INFUT HEXADECIMAL BRYTES INTO THE LOCATION SPECIFIED AND INTO FOLLOWING
SERUENTIAL MEMORY LOCATIONS.

EXECUTING THE PROGRAM:
THEN INFUT THE FOLLOWING STRINGS C4,

40,

33

c4,

INFUT LOCATION 46000 A5 START OF DATA INPUT

00, 21, C¥, 00, w0, FC.

THIS CHARACTER STRING IS A MACHINE LANGUAGE PROGRAM AT DESCRIBED BELOW

ADDRESS MACHINE CODE
&000 440

6002 35

AQ073 =400

6005 31

G006 200

L0032 POFC

LOAD A REG WITH 40 (HEX)
EXCHANGE A WITH FP1 REG HIGH BYTE
LOAD A REG WITH 0O

CEXCHANGE A WITH FA REG LOW EBYTE
STORE A INTO LOC. INDEXED BY F1
JUMP BACK. TO LOC 4004

THE F REGISTER WILL CONTAIN LOCATION 4000 HEX OR 14324 DECIMAL.
THE A REGISTER WILL EBE STORED REFEATEDLY INTO

WHEN THISZ

"LIMK 4000 "

AlD14-F1

FROGRAM 15 EXECUTED
MEMORY LOCATION 143284
MACHINE LANGUAGE.

Susee

THIS PROGRAM IS SIMILAR TO THE NIBL PROGRAM BUT IN
EXECUTE THE PROGRAM BY LUSING
AGAIN LOOK AT AD14-P1.

THE NIEBL LINK STATEMENT.

B R
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THE STORE ACCUMULATOR INSTRUCTION REQUIRES 13 MICROCYCLES FOR EX~
ECUTION TIME. A MICROCYCLE IS EQUAL TO 1 USEC IN A SC/MP I1 RUNNING AT
4 MHZ. A JUMP INSTRUCTION REQUIRES 11 MICROCYCLES, THEREFORE THE 29 USEC
IS THE TOTAL EXECUTION TIME OF THE LOOF WE FPROGRAMMED

ST 12 SEC
JME 11 USEC.

29 LISEC.

THE SFEED ADVANTAGE OF MACHINE LANGUAGE PROGRAMES OVER NIBL PROGRAMS
CAN EASILY BE SEEN. YOU MAY WRITE MACHINE LANGUAGE SUBROUTINES FOR AFP-
LICATIONS THAT RERUIRE SPEED, WSING THE LINK STATEMENT TO CALL THE MACHINE
LANGUAGE FROGRAM. USE THE CONVENTION SHOWN IN THE NIEL MANUAL TO RETURN
TO YOUR NIBL FPROGRAM
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3.6 LOGIC DIAGRAMS
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+5v 4MHZ -

5.1K XTAL
: . X X2
RESET latd. NRST \
22MFD AD (@-18)
A » ADDRESS BUS
3 e % A0 VY Naos ) - OUT @-1)
170 IN- SENSE B 8ILS9T z@%ss
. ) OCTAL DESELECT ONBOARD
O IN*> BUFFER MEMORY _
I/0 OUT + =— FLAG O —> NADS
‘ A W cx |ARl2 N cs7 NRDS
10 OUT - =— SC/MP I N O T N ADI1g cs6 NWDS
(585085 ADB -\ ap@ fraisiss (USED FOR REMAINING 2K
READER CONTROL: c@— FLAGI J s OF PAGE 1)
b (3
DBy-DB, J
ADy-ADjq CSw-e)  ADs-AD,
4K BYTE 2K BYTE o
7 ¢ NRDS “NIBL" ROM RAM o
ISP-8F/352 SET 16 (21LG2-4)
If"'”’ 8iLsS7 ' 2(MM23I6A)
D IN@-7) DINwg-n  DOUT@-7|
<
& Y,
b — DATA BUS
= L _ J oUT (g-7)
< DATA BUS
V4 : IN(2-7)
QO
@)
-
(s3] N .
- BLOCK DIAGRAM
© NIBBLER
M SHEETIOF S o . ,




CHIP/ BOARD MAP

71
1

P fsseed

i

TOP OF BOARD
(COMPONENT SIDE) -
™ ey
ol %
HEH
(B8]
[B2] 83 =
& £l |8 P
| H a1 |3
5 - N 1 R
~ 2 TS | 4
3 o~ o~
30’ 8&
3 53] |%s
El 5 b
bz} [03] [b4] [O5] [P&] [O7f [DF
[N O U D BN N K B NN D BN B GEE
144 IES‘ TW [ES] [E®] [E7} [EW]
— — — —— ke e b

™

3,6.2 BOARD AND EDGE CONNECTOR MAP

EDGE CONNECTOR MAP

| +5

2 15

3 DIN7-PI

4 [0 OUT-P1
5- DING-PI

6 I0IN-PI

7 DINS-PI

8 I00UT-NI
9 DIN4-PI
10 IOIN-Ht

I DIN3-PL
{2 RDRCONT-NI
13 DIN2-PI
14 DOUT7-PI
15 DINI-PI
[6- DOUT6-PI
I7 DINg-P}
18 DOUTS-PI
19 SPARE.
20 DOUT4-PI
2| SPARE
22 DOUT3-PI
23 SPARE
24 DOUT2-PI
25 SPARE
26- DOUTI-PI
27 DESELECT-PI
28 DOUT@-PI
29 SEL6-NI
30 SEL7-NI
3 —i2v
32 -2V
33 +12Vv
34 +12V
35 ADI4-PI

36 ADI5-PI

37
38
39
40
al
a2
43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60

6l
62
63
64
65
66
67
68
69
70

71
72

ADI2-PI
ADI3-PI
NRDS-N2
SIN-PI
SPARE
SOUT-PI
SPARE
FLG 2-PI
SPARE
SENA-PI
SPARE
NEN OUT-NI
RESET-NI
NENIN=-NI
NBREQ=-NI
NHOLD-NI
CONT-PI
NADS-N2
SPARE
NWDS-N2
SPARE
CLOCK-P2
ADII-P2
ADIg-P2
AD@9-P2
AD@B-P2
AD@T7-P2
AD@6-P2
AD@5-P2
AD@4-P2
AD@3-P2
AD@2-P2
ADg@1-P2
AD@@-P2
GND

GND

BOARD AND EDGE CONNECTOR

MAP-

SHEET 2 OF & Rev |

e

——
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NRDS- NZ—I-ll9

16_DB@-PI 21 86 |3 pourg-ri ping-P1 24 B8 |3 ppg-pi
15_DBI-PI 4 1S bouti-pI pINI-PI - F—S—DBI PI
14_DB2-PI 6 LT pouT2-PI DIN2-PI -8 L pB2-PI
13_0B3-PI 8 9 pouT3-PI DIN3-PI -2+ 2~ DB3-PI
lz_0B4-PI 2]~ I pouta-pi DINa-p1121 &= Ml ppa-pi -
Il DBS-PI 14 & [2-oouts-pi oins-pi41 (5 H3 pes-pi
I§_DB6-PI 161 3 P15 poute-pi piNne-PI4&] I HB pge-pi
9 0B7-PI 1 ® U7 pour7-pi Lo om7-p 84 ® LT pg7-p) DESELECT-p1
.-l 19 EDTP‘ER 214 A Al 8
25 AD@@-PI 2 }_'AD¢¢ p2 ¢ A5 9 IO 74L508 O SEL(¢+|)-N|
o :gg'z-‘:l :; 3 ADgI-P2 aoig-pe—2]  PI 5
27 - -H— AD@2-P2 P A Al
28 _ADG3-PI . ‘ 8 9 apg3-p2 ADII -P2 hi2 raLsde 02 SEL(2+3)-NI
= 12 ADI2- P 0 'y 44
29 ADP4-PI : ~ E— apga-p2 I 7o D\
3¢ _AD@S-PI : 1a] @ 13, ogs-p2 Fry 05\ SEL 4-NI
3_AD@6-PI 16] 5 |'5_ apge-p2 4 DE\ SEL 8-NI
A3 32 AD@7-PI : e] % 7_ apg7-p2 N p‘\ SEL6-NI
INS 8g6@ 33 AD@8-PI LO—I—J_ o = BELT-NI
MPROC 34 AD@9-PI ‘ : .
35 ADIg-PI v . . ~ 2} B2 | 3_Apds-p2
36 _ADII-PI , 4 |5 ADgo-P2
| 39 NADS-NI PU4  pup g L7 ADIg- P2
9 Api-p2
2 NRDS-NI A i2] ~ [0 Nans a2 Q
| _NWDS-NI " . 14 3' 13 _NRDS-N2 ::
3__NENIN-NI . N8l ® 7o tBV 13 (N6
5 _NBREQ-N! ,PUQUMPERA
6 NHOLD-NI 53 8.IK R3 ]9 |
*|A_NENOQUT- NI poutg-pi>{ BS | 2— api2-pi
T senapr V! 2:::2’"' DouT! - Pi-4 S aor3-Pi
e F— out2-p-&] « ADI4-PI
22 FLG2-PI A6y - gou*rs-m% g —:—:L—Aola-m
24 _SIN-PI 10 OUT-PI ne 2y T NC
- 14 13
23 SOUT-PI N— ¥ F—Nnc
< 19 FLGE-PI ———————— 100UT-NI
@ 21_FLGI-PI '
S 18_SENB-PI
> RDRCONT-NI PU 1,2,3,485 =IfK TO 5V
= PU 6 « |[K TOSV
— —— (OIN-NI
< A6 vee +5V
~ L, 1 1oiN-pi t——J—l
27pt ¢ + 3
- I JUMPER B~ IN4OOI T IPIMF C 7
< * | main Losic
M SHEET 3 OF g
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ROM LOGIC

3.6.4

AD@g-P2

'AD@I-P2

AD@2-P2
AD@3-P2
AD@4-P2
AD@5-P2
ADg6-P2
AD@T7-P2
AD@8-P2
ADZ9-P2
ADI@-P2

2 Z
X T
breg ”
8 &
G 5
o |
a 3
g
L]
£
< -
O} <Sjoe
e OUO |23
8 22
= )
S
- 10 236 A [187)
- () 7
— 16
3
a
i
. o]0l
-y hd 24 pINg-PI
7] 224 —DINI-PI.
8 C7 = [&—DiNz-PI
9| 23|6A .sj DIN3-PI
] e NPl
17 A
L (2) : DING-PI
2 | 118/ __DINT-PI
3|
—4}

THESE ARE PRE-PROGRAMMED TO
CONTAIN NIBL, ROM | IS LOWER 2K,
ROM 2 IS UPPER 2K.

SHEET 40F .5

4K ROM (NIBL)

REV |
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3.6.6

WIRE LIST A CHIPS

Al 7413503

1. RESET-N1, Al~-Z, R3, 2, EC-4%
2. RESET-N1, Al-1, R3, C2, EC-49
3 NRST-N1, A3-7
4, SEL3-N1, AS~172
5. SELZ-N1, AS-11
& SEL(2+3)-N1, C7-14, C7-15
7. GNI
&  SEL(O+1)-N1, C5-14, CS5-15
@ SEL O-N1, AS-9
10. SEL 1-N1, AS-10
11, CLOCK-FZ, EC-5&
12  XOUT, A1-13, RZ, XTAL, A3-33
13 XOUT, Al-12, RZ, XTAL, A3I-38
14. VT
AS 74L5155
1. AD12-F1, AS-15, BS-2, EC-37
2. DESELECT-FP1l, AS-14, JUMPER C, EC-2
3 AD11-P2, B2-9, EC-59
4. SEL7-N1, EC~30
S.  SEL&-N1, EC-29
&, SELS-N1, (E1-E&)-13
7. SEL4-N1, (D1-D8)-1:3
8. GND
9. SELO-N1, A1-9
10. SEL1-N1, Al1-10
11. SELZ-N1, A1-5
12. SEL3E-N1, Al-4
13 AD10-P2, EZ-7, EC-60, CS~4, C7-4
14. DESELECT-P1, AS-2, JUMFPER C, EC-27
1%. AD1Z-P1, AS-1, BS-2, EC-37
14, VCC

A& 74504

1 FLG1-F1, A3-2z1

y RORCINT-N1, EC-12

2 FLGO-P1, AZ-1%

4. IO OUT-N1, A&~D, EC-3

5. I0 OUT—-N1, A4~-4, EC-8

& IO DUT-P1, A&-6, EC-4

7 GNID

a SENE-F1, A3-13

9. IOIN-N1, JUMFER E, TO A&~10, EC-4
10. IDIN-N1, JUMFERE, TO A&-%, EC-4
11. IDIN-P1, EC-10

12, NAD=-F2, BS5-%

13 NADS-NZ, B2-11, EC-3-

14. VCC
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NWDE~NT,
NROS-N1,
NENIN-N1,
NENOUT—-N1,
NEREGR-N1,
NHOLD-~N1,

NRET-N1,
CONT-F1,
DB7-F1,
DR&-F1L,
Ooea-F1,
De4-F1,
ODE2-F1,
pE2-F1,
DE1-FP1,
DRO-F1,
SENA-F1,
SENE-P1,
FLGO-F1,
GND

FLG1-P1,
FILLGZ-F1,
S0UT-F1,
SIN-P1,
ADOO-F1,
ADOL1-P1,
ADOZ-F1,
ADO323—F1,
ADO4-F1,
ADOS—-F1,
ADOL-F1,
ADO7-F1,
ADOZ-P1,
ADOY-P1,
AD1LO-F1,
AOL1-F1,
XIN, 1,
XOuUT,
NADS-N1,
VG

XTAL,

FUS,
FU4,

JUMFER A,
EC-48

FLUZ,
FU3,
Al-3

FuL,
B&—-18,
Bé~14,
Béﬁt“' 1 41
B'&t"" i :2:
Bé&~T,
E:(:‘.-"‘(.:‘.-;
B&-4,

E:/."}":’..l

EC-44
AL—3
Ab-z

AbL—1
EC—-44
EC-4%

EZ-40

|—-. Py
ot il et

2-4

2~
-3
c2-1
nZ-14
L2-146
[ I
BZ-Z
EBEZ-4
B2-4
BZ-3
R1

RZ.
Bz—-12

A2 INSB04&0

NORMALLY, EC~-30



WIRE LIST B CHIPS

GND
ADO3-F1,
ADOe-P2,
ALO9-P1,
ADOP-P2Z,
AD10-F1,
AD1O-F2,
AD11-F1,
AD11~-F2,
GND
NADS-NZ,
2. NADS-N1,
13 NRDS-NZ,
14, NRDS-N1,
15, NWD=-NZ,
14, NWIE-N1,
17. NC

12, NG

12, GND

20, Vi

NN W

Ty
= O

-
B

FU &

GND

WO NN

-
-

N
13 NG
NIz
1% NI
vz ©

Ab1Z-F1,
DouTO-F1,
DoUT1-F1,
AD13-F1,
DoUT2-F1,
All14-F1,

NADS-FZ,
AD1S-F1,
DouTE-F1,

A3-33
CH-2,
AZ-34
c5-3,
AZ-35
|:5“‘4:
A3-36
AS""3:

AL-13
AZ-3%
Ca~13
FU4,
(E1-E
PUS,

B'(-)..SI
EC-3&

Bé‘-?l
EC-35

B2 31L597

C7“‘2;

C7-3,

o7-4,

EC~-59

(01-07)~1%,

(01-D7)~14,

EC-4&0,

» ELCZ-354

s |::7“ 1:3'

AZ-2
7)-3,
AZ-1

EC-3%

(D1-D7)-3,

BS 74L35174

EC-327
Bé&=-3, . D1-11,
U:Z—ll:

AL—-10
EC—-34
Bé&~2,
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p3-11,

n4-11.

