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ABSTRACT

The Altair 680b Cross-Assembler is a program written in the
Nova Assembly Language. It can be used to assemble Altair 680b
assembly language programs.The object code can be punched on paper-
tape for execution on the Altair 680b microcomputer.

This report describes the design and working of the Cross-

Assembler. A program listing and a few sample runs are also included.
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CHAPTER 1

INTRODUCTION

1.1 Machine Language

"Machine Language' is the basic instruction set of the computer.
Each instruction is represented by a pattern of 0's and 1's, which
direct the computer, through logic circuits, to perform some action.

Writing a program using instructions of this form can be an
extremely tedious process. The programmer has to specify the correct
machine code for the instruction, assign locations (or addresses) to
every instruction and data-element in the computer memory, and then use
these addresses in the instructions. Apart from the difficulty of keep-
ing track of a lot of numbers, it is almost impossible to either under-
stand or make changes to the program, without expending considerable
effort.

1.2 Assembly Language

Attempts were made to design better ways of writing computer
programs. This led to the development of symbolic languages or assembly
languages.

Assemb}y languages relieve the programmer of tedious book-keeping,
and at the same time, allow him to make use of the computer efficiently.
In (1) using an assembly language, the programmer refers to the locations
of instructions, data and constants, as well as the instructions, by

symbolic names. Symbols may be assigned in an arbitrary manner; when



reference is to be made to locations having these names, the symbols
are used. Mnemonic symbolism is convenient; i.e. the symbols are
suggestive of the function of the instruction, such as LDA (for Load
Accumulator A).

An assembly language program is made up of instructions. AJZ)
instruction can be regarded as being made up of a number of fields; the
simplest form would be two fields, opcode and address. To this a label
can be added, and possibly a descriptive comment. In a fixed format
scheme, the various fields are recognized by their position on the line,
while in a free format scheme, they are separated by delimiters. There
are many variants of the scheme. A common one is a semi-fixed format
in which the label occupies a fixed field, while the rest of the fields
are in free format.

Thél) task of converting symbolic operation-codes and addresses
is completely straight-forward. For operations, usually the only required
process is that of looking up a table for each symbol and replacing it
with the numerical operation-code. For the addresses, the process is
somewhat more complicated since the choice of symbols is up to the prog-
rammer, but it is still essentially a replacement problem. The computer
itself could be programmed to do the translation. A program that does this
job is called an ASSEMBLER.'

1.3 Overview of the Cross-Assembler

This report describes an assembler for the ALTAIR 680b micro-

computer, which is based on the Motorola M6800 micro-processor chip. It



is called a '""CROSS-ASSEMBLER" since it is implemented on a different
computer; i.e. the Data-General Nova.

The motivation behind the project was to develop an assembler
to enable effective use of the ALTAIR micro-computer. Since the micro-
computer was equipped with only 1k x 8 RAM, it was decided that a Cross-
Assembler should be developed on the Nova minicomputer. Again, since
the Nova minicomputer available was not equipped with any high level
language , the Cross-Assembler was written in the Nova Assembly Langu-
age.

The Cross-Assembler is a two pass assembler. In the first pass,
the source program is read, one line at a time, and a value of the
~ "location-counter' is associated with each instruction. The length of
an instruction is determined from the opcode and the operands, and this
is used to update the location counter. If a label is present, it is
entered into a symbol table, along with the location-counter valué.

Some pseudo-instructions (such as ORG, RMB} are processed completely
in the first pass, while the rest are partially processed so as to allocate
storage space.

The actual‘machine code and source-listing are produced in the
second pass. Again each source line is read, and using the information
gathered in pass-1, the object code is assembled. This is written out
onto the object-code buffer, which is periodically flushed. The source
line along with other useful information (location, value, etc.) is

printed out. At the end of the second pass, the symbol-table is sorted



and printed out.

In the later chapters, the Cross-Assembler will be described in
more detail. The following section contains a brief introduction to
the Altair 680b organization.

1.4 Altair 680b Micro-Computer (4, 3)

The computer éonsists of a micro-processing unit (MPU), a memory
and a number of input and outpué devices. These components are linked
together by an address bus and data bus. (see Fig. 1-1)

The computer memory is used to store instructions and data for
use by the MPU. In the 680b, the memory is organized into 8-bit words,
called bytes. Each memory byte is assigned an unique 16-bit address.
This address is used by the MPU to gain access to the contents of a
particular memory byte.

The MPU is a Motorola M6800, which operates on 8-bit binary
numbers presented to it via the data bus. A given number (byte) may re-
present data or an instruction to be executed, depending on where it is
encountered in the control progtam. The M6800 has 72 unique instructions.
lHlowever, it recognizes and takes action on 197 of the 256 possibilities
that can occur using an 8-bit word length. The larger number of instruct-
ions results from the fact that many of the executive instructions have
more than one addressing mode.

