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PREFACE

The "HOW TO OBTAIN SOFTWARE INFORMATION" page, located at the back of
this document, explains the various services available to DIGITAL
software users.

The postage prepaid "READER'S COMMENTS" form on the last page of this
document requests  the wuser's critical evaluation. All comments
received are acknowledged and will be considered when subsequent

documents are prepared.

The software described in this document is furnished to the purchaser
under a license for use on a single computer system and can be copied
(with inclusion of DIGITAL's copyright notice) only for wuse in such
system, except as may otherwise be provided in writing by DIGITAL.

The material in this document is for information purposes only and is
subject to change without notice., DIGITAL assumes no responsibility
for the use or reliability of software and equipment which is not
supplied by it. DIGITAL assumes no responsibility for any errors
which may appear in this document.
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4K assemblers

INTRODUCTION TO 4K ASSEMBLERS

This manual contains descriptions of two PDP-8 4K Assemblers,
the first and most basic of which is PAL III. It is assumed that
the reader is already familiar with the material presented in the
first five chapters of Introduction to Programming, as the PAL III
programming language is discussed in detail in that section.

In addition to PAL III, the MACRO-8 Assembler is also dis-
cussed. MACRO-8 is similar to PAL III with the following addi-
tional features: user defined macros, double precision integers,
floating-point constants, arithmetic and Boolean operators, lit-
erals, text facilities, and automatic off-page linkage generation.
MACRO-8 is recommended when any of these features is desired
and when a large symbol table is not required.

Appendix C contains a list of the permanent symbols for each
of these assemblers.

Several other System Library Programs are useful in assembly
language programming. The Symbolic Tape Editor can be used to
change, correct, or create a program at the Teletype, and after
assembly, DDT or ODT are useful in debugging the program.
More on these and other useful programs can be found in Intro-
duction to Programming.

PAL III PROGRAMMING

PAL III (an acronym for Program Assembly Language, version
IIT) is a two pass Assembler (with an optional third pass) designed
for the 4K PDP-8 family of computers. A program, written in the
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PAL III source language, is translated by the Assembler into a
binary tape in two passes through the Assembler. The binary tape
is loaded by the Binary Loader into the computer for execution.

During the first pass of the assembly, all user symbols are de-
fined and placed in the Assembler’s symbol table. During the sec-
ond pass, the binary equivalents of the input source language are
generated and punched. The Assembler’s third pass produces a
printed assembly listing (a listing of the program’s instructions
with the location, generated binary, and source code side by side
on each line).

The Assembler requires a basic PDP-8 family computer with a
4K core memory, and a Teletype console. The Assembler can also
use either the high-speed reader, the high-speed punch, or both.
The user can change the Assembler’s permanent symbol table to
reflect his specific machine configuration, as explained under the
section on Altering the Permanent Symbol Table.

Character Set
LEGAL CHARACTERS
The following characters are acceptable to PAL III:
1. The alphabetic characters: A through Z
2. The numeric characters: 0 through 9
3. The following special characters:
a. Printing characters
+ plus ; semicolon
— minus : $ dollar sign
, comma . period
= equal sign / slash
* asterisk
b. Nonprinting keyboard characters:
SPACE :
TAB
RETURN

4. Ignored characters:
FORM FEED
blank tape
RUBOUT
Leader Trailer (code 200)

LINE FEED



ILLEGAL CHARACTERS
All other characters are illegal (except when used in a com-
ment) and cause the illegal character message:

IC xxxx AT nnnn

during pass 1, where xxxx is the octal value of the offending
character and nnnn is the value of the current location counter
where it occurred. Illegal characters are ignored and assembly can
proceed. The current location counter contains the address in
which the next word of object code will be assembled. If the illegal
character occurs in the middle of a symbol, the symbol is termi-
nated at that point.

Numbers
Any sequence of digits delimited by punctuation characters
forms a number. For example:
1
35
. - 4372
The pseudo-ops OCTAL and DECIMAL indicate to the Assem-
bler which radix, or base, is to be used in number interpretation.
The radix is initially set to octal (base 8) and remains octal un-
less it is changed. It can be changed to decimal (base 10) via the
DECIMAL pseudo-op, which indicates that all numbers which
follow are to be interpreted as decimal. This is then the case until
the occurrence of the OCTAL pseudo-op which converts the base

back to octal, and so on. (For an explanation of the internal repre-
sentation of numbers in the PDP-8, see Introduction to Pro-

gramming.)

Format Effectors
FORM FEED

The form feed code, if present in a PAL III program, will cause
the Assembler to output 12 blank lines during the pass 3 Assembly
listing. This is useful in creating a page-by-page listing. The
form feed is generated by typing a SHIFT/L on the Teletype.

TABULATIONS

Tabulations are used in the body of a source program to provide
a neat readable listing. Tabs separate fields into columns (for
details see Chapter 7 in Introduction to Programming). For exam-
ple, a line written:



GO,TAD TOTAL/MAIN LOOP
1s much easier to read if tabs are inserted to form:

GO TAD TOTAL /MAIN LOOP

STATEMENT TERMINATORS

Either the semicolon (;) or the RETURN key may be used as a
statement terminator. The semicolon is considered identical to a
carriage return/line feed except that it will not terminate a com-
ment. For example:

TAD A /THIS IS A COMMENT:; TAD B

The entire expression between the slash (/) and the carriage return
is considered a comment. Therefore the Assembler ignores the
TAD B.

