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• CHAPTER 1 

INTRODUCTION 

AUTOCODER constitutes a language for coding programs for the 
FP6000 computer, and a compiler for converting these programs to 
machine language. 

1.1 FEATURES 

As with other programming languages , 
AUTOCODER allows the use of symbolic names for 
instructions, data, etc., thereby making programs 
both easier to write and to read. AUTOCODER 
relieves the programmer of many details, such as 
specifying the actual memory locations to be used 
for each of a program's components. 

Some types of AUTOCODER words produce 
several machine words, resulting in less writing 
for the programmer and therefore less opportunity 
for error. However, the correspondence of AUTO-
CODER to machine language is such that virtually 
all the hardware capabilities are still available to 
the programmer. 

In developing AUTOCODER, every effort 
has been made to make it an integral part of the 
FP6000 programming system. For instance, com-
patibility with FP6000 FORTRAN is such that a 
section of program written in AUTOCODER can be 
combined, after compilation, with a section written 
in FORTRAN, to form a single executable program. 

AUTOCODER is capable of generating call-
ing sequences for the FP6000 Input/Output Package. 
This means that the programmer can avoid the 
FP6000 Input/Output instructions by stating his 
input-output requirements using AUTOCODER for-
mat and item descriptions. The necessary input-
output and conversion instructions are then supplied 
in the form of the Input/Output Package. 

A FOR DIRECTIVE 

1. 2 CODING FORM 

AUTOCODER programs are written on spe-

cial coding forms (as shown overleaf) which are 

divided into horizontal lines and vertical columns. 
The columns are numbered 1 to 72 and are divided 

into groups representing "fields" of AUTOCODER 
words, as explained below. Each field except the 
OPERAND, is written left-justified. In the OPER-
AND field, with one exception (mentioned later), 
blank columns are ignored. 

1. 2, 1 Instruction Statements 

Each AUTOCODER instruction is written, 
as a statement, on a separate horizontal line and is 
divided into fields, as follows: -

LABEL (columns 1 - 5) 
If used, this field contains the name by 

which other instructions may refer to this one. 

OPERATION (columns 7 - 11) 
This field contains the operation code, 

which indicates the type of instruction. 

ACCUMULATOR or X-field (columns 13, 14) 
This field usually indicates which accumu-

lator(s) are to be used by this instruction. 

OPERAND (columns 16 - 72) 
This field is of variable length and usually 

indicates the data involved in the operation. 

LABEL 4 OPERATION 
I 10 12 

4ACC. 
13 15 

4 OPERAND 
15 20 25 30 35 10 15 50 55 60 65 10 12 

s ,A..e,ri 1-,2x, i , i•ili-r,r,cli-it , I , , , 1„„1 , ,..—_, I I I I I I I 

I 5,P,4 i 1 6, E.A1,1", , i ,„, i , —1 ,„, i , . . , i ,„, i , , , , , .„1 , 1 i , I 

. . , 1 ,-TiCi, 1 i , siwiriTiciiqi3i . , 1 ,—i ,mi i , i i i i i i i i , , , , 

MA, .7,__Izi_i t . , 1 , . . . 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ... 

1 1 1 1 1 i i l l 

„i i i , .„1—. . I i ,„ 

i i , i—„, , 1 1 1 l i i i 

1 1 1 1 1 1 s I s s l i s 

1 ,,

I ,

1 

E, A4D„ 1 /3, El 11/44 1 i i 

1 

Fig. 1-1: INSTRUCTION STATEMENTS 
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# FOR OIRECTIVE 

V  LABEL 
1 6 

4 OPERATION 
7 10 1713 

4ACC• 
15 

4 4 
16 20 25 30 33 

OPERAND 
40 43 50 

4 
55 60 65 70 72 

729, 25.4 ,ES , . , i I , I 1181, i II 9 1, 3I 6 I,1 4 1 Z,  , i I_l_i_i I I I I I t I 1 I I , 

I I. 

Fig. 1. 2: DATA 

I l i I I I I i i 1 I ' i l l ' 

I I I I I i I L I I I l i Z I 2 12IZI I I I I I i i i I I I I I I I I 

--,-_,Z,7,8I5. , 1 . , , , 1-, _, i , 
i I i 

I,

_I__I 

t i l l ! 

I:  I,

i l l 

I I i D.417.1-1FIT ',AN, I , , 
I I I I 1 1 ,  1II 1 1___1_I 4 i , I 1 I Li l i I , I l i I 

iI ,I il 

I i 

1. 2. 2 Data 

When data is written on the coding form, 
more than one item may be written on each line. If 
this is done, each item, except the last one on the 
line, is followed by a comma. 

LABEL (columns 1 - 11) 
If a name is written in this field, then it 

pertains to the first item of data on the line. 

OPERAND (columns 16 - 72) 
This field contains the items of data, writ-

ten left to right. The number of items which may 
appear on one line is governed only by the length of 
the field (57 columns). 

1. 2. 3 Directives 

Although the rules for converting from 
AUTOCODER language to machine language are 
essentially fixed, the programmer is allowed some 
flexibility. Moreover, the compiler requires a 
minimum amount of information about the program 
to be compiled, such as peripherals used, program 
name, etc. Both requirements are satisfied 
through the use of directives, which are instruc-
tions to the compiler, ie. they are not included in 
the compiled program. 

Each directive occupies one line on the cod-
ing form, although some types of directives are to 
be followed by other lines of information. 

LABEL (columns 1 - 11) 
This field always starts with the character 

# in column 1, followed by a name indicating the 
type of directive. 

OPERAND (columns 16 - 72) 
Some types of directives require details to 

be placed in this field. 
r.,.. rr FOR DIRECTIVE 

1. 3 THE COMPILER 

A program in its symbolic or compiler 
language form is usually referred to as a source 
program. When the source program has been 
punched on cards (one card per line of coding), or 
on paper tape (each line preceded by a 'New line" 
character), it is then ready for compilation into 
machine language. Thus, the compiler is a special 
program which accepts source programs (punched 
on cards or paper tape) as input and produces cor-
responding machine language programs as output. 
This output is usually referred to as an object 
program. 

The FP6000 AUTOCODER compiler accom-
plishes this conversion from source to object pro-
gram in one pass; in other words, it forms and 
writes out the object program while reading in the 
source program, as opposed to reading in the 
entire source program before writing out any of the 
object program. Whether produced on cards or 
paper tape, the object program is in a form suit-
able for loading into the computer and executing. 
This includes information about the program 
required by the FP6000 EXECUTIVE , such as the 
amount of storage used, the number of peripheral 
units used, etc. 

As an additional output, a listing showing 
the correspondence between the source program 
and the object program, is provided. Whether 
this listing is produced simultaneously with the 
object program or in a separate pass, depends on 
the number of peripheral units available for the 
compiling job. 

NOTE: 
The remaining chapters in this manual 
assume that the reader is familiar with the 
FP6000 computer, as outlined in the 
FP6000 Programming Manual, ref. Q. 144. 

V LABEL 
I 66

6

4 OPERATION 
7 10 12 

4ACC. 
13 15 

4 
16 20 25 30 

4 OPERAND 
35 40 65 

4 
53 55 60 65 73 72 

#Piee.42$WZ AIM,  1 . „ 0-.1 Al r k i z,61-J .A lc MA !IT E, e, i , , „ I „ I i , . 

41,0 i Ai. riiel V , , , I 1 , 3 i . 1 1 i , , I . , , 1 I 1 . , 1 i_j__,, i , I , , , 

# .4.,ii tE, I . ._, 11 i . i 

_t_i 

,1-1, 3,MI At5 iriffi.e, I , . , , I . „ 1-1-1 1 I . Fig. 1. 3: DIRECTIVES 

0;4,1/41.Di. ! — I , i , . —1 . , . . i . . . 1 1 1 1 1 1 , 1-1 , „ 
- - i l —i i — I . , 1 . , , ,_ 1 1 ,, 1 I . , 1 1 1 , 1 1 , 1 i . . , 1 1 .—. 1 . . 1 , 1 ,____L. .„1 . 
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CHAPTER 2 

SYMBOL DEFINITION 

2.1 USE OF SYMBOLS IN AUTOCODER 

The basic element of any programming 
language is the symbol, which is some combination 
of characters representing a name. In AUTO-
CODER specifically, symbols are combinations of 
alphabetic and numeric characters, of which the 
first character must be alphabetic. Special 
characters such as comma, point, etc. , are not 
allowed. Names thus formed usually represent 
one of the following four types: -

Operation codes 

Directives 

Memory locations 

Peripheral units 

The process of compilation consists, 
essentially, of interpreting these symbols and, 
where applicable, converting them to their machine 
language equivalents. Each symbolic operation 
code corresponds to a specific machine function 
code (or codes) and each directive represents a 
special action to be taken by the compiler. The 
actual names used for these two purposes have 
been assigned and are a permanent part of the 
AUTOCODER language. Location names, on the 
other hand, are assigned by the programmer. The 
actual location represented by a name depends on 
where and how the name is used in the source 
program. 

2.. 2 SYMBOLIC LOCATIONS 

The memory locations to be used by the 
object program are divided into three areas:-

(1) Lower data 

(2) Program 

(3) Upper data 

The lower data area must lie completely 
within the first 4096 locations used by the program, 
whereas the other two areas may lie beyond this 

point. This means that, in machine language, 
lower data locations can be represented by 12 bits, 
while the others are represented by 15 bits. 

As the compiler encounters symbolic loca-
tions in the source program, it must assign a 
numeric value to each one. This involves deter-
mining the area into which each one should be 
placed, and its relative position within that area. 
The rules by which this is done are as follows: - 

2. 2. 1 Program Locations 

As the compiler reads in source program 
instructions, it assigns locations in the program 
area to them, in consecutive order. Any symbol 
appearing in the LABEL field of an instruction (or 
of data if in the body of the program) will be given 
a value equal to its location (or first location, if it 
occupies more than one). When the symbol is 
encountered in an operand field it is replaced by 
this value. Sometimes, of course, the appearance 
of a symbol in an operand field precedes its "defin-
ing" appearance in a label field. In any case, a 
symbol is recognized as referring to a program 
location: - 

(a) if it appears in a label field in the program 
section, or, 

(b) if it appears in the operand field of a branch 
instruction, whichever occurs first. 

Since references to program locations will 
be almost exclusively in the operands of branch 
instructions, and since the structure of FP6000 
branch instructions allows for 15-bit addresses, 
the program area can be in upper memory. This 
means that the entire lower memory (if required) 
is available for data  which can then be referred to 
directly in instructions having only a 12-bit 
address. In the few instances where it is neces-
sary to refer to a program location in one of these 
instructions, it must be done indirectly (ie. using 
an index register). For this purpose there is a 
special AUTOCODER instruction for loading the 
index register, which is treated as a branch-type 
in-so-far as its operand is recognized as a pro-
gram location, rather than data. (See Chapter 4-4). 
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2. 2. 2 Lower Data 

Since all FP6000 instructions (except the 
branch type) have a 12-bit address, data locations 
may be referred to directly only if they are in 
lower memory (ie. below 4096). Consequently, the 
programmer will probably want all of his data, 
except for tables and arrays, etc. , placed in the 
lower area. To facilitate this, the AUTOCODER 
compiler will treat as referring to a lower data 
location, any symbol: - 

(a) which is encountered in the operand field of 
other than a branch instruction, and 

(b) which has not previously appeared under 
some defining directive. 

When each such symbol is first encountered 
by the compiler, space is allocated, in lower 
memory, as follows:-

(i) two consecutive locations if it is in the 
operand of a double-length macro-instruction (the 
symbol is given the value of the first location). 

(ii) one location, if it is in any other type of 
operand. 

This procedure eliminates the necessity for 
the programmer to state explicitly the data loca-
tions he wishes to have in lower memory, but does 
not give the programmer much control. If the 
programmer wishes to control the order in which 
any of his data lies in lower memory, he may do 
so by grouping the corresponding symbolic loca-
tions under the directive described next. 

Directive I: LOWER 

(1) This directive indicates that the symbols 
following in the lines below it, are to be allocated 
to lower memory. 

L..  

. . L  , . .  L.J. —.I .1.--1.--1-1.- L--,— ,— —,— --J....  • . . 1 . .  1 . I . . . 1 

1 1 . 

(2) The symbols can be up to 11 characters 
each and are written in the order which their cor-
responding locations are to take. Only the operand 
field of each line is used, with successive symbols 
on the same line being separated by commas. 

Example: 

J--1— , I . . . L.. 1 1.... ......—t—L — 1 —1--L-1--L .-1-1..... 

. . ,  ...._t i__a__.1_1_,... i „ , . i ,. LA._ L_L.. _._.—_1_,._ 

..1 . .1 .1 

_1_,___L__I , , , , 
,_..............1 

1 

—1--1--1-1.--1— 

1 J —L—. 1 . . . 1 . 1 .  . L. gsrAii .,.6,4fryz-,.54Pi.zA 
7-/,,..,,...A....,..r„.A.,..5,LN . , 1 

. . . . I  A , . _ _1 ..._ ,_.....__... . . .  I . . . 1 . _,__.__...1 

(3) Successive names correspond to adjacent 
locations in lower memory, except where a name 
is followed by a decimal integer enclosed in paren-
theses. In this case, n locations are reserved for 
the name, where n is the integer written. The 
value assigned to this name is that of the first of 
these locations and the value of any name following 
is n greater. This allows the programmer to allo-
cate space for tables, where items are referred to, 
relative to the first one. 

Example: 

, I . 

1.-.1..- . . I.11..-1—.. .—...—L,,........1_1 • ...J. • • 1.-J—.. 

, . . I . t . 

...._.J. ....... —.__I 

74 CA, 4,,1csiii-/ACI (2,c)) 0 ,14,5_ / z, .q 1 — . . i 
1 

..1.1--, 

1 77,2 714 ,, 71-1, A 14 111 e f,zi 5 ,)„ . 1 . . 1 . __,___,__L __I 

• • I • • • • I , . 1_ A 1 ...— _._ ....... —I— ..1_,._.,_,_......1 

(4) Sometimes the programmer wishes to 
assign two or more names to a single location. 
This allows him to use a memory location for more 
than one item of data, or to refer to the same item 
of data by more than one name. To indicate this to 
the compiler, the names involved are written suc-
cessively separated by equal signs instead of 
commas. 

Example: 

1—.I —L. . 1 

. • I 

• t 

--L.. 

J. J. 

  1 L _L . —L.. —I— —I 

. 