The addressing modes refer to the manner in which the program
causes the MPU to obtain instructions and data. The programmer must
have a method for addressing the MPU's internal registers and all of

the external memory locations. A programming model of the M6800 is
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shown in Fig. 1-2. The'programmable registers consist of: 2 8-bit
accumulators:; a 6-bit condition code register; a program counter, a
stack pointer and an index register, each 16-bits long.

The MPU operates in one of the following addressing modes:

Inherent
Immediate
Direct
Extended
Relative
Indexed

A number of instructions, either alone, or together with an accu-
mulator operand, contain all of the address information required. Such
instructions are said to be operating in the "inherent' mode of address-
ing.

In the Immediate addressing mode, the operand is the value that
is to be operated on. No further address reference is required.

In the Direct and Extended modes of addressing, the operand field
of the source statement is the address of the value that is to be operat-
ed on. The direct and extended modes differ only in the range of memory
locations to which they can direct the MPUI. Direct addressing generates
a single 8-bit operand and can hence address only memory locations 0
through 255; a two byte operand is generated for extended addressing enabl-
ing the MPU to reach the remaining memory locations, 256 through 65535.

The Relative addressing mode, implemented for the MPU's branch

instruction, specifies a memory location relative to the Program Counter's



current location. One byte is generated for the relative address. Since
it is desirable to be able to branch in either direction, the 8-bit address
byte is stored as a number in 8-bit, two's complement, binary form, with
decimal value in the range from -128 to +127. This results in an effect-
ive range of -126 to +129 with respect to the branch instruction itself.

With Indexed addressing, the numerical address is variable and
depends on the current contents of the Index-register. A byte is gene;
rated for the numerical value, which will be automatically added to the
Index-register during execution.

The source statement format contains sufficient information for
the selection of the addressing mode. For instructions which use both
direct andrextended modes, the Assembler selects the direct mode if the
6perand address is in the range 0 to 255 and the extended mode other-
wise. There are a number of instructions for which the extended mode is
valid but the direct is not. For these instructions the extended mode
is selecped, even if the operand address is in the range 0-255.

The assembler directives allow the programmer control of the assembly
of the executive instructiéns into machine code. They provide for the al-
location of memory, assignment of values to data, source listing format
control and many other useful functions. A list of the assembler directives
is given in Appendix-G.

1.5 Approach

The following points were kept in mind while degigning and imple-

menting the cross-assembler

(1) "Assembly Language is potentially the most dangerous of programming



languages, because of the variety with which a programmer can solve his
problems." (5)

"Write clearly-don't be too clever”.(6) Complex code has been
kept to a minimum, and clarity and simplicity have been given (almost
excessive) importance.

{(2) Unconditional branching has been used with a great deal of caution.
Except in transferring to the beginning of a loop, unconditional transfers
"backwards' have been kept to a bare minimum.

(3) As far as possible, top-down design and testing techniques have been
followed.

{(4) "There is nothing in the programming field more despicable than an
uncommented program" (5)

"...a more. subtle problem can exist if the program is heavily
laden with comments.”(s)

As far as possible, comments have been included only wherever

they are necessary.



CHAPTER II
THE ASSEMBLER

2.1 Introduction

This chapter discusses the overall top-level design of the
Assembler. The various data-bases and structures used are defined, and
the general algorithm for the assembly process is presented.
2.2 Functions

The basic functions which have to be performed by the Assembler
are as follows:

(1) Generate object-code.

(a) Generate machine instructions
(b) Generate Qataiwords, allocate storage

(2) Produce source listing; symbol table.
Since symbolic addresses are permitted, - the Assembler has to keep a
note of the addresses of all the symbols used by the programmer. Because
symbols can appear before they are defined, it is necessary to make two
passes over the input. The first pass defines the symbols while the
second pass produces the object code and source listing. The functional
- descriptions of the two passes are given below:
Pass-1:

(1) Obtain 1engthsvdf machine instructions.