E1_11l
EZ2-11,

EB"I 1'

E4-11,

(E1-E7)~-1S5,

(E1-E7)~14,

AS5—-13

EC-56

EC—-Z&
EC-26

EC-24

EC-22

EC-42

EC-61



B& 21LE97

1. GND

Z.  DBRO-F1, A3-14, B3-3

2 DOUTO-FPL, BS-3, Ei-11, Di1-11, EC-28
4. DBE1-F1, A3-15, B3-S

5. DOUT1-P1l, ES-4, EZ-11, DZ-11, EC-2&
& DBE2-F1, A3-14, B3-7

7. DOUTZ-F1, BES—-4, E3-11, D3-11, EC-24
2. DBE3-P1l. A3-13, BS-%

9. DOUT3-F1, BS-11, E4-11, D4-11, EC-2¢
10. GND

ouT4~P1, ES-11, DS-11, EC-Z0

fa—y
-t

12. DBE4-F1, AZ-12, EB3-11
12 DoUTS-P1, ES-11, DS-11, EC-1%

[y
bl

DES~-F1, A32-11, Bs-13
oouTe-FPL, E7-11, D7-11, EC-1é&
146, DBE&-P1, A3Z-10, BS-13

17. DoUT7-F1, E=-11, D2-11, EC-14
12, DR7-P1, A%, BS-17

1% GND

20, voi .

[axy
o

)

B2 71L5%7

NRDS-NZ
D1INO-P1, ©S5-22, C7-34, Di-12, E1-12, EC-17
DBRO-F1, A3-14, BA-Z
DIN1-F1, CS-22, C7-22, DZ-12, EZ-12, EC-1S5
DB1-F1, AZ-15, R&-4
DINZ-FA, CS-21, C7-21, D2-12, E3-12, EC-132
DEZ-F1, AZ-14, B&-4
DINZ-F1, C5-20, C7-20, D4-12, E4-12, EC-11
. DEZ-F1, A3-13, B&-2

10, GND

11. DE4-F1, A3-12Z, B&-12Z

2. DIN4-F1, CS5-19, C7-1%, DS-12, ES-12, EC-%
12 DBS-P1, AZ-11, B&—-14

14. DINS-F1, CS-18, C7-12, D&-12, E&-12, EC-7
15, DB&-FPL, A3-10, Bé&—-164

14, DIN&-F1, C5-17, ©7-17, D7-12, E7-12, EC-5
17. DB7-P1l, AZ-%, BR&—-12

12 DIN7-F1, CS5-14, C7-14, DE8-12, E2-12, EC-3
1% NRDOS-NZ :
20, Vo

N0 SN

D]
I
L
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3.6.8 WIRE LIST C CHIPS

1. GND
2. ADOO—-F1, A3-29
3. ADOO-FL, 55,
4. ADOL-F1, A3-24
3. ADO1-F2Z, LCS5-&,
&, ADOZ-P1, AZ-Z
7. ADOZ-P2, 115-7,
. ADO3-F1, A3-Z8
. ALDO2~-FPZ, C5-8,
10, GND
11, ADO4-P2Z, C5-2,
1z, ALO4-F1, A3I-Z%
12 ADOS-PZ, CS5—-10,
14, ADOS-1, AZ-20
15, ADO&-P2, Z5-11,
14, ALNOA-F1, AZ-21
17. ADO7-PZ, C5-1,
i2. ADO7-FP1, AZ-32
12, 1GND
20, Vi
oS 23

ADO7-F2 NET

ADO2-FPZ NET

ADOY-FZ NET

AD1O-FZ, EBZ2-7, EI-&O0

ADOO—-F2Z NET

ADOL1-FP2Z NET

ANOZ-F2Z NET

ADO3-PZ NET

ADO4-FZ NE'T

ADOS-P2 NET

ADNO&-FZ NET

3ND

NRDZ~NZ, BZ-12, EC-3%

SEL (O+1)-N1, A1—-2

SEL (O+1)-N1, Al-3

DIN7-F1 NET

DINA—-F1 NET

ODINS-F1 NET

DINZ-F1 NET

DINZ-F1 NET

DIN1I-F1 NET

DINO-F1 NET

Voo

16A (ROM1)

C2 81597

£7-5, (D1-D7)-8, (E1-E7)-8, EC-70
C7-6, (D1-D7)-4, (E1-E7)-4, EC-69
£7-7, (D1-D7)-5, (E1-E7)-5, EC-63
C7-8, (D1-D7)~bs (E1-E7)=b, EC-47
C7-%, (D1-D7)=7, (E1-E7)~7, EC-66
£7-10. (D1-07)-2, (E1-E7)-2,
£7-11, (D1-D7)-1, (E1-E7)-1,

C7-1, (D1-D7)-14, (E1-E7)-14, EC+63

1. ADO7—-FZ NET
2. ADOS—-FZ NET
= ADOY-FZ NET
4, AD10O-PZ, EZ~7, EC-A0
3. ADOO-FZ NET
. &, ADOL-PZ NET
7. ADOZ-FPZ NET
= ADOZ~P2Z NET
@, ALIO4-F2 NE'T
10, ADOS~PZ NET
11. ADO&-FZ NET
12, GND
3. NRD=-N2, B2Z-13, EC-3%
14, SEL (2+3)-N1, Al-4&
15 SEL (243)-N1, Al~&
14, DIN7-P2Z NET
17. DIN&-FP2 NET
13, DINS-PZ NET
19, DIN4-FZ NET
20, DINZ-FZ NET
21, DINZ-F2Z NET
22, DIN1-FZ NET
22 DINO-PZ NET
24, VCC
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NIl B e I e

rADWR O

D(1-7) 2102
ADOA-F2Z NET

ADOS-FP2, NET

NWDS-NZ, BZ2-15%, EC-954
ADO1-P2Z NET

ADOZ~-FZ NET

ADO3-PZ NET

ALO4—-F2Z NET

ADOO—-F2Z NET

GND

Voo

(DOUTO-P1)—-(DDUT7~-F1) NET
(DINO=P1)-(DIN7-F1) NET
SEL4-N1, AS-7 ‘
ANOY—-F2 NET

ALQS-P2 NET

ADO7~P2 NET

E(1-7) 2102

ADO&-PZ NET

ADOS~F2 NET

NWDS-NZ, R2-15, EC-54
ADO1-PZ NET

ADOZ-FPZ NET

ADOZ-F2Z NET

ADO4-F2 NET

ADOS~FP2Z NET

GND

Voo
(DOUTO-P1) - (DOUT7~P1) NET
(DINO-F1)—-(DIN7~F1) NET
SELS-N1, AS-4 ' '
ADOZ-F2 NET '
ADOZ-PZ NET

ADO7-F2 NET
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3.6.9 WIRE LIST LARGE SIGNAL NETS

ADDRESS LINE NET

ADOO-PZ NET CS-5, C7-5, C2-3, (D1-D7)-8, (E1-E7)-8,
ADO1-PZ NET CS—k, C7-&, C2-5, (D1-D7)-4, (E1-E7)-4,
ADOZ-P2 NET CS-7, C7-7, C2-7, (D1-D7)-S, (E1-E7)-5,
ADO3-P2Z NET CS-8, C7-8, C2-9, (D1-D7)-6, (E1-E7)-6,
ADO4-P2Z NET CS-9, C7-9, C2-11, (D1-D07)-7, (E1-E7)-7,
ADOS—F2Z NET £5-10, C7-10, C2-13, (D1-07)-2, (E1-E7)-2,
ADO&L~PZ NET CS-11, C7-11, C2-15, (D1-07)-1, (E1-E7)-1,
ADO7-P2 NET CS—-1, C7-1, C2-17. (D1-D7)-16, (E1-E7)~-1é,
ADOS-PZ NET CS-2, C7-2, B2-3, (D1-D7)-15, (E1-E7)-15,
ADO9-PZ NET C5-3, C7-3, B2-S, (D1-D7)-14, (E1-E7)-14,
DATA OUT LINE NET

DOUTO-P1 NET E&-3, ES-3, E1-11, Di-11, EC-28

DOUT1-P1 NET B4-5, BS-4, E2-11, Dz-11, EC-2&

DOUTZ-P1 NET B&-7, BES-&, E3-11, D3-11, EC-24

DOUTE-P1 NET B&-9, BS-11, E4-11, D4-11, EC-22

DOUT4-F1 NET B4—11, ES-11, DS-11, EC-20

DOUTS-P1 NET Bé&-13, Eé—-11, D&-11, EC-12

DOUT&~F1 NET B6—-15, E7-11, D7-11, EC-164

DOUT7-P1 NET B4&-17, ES-11, D3-11, EC-14

DATA IN LINE NET

DINO-F1 NET E3-2, CS5-23, C©7-23 D1-12, E1-12, EC-17

DINI-F1 NET B3-4, [S-22, ©7-22, D2-12, EZ-12, EC-15

DINZ-P1 NET BS-4, CS5-21, ©7-21, D3-12, EZ-12, EC-13

DIN3-F1 NET BZ—3, C5-20, 07-20, D4-12, E4-12, EC-11

DIN4-P1 NET B3-12, CS-19, C7-19, DS5-12, ES—1%, EC-%

DINS-F1 NET E3-14, C5-18, C7-18, Dé—1Z, Eb-12, EC—7

DING-F1 NET B3~14, CS5-17, C7-17, D7-12, E7-12, EC-5

DIN7-P1 NET BS-12, CS5-16&, C7-16, D2-12Z, ES-12, EC-32
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3. SC/7MP AND NIEL INTEGRATED CIRCUIT TECHNICAL DESCRIPTIONS

3.7.1 ISP-38A/600 (SC/AMF II)
7.2 MM2Z146A 146K ROM (NIRL ROM)
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National
Semiconductor

MM2316A 16,384 -bit read only memory

general description features

The MM231BA is a static MOS 16,384-bit read-only ® Fully decoded

memory organized in a 2048-word-by-8-bit format. = Single 5V power supply

It is .fabricated ) gsing N-channel enhangement and ® Inputs and outputs TTL compatible

depletion-mode silicon-gate technology which provides ® Stati .

complete DTL/TTL compatibility and single power- atic operation )

supply operation. ® TRI-STATE outputs for bus interface
® Programmable chip selects

Three programmable chip selects controlling the TRI- ® 2048 word by 8-bit organization

STATE™ outputs allow for memory expansion. ® Maximum access time—450 ns

Programming of the memory array and chip-select
active levels is accomplished by changing one mask
during fabrication.

applications

® Microprogramming
= Control logic

= Table look-up

JUNE 1977

block and connection diagrams

logic symbol

Dual-in-Line Package

Atowaw Ajuo peal 31q-y8€°9L VILEZWWIN

A7 A8 A9 AID »
I I I I a4 k ) L~ vee
m =
COLUMN DECODER 3 2
A9 — == 02 -] A0
L] 21
------- A0 — 03 — A2 01—
— 20 —{ A3 02—
A0 | AQ —— b— 04 .. 03b—
o 04 p=—
A2 ! a1 =2 19 06 s e
ROW ! MEMORY — i v
A3 | MATRIX 1 ol
PECODER 2048 X8 Az — — 06 J o
" —— ! —{ ns —
. ! AT & 07 —f A 08 p—
A10
a4 - 08 1 e cs3
l pril 5 051 l
CHIP T “
cs1 SELECT OUTPUT BUFFERS AB 14 052
I I I‘[lll]]l 6ND —4 13 53
cs2 cs3 01 02 03 04 05 06 07 08 ) T0P VIEW

© 1977 National Semiconductor Corp. IM-B20M67/Printed in U.S.A.
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absolute maximum ratings (Note 1)

Voltage at Any Pin

Operating Temperature Range

Storage Temperature Range

Power Dissipation

Lead Temperature (Soldering, 10 seconds)

—0.5V ta +7V
0°C to +70°C
—65°C to +150°C
w

300°C

dc electrical characteristics (T within operating temperature range, V¢ = 5V 5%, unless otherwise noted).

1
PARAMETER TYP
(Note 3) CONDITIONS MIN (Note 4) MAX UNITS
Input Current (IL|)l VIN=0toVee 10 HA
Logical 1" Input Voltage (V|H) 20 Vee+1.0 \Y
Logical “0” Input Voltage (V) -0.6 0.8
Logical 1" Output Voltage (VOH) I0H = —100 uA 22
Logical “0’* Output Voltage (VoL ) loL=2mA 0.45
Output Leakage Current (I OH) VouTt=4V,(5=22V 10 MA
Output Leakage Current (I oL) VouT =045V, CS = 2.2V =20 HA
Power Supply Current {Icct) All Inputs = 5.25V, Data 40 98 mA
Output Open
capacitance
PARAMETER TYP
{Note 3) CONDITIONS MIN (Note 4) MAX UNITS
Input Capacitance (All VIN =0V, Ta = 25°C, f = 1 MHz, (Note 2) . 75 pF
Inputs) (C)N)
Output Capacitance VoUuT =0V, TA = 25°C, f= 1 MHz, 15.0 pF
(CouT) (Note 2)
ac electrical characteristics
(TA within operating temperature range, Voc = 5V 5%, unless otherwise specified).
See ac test circuit and switching time waveforms.
PARAMETER TYP
| M NIT
(Note 3) CONDITIONS IN (Note 4) MAX U S
tACCESS See ac Load Circuit. All Times Measured 450 ns
to 1.5V Level with t; and tf of Input
<20 ns, (Figure 1)
tSELECT See ac Laad Circuit. All Times Measured 300 ns
to 1.5V Leve! with t; and tf of Input
< 20 ns, (Figure 2)
tDESELECT See ac Load Circuit. All Times Measured 300 ns
to 1.5V Level with t; and t§ of Input
<20 ns, (Figure 2)

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for ’Qperating
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of ““Electrical Characteristics'
proyides conditions for actual deyice operation.

Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used: logical “1' = most positive voltage level, logical ‘0 = most negative voltage level.
Note 4: Typical values are for T = 25°C and nominal supply voltage.
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ac test circuit and switching time waveforms

24v
ADDRESS 1.5v
0av

24v

—| 'ACCESS -

ouTPUT 15V

CHIP SELECT 15v 15v
av
—=] 'SELECT l~— DESELECT ’»

*Includes jig capacitance
custom ROM programming

Custom ROM programs are submitted to National in
three formats: paper tape, punched cards or truth table,
with punched cards being the preferred. These programs
are converted into machine language and outputted on a
magnetic tape. This magnetic tape is used to make the
programmable mask and the test tape. The wafers are
tested at the wafer level. The wafer is then scribed and
the good dice assembled. After assembly, the units are
tested using the custom test tape to assure the correct
output pattern for every address.