.1.4 73  11  = .<—‘21 q. A ? ?7Zi_. 4 ? "1119--1. • J. I 

As with single names, a group of equivalent 
names may be followed by an integer enclosed in 
parentheses, to indicate the number of locations to 
be reserved. However, all of these names will 
refer to the first of these locations. 

Example: 

1 1 J-1--1— 1J. J.--.1.--L.-1—..-1— —A 1.........1..a— 1-1 I .1.-1-1.--..— 1—....1-1— 11—.--1. —L—L. —1-11-1.--1— 

7.7:$7,-/) 4 = 404/viT,=-SL/A11.z9 3.7148c1?1173_1  . 1 
77 7:4-, ,T3(/l? ),1 1 . , . 11. ,-._-_L _L-- 

I . . . , I . 1 1 —1--1. —.--1--.. —1-1-1— —J--A-1— --11... .1._.1.1.-1 
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2.2.2 continued 

(5) In situations where the programmer cannot 
state the dimension (ie. , the number of cells to be 
allocated) for a symbol as an absolute integer, he 
may use a symbolic expression. All of the sym-
bols in the expression must have been previously 
defined, and it may take any of the forms of abso-
lute expressions allowed with a DEFINE directive 
(see Section 2.3). 

Examples: 

s . A- 1 -... 1 
....L..-A. --1.-.16- 1J 

. 1 1_1 I I . .. -..A. -4......1.-1.--1. -A. -1---...--1-i--.--1. 
• 

L JJ i_____1.
_‘16.1jA'71.5.61F,111!/ 

.-L.--1-1-_,.-1--.1-.1-1.1 .1 

4‘6),,77,rz 1 , , , . , . t
_I . 

. . I . 

1L.-1 -.TJ 7 2 1.1 KS (.421# 2  WA, l'Ael(Z .3 )_,_ I , , , , 1 
L1

L L,clicA (134-.6W 2.1, 1 . ,, _, 1 . , . . 1 . , --I . . 

—,..-1 I A / 1.--L. L' . . L • 1-1. A _...-_,__I. 
1 .1. 1-L... -J_ 11--L-1 .1.-,--/--1---L-..1- .I- .1 

(6) A comma is implied between the last item 
of one line and the first item of the next line. 
Therefore, each name or group of equivalent 
names, with or without a dimension, must be corn - 

plete on one line. However, there is no restriction 
on the number of complete items which can be writ-
ten on one line, except the length of the operand 
field (57 characters). 

( 7) LOWER may appear any number of times in 
a source program with the following restrictions: - 

(a) The appearance of a name under a LOWER 
directive must precede its use in the program 
section. 

(b) Each LOWER directive indicates a new sec-
tion of lower memory which is not necessarily 
adjacent to that formed by the previous LOWER 
directive. 

(8) Since the appearance of a symbol under 
this type of directive constitutes a definition of that 
symbol, a second appearance of the same symbol 
under this or any other "defining" directive would 
be ambiguous and would be treated as an error. 

2.2.3 Upper Data 

Since data stored in upper memory (above 
4095) cannot be referred to directly, the program-
mer will probably restrict the use of this part of 
the memory to the storage of data which must, of 
necessity, be referred to through index registers. 

This includes tables, arrays, etc. whose individual 
locations are computed in index registers, as in 
program loops, etc. 

Unlike the procedure for lower data, all 
data to be placed in upper memory must be explic-
itly stated as such, by appearing under the proper 
directive (described below). 

Directive II: UPPER 

(1) As with LOWER, the directive itself is 
written on a separate line, with a blank operand 
field. 

. i . . . . ,  1-._11..1_.1_,._11-._11..1_.1_,._1A 1 -J--1.--1---...- . J-

I . I . I  L1 , 1  I . , . .  I I . • .  -  11...  . , • 1.-1.-.--.--..--1 

.L 111 .1 .1- -1 -1....1--1. -1_ I_ -1 --- .1_ 1.-J---1---1 -41-.-r i- -I-  . / . . , . t 

(2) The rules for writing and interpreting the 
defining lines under the directive are the same as 
for LOWER, except, of course, that all names are 
allocated to upper memory. 

2.3 SPECIAL SYMBOL DEFINING DIRECTIVES 

Normally a programmer will define symbols 
through the use of a LOWER or UPPER directive 
or by writing the symbol, in the label field at some 
AUTOCODER line. HoWever, symbols may be 
specially defined by the use of the directives to be 
described. 

One use for specially defined symbols might 
be in the operands of AUTOCODER instructions 
which do not refer to storage locations. These 
operands will usually be written as simple integers 
without the use of symbols. This includes the 
operands of shift instructions (number of places to 
shift), operands of small-integer instructions 
(which are themselves data), etc. Often the same 
number will be repeated many times in such oper-
ands, and for this or some other reason, the pro-
grammer may wish to use a symbol instead, where 
the numerical value of the symbol is defined else-
where. This means that to change this value 
before compilation he need only change the symbol 
definition and not each of the operands involved. 

In addition the following directives may be 
used to define symbols whose definitions must be 
expressed as functions of other UPPER or LOWER 
symbols (such as differences, etc.) 
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2.3 continued 

Directive IV (a): DEFINE 

(1) The directive is written on one line in the 
following general form: 

#DEFINE Symbol = Expression 

(2) "Symbol" consists of 1 to 11 characters 
adhering to the AUTOCODER format (1st character 
is alphabetic, etc.). 

The effect of this directive is to give this 

symbol a value equal to that of the "Expression" 

appearing to the right of the equal sign. 

(3) "Expression" can take one of several forms: 

An absolute expression consists of any 

number of decimal integers , octal integers, and 

symbols, each integer or symbol being preceded by 

a plus or minus sign. 

Furthermore, each symbol in the expression: 

(a) must be accompanied by another symbol of 

the same group, which is preceded by the opposite 
sign, or 

(b) must have been itself set equal to an abso-

lute expression in some previous defining directive. 

In this context, two symbols can be con-
sidered of the same group  only if:-

(a) they have both been previously defined 

under the same LOWER or UPPER directive, or 

(b) they have both previously appeared in 
LABEL fields of the program area. 

Examples: 

—t. —A—i--1--L---1--1.-4 

--1--1--1- J--1-..-1-1 

. • . . I 

—I—I-- 

.1--/1. 

• -.....-L-L-L 

A__.__L__LI-L--L 

, . i , 

. . R . J_., I , , . . I , .11 .1...., I 1.....1 ...---.— ._L 1_, 1 /I .L. 

/ 1 , I 

111 

• • . .1--1-1 ...- -1.--1--1- --I--L 

-1- -J--.-1 -1-...1 1-1-1--1--1.---1.-1-1--1-- 

, . 

_I .1--1--L -L_11-.1-J....-1--1--i--1--1--.1 

...--L- -1-1-L --1--1----1 • 1......--1--L -/ -1-L .1 

1-1--1--1-1-1--1--1--1 I _,_,__.,__,_i__,_,_. _, I _A , , .1_,_,.. ,_, 1
1„.J_  . . . , I  _A__,.  , , I , A. ,_ ,__L_,_,_.__,__L eic.,44:4.5z1.§___ 

•

Y.41,1-..-13,i.) ,E_LI  , 1 , . ,  , 1 , , . . 1 . . „a 
5 '0 

ECEI-#-. 

24.-_, I  

. , . i 1- .1_ 1 1 -L. -I- ..-1.--1-1.-.1....--1-1. 

1

1-
1-11-1 

.C.

g. . . i . ,* PAF,101

otZitg'AZA"E, 
* /P . g ' flI NE I 

• . I . 
_,_ 

. 

A- 

i i I J . . L . r:-. 7___-eA L  E2  
7,_Zi19

/ 44 5:,6Z4 • 14 .1T7 5 : I • I .__J.. i. 

PE1',..zoig • . 1 , , , Al--,--,L.#106,Z_4_, _L, , „ 1 • „ . 1 , • , . 1 k_,.___I. 

NOTES: 

(i) If the first term of the expression is not 
preceded by a sign, a plus sign is assumed. 

(ii) As will be explained in Chapter 5, the first 
character of an octal integer is "# ". 

(4) Let us represent any absolute expression of 
the type defined in (3) above, by the character A. 
Then the "Expression" to the right of the equal 
sign may also take the forms: -

A *I 
A / I 

where I is any positive decimal or octal integer; * 
denotes that the value represented by A is to be 
multiplied by I; and / denotes that the value repre-
sented by A is to be divided by I, giving an 
unrounded integral value. 

This form of expression is also absolute. 

Examples: 

-11-1 J. 1- 1.--1-

.1. 1 111_1111_1_... -/--L ----.1 1 a J. 

• 
-4_4&-i.±-Ar,Z4.2),4_. J_1 1_, _ _. 

/4_,._,__L L., -____, _1 

. t.1 -4- • ! • • • I- 11  • I • • . _, _L _t__L_ .L-t... 1-1- J--1-- -I- -I . i- -1--1-... ../-1-1- -.--1. 

II
.3--1--L 1 -1---.. 

(5) A relative expression is of the same form 
as A, but preceded by any non-absolute symbol, S. 

The symbol appearing to the left of the 
equal sign, will subsequently be considered of the 
same group as S. 

Examples: 

_-./ L •  -1-1- -L-1 L .1. -L /-

L 11 1-1 -1- .1--1--1--1--1-1-1-1 

-1-1  11 ‘4  -" L C  -a-1-  • ' • I  1- J. 1 

1414 ,44. 14217 -44 1 :tgi..-;  t 1-1.1.1.-1 _t 1. - _I 

__,__L 

L -I 1 

-11. 

-J- -.L.. J.- 

~11

J_ a 11 1 1 -1--1 

11 L 1. • A. J 

(6) Let us represent any relative expression of 
the type defined in (5) above, by the character R. 
Then the "Expression" to the right of the equal sign 
may also take the forms:-

A * I + R 

- A *I+ R 

A / I + R 

- A/I+R 

where A is as defined above (the A in -A should not 
start with a sign); and the value of R is added to 
the value of the leftmost-part which is evaluated as 
explained in (4) above. 
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2.3 continued 

Examples: 
J .1 -1 J.1 -L - 1- .1 -a. 1 1- - 1. t. - 

-L- L --L- 1. -J a-J. J. .L_L_ J-1- L -1 

ig3PL_4_4 cEi5.4-32" 1/4414=.-Al.° 41  
• 

€4,=-A-rtz,42'.47 eRY1,/ (31—__,_ Li . -_t 

The symbol appearing to the left of the 
equal sign, will subsequently be considered of the 

same group. as R. 

( 7) All symbols appearing in "Expression" (ie. 

to the right of the equal sign) must be previously 

defined. 

(8) The final value of "Expression" must be in 
the range 0 to +32767 (during evaluation a full 24-
bit word is used). 

(9) The symbol appearing to the left of the 

equal sign, must not have previously appeared in 

the program, and cannot subsequently be re-
defined by the use of other defining directives or 
in any other manner. 

Directive IV (b): SET 

(1) The directive is written on one line in the 
following general form: - 

#SE T 

(2) As with DEFINE, 
"Symbol" a value equal to 

(3) "Expression" can 
allowed with DEFINE. 

Symbol = Expression 

the effect is to give the 
that of the "Expression". 

take all of the forms 

(4) Any symbol defined by a SET directive may 
be re-defined by any number of other SET direc-
tives, provided that each new definition places the 
symbol in the same groups. It may not, however, 

be defined by another type of directive, or in any 

other manner. The value used for the symbol at a 

given point in the program is that set by its latest 
appearance in a SET directive. 
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CHAPTER 3 

INSTRUCTION STATEMENTS 

This chapter deals with instruction statements that create 
only one machine instruction. The first part of this chapter 
describes instruction statements in general terms, while the 
latter part gives details of statements related to specific groups 
of instructions. 

3.1 GENERAL FORMAT OF INSTRUCTION 
STATEMENTS 

AUTOCODER instruction statements will 
result in the generation of machine instructions. 

Each statement is divided into four fields but, as 
explained below, all fields are not always present. 
The four fields are written in the following order. 

LABEL OPERATION ACCUMULATOR OPERAND 

3.2 LABEL FIELD 

3. 2. 1 Form 

A LABEL can be any symbol of 1 to 5 
alphanumeric characters, the first character 
always being alphabetic.

Examples: 
T116 
STAB T 
TAG6 

3.2.2 Use 

When written, a. label is given a value equal 
to the location of the instruction being generated. 
This label can therefore be used to refer to (the 
location of) this instruction by writing this symbol 
in the operand field of other instructions. The 
label field may be left blank. 

3.3 OPERATION FIELD 

3.3.1 Form 

This is a symbol of 1 to 5 alphabetic 
characters, or a 3-digit octal number. 

Examples: 
000 
LDX 
MPY 
SUSBY 
040 

3.3.2 Use 

The operation field must be present in 
instruction statements and is used to define the 
machine function. Normally it would contain one of 

the mnemonic operation symbols indigenous to 
AUTOCODER, however, where applicable, the 
3-octal digit code representing the machine func-
tion may be used. In the examples above MPY and 

040 are synonymous, both specifying a specific 
type of multiplication function. 

All basic mnemonic operation codes indige-
nous to AUTOCODER are listed later in this chap-

ter, but it might be well to note now that a 
mnemonic for a double length operation will gen-
erally duplicate the mnemonic code of a corres-
ponding single length instruction. This ambiguity 
is removed by specifying two accumulators in the 
accumulator field for the double length instruction, 

as opposed to one for the single length instruction. 

3.4 ACCUMULATOR (or X) FIE LD 

3.4.1 Form 

This may have 1 or 2 octal digits left 
justified. 

3.4.2 Use 

Normally each octal digit refers to an 
accumulator to be used in the operation of the 
instruction. Some instructions always use the 

same accumulator or no accumulators, and in 

these cases, the X field is left blank. A few 
instructions use the X field for other purposes. 

3.5 OPERAND FIELD 

The operand results in the generation of the 
address portion (ie. N field) and, if applicable, the 
generation of the modifier portion (ie. M field) of 
the instruction word. Many types of operands are 
allowed but the type used will relate to the opera-
tion to be performed. 
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3. 5. 1 Decimal Operand 

The operand of an instruction statement may 
be an unsigned decimal integer. Note that a blank 
operand is treated as a zero. 

Examples: 

ARA(' . 
41".A.1, 
LPN 

1, 

o i l t i i I . 1 . . . . 1 , , , 1 . . , . 1 

3.5.2 Octal Operand 

An octal operand is an unsigned octal 
integer preceded by the character #. 

Examples: 

t I A 1 4gAl 

I„ 
z, 

1 

• . „ 
• 1 

3. 5. 3 Symbolic Operand 

As was described in Chapter 2, symbols 
may be used to represent memory locations or 
data. Thus an operand may be a symbol consisting 
of 1 to 11 alphanumeric characters, the first 
character always being alphabetic.