(2) Allocate storage space.
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(3) Maintain a location counter,
(4) Collect symbolic addresses and store them along with their
addresses.
Pass-2:
(1) Assemble machine instructions using addresses of the symbols
collected in pass-1.
(2) Generate data words.
(3) Generate source listing and symbol-table listing.
2.3 Data-structures
Having defined the functions of the Assembler, the next obvious
step is the definition of the various data-structures. The major data-
bases used are:
(1) Source-code line--INSLN
(2) Pséudo~operation table--POPTRB
{3) Machine operation table--MOPTB
(4) Storage required by current instruction--LENTH
(5) Location-counter--LOCTR
(6) Symbol-table--SYMTRB
(7} Error-Tables--ERITB, ER2TB
(8) Direct-address-table--DIRAD
(9) Print-line--PRTLN
(10) Object-code buffer--BNOUT
INSLN contains the current source line. Since the NOVA has 16-
bit words, 2 characters (7 or 8-bit ASCII) can be stored per word. Hence

INSLN is a vector of 40 words (or 80 characters).
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The source-line is checked to determine the type of opcode
and operands. Two tables are used for this purpose--the pseudo-operation
table and the machine-operation table.

The pséudo—op table contains a list of all pseudo-ops along with
the corresponding service routine addresses. Each entry requires three
16-bit words. The first two words contain the pseudo-op mnemonic (3
characters), left justified, right filled with zeroces. The third word
contains the service-routine address. A typical entry in the table is
shown in Fig. 2-1.

The machine-operation table contains a list of all machine-operat-
ion code mnemonics. Each entry requires 3 words. The first two words
contain the mnemonic, left justified and right filled with zeroes. The
first byte of the third word contains the instruction type (numbered 0
to 8--see Appendix F) while the second byte contains the base value of
the instruction. Depending on the mode of addressing used, the base
value is modified to obtain the actual opcode. A typical entry is shown
in Fig. 2-2.

Once the instruction type has been obtained, the number of words
required by the instruction is determined and LENTH is set accordingly.
Before scanning the subsequent line, LOCTR is incremented by this amount.

If alabel is present on a source line, it is stored in the sym-
bol-table (SYMTB) along with the current location counter value. A label
can have upto a maximum of six characters. Hence each entry in the
table requires four words. The first three words contain the symbol,

left justified, right filled with zeroes, while the fourth word contains
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the corresponding location-counter value. The characters are
represented by 7-bit ASCIT strings. The format of a symbol-table entry
is shown in Fig. 2-3.

The error table contains the line-number and the error-word of
all of the error lines. ‘A maximum of 25 entries can be accommodated.
The direct-address table contains the line numbers of the instructions
which use the direct mode of addressing. Such a table is essential, since
the Assembler has to decide, in the first pass, whether certain instruct-
ions need the direct or extended mode of addressing. This table has
space for upto 50 entries.

BNOUT and PRTLN are the object code buffer and the print-line
buffer respectively. PRTLN can‘accommodate upto a maximum of 120
characters, and is flushed at the end of every scan. BNOUT is a vector
of 40 words, and is punched only when a data-record (in the Motorola
terminology, see Appendix C) has been assembled.
2.4 General Algorithm

The general flow of control is shown in Fig. 2-4. A more detail-

ed description of the algorithm is given in the subsequent chapters.
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CHAPTER ITI

FIRST PASS

3.1 Introduction

The general flow of logic was presented in Chapter 2. Here the
first pass algorithm will be discussed in detail.

The source-code is processed line by line. The first character
of each line is checked to determine whether the line is a comment. If
so, no special action is taken. If a label is present, it is stored in
the symbol table, along with the current value of the location counter.
The operation code is identified, and necessary action is taken. The
location counter is updated. The above steps are repeated until the
END or MON pseudo-op is encountered. The detailed pass-1 flow chart is
shown in Fig. 3-1.

3.2 Machine-instruction processing

In the first pass, the machine-operation code service routines
perform two major functions:

(1) Determine the length of the instructions

(2) Maintain the direct-address table.

To determine the length of an instruction, the addressing mode
has to be determined. In most cases, an examination of the operands
will identify the addressing mode. For instructions which can _use
either the direct or extended mode, the Asscmbler has to decide on the

mode to be used. If the operand field cannot be evaluated, the
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instruction is assumed to operate in the extended mode. If the operand
field can be evaluated, the value is examined, and if it is less than
256, the direct mode is selected, and the line number of the instruction
is entered in the direct-address table; otherwise the extended mode is
used.

3.3 Pseudo-instruction Processing:

Basically, the Assembler recognizes about 12 pseudo-instructions
(see Appendix G). Some of them result in machine-code, while others
provide information regarding listing, storage requirements etc. to
the Assembler. Pseudo-instruction processing in the first pass 1is
described below.

END, MON:

These pseudo-ops signify the end of the program. The last line
of the source-program should contain one of these instructions. There
should be no symbol in the label field, while the characters after the
pseudo-op are treated as comments. Pass-1 scanning is terminated and
control returns back to the main-program.

EQU:

This pseudo-op defines the value of the symbol in the label-
field. The label is initially entered, along with the current location
counter value. When an EQU 1s recognized, the operand field is evaluat-
ed. If it can be evaluated, the symbol value is reset, otherwise it 1is
deleted from the symbol table.