If, for example, the user wishes to write a sequence of instruc-
tions to rotate the contents of the accumulator and link six places
to the right, it might look like the following: ’

RTR
RTR
RTR

However, the programmer can alternatively place all three instruc-
tions on a single line by separating them with the special character
semicolon (;) and terminating the line with a carriage return. The
above sequence of instructions can then be written:

RTR53RTR35RTR

These multi-statement lines are particularly useful when setting
aside a section of data storage for use during processing. For ex-
ample, a 4-word cleared block could be reserved by specifying
either of the following formats:

LIST, 25 2s @s @

or



LIST> (4]
@
)
@

Fither format may be used to input data words which may be in
the form of numbers, symbols, or expressions. (Symbols and ex-
pressions will be explained later.) Each of the following lines gener-
ate one storage word in the object program:

DATA> 7777
A+C-B
S
123+B2

Statements

PAL III source programs are usually prepared on a Teletype,
with the aid of the Symbolic Tape Editor, as a sequence of state-
ments. Each statement is written on a single line and is terminated
by typing the RETURN key. PAL III statements are virtually
format free; that is, elements of a statement are not placed in
numbered columns with rigidly controlled spacing, as in punched-
card oriented assemblers.

There are four types of elements in a PAL III statement which
are identified by the order of their appearance in the statement, and
by the separating (or delimiting) character which follows or pre-
cedes the element.

Statements are written in the general form:

label, instruction operand /comment

A statement must contain at least one of these elements and may
contain all four types. The Assembler interprets and processes the
statements, generating one or more binary instructions or data
words, or performing an assembly process.

LABELS

A label is the symbolic name created by the programmer to
identify the location of a statement in the program. If present, the
label is written first in a statement and is terminated by a comma.
There must be no intervening spaces between any of the characters
and the comma.



INSTRUCTIONS

An instruction may be one or more of the mnemonic machine
instructions (see Appendix C), or a pseudo-operation (pseudo-op)
which directs assembly processing. (The assembly pseudo-ops
are described later in this manual.) Instructions are terminated
with one or more spaces (or tabs if an operand follows) or with a
semicolon, slash, or carriage return.

OPERANDS

Operands are usually the octal or symbolic addresses of the data
to be accessed when an instruction is executed, but they can be any
expression, or an argument of a pseudo-op. In each case, interpre-
tation of operands in a statement depends on the statement instruc-
tion. Operands are terminated by a semicolon, slash, or carriage
return.

COMMENTS

Following a slash mark the programmer may add notes to a
statement. Such comments do not affect assembly processing or
program execution, but are useful in the program listing for later
analysis or debugging. The Assembler ignores everything from
the slash to the next carriage return. (For an example see the
section on Statement Terminators, preceding.)

It is possible to have nothing but a carriage return on a line,
resulting in a space in the final listing. An error message is not
given.

Coding Practices

A neat printout (or program listing, as it is usually called) makes
subsequent editing, debugging, and interpretation much easier
than if the coding were laid out in a haphazard fashion. The coding
practices listed below are in general use, and will result in a read-
able, orderly listing.

1. A title comment begins with a slash at the left hand margin.

2. Pseudo-ops may begin at the left margin; often, however,
they are indented one tab stop to line up with the executable
instructions.

3. Address labels begin at the left margin. They are separated
from succeeding fields by a tabulation.
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4. Instructions, whether or not they are preceded by a label
field, are indented one tab stop.

5. A comment is separated from the preceding field by one or
two tabs (as required) and a slash; if the comment occupies
the whole line, it usually begins with a slash at the left
margin.

Symbols

A symbol is a string of letters and digits beginning with a letter
and delimited by a non-alphanumeric character. Although a symbol
may be any length, only the first six characters are considered, and
any additional characters are ignored. Consequently symbols which
are identical in their first six characters are considered identical.

Pseudo-ops have fixed meanings, and cannot be redefined by
the programmer.

The Assembler has in its permanent symbol table definitions of
the symbols for all PDP-8 pseudo-op codes, memory reference,
operate and IOT (Input/Output Transfer) instructions, which may
be used without prior definition by the user. All other symbols
must be defined in the source program. For example:

1. Permanent symbols:

HLT is a symbolic instruction whose value of 7402 is
taken by the Assembler from the permanent sym-
_ bol table.
2. User defined symbols:
A is a user defined symbol. When used as a sym-

bolic address label, its value is the address of the
instruction it precedes. This value is assigned by,
the Assembler. The user may assign values to
symbols by using a direct assignment statement of
the form A = 1234, which will be explained later.

INTERNAL SYMBOL REPRESENTATION FOR PAL III
Each permanent and user defined symbol occupies four words
in the symbol table storage area, shown as follows:

Word 1 C1 C2
Word 2 C3 . C4
Word 3 C5 Cé
Word 4 Octal code or address




where C1, C2, . . ., C6 represent the first character, second
character, . . ., sixth character respectively. For a permanent sym-
bol, word 4 contains the octal code of the symbol, while for a user
defined symbol, word 4 contains the address of the symbol. As an
example, the permanent symbol TAD is represented as follows:

Word 1 =245 X 1005 + 01 = 24015 or TA
Word 2 = 045 X 1005 + 00 = 04005 or D
Word 3 = 0000

Word 4 = 1000 (octal code for TAD)

The PAL III Assembler distinguishes between pseudo-ops,
memory reference instructions, other permanent symbols, and user
defined symbols by their relative position in the symbol table.

SYMBOLIC ADDRESSES ,

A symbol used as a label to specify a symbolic address must
appear as the first term in a statement and must be immediately
followed by a comma. When used in this way, a symbol is assigned
a value equal to the current location counter and is said to be
defined. Permanent symbols (instructions, special characters, and
pseudo-ops) may not be used as symbolic addresses.

A defined symbol can be used as an operand, or as a reference
to an instruction. The user sets or resets the location counter by

typing an asterisk followed by the octal absolute address value in
which the next program word is to be stored. If the origin is not
set by the user, PAL III begins assigning addresses at location 200.