Examples: 

41›.)e. 1 . 4 . TIME. 
• 

. I , 

The symbolic operand may also be adjusted 
by following it with a signed decimal or octal 
integer, in which case the operand defines not the 
location (or value) represented by the symbol, but 
that location (or value) incremented or decre-
mented by the adjusting number, according to sign. 

The value of the adjusting integer must be 
in the range -2+23. < integer < 2 23 -1. 

Examples: 

. , . . 1 APX 1 . 4 . 72",Aigiii. , , 
, . , 1 PPX 1 , S . V./,- .4 1 , . . ,, 
, . , . 1 ZEIX. 1 , 6 • V,Z--,,litZZ . . . 1 

3.5.4 Literals 

Literals are detailed in Chapter 5. Literal 
operands always begin and end with a quotation 
mark. 

Example: 
1 1 1 1 1 

4.9,X I , . cO' 

3. 5. 5 Operands for Non-branch Instructions 

Non branch instructions have a 12-bit 
address. Their operands can be decimal, octal, 
or symbolic, with the following restrictions:-

(1) A symbol used with a symbolic operand 
must be a symbol referring to lower data (see 
2.2.2), or a symbol defined by a PERIPHERAL, 
DEFINE, or SET directive (see 2.4). 

(2) The final "decimal value" of the operand 
must be in the range 0 ‘. value < 4095, and a 
value greater than this will be reduced modulo 
4096. 

Non branch instructions also have a 2-bit 
modifier portion. Thus, as required, their oper-
ands may be followed by (M), where M is one of 
the digits 1, 2, or 3 giving the address of the index 
register (or modifier) to be used when executing 
the instruction. 

Examples: 

. . , . ► 7.-(4 ► . 4 , ',O.). i , , . 
L,P,X 1 . 4 , 4/ 7/1.4,4).„ . . . . . . . . . . . 1 . , 

. . . ‘,4 . 4. . (.3./. 1 , . . . . . . , . . , . , . , i . . . . 1 

. „ . /ii3.'• , 4 . 4g/MX (4 
p , . , L RX . 7. Aggitlx 

NOTE: 
The context of ARRAY + 1 (2) is 

(ARRAY + 1) (2). 

The operand of non-branch instructions may 
also be a literal, as described in Chapter 5. When 
using a literal the operand cannot indicate a modi-
fier (ie. the literal cannot be followed by a digit 
enclosed within brackets). 
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3.5.6 Operands for Branch Instructions 

Branch instructions have a. 15-bit address. 
Their operands can be decimal, octal , or symbolic, 
with the following restrictions: -

(1) A symbol used with a symbolic operand 
must be a symbol referring to a program location 
(see 2.2.1). 

(2) The final "decimal value" of the operand 

must be in the range 0 4.5 value 4 32767, and a 

value outside these limits will be reduced modulo 

32768. 

Branch instructions do not have a modifier 
portion, thus a modifier address cannot be indi-
cated (If the operand ends with a bracketted digit, 
then this digit will be ignored by AUTOCODER). 

The symbol * is used only with branch 
instructions and always takes on the value of the 
location of the instruction in which it occurs. 

For example, the two terms shown below 

both specify an unconditional branch (BRN) to the 
second word following the branch instruction. 

Li 1 ICJ 111. 1 1 1 1 1 .,,, I 1 I 1 , / • _,............,_1 

SEL 23 N E,..11c.:712. , , . 1 . . . , 1 . i.,_. 1 . . . . i i. , . . i 

_L1.1_ _I.. , 11.11_1_._1.1.1 I . . • , I , • , , I " , • I 

,..1 .1- 

_.,_u__,_I_ 

• :-.--i__..._ . . . 1 . . ...., 111   , I _i__L__/-_,-/-.1.. _, ...,...._..__L _.__L__,....L_ 

.1_,.. ,. 1 4. _• . i .„, i .„. i . . „ 1 , . . , 11 . . . . 1 

1.-1 1 L / 1_.11 • I , , , , I , • 1 1 • • '111_1_1. 4..,___L__,_1__ 

The literal is not used with branch 
instructions. 

3.6 INSTRUCTION STATEMENTS DE TAILED 
BY GROUPS 

The remainder of this chapter lists the 
various Instruction Statements and relates the 
mnemonic operation symbols to the corresponding 
FP6000 function code. The whole is divided into 
groups of related instructions and a brief descrip-
tion follows each group. Further details of each 
function can be obtained by referring to the FP6000 
Programming Manual. 

Instructions are listed, as shown below, 
with their actual mnemonic operation symbols 
adjacent to the octal function code and with pseudo 
symbols for the accumulator and operand fields. 

Certain conventions apply to the pseudo 
symbols used for the accumulator and operand 
fields. Thus, for the accumulator field. X will 
indicate one and only one accumulator to be speci-
fied when writing these instruction statements. 
XX* will indicate a double length operation, and 
will require that two accumulators, X and (X + 1), 
be specified. 

For the operand field, the use of N(IV7,) 
indicates that the instruction has a 12-bit address 
plus a 2-bit modifier portion (see 3. 5. 5). Unless 
otherwise stated, N(M) may be taken to represent 
a data location; the cases where N(M) represents a 
number to be actually operated on will be stated 
explicitly. 

When an instruction is shown with only N in 
the operand field, then this instruction has a 15-bit 
address (see 3.5.6). 

Function Mnemonic Accumulator Operand Description 

000 LDX X N(11,1) Load into X 

The accumulator symbol represents an octal digit and, by 
convention, the symbol X is generally used. Similarly, 
N(M) is generally used to represent some form of operand. 
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3. 6. 1 Arithmetic into Accumulators 

000 LDX X N(M) Load into X 
001 ADX X N(M) Add Into X 
002 NGX X N(M) Negate into X 
003 SBX X N(M) Subtract from X 

The instructions of this group can set V 
(overflow) but not C (carry). They are used with 
single length numbers or the most significant word 
of a multiple length number. They take the data 
word at location N(M), add to this the contents of C, 
and operate as indicated into accumulator X. The 

data word at N(M) is left undisturbed. 

Without specifying a modifier, these can 

only refer to lower data, but with the use of the 
modifier they can refer to any data. 

Examples: 

1_ A_ L _1_ I A._ • _A J k 

1.116 _N 13 12 1:1: TL":/i / I  I _I 1 

4,9_W_E,gPf_trALLti?.-L  _  I 1. 

P.--19_77,:gg) • 1  

.4_Alft.E.1q49r.14 --A Lz,.../1_, 1 a .1. I 

3. 6. 2 Arithmetic into Store 

010 STO X N(M) Store 
011 ADS X N(1VI) Add to store 
012 NGS X N(Y) Negate into store 
013 SBS X N(IVI) Subtract from store 

This group is essentially the converse of 
the above (3.6.1). They can set V but not C. They 
take the contents of accumulator X, add to this the 
contents of C, and operate as indicated into the 
data location N(M). The data in accumulator X is 
left undisturbed. 

3. 6. 3 Arithmetic with Small Integers 

100 LDN X N(M) 
101 ADN X N(M) 
102 NGN X N(M) 
103 SBN X N(M) 

Load N into X 
Add N to X 
Negate N into X 
Subtract N from X 

This group is the same as the group of 
3. 6.1, except that the data used is not that at the 
location N(M), but is the actual value of N(M). 
Thus, each take the value of N(111), add to this the 
contents of C, and operate as indicated into 
accumulator X. 

3. 6.4 Arithmetic with Carry 

004 LDXC X N(M) 

005 ADXC X N(M) 

006 NGXC X N(M) 

007 SBXC X N(M) 

014 STOC X N(M) 

015 ADSC X N(M) 

016 NGSC X N(M) 

017 SBSC X N(M) 

104 LDNC X N(M) 

105 ADNC X N(M) 

106 NGNC X N(M) 

107 SBNC X N(M) 

Load into X and set carry 
if appropriate 
Add to X and set carry if 
appropriate 
Negate into X and set 
carry if appropriate 
Subtract from X and set 
carry if appropriate 

Store and set carry if 
appropriate 
Add to store and set 
carry if appropriate 
Negate into store and set 
carry if appropriate 
Subtract from store and 
set carry if appropriate 

Load N and set carry if 
appropriate 
Add N and set carry if 
appropriate 
Negate N and set carry 
if appropriate 
Subtract N and set carry 
if appropriate 

The above groupings correspond to the 
first three groups respectively, except they may 
set C but not V and are designed to be used with 
less significant parts of multiple length words. 
They always produce a result which has a zero in 
the sign bit. 

3. 6. 5 Multiplication 

040 MPY X N(M) Multiply 
041 MPR X N(M) Multiply and round 
042 MPA X N(M) Multiply and accumulate 

Multiplication instructions multiply the con-
tents of location N(M) by the contents of accumu - 
lator X to produce a double word result in X and 
X + 1. The data at N(M) is left undisturbed. 
Rounded multiply adds 2 -24 to the result. Cumu-
lative multiply accumulates the product with the 
value already in accumulator X + 1. 
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3. 6. 6 Division 

044 DVD X N(M) Divide 
045 DVR X N(M) Divide and round 
046 DVS X N(M) Divide single length 

The division group will set V if an attempt 
is made to divide by zero (in which case the divi-
sion is not attempted) or if the quotient exceeds the 
capacity of a word. Each divide order will place 
the quotient in X + 1, and leave the remainder in X. 
The remainder always has the same sign as the 
divisor. Rounded divide adds 2.-24 to the quotient. 

For the first two divide instructions, the 
dividend is a double length number in X and X + 1. 

Single length divide uses a single length dividend in 
X + 1. The divisor is always the contents of loca-
tion N(M) , and is left undisturbed. 

3. 6. 7 Comparison 

026 TXU X N(M) Test x unequal to n 
027 TXL X N(M) Test x less than n + c 

TXU will set C if the contents of accumu-
lator X and the contents of location N(M) are not 
equal, or it will leave C set if it is already set. 

TXL will set C if the contents of X is less 
than the contents of location N(M) plus the contents 
of C. It is designed specifically for use with words 
of alphanumeric characters and should only be used 
with numbers in binary representation, if all the 
numbers are positive. 

The contents of both accumulator X and of 
location N(M) are left undisturbed by this group. 

3. 6. 8 Character Conversion 

043 CDB X N(M) Decimal to binary 
047 CBD X N(M) Binary to decimal 

CDB will set C if it encounters a non-
numeric character, and will set V if it results in a 
number that exceeds the capacity of a double length 
word. Both instructions deal with 6-bit binary 
coded decimal characters. The CDB instruction 
will take a character specified by N(M), check that 
it is numeric, then (if it is numeric) multiply the 
double length number in X and X + 1 by 10 and add 
the character to this. If the character is non-
numeric neither the multiplication nor the addition 
takes place but instead C is set. 

CBD will take a binary fraction stored in 
accumulators X and X + 1 and multiply this by 10. 
The integral part of the product is stored as a 6-bit 
character in the location N(M) while the fractional 
part is replaced in the accumulators. 

If the instructions are not indexed then the 
character position n3 applies; if they are indexed 
the character is specified by the most significant 
two bits of the index register. 

3. 6.9 Floating Point Conversion 

130 FLOAT 
131 FIX 

X Fixed to floating 
X Floating to fixed 

FLOAT will convert the fixed point number, 
in accumulators X and X + 1, into a floating point 
number in accumulators X and X + 1, Overflow 
cannot be set. 

FIX will convert a floating point number, in 
accumulators X and X + 1, into a fixed point number 
in X and X + 1 so that X contains the integral part 
and X + 1 contains the fractional part. If the num-
ber cannot he contained, overflow is set and the 
result in X and X + 1 will be meaningless. 

3.6.10 Floating Point Arithmetic 

132 FAD X N(M) Add to F-P Accumulator 
133 FSB X N(M) Subtract from F-P Acc. 
134 FMPY X N(M) Multiply 
135 FDVD X N(M) Divide into F-P Acc. 
136 LFP N(M) Load F-P Accumulator 
137 SFP N(M) Store F-P Accumulator 

Each of the instructions 132 - 135 performs 
a floating point operation between a quantity stored 
in the floating-point accumulator and the contents 
of N(M) and N + 1(M). The contents of the store 
locations are left undisturbed. 

The X-field in instructions 132 -135 is used 
to control the way in which the floating point opera-
tion is carried out. 

X = 1 The result is unrounded 
X = 2 The result is not normalized 
X = 4 The quantities in the acc. and the 

store are reversed before the 
operation is carried. 

Thus, in general X will be specified as zero, 
although the above effects may be produced by the 
appropriate combination of X values. 



3. 6. 11 Floating Point Normalize 

114 NORM X N(1V)) Normalize 
115 NORM XX* N(M) Normalize (double) 

This group will set V if during the nor-
malize the exponent of a number becomes greater 
than 255. In order to preserve the greatest 
accuracy the argument of floating point numbers, 
which is stored as a fraction, must lie in one of 
the ranges 1 > argument > 1/2 or -1/2 > argu-
ment > -1. The shifting of the argument into 
these ranges and the adjusting of the exponent is 
defined as normalizing. The first instruction 
statement will normalize a floating point number 
whose single length argument is given in accumu-
lator X and whose exponent is the actual value of 
N(M). The resultant exponent is given in X + 1, 
which is initially cleared by the instruction. 

The second instruction statement will nor-
malize a floating point number whose argument is 
given in X and X + 1 and whose exponent is the 
actual value of N(M). The resultant floating point 
number has an argument of 38 + 1 bits (the sign 
bit of the second word is always zero) followed by 
an exponent of 9 bits. 

In the normal use of this group, the original 
exponent is contained in the index register speci-
fied by (NI), and N will be written as either 0 or 
256, depending on the form the exponent takes. If 
it is in the same "e + 256 " form, which is used in 
the exponent store of a standard floating point num-
ber, then N is written as 0. However, if the 
exponent in the index register is the sum or differ-
ence of two standard exponents, as happens in 
floating point multiplication or division, then N 
must be written as 256 to obtain the standard 
"e + 256 " from in the normalized number. 

Examples: 

1 1 1 1 1 • 

mgc.efin 4„ 0.623.  
miefki 67. 