FCC, FDB, FCB:

These are constant defining pseudo-ops. They are processed to
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determine the amount of storage required, and the location counter is
updated accordingly.
NAM:

This pseudo-op defines the name of the program. Six characters
after the pseudo-op are entered into '"NAME", which is used in pass-2
while generating the source-listing and object code. The default name
for the program is "START'. Since this does not produce any machine
code, the location counter is not incremented.

PAG, SPC:

These pseudo-ops are not processed in pass-1.
ORG:

This specifies the starting address of the following block of
instructions/data. If the operand field can be evaluated, the location
counter is reset. Otherwise the line is flagged as an error. The
label field may not contain a label.

RMB:

This pseudo-op reserves a block of storage for data. If the
operand field can be evaluated, the location counter is incremented
accordingly; otherwise the line is flagged as an error.

3.4 Conclusion:

This concludes the detailed description of instruction processing
in the first pass. At this point, all symbols (except some defined by
EQU pseudo-ops) have been defined, and storage requirements established.
The data-bases transmitted to pass-2 are:

(1) Direct address table

(2) Symbol table
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(3) Error table
Control returns to the main program where the user is requested for
further instructions via the tele-type. The second pass is described

in the following chapter.



CHAPTER IV
SECOND PASS

4.1 Introduction

After all the symbols have been defined by pass-1, it is
possible to finish the assemﬁly by processing each line and determining
the value of the opcode and its operand field. In addition, pass-2
must structure the generated object-code into a format suitable for
acceptance by the-microcomputer's resident PROM Monitor (See Appendix C),
and>produce a source-listing containing the original sourcegline numbers,
location and value of the bytes generated. A listing of the symbols and
their values is also produced. Note that, depending on the mode request-
ed by the user, either the source listing or the object code is generat-
ed by the Assembler. This is necessary since both the source-listing
and the object-code have to be routed to the tele-type.

A location counter is maintained as in passfl. The source code
is read on a line by line basis. The opcode is examined, and control
is transferred to the corresponding service routine.
4.2 Machine Instruction Processing

The major function of the machine instruction service routines
is to assemble the instruction. For this the op-code has to be determin-
ed and the operand evaluated.

The base value of the opcode can be obtained from the Machine-

22
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operation table. Depending on the mode of addressing, the actual

value can be evaluated. A scan of the operands will establish the mode,
except in the case of instructions which can use either the direct or
the extended mode of addressing. For this case, the direct address
table is first searched to determine whether an entry corresponding to
the line is present. If so, the mode of addressing to be used is direct;
otherwise the extended mode is used.

The operand is evaluated using the symbol table produced by
pass-1. If the instruction requires an 8-bit value, the least significant
8-bits are used. For the relative mode of addressing, the location count-
er value is used to obtain a relative address. The generated bytes are
stored in WSPCE and LENTH is set to the number of bytes of generated code.
4.3 Pseudo-instruction processing

The actions taken for the various pseudo-ops are explained below.
END, MON:

These pseudo-ops signal that there are no more instructions to be
processed. Pass-2 now proceeds to do the cleaning-up process.

EQU:

This pseudo-op needs processing in pass-2, since symbols which
have not been defined before the instruction can appear in the operand
field . If the operand field can be evaluated, the value associated with the
label is reset: otherwise, the lahel is deleted from the symbol-table.

FCB, FDB:

These pseudo-ops generate constant data-bytes. FCB generates an

8-bit byte while FDB generates two 8-bit bytes of data. Since more than

one constant can be defined per line, each of the operands is evaluated,
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entered into the object-code buffer, and the location counter is
updated. If any of the operands cannot be evaluated, the line is flag-
ged as an error.

FCC:

This pseudo-op generates 7-bit ASCITI character constants. Basic-
ally, there are two ways of defining character strings--by using de-
limiters or by defining the length. The Assembler generates the 7-bit
ASCII equivalents, enters them into the object-code buffer and updates
the location-counter.

ORG, RMB:

Processing is identical to that of pass-1.
PAG, SPC:

These pseudo-ops control the assembly source-listing. For the
PAG pseudo-ops, the tele-type is positioned at the top of a new page,
and the title lines are printed. For the SPC, the operand field is eval-
uated, and a corresponding number of blank lines are printed. Neither
of the pseudo-ops is printed out.