*300 /SET LOCATION COUNTER TO 300
TAG » CLA

JMP A
B> 0
A, DCA B

The symbol TAG (in the preceding example) is assigned a value
of 0300, the symbol B a value of 0302, and the symbol A a

value of 0303.
If a symbol is defined more than once in this manner, the

Assembler will print the duplicate tag diagnostic:
8




DT XXXX AT nnnn

where xxxx is the symbol, and nnnn is the value of the location
counter at the second occurrence of the symbol definition. The
symbol is not redefined. For example:

*300 -
START, TAD A
DCA COUNTER

CONTIN> JMS LEAVE
JMP START

As -74

COUNTER,O

START, CLA CLL

The symbol START would have a value of 0300, the symbol
CONTIN would have a value of 0302, the symbol A would have
a value of 0304, the symbol COUNTER (considered COUNTE by
the Assembler) would have a value of 0305. When the Assembler
processed the next line it would print (during pass 1):

DT START AT 0306

Since the first pass of PAL III is used to define all symbols in
the symbol table, the Assembler will print a diagnostic if, at the
end of pass 1, there are any symbols remaining undefined. For
example:

*7170
& gi‘i SMA (The dollar sign must terminate
HLT all PDP-8 4K assembly pro-
c, gMp Al grams. )

$

would produce the undefined address diagnostic:
UA xxxx AT nnnn

where xxxx is the symbol and nnnn is the location at which it was
first seen. The user’s entire symbol table is printed in alphabetical
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order at the end of pass 1. In the case of the preceding example,
this would look as follows:

A 1170

ua Al AT 7173
C 7174

The following are examples of legal symbolic addresses:

ADDR,
TOTAL,
SUM,
Al,

The following are examples of illegal symbolic addresses:

AD)M, (contains an illegal character)
7ABC, : (first character must be alphabetic)
LA BEL, (must not contain imbedded space)
-D+TAG, (contains a legal but non-alphanumeric
character)
LABEL |, (must be terminated by a comma with no inter-

vening spaces)

SYMBOLIC INSTRUCTIONS

Symbols used as instructions must be predefined by the Assem-
bler or by the programmer. If a statement has no label, the instruc-
tion may appear first in the statement, and must be terminated by
a space, tab, semicolon, slash, or carriage return. The following are
examples of legal operators:

TAD (a mnemonic machine instruction operator)
PAGE (an Assembler pseudo-op)
ZIP (legal only if defined by the user)

SYMBOLIC OPERANDS

Symbols used as operands normally have a value defined by
the user. The Assembler allows symbolic references to instructions
or data defined elsewhere in the program. Operands may be num-
bers or expressions.

TOTAL> TAD AC1+TAG

10



The values of the two symbols AC1 and TAG, already defined
by the user, are combined by a two’s complement add. This value
is used as the address of the operand.

SYMBOL TABLE

The Assembler processes user defined symbols in source pro-
gram statements by adding them to its symbol table. The symbol
table contains all defined symbols along with the binary value
assigned to each symbol.

Initially, the Assembler’s symbol table contains the mnemonic
op-codes of the machine instructions and the Assembler pseudo-op
codes, as listed in Appendix C. As the source program is processed,
user defined symbols are added to the symbol table.

If, during pass 1, PAL III detects that the symbol table is full
(in other words, there is no more memory space to store symbols
and their associated values), the symbol table full diagnostic:

ST XXXX AT nnnn

is printed; xxxx is the symbol that caused the overflow condition
and nnnn is the current location when the overflow occurred.
The Assembler halts and may not be restarted.

More address arithmetic should be used to reduce the number
of symbols. It is also possible to segment a program and assemble
the segments separately, taking care to generate proper links be-
tween the segments. (See the MACRO-8 section Dealing with a
Limited Symbol Space.) PAL III’s symbol capacity when using the
high-speed reader is 558 symbols. The permanent symbol table con-
tains 80 symbols, leaving space for 478 possible user-defined sym-
bols. When using the low-speed reader, PAL III’s symbol capacity
is 656 symbols, leaving space for 576 user-defined symbols.

DIRECT ASSIGNMENT STATEMENTS

The programmer inserts new symbols with their assigned values
directly into the symbol table by using a direct assignment state-
ment of the form:

SYMBOL = VALUE

VALUE may be a number or expression. No space(s) or tab(s)
may appear between the symbol to the left of the equal sign and
the equal sign. The following are examples of direct assignment
statements:

11



A=6
EXIT=JMP 1 0
C=A+B

All symbols to the right of the equal sign must be already de-
fined. The symbol to the left of the equal sign is subject to the same
restrictions as a symbolic address, and its associated value is stored
in the user’s symbol table. The use of the equal sign does not in-
crement the location counter. It is, rather, an instruction to the
Assembler itself.

A direct assignment statement may also equate a new symbol
to the value assigned to a previously defined symbol. In this case
the two symbols share the same memory location. '

BETA=17
GAMMA=BETA

The new symbol, GAMMA, is entered into the user’s symbol table
with the value 17.
The value assigned to a symbol may be changed as follows:

ALPHA=5
ALPHA=7

The second line of code shown changes the value assigned to
ALPHA from 5 to 7. (This will generate an RD error, explained
below.)

Symbols defined by use of the equal sign may be used in any
valid expression. For example:

*200

A=100 /DOES NQOT UPDATE CLC

B=400 /DOES NQOT UPDATE CLC

A+B /THE VALUE 500 1S ASSEMELED AT LOC. 200
TAD A /THE VALUE 1100 1S ASSEMELEL AT LOC. 201

If the symbol to the left of the equal sign has already been
defined, the redefinition diagnostic:
RD xxxx AT nnnn

will be printed as a warning, where xxxx is the symbol name
and nnnn is the value of the location counter at the point of
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redefinition. The new value will be stored in the symbol table; for
example:

CLA=7600

will cause the diagnostic:

RD CLA AT 0200

Whenever CLA is used after this point, it will have the value 7600.
Multiple assignments can be carried to two levels only. Where
X is some previously defined symbol or combination of symbols:

A=B=X will assemble, but
A=B=C=X will not assemble.

An error of this type will cause a “Pushdown Stack Overflow”
diagnostic of the form:

PO XXXX AT nnnn

This is a non-recoverable error condition which causes the assembly
to terminate. Continuation is not possible at this point. The error
must be corrected and the assembly restarted.

The expression to the right of the rightmost equal sign must
be composed completely of numbers and/or previously defined
symbols.