National has programs to convert NEGATIVE logic to
POSITIVE or POSITIVE to NEGATIVE so ROMs can
be entered in either logic, but the customer must specify
which logic definition is used.

INFORMATION NEEDED

FIGURE 1. Access Time

TRISTATE
ouTPUT

FIGURE 2. Output Enable and Disable

PROGRAMMING DEFINITIONS
Logic Definitions

NEGATIVE Logic: “0” = VH = the more positive
voltage. ““1” = V| = the more negative voltage.

POSITIVE Logic: “0” = V| = the more negative volt-
age. “1"" = VH = the more positive voltage.

Input/Output Definitions

Address: AO is the least significant input address.
Outputs: O1 is the least significant output.

Custom ROM Programming

So that National can better serve its customers, the following information must be submitted with each ROM code.

National Semiconductor Corporation
2900 Semiconductor Dr., Santa Clara, CA 95051
Phone (408) 737-5000 TWX 910-339-9240

NATIONAL PART NUMBER

ROM LETTER CODE (NATIONAL USE ONLY)

NAME OATE

ADDRESS o " [CUSTOMERPRINTOR 1D NO B
Ty STATE ZIP | PURCHASE ORDER NO o
TELEPHONE NAME OF PERSON NATIONAL CAN CONTACT (PRINT) | AUTHORIZED SIGNATURE DATE

tape entry format (Note 1)

2 Spaces

Note 5 — = MM2316A og.Ms8  MM2316A
Note 6 ——== POS
cs1 x
Note 7 —>[ cs2 x by, LSB
cs3x
annn Note 3
ARl o ¢ 8-Bit Tape Format

™1 Space

Note 2 ———
B

letter A,

_réltm:r
+—— 1 Space

Note 1: The code is a 7-bit ASCII code on 8 punch tape.
Note 2: The ROM input address is expressed in decimal form and is preceded by the

Note 3: The total number of “1" bits in the output word.

Note 4: The total number of ‘1" bits in each output column or bit position.

Note 5: Specify product type.

Note 6: Must type POS logic, or NEG logic depending on which is used. Logic on addresses
and outputs must be the same (either POS or NEG).

Note 7: Specify the pattern necessary to select the ROM.
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MM2316A 16,384-bit read only memory

card entry format

\

e 21 i3 s AN AR A AR AR N PN N E R AR R A AR G B RN S S ass e 78790
1 [MM231 6 A (Noten)

2 [P 0S Noe2)

3 |cs 1 0)

4 [Cs 2 1}Noed _—(Note 6) [— (Note 6) ——— (Note 6) —— (Note 61
s [cs3 o) ] b8 [

6 [A000 00000000 0 0000pPDO0O0OO O 000000006 Q 01010101 43

7 [AOO4 001 11111 6 00011100 3 00000000 0 001 11 100 4FJNotes
8 [A0OOB 00000000 O 00011000 2 01000000 1 11000100 3)

o | iNowa)

. —(Note 7)

e |T B S 14 0)

e [TB?7 150

e |[TBE 250

e |TB8S5 400

T e oo f Mo

e [TB8B3 299

ni[TB2 o098

n [TB1 100

123456 78 9 1011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 62 53 54 55, , 76 77 78 79 80

Note 1: Specify product type.

Note 2: Must type POS logic or NEG logic depending on which is used. Logic on addresses, outputs and chip selects must be the
same (either POS or NEG).

Note 3: Specify the chip select logic levels that will enable the ROM.

Note 4: The first ROM input address per card is expressed in decimal form and is preceded by the letter A.

Note 5: Punch four address locations per card, only first location on each card has the address location expressed in decimal form.
Note 6: The total number of ‘1"’ bits in the output word.

Note 7: Leading zeros must be punched.

Note 8: The total number of **1"’ bits in each output column or bit position.

physical dimensions

wa
o i
wam
axo osis o3z
o o
Al
s
am w oo
0530 0520 Guas 0083 0008 50000 L tmeoao  max ey L Mmoo
S e s T SEAUANT W oun = MAX o sot0 52018 14 o ' wose g1
L = oson vom i f
J | ! ' ]
J \. pomooz g ) i oo oo [
FET omom ] i ' o008 wam o | o
. oo L eme s . oo oo o . s sos oo - . o oo ein
a0 s 2800 o wesr sosn nm w48 %08 030 [ wisr o0 b e
Cavity Dual-In-Line Package (J) Molded Dual-in-Line Package (N)
Order Number MM2316AJ Qrder Number MM2316AN
NS Package Number J24A NS Package Number N24A
Manufactured unter one o more of the feliowng U S_patents: 3083262, 3189758, 3231797, 3303356, 3317671, 3323071, 338107}, 3408542, 3421025, 3426423, 140498, 3518750, 3519897, 3557431, 3560765
3566218, 3571630, 3579609, 3579059 3593069, 2547610, 3607469, 3617853 3631312, 3633052, 3638131 3648071, 3651565, 3693248

National Semicand Cor :
2900 Semiconductor Drive, Santa Clrara. California 95051, (408) 737-5000/TWX (910) 339-9240
National Semiconductor GmbH
808 Industr

National Semiconductor (UK) Ltd.
Larkfield Industrial Estate, Greenock, Scotland, Tele. (0475) 33251/Telex 778-632

10, West Germany, Tele. (08141) 1371/Telex 05- 27649

National coes not assume anv responsib:lity tor use of any ciscurtry descr:bed. no'cirCuit patent licenses are impliea. and National reserves the right, at any time without notice, to change said circuitry.
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March 1977
Pub. No. 4263052900018 applications absolute maximum ratings (Note 1)
» Test Systems and = Process 1! Voltage at Any Pin -0.5V 10 +7.0V
= Machine Tool Control = Terminals " 70%
= Small Business Machines = Traffic Controls Operating Temperature Range 0°Cto+70°C
= Word Processing Systems . ;bolatory Controllers Storage Temperature Range ~65°C to +150°C
. " o = Educational Systems - phisticated Games
ISP-8A/600 single-chip 8-bit n-channel microprocessor (SC/MP-il) « Multiprocessor Systems « Automotive Lead Temperature (Soldering, 10 seconds) . . . . . 300°c

general description

Si-gate N-channel ion-implant process

SC/MP (Simple Cost-effective MicroProcessor) is a ® Direct Memory Access (DMA) and multiprocessor
single-chip 8-bit microprocessor packaged in a stan- capabilities
dard, 40-pin, dual-in-line package. * Handshake bus-access control on chip dc electrical characteristics  (Ta = 0°C t0 +70°C, Vo = +5V & 5%)
N-channel, silicon gate, depletion mode standard- = Simplified programming
process technology ensures high performance, high * ‘Multiple ing modes — prog
reliability, and high producibility. relative, i data, indexed, dexed, Parameter ‘ Conditions ‘ Min. ] Max. I Units
SC/MP is intended for use in general-purpose applica- and implied
tions where cost per function is a most significant ® Direct control output INPUT SPECIFICATIONS T
criterion. But cost efficiency is only a part of SC/MP’s ¢ Three user-accessible control-fiag outputs All Input Pins Except Vcc and GND | |
story. It goes on to include a variety of useful * Simpler 1/0 hardware Logic “1” Input Voltage | 20 vee | v
functions that are not even provided by some of the ® Separate serial-data input and output ports Logic 0" Input Voltage 1 1 05 0.8 1 v

i like self timing * Two sense inputs i
circuitry, 16-bit (65k) addressing capability, serial or * Direct interfacing to standard memory parts Input Capacitance |
parallel data-transfer capability and common memory/ « Simplified timing hardware (All pins except Vcc and GND) . | pF
peripheral instructions. The built-in features in con- « On-chip clock generator = e
junction with lhe low |r?i(ial cost de!cnbe‘ thn  interface flexibility Supply Current TA=25C
SC/MP really is — a microprocessor specifically © Capability to interface with memories or peri- 'cc outputs unioaded | RO s S mA
dwgped 1o provide tr_w Sfmplest and most efficient pherals of any speed TA=0C I
solution to many application requirements. « Large system capability ‘ outputs unloaded 50 ! mA

* Address capability to 65k bytes of memory OUTPUT SPECIFICATIONS
customer benefits * Simplified power requirements T T
* Single 5-volt supply . “TRI-STATE®" Pins (NWDS, NRDS, | i
® Simpler interfacing * Low power DB0-DB7, AD0O-AD11) ;
 Bidirectional TRI-STATE® 8.bit data bus ® Lower cost Logic 1" Output Voltage 10uT = -1004A
* TTLcompatible input/output interface © Plastic package Logic “0" Outpat Voltage louT = 20mA
NADS, FLAG 0-2, SOUT, NENOUT

block and connection diagrams Logic 1" Output Voltage

Logic “1” Output Voltage i

Logic “0” Output Voltage

(I-dW/9$S) Jossadoxdosdiw [Buueyd-u §g-g diyd-sjbuls 009/V8-dSI

ADDRESS -
HE) NBREQ (Note 2) |
- cc Logic “0” Output Voltage i 1QUT = 20mA
POINTERS POINTERS NADS - ————
WiEH) Wowr Xour Logic “1" Output Current 0<VoyT <Vce
AD11 - T T
ACCUMULATOR - AD10 XouT
::: Logic 1" Output Voltage
ExTension res —_— -
ADOS
. ADD4
003
A6z
ADOY
ADOO
SN
T
FLAG2
FLAGY

SC/MP-11 Pin Configuration

INSTRUCTION
REGISTER REGISTER

D 1977 National Semiconductor Corp.

DA-B20M37/Printed in US.A. 2
. - ) nctional description
ac electrical characteristics [Ta = 0°C 10 +70°C, Vce = +5V £ 5%, 1 TTL Load (Note 3)] functional descripti
SC'MP 15 a self contaned general-purpose MICrOprocessor « present on the two busses, and when vahd input/
designed for ease of implementation i stand-aione, DMA output memory or peripheral data are present on the
Parameter Conditions Min. Max. Units (Direct Memary Access), and multiprocessor applications. 8 bit hus To further extend flexibility of apphcation,
. o 20 Wiz Communications between SC'MP and external memary seral data nputioutput ports are also provided so that
x - - . peripheral devices are effected via a 12:bnt dedicated serial data transfers can be effected under program
R =240Q * 6% (figure 28) 20 4.0 MHz address bus and an 8 bit bidirectional data bus. During control. The remaming input/output signals shown in
C = 300pF £ 10% o the address interval of eact input output cycle, SC MP figure 1 are dedicated to general-purpose cantrol and
Tc (Note 4) 500 ns employs both busses to provide 2 16 bit address output status functions, including imtialization, bus manage-
— the 12 least significant address tuts are sent out over the ment. mictoprocessor halt, interrupt request, nput/
Microcycle R 1 } us 12-tit address bus snd the 4 most significant address bits output cycle extension, and user-specified hardware/
e 2 T are sent out over the B-but <lata bus along with 4 status software nterface functions. A detaled description of
Ext;mil Clock Input (see figure 2A) 120 | s tits. Separate strobe vutputs from SC MP (NADS rach nput output signal is provided in table 1
Wo, } I NWDS, NRDSI inheate whers vahid addhess i formation
Twi 1 120
XOUT/ADS Timing Relationship | | onss
(see figure 3) | i ADDRESS o
TH (ADS) 100 225 ns a v
H ! } — I —— ]
Address and Input/Output Status i [ .
(see figures 5 and 6) —~— ——
Tp1 (ADS) | | 3Tc/2 ns
t QUTPUT ADDRESS OUTPUT ADDRESS
Tw (ADS) | (Tc/21-50 | ns L
Ts (ADDR) ! (Tc/2) -165 | ns
] ~ TROGRAM COONTER 7ROGAAM COUNTER
TH (ADDR) 50 i ns 5 e = 5 ow g
Tg (STAT) (Tc/2) -150 ns : SOmTER AEGISTER | = g OmTER REGISTER 1 H
- H HIGH) H 2 wow H
TH (STAT) 50 ! ns £ H = H
£ PONTER REGISTER 7 2 £ POMTER AEGISTER 2
Th (NBREQ) ) e £ WG 2 H wow 2 v
i POINTER REGISTE! m
Data Input Cycle (see figure 5) | | INTER REG) R3 PO n“:;:lumu
Tp (RDS) 0 | s |
INCREMENTER ano swiF1
Ts (RD) 175 ns
TH (RD) ) | ns o >
Tacc (RD) | 2Tg - 200 ns xour i — =
Data Output Cycle (see figure 6) | :
Tp (WDS) | Tc-50 s [ o o
[T rp S—
Tw (WDS) Tc-75 i ns acess |
} wenour [E>——
Ts (WD) (Tc/2) - 200 | ns 5 o [ @
i ! wHoto contuoL sense 4
H (WD) 100 ns sare | ats E>—— < wiennurr
Input/Output Cycle E xtend | ! | wes o— | —<] sowse
(see figure 7) i w05 [——t Satus
Ts (HOLD) 200 : ns neGisTER
Tp1 (HOLD) 130 215 ] ns ! st o e < e
Tp2 (HOLD) 350 : ns | Coningt b <o e
Tw (HOLD) o | | ot [D>——— usraucrion < s
t — occoot
TH (HOLD) ) ns a0 e
fffff b } e e wnst [ CONTROL
Bus Access (see figure 4) i
Tp (NENOUT) 150 i ns_°
Tpz (ADS) | Tcl2 3Tc2 ns
T (NENIN) ) ! ns
Output Load Capacitance : i “WsrRucTion Tontare
XouT | | 30 oF REGISTER AEGISTER
} RO - - i
All Other Output Pins T i L 75 | pF ? t
Note 1: Maximum ratings indicate limits beyond which damage may occur. Continuous operation at these limits is not intended and shouid be
limited to those conditions specified under electrical characteristics.
NBREQ is an input/output signal that requires an external resistor to VC. \
All times measured from valid Logic 0" level = 0.8V or valid Logic 1" level = 2.0V. 1
Te is the time period for two clock cycles of the on-chip or external oscillator (T = 2/1). Refer to paragraph titled Timing Control farostavo
d definition.
Note 5: All times measured with a 50% duty cycle on the external clock FIGURE 1. SC/MP-1) Detailed Block Diagram
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TABLE 1. Input/Output Signal Description

Signal

Functional Name

Description

NRST Reset Input

CONT Continue Input

NBREQ Bus Request Input/Output

NENIN Enable Input

NENOUT Enable Output

NADS Address Strobe Output

NRDS Read Strobe Qutput

8-bit

NWDS Write Strobe Output

NHOLD Input/Output Cycle Extend

SENSE A Sense/Interrupt Request

Input

Set high for normal operation. When set low aborts in-process
operations. When returned high, internal control circuit zeroes
all programmer-accessible registers. then, first istruction 1s
fetched from memory location 000116

When set high, enables normal execution of program stored in
external memory. When set low. SC/MP operation s suspended
(after completion of current nstruction) without luss of internal
status.