1 1 1 . 1 1 

3. 6. 12 Logical Instructions 

This group will not set V. Their grouping 
is related to the first three groups, 3. 6.1, 3.6. 2, 
and 3. 6.3. The group is characterized by the fact 
that the numerical value of the words on which 
they operate are only of secondary significance 
and that these words are primarily thought of 
simply as strings of binary digits. Each operates 
on two words and produces one new word as a 
result. They are used for masking, collating, 
packing, unpacking, etc. of binary bit patterns. 
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020 ANDX X N(M) AND to X 
021 ORX X N(M) OR to X (inclusive OR) 
022 ERX X N(M) Non-equivalence to X 

(exclusive OR) 

030 ANDS X N(M) AND to store 
031 ORS X N(M) OR to store 

(inclusive OR) 
032 ERS X N(M) Non-equivalence to 

store (exclusive OR) 

120 ANDN X N(M) AND with N 
121 ORN X N(M) OR with N (inclusive OR) 

123 ERN X N(M) Non-equivalence with N 
(exclusive OR) 

ANDX to ERX leave their resultant word in 
accumulator X, and the word at location N(N) is 
left undisturbed, ANDS to ERS leave their result-
ant word at location N(N), and the contents of 
accumulator X is left undisturbed. ANDN to ERN 
are the same as ANDX and ERX except that the 
actual value of N(M) is used as data. 

3. 6.13 Part Word Manipulation 

024 LDCH X N(M) Load character into X 
025 LDEX X N(M) Load exponent into X 

034 DCH X N(M) Deposit character into 
store 

035 DEX X N(M) Deposit exponent into 
store 

036 DSA X N(M) Deposit short address 
037 DLA X N(M) Deposit long address 

In addition to the logical operations of 
3. 6.12, which provide general facilities for the 
packing and unpacking of part words, the FP6000 
function code provides separate functions to handle 
certain various standard sub-divisions of a word. 
LDCH and DCH handle 6-bit binary coded decimal 
characters. LDEX and DEX handle the least sig-
nificant 9 bits of a word, ie. the floating point 
exponent. DSA handles the least significant 12 bits 
of a word, ie. a 12-bit address. DLA handles 
the least significant 15 bits of a word, ie. a 15-bit 
address or modifier. 

LDCH, if not indexed, extracts the least 
significant 6-bit character of the word location N 
and places it in the least significant 6 bit positions 
of accumulator X, the remainder of X being 
cleared. When indexed, a character is placed in 
X in the same mariner, but the character extracted 
from the location N(M) is specified by the most 
significant 2 bits of the index register (M). 

R) 



Autocoder 3-7 
Issue 1, October 63 

3.6.13 continued 

Chapter 5 will describe the convention used in 
AUTOCODER to define character index words. 
DCH is the converse of LDCH. Character indexing 
does not apply to the other instructions of this 
group. 

LDEX extracts the exponent of the word in 
location N(M) and places it in the accumulator X, 
the remainder of X being cleared. DEX is the con-
verse of LDEX except that the remainder of the 
word in store is not cleared. 

DSA and DLA store into the word at loca-
tion N(M) the least significant 12 bits or the least 
significant 15 bits, respectively, of the word in 
accumulator X. 

Note that the instructions DCH to DLA will 
only replace part of a word; they leave the rest of 
the word undisturbed. 

3.6.14 Shifting 

The purpose of the instructions of this 
group is to take the bits of a binary word (or pair 
of binary words) and move them to the left or right. 
The shifts correspond to multiplication or division 
by powers of 2. The cyclic shift will rotate the 
bit pattern without losing any of the bits. The 
logical shifts will "drop off" bits from the end of 
the word towards which the shift is made, and fill 
the other end of the word with zero bits. 

Nt

110-0 SLC X Ns(M) 
-1 SLL X Ns(M) 
-2, 3 SLA X Ns(M) 

111-0 SLC XX* Ns(M) 
-1 SLL XX* Ns(M) 
-2, 3 SLA XX* Ns(M) 

112-0 SRC X Ns(M) 
-1 SRL X Ns(M) 
-2 SRA X Ns (M) 
-3 SRAV X Ns (M ) 

113-0 SRC XX* Ns(M) 
-1 SRL XX* Ns (M) 
-2 SRA XX* Ns(1Y1) 
-3 SRAV XX* Ns(M) 

The arithmetic shifts are similar to the 
logical shifts, but account for the fact that they 
are dealing with signed numbers. They will set 
overflow if capacity is exceeded. The arithmetic 
right shifts propagate the sign bit each time the 
word is shifted as well as rounding to within 
+ 2 -24 (in the fractional convention). The shift 
right arithmetic on overflow has application to the 
right shifting of a number whose production set 
overflow. 

Ns is shown in the operand field to indicate 
that it is only the value of the least significant 10 
bits of the N field of the instruction that are used 
in determining the amount of the shift (the value 
can be modified). 

Note that the double length shifts must 
specify X and X + 1 in the accumulator field. 

3.6.15 Branch on State of Accumulator 

050 BZ E X N Branch if zero 
052 BNZ X N Branch if non-zero 
054 BPZ X N Branch if positive 
056 BNG X N Branch if negative 

Each instruction of this group will carry out 
a test on contents of the accumulator X. If the test 
is satisfied then the instruction results in a branch 
to the program location N, otherwise the next 
instruction is obeyed in the usual way. Note that N 
represents a 15-bit address (see 3.5. 6). 

Shift left cyclic 
Shift left logical 
Shift left arithmetic 
Shift left cyclic (double) 
Shift left logical (double) 
Shift left arithmetic (double) 

Shift right cyclic 
Shift right logical 
Shift right arithmetic 
Shift right arithmetic on overflow 
Shift right cyclic (double) 
Shift right logical (double) 
Shift right arithmetic (double) 
Shift right arithmetic on overflow (double) 



A utocoder 3-8 
Issue 1, October 63 

3.6.16 Unconditional Branch 

x 

074-0 BRN N Branch to N 

This instruction 
to program location N. 
BRN also defines the X 
since the 074 function 

always results in a branch 
The mnemonic operation 

portion of the instruction, 
must be qualified by X. 

3.6.17 Branch on State of Overflow 

Each of these will test the state of the over-
flow register V, and if the condition tested is satis-
fied they result in a branch to the program location 
N, otherwise the next instruction is obeyed in the 
usual way. 

Two of them, BVSR and BVCR, always 
clear V irrespective of whether or not a branch 
occurs. A third, BVCI, always inverts the state of 
V, ie. if V was set then it clears V, and if V was 
clear then it sets V. 

As in 3.6.16 each mnemonic defines a 
qualifying value of X. 

3.6.18 Branch on State of Carry 

074-5 BCS 
074-6 BCC N 

N Branch if C set 
Branch if C clear 

Each of these tests the state of the carry 
register C, a branch to program location N results 
if the condition is satisfied. The performance 
of either clears C. 

As in 3.6.16 each mnemonic defines a 
qualifying value of X. 

3.6.19 Indexing and Counting 

060 BUX X N Branch on unit indexing 
062 BDX X N Branch on double indexing 
064 BCHX X N Branch on character 

indexing 

Each of these operates on the word in 
accumulator X. 

BUX operates on a counter and a modifier, 
the counter being the most significant 9 bits of the 
word in X and the modifier being the least signifi-
cant 15 bits of the word in X. The action of the 
instruction is to increase the modifier by 1, 
decrease the counter by 1 and, if after this, the 
counter is non-zero, branch to program location N. 

BDX is similar to BUX with the sole excep-
tion that the modifier is increased by 2. It is use-
ful when dealing with double length data in arrays. 

BCHX provides character indexing. The 
most significant 2 bits of the word in X are used as 
a character index, and the counter is reduced to 7 
bits. The action of the instruction is to increase 
the character index by 1, add any carry from the 
character index to the modifier, decrease the 
counter by 1 and, if after this the counter is non-
zero, branch to program location N. The effect of 
the instruction is to increment by 1/4 of a word 
(1/4 of a word is a 6-bit binary coded decimal 
character). 

The maximum value of a counter for the 
BUX or BDX instructions, is 512, which is obtained 
by having the counter in accumulator X equal to 
zero. Similarly the maximum value of a counter 
for the BCHX instruction is 128. 

3.6.20 Subroutine Linkage 

070 CALL X N Call subroutine at N 
072 EXIT X N Exit to N + x 

This group is designed to provide linkage to 
and from subroutines. 

x 

074-1 BVS N Branch if V set 
074-2 BVSR N Branch if V set and reset 
074-3 BVC N Branch if V clear 
074-4 BVCR N Branch if V clear and reset 
074-7 BVCI N Branch if V clear and invert 
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3. 6. 20 continued 

CALL provides the branch from the main 
program to a subroutine or from one subroutine to 
another at lower level. The effect of the instruc-
tion is to store in the most significant bit of 
accumulator X, the state of V and, in the least sig-
nificant 15 bits, the location of the next instruction. 

EXIT provides the connection back to the 
CALLing main program or higher level subroutine. 
The effect of the instruction is to branch to a point 
N locations beyond the address contained in the 
least significant 15 bits of accumulator X. If the 
most significant bit of X is 1, or if V is set when 
the instruction is obeyed, V is left set by this 
instruction. 

3. 6. 21 Block Transfer and Block Check Sum 

126 MOVE X N(M) Move N words 
127 SUM X N(M) Sum N words 

These instructions provide simple and 
automatic ways of, respectively, moving a block of 
N consecutive words, or forming a check sum of 
the values of a block of N consecutive words. 

MOVE will copy the word whose storage 
location is specified in accumulator X into the 
location specified in accumulator X + 1. Unity is 
then added to the addresses of both these storage 
locations and the procedure repeated until a total 
of N(M) words has been transferred. 

SUM will replace the contents of accumu-
lator X with the sum of N(M) consecutive words 
starting with the word whose location is specified 
in accumulator X + 1. Bits will be lost at the most 
significant end of the sum when this exceeds single 
word capacity but in no circumstances will overflow 
be set by the instruction. 

For both MOVE and SUM only the least sig-
nificant 9 bits of the value of N(M) are used to give 
the number of words in the block. Hence the maxi-
mum number of words that can be operated on by 
each is 512, and this is obtained with the value of 
N(M) equal either to zero or a multiple of 512. 

3. 6. 22 Miscellaneous 

023 OBEY N(M) 
033 STOZ N(M) 
123 NULL 
124 LDCT X N(M) 
125 MODE N(M) 

Obey the instruction in N 
Store zero 
Null operation 
Load into counter 
Set mode to N 

Of this group both OBEY and NULL do not 
themselves alter C. 

OBEY causes the contents of the location 
specified by N(M) to be obeyed as an instruction, 
as though it were in the location occupied by the 
OBEY instruction. Since the OBEY instruction 
does not itself alter C, the instruction obeyed in 
N(M) may include carry which was set by the 
instruction preceding the OBEY. 

STOZ will write a zero word into the loca-
tion specified by N(M). 

NULL results in no action in the object pro-
gram. On the other hand, if the accumulator field 
of the instruction statement is filled with a 7, then 
the NULL instruction still has no effect in the 
object program but may transfer control to the 
DEBUG program. Refer to Chapter 8 of the 
FP6000 Programming Manual. 

LDCT relates to the Indexing Instructions 
(see 3. 6.19). The effect of the instruction is to 
set up in accumulator X a 9-bit counter equal to 
the value of N(M) and to clear the modifier (or 
index) part. If the value of N(M) exceeds 511, it 
will be reduced modulo 512. 

MODE sets a 7-bit "transfer mode number" 
equal to the least significant 7 bits of the value of 
N(M). The transfer mode number, stored in part 
of the instruction number register, is used in con-
nection with peripheral transfer instructions, and 
with suppression of non-significant zeros by the 
CBD instruction (see 3.6. 8). 

For this group, the programmer is not 
prevented from using the accumulator field of an 
instruction statement even though its use is not 
indicated in the group listing above. An octal num-
ber in the accumulator field will be assembled as 
part of the instruction as usual, but, except for the 
case noted in NULL above, will in no way alter the 
operation of the instruction. The same comment 
applies to the operand field of the NULL statement. 

3. 6. 23 Peripheral Control 

150 SUSBY X N(M) Suspend if busy 
151 REL X N(M) Release 
152 DIS X N(M) Disengage 
153 SPW X N(M) Store peripheral con-

trol word 
154 CONT X N(M) Continue by reading 

more program 
155 SUSDP X N(M) Suspend and dump 
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3. 6. 23 continued 

Each instruction may refer to a valid peri-
pheral unit. As explained in 2. 3, the programmer 
may use for N(M) a code indicating the type of unit 
and for X the unit number of this type; or he may 
use for N(M) the symbolic name assigned to the 
desired unit under a #PERIPHERAL directive (in 
which case the X field is ignored). 

SUSBY will suspend the object program if 
the unit specified is busy. 

REL will result in a message to the opera-

tor that the unit specified has been released. The 
program is prevented from making further use of 
this peripheral. The instruction is used at a point 
in a program where all required use has been made 
of a peripheral and it may now be released for use 
by some other program, yet to be loaded. 

DIS will result in a message to the operator 
that the unit specified has been disengaged. The 
program is prevented from making further use of 
this peripheral until the unit is "re-engaged" by the 
operator. The instruction is used at a point in a 
program where some peripheral needs operator 
attention, eg. an on-line card punch requires cards 
in the feed hopper. 

SPW will store in the program absolute 
location 9, the control register of the unit specified. 

CONT will read more program from the 
unit specified. Obviously, only an input type peri-
pheral is valid for this instruction. Thus, for 
example, a paper tape punch is not valid. 

SUSDP will suspend the program and dump 
the program as it then stands onto the unit specified. 

3. 6. 24 Peripheral Use 

170 PTR X N(M) Paper tape reader 
171 PTP X N(M) Paper tape punch 
172 LNP X N(M) Line printer 
173 CDR X N(M) Card reader 
174 CDP X N(M) Card punch 
175 MTU X N(M) Magnetic tape unit 
176 DRM X • N(M) Drum 
177 TYP. X N(M) Typewriter 

In this group the mnemonic of each instruc-
tion specifies the type of unit to be used. In the X 

field will be written the unit number, while N(M) 
will indicate the location of the control word to be 
used with the instruction. The control word will 
control the actual action of the instruction. 

3. 6. 25 Interrupt and Abolish 

156 ABOL 
157 SUSWT 
160 SUSTY 

Abolish 
Suspend and wait 

N(M) Suspend and type 

This group is used to give end of job or 
error halts. 

ABOL will result in a message to the 
operator requesting that the program be abolished. 
It is used as the final instruction to be obeyed in a 
program. 

SUSWT will suspend the program awaiting 

an operator message to EXECUTIVE. 

SUSTY will suspend the program awaiting 
an operator message to EXECUTIVE and will also 

print on the console typewriter any message from 

a control word specified by N(M). 