The omission of the tag in a direct assignment statement will
cause various errors, depending on the placement of the statement.
If a statement such as:

=3

occurs before any symbol has been used in a program, PAL III
will generate an RD error message during pass 1, with a meaning-
less printout for the symbol being defined. If the statement =3
occurs after a symbol has been used, the assembler assumes the
last symbol referenced is being redefined. For instance:
*200

cLa

=3

will cause the diagnostic:

13



RD CLA AT g2g1

during pass 1. In either case, PAL III may be restarted after pass
1, but attempting to continue to pass 2 will leave the Assembler in
a state from which it can neither be continued for pass 3 nor re-
started for another pass 1.

Expressions
Symbols and numbers are combined by arithmetic and logical
operators to form expressions. There are three operators:

+ plus Signifies two’s complement addition
— minus  Signifies two’s complement subtraction
space Space is interpreted in context

When a space occurs in an expression that does not contain a
memory reference instruction, it means an inclusive OR is to be
performed. For example:

CLA CLL

The symbol CLA has a value of 7200 and the symbol CLL has a
value of 7100; CLA CLL would produce 7300. User defined sym-
bols are treated as operate instructions. For example:

A=333
*222
B CLA

Possible expressions and their values using the symbols just defined
are shown below. Notice that the Assembler reduces each expres-
sion to one 4-digit (octal) word: ’

A 0333

B 0222

A+B 0555

A—B 0111

—A 7445

1-B 7557

B-1 0221

A B 0333 (an inclusive OR is performed)
—71 7707

etc.
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An expression is terminated by either a comma, carriage return,
or semicolon. If the information generated is to be loaded, the cur-
rent location counter is incremented. For example:

B-75 A+45 A+B

produces three words of information and the current location
counter is incremented after each expression. The statement:

HALT=HLT CLA

produces no information to be loaded (it produces an association
in the symbol table) and hence does not increment the current loca-
tion counter. ' '

*4721
TEMP »
TEM2, 2

The location counter is not incremented after the line TEMP; the
two symbols TEMP and TEM2 are assigned the same value, in
this case 4721. ) ‘

Since a PDP-8 instruction has an operation code of three bits
as well as an indirect bit, a page bit, and seven address bits, the
Assembler must combine memory reference instructions in a man-
ner somewhat differently from the way in which it combines
operate or IOT instructions. The Assembler differentiates between
the symbols in its permanent symbol table and user defined sym-
bols. The following symbols are used as memory reference instruc-
tions: ’

AND . 0000 Logical AND

TAD 1000 Two’s complement addition
ISZ 2000 Increment and skip if zero
DCA 3000 Deposit and clear accumulator
IMS 4000 Jump to subroutine

JMP 5000 Jump ,

FADD 1000 Floating addition

FSUB 2000 Floating subtraction

FMPY 3000 Floating multiply

FDIV 4000 Floating divide

FGET 5000 Floating GET

FPUT 6000 Floating PUT

15



When the Assembler has processed one of these symbols, the
space following it acts as an address field delimiter.

*4100
JMP A
As CLA

A has the value 4101, JMP has the value 5000, and the space acts
as a field delimiter. These symbols are represented as follows:

A 100 001 000 001
JIMP 101 000 000 000

The seven address bits of A are taken, i.e.:
000 001 000 001

The remaining bits of the address are tested to see if they are
zeros (page zero reference); if they are not, the current page bit is
set:

000 011 000 001
The operation code is then ORed into the JMP expression to form:
101 011 000 001
or, written more concisely in octal:
5301

In addition to the above tests, the page bits of the address field
are compared with the page bits of the current location counter.
If the page bits of the address field are nonzero and do not equal
the page bits of the current location counter, an out-of-page refer-
ence is being attempted and the illegal reference diagnostic is
printed on pass 2 or pass 3. For example:

*4100
A cLAa CLL

*7200
JMP A

The symbol in the address field of the JMP instruction has a
value of 4100 while the location counter (the address where the
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instruction is placed in memory) has a value of 7200. This instruc-
tion is illegal because PAL III does not generate off-page refer-
ences, and will be flagged during pass 2 or pass 3 by the illegal
reference diagnostic:

IR 4100 AT 7200

NOTE :
Such a diagnostic would not be generated

when using MACRO-8, which automatically
generates off-page references.

Address Assignments

The PAL III Assembler sets the origin, or starting address, of
the source program to absolute location (address) 0200 unless the
origin is otherwise specified by the programmer. As source state-
ments are processed, PAL III assigns consecutive memory ad-
dresses to the instructions and data words of the object program.
This is done by automatically incrementing the current location
counter each time a memory location is assigned. A statement
which generates a single object program storage word increments
the location counter by one. Another statement might generate six
storage words, incrementing the location counter by six.

Direct assignment statements and some Assembler pseudo-ops
do not generate storage words and therefore do not affect the loca-
tion counter.

CURRENT ADDRESS INDICATOR

The special character period (.) always has a value equal to the
value of the current location counter. It may be used as any integer
or symbol (except to the left of an equal sign), and must be pre-
ceded by a space when used as an operand. For example:

*200
JMP . +2

is equivalent to JMP 0202. Also,

*300
o +2400
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will produce in location 0300 the quantity 2700. Consider:

*2200
CALL=JMS 1 .
Qo217

The second line (CALL=JMS I .) does not increment the current
location counter, therefore, 0027 is placed in location 2200 and

CALL is placed in the user’s symbol table with an associated value
of 4600 (the octal equivalent of IMS I .).

INDIRECT ADDRESSING

When the character I appears in a statement between a memory
reference instruction and an operand, the operand is interpreted
as the address (or location) containing the address of the operand
to be used in the current statement. Consider: :

TAD 40

which is a direct address statement, where 40 is interpreted as the
address on page zero containing the quantity to be added to the
accumulator. References to addresses on the current page and to
page zero-may be done directly. An alternate way to note the page
zero reference is with the letter Z, as follows:

TAD Z 40

This is an optional notation, not differing in effect from the pre-
vious example. Thus, if address 40 contains 0432, then 0432 is
added to the accumulator. Now consider:

TAD 1 40

which is an indirect address statement, where 40 is interpreted as
the address of the address containing the quantity to be added to
the accumulator. Thus, if address 40 contains 0432, and address
432 contains 0456, then 456 is added to the accumulator.
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NOTE
Because the letter I is used to indicate in-
direct addressing, it is never used as a vari-
able. Likewise the letter Z, which is some-
times used to indicate a page zero reference,
is never used as a variable.