Associated with SC/MP internal allocation logic for system hus.
Can be used as bus request output or bus busy input. Requires

! external load resistor to VCC

Associated with SC/MP internal allocation logic for systam bus.
When set low, SC/MP is granted access to system busses. When
sat high, places system busses in high-impedance (TRI-STATE )
mode.

Associated with SC/MP internal allocation iogic for system bus.
Set low when NENIN is low and SC/MP 1s not using system
busses (NBREQ-high). Set high at all other times.

Active low strobe. While low, indicates that valid address and
status output are present on system busses.

Active-low strobe. On trailing edge. data are mput to SC/MP from

data bus. Higt (TRI-STATE)

output when input/output cycle is not in progress
Active-low strobe. While low, indicates that valid output data are
present on 8-bit (TRI-
STATE') output when input/output cycle not in progress

When set low prior to trailing edge of NRDS or NWDS strobe
Input stretches strobe to extend input/output cycle; that is. strobe is
held low until NHOLD signal is returned high,

data bus. High

Serves as interrupt request input when SC/MP internal |E
{interrupt Enable) tiag 1s set. When IE flag s reset. serves as user

SENSE B Sense Input

sense
effected by copying status register to accumulator

input. Sense cond testing is

SIN Serial Input to E Register

Seriat Output from E
Register

Flag Outputs

Address Bit 00 through
Address Bit 11

User
effected by copying status register to accumulator

nput_ Sense testing is.

Under software control, data on this line are nght-shifted into E
register by execution of SIO instruction

Under software control, data are rightshifted onto this line from
E register by execution of SIO instruction. Euch «lata bit remains,
latched until execution of next S10 nstruction

User-designated general-purpose flag outputs of status register
Under program control. flags can be set and reset by copying
accumulator to status register

Twelve TRISTATE
least significant address bits on this bus when NADS strobe 1s low.
Address bits are then held valid until trailing sdge of read (NRDS)
or write (NWDS) strobes. After trailing edae of NRDS or NWDS
strobe. bus s set to lngh impedance (TR1STATE ) mode: untdt
next NADS strobe

address output lines. SC MP outputs 12

NOTE:
The 8-bit bidirgctional data bus is set to the high impedance (TRI STATE “) mode except when it is actually in
use by SC/MP (NADS, NRDS, or NWDS fow). During the addressing interval of each nput ‘output cycle (INADS
low), SC/MP provides address and status outputs over the bus, during the ensuing data transfer interval (NRDS or
NWDOS low), B-bit input or output data bytes are routed over the bus

TABLE 1. Signal i« 9
Signal Mnemonic/ _ 'putatNADSTime Inputat | Outputat
Pin Designation | Functional ' am Description NRDS Time | NWDS Time
DBO Address Bit 12 Fourth most signiticant it of 16 bit
5 address
D81 I Address Bit 13 Third most sinificant it of 16-bit
H : address
D82 Address Bit 14 Second most siantficant bit of 16-bit |
) address. | Input data | Output data
0B3 Address Bit 16 Most significant bit of 16-bit address. are expécted | are valid
DB4 | R-Flag When high. data input cycle is start on the *"97'“ f'gg;';ég;"
ing. when low, data output cycle is :DBO‘DB ) g )
| starting ines. ines.
0B5 1-Flag When high, first byte of instruction
1s beiny fetched.
D86 D-Flay When high, indicates delay cycle is
starting, that is. second byte of DLY
instruction is being fetched. Ly '
DR7 H-Flay When high. indicates that Halt Note: The DBO through DB7
Instruction has been executed. (In ({AD12-HFLG] lines are a
some system configurats , the H- high. {open circuit)
Flag output is latched and, in load when SC/MP does not
conjunction with the CONTinue have access to the input/
| input, provitles a programmed halt.} output bus.

DRIVERS AND RECEIVERS

Equivalent circuits for SC/MP drwvers and recewers are
shown below. All inputs have static charge protection
crcuits consisting of an RC filter and voltage clamp.
These devices stll should be handled with care, as the
protection circuits can be destioyed by excessive static
charge

RECEIVER ORIVER
NRST vee
o Nwos
SENA — NROS
SENs eno
¢ ND ver!
I nADS
oL iy
— sout
oND (21
M
GND ¢
NBREQ. 00-07
-sic GND
GND
GND Vet
.—.‘
XIN| >—-‘:H ADDR8-11
—|
GND GND

veo
‘«é——Dxauv
Lone
[ raoTecron - """%i

SC/MP-11 Driver and Receiver Equivalent Circuits

TIMING CONTROL

Al necessary timing signals are provided by a three-stage
inverter ring oscillator contained on the SC/MP chip.
Two control pins, XIN and XOUT, permit the frequency
of the oscillator to be controlled by any of the following
methods:

By leaving the XOUT pin unterminated and driving
the XIN pin with an externally generated TTL clock
that conforms to the parameters shown in figure 2A.
For this method, the frequency of the oscillator is
equal to the frequency of the external clock input.

~

By connecting a resistor-capacitor feedback network
between the XIN and XOUT pins and GND as shown
in figure 28. '

w

By connecting a crystal with low-pass filter network
between the XIN and XOUT pins and GND as shown
in figure 2C (for above 1 megahertz) or figure 2D (for
1 megahertz or below). For this method, the frequency
of the oscillator is equal to the resonant frequency of
the crystal and the low-pass filter prevents unwanted
harmonic oscillations.

In addition to appropriate ol
networks for the on-chip oscillator, figures 2A through
2D also show how an optional driver may be used to
derive a system clock from the oscillator signal present
at the XOUT pin. For reference purposes, the timing
relationship between the XOUT signal and the NADS
strobe is shown in figure 3.

In the that follow, and
input/output timing are described in terms of microcycles.

The time interval of a microcycle is four times the period of the oscillator. that is

period of one microcycle = 2T¢
1
(]
‘VES

1 1
Tc=2(" 2(—1—)
€™ o XIN

where:

Tc = time period for two cycles of on-chip or externa oscillator

fosc = frequency of on-chip oscillator

fres = resonant frequency of crystal connected between XIN and XOUT pins
XIN & frequency of external clock applied to XIN pin

A. External Clock Inpyt

EXTERNAL
cLock xm
OPTIONAL
DRIVER scme
OPTIONAL
SYSTEM = = = = ¢" b= = o x0UT
CLOCK
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|.m

XN

|

B. Resistor Capacitor Feedback Network
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FIGURE 2. Frequency Control Networks for On-Chip Oscillator

C. Crystal with Low-Pass Filter (Above 1MHz}
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D. Crystal with Low Pass Filter (1MHz or Below)
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INSTRUCTION FORMAT

The SC'MP instruction repertaire includes both single
byte and double-byte instructions. A single byt instrug
tron consists of an 8t operation code that specifies an
operanon that SC MP can execute without further
reference 1o memory. A double byte mstruction consists
of an 8:bit operation code and an 8-bxt data or displace
ment field. When the second by te represents a data held,
the data are processed by SC/MP during execution of the
nstruction, thereby eliminating the need tor turther
memory references. When the second byte represents
a displacement value, 1t 15 used to calculate a memory
addddress that will he aceessed {written into or read from)
1t Addressing)

during execution of the mstruction fre

DATA STORAGE
As shown 1. SC MP provides o iternal
hieh e accesstble 1o the program
function of these oagisters are

RO

e The purpoy

‘' bt el
The prowam counter s a 16 it

S of the mstruction being

Program Counter
hat contans e adeds

The con

2ot this registen
ach nstruction s fetehed

e atomaticaily

Ty e st

o b sequental execution of the

L icnons Unde progeam control, the contents
St enten ase may betmodibed an evehanged with
e ety Ot pomten register 1o efhect subroutine
catteani proaram branchies
NOTE

The 16 bt wddiees output of the program counter
consists of a8 it g orden address and a 12 it
Tow onder adddiess When the program counter 1s
weementsd at the start of each nstruction fetch
toutput cycle, only the 12 low order bits are
attected 0o carry 15 provided to the 4 hugh-order
Fur systems employing memories of 4k or
the high-order bits can be wnored as they are
10 000016 foliowing mitiaization. For systems
larger memories  the contents of a
regater can be modified 10 select the
w1t 8k block of memory

cmploying

pointy

Pointer Registers — The ponter egisters are 16 bit
AenETal DUTNOSE rEgistens that nonnally ane loaded under
W addresses that serve as

progam contiol with o
Puae portten, stack pomters and subroatioe pomters. In
apphications having nory addnessing requite
these teaiters may be used alterately as data

mal me
ments
Storage teaisters,
NOTE:
When interrupt requests are enabled,  pointer
register 315 automatically referenced by the internat
microprogram for formation of the starting address
of the useryenerated interrupt service routine.
(Sre figure 9 In this case, the contents of pointer
register 3 must be set to one less than the memory
focation of the hrst mstruction in the interrupt
secvice routine

Accumulator — The 8 bit accumulator (AC) is the pri
mary working register of SC/MP It 1s used for performing
and stoning the results of arithmetic and logic operations.
as well as for data transters, shifts, rotates, and data
exchanges with the' prograra counter. the pointer regis
ters. anti the status register

Extension Register — The extension register is used both
for serial input/output data transfers and with the
accumulator to effect arithmetic, logic, and data-transfer
operations. If the second byte of an indexed or auto-
indexed memory-reference instruction (refer to Addres-
sing) equals -12810. the contents of the extension
reqister are used as the displacement value for. address
formation

Status Register — The status register provides storage for
arithmetic, control, and software status flags. For more-
detailed nformation on the function of this register,
refer to Status Register under the description of the
Arithmetic and Logic Unit

instruction Register — The B:-bit instruction register is
not accessible to the programmer. During the fetch phase
of wach instruction cycle. this register is loaded with the
8-bit nstruction operation code retrieved from memory
(for a sngle-byte instruction or the first byte of a
double-byte mstruction)

Data Input/Qutput Register — The data input/output
register 15 not accessible to the programmer It is used for
temporary storage of all mput/output data received via
o tansmitted over the 8-bit Indirectional data bus
dunng the data-transter interval of each nput/output
cycle (NRDS or NWOS low)

Address Register — The 16-bit address register is not
accessible 10 the programmer It is used for temporary
storaie of the 16 bit address transmitted during an input/
output cycle

ARITHMETIC AND LOGIC UNIT

The Anthmetic and Logic Unit {ALU) provides the data
mamipulation capability that 1s an essential feature of
any microprocessor. The operations provided by the
ALU include OR. XOR. mcrement. decrement, binary
addition. and decimal addition For decimal addition,
the data nputs to the ALU are treated as two 4-bit BCD
cipts, thereby eliminating the program-storage and
execution time required to perform BCD to binary
conversion

BUS TRANSFER LOGIC

The bus transter logie processes the qating and function
outputs of the nstruction decode logic to
provide the shiftght (with ik, without link. or with
serial mput datal rotate {with or without fink), and
bus axchange functions necessary for data movement
between the SC'MP internal read and write busses. A
qenetal summary of the datamanipulation capabilities
avanlable to the programmer follows

control

1. Either the low order or the high-order byte of any
pomiter register can be exchanged with the contents of
the 8 bit accumulator. Thus, data exchanges between the
pownter reqisters can be nffected one byte at a ime via
the accumulator

2. The contents of the program counter can be directly
exchanged with the contents of any pointer register.

3. The contents of th: sxtension register can be loaded
into the accumulator or can be exchanged with the
contents of the accumulator. When the accumulator is
loaded from the extension 1eqiter the oriqinal contents
of the accumulator are 1ot




4. The contents of the status register can be copied into
the accumulator to enable status modification or condi
tional-branch testing. When the status register is copied
into the accumulator. the contents of the status register
are not altered but the oriqinal contents of the accumu-
lator are lost.
5. The contents of the accumulator can be copied into
the status register to change the outputs of the status
register. except for status bits 4 and 5 (Sense A and B
inputs to SC/MP). Since these are read-only bits, they
are not affected by data movements internal to SC/MP.
Copying the accumulator into the status register does
not alter the contents of the accumulator.
NOTE:

The flag 0, 1, and 2 outputs of the status register

serve as latched flags, in other words, they are set

to the specified state when the contents of the

accumulator are copied into the status register, and

they remain in the specified state until the contents

of the status register are modified again under

program control

STATUS REGISTER

The function of each bit in the status register is described
briefly below
2 ]s|s]a] I 2|1 o
D/Lrv sB [sa[€r]F LFO—!
User Flag 0 — User assigned general-purpose status bit for
implementation as software status bit or in system
control applications. This status_bit is available as an
external output from SC/MP.
User Flag 1 — Same as User Flag 0.
User Fiag 2 — Same as User Flag 0.
Interrupt Enable Flag — Internal status bit that is set
and reset under program control. When set, SC/MP
recognizes external interrupt requests received via Sense
A input. When reset, inhibits SC/MP from recognizing
interrupt requests.

Sense A — General-purpose status input for sensing
external conditions. When IE flag is reset, this bit can be
tested by copying status register to accumulator. When
1E flag is set, this bit serves as interrupt request input
causing SC/MP to branch to user
interrupt-service routine in response to high input

Sense B — Same as Sense A except that it is not tested
for interrupt status

NOTE:
Sense A and B inputs are read-only bits. Thus, they
are not affected when the contents of the accumu-
lator are copied into the status register.

Overflow (OV) — This bit is set if an anthmétic over
flow occurs during an add (ADD, ADI. or ADE) or a
complement-and-add instruction (CAD, CAl, or CAE)
It 1s not affected hy the decimal-add instructions (DAD,
DAI, or DAE)

Carry/Link (CY/L) — This bit 1s set if a carry from the
most significant bit occurs during an add. complement
and-add, or decimal-add instruction. Thus, it serves as a
carry nput to the next add instruct:on. In addition, it s
included in the Shift Right with Link (SRL) and Rotate
Right with Link (RRL) wnstructions.

CONTROL

The operation of the SC/MP microprocessor consists of
repeatedly accessing or fetching instructions from the
program stored i external memory and executing the
operations specified by the instructions. These two steps
are carried out under the control of an internal micro
program. (SC/MP is not user-microprogrammable ) The
microprogram s similar to a state table specifying the
series of states of system control signals necessary to
carry out each instruction. Microprogram storage s
provided in the instruction decode and control logic,
and routines are to tetch
and execute instructions. The fetch routine tirst incre-
ments the program counter. and then causes the instruc-
tion address to be transferred trom the program counter
to the system busses via the output address register. The
microprogram next initiates an input data transfer. When
the code is subs ly placed on
the 8-bit data bus (single-byte instruction or first byte
of double-byte instruction), the operation code is loaded
into the instruction register. The operation code Is then
partially decoded to determine whether the instruction
contains a second byte. If it does, a second input data
transfer 15 effected to load the next byte in the data
input/output register

After the complete instruction is stored in the instruc.
tion and/or data put register(s). the

decoder transforms the instruction operation code into
the address of the appropriate instruction-execution
routine contained in the internal microprogram. The
microprogram then branches to the specified internal
address to initiate execution of the instruction. The
resulting execution routine .. comprises one or more
microinstructions that implement the required functions.
For example, the first microcycle of an Extension
Register Add Instruction (ADE) causes the contents of
the extension register to be gated onto the read bus,
transferred to the write bus via the bus control logic,
and then written into the data input/output register.
The next microcycle causes the contentsof the accumu-
lator to be gated onto the read bus, the contents of the
read bus to be added to the contents of the data input/
output register via the ALU, and the resultant output of
the ALU to be written into the accumulator via the
write bus. The final step of the execution routine is a
jump back to the fetch routine to access the next
instruction.