NAM:

No action is necessary in pass-2.
4.4 Conclusion

At the end of each scan, the source-line is printed out. Any
machine code generated is entered into the object-code buffer. When the
END/MON pseudo-op is encountered, source-line scanning is stopped. The
total number of errors is printed. The object-code buffer is flushed,

and an end-of-file record is punched. The symbol table is sorted and



listed, and control returns back to the main program.
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CHAPTER V
TABLE HANDLING
5.1 Introduction
This chapter describes the handling of the various tables used
by the Assembler. The tables discussed are
(1) Symbol-table
(2) Machine-operation-code table.
All the other tables use a linear search techniaque.
5.2 Symbol-table-Searching
The symbol table is hash-coded. In order to use a hash-coded
table, two decisions have to be made:
(1) Choose a hashing function
(2) Select a method for handling collisions

The symbol table uses a multiplicative hashing function (pp 508-

9; ref 8). If w is the word size of the computer, A is any number
relatively prime to w , and 0 < h(k) < M =2M  the hashing
function,

h(k) = AM((A/w x k) mod 1))

gives a value betwéen 0 and M-1. Here h(k) consists of the m leading
bits of the least significant log,w bits of the product AX.

Collision resolution is done by open-addressing. The idea is to
"formulate some rule by which every key K determines a 'probe sequence',

namely a sequence of table positions which are to be inspected whenever K

29
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is inserted or looked up" (pp 518, ref. 8). The method used in the
Assembler uses 2 hash functions, hl(K) and hz(K). hl(K) produces a value
between 0 and M-1, while hz(K) produces a value between 1 and M-1,
relatively prime to M. If M = 2m, hz(K) can be obtained by shifting AK
mod w m more bits to the left and orring in a 1.
The flow chart for the algorithm is given in Fig. 5-1. (N
denotes the number of entries in the symbol table).
5.3 Symbol-table Sorting
The sorting algorithm used here is based on two things:
(1) The first bit of all entries is always 0, since 7-bit
ASCII representation is used.
(2) The sorting mechanism need not be fast, since the
machine will be working in a single user environment,
with the Tele-type operated in the SKIP mode.
Initially, the first bit of all entries in the table is 0 . An initial
pass is made through the table, and the left most bit of every null entry
is set to 1. Thereafter, until the minimum entry in the table is a null
with a 1 in the left most bit, the minimum entry is determined, printed
out, and a 1 entered in the most significant bit. After all entries have
been printed out, one more pass is done in order to reset the left-most
bit of every entry in the table to ¢ . The flow-chart for the algorithm
is shown in Fig. 5-2.
5.4 Machine-operation table searching
The machine operation table is a static table, with no insertions

or deletions. It can be prearranged lexicographically, and hence a
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binary search technique is used. The flow chart for the algorithm

(pp. 407-408; ref. 8) is given in Fig. 5-3.
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CHAPTER VI

CONCLUSION

The author regrets the lack of many useful features in the
Assembler, such as the OPT pseudo-op, cross-reference table, more
detailed error-processing, better source-listing format control etc.
These features could not be implemented due to lack of time.

The author found that modular design was very useful in writ-
ing software, especially in minimising and locating bugs during test-
ing. Early in the implementation stage, the author learnt the hard
way that proper documentation helps a great deal in debugging. The
author also feels that proper modular design is more important than
structured coding, since any un-structured code present is localised to
a module.

Since the project was primarily an exercise in _software design
and development, the author feels that he has achieved what he had set
about to do--get anridea of the problems involved in the design and

development of software.
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APPENDIX - A

INSTRUCTIONS TO USER

The starting address of the program is 20005. When started
at this location, the "MODE :=" request is printed out.
The Assembler operates in 4 modes.
Mode 0:- The Assembler halts processing
Mode 1:- Perform pass-1 processing.
Print all error lines.
Mode 2:- Perform pass-2
Print error-lines
Punch object code.
Mode 3:- Perform pass-2
Generate source-listing
List Symbol table.
The Assembler occupies locations
(40)8 thro' (131)8
(200}g thro' (341)8
(2000)8 thro! (11464)8

(1}000)8 thro! (15060)8
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APPENDIX - B

ERROR MESSAGES

CODE MEANING

D Delimiter not found in FCC

E Illegal expression

F Format error

I Invalid Label

L String too long in FCC

M Multiply defined label

N Label not present in EQU

0 Opcode unrecognizable

P Label present in ORG, END

R Expression cannot be evaluated in pass-1,

ORG, RMB

S Symbol too long

u Undefined Symbol

v Value overflow, division by 0.
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PROGRAMS WITH ERRORS



Lo

ERR1 PAGE 00001
ER. LINE. LOC. VALUE. INPUT.