AUTOINDEXING

Interpage references are often necessary for obtaining operands
when processing large amounts of data. The PDP-8 computers
have facilities to ease the addressing of this data. When one of the
absolute locations from 10 to 17 (octal) is indirectly addressed,
the contents of the location is incremented before it is used as an
address and the incremented number is left in the location. This
allows the programmer to address consecutive memory locations
using a minimum of statements.
It must be remembered that initially these locations (10 to 17
on page 0) must bz set to one less than the first desired address.
Because of their characteristics, these locations are called autoin-
dex registers. No incrementation takes place when locations 10
to 17 are addressed directly. For example, if the instruction to be
executed next is in location 300 and the data to be referenced is
on the page starting at location 5000, autoindex register 10 can be
used to address the data as follows: '

8276 1377 TAD C4777 /=5000-1

8277 3010 DCA 10 /SET UP. AUTO INDEX

@300 1410 TAD T 10 /INCREMENT TO 5000

. e . /BEFORE USE AS AN ADDRESS
03717 47717 Ca777,4777

When the instruction in location 300 is executed, the contents
of location 10 will be incremented to 5000 and the contents of
location 5000 will be added to the contents of the accumulator.
When the instruction TAD I 10 is executed again, the contents of
location 5001 will be added to the accumulator, and so on.

Instructions

There are two basic groups of instructions: memory reference
and microinstructions. Memory reference instructions require an
operand; microinstructions do not require an operand.
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MEMORY REFERENCE INSTRUCTIONS

In PDP-8 computers, some instructions require a reference to
memory. They are appropriately designated memory reference
instructions, and take the following format: :

OPERATION MEMORY
CODES 2-5 PAGE
T

0 1 2 3 4 5 6 7 8 9 | 10| 11

— ¥
INDIRECT ADDRESS
ADDRESSING

Memory Reference Instruction Bit Assignments

Bits O through 2 contain the operation code of the instruction
to be performed. Bit 3 tells the computer if the instruction is in-
direct, that is, if the address of the instruction specifies the loca-
tion of the address of the operand. Bit 4 tells the computer if the
instruction is referencing the current page or page zero. This leaves
bits 5 through 11 (7 bits) to specify an address. In these 7 bits,
200 octal or 128 decimal locations can be specified; the page bit
increases accessible locations to 400 octal or 256 decimal. For a
list of the memory reference instructions and their codes, see
Appendix C.

In PAL III a memory reference instruction must be followed
by a space(s) or tab(s), an optional I or Z designation, and any
valid expression, and may be defined with the FIXMRI instruction,
explained under the section on Altering the Permanent Symbol
Table. Permanent symbols may be defined using the FIXTAB in-
struction, and may be used in address fields as shown below:

A=1234
FIXTAB
TAD A

MICROINSTRUCTIONS ;
Microinstructions are divided into two groups: operate and In-
put/Output Transfer (IOT) microinstructions.
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NOTE
If a programmer mistakenly makes an illegal
combination of microinstructions, the As-
sembler will perform an inclusive OR be-
tween them; for example:
CLL SKP is interpreted as SPA
(7100 7410) (7510)

Operate Microinstructions

Within the operate group, there are two groups of microinstruc-
tions which cannot be mixed. Group 1 microinstructions perform
clear, complement, rotate and increment operations, and are des-
ignated by the presence of a O in bit 3 of the machine instruction
word. (See Permanent Symbol Table list in Appendix C.)

ROTATE 1
ROTATE  POSITION IF A@
OPERATION AC AND L 2 POSITIONS
CODE 7 CLA CMA RIGHT IF A
™

o] 1 2 3 4 5 6 7 8 9 |10 | 11

- — — - —
CONTAINS CLL cML ROTATE 1AC
AQ TO AC AND L

SPECIFY LEFT

GROUP1

Group 1 Operate Microinstruction Bit Assignments

Group 2 microinstructions check the contents of the accumu-
lator and link and, based on the check, continue to or skip the
next instruction. Group 2 microinstructions are identified by the
presence of a 1 in bit 3 and a 0 in bit 11 of the machine instruction

word (See Appendix C).

REVERSE
SKIP
OPERATION SENSING OF
CODE 7 CLA SZA BITS 5,6,7 HLT
M ~— — —
Q 1 2 3 4 5 6 7 8 ] 10 1
— — N~ ~— —
CONTAINS A { SMA SNL OSR CONTAINS A @
TO SPECIFY TO SPECIFY
GROUP 2 GROUP 2

Group 2 Operate Microinstruction Bit Assignments
21



Group 1 and Group 2 microinstructions cannot be combined
because bit 3 determines either one or the other.

Within Group 2, there are two groups of skip instructions. They
can be referred to as the OR group and the AND group.

OR Group AND Group
SMA ' SPA
SZA SNA
SNL SZL

The OR group is designated by a 0 in bit 8, and the AND group
by a 1 in bit 8. OR and AND group instructions cannot be com-
bined because bit 8 determines either one or the other.

If the programmer does combine legal skip instructions, it is
important to note the conditions under which a skip may occur.

1. OR Group—If these skips are combined in a statement, the
inclusive OR of the conditions determines the skip. For

example:

SZA SNL

The next statement is skipped if the accumulator contains
0000, or the link is a 1, or both conditions exist.

2. AND Group—If the skips are combined in a statement, the
logical AND of the conditions determines the skip. For
example:

SNA SZL

The next statement is skipped only if the accumulator differs
from 0000 and the link is O.