INITIALIZATION

Since SC/MP may power up in a random condition, the
following power-up and initialization procedure is
recommended.

1. Apply power (GND and Vc) and set NRST low.

NOTE:
Allow ample time (typically, 250ms) for the
oscillator and the internal clocks to stabilize. In
systems where NRST is set low after turning on
power, NRST must remain low for a minimum of
4Tc. While NRST is low, any in-process opera-
tions are aborted automatically. When WRST is
low, strobes and address and data busses are in the
Non-1/0 state (high-Z state)

2. Set NRST high. If the rise ume of this input is too
slow, the processor, first, will initialize and execute a
few instructions and, then, will reinitialize. |f the applica-
tion is such that multiple initialization is undesireable,
NRST should be brought high at a minimum rate of 2
volts per microcycle.
NOTE
This causes the SC/MP internal control circuit to
set the contents of ull programmer-accessible
registers to zero. Thus, when SC/MP is granted
access to the system busses following initialization,
the first instruction is fetched a/ways from memory
location 00011g. The NBREQ output goes low,
indicating the start of this input/output cycle, this
dccurs at a time within 13T after NRST is set
tigh. Normal execution of the program continues
as long as NRST remains high.

parallei data transfers

Paraliel data transfers occur during each instruction
fetch and during the ensuing read/write cycle associated
with execution of the memory-reference instructions.
This class of instruction could perhaps more properly be
catled the “Input/Output Reference Class™ in the case of
the SC/MP microprocessor, since all data transfers,
whether with memoty, peripheral devices, or a central
processor data bus, occur through the execution of these
instructions. This umified bus structure 1s in contrast
with many other and

busses. The NBREQ input/output line then goes low
during each input/output cycle as shown in figures 5 and
6 to indicate when SC/MP is actually using the system
busses.

NOTE

The NBREQ input/output line must be tied to

Ve via an external load resistor to allow normal
of the SC/MP

For DMA and multiprocessor applications, the NBREQ,
NENIN, and NENOUT signals can be interconnected in
various configurations to aow bus access to be granted
1o requesting devices according to user-specified priori-
ties. Figure 4 illustrates the general sequence in which
these signals are processed by SC/MP to gain access to
the system busses and to indicate when the busses are
actually being used.

INPUT/OUTPUT CYCLE

Once SC/MP has control of the system busses, the actual
input/output cycle begins. As shown in figures 5 and 6,
the functions of memory addressing, data reading, and
data writingare implemented, respectively, by the address
strobe (NADS), the read strobe (NRDS), and the write
strobe (NWDS). Note that the NBREQ signal is reset
high at the end of the input/output cycle to indicate
that the system busses are now free for use by the
highest-priority requesting device.

that have one instruction type (inputioutput class) for
communication with peripheral devices and another
instruction type (memory reference class) for communi-
cation with memories. The advantage of the approach
taken by SC/MP is that a wider variety of instructions
(the entire memory-reference class) is available for
communications with peripherals. Thus, the LD and ST
(Load and Store) instructions can be used for basic
transfers, the ILD and DLD (increment/decrement and
load) instructions can be used for indexing peripheral
registers, and the remaining memory reference instruc-
tions can be used, as required, for “one-step’ retrieval
and processing of per-pheral input data.

BUS UTILIZATION" |
The bus utilization of SC/MP is shown in table 2.

NBREQ, NENIN, and NENOUT are active and bus
access is controlled as shown in figure 4. If NENIN is
returned high during an input/output cycle, the input/
outpu* cycle is repeated when NENIN is again returned
low.

During an ILD or DLD instruction, SC/MP does not
relinquish the bus between the loading of the data and
the storing of the modified data. If NENIN is brought
high after the data have been loaded, the load portion of
the cycle is not repeated when NENIN is returned low.

BUS ACCESS

Before SC/MP can initiate paralle! data transfers with
memory or peripheral devices, it must have access to the
system address and data busses. Three of the SC/MP
input/output signals are associated with bus control:
NBREQ, NENIN, and NENOUT. For simple stand-alone
applications, the NENOUT signal can be ignored and the
NENIN signal can be tied to GND to allow the SC/MP
microprocessor to have continual access to the system

The first that SC/MP performs for each input/
output cycle is to load the 12 least significant address
bits onto the 12:bit address bus, and the 4 most signifi-
cant address bits along with 4 status bits onto the 8-bit
data bus. At the same time, SC/MP sets the NADS output
low to indicate that the address and the status informa-
tion are valid, The low-order address on the 12-bit bus is
then held valid for the duration of the input/output
cycle; the high-order address and the status information
on the 8-bit bus remain valid only while NADS is low.
While valid, the status bits have the following signifi-
cance:

RFLG — When high, indicates that input/output cycle is
read cycle; when low, indicates that input/output cycle is
write cycle.

IFLG — Set high to indicate that instruction operation
code (single-byte instruction or first byte of double-
byte instruction) will bé output from memory following

DFLG — Set high only when second byte of Delay
Instruction is to be read from memory following NADS.
Execution of the Delay Instruction then starts at trailing
edge of NRDS. Upon completion, SC/MP provides NADS
output to initiate next input/output cycle if bus access
is granted. Time in microcycles from leading edge of
delay flag to leading edge of subsequent NADS output is
computed from the following formula

Delay = [9 + 2(AC) + 2 disp + 29 disp] microcycles
where
(AC) = unsigned contents of accumulator

disp = unsigned displacement value contained in
second byte of Delay Instruction

The time derived from the ahove formula does not

include the four microcycles required to fetch the first

byte of the Delay Instruction. Thus, when the Delay

Instruction 1s used for software timing, total instruction
execution: ime equals [13 + 2(AC) + 2 disp + 29 disp |
microcycles.

NOTE:
When Halt Instruction is executed, instruction
decode and control logic inhibits incrementing of
program counter for one input/output cycle. Thus,
Halt Instruction 1s read from memory a second
time to enable generation of HFLG output, but no

further processing of Halt Instruction occurs. In
effect. this procedure ensures HFLG is output in
advance of the next instruction to be fetched from
memory.

HFLG - Set high only during addressing interval of read
cycle that follows Halt Instruction. HFLG may be used
10 cause user-provided external logic to set the CONT
input low, and thereby to effect a programmed hait
Since HFLG read cycle precedes the next instruction
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Note: Timing is valid when NENIN is low hefore NBREQ is set low by SC/MP: see figure 4 for NADS timing when NENIN is
set low after NBREQ.

FIGURE 5. SC/MP Data Input Timing
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Note 5: SC/MP generates bus request: bus access not granted because NENIN high ! "
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the bus, the address and data ports will go to the highimpedance (Tri State ™) state. but NBREQ will remain low. When NENIN 1s subsequently 1
set low, the input ‘output cycie will beain again L
t

Note 7: Input/output cycle completed. NENOUT goes low to indicate that SC/MP granted access to bus but not using bus. It NENIN had been
set high before completion of 1nput/output cycle. NENOUT would have remained high

FIGURE 4. Bus Access Control FIGURE 6. Data Output Timing
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fetch, termination af programmed halt enables fetch of
first instruction that follows Halt Instruction.

After resetting the NADS output, SC/MP generates an
NRDS or NWDS strobe, respectively, to initiate a data
nput (read) or data-output (write) operation. For a read
operation, input data are strobed into SC/MP from the
8-bit bus on the trailing edge of the NRDS strobe. For a
write operation, SC/MP places valid output data on the
8-bit bus on the leading edge of the NWDS strobe. After
resetting the NRDS or NWDS strobe to complete the
data transfer, SC/MP then resets the NBREQ signal to
indicate that the system busses are free for use hy
another controller.

INPUT/OUTPUT CYCLE EXTENSION

As shown in figure 7, the NHOLD signal may be set low
prior to the trailing edge of the NRDS or NWDS strobe
to cause SC/MP to lengthen the input/output cycle by
holding the strobe active until after the NHOLD signal
is returned high. Since there is no restriction on the
maximum duration of the NHOLD signal, it can be used
in avariety of ranging from

of memories/peripherals with long access times to single-
cycle control of the operating program for software
debug purposes.

Figure 8 illustrates a typical circuit that may be used to
generate an NHOLD signal of repeatable duration. The
circuit shown employs a DM74165 8-Bit Parallel In/
Serial Out Shift Register to allow selection of an input/
output cycle extend time that ranges from Tc/2 to

Thus, the NHOLD output of the circuit is set low on the
leading edge ot each NADS strobe and, as shown in the
chart that accompanies the circuit diagram, it remains
low for a time period ranging from three clock cycles
minimum (B, C, D, and E inputs - Logic 1”) to seven
clock cycles maximum (B, C, D, and E inputs * Logic
“0")

It 1s important to note that instruction execution time
is increased whenever an input/output cycle is extended
via the NHOLD signal. For purposes of computing the
increase in INStruchion execution time, it 1s necessary 1o
distinguish  between the terms /nput/Output Cycle
Delay Period and Input/Output Cycle Extend Time. The
term Input/Output Cycle Delay Period refers to the time
that the NRDS/NWDS strobe 1s actually “'stretched’” to
provide the required memory or peripheral access time.
The term-/nput/Output Cycle Extend Tim# refers to the
additional number of microcycles required by the
internal SC/MP microprogram to complete the extended
input/output cycle: that is.

Input/OQutput Cycle Input/Output Cycle
Delay Period xtend Time
Tc/2 through 2T¢ (> 0 1 ucycle) 1 eycle

§T(/2 through 4T (> 1 < 2 peycles) 2 ucycies
9T(/2 through 6T¢ (> 2 < 3 ucycles) 3 pcycles
etc. etc.

The total increase in instruction execution time, there-
fore, is equal to the /nput/Output Cycle Extend Time

2Tcini of Tg/2. tiona of the
circuit 1s controlled by the NADS strobe and XOUT
signals. Each time that the NADS strobe goes low, the
data present at the A through H terminals are loaded
into the shift register in parallel. When the NADS strobe
subsequently returns high, the data are then shifted out
serially on the positive-to-negative transitions of XQUT.

-\

by the total number of input/output cycles
associated with the instruction, For example, a DLD
Instruction 1s normally executed in 22 microcycles.
Since this instruction employs three read input/output
cycles and one write input/output cycle, an /nput/Output
Cycle Extend Time of one microcycle would increase
total DLD time to 26 y

—
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Note

In order to extend the input/output cycle, NHOLD must remain low until the point where NRDS NWDS would have made a

low:to-high transition with NHOLD inactive. Dashed line indicates the trailing edge of NRDS/NWOS when NHOLD is not active.

FIGURE 7. NHOLD Timing
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FIGURE 8. Typical NHOLD Control Cireuit

serial data transfers

Serial nput/output data transfers can be used efficiently
with very slow inputioutput peripherals such as XY
plotters, telatypewriters, slow-speed printers, and so
forth. Such transters can be effected, 0 any of the
following manners

1. By assigming serial input/output functions 1o the
extension register via the SIO (Serial Input/Output)
Instruction.  When this instruction 15 executed, the
contents of the extension register are shifted right one
bt At the same e, data present on the SIN line are
shifted into Int position 7 of the extension register and
the onginal contents of bit position 0 are shifted mto a
flip-tlop to provide a latched output of the SOUT i
The SOUT data are then held latched until the next SI0
Instiuction is executed

2. By using one of the status fags as an output data it
and one of the sense lines as an mput data hit

3. By implementing external logic such that onty one
Iine of the B-but data nput-output hus s s

For synchranous systems, seral data nput output timing
may be provided by program loops that employ the
delay instruction, ot by using one or more of the transfer
nstructions (sex table 2) to test the output of an external
tning crrcwt, For asynchionous systems, one of the
sense nputs can be used for testing bitreceived ‘ady
status and @ pulsed flag output can be provided, undw
program control, for penpheral indexing each time that
a data it s actually shifted i or ot

Systems that have several pULoutput deviess mast he
multiplexed. device selection can then e accomplished
using the status flag outputs of SCMP. o1 by using

parallel input/output commands to load an external
latch. Systems that do not require serial input/output
capability can employ the SIN and SOUT lines as a sense
input and tlag output, respectively.

. pts
When the internal interrupt enable (IE) flag is set under
program control, the Sense A line is enabled to serve as
an nterrupt request input; when the |E flag is reset,
SC/MP 15 inhibited from detecting interrupts. Thus, while
the |E flag is set, the Sense A input Is tested prior to the
fetch phase of each instruction as shown n figure 9.
Upon detection of an interrupt request (Sense A high),
the foliowing events occur automatically.

1. The status reqister IE flag is reset to prevent SC/MP
from responding to any further inferrupt requests.
Interrupt request capability can then be reenabled during
or at the end of the ensuing user-generated interrupt
service toutine via the IEN (Enable Interrupt) Instruc
ton or by copying the accumulator into the status
register '

2. The contents of the program counter are exchanged
with the contents of the pointer register 3.

3. The contents of the program counter are incremented
by one to address the first instruction of the user:
generated interrupt service routine

The interrupt system must be armed before interrupts
are enabled. This is accomplished as follows

1 Fust, the Interrupt Enable Bit i the Status Register
oAt true by executing either ane Enable Interrupt
bstiuction (1EN) o o Copy Accumulator to Status
Register Instiuction (CAS)