3. 6. 26 Autoroutine Control 

162 
163 
164 

SUSMA X 
AUTO X 
SUSAR 

Suspend me - master 
N(M) Activate autoroutine 

Suspend me -
autoroutine 

This group is designed to control the use of 
autoroutines. 

SUSMA will suspend the master program, if 

the autoroutine X is active. Since only two auto-

routines may be used in a given program, X may 

only be written as a 1 or a 2. 

AUTO results in the autoroutine X being 

activated with the autoroutine being entered at its 

program location specified by N(M). Again X may 

only be a 1 or a 2. 

SUSAR will suspend the autoroutine in which 

it occurs awaiting activation by the master pro-
gram, and, if necessary will release suspension on 

the master due to this autoroutine, ie. if the 

master has been suspended by a SUSMA instruction 

for this autoroutine. 
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CHAPTER 4 

MACRO-INSTRUCTIONS 

4. 1 INTRODUCTION 

In the compilation of source programs into 
object programs, most AUTOCODER instructions 
result in a single machine instruction. However, 
some, called macro-instructions (often abbreviated 
to "macros"), result in the generation of several 
machine instructions. Such instructions usually 
perform some frequently required task which can-
not be done by any single machine instruction and 
eliminates the necessity for writing out the cor-
responding set of "one -for -one" instructions. 
However, since for each new appearance of a 
macro-instruction in the source program the cor-
responding machine instructions will be generated 
once, a subroutine is usually better if the task 
requires more than (say) 4 or 5 instructions. 

Macro-instructions appearing in an AUTO-
CODER source program are of two different cate-
gories or types. First, there is a limited number 
of macro-instructions which are a permanent part 
of the AUTOCODER language and are recognized by 
the compiler as such. Second, a varying number 
of macro-instructions may be created by the pro-
grammer and defined for each new compilation. 
This chapter describes all the macro-instructions 
of the first category, grouped according to function, 
and will indicate how those of the second type are 
specified. 

Macro-instructions of both types have a 
format similar to other AUTOCODER instructions, 
except for the following differences: - 

(a) Each macro-instruction usually occupies 
several. memory locations, and any symbol written 
in the LABEL field will be assigned the value of the 
first of these. 

(b) An alphabetic code in the OPERATION field 
indicates the specific macro-instruction. A 
numeric code cannot be substituted for the alpha-
betic code, since it does riot correspond to any one 
machine instruction. 

(c) The OPERAND field may contain more than 
one operand, in which case, each one except the 
last, is followed by a comma. 

During compilation each macro-instruction 
is replaced by the basic AUTOCODER instructions 
and these in turn are converted to machine instruc-
tions. Section 4.7 shows the correspondence 
between each macro-instruction and the basic 
instructions. 

4. 2 DOUBLE -LENGTH MAC RO-INST RU CTIONS 

To facilitate working with double-length 
numbers, a set of macros which perform simple 
arithmetic operations on double-length numbers, 
are provided. Note that these macros have opera-
tion codes identical to their single-length counter-
parts, and differ from them only in the accumu-
lator field where there are 2 digits, specifying 
adjacent accumulators (X and X*). The double-
length numbers to be operated on, must be in 
standard form. 

4. 2. 1 Double-length to the Accumulators 

I 

N_CAL • 

N(...11A1, L -I- I I- • L.1 

MI 1-1 I '

6/16/0  I  -I. • I .4 

Description: 

Each of the above macro - instructions 
involves two double-length registers, one made up 
of the accumulators X and X*, and the other made 
up of the memory locations N(M), and N + 1(M). In 
each case, the result of the operation will. be 
stored in X and X* in standard double-length form. 
Overflow may be set. 

Operand: 

(1) Literals may not appear in the operand 
field. 

(2) If the operand is a symbol not previously 
defined, two locations will be allocated in lower 
memory. 
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- --L 

4. 2. 2 Double-length to Storage 

L -I • 

At(M)-L--  . I . . . 

Alla) -i--I A • • •  -L 

IA) • -Li- • • 1  

L 1--L-L-1.- 1 I • • 1 

• -1--L-1  I 1 1 

Description: 

These 4 instructions are identical to the 
first 4, except that the double length result will be 
stored in locations N(M) and N ± 1(M). 

Operand: 

(1) Literals may not appear in the operand 
field. 

(2) If the operand is a symbol not previously 
defined, two locations will be allocated in lower 
memory. 

4.2 BRANCH -WITH-TEST 
MACRO-INSTRUCTIONS 

Branch if X Unequal 

1th_  1 I 1 J.. J., A ..- J 

• j 414  (.1 11.2.1.,..1. 

I.N.

 Z • • •  1 1 -L _J_ .L 

14 1. . )5254...g, „ 1. L L-L J 1 J-.1. J 
II

 

• . • L .L 1 -L L • . •  L  I • • . 1 . •  -I- 11 1 L1 J 

This instruction compares the two single-
length numbers in accumulator X and location 
N1(M ), or the two double-length numbers in 
accumulators X and X* and locations N1(M) and 
N14-1(M), depending on whether there are one or 
two digits in the X-field. 

(1) It branches to location N2 

(i) if the two numbers are not equal 
(ii) or if the carry register (C) was pre-

viously set. 

(2) Otherwise, it continues to the next sequen-
tail instruction. 

(3) In either case, C is cleared. 

Operands: 

(1) N1(M) can be a literal only when represent-
ing a single-length number. 

(2) If N1(M) contains a symbol not previously 
defined, one location is allocated in lower memory 
if it represents a single-length number, two loca-
tions are allocated if it represents a double-length 
number. 

Branch if X Equal 

This 

- L • 1 J_~t l 1. L L • LJ .1_ 

_i__•/1/40:11,2.0 I 42-. J • • • Li

X * O VA • .  I--.. -1--1-1-L • -1 

4- J--L- L a 4 

instruction is identical to BXU in all 
respects except that the branch to N2 occurs if the 
two numbers are equal and if C was not previously 
set. 

Branch if X Less 

. • • 1.--1 1 1. 

  01.),31A(2 L -1 

X-1,1 / • XX 4 (K),561z... -1.- - I 

L 

Description: 

This instruction compares the two single-
length or double-length numbers indicated to 
determine their relative size. The numbers 
involved must have the same algebraic sign, and 
the carry indicator (C) must be clear initially. 

(1) It branches to location N2 if the number in 
X (or X and X*) is algebraically less than the num-
ber in Ni(M) (or N1(M) and Ni+1(M) ). 

(2) Otherwise, it continues to the next sequen-
tial instruction. 

(3) In either case, C is cleared. 

Operands: 

(1) N1(M) can be a literal only when represent-
ing a single length number. 

(2) If N1(M) contains a symbol not previously 
defined, one location is allocated in lower memory 
if it represents a single-length number, two loca-
tions are allocated if it represents a double length 
number. 
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4.2 continued 

Branch if X Greater or Equal 

l i t t I t t . 1 1 4 1 . , 1 . 

4 N) )1Al.z . . 1 . . . . 1 . . . . . 1 8,X4.4 , X . 
„ . . , Bx.q.4 . x.x.*N(*),,,v. 

This instruction is identical to BXL in all 
respects except that the branch to N2 occurs if the 
number in the accumulator(s) is algebraically 
greater than or equal  to the number in the storage 
location(s). 

4. 3 PART-WORD MACRO-INSTRUCTIONS 

These instructions add to the part-word 
operations provided by single machine instructions. 

Load Short Address 

1 
LP LA . X 

I 

Description: 

AliM). I . 

These instructions load the least significant 
12 bits or the least significant 15 bits of location 
N(M) into the least significant 12 positions or 15 
positions of accumulator X. The remainder of X 
is cleared. 

Operand: A literal can be substituted for N(M). 

4.4 SPECIAL LOAD INSTRUCTIONS 

Load Program Location: 

1,PPLI X . N , , , 

Description: 

This instruction loads accumulator X with 
a word containing N. 

Operand: 

(1) As with the small-integer instructions 
(machine group 10) the operand is taken in a literal 
sense. It can have any of the forms of a literal, 
but with the quotation marks omitted. 

.(2) Any symbol appearing in the operand, which 
has not been previously defined, is taken as refer-
ring to a program location just as in a branch 
instruction. The main use of this instruction is in 
loading an index register to refer, indirectly, to a 
program location, in other than a branch instruc-
tion. It is the only non-branch instruction which 
can have a program location in the operand (see 
Section 2.2. 1). 

4.5 MAGNETIC TAPE CONTROL 

Magnetic tape control operations may be 
specified by the following macro-instructions. 

WEF X - Write End-of-File 
REW X - Rewind 
BSP X - Backspace 
BEF X - Back to End-of-File 
FEF X - Forward to End-of-File 
CLOSE X - Close the File and release unit 
SCR X - Open a scratch tape and retain 

as scratch 

In the above instruction X specifies the 
unit number. The necessary mode constant is 
generated by AUTOCODER. The following instruc-
tions are used for labelling purposes. 

OPEN X N(M) - Open a file whose label 
matches the information 
stored in location N(M). 

LABEL X N(M) - Locate a scratch tape and 
label it according to the 
information stored in loca-
tion N(M). 

In both cases X specifies the unit number 
and the mode is set by the necessary instructions. 

4. 6 PROGRAMMER-DEFINED MACRO-
INSTRUCTIONS 

As mentioned earlier, the programmer may 
add, to the macro-instructions already described, 
others of his own specification. A definition for 
each such macro-instruction must appear in the 
source program, making it a part of the AUTO-
CODER language for use in that program. The 
form of the definition and the directive involved, 
are described below. 

Directive V: MACRO 

(1) Each macro-instruction definition must be 
preceded by this directive, written on a separate 
line, with no operand. 
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1 1 1, 1 1 o t 1 1 . I I I

44ev4,440 1 1 , 1 I I 1 1 . 1 

1 1 . 1 1 r i l . 1 1 . 1 

(2) The definition of the macro-instruction con-
sists of two main parts, the macro format and the 
basic format. The macro format indicates the 
make-up of the macro-instruction as it will be used 
in the program. It is written on a line immediately 
following the directive, using the fields, OPERA-
TION, ACCUMULATOR and OPERAND. 

OPERATION: 
Operation consists of 1 to 5 alphabetic 

characters, to be used as the operation code. This 
code must not be used for any other AUTOCODER 
instructions or macro-instructions unless the 
length of the X-field differs (An operation code 
followed by a 1 -digit X-field is interpreted as a 
different instruction than the same code followed 
by a 2-digit X-field). 

ACCUMULATOR: 
The X-field can be blank or contain 1 or 2 

alphabetic characters, left-justified. The number 
of characters indicates the number of digits 
required in this field. 

OPERAND: 
The Operand field can be blank or contain a 

variable number of alphabetic characters. Each 
character represents an operand of the macro-
instruction and, except for the last one, is followed 
by a comma. 

Examples: 

DI L IPI 1 q, • „  
47.11 , 
MAc, . 
Ef04.1 

A 
014 1 1 . 11 . 1 1 1 1 

. 1 . 

Each of the alphabetic characters appearing 
in the X and Operand fields must be different, and 
since they are being used to represent a parameter 
of the macro-instruction they have no significance 
outside the definition. Symbols identical to these 
alphabetic parameters may be used elsewhere in 
the source program without confusion. 

(3) The basic format indicates what the effect 
of the macro-instruction will be, in terms of basic 
AUTOCODER instructions. In fact, during com-
pilation, the macro-instruction will be replaced by 
these basic instructions at each point it appears in 
the source program. These instructions will then 
be compiled into object language. 
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The basic format is written following the 
macro format; the basic instructions are written on 
separate lines, in the desired order, and using the 
3 fields, OPERATION, ACC. and OPERAND. 

OPERATION: 
This can be any alphabetic operation code in 

the AUTOCODER language, except that of another 
macro-instruction. It can also be a 3-digit octal 
machine code. 

ACC or X-field: 
This will be blank or have 1 or 2 characters, 

depending on what is allowed following the parti-
cular operation code. If it is not blank, the charac-
ters may include any of the alphabetic parameters 
mentioned in the macro format. 

OPERAND: 
This field may contain any of the forms of 

operand normally allowed with the operation code 
written, including literals and the symbol * . The 
alphabetic parameters used in the macro format 
may appear anywhere that symbolic operands are 
allowed. In addition, these parameters may be 
used as modifiers, enclosed in brackets. 

Example: 

. , l 454.47 . A . Lc,,c„.c? 1 . .0 1414g.0S, IP:6_, Pi A31A-7; . . . 1 

• , . . 1 e...1?)( I . A . 8. . , I „ . , , ,L, AR.5./.4 IF.agilAir, ,1, , 1 
, , , L,./),X , 4 , c.,y,/k6A),L, L_,E,_L__I__±_z_i_ 

D,-/-,/,00,09)„ „L , , „ , , , , . . . , . A. i. . 1 RPx , 4 , 
. . • . T.40 . 4 . fV/4/4460, . . „G . 1 . . 

The appearances of the symbolic parameters 
in the basic format indicate when the actual para-
meters are to be inserted during compilation. 
Other symbols in the basic format (such as NAME, 
in the example above) remain constant for each 
use of the macro-instruction and are eventually 
replaced by the numeric values assigned according 
to the rules in Chapter 2. Similarly any numeric 
X-fields or numeric portions of Operands retain 
their values for each use of the macro-instruction. 

4. 6.1 Use of Defined Macro-Instructions 

Having defined a macro-instruction using 
the directive MACRO as explained above, the pro-
grammer may use it anywhere in this source pro-
gram just as any other AUTOCODER instruction. 
With each use he must write the operation code 
indicated in the macro format, but he replaces the 
alphabetic parameters in the X and operand fields 
with actual parameters as follows: 
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4. 6. 1 continued 

(1) Alphabetic parameters appearing in X-fields 
of the macro or basic format, or as modifiers in 
the operands of basic format, can be replaced by 
octal digits only (modifiers are restricted to 1,2 
or 3). 

(2) All other alphabetic parameters can be 
replaced by operands of any form allowed in the 
instructions (of the basic format) in which they 
appear. Where applicable, this includes:-

(a) Operands with modifiers , unless they 
appear in basic instructions already 
modified. 

(b) Symbols adjusted by integers even if 
the parameters are again adjusted in 
the basic instructions. 

(c) Literals, provided the alphabetic para-
meters appear unadjusted, unmodified, 

etc. , in the basic operands. 

(d) The symbol * (with or without adjust-
ment), where * is assigned the value of 
the location of the first basic instruc-
tion each time. 

Example: 

An example of the use of the macro BUGS 
defined in a previous example, might be: -

f4pr.,,c63)„. 7-Pg-7-#4 zs 

This would then be equivalent to the follow-
ing basic instructions. 