Input/Output Transfer Microinstructions
These microinstructions initiate operation of peripheral equip-
ment and effect an information transfer between the central proces-

sor and the Input/Output device(s).
The Permanent Symbol Table in Appendix C contains the com-

monly used in IOTs for the disk, TTY, and high speed devices.
These and other IOTs are discussed in detail in the Small Com-

puter Handbook.
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PSEUDO-OPERATORS

The programmer uses pseudo-operators to direct the Assembler
to perform certain tasks or to interpret subsequent coding in a
certain manner. Some pseudo-ops generate storage words in the
object program, other pseudo-ops direct the Assembler as to how
to proceed with the assembly. Pseudo-ops are maintained in the
permanent symbol table; pseudo-ops should not be used as variable
names within a program.

The function of each PAL III pseudo-op is described below.

Indirect Addressing

I Symbolic representation for indirect addressing, must be
separated on each side by at least one space.
For example:

DCA I ADD

The value of the symbol ADD is used as the address of the address
in which the contents of the accumulator will be stored.

Z Optional method of denoting a page zero reference.
For éxample:

DCA ADD
DCA Z ADD

The two statements above have the same meaning and generate
the same code, where ADD is on page zero.

Both Z and I can be present in the same instruction, separated
by at least one space, as follows:

DCA Z 1 ADD
which is the same as:
DCA I ADD

Radix Control
Numbers used in a source program are initially considered to be
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octal numbers. However, if the programmer wishes to have certain
numbers interpreted as decimal, he can use the pseudo-op
DECIMAL. ‘

DECIMAL All following numbers are taken as. decimal until
the occurrence of the pseudo-op OCTAL.
OCTAL Resets the radix to its original octal base.

Extended Memory

When using more than one memory bank, the pseudo-op FIELD
instructs the Assembler to output a field setting. This field setting
is punched during pass 2 and is recognized by the Binary Loader,
which in turn causes all subsequent information to be loaded into
the field specified by the expression.

FIELD n Where n is an integer, a previously defined symbol,
or an expression within the range 0 < n < 7.

The FIELD pseudo-op causes a field setting (binary word) of the
form:

11 xxx 000 where 000<xxx<111,

to be output on the binary tape during pass 2 followed by an origin
setting of 200. This word is read by the Loader, which then begms
loading information into the new field.

The field setting is never remembered by the Assembler, and no
initial field setting is punched. A binary tape produced without
field settings may be loaded into any one field of core by appro-
priate manipulation of the Data Field switches when using the
Binary Loader. Asymbol in one field may be used to reference the
same location in any other field. The field to which it refers is
determined by the use of the CDF and CIF instructions. (The pro-
grammer who is unfamiliar with the IOTs but wishes to use them
should experiment with several short test programs to satisfy him-
self as to their effect.) An example of this method of symbol space
conservation might be:
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vaoo
g2o1
pege
2203

@300
0301

0200
vepl
gag2
2203
0ev4a
2205
0206

P301.,

NEXT

P302s
PRINT.

P6203s

Pow5
2006
20817
ooo4

1200
1203

pR06
oeo7T
0003
geea
1200
7200
1204

*200
TAD
CDF
CIF
JMS
CIF
JMP
301

*200
DATA>

*300

FIELD 1

P301
1)

10
PRINT
10
NEXT

FIELD 1

*200
TAD
CDF
JMS
HLT
302
@

TLS
TSF
JMP
CLA
RDF
TAD
DCA
200
JMP
6203

P302
19
PRINT

o -1

P6203
o +1

I PRINT

TAD
CLA
TAD

DATA
DATA +3
10

19

DATA

DATA+4

NOTE
CDF and CIF instructions must be used
prior to any instruction referencing a loca-
tion outside of the current field, as shown
in the following example:
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When FIELD is used, the Assembler follows the new FIELD set-
ting with an origin at location 200. For this reason, if the pro-
grammer wants to assemble code at location 400 in field 1 he must
write:

FIELD 1 /CORRECT EXAMPLE
*400 '

The following is incorrect and will not generate the desired code:

*400 /INCORRECT
FIELD 1

End of Tape

The pseudo-op PAUSE signals the Assembler to stop processing
the paper tape being read. The current pass is not terminated, and
processing continues when the user depresses the CONTinue key.

When processing a segmented program, the programmer uses
the PAUSE pseudo-op as the last statement of each segment (tape)
to halt Assembler processing, giving him time to insert the next
segment of his program.

The PAUSE pseudo-op should be used only at the physical
end of a tape or file and with two or more tapes of one program.
When a PAUSE statement is reached,

1. The Assembler stops.

2. This is the physical end of the tape; the Assembler resets
the input buffer pointer.

3. Operator intervention is required to put the next tape seg-
ment of the program in the reader and press the CONTinue
key.

If a PAUSE is encountered somewhere other than at the physical
end of a tape, some of the user code immediately after the PAUSE
will not be assembled. This occurs because PAL III has-an input
buffer to allow maximum use of reader speed. A tape is read in
until the buffer is filled or the physical end of the tape is reached.
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The contents of the buffer are then processed. However, upon rec-
ognizing a PAUSE, PAL III resets the buffer to empty and waits
for step 3 above.

End of Program

The special symbol dollar sign ($) indicates the end of a pro-
gram. When the Assembler encounters the dollar sign, it termi-
nates the current pass. The Assembler must read a $ after each
pass before it will correctly proceed with the assembly.

Altering the Permanent Symbol Table

PAL III contains a table of symbol definitions for the PDP-8
and its most common peripheral devices. These are symbols such
as TAD, DCA, and CLA, which are used in most PDP-8 pro-
grams. This table is considered to be the permanent symbol table
for PAL III; all of the symbols it contains are listed in Appendix
C.

If the user purchases one or more optional devices whose in-
struction set is not defined among the permanent symbols (for
example EAE or an A/D Converter), he would want to add the
necessary symbol definitions to the permanent symbol table in
every program he assembles. Conversely, the user who needs more
space for user defined symbols would probably want to delete all
definitions except the ones used in his program. For such purposes,
PAL III has three pseudo-ops that can be used to alter the perma-
nent symbol table. These pseudo-ops are recognized by the As-
sembler only during pass 1. During either pass 2 or pass 3 they are
ignored and have no effect.