13
2. Second, one additional nstruction 15 fetched and eight general categories. A listing of the complete
executed. nstructian set i1s provided in table 2. typical instruction
A return from interrupt is accomplished by executing execution times are given in table 3. and notstions and
two instructions: Enable Interrupt (IEN) immediately symbols used as shorthand expressions of instruction
followed by Exchange Pointer 3 with Program Counter ~ C2Pability are defined in table 4
(XPPC 3) -
ADDRESSING
microprocessor halt During execution, instructions and data defined i a
The CONT input to SC/MP is provided to enable program are stored into and loaded from specitic
suspension of operation without loss of internal status. memory locations, the accumulator, or selected registers
Processing of the CONT input is shown in figure 9. Since Because SC/MP, memory (read/write and read-only),
this is an asynchronous input, it can be controlled by and peripherals are on a common data bus. any instric-
external timing logic, or as stated previously, the HALT tion used to address memory may be used to address the
flag output that appears on the 8-bit data bus (during peripherals. The formats of the instruction groups that
the read cycle that follows execution of a Halt Instruc- reference memory are shown helow.
tion) can be used with an external circuit to effect a ol | o
programmed halt condition. Note that when an interrupt i o [ am My Hetarance 1n
request is detected while the CONT input is low, the first . T e ey tocemen o
instruction of the user-generated interrupt service routine - -t "
15 automatically executed. Thus. the first instruction of Memory-reference instructions use the PCorelative. in
the mterrupt service routine can be used to reset the dexed, or auto indexed methods uf addressing memory
external CONT iput logic and, thereby, to terminate The memory-increment/decrement mstiuctions and the
the microprocessor halt condition if so desired transter instructions use the PCrclative o ndexed
After execution of an instruction, the CONT input must methods of addressing
be high for a minimum time ot 2T¢ (1 microcyclel n The various methods of addiessing memory and per
order to fetch and execute the next instruction pherals are shown below,
Immediate addressing s an addiessing format specitic to
the mmediate mstruction qrou
— .
Operand Formats I
Type of e et !
Addressing T eu
| . !
[PC vl io 128 10 -
i
{Imlm«-d o123 -12810,4127|
Immediate 0 12810 -127
Au fexedt | 1 128t 127!
For PCorelanve, indexed, and auto mdexed memory
reference nstructions, another feature of the addressing
architecture 15 that the contents of the extension reqister
are substituted for the displacement 1f the mstruction
displacement equals - 128 (-X'80)
NTEARUPT NOTE:
All arithmetic operations associated with address
formation affect anly the 12 low-order address
bits. no carry 1s provided to the 4 high-order bits
For systems employing memories of 4k or less, the
high-order bits can be ignored as they are set to
AN PC 0000 following initialization. Far systems employ-
feicn mstaiction ing larger memories, the high order bits must be
set 1o the starting address of the desired 4k block
of memory. For example
FIGURE 9
00017 enables memory locations 100016 - 1FFF 16
Microprocesor Halt and Interrupt Request Input Processing 16 be addressed
00107 enables memory locations 200016 - 2FFF 16
. " 10 be addressed and so forth,
instruction set
The SC/MP instruction set provides the general purpose PC-Relative Addressing — A PC.relative address is formed
user of microprocessors a powertul programming capa by adding the displacement value specified in the operand
bility along with above average tlex ihility anid speed, The field of the nstruction to the current contents of the
instruction set consists of 46 Instructions, which comprise program counter The displacement s an 8 it twos-
15

140

14
complement number, so the range of the PC relative designated pointer register by the value of the displace-
addressing format 1s -12810 to +1279Q locations from ment. If the displacement is less than zero, the pointer
the current contents of the program counter reqister 1s decremented by the displacement before the
_ uses the contents of the effective address are tetched or stored.
M a reater than zero, the
value in the second byte of a double-byte mstruction as It the displacement ":““‘('h:"e;’: g"‘;'m;,:“ m‘;' the
the operand for the operation to be performed (see pointer register 1s used as ectvi g
helow) pointer register is incremented by the displacement after
the contents of the effective address are fetched or
For example, compare a Load (LDi mstruction 10 4 Load Stored
Immedrate (LD instruction The Load instruction uses
the contents of the second byte of the instruction n
computing the effective addiess of the data to be system implementation
loaded. The Load Immediate instruction uses the con P!
o f v oas e data to be oaded
tents of tha second bytr as the data to be fnadec Figures 10 through 12 illustrate typical SC/MP system
Indexed Addressing — Induxed addiessing enables the confiqurations. In figure 10, SC/MP is shown intercon-
programmer to addiess any location i memory thiough nected to three memory devices to form a stand-alone
the use of the pomter reqister dnd the displacement 4.device system that provides 266 words of read/write
When ndexed addressing s specibied i an instruction memory and 2,048 words for program storage. Figure 11
the contents of the designated pornter register are added shows SC/MP to an external
1o the displacement to form the etfoctive gddiess, The tor Direct Memory Access (DMA) operation, and figure
contents of the ponter oegister are get moditied by 12 dustrates a multiprocessor application using SC/MP’s
ndexed addressing builtin loaic to cantrol bus access
Auto-Indexed Addressing Auto mdexed addiessing
Provides e same capalnbities s ndexed addressing
along with the ability ta nerement of decrement the
1o
st
| o
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FIGURE 12. Muitiprocemor Sysem Using 8C/ME-1} Built-in Logic for Bus Controt

TABLE 2. Bus Usilizstion of Easch Instruction

DOUBLE-BYTE INSTRUCTIONS

TABLE 3. SC/MP Instruction Summary

MICRO-
MNEMONIC DESCRIPTION OBJECT FORMAT OPERATION CYCLES
Memory Refprence imstructions 7654321076543210}
Lo Load [ dhsy (AC)+ (EA) 8
1 Stare (EA) (ACI n
AND AND (AC)- #AC) A{EA) 18
OR OR AC)--(ACI V (EA) 18
XOR Exclusive OR (AC)- (ACI4HEA) 18
0AD Decimal Add (AC)+ (ACI1Q + (EANQ + (CY/LLICY/LY 23
ADD At (AC)* (ACI + (EA) + (CY/LL(CY/L)IOV) 19
caD Complement ant Add ’ (ACI* {ACI + ~ (EA) + TCY/LLICY/LIIOV) 2
Memory lacrement/Decrament Instructions
no Icrement and Lot IAC). (EA)- (EA) + 1 2
oL Ocervment it Load (AC). (EAI- (EA) - 1 2
Immediate Instructions 76543210
Lo Load Imimwdate data (ACH data 0
ANI AND Imausiiate (ACH {AC) A data 10
ORI OR tminatiate (ACI (AC) V ats 10
XHE AC) TAC) ¥ data 0
LAl (ACI (ACI10 + datagg + (CY/L)ICY/LY 15
ADI {ACI (AC) * data + {CY/LLICY/L).IOV) "
- [y IACH (ACI + ~data 1 (CY/L)(CY/LLIOVI 12
Transter Instructions |265432P 0176543210
e Juonp 10010 ....i i, { PC)- E. 1"
» Jutm ot Pt 0010 JHUAC) -0, (PCI EA 9 n
12 Jump it fone NELEN) 11 (AC) 0. (PC) EA 9.1
N7 dungs o Not v (10011 I (AC) < 0, (PC) EA 9.11
Double Byte Miscelianeous Instrugtians
oy Doty count ACt 1, 13ta
delay 13« 20ACH 1 2 dispp « 29 etispp 131593
eyl
SINGLE-BYTE INSTRUCTIONS
MICRO-
DESCRIPTION OBJECT FORMAT OPERATION CYCLES
Extension Register Instructions 6543710
Lot Lol AC toun E xterinns wi00u000] A Iretat ' 6
xat Envhnie At Exin V000000 1; ) “E 7
ANt 01010000 1ACHA 1E) 6
Ot I1ACK (ACIV () 6
xat e OR st )+ (ACH 41 6
DA Ve st At Lt < By + ICY LLICY L) "
ant Adet Extrniion CHEC CY L ICY LLIOV) 7
CAl Gompient g At | vt LACH (ACH + > TE) « (CY L1ICY L).IOV) 8
Pownter Register Mowe Instructions
XAl Exoname Ponte Lov (ACK (PTH) ot 8
XPa | Bt Pt Mo (AC) PTR g g1 8
xpi [ . PCI-+(PTRI 7
Shift, Rotate, Seral 1/0 Instructions
510 Serat gt Outpont (E,1 (€, 11, SIN -(E7), (Eg) -SOUT 5
Si Sintt Hight (AT, “(AC, 11. 0 HAC]! 5
SRU Shutt Ruit stk Lk (AC,) AC, 11, 1CY L) “1AC7) 5
RH Rustate Rugirt (AC,) “AC, 1), (ACQ) 1AC7) 5
RRL Rugns wwaths Lok (AC,i “1AC, 1), (ACQ) *(CY L) -{AC7) 5
Single-Byte Miscellaneous Instructions
HALT | Ha Pulse H flag 8
ceu i Canry Lok icY Lo 5
scL Set Carry Lk © L 5
DINT Dl ttarpt UEr 0 6
1N it ot (3] [
csa Copy Status 10 AC (AC) 1SR) 5
cAS Coy AC 1o Status (SR)- (AC) 6
NOP No Operation None 5

= TIME IN
0|lilllil,'0“IZII"'Ell"'lllnv?‘lllS?‘n?.
SCL, CL, CSA, RR, RRL.
SA.SRL, and SI0 | A B T |
LDE, ANE. ORE. XRE,
CAS, IEN, nd DINT L T R A B A |
XAE, XPPC, and ADE (A T Y O N I A |
caexeammaxeal | 1L U H L1 1 LeGenD
OAE [ t [ [C7] BUS UTILIZATION INTERVAL
HALT [ I B NS SN R B READ CYCLE WITH H-FLAG
dP. 42, and INZ [ ouTeur
No jump) Eolgh b gl 1o 3 orerano sToRE
€ < BUS NOT RELEASED DURING
m»lzwlw Vorer bl lgl | T I | ST IE
]
A0t [ 2L T T T Y IO I A B I |
Lonani.ontmaxm b bel 11 st
o [ O R O O T R B B IO
oAl L T T T T O T O O A B I I
°
B [T O T 3 T I T O A B I A
LD, AND, OR, XOR L T A I A T e e
A0 [ T T T T L T T Y A Y - 1 I I I I |
can O - O R Y L A B B
. T <
oAD IIOlllf‘llll,llllglnlllllllll
DLD and LD L T T T T O O S B IO T T I S A A A A |
DLY (minimum) [N Y O Y O T O O |
: 0 Y 2 3 4 5 6 7 8 9 10 11 12 3 W ¥ 16 17 18 19 20 21 22 23 MU % 2%
NS 10450
17
TABLE 4. Inetryction Exerution Time
READ | WRITE | | TOTAL READ | WRIT |
INSTRUCTION | CYCLES | CYCLES | MICROCYCLES | |INSTRUCTION | CYCLES | CYCLES | MICROCYCLES |
ADD 1 0 19 » ? ) 9,11 for Jump
ADE 1 0 7 iz 2 I ° 911 for Jumps
ADI 2 0 n LD_ 3 o 18
AND 3 0 18 LDE |l [ o 6
ANE 1 [ 6 Lot 2 | 0
ANt 2 [ 10 NOP [ o 5
cAD 3 0 k. | OR 3.0 "
CAE 1 o '8 i ORE ’ 1 [
car | 2 0 ” ! ORY o2 o 10
cas o0 6 poAm i v 10 s
ccL ' ‘! 0 5 RIS [ T B
csa 1 o 5 Losa 1 0 5
DAD 3 [ 23 S10 [} 5
DAE oo " ! SR o 0 5
DAL P ) 15 . SRt N B
DINT 1 [ ! st [ ]
bLD ‘ 3 i ! XAE . 0 ’
oLy i 2 o R KLU XOR . 3 0 it
HALT 2 [ [boxear o0 0 u N
EN ’ v o Po XPAL i n #
nn i k] ! 1 2 XPPe N 1 o i
mp 2 7 0 |n Joxme P o ]
Nz J 2 |0 9 1 b Jume xmt 2 e 0
et 18 <oy shmiceny s Sorin el D s ale e 1y b D et b e sl st < vl
TABLE 6. Symbols and Notations Used 1q Express Instruction Execution
SYMBOL AND :
NOTATION MEANING
AC 8-bit Accumulator.
CcY/L Carry/Link Flag in the Status Register.
data Signed, 8-bit immediate data field.
disp Displacement; represents an operand in a nonmemory reference instruction or an address
madifier field in a memory reference it is a signed 1 number.
EA Effective Address as specified.by the instruction.
E Extension Register; provides for temporary storage, variable displacements and separate serial
input/output port.
i Unspecified bit of a register.
13 Interrupt Enable Flag.
m Mode bit, used in memory reference instructions. Blank parameter sets m = 0, @ sets m
ov Qvertlow Flag in the Status Register.
PC Program Counter {Pointer Register 0), during address formatian, PC points to the last byte of
the instruction being executed.
ptr Pointer Register (ptr = 0 through 3). The register specified in byte 1 of the instruction.
Ptrn:m Pointer register bits: n:m = 7 through 0 or 15 through 8.
SIN Serial Input pin.
sout Serial Dutput pin.
SR 8-bit Status Register.
() Means “‘contents ot.” For example, (EA) is contents of Effective Address.
[} Means optional tield in the assembler instruction format.
~ Ones complement of value to right of ~.
b Means “replaces.”
- Means “is replaced by."
- Means “exchange.”
@ When used in the operand field of the instruction. sets the mode bit {(m) to 1 for auto-
incrementing/auto-decremehting indexing.
10* Modulo 10 addition.
A AND operation
\2 Inclusive-OR operation.
ha Exclusive-OR operation.
bd Greater than or equal to.
= Equals
# Does not equal

(I-dW/DS) 10ssacoudosoi [puueyd-u jg-g diyo-ajbuls 009/V8-dSl
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ordering information
The SC/MP device may be ordered through the local National sales or by
our world or international headquarters listed below. The order numbers are as follows:
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3.8 NIBBLER SUPPORT HARDWARE
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3.8.1 72 PIN EDGE CONNECTOR W $5.00

3.8.2 14 POSITIOM CARD FILE $39.95

3.8.3 PROTOTYPIMG PROARD $39.95

3.8.4 EXTENDER BOARD $29.95
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3.8.5 NIBBLER POWER SUPPLY AND INTERFACE BOARD $39.95

SOON TO BE RELEASED

14l



4. SUPPORT DOCUMENTATION
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4.1 INTERFACE AGE ARTICLE ON NIBL. THIS ARTICLE HAS BEEN REPRODUCED
WITH THE PERMISSION OF INTERFACE AGE. THE ARTICLE APPEARED IN

VOLUME 2 ISSUE 2 JANUARY 1977.
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An Inside Look Into

NIBL — Extended
Tiny BASIC
for the SC/MP

INTRODUCTION

NIBL (National Industrial Basic Language) is a
conversational programming language for the SC/MP.
It is a language similar to Tiny BASIC Extended, but it

also has some unique features. Many of these fea-

tures, such as a genuinely useful control structure (the
PASCAL-influenced DO/UNTIL) and the indirect oper-
ator ("@"’) have been added to the language to allow
NIBL to be nearly as flexible as machine language in
such applications as medium-speed process control.

By using NIBL, one trades the high execution speed
and low memory consumption of machine language for
some very tangible advantages: program readability
and modifiability which are truly difficult to achieve in
machine language programs.

NIBL programs are interpreted by a large (4K byte)
TBX SC/MP program that resides in ROM. The inter-
preter is broken into two main blocks: a program writ-
ten in an Intermediate (or Interpretive) Language — IL
for short — which does the actual interpretation: and a
collection of SC/MP machine language subroutines in-
voked by the IL program. The IL approach is well-docu-
mented in vol. 1, no. 1 of Or. Dobb's Journal of Computer
Calisthentics and Orthodontia, and readers should refer to
that issue for a more detailed description of the inter-
pretation process.

In Table 1, the formal grammar for NIBL is given.
This is the ultimate authority (other than the inter-
preter itself) on how legal NIBL statements are formed.
The following descriptions of the NIBL statements will
refer to portions of the grammar. Table 2 contains a list
of the error messages produced by the NIBL system.
Finally, a listing of the NIBL interpreter is given.