00001 NAM ERR1
00002 * ERROR-CODES TEST.
00003 *
00004 *
00005 #%%#% LABEL, NOT PRESENT ,CODE-N #%3%3#%
00006 #*
00007 O0FF AAA EQU $FF
N 00008 0000 EQU $FF
00009 *
00010 ###%% FORMAT ERROR,CODE-F %
00011 *
F 00012 0000 ADCX #$10
F 00013 0000 ADC #$10
F 00014 0000 9900 ADC A
F 00015 0002 9700 STA A
F 00016 0004 STAX $10
F 00017 0004 ASLX
F 00018 0004 00 PSH
F 00019 0005 00 PSH C
F 00020 0006 CPXA #$10



ERR1
ER. LINE. LOC. VALUE.

00021 0006
00022 0006

00023 0006

£ I s T I 3|

00024 0006
00025
00026
00027
00028
R 00029 0006 0200
R 00030 0200
00031 0200
00032
00033
00034
P 00035 0200
PM 00036

TOTAL ERRORS 00018

L1

PAGE 00002

INPUT.

JMPA $10
BCCA $10
AAK

sk

#%%%%* EXPRESSION CANNOT BE EVALUATED

* IN PASS-1,CODE-R st

RMB SSS
ORG SSsS
SSS EQU $200

¥*

###%% TABEL PRESENT,CODE-P itk

N

o«

MNO ORG $300

MNO END



ERR2
ER.

=l =t Hi [} H

-

LINE. LOC.

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019

00020

0000
0001
0002
0003
0004

0005

0006

0007

VALUE.

16
16
16
16
16
16

16
16

L2

PAGE 00001
INPUT.
NAM ERR2
* ERROR-CODES TEST.
*

*#%%% INVALID LABEL,CODE-I #3#¥#x*

*

A TAB
B TAB
X TAB
1AC TAB

ABCDEFG TAB
AB$ TAB

*

##%%% MULTIPLY DEFINED LABEL ,CODE-M %3
*

KKK TAB

KKK TAB

¥*

##%%% DELIMITER NOT FOUND,CODE-D #s#%%:

*



ERR2
ER.

LINE.

00021
00022
00023

00024

00025
00026
000627
00028

00029

00030
00031
00032
00033

00034

00035
00036
00037
00038
00039

00040

LOC.

0008

000C

004A
O0LA

0149
014A

0144
014C
O14E
0150

0153

VALUE.

06

27BL
2782
24B0
FFOO 00

7YEQO 00

FHRAFKH

*

AN

TT

HIEHN R

PAGE
INPUT.

FCC
FCC

STRING TOO LONG,
CODE-IL ###3

FCC

FCC

L3

00002

J/TEXT/

/TEXT

256
255,

OPCODE UNRECOGNIZABLE,

CODE-0 ##x

TAP
ABC

UNDEFINED SYMBOL,

CODE-U #¥x

BEQ
BEQ
BCC X

STX A

CDE

CED*2

$10
#$10



ERR2

ER. LINE. LOC.

U 00041 0136
00042
00043
00044

S 00045 0158
00046
00047
00048

E 00049 0154

E 00050 015C
00051
00052
00053

vV 00054 O15E

v 00055 0160
00056

TOTAL ERRORS

VALUE.

27A8

27A6

274l
27A2

27A0

279E

00021

Ly

PAGE 00003

INPUT.

BEQ $10%-$2

#

¥#x %% SYMBOL TOO LONG,CODE-S ##¥*#%*

*

BEQ ABCDEFG

_x.

###%% JLLEGAL EXPRESSION,CODE-E #%#%x
+*

BEQ $10GH*$2

BEQ %112%3$3

*

#3%%%% VALUE OVERFLOW,CODE-V s
*
BEQ $10/0
BEQ $10/$0
END



APPENDIX - C
ABSOLUTE BINARY FORMAT
The PROM monitor supports the paper-tape format established by
Motorola.
The first character of a record is an S. The digit following

the S defines the type of record.

Sp = Header Record
S1 = Data Record
S9 = End of File Record

Header records (type S0O) contain the program name, and are
ignored by the PROM Monitor. The end of file record (type S9) causes
the monitor to terminate the loading process. Data records (type S1)
contain the actual data to be loaded and are of the form:

S1 NNAAAADD............... DDCC
where S1 specifies the record is a data-record, NN is a two digit hexa-
decimal byte count specifying the number of remaining bytes in the
record (1 byte = 2 frames of tape), AAAA is the 4 digit hexadecimal
starting address of the data-block, each DD pair consists of two hexa-
decimal digits which are combined to form a byte, and CC is the check-
sum of all preceding frames (excluding S and 1). The checksum
is the 1's complement of the binary sum of the byte count, the address,
and the data bytes.

Further information concerning the paper tape is given in Fig.