EXPUNGE Deletes the entire permanent symbol table, ex-
cept pseudo-ops.

FIXTAB Appends all presently defined symbols to the
permanent symbol table. All symbols defined
before the occurrence of FIXTAB are made part
of the permanent symbol table until the Assem-

- bler is reloaded. For example, the PAL III Ex-
tended Symbols Tape ends with FIXTAB.

To append the following RFO08 disk IOTs to the symbol table,
the programmer generates an ASCII tape of:
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DCIM=6611
DIML=6615
DIMA=6616
DFSE=6621
DISK=6623
DCXA=6641
DXAL=6643
DXAC=6645
DMMT=6646
FIXTAB
PAUSE

The ASCII tape is then read into core ahead of the symbolic
program tape during pass 1. The PAUSE pseudo-op stops assem-
bly, and the Loader waits for the programmer to put the symbolic
program tape into the tape reader and press CONTinue.

Each time the Assembler is loaded, PAL I1I's permanent symbol
table is restored to contain only the permanent symbols shown in
Appendix C.

After altering the symbol table to fit his needs, the user might
want to keep PAL III in this state for future use. This can be done
by punching a binary of the section of core occupied by PAL III
with its new symbol table.

To do this:

1. Read in PAL III and modify symbol table as desired.

2. PAL IIl’s symbol table begins at location 2332 (octal).
Count all the symbols in the altered symbol table. Since each
symbol and its value require four words, multiply this num-
ber by 4. Convert this number to octal and add it to 2332
(octal). This number is the upper limit of PAL III. The
lower limit is 0001.

3. Using the Binary Punch Routine (DEC-08-YX1A-PB),
which does a binary core dump to the high-speed or Tele-
type punch, and the limits as stated in 2 above, punch out
the PAL III Assembler.

4. The output of the Binary Punch Routine is the Assembler
with the modified symbol table and can be loaded with the
Binary Loader. This revised version of the Assembler can
thereafter be used instead of the original version.

The third pseudo-op used to alter the permanent symbol table
in PAL III (and not present in MACRO-8) is FIXMRI which
may be used only after an EXPUNGE instruction:
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FIXMRI Fix memory reference instruction. Memory reference
instructions are stored in the permanent symbol table
immediately following the pseudo-ops. The letters
FIXMRI must be followed by one space, the symbol
for the instruction to be defined, an equal sign, and
the value of the symbol. The pseudo-op must be re-
peated for each memory reference instruction to be
defined. All memory reference instructions must be
defined before the definition of any other symbols.

For example:

EXPUNGE

FIXMRI TAD=1000
FIXMRI DCA=3000
CLA=7200
FIXTAB

PAUSE

When the preceding program segment is read into the Assembler
during pass 1, all symbol definitions are deleted and the three
symbols listed are added to the permanent symbol table. Notice
that CLA is not a memory reference instruction. This process is
often performed to alter the Assembler’s symbol table so that it
contains only those symbols used at a given installation or by a
given program. This may increase the Assembler’s capacity for
user defined symbols in the program.

Program Preparation and Assembler Output

In PAL III and MACRO-8, the source language or sym-
bolic tape is punched in ASCII code on 8-channel paper tape, using
an off-line Model LT-33 Teletype or the on-line Symbolic Editor.
In general, a program should begin with leader code, which may
be blank tape, code 200, or RUBOUTS.

Certain codes which the Assembler ignores may be used freely
to produce a more readable symbolic program listing. These codes
are TAB and LINE FEED. The Assembler also ignores extraneous
spaces, carriage return/line feed combinations, and blank tape.
When the Assembler encounters a form feed character, it causes
12 blank lines to be output on the listing (in PAL III only).

The two programs below are identical and produce the same
binary code. The second, however, was generated using the TAB
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function of the Symbolic Editor and is easier to read. The first
program assembles faster only because there is less paper tape to
be read into the computer.

Program #1:

*200 '

/EXAMPLE OF INPUT TO THE FORMA
/GENERATOR PROGRAM

BEGIN, @/START OF PROGRAM

KCC

KSF/WAIT FOR FLAG

JMP «-1/FLAG NOT SET YET
KRB/READ IN CBARACTER

DCA CHAR

TAD CHAR

TAD MSPACE/IS IT A SPACE?

SNA CLA

HLT/YES

JMP BEGIN+2/NO:INPUT AGAIN
CHAR,@ /TEMPORARY STORAGE
MSPACE,-240/-ASCII EQUIVALENT
/END OF EXAMPLE :

$

Program #2:

*200
/EXAMPLE OF INPUT TO THE FORMAT
/GENERATOR PROGRAM :

BEGIN, 0 /START OF PROGRAM

KCC

KSF /WAIT FOR FLAG

JMP «-1" /FLAG NOT SET YET

KRB /READ IN CHARACTER

DCA CHAR

TAD CHAR

TAD MSPACE /1S IT A SPACE?

SNA CLA

HLT ~ /YES

JMP BEGIN+2 /NO: INPUT AGAIN
CHAR> ) /TEMPORARY STORAGE
MSPACE, -240¢ /-ASCII EQUIVALENT
/END OF -EXAMPLE ' '
$
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The program consists of statements and pseudo-ops, is termi-
nated by the dollar sign ($), and followed by some trailer code. If
the program is large, it can be segmented using the pseudo-op
PAUSE, which often facilitates the editing of the source program
since each section will be physically smaller.

The Assembler initially sets the current location counter to
0200. This counter is reset whenever the asterisk (*) is processed.

During pass 1, all illegal characters cause a diagnostic to be
printed. The tape should be corrected and reassembled.