Table 1: NIBL grammar

On reading the grammar:

All items in single quotes are actual symbols in NIBL: ali other identifiers
are symbols in the grammar. The equals sign =", means "“is defined as"":
parentheses are used to group several items together as one item; the ex-
clamation point, “1”, means an exclusive or choice between the items on
either side of it; the asterisk, “*", means zero or more occurrences of the
item to its left; the plus sign, “+". means one or repetitions: the question
mark, "?"’, means zero or one occurrences; and the semicolon, “.”, marks
the end of a definition.
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NIBL Line = Immediate Statement

I Program Line
Immediate Statement = (Command | Statement) Carriage Return;
Program Line = (Decimal Number Statement List Carriage Return);
Command = ‘NEW'

! 'CLEAR’

I "LIST" Dacimal Number ¢

I "RUN’

Statement List = Statement (" STATEMENT) *:

Statement =

1
!
!
!
!
|
I
!

i
|
!
!
!

Left Part = (Variable !
Rel Exp =

1
Relop = ‘<’ | ‘<" '=’

Expression =

Adding Operator = ‘+°

Term =

Multiplying Operator =

Factor =
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‘LET" ? Left part ‘=" Rel Exp

‘LET" ? '$’ Factor =" (String | ‘$’ Factor)
‘GO’ ('TO’ | 'SUB’) Rel Exp

‘RETURN’

(‘PR’ | ‘PRINT’) Print List

‘IF" Rel-Expr ‘THEN’' ? Statement

DO’

‘UNTIL’ Rel-Exp

‘FOR’ Variable ‘=" Rel Exp 'TO' Rel Exp ('STEP'
Rel Exp) ?

‘NEXT’ Variable

‘INPUT (Variable + | ‘$° Factor)

‘LINK’ Rel Exp

‘REM’ Any Character Except Carriage Return +

‘END’

‘@’ Factor | ‘STAT' | 'PAGE’) ;

Expression Relop Expression
Expression

R I

Expression Adding Operator term
(+"1'=") ? Term

=" 1 ‘OR’ ;

Term Multiplying Operator Factor
Factor

1/ 1 AND

Variable
Decimal Number
‘(" Rel Exp ‘)
‘@’ Factor

‘# Hex Number
‘NOT’ Factor



‘'MOD’ ‘(" Rel Exp "." Rel Exp °)’
‘RND’ ‘(" Rel Exp . Rel Exp °)'
‘STAT’

‘TOP

‘PAGE’

Variable = ‘A" [ B 1°C' !... 1Y ! Z

Decimal Number Decimal Digit + ;

Decimal Digit = 0" ! "1° 12" .. .19 ;

Hex Number = (Decimal Digit | Hex Digit) +

Hex Digit = ‘A" 1B 1 °CI'DI|'EF .

Print List = Print Item +
Print ltem = (String | Rel Exp | ‘$’ Factor) ;
String = “*'° Almost Any Character """ ;

NOTE: Spaces are not usually significant in NIBL programs. with the follow-
ing exceptions: spaces cannot appear within key words (such as ‘THEN' or
‘UNTIL’) or within constants. Also, a variable (such as A or Z) must be
followed immediately by a non-alphabetic character to distinguish it from a
key word.

Table 2: NIBL error messages
Error messages are of the form:
EEEE ERROR AT LN

where EEEE is one of the error codes below, and LN is the number of the
line in which the error was encountered.

AREA No more room left for program in current page

CHAR Character after logical end of statement

Dive Division by zero

END" No ending quote on string

FOR FOR without NEXT

NEST Nesting limit exceeded in expression, FOR's, GOSUBs,
etc.

NEXT NEXT without FOR

NOGO No line number corresponding to GOTO or GOSUB

RTRN RETURN without previous GOSUB

SNTX Syntax error

STMT Statement type used improperly

UNTL UNTIL without DO

VALU Constant format or value error

HISTORY OF NiBL

NIBL came into this world as an interpreter for Tiny
BASIC, as originally described in the first issue of Dr.
Dobb’s Journal. That program was written by Steve
Leininger, who subsequently left before the program
was ever assembled or executed. The current version
of NIBL is an almost complete re-write of the original
interpreter, with changes and additions being made to
improve the modularity of the program, to greatly in-
crease execution speed, and to extend the capabilities
of the language itself.

SYSTEM REQUIREMENTS

The NIBL interpreter is intended to be a ROM-resi-
dent program in the first 4K of the SC/MP Memory
address space (although it will run just as well in
RAM). The interpreter requires at least 2K bytes of
RAM starting at address 1000 (base 16), of which the
interpreter uses nearly 300 bytes for stacks, variables,

etc., leaving the rest for the user’'s program. Another
2K bytes of memory may be added to fill up this 4K
page, forming what is hereafter referred to as ‘Page
1.

The SC/MP architecture forces memory to be split
into pages of 4K bytes each; therefore, NIBL allows
seven such pages to be used for storing programs.
NIBL programs in the seven pages are edited separ-
ately, but may be linked together during program exe-
cution by special NIBL statements described in the
tollowing pages. Page #1 as mentioned above, must be
RAM since the interpreter uses part of it as temporary

.storage; the part used to store application programs

starts at location 111E {base 16).

The other six pages of memory. each of which starts
at location nOOO (base 16), where n is the page
number, may be either RAM or ROM. Page 2 is a spe-
cial page: it can contain a NIBL program to be exe-
cuted immediately upon powering up the NIBL sys-
tem.

The memory organization of NIBL is shown in
Figure 1. '

Throughout this article, the assumption is made that -
the user has a teletype with paper tape reader and
punch, as with the SC/MP Low Cost Development
System (LCDS). In fact, NIBL was designed to use the
SC/MP LCDS teletype interface, but to be completely
independent of the LCDS firmware. If NIBL is to be run
on its own, the system should have the same confi-
guration for the teletype, with the reader relay being
operated directly by the SC/MP. At present, paper tape
is the only medium for saving NIBL programs, but as
soon as the hardware and software for a SC/MP cas-
sette interface become available, NIBL will be able to
link to routines for saving and loading programs with
ease.

Since the teletype interface is not based on a UART,
the terminal baud rate can only be changed by modify-
ing the timed delays in NIBL's 1/0 routines. NIBL has
been run successfully at 1200 baud with a CRT ter-
minal; the assembly listing of the NIBL program is
programmed for a 110 baud rate system.

COMMUNICATING WITH NIBL

When the NIBL system is ready to accept input, it
prompts at the teletype with a "> prompt sign. (NIBL
is now in “edit mode.”) The user then enters a line ter-
minated by a carriage return. There are several special
characters that are used to edit lines as they are typed:

Shift/O (back-arrow) causes the last character typed
to be deleted.

Control/H (backspace) performs the same function
as shift/O, but echoes as a backspace/space/back-
space sequence, which is only useful if the teletype
routines are modified to run at high baud rates for use
with CRT's.

Control/U (echoed as ”“ * U") causes the entire line
to be deleted; NIBL reprompts for a new line.

Entering a line to NIBL without a leading line num-

- ber causes the line to be executed directly by NIBL.
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Most NIBL statements, as well as the four program
control commands, may be executed in this manner.

A line with a leading number (in the range O through
32767) is entered into the NIBL program in the cur-
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FIGURE 1. NIBL MEMORY ORGANIZATION

rent page. (Make sure that the value of the pseudo-var-
iable PAGE is valid, so that the line isn’t lost into non-
existent memory.) The NIBL editor sorts the program
lines as they are entered into ascending order by line
number.

Typing a line number followed by a carriage return
deletes that line from the program. Typing a line with
the same number as an existing line's causes the new
line to replace the old one in the program.

Each of the seven memory pages may contain a
different program, separate from the rest. Editing the
program in one page will not affect the other pages. To
switch editing from one page to another, simply type
PAGE = n, where n is the number of the new page.

VARIABLES

There are twenty-six variable names in NIBL: the
letters A through 2. They are all 16-bit binary var-
iables, so they can be used to hold addresses as well as
signed numeric data. Space for pre-declared variables
is allocated for them in RAM when NIBL powers up.

CONSTANTS

NIBL allows either decimal or hexadecimal (base
16) constants to appear in expressions. Decimal con-
stants must lie in the range O through 32767: the
unary minus ("—") is used to obtain negative values.
The value —32768 is a valid NIBL integer, but it is not
legal as it stands. To represent it, use —32767-1 or
#8000 instead.

Hexadecimal constants are denoted by a pound sign
(“#°) followed by a string of hexadecimal digits (0-9.
A-F). NIBL does not check for overrun in hex con-
stants; consequently, only the 4 least significant digits
of the hex digit string are kept. '

FUNCTIONS

NIBL includes three functions that may appear in
any expression. These are described as follows:

RND (X, Y) returns a pseudo-random integer in the
range X through Y, inclusive, where X and Y are arbi-
trary expressions. In order for the function to work pro-
perly, the value of Y — X should be positive and no
greater than 32767.

MOD (X, Y) returns the absolute value of the
remainder from X divided by Y (where X and Y are
expressions).

TOP (with no arguments) returns the address of the .
first free byte in the memory page currently being
edited or executed. In other words, it is the address of
the last byte at the top of the current NIBL application
program in the current page, plus one.

PSEUDO-VARIABLES

NIBL has two pseudo-variables in addition to the
standard variables. These are STAT and PAGE. Both of
these variables may appear on either side of an assign-
ment statement.

STAT . represents the SC/MP status register. The
current value of the status register can be referred to
by using STAT in an expression; or an assignment may



be made to the status register by executing a state-
ment such as STAT = 4 or STAT = STAT OR #20.
When NIBL makes an assignment to the status
register in this manner, it clears the interrupt-enable bit
of the value before it is actually assigned. Note also
that only the lower byte of the value is assigned, the
high byte is ignored.

The carry and overflow bits in STAT are mean-
ingless since the NIBL system is continually modifying
them. The utility of STAT lies in the fact that 5 of its
bits are connected to I/0 sense lines on the SC/MP
chip.

The pseudo-variable PAGE contains the number of
the memory page currently being executed or edited.
As indicated in Figure 1, there are seven pages in
which NIBL programs may be stored; therefore, the
PAGE number may be only in the range of 1 through 7.
If an assignment of a value outside this range is made
to PAGE, only the 3 least significant bits LSBs of the
value are used. Page one is defined as LSBs = 000,
page two as LSBs = 001 etc.

If PAGE is modified while NIBL is in edit mode, all
subsequent editing will take place in the new page.

If PAGE is modified by a NIBL program during exe-
cution, control will be passed to the first line of the
NIBL program in the new page. This transfer would be
effected by a statement such as PAGE = 6 or PAGE =
PAGE + 1. Thus, several NIBL programs residing in
different 4K pages may be linked together as one large
program, if need be. This would allow one to write a
28K STAR TREK program in NIBL, a Herculean and
indeed foolish task.

Control may also be transferred from one page to
another by three other statements: RETURN, NEXT,

and UNTIL. Thus, the first part of a subroutine or loop"

may be in one page, and the second part may be in
another (with control being transferred between the
two parts by an assignment to PAGE). In these three
special cases, NIBL automatically updates the value of
PAGE as the statements are executed.

RELATIONAL OPERATORS
NIBL provides the standard BASIC relational oper-

ators, for comparing the values of integer expressions.
The operators are as follows:

= equal to
<= less than or equal to
> = greater than or equal to
<> not equal to

< less than

> greater than

All of these operators produce 1 as a result if the

relation is true, and O if the relation is false. Note that

the relational operators may appear anywhere that an
expression is called for in the NIBL grammar, not only
in IF statements.

ARITHMETIC OPERATORS

NIBL provides the four standard arithmetic func-
tions: addition (+), subtraction or unary minus (—),
multiplication (*), and division (/). Since only integers
are allowed in NIBL, all quotients are truncated (the
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MOD function can be used to obtain remainders from
division). Any overflow or underflow (other than
division by zero) is ignored by NIBL; the reasoning be-
hind this is that it may often be necessary to treat NIBL
expressions as unsigned values, such .as when
performing calculations using memory addresses as
the operands. Thus the value of 32767 + 1 is
—32768 (or in hexadecimal, °7FFF + 1 = #8000.
which makes more sense).

LOGICAL OPERATORS

In NIBL, there are three logical operations that may
be performed on values: AND, OR, and NOT. The first
two are binary operators, and the latter is unary. All
three perform bitwise logical operations on 16-bit
arguments, producing 16-bit results. AND, OR, and
NOT are sufficient to simulate any other logical oper-
ation, through various combinations of the operators.

THE INDIRECT OPERATOR

The indirect operator “@" realizes the functions of
PEEK and POKE operations in other BASICs, but with
somewhat more elegance. The @ " sign followed by an
address (which can be a constant, variable, or expres-
sion in parentheses) denotes the contents of that ad-
dress in memory. Thus, if memory location 245
(decimal) contains 60, the statement X=@245 would
result in the value 60 being assiged to X. The indirect
operator may also appear on the left side of an assign-
ment statement. For example, @X=@(Y+10) would
result in the memory location pointed to by X being
assigned the value of the memory location pointed to
by the value Y+10.

Use of the indirect operator is not limited to read-
ing from or writing to memory: it also provides a sim-
ple way to communicate with peripheral devices that
are interfaced to the SC/MP through memory ad-
dresses. Note that the “@’' operator can only access
memory one byte at a time, and that when an assign-
ment is made to a memory location, only the low order
byte of the value is moved to the location; the high
order byte is ignored.

The indirect operator can also be used to simulate
arrays in NIBL. For example, if we wish to define an M
x N matrix of one-byte positive integers, we can ac-
cess the (1. J)th element of the matrix (assuming that
(0, 0) is a legal element in the matrix) with the expres-
sion @(A+1*N+J). An assignment could be made to
that same element by placing the expression on the
left side of an assignment statement.

EXPRESSIONS

Expressions in NIBL are composed of variables,
constants, fUnction references, pseudo-variables, and
operators. Operators bind these other elements
together to form complete expressions. NIBL expres-
sions are all 16-bit integers. Evaluation of expressions
takes place left-to-right, and the order in which oper-
ations take place is determined by operator prece-
dence and the presence of parentheses. The order of
evaluation can be deduced from the grammar in Table
1: here is .a table of operator precedence:



Lowest precedence (applied last): <, >, <=, >=, =,
<>
+, —, OR
*, /. AND

Highest precedence (applied first): @, NOT

Despite this, it is still safest to use plenty of paren-
theses in expressions to make the intent clear.
*

PROGRAM CONTROL COMMANDS

LIST causes the entire program in the current page
to be listed. Listing can be halted by hitting any key on
the teletype: the BREAK key works best.

LIST <number> causes listing to begin at the given
line number (or the nearest one greater than the
number), rather than at the first line.

LISTing a program is the method used to save it on
paper tape. To accomplish this, type LIST with the
punch off, then turn on the punch and hit carriage re-
turn. After the program is dumped, type a Shift/O with
teletype on LOCAL so that the last character (a “>")
will be deleted when the tape is entered to NIBL at a
later time. NIBL will accept a tape made in this fas-
- hion at any time during edit mode. The tape reader is
enabled at all times by NIBL, and it does not disting-
uvish between the reader and the keyboard when
accepting input. Superfluous line-feed and null char-
acters on the tape are echoed but ignored.

RUN causes three actions: first, all variables are
zeroed; secondly, all stacks (the FOR, DO, and GOSUB
stacks) are cleared; and finally the program in the cur-
rent page is executed, starting with the first line in se-
quence. .