• l i 1 1 1 1 I 

LPX L 2, , 11.1)P,g 63.). . , 1 •„1 

. . 1-RX i , 4 . . 7-,4 7-1.-1̀ , /4 

, 

(, 20, , . . i . . , . . 

, . ADX , 4 , i,z,s,i,z), , 

4. 7 LIST OF PERMANENT MACRO-INSTRUCTIONS 

Following is the list of AUTOCODER permanent macro-
instructions and the equivalent basic instructions produced. 

MACRO-INSTRUCTION EQUIVALENT 

LDX XX * N(M) LDXC X * N + 1 (M) 
LDX X N(M) 

ADX XX * N(M) ADXC X * N + 1 (M) 
ADX X N(M) 

NGX XX * N(M) NGXC X * N + 1 (M) 
NGX X N(M) 

SBX )0( * N(M) SBXC X * N + 1 (M) 
SBX X N(M) 

STO XX * N(M) STOC X * N + 1 (M) 
STO X N(M) 

ADS XX * N(M) ADSC X * N + 1 (M) 
ADS X N(M) 

NGS XX * N(M) NGSC X * N + 1 (M) 
NGS X N(M) 

SBS XX * N(M) SBSC X * N + 1 (M) 
SBS X N(M) 
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4.7 continued 

MACRO-INSTRUCTION EQUIVALENT 

BXU X Ni  (M), N2 TXU X N1 (M) 

BCS N2 

BXU XX* Ni  (M), N2 TXU X * Ni  + 1 (M) 

TXU X N1 (M) 
BCS N2 

BXE X Ni (M), N2 TXU X N1 (M) 

BCC N2 

BXE XX * Ni (M), N2 TXU X * Ni + 1 (M) 

TXU X Ni (M) 

BCC N2 

BXL X Ni (M), N2 TXL X N1 (M) 

BCS N2 

BXL XX * Nl  (M), N2 TXL X * N1 + 1 (M) 

TXL X N1 (M) 

BCS N2 

BXGE X N1 (M), N2 TXL X N1 (M) 

BCC N2 

BXGE )0( * Ni  (M), N2 TXL X * Ni  + 1 (M) 

TXL X N1 (M) 

BCC N2 

LDSA X N (M) LDX X N (M) 

ANDN X #7777 

LDLA X N (M) LDX X N (M) 

ANDX X '#77777' 

LDPL X LDX X 'N (Note 1) 

WEF X MTU X 1 5 t (Note 2) 

REW X MTU X ? 7 t (Note 2) 

BSP X MTU X '2' (Note 2) 

BEF X MTU X ' 6' (Note 2) 

FEF X MTU X '4' (Note 2) 

C LOSE X MTU X '519' (Note 2) 

SCR X MTU X '256' (Note 2) 
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4.7 continued 

MACRO-INSTRUCTION EQUIVALENT 

OPEN 

LABEL 

X 

X 

• 

N(M) 

N(M) 

LDN 
STO 
MTU 

LDN 
STO 
MTU 

X 
X 
X 

X 
X 
X 

128 
N(M) 
N(M) 

. 384 
N(M) 
N(M) 

(Note 3) 

(Note 3) 

Note 1. An undefined symbol, N(M), in the operand field will 
be treated as a branch point. 

Note 2. AUTOCODER will create a second literal which is 
zero, following the literal indicated. 

Note 3. An undefined symbol in the operand field will be 
treated as an error. 
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CHAPTER 5 

DATA GENERATION 

5.1 DATA GENERATION 

It is often desirable to assemble constant 
data as part of a program. This charter will deal 
with the two methods of generating data available in 
AUTOCODER. The first part of the chapter will 
treat the method of using data generating state-
ments, and the second part will treat the literal 
operand method. 

5.2 DATA STATEMENTS 

Data statements result in the generation of 
preset constants by AUTOCODER. A constant may 
be numeric or binary coded decimal (BCD). Vari-
ous types of numeric information are provided for, 
such as decimal, octal, or floating point. A data 
statement is divided into two fields, as follows: 

1,11.13474 aitril jpgrsz, , „ „ 

The label field need not be present. 

Example: 

Pgrbliit AI PAiiii 
. I . 

, 
I 

Data Statements may be used to enter data 
into work areas or intermingled with the program 
instructions, such as may be required for sub-
routine calling sequences. This is not to imply 
that the assembled program can differentiate 
between instructions and constants, it is still the 
programmer's responsibility to ensure that no 
attempt is made to obey stored words which are 
not instructions. When entering data into work 
areas the data statement should be associated with 
(ie. be one of the lines following) an appropriate 
directive (LOWER, UPPER). 

Each data statement starts locating data 
items from the last location used by the previous 
line. Thus, if a data statement follows a line of 
storage allocating symbols coming under a LOWER 
or UPPER directive (see 2. 2. 2, 2.2.3), the first 
data word is located next to the last location allo-
cated by the preceding line. 

5. 3 LABEL FIELD 

5. 3. 1 Form 

A LABEL can be a symbol of 1 to 11 alpha-
numeric characters, the first character always 
being alphabetic.

5. 3. 2 Use 

When used, the LABEL is given a value 
equal to the location of the first data word gener-
ated by the data statement. Thus, if any particular 
data item is to be labelled then it must be the first 
data item in the operand field of the labelled 
statement. 

5.4 DATA FORMS 

Data items are written in the order they are 
to take in storage. They are entered in the oper-
and field of the coding form, with successive items 
on the same line being separated by commas. A 
comma is implied between successive lines. 

A data item may be any of the following: 

Octal integer 

Decimal integer 

Decimal fraction 

Mixed decimal number 

Floating point decimal number 

6-bit binary coded decimal characters 

Index word 

Character index word 

These will be detailed in the sections fol-
lowing. For all numeric items non-significant 
zeros will be ignored. 
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5.4.1 Octal Integers 

Signed or unsigned octal integers in the 
range #0 < integer < #77777777 (eight sevens), 
are allowed. The octal integer is preceded by the 
character "#". 

Examples: 

7.7..,*7.4,77 77 

5.4.2 Decimal Integers 

Signed or unsigned decimal integers in the 
range -246 < integer < 246-1 are allowed. Single 
precision integers, in the range -223 < integer
223-1, are merely written out as data items, or 
can be followed by (1). Double precision integers 
must be followed by " (2) ". A data item which is 
blank will be treated as zero (ie. "„" will gener-
ate a zero). 

Examples: 
, . I .J . , 1 . 

# z - /,?-4-.1474-24(z),,,-ti 04; , 
1 1 1 1 1 1 1 

5.4.3 Decimal Fractions 

Signed or unsigned decimal fractions in the 
range -1.0 < fraction .< 1.0 -2-46 are allowed. 
Fractions must contain a decimal point. Single 
precision fractions, in the range -1.0 C fraction 

< 1. 0 - 2-23, are merely written out as data 
items having a maximum of 13 decimal digits fol-
lowing the decimal point, but AUTOCODER rounds 
off the value to just less than 7 digits so that the 
result is single length. Double precision fractions 
must be followed by " (2) " and may have up to 20 
decimal digits following the decimal point, but 
AUTOCODER rounds off the value to just less than 
14 digits so that the result is double length. 

Examples: 

-0- oclo,q0P4 44.444-471VA). „ 1 . , . i 

. 1 • 

5.4.4 Mixed Decimal Numbers 

Mixed numbers are signed or unsigned 
numbers having both an integral and fractional part. 
Each of these numbers must be followed by an 
expression " (n.b) ", where n is the number of 
words to be occupied by the number, and b is the 
number of binary bits to be used for the fractional 
part. 

For simplicity, an example of a single 
precision integer is given: 

, 1 , 1 . . . . 1 . . . . 1 . , , . 1 

And as further example, a single precision 
fraction: 

0. /Z 

Other Examples: 

, 

3 , 1 . 1 

1 1 . 1 2 I t 1 . 1 1, 1 1 1 . 1 1,1 1 1 1 I t I I 1 1 1 1 1 1 / 1 

I I 1 1 1 1% 1 3 '  7A( /I • ta l ) 1,1 4$4 (14 ZA)I I I t I 

If either the integer or fraction is zero, 
then it may be omitted. 

„ 
Zo.3C 

5.4.5 Floating Point Decimal Numbers 

These numbers are split into two parts; a 
fraction, which is the mantissa, and a signed or 
unsigned 1 or 2 digit integer, which is the decimal. 
The two parts are separated by the character E. 
The mantissa may be signed or unsigned and may 
have up to 13 decimal digits following the decimal 
point, but AUTOCODER rounds off the value to less 
than 12 digits. The exponent must be in the range 
-77 2.5 exponent 77. 

Examples: 

1 1 I 

• 0/ A6,4-,40.3,,,-.7,‘,A5X1, , 1 , 

I l t 

1 1 1 

5.4.6 BCD Characters 

BCD or Hollerith characters to be gener-
ated as data are preceded by "nH", where n is the 
number of characters and is limited by the number 
of characters that can be written in the operand 
field. The characters to be generated must follow 
the "H" close packed 'and any valid character, 
including blanks, commas, quotes, etc. is allowed. 
This is the one case where blanks are not ignored 
in the operand field. 

1 . 1 1 ,

Each BCD item will occupy an integral num-
ber of words with blanks being filled in on the right. 
ie. , For the above example, the generated data is: 

HbbbXbbb*,. -'/() 
(small b represents a blank) 
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5. 4. 7 Index Words 

Index items will generate words that are 
split into a 9-bit counter and a 15-bit modifier. 
The counter and the modifier parts of the item are 
separated by a "I " which must be present. 

The counter may be: 

(1) an unsigned decimal integer 

(2) an unsigned octal integer, preceded by a "# " 

(3) a symbol defined by a DEFINE or SET 
directive. 

The value of the counter must be less than 
512 decimal. For any value greater than 512 only 
the least significant 9 bits will be used. 

The modifier part may be 

(1) a signed or unsigned decimal integer 

(2) a signed or unsigned octal integer 

(3) any symbol, except the label of a program 
location (see 2. 2. 1) 

(4) a symbol as in (3) followed by a signed 
decimal or octal integer. 

The value of the modifier portion must be 
less than 32767 decimal. For any value greater 
than this the least significant 15 bits will be used. 

Examples: 

. . • . I . , . I „ 4 tiv.AME,I.PEPacrr64- /7 
#27./.1i1rAle-0.*1.7. . . 1 . . . , 1 . . . 1 „ . i . . , 

5.4.8 Character Index Words 

Character index items will generate words 
that have a 7 bit counter, while the modifier 
includes 2 extra bits to specify a character position. 
Thus , they are the same as index words with the 
following two exceptions: 

(1) The value of the counter must be less than 
128. 

(2) The modifier part terminates with a ".n", 
where n is one of the digits 0, 1, 2, or 3; 

Examples: 

1
10 NA E.2 /00// 1-/2-3 

5.5 LITERAL OPERAND 

The literal operand, used with instruction 
statements, is the second method of data genera-
tion and is recognized by a beginning and ending 
quote mark. An example may serve to illustrate 
the use of the literal. A data statement and an 
instruction statement, each properly placed within 
the program could be the following. 

. . 
PTA I 

1 1 1 1 1 

1 1 1 1 1 

1,1;',X I , 
„ 

4. 

4.9.999 . 

Pkr.:14 , , 

but the following instruction statement, which has 
a literal operand, is equivalent to the above two 
statements: 

Lim 4 
. I . 

In general, the literal can be any of the 
forms of the data items of a data statement, 
except that all literals result in only a single word 
of data, and that mixed decimal numbers and 
floating point numbers are not permitted. 

When AUTOCODER encounters an instruc-
tion with a literal operand, it will first "evaluate" 
the data within the quote marks to form a binary 
number. If this binary number is the same as that 
produced by some prior literal then the instruction 
address portion is given a value equal to the loca-
tion already assigned to the binary number. If the 
binary number is unique then it is assigned a 
location in lower memory, and the instruction 
address portion is given a value equal to this 
assigned location. 

5. 5.1 Octal Integers 

The same as for data statements (see 5.4. 1) 

4,77.717,77 1 

5. 5. 2 Decimal Integers 

The same as for data statements, limited 
to single precision (see 5.4. 2). 

, , . 1 I-0RX 1 , 2, , 1 0 .4i7: ), . i . . . , I ' 
, . . , I 41;',X‹ , 1. . 1,- .4,9,44 1. . . . . . , I I . . „ I . . . , 1 . • 1 

5. 5. 3 Decimal Fractions 

The same as for data statements, limited to 
single precision (see 5.4. 3). 

t 1 
. . , I PI FY. I , 5 , 14 00 -PP? i. t , . I . , . I I . , . . I , „ . 1 
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5. 5.4 BCD Characters 

The same as for data statements, but 
limited to a maximum of four characters, ie. 
1 n 4 (see 5.4.6). 

1,2,A1xy l. ,„1„„i , , , , i , , , , I . ,„1 . , , 1 L,PX 1 . 4. , 
, . . 1 1-P,)‹ 1 , 4 . 14,11.,,'1,,,x,` . ( , . . , I . , , , i , , , , I , , , , i 

5.5.5 Index Words 

The same as for data statements except 
that if the counter is not present the "I" may be 
omitted (see 5.4.7). 

, . , . 1 "-DX I . I, . 1.1A--)AVIA/44 ?. , . , . . I , 

„ . i LP,x. i , 5, , 1$-,7.7./1NO,AtE.ii/.0, 1, . I . . 
, . i . . . . , 

5. 5. 6 Character Index Words 

The same as for data statements but the "/" 
may be omitted if the counter is not present (see 
5. 4. 8). 

. . . , 

. . , , 1 L,PX . /. . , JO/NAM.7.1 . . • . . . 1 

. . . • 41).X , g ilsc.o:01- ,- la ' 
, . , 1-PX , A . 1#, 7,77/,-0

142
/,P4S-,0 1, , I I .

. 1-2,,X 4 , 1.7:ABL.14%.,/, 1, I „ , . I , , . 1 . 

5.5.7 Restrictions in the Use of Literals 

The context of the literal operand restricts 
their use. Thus, literals are not used. 

(1) with branch instructions 

(2) with an instruction that leaves its result in 
the location specified by the operand, eg. , STO, 
ADS, ANDS, etc. 

(3) with floating point instructions 

(4) with any double length operation, including 
macros. 
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CHAPTER 6 

INPUT/OUTPUT OPERATIONS 

6.1 PERIPHERAL DIRECTIVE 

The #PERIPHERAL directive is used to 
specify to AUTOCODER the number and type of all 
peripheral units, except magnetic tapes, which are 
required by a program. This information appears 
in the resulting object program in the form of a 
requisition for the required units. Magnetic tapes 
are handled in a different manner as explained in 
Section 6. 7. 3. 