45
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The

(1)

(2)

(3)

(4)
(5)

(6)
The

various I-0

BPNDV

ECHODV

MDIND

MDOTD

SCIND

SLOTD

APPENDIX - D

I1-O INTERFACE
devices used by the Assembler are:

Binary punch device. Object code is
routed to this device
Echo device. Input characters are
echoed onto this device
mode input device. Reply to the 'Mode="
request is received from this device
"Mode="" message is printed on this device
Souce code input device. Source code is
accepted from this device

Source Listing is printed on this device

above are located in locations (40)8 through (45)8 of the

Assembler. The default values are (10)8 for all input devices and

(11)8 for all output devices. Once the Assembler has been loaded, the

user can set these to any desired device-code.

The basic input and output routines are PUT75 and GET78. GET78

gets the next character from the device whose device code is in "INPDV"

into accumulator 0 while PUT75 transmits the character in accumulator O

to the device whose device code is in OUTDV. Any I-0 changes can be

implemented by modifying these 2 routines appropriately.



APPENDIX - E
LANGUAGE DESCRIPTION
E-1 Character Set

(1) The alphabet A-Z, integers 0-9 arithmetic operators
+ - %/

(2) Special prefix characters
# specifies immediate mode of addressing
§ specifies a hexadecimal number
@ specifies an octal number
% specifies a binary number
' specifies an ASCII character

(3) Separating characters. SPACE, COMMA and CR(Carriage Return)

(4) A comment in the source statement may include any
character except the CR and LF (line feed )

{(5) In addition to the above, the Assembler has the capability
of reading strings of characters and of entering the cor-
responding 7-bit ASCII code into specified locations in
memory. This capability is provided by the Assembler
directive FCC.

E-2 Fields of the source statement

A source statement includes from one to four fields. From left

to right, the 4 fields are: (1) Label (2} Operator (3) Operand

(4) Comment. The comment is optional, and may be used in all source
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statements. A label is required for some statements which are involved
in the definition of symbols and, in some cases, at the destinations of
branches and jump instructions. An operand field may or may not be
present depending on the nature of the operator. The mnemonic operator
must be present in every statement except when the whole line is a com-
ment. In that case, the first character in the source line should be
an * .

With one exception, the successive fields within the statement
are separated by one or more SPACE characters. The exception applies
to instructions which have an accumulator as an operand. The programmer
has the option of including the accumulator character (A or B) along
with the op-code mnemonic, resulting in an apparent 4 character format,
as for example, "ADCA', "ASRB'", "STAA" etc.

A label, if used, must begin in the first character position
of the source-statement. A space in the first character position is
used to indicate that a label is not included in the statement. Except
in some cases when it is used with the mnemonic operator EQU, a label
always corresponds to a numerical address. A label consists of 1 to 6
alpha numeric characters, with the first character alphabetic. A label
should not consist of anyone of the single characters A, B or X. All
labels within a program should be unique.

The mnemonic operators recognized by the Assembler include 72
executable instructions. Each instruction is translated into one to
three bytes of machine code. The remaining mnemonic operators are

assembler directives of which 3 (FCB, FDB, FCC) are translated into
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one or more bytes of machine code.

The kind of information placed in the operand field depends on
the particular mnemonic operator. For the 72 executable instructions,
the microprocessor uses various modes of addressing for obtaining the
operand address. The addressing mode is determined by the mnemonic
operator combined with the information in the operand field. The Assembler
recognizes numbers, symbols and expressions in the operand field. Numbers

are accepted by the assembler in the following formats:

Number (decimal)
$ Number (hexadecimal)
@ Number (octal)
% Number (binary)
where Number is a positive integer.

Symbols, when used in the operand field, must have been defined
by appearing in the label field of any of the executable instructions,
or the pseudo-ops FCC, FDB, FCC and RMB. The special symbol * represents
the program counter. Expressions are combinations of symbols and/or
numbers being separated one from the next by one of the arithmetic operat-

ors (+, -, * or /). The expressions are evaluated from left to right

without any hierarchy of precedence among the operators.



APPENDIX F
GROUPED LISTING

The grouped listing of the 72 machine instructions is given below.

(For further information regarding this, refer to pp. A70-A71, ref.

Type 0: ADC ADD AND  BIT CMP
EOR LDA ORA SBC SUB
Type 1: STA
Type 2: ASL. ASR  CLR COM DEC INC

LSR  NEG ROL ROR  TST

Type 3: PSH  PUL

Type 4: CPX LDX LDS

Type 5: STS  STX

Type 6: JMP JSR

Type 7: BCC BCS BEQ BGE  BGT

BHI BLE BLS BLT BHI
BNE BPL BRA BSR BVC
BVS

Type 8: ABA  CPA DAA SBA TAB  TBA
DEX DES INX INS TXS TSX
NOP RTI RTS SWI WAT CLC
CLI CLV SEC SEI SEV  TAP

TPA.