RUN is not the only way to start program -exe-
cution: GOTO and GOSUB can also be used to jump
into a program from edit mode. For example, if there is
a subroutine at line 1000 that is being tested, typing
GOSUB 1000 will cause that routine to be executed,
with NIBL returning to edit mode upon encountering a
RETURN statement. When GOTO and GOSUB are
used to run a program, the variables and stacks are not
cleared.

Hitting any key while a program is being run will
cause NIBL to break execution, printing a message and
the line number where the break was detected. The
BREAK key on the teletype works best for this.

CLEAR causes all variables to be zeroed and the
three stacks mentioned above to be cleared. This lat-
ter feature of the CLEAR command is quite useful after
a stack nesting error has occurred (for example, if
GOSUBs are nested more than eight levels deep).

NEW clears the program in Page 1, and changes the
value of PAGE to 1. This is the form of the command
most likely to be used by NIBL novices who do not
wish to be confused by the page selection features of
NIBL. NEW should be the first thing one types in to
NIBL when first powering up.

NEW <number> sets the value of PAGE to the
<number>, and clears the program in that page.

ASSIGNMENT STATEMENTS
Previously, two different types of assignment state-
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ments have been described: assignments to the
pseudo-variables STAT and PAGE, and assignments to
memory locations with the indirect operator. Another
form of the assignment statement is the conventional
assignment to a variable (A — Z),e.g. A=A + 10orA
= 32 < (4 * 1). There are also statements which look
like string assignments, but these are not standard
BASIC, and are described later in the section on string
handling. The word “LET"” is optional in front of any
assignment statement (leaving it out increases exe-
cution speed, unlike most Tiny BASIC systems).

IF/THEN STATEMENT

The IF statement allows conditional execution of
one or more statements (as many as can fit on one
line). The syntax for the IF statement is:

‘IF" Rel-exp ‘'THEN'? Statement

which indicates that the word THEN is optional, and
that any statement (including another IF statement)
may follow the conditional expression. If the IF condi-
tion is true (i.e. is non-zero), the statement following it
(and any others on the line) will be executed; other-
wise, control immediately transfers to the next pro-
gram line. The condition does not need to contain rela-
tional operators: a statement such as IF MOD (A, 5)
THEN .. . is perfectly legal. In this example, the state-
ment following the THEN would be executed if A were
not divisible by 5.

GOTO, GOSUB, AND RETURN
STATEMENTS

The syntax for the GOTO statement is ‘GOTO’
followed by an expression. The effect of the GOTO
statement is to transfer control to the line whose
number is indicated by the expression. An error occurs
if the specified line does not exist in the current page.
Unlike standard BASICs, any arbitrary expression can
be used to specify the line number, as well as the usual
decimal constant. This allows computed branches to
be performed with the same effect as the
ON ... GOTO statement in standard BASIC.

The GOSUB statement is identical to the GOTO
statement in form. It too causes a branch to a new line.
but it also saves the address of the following state-
ment on a stack. When a RETURN statement is exe-
cuted, the saved address is popped from the stack, and
control returns to that point in the program. Since an
actual address, not a line number, is saved on the
GOSUB stack, GOSUB statements may appear any-
where on a multiple-statement line.

GOSUBs may be nested up to eight levels deep. an
error will occur if an attempt is made to exceed this
limit. The error condition does not destroy the pre-
vious contents of the stack, so a RETURN statement
can be executed (even in edit mode) without an error
occurring. However, any modification of the NIBL
program will clear the GOSUB stack, so that a subse-
quent RETURN without a GOSUB will cause an error.

DO AND UNTIL STATEMENTS

The DO and UNTIL statements are useful in writing
program loops efficiently, without using misleading



GOTO statements. Enclosing a group of zero or more
statements between a DO statement and an UNTIL
<condition> statement (where <condition> is an
arbitrary expression) will cause the statement group to
be repeated one or more times until the <condition>
becomes true (i.e. non-zero). As an example of the use
of the DO and UNTIL statements, we present a pro-
gram that prints the prime numbers:

10 PRINT 1: PRINT 2

20 I=3

30 DO

40 J=1/2: N=2

50 DO

60 N=N+2

70 UNTIL (MOD (I, N) =0) OR (N>J)
80 IF N>J PRINT |

90 I=1+2

100 UNTIL O

DO loops may be nested up to eight levels deep,
and NIBL acts in the same manner if an overflow oc-
curs as it does with a GOSUB overflow. NIBL also re-
ports an error if an UNTIL statement occurs without a
previous DO. A single DO loop may have more than
one UNTIL statement as a terminator. For example, if
one wished to exit abnormally out of a DO loop and
transfer to some appropriate line, it could be done in
the following manner:

UNTIL 1: GOTO X

where X is the line number.
Neither the DO nor the UNTIL statement may be
executed in edit mode.

FOR AND NEXT STATEMENTS

The NIBL FOR statement is virtually identical to that
in standard BASICs; consequently, it is not explained
in great detail here.

As in most BASICs, both positive and negative
STEPs are allowed in the FOR statement, and a STEP
of +1 is assumed if the STEP portion of the statement
is omitted. A FOR loop is terminated by a NEXT <var-
iable> statement, and the <variable> must be the
same as that referred to in the FOR statement at the
beginning of the loop.

FOR loops may be nested four levels deep; NIBL
reports an error if this limit is exceeded, or if a NEXT
statement occurs without a previous FOR statement.
As with the DO and UNTIL statements, FOR and NEXT
may not be executed in edit mode.

Perhaps the only differences between the NIBL FOR
statement and that of more elaborate BASICs (such as
DEC’s BASIC-PLUS for the PDP-11) are that a FOR
loop is always executed at least once, and that when a
NEXT statement is executed, the STEP value is added
to the variable before the test is made to determine if
the loop should be repeated (rather than after the test).

INPUT STATEMENT

There are two types of INPUT statements in NIBL.
numeric input and string input. The form of the first
type is 'INPUT’ followed by a list of one or more var-
iables. When this statement is executed, NIBL prompts
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at the teletype with a question mark (“'?"’). The user re-
sponds with a list of expressions separated by com-
mas, and terminated by a carriage return. For example,
a legal response to the statement INPUT A,B,C would
be #3FA.,26,4*27. These three expressions would then
be assigned to the variables A.,B, and C, respectively.
An illegal response (too few arguments or improper
expressions) will result in a syntax error. Any extra
arguments in the response are ignored.

The second type of INPUT statement allows strings
to be input. The form of the statement is 'INPUT ‘$’
<address>, where <address> is a Factor, syntac-
tically (usually a variable, constant, or expression in
parentheses). When this statement is executed, NIBL
prompts the user as before, at which point the user
enters a line terminated by the usual carriage return.
NIBL then stores the line in memory in consecutive
locations, beginning at the address specified. Thus, IN-
PUTS #6000 would cause the input line to be stored
starting at location 6000 (base 16); the carriage re-
turn would also be stored at the end of the line.

Strings input in this manner can be tested and
manipulated by using the “@" operator or the string
handling statements described below. They can also be
displayed by a PRINT statement.

Neither of the two INPUT statements may be exe-
cuted in edit mode.

PRINT STATEMENT

The form of the PRINT statement is ‘PRINT' or ‘PR’
followed by a list of print items separated by commas,
and optionally terminated by a semicolon, which sup-
presses an otherwise automatic carriage return after all
items in the list are printed.

A print item consists of one of the following:
® A quoted string, which is printed exactly as it
appears (with the quotes removed) _
An expression, which is evaluated and printed in
decimal format, with either a leading space or a
minus sign (“—"), and one trailing space
A reference to a string in memory, denoted by ‘$’
<address>, where <address> is a Factor as usual.
Successive memory locations, starting at the speci-
fied address, are printed as ASCIl characters, until a
carriage return (which is not printed) is encountered.

There is no zone spacing in the PRINT statement,
nor does NIBL perform an automatic carriage
return/line feed after printing 72 characters. NIBL is
not an output-oriented language; fancy formatting has
been sacrificed for more useful control structures and
data manipulation features. (A subroutine to print a
number and skip to the next print zone is a trivial to
write in NIBL — it takes about two lines of code, with
the DO/UNTIL and FOR/NEXT.)

STRING HANDLING STATEMENTS

String handling in NIBL is very minimal and low-
level. The string handling features of the INPUT and
PRINT statements have already been mentioned: NIBL
provides two more statements for manipulating
stiings.

A statement such as $<address> “THIS IS A
STRING" would cause the quoted string to be stored in



memory starting at the specified address (which again
is a Factor), with a carriage return being appended to
the string.

Another statement allows the programmer to move
strings around- in memory once they have been
created. The form of this statement s '$’
<destination> ‘=’ '$’ <source>, where both
<destination> and <source> are Factors, and are
the addresses of strings in memory. This statement
causes all the characters in the string pointed to by
<source> to be copied one-by-one to the memory
pointed to by <destination>, until a carriage return
(also copied) is encountered. Overlapping the source
and destination addresses can produce disastrous re-
sults, such as wiping out the entire contents of the cur-
rent page. Consequently, a string move can be aborted
by hitting the BREAK key on the teletype (but it must
be done quickly!). _

Note that all strings referred to in these statements,
and in the INPUT and PRINT statements, are assumed
to lie within a 4K page. and wraparound is a possi-
bility which must be anticipated by the programmer.
(Long-time SC/MP programmers will be familiar with
this minor problem.)

Using these statements, it should be very easy to
develop a set of NIBL subroutines for performing con-
catenation, comparison, and substring operations on
strings.

END STATEMENT

The END statement may appear anywhere in a NIBL
program and not necessarily at the end. It causes' a
message and the current line number to be printed,
with NIBL returning to edit mode. The END statement
is useful when debugging programs, since it acts as a
breakpoint in the program that can be removed easily.

LINK STATEMENT

The LINK statement allows NIBL programs to call
SC/MP machine language routines at any address. A
statement of the form ‘LINK' <address>, where
<address> is an arbitrary expression, will cause the
NIBL system to call the routine at that address by exe-
cuting an appropriate XPPC P3 (Exchange contents of
the Program Counter with designated Pointer Register
P3) instruction. The user’s routine should make sure
that it returns by executing another XPPC P3, and that
the value of P3 (Pointer Register #3) upon entry to the
routine is restored before returning. The routine may
make use of the fact that P2 is set by NIBL to point to
the beginning of the RAM block used to store the var-
iables A through Z, with each variable being stored low
byte first, high byte second. Thus, parameters may be
passed between NIBL programs and machine lan-
guage routines through the variables. Both P1 and P2
may be modified by the user’s routines; they are auto-
matically restored by the NIBL system upon return.
The user should be careful not to modify RAM loca-
tions with negative displacements relative to P2, or the
locations with displacements greater than 51 relative
to P2. These locations are used by the interpreter.

REMARK STATEMENT

A comment can be inserted into a NIBL
program by preceding it with the word REM. REM
causes the rest of the line to be ignored by NIBL during
execution. Remarks are useful in debugging programs
or helping other people to understand them, but of
course, they take up valuable memory. (Then again.
memory is getting cheaper all the time.)

MULTIPLE STATEMENTS ON ONE LINE

A program line may contain more than one state-
ment, if the statements are separated by colons (":").
Using multiple statements on a single line improves
the readability of the program by separating it into
small blocks, and uses less memory for storing the pro-
gram.

It is important to note that an IF statement will
cause any statements appearing after it on the line to
be ignored if the IF condition turns out to be false. This
is the feature that allows a group of statements to be
executed conditionally.

A multiple-statement line may be entered without a

. line number, but NIBL will only execute the first state-

ment on the line, ignoring the rest.

POWERING UP

NIBL is capable of executing a program in ROM in
Page 2 immediately upon powering up, without the
need for the user to give the RUN command at the
teletype. When NIBL initializes, it examines Page 2
and makes an educated guess about the possible exis-
tence of a legal NIBL program in that page. If NIBL
thinks there really is a program there, it starts exe-
cuting it immediately; thus, if the program haits for
some reason, the value of PAGE will be 2. But if NIBL
fails to find a legal program in Page 2 initially, it sets
the value of PAGE to 1 (the normal case) and prompts
at the teletype.

When executing programs, NIBL periodically checks
for keyboard interrupt, returning to edit mode if it de-
tects it. Therefore, if a NIBL program is to be executed
with the teletype disconnected, the Sense B line of the
SC/MP should be set high so that NIBL will not sense
an interrupt while running. This would allow a NIBL
system to act as a process controller which starts exe-
cuting immediately upon powering up.
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4.2 BIBLIOGRAPHY OF SUPPORTING DOCUMENTATION
4.2.1 SC/MP INSTRUCTION GUIDE

4.2.2 SC/MP TECHNICAL DESCRIPTION
4.2.3 SC/MP MICROPROCESSOR APPLICATIONS HANDBOOK

4b.2.4 SC/MP MICROPROCESSOR ASSEMBLY LANGUAGE

THESE PUBLICATIONS ARE AVAILABLE UPON ORDER FROM DIGI-KEY.
THEY WILL PROVIDE ADDITIONAL INFORMATION ON THE SC/MP AND
PROGRAMMING OF THE SC/MP.

154



5. TESTING YOUR NIEBBLER

IF FOR S0OME REASON YOU ARE HAVING DIFFICULTY GETTING YOUR NIBELER
TO WORK, HERE IS A SIMPLE RELIABLE TEST TO SEE IF IT IS DOPERATING

1. APPLY S5 VOLT POWER TO THE NIBBLER AS FOLLOWS. CONNECT +5 VOLTS

TO PIN 1. CONNECT THE GROUND (NEGATIVE) LEAD OF THE POWER SUPPLY
T PIN 72.

P

CONNECT PIN 10 TO PIN 72 (I.E. GROUND FIN 10).

DO NOT MAKE CONNECTIONS TO ANY OTHER PINS.

i

4. MONITOR THE SIGNAL BETWEEN PIN 2 AND GROUND (FPIN 72) USING EITHER
A SCOPE, OR THE SIMPLE LED TESTER FPROVIDED WITH THE NIEBLER

B USING A SCOFPE YOU SHOULD SEE THE FOLLOWING WAVEFORM.
4V— _ s
[—ﬂ,;;l e Jbwms = [—‘]
LY

4 THE LED TESTER CONSISTS OF A MYS053 RED LED AND A 3230 OHM 174
WATT RESISTOR CONNECTED A% BELDOW:

PINE ——AWN— P 73 (¢VD)

330
THE FLAT SIDE OF THE LED IS THE CATHODE, AND IS CONNECTED TO GROUND.

THE LED WILL FLASH AT A 10 PULSE/SECOND RATE. THIZ IS VERY EASY
TO DETECT. IF THE LED GLOWS CONTINUODUSLY OR DNDES NOT GLOW AT ALL, THE
NIEEBLER IS NOT FUNCTIONING. THE IC S5 SHOULD EBE FPRESSED DOWN FIRMLY INTO
THEIR S0CKETS AND THE TEST REPEATED. IF THERE IS STILL N2 10 PULSE/SECOND
FLASH THE BOARD MUST BE REFPAIRED
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