The Assembler reads the source tape and defines all symbols
used.  The user’s symbol table is printed (or punched) at the end
of pass 1. The symbol table is printed in alphabetical order. If
any symbols remain undefined, the undefined address diagnostic
is printed. If the program listed on the previous page were assem-
bled, the pass 1 symbol table output would be:

BEGIN 0200
CHAR 0213
MSPACE @214

During pass 2, the Assembler reads the source tape and gen-
erates the binary code, using the symbol table equivalences de-
fined during pass 1. The binary tape that is punched may be
loaded by the Binary Loader. This binary tape consists of
leader code, an origin setting, and data words. At the end
of pass 2, a checksum is punched on the binary tape, and trailer
code is generated. During pass 2, the Assembler may diagnose an
illegal reference; when using the LT-33 punch, the diagnostic
is both printed and punched, and is preceded and followed by
RUBOUTSs. The Binary Loader ignores everything that has been
punched on a tape between RUBOUTs. ‘

During pass 3, the Assembler reads the source tape and gen-
erates the code from the source statements. The assembly listing
is printed (or punched). It consists of the current location counter,
the generated code in octal, and the source statement. The symbol
table is printed at the end of the pass. If the sample program listed
above were assembled, the pass 3 output would be:
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*200
/EXAMPLE OF INPUT TO THE FORMAT
/GENERATOR PROGRAM

0200 0000 BEGIN, @ /START OF PROGRAM
2201 6032 KCC

g202 6031 KSF /WAIT FOR FLAG
0203 5202 JMP . -1 /FLAG NOT SET YET
0204 6036 KRB /READ IN CHARACTER
0205 3213 DCA CHAR

0206 1213 TAD CHAR

0207 1214 TAD MSPACE /1S IT A SPAGE?
0210 7650 SNA CLA

g211 7402 HLT /YES

g212 5202 JMP BEGIN+2 /NO: INPUT AGAIN
2213 @003 CHAR, 0 /TEMPORARY STORAGE
0214 7540 MSPACE, -240 /ASCII EQUIVALENT

/END OF EXAMPLE

BEGIN 2200
CHAR @213
MSPACE @214

Operating Procedures

The PAL III Assembler is provided to DEC customers as a
binary tape, which is loaded into the PDP-& memory by means of
the Binary Loader, using either the LT-33 reader or the high-
speed reader. The Assembler also uses either the LT-33 reader
or the high-speed reader to read the source language tape, and it
uses either the LT-33 punch or the high-speed punch for output.
The selection of I/O devices is made when the Assembler is
started. The source language tape must be in the proper reader,
with the reader and punch turned on.

When using the high-speed punch, the symbol table is printed
on the LT-33 Teletype if bit 11 of the switch register is a O.
The symbol table is punched on the high-speed punch if bit 11 of
the switch register is a 1.

All diagnostics are printed on the LT-33 except for the unde-
fined address diagnostic when using the LT-33 punch, or the
high-speed punch if it is included in the machine configuration and
turned on. The only diagnostic in pass 2 will be illegal reference.
(Since this diagnostic is printed on the LT-33, it will also be
punched on the binary tape. It will, however, be ignored by the
Binary Loader.) The bit 11 switch option can also be used during
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pass 3. If the machine is not equipped with a high-speed punch,
bit 11 must be set to 0.

In addition to the binary tape of the PAL III Assembler, the
user is provided with an ASCII tape (PAL III Extended Symbols
Tape) containing symbol definitions for the instruction sets of the
available options to the PDP-8 (card readers, magnetic tapes, and
A/D converters). A limited amount of space is available in a 4K
system; therefore, expanding the number of permanent symbols
that the Assembler recognizes will decrease the maximum number
of symbols the user has available.

The following is a description of steps in using the PAL III
Assembler:

1. Load the Assembler, using either the LT-33 reader or the
~ high-speed reader (see Appendix A).
2. Set 0200 into the Switch Register; press ADDRess LOAD,
3. Place the source language tape in the reader, turn on the
appropriate reader and the punch.
4. Set bits O and 1 of the Switch Register for the proper pass.
These settings are: '

Bit 0 - Bit 1
0 1 pass 1
1 0 pass 2
1 1 pass 3

Pass 1 is required so that the Assembler can initialize its
symbol table and define all user symbols. After pass 1 has
been made, either pass 2 or pass 3 can be made.

5. Bit 11 switch options:
pass 1 Bit 11=1 Punch the symbol table on the high-
speed punch if it is in the machine
configuration.
Bit 11=0 Print (and punch) the symbol table
on the LT-33 (low-speed punch).
pass 2 Bit 11=1 Punch binary tape on high-speed
punch.
Bit 11=0 Punch binary tape on low-speed
punch.
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pass 3 . Bit 11=1 Punch the assembly listing tape in
ASCII, on the high-speed punch.
Bit 11=0 Print the assembly hstmg on the
' o - LT-33.
- Bit 10 switch options:
pass 3 Bit 10=1 Output TAB (code 211) as 8 space
» : tab stops.
Bit 10=0-- Output TAB as TAB RUBOUT
o (code 211 and 377).
Bit 2 switch options:
passes 1 and 3
Bit 2=1 Suppress output of symbol table.
Bit 2=0 Output symbol table.
6. Press CLEAR and CONTinue to begin pass 1 only. Press
) 'CONTinue to begin passes 2 or 3. The Assembler halts at the
end of each pass. Proceed from step 3. If the Assembler has
halted because of a PAUSE statement, put the next tape into
the reader and press CONTlnue

SUMMARY OF DIAGNOSTIC MESSAGES FOR PAL III
Pass 1 Diagnostics
The Assembler reads the source tape, defines all user symbols,
and outputs the user symbol table in alphabetical order. Pass
1 diagnostics are:

IC xxxx AT nnnn : Illegal Character
Where xxxx is the value of the illegal character and nnnn is
the value of the current location counter when the character
was processed. S

RD xxxx AT nnnn Redefinition
Where xxxx is the symbol being redefined and nnnn is the
value of the current location counter at the point of redef-
inition. The symbol is redefined.

DT xxxx AT nnnn Duplicate Tag
An attempt is being made to redefine a symbol using the
comma. Xxxx is the symbol and nnnn is the value of the cur-
rent location counter at the point of redefinition. The previous
value of the symbol is retained and the symbol is not re-
defined.
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