51
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APPENDLIX - G

PSEUDO-INSTRUCTIONS
END - End of program: When the assembler directive "END" is used, it
marks the end of the source program. No other statement may follow the
END directive. The operator in the last statement of the source program
must be either MON or END. The END directive must not be written with a
label, and it does not have an operand. It is not translated into object
code.
EQU - Equate symbol: This is used to assign a value to a symbol. The
EQU statement must contain a label, which is identical to the symbol
being defined. The operand field may contain an expression which can be
evaluated by the Assembler. The statement is not translated into object
code.
FCB - Form constant byte: This directive may have one or more operands,
separated by commas. An 8-bit unsigned binary number corresponding to
each operand is in a byte of the object program. If there is more than
one operand, they are stored in successive bytes. The operand field may
contain any expression that can be evaluated by the assembler. The dir-
ective may be written, with a label. An FCB directive followed by one
or more void operands separated by commas will store zeroes for the void
operands.
FCC - Form Constant characters: This translates strings of characters

into their 7-bit ASCII codes. Any character other than CR and LF can
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processed by this directive.
(1) Count, comma, text, where the count specifies how many
ASCII characters to generate and the text begins following the
first comma of the operand. , Should the count be longer than
the text, spaces will be inserted to fill the count. Maximum
count is 255.
(2) Text enclosed between identical delimiters, each being a
single character. (If the delimiters are numbers, the text
must not begin with a comma.)
The FCC directive may be written with a label.
FDB - Form double constant byte: This directive is identical to the FCB
directive, except that a 16-bit unsigned binary number is stored correspond-
ing to the values of each operand.
MON - Return to monitor: This directive is handled in an identical manner
to the END directive.
NAM - Name: Provides a name for the program. The first six characters
in the operand field are used. This is used in the top-of-the-page
heading, and in the header-record of the object-code file. No object
code results from NAM.
OPT - Option: This directive is ignored by the Assembler. No action is
taken.
ORG - Origin: This defines the numerical address of the first byte of
machine code resulting from the assembly of the immediately subsequent
section of the source-program. The program counter is set to the value

of the expression in the operand field. The ORG directive should not
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have a label and does not translate into object-code.

RMB - Reserve Memory bytes: This causes the location counter to be
increased by the value of the expression in the operant field. This
reserves a block of memory whose length (in no. of words) is equal to
the value of the operand field. The block of memory is changed. A
label may be present on the statement.

SPC - Space n lines: This statement does not appear in the listing.
The operand field is evaluated, and a corresponding number of lines are
left blank.

PAG - Advance to the top of next page: This statement does not appear
in the listing. This causes the Assembler to advance the paper to the

top of the next page.
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Program Listing
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SUBROUTINE

ABA71

ADC63

ADD88

ASL65

ASSMB

BCC70

BDC46

BHX47

BIN15

BNYS3

CAC22

CER14

CHCL6

CHK73

CLB76

CPX67

CvTg4

CVT96

DECO1

DI80O

DIV90

EBN36

ELC29

END52

SUBROUTINE-INDEX

PAGE

156

204

201

215

64

190

234

138

157

170

85

212

83

82

87

219

149

184

175

202

161

137

155

SUBROUTINE

FNE26
ENETO
EPT83
EQUS3
FRL28
ESC32
FVL97
EWS31
EX802
FCB54
FCC55
FDB56
FVR34
GCH81
GET78
GLB41
GNC87
HEX94
HSH80
IMM99
IBN35
IN8O1
INITO

INPS4

PAGE

92

111

143

210

145

141

180

118

96

114

168

171

188

159

196

65

76

56



SUBROUTINE

INT13

JMP69

LAC21

LOC30

LSM18

MOD85

MPY72

NAMS57

NER17

0CT92

ORG59

ORR77

PAG60

PASS1

PASS2

PCH37

PED20

PLF08

PN803

PNL12

PROP7

PRT82

PSC10

PSH66

WRT86

........

PAGE

70

223

86

148

256

152

186

236

249

173

208

109

245

69

73

164

240

251

243

253

117

129

135

217

151

SUBROUTINE
PSY 39
PUN40O
PUT75
RED74
RMB61
RNCDS
SAB98
SCP23
SMT44
SPC62
SPM25
SPT43
SSTS51
ST804
STA64
STB79
STS68
SUB8&9
SUM50
SYMQS
UPD11
VLB42
VTR24

WDUP 3

57

PAGE

261

166

95

94

206

79

199

115

132

241

124

224

213

103

221

177

110

89

120

75
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