The directive is written on a separate line 
with a blank operand field. The peripherals 
required are specified in the operand field of suc-
ceeding lines, using a standard 3-character code 
which consists of 2 letters specifying the type fol-
lowed by a single digit unit number. 

The 2-letter combinations assigned to 
peripherals are as follows: - 

TR - Paper Tape Reader 

TP - Paper Tape Punch 

CR - Card Reader 

CP - Card Punch 

LP - Line Printer 

TY - Typewriter 

E xample: 

, , I , . I . . . ic.ic4,.CIR.I.,.7.;cc?,.77,7q,,T /.,17-17.,LIFN

The programmer may specify each unit to 
be used or the highest unit number of each type. 
The example below will cause requisition of the 
same number of units as the example shown above. 

E xample: 

cRi,,,TAP,7,-/f.?,,Z,Pci „ „ I „ . , 1 , , , . , „ . , . . • 

PERIPHERAL directives may appear any 
number of times in a source program. 

6. 2 PAPER TAPE READER 

170 PTR X N(M) 

This instruction specifies an input operation 
from unit X. The operation is controlled by the 
control word located in N(M). This word contains 
a character index in the most significant 2 bits, a 
character counter in the next 7 bits and a starting 
address in the least significant 15 bits. 

The address field of the instruction may be 
a symbolic location or a literal. 

The reading operation is performed accord-
ing to a mode which may be set at any time prior to 
the read operation by the following instruction. 

125 MODE N(M) 

The mode specified by N(M) consists of the seven 
least significant bits of the address. Each bit has 
the following effect on the peripheral transfer. 

Bit State Effect 

0 Not used. 

1 0 Read N computer characters 

1 Read N computer character or to 
Newline. 

2 0 Read starting in c<--shift. 

1 Read starting in previously estab-
lished shift. 

3 0 Read BCD mode, inserting control 
characters as required. 

1 Read binary mode. 

4 0 Ignore erases and blank tape. TC4 
switches reader off-line. TC3 
causes skip to next TC1. 

1 All codes entered. 

5 0 No effect. 

1 Skip to TC1 then start to read 

6 Not used. 
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6. 3 PAPER TAPE PUNCH 

171 PTP X N(M) 

This instruction specifies a paper tape 
punching operation on unit X and under control of 
N(M) which has the same form as the one described 
above (see 6.2). 

Paper tape output may be in any mode 
established previously by: 

125 MODE N(M) 

The mode specified consists of the least 
significant seven bits of the N(M) address which 

have the following effect. 

Bit State Effect 

0,1 Not used. 

2 0 Start punch inc‹-shift. 

1 Start punch in previously estab-
lished shift. 

3 0 Punch N computer characters. 

1 Punch N computer characters in 
binary mode. 

4 0 Punch data. 

1 Punch N run-out characters. 

5,6 Not used. 

6.4 LINE PRINTER 

172 LNP X N(M) 

This instruction specifies an output opera - 
tion on line printer unit X under control of word 
N(M) which has the same form as the one described 
above (see 6.2). The setting of the mode has no 
effect on this operation. 

6. 5 CARD READER 

173 CDR X N(M) 

This instruction causes reading of a punched 
card on unit (X) under control of N(M) which con-
tains the starting internal memory location and 
number of characters as described above (see 6.2). 

Card reading may be performed in one of 
two modes set previously by the MODE instruction. 

These modes are as follows: -

MODE 0 
The card is interpreted in BCD mode 

whereby each column is translated and stored as 
a character. 

MODE 2 
The card is interpreted in binary mode 

whereby each column is stored as is in successive 
word halves. 

6. 6 CARD PUNCH 

card 

174 CDP X N(M) 

This instruction specifies punching of a 
on unit X under control of N(M), the word 

which contains the character count and starting 
address. The setting of the mode has no effect on 
this operation. Punching is performed always in 
BCD mode. 

6. 7 MAGNETIC TAPE UNIT 

175 MTU X N(M) 

This instruction specifies a magnetic tape 
operation on unit X under control of information 
stored starting at location N(M). The mode which 
specifies the operation is stored in location N(M) 
while the next word, N + 1 (M), is reserved in 
order that EXECUTIVE may store in it the result 
of the transfer: While the operation is in progress 
this reply word is negative. The length of the con-
trol area is two words for control operations, four 
words for data transfers and nine words for label-
ling operations. 
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6. 7.1 Magnetic Tape Control Operations 

Following is a table of the various Magnetic 
Tape control operations which may be performed 
and the corresponding modes. The control area 
consists of two words, the mode and the reply word. 

Operation 

Write End of File 
Rewind 
Backspace 
Forward to End of File 
Back to End of File 
Close a Magnetic Tape File (Release) 
Open a Scratch Tape Reel and Retain 
it as a Scratch Reel 

unit number. EXECUTIVE will search all avail-

able tape units until it finds one with the appro-
priately labelled reel and will assign this unit to 

the requesting program. 

Similarly, a new file may be labelled by 

Mode providing the necessary label and asking EXECU-
TIVE to locate a scratch tape for the purpose. 

5 
7 
2 
4 
6 

519 
256 

6.7.2 Magnetic Tape Input/Output Operations 

The control area for read or write opera-

tions is four words arranged as follows: - 

- Mode 
- Reply word 
- Number of words to be transferred 
- Starting address , in memory 

There are four possible modes which result 
in binary or BCD reading or writing. 

Operation Mode 

Binary Read 
Binary Write 
BCD Read 
BCD Write 

0 
1 

9 

At the end of the operation the reply word 

will be in one of the following conditions. 

Zero 

Negative 

Transfer completed normally 

Transfer still in progress 

Positive 1 End of Tape 
16 Long Block 
64 End of File 

6. 7.3 Magnetic Tape Labelling Operations 

Magnetic tape units need not be requisi-
tioned at the start of a program. An object pro-
gram may request from EXECUTIVE during execu-
tive time, a reel of tape by providing the label it 
requires and identifying this label with a specific 

The control areas required for these two 

operations are similar in that they consist of nine 

words as follows: 

Word Contents 

1 Mode: 128 for opening an existing file 
384 for labelling a new file 

2 Reply 

3 - 5 Label consisting of any 12 BCD characters 

6 Reel number in binary form 

7 File serial number in binary form 

8 Retention cycle (number of days in binary 
form) 

9 Date written (9 most significant bits con-
taining year and 15 least significant bits 
containing day, both in binary form). 

In opening an existing file EXECUTIVE will 
check the label and reel number and having found it 
will store the balance of the information in the area 
as shown above. 

In labelling a new file, EXECUTIVE will 
insert the current date and will write the entire 
label. 

Care must be taken to provide sufficient 
space for the labelling control areas, as is the 
case for all other types of magnetic tape operations. 

6.7.4 Magnetic Tape Macro-Instructions 

There are a number of macro-instructions 
provided to facilitate specification of magnetic tape 
control and labelling operations. 

The following are operations for which 
AUTOCODER provides the basic MTU instruction 
as well as the required two word control area with 
the appropriate mode. 
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6.7.3 continued 

WEF X - Write End-of-File on unit X 

REW X - Rewind unit X 

BSP X - Backspace unit. X 

FEF X - Forward unit X to next End-of-File 

BEF X - Backspace unit X to previous End-
of-File 

CLOSE X - Rewind and release unit X 

SCR X - Open a new File as unit X but do 
not change its label (Reel not to be 
kept after current run) 

Two macro-instructions are provided for 
labelling operations. Both require that the labels 
be prespecified under some lower memory work-
space directive at location N(M). 

OPEN X N(M) - Open existing file on some 
unit to be called X 

LABEL X N(M) - Label new file on some unit 
to be called X 

These macro-instructions will set the mode 
in the control area accordingly and will then per-
form the required peripheral operation. 

6.8 TYPEWRITER 

177 TYP X N(M) 

This instruction specifies an output opera-
tion on typewriter unit X under control of the con-
tents of word N(M). 

The characteristics of control word N(M) 
are similar to those described for paper tape 
reader (see 6.7.2). 

6.9 INPUT/OUTPUT PACKAGE STATEMENTS 

AUTOCODER provides for a special cate-
gory of statements which are actually specifications 
to be used by the FP6000 Input/Output package at 
execution-time. This Input/Output package caters 
for conversion and editing of data in addition to 
controlling the peripheral operations in conjunction 
with the Executive program. 

Entry into the input/output subroutine will 
require a calling sequence of the following gener-
alized form: 

OPN UNIT 

FORM Format Description 

ITEM1 Item Description  

ITEM2 Item Description  

• 

ITEMS Item Description   END 

For example, the following is a set of 
statements defining reading of 3 alphanumeric 
characters. 

, I 1 

• 
g4f1R. 

13<A I . 

A / 

IN.R.I-1101.e.EA.,1•5,4Aft? . „ 
I 1 1 

1 1 1 1 

1 1 I 

The following section will describe the ele-
ments of the Input/Output package statements in the 
order in which they occur in the generalized form. 

6.10 TYPE OF INPUT/OUTPUT OPERATION 

OPN gives the type of operation and can be 
one of the following: - 

READ 
- for input operations. Conversion and edit-

ing are from "external" form to "internal" form. 

WRITE 
- for output operations. Conversion and 

editing are from "internal" from to "external" 
form. 

EDIT 
- the same as WRITE, except that data is 

moved to a specified area of memory instead of 
being written to an output medium. 

DEDIT 
- the same as READ, except that data is 

taken from a specified area of memory instead of 
being read from an input medium. 
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6.11 PERIPHERAL UNIT 

Unit specifies the source or destination of 
the data. With READ or WRITE, this field will 
indicate a peripheral unit in standard notation, 
which must have been previously defined under a 
PERIPHERAL directive (see 6. 1) or in a magnetic 
tape labelling operation (see 6. 7. 3). With EDIT or 
DEDIT, this field may take any of the forms of the 
operand field of an instruction statement (see 
3. 5.5). This defines the starting location of data 
in memory. Editing or de-editing operations will 
proceed from that address under control of the 
Form and list items. The occurrence of an (R) in 
the Form statement will cause the editing or de-
editing address to be reinitialized at the starting 
address specified. 

NOTE: 

In the remainder of this chapter, refer-
ences will be made only to the use of input and/or 
output media but the reader may substitute 'core 
store' when EDIT or DEDIT operations are being 
considered. 

6.12 FORMAT DESCRIPTIONS 

The FORM statement describes the format 
of one or several records of information as they 
will exist in a peripheral unit. In the case of 
READ or DEDIT this will describe the incoming 
form of data while for WRITE or EDIT it will be 
the output form. 

There are five basic elements used to make 
up a form statement. 

6. 12. 1 Spaces 

Spaces between fields may be indicated by 
"nS" where "n" is an integer specifying the number 
of spaces. If the number is omitted then one space 
is implied. 

6.12. 2 Fixed Alphanumeric Headings 

Fixed alphanumeric headings may also be 
specified. Each heading is preceded by "nH" 
where n, a decimal integer, is the number of 
characters in the heading. 

Example: 

  .  uPou___A;5 A 
I 

6. 12.3 Multiple Records 

A form statement may describe more than 
one record. Each new record (except the first) 
must be preceded by the letter "R". If an integer 
(n) is placed before the "R" then (n-1) blank 
records will precede the record specified by the 
format following "R". 

For example, the statement below describes 
two records (format 1 and format 2) separated by 
two blank records. 

FORM format 1 3R format 2 

6. 12.4 Format Repetition 

Any portion of a format may be repeated by 
enclosing it in parenthesis preceded by an integer 
indicating the number of repetitions. 

Examples: 

The statement 

Format 1 2 (format 2) Format 3 

is the same as 

Format 1 Format 2 Format 2 Format 3 

Similarly, 

Format 1 3 (R Format 2) 

will produce one record of Format 1 followed by 
three records of Format 2. 

Format repetitions indicated by parentheses 

may be nested to any depth desired. 

Example: 

Format 1 3 (Format 2 2(Format 3)) 

6.12. 5 Field Pictures 

Pictures are used to indicate the form of 
alphanumeric and numeric fields. These pictures 
are enclosed in quotation marks. Repetition of a 
picture may be indicated by preceding the opening 
quotation mark with an integer. 

Example: 2 'picture 11 5 'picture 2' 

Use of these integers is explained in section 6.14. 
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6. 12.5 continued 

As described below, specific characters can 
be used within each picture to describe the form of 
a field. An integer preceding any of these charac-
ters indicates the number of consecutive occur-
rences of this character. 

6. 12. 5.1 Alphanumeric Fields 

The following are the characters which may 
appear in a picture for an alphanumeric field, and 
their meaning: 

A - this position will contain alphanumeric data 

S - this position will contain a space 

Any character other than A, S, quotation marks, 
or digits 0 to 9 - this position will contain the 

character indicated. For purposes of input 
these characters will be ignored, whereas 
they will be inserted in the output record. 

Examples: 

PICTURE INTERNAL DATA EXTERNAL 

'AAAA' JACK JACK 
ST#1 ST#1 

'SS3A/2A' APR63 sp sp APR/63 
128AB sp sp 128/AB 

6. 12. 5. 2 Fixed Point Decimal Fields 

The following characters are allowed in a 
fixed point decimal picture: 

X - this position will contain decimal data which 
is to the left of the assumed decimal point. 

F - this position will contain decimal data which 
is to the right of the assumed decimal point. 

S - this position will contain a space. 

- this position will contain a comma ( , ). 

- this position will contain a point ( . ) (This 
character may appear only once in the 
picture). 

CR - these 2 positions will contain the characters 
CR, if the data is negative, spaces other-
wise (These characters may appear only at 
the right-most positions). 

DB - similar to CR, but using the characters DB. 

- this position will contain a dollar sign ($) 
(See floating signs below). 

- this position will contain a plus sign (+) if 
the data is positive, a minus sign ( -) other-
wise (See floating signs below). 

similar to (+) except that positive data 
results in a space. 

Z - similar to X, except that if the data is a 
leading zero, it is replaced by a space. 

similar to X, except that if the data is a 
leading zero, it is replaced by a cheque 
protection symbol ( * ). 

NOTES: 

(i) Floating Signs 

Multiple dollar, plus, or minus signs can 
be used to indicate data positions which may con-
tain leading zeros (similar to Z and *). In this 
case, the leading zeros are replaced by spaces 
except for the right-most one which is replaced by 
the appropriate sign ($, +, space, or -). To allow 
for the case where there are no leading zeros, the 
number of signs in the picture should be one 
greater than the data positions. 

(ii) Decimal Point Position 

(1) With read-type operations, if the picture 
contains a point ( . ), the actual position of the point 
in the external data will override the position 
indicated in the picture. 

(2) With either type of operation, scaling can 
be obtained by not aligning the point character with 
the assumed point position in the picture, ie. , 

tX.XF. FF' scales by a factor of 10. 

Examples are given overleaf. 
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6.4.5.2 continued 

PICTURE DECIMAL EQUIVALENT 
OF INTERNAL DATA 

EXTERNAL 

'3X' 19 019 

199 199 

'3XFF' 19 01900 

217.65 21765 

1)0C. FFF' 1.358 01.358 

'XXF. FF 51.282 512.82 

319.67 3196.7 

116 sp+ 116 

-23 sp -023 

'SS --- . F' 27.6 sp sp sp 27.6 

-1.9 sp sp sp -1.9 

1$Z Z. FFDB' 2.16 $sp 2.16 sp sp 

-83.75 $83.75DB 

.32 $sp sp .32 sp sp 

'$$,$$$. FF' Note (1) 2.16 sp sp sp sp $2.16 

12$, 3$. FF 1000.00 $1,000.00 

Ts***. ** 0 $***. ** 

' SZ Z Z. Z Z Note (2) 0 sp sp sp sp sp sp sp 

NOTES: 

(1) When Z, * and floating dollar, plus and minus signs 
are used, leading commas are replaced, as well as leading 
zeros. 

(2) If all data positions contain Z, $, +, or -, and the 
data is zero, the entire field will be replaced by spaces. 
(This is the only case where these suppression characters 
may appear to the right of the point). 
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6.12.5.3 Floating Point Decimal Fields 

The following characters are allowed in a 
floating point decimal picture. 

V - this position will contain a decimal digit of 
the mantissa. 

S - this position will contain a space. 

- this position will contain the decimal point 

of the mantissa. 

In addition, every picture of this type has 
the character ( -) implied at the left end (but to the 
right of any S-characters) and the 4 characters 
(E-XX) at the right end. These characters have a 
meaning similar to that in the fixed point pictures. 
XX denotes a 2-digit decimal exponent (see below). 

6.12.5.4 Variable Numeric Fields 

The picture must contain the character (N) 

followed by any other single character except deci-

mal point ( . ), plus (+ ), or minus ( -). 

This type of picture may be used for input 

only and specifies decimal numeric fields of vari-

able length, separated by the character indicated. 
Signs and the location of the decimal point will be 
taken into consideration during the de-editing 
process. 

Example: 

FORM 15 'N, ' specifies a record which 

contains fifteen decimal numeric fields separated 

by commas. 

Example: 

PICTURE 

6.12.5.5 Variable Alphabetic Fields 

This picture must contain the character (B) 
followed by any other single character. This indi-
cates a variable, alphabetic field in the input 
record which will be terminated by the occurrence 
of the dividing character specified. 

6.12.6 Rules for Writing Formats 

(1) Spaces appearing in format descriptions 
are ignored by the AUTOCODER, except for those 
which are a part of a fixed heading. Thus, the 
programmer can use spaces to separate the fields 
in his description and must use the character S to 
specify the position of spaces in the actual Input/ 
Output medium. 

(2) If more than one line is required for a for-

mat description, then it may be continued on suc-
ceeding lines, with the operation code, FORM, 

repeated on each line. 

(3) A field picture does not have to be complete 
on one line, it may continue on the next line. 

(4) The programmer may use a format descrip-
tion written elsewhere in his program, by writing 
his Input/Output instructions in the following form: 

OPN UNIT LABEL 

Item Item 
Item Item 

Description  
Description  etc. 

where LABEL is a 1 to 5 character symbol giving 
the starting location of the format description to be 
used. All characters of the symbol must be alpha-
numeric, and the first character is always alpha-
betic. 

DECIMAL EQUIVALENT EXTERNAL 
OF INTERNAL DATA 

'V.3V' 

'SS. 3V' 

198.6 

- 198.6 

.02127 

.166 

-.0235 

sp 1. 986E sp 02 

- 1.986E sp 02 

sp 2. 127E - 02 

sp sp sp .166E sp 00 

sp sp . 235E - 01 
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6. 12.6 continued 

Thus, any format descriptions to be used in 
this manner must have a label on the first line, and 
only the first line. 

Example: 

LABE Li

LABEL2

FORM 

FORM 

FORM 

Description 

Description 

Description 

In the above example, the AUTOCODER 
would treat the first line as one format description, 

and the next two lines as another. These formats 
can only be written in the program area. In any 
other section the FORM pseudo instruction will be 
treated as an error. 

6.13 ITEM DESCRIPTIONS 

Each line of the item descriptions describes 
an item of data as it appears in the computer 
memory. Thus the combination of item and format 
descriptions specifies the data to be transmitted 
into or out of the computer memory, and the form 
it has or will take in the external medium, respec-
tively. Each line of item description is written as 
follows: - 

TYPE CT/DATA, N 

6.13.1 Types of Internal Data 

Internal data is split into two types indicated 
by the code used for TYPE: 

BCD - this indicates that the data is in a binary-
coded decimal form, in which 6 binary bits 
are used to represent each character. In 
format descriptions, alphanumeric pictures 
are used to describe its external form. 

NUM - this indicates that the data is purely 
numeric and is in binary form. Fixed or 
floating point decimal pictures are used to 
describe its external form. 

6. 13. 2 Item Counter 

The operand CT specifies the number of 
consecutive items to which this description per-
tains. It is used in the same sense as an operand 
for non-branch instructions, that is, unless it is a 
literal, it represents the memory location of the 
counter. The least significant 15 bits of the word 
are used as the counter by the Input/Output package. 

The forms and restrictions of operands for non-
branch instructions also apply (see 3. 5.5). 

CT may be a literal in one of the following forms: -

(a) a decimal or octal integer, enclosed in 
quotation marks. 

(b) a symbol, plus or minus a decimal or octal 
integer, enclosed in quotation marks. This symbol 
must have a previously defined absolute value (see 
2. 3). 

6.13.3 Data Location 

The operand DATA specifies the lowest 
memory location occupied by the first item. Again, 
the forms and restrictions of operands for non-
branch instructions apply (3.5. 5) but literals are 
not allowed. 

6. 13.4 Item Length 

The operand N specifies the amount of stor-
age taken by each item and its form depends on the 
setting of TYPE: 

If TYPE is BCD, N is a decimal integer 
giving the number of character positions (6 bits 
each) occupied by the item. 

If TYPE is NUM, N can be: 

(1) Two decimal integers separated by a deci-
mal point, ie. , n1.n2 where: 

n1 is the number of memory cells to be 
occupied by the item, (n ‘, 2) 

n2 is the number of bits in the fractional part 
of the item, (n2 < 46). 

Thus, n1. n2 describes a fixed point binary item. 

(2) The letter V describes a floating point 
binary item of standard double-length form, ie. , a 
38 bit mantissa and a 9 bit exponent at the right-
most end. 

6.13. 5 Single-Item Descriptions 

If an item description does not pertain to 
successive items, then it may be written: 

TYPE DATA, N 

where a unit CT is implied. 



Autocoder 6-10 
Issue 1, October 63 

6.13.6 Repetition of Item Descriptions 

To specify that a group of item descriptions 
be used a number of successive times, another 
type of line may be written: 

RPT CT,n 
where: 

CT - gives the total number of items to be trans-
mitted, using the group of descriptions. 
(CT can take the same forms as in the lines, 
BCD and NUM). 

n - specifies the number of succeeding items 
which are to be repeated. 

Example: 

-L 

—1-.1-11-1_ 

• 

 1. 11..1. 

11-1 -1-1-1-1. 

R /  .1.-L_L 

4.; P. 1 . . -1. 1, .1-.1- Y. 

" Ir .  1_ L 1 

1- _ 

1 

-I .1 .1-- L .1 a I_ . .L _L 

1.1 -L-1.. L--t—L -•11.1 

CD  11- GT~ 1 _1 J..1 

In the above example, the first two descrip-
tions would be used once each, and the next two 
would be used repeatedly until the number of items 
specified by CT had been transmitted. 

6.13.7 Ending an Input/Output Sequence 

The last item description line in an Input/ 
Output sequence should have the letters END as a 
final operand. Thus if the last line is of the BCD 
or NUM type, it takes the form: 

TYPE CT/DATA, N, END 

It is possible to have an Input/Output 
sequence with no item descriptions if the only data 
for transmission is a fixed heading in the format 
description. In this case, END appears on the top 
line. 

OPN UNIT, END 
or 

OPN UNIT, LABEL, END 

6.14 CORRESPONDENCE OF FORM AND 
LIST ITEMS 

In an output operation, the I/O package will 
generate information until the counters for all list 
items have been exhausted. For input purposes, 
record de-editing will proceed until all list items 
have been satisfied or until the end of the input 
record is reached. In both cases, the Format is 
used repetitively until the entire input or output 
operation is completed. 

Example: 

• •  L 

• • • 

ILQA 1  AA ./13_-C.,  . I • -L 

1 ., Z 1 1.1  I • • L.-1-J-1-1- .J 

Adu..Nr ,, 4,  EI1/402 
4.. .L. .... 1_ .1.-1--L-L-L.-L-1___L 8. .• J...1..... .3. A -1. i .1.--.- - a- ..• . L......_.__._._,_J. 

I_ 
[...— 

.1.-.-L.. 1  I  .L_ L LA .1 .1 L .. .1...L -1.1-J- ...-a.-L . L__..-.. -.1...4._1_ .._ -a --.- ..t.- I-1.. 1...1 ..i..a--1__,....._,..1 

_,.....__...  I • . ....,.__L

This calling sequence will produce eight 
output records since the one record format will be 
used until all list items have been satisfied. 

The I/O package will scan the FORM state-
ment for the next picture when a new list item is 
selected. 

Picture repetition is indicated by a preced-
ing integer (n) where 0 n 127 (omission of the 
integer is interpreted as 0). Similarly each list 
item has a counter (see 6. 13. 2). 

The I/O package compares the list item 
counter with that preceding the corresponding pic-
ture and takes appropriate action as follows: 

(i) If the list item counter is equal to or 
greater than the picture counter, editing or de-
editing proceeds on the basis of the same format 
until the list item counter is exhausted. 

(ii) If the list item counter is less than the pic-
ture counter, editing or de-editing is performed 
for the number of fields indicated by the list item 
counter while the remaining fields specified by the 
picture counter are bypassed. 
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6.14 continued 

Example: 

• 

141RZTia 
ROZA . 

Mi .

if.ct , 
'4Z55)4 

I I I 

.94,11,NTI/NR/14, 1,,gAP

The above calling sequence will print the 
number of fields indicated by COUNT. If COUNT is 
zero a blank line will be printed. 

6.15 OPERATION OF PERIPHERALS 

The Input/Output package provides different 
buffering capabilities depending upon the type of 
peripheral unit. 

Three buffer areas will be provided for all 
peripheral units other than Magnetic tapes. One of 
these areas (32 words long) will be used as an 
input buffer for the card and paper tape readers 
while the other two (each 32 words long) will be 
used as output buffers for line printers, card 
punches, paper tape punches and typewriters. 

When dealing with magnetic tapes the Input/ 
Output package allows specification of any number 
and size of buffers. In addition the I/O package is 
capable of opening or labelling reels as required. 

These specifications are established by 
means of a pseudo-instruction as follows: 

Example: 

mr,e4AN NA mo./i6d,,),,NiNgz.6:1,z, 1 M 
I 

An MTCON pseudo-instruction must appear 
in the source program for each magnetic tape unit 
before reference is made to this unit in an I/O 
package calling sequence. 

In the above instruction X specifies the unit 
number. NAME1 and NAME2 are names of buffer 
areas to be established to this unit. AUTOCODER 
will allocate upper common areas for these buffers 
which are dimensioned in accordance with the 
above specifications (dl) and (d2). The name indi-
cated will become the name of the common area as 
well as the symbol of the first word in the buffer. 
Care must be taken that the names used to identify 
buffer areas are unique in any given compilation. 

The Input/Output package requires that each 
magnetic tape unit addressed must be allocated at 
least one buffer. There are three possible buffer 
configurations which are used as follows: 

(1) For Input Operations 

(i) NAME1 (dl), 0 

A read instruction is given and then the 
program is suspended until the operation is com-
pleted, to allow conversion of the input data. 

(ii) NAME1 (dl), NAME1 (dl) 

A check is initially made to determine if the 
next read operation has been completed. If not 
program suspension occurs. After the input data 
has been converted the next read is initiated before 
control is returned to the main program. 

(iii) NAME1 (dl), NAME2 (d2) 

In this configuration the Input/Output pack-
age always initializes the next read operation prior 
to conversion of the current record. 

(2) For Output Operations 

If one buffer is specified as in (i) or (ii), 
the I/O package will cause program suspension 
until the previous peripheral transfer has been 
completed. If two different buffers are indicated 
as in (iii), data assembly and conversion can pro-
ceed while the previous peripheral transfer is in 
progress. 
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6.15 continued 

The same buffer areas may be allocated to 
more than one magnetic tape unit. Care must be 
taken that this does not result in a conflict. In the 
case of an input unit the buffers are declared busy 
until the data is converted and stored as specified 
by the list. 

Thus, if a number of input units share the 
same two buffers the situation may arise whereby 
the program will become suspended indefinitely due 
to lack of available buffer areas. 

In the case of output operations buffers are 
declared busy from the beginning of the data 
assembly and conversion operation until the peri-
pheral transfer has been completed. 

The I/O package will store in register L9 
the address of the buffer released. After an input 
operation it will be the address of the buffer from 
which information was de-edited. For output 
operations it will be the address of the buffer from 
which writing was completed. Zero address 
indicates that no buffer has been released. 

If requested, the Input/Output package will 
also open existing files or label new ones. In addi-
tion if end-of-reel is detected during a writing or 
reading operation the current tape reel will be 
automatically closed and a new file will be opened 
after the reel serial number has been incremented. 
The address of the label control area as described 
in 6.7.3, is the third item in the operand field of 
the MTCON pseudo-instruction shown as N(M). If 
this item is not included or is specified as zero, 
the Input/Output package will not open files and if 
during a writing or reading operation end-of-reel 
is detected this will be indicated in Register L18 
as shown in 6.16. 

6.16 REPLIES FROM INPUT/OUTPUT PACKAGE 

Two registers are used by the Input/Output 
package to indicate results of a requested peri-
pheral transfer. 

Register L18 
Sign bit will be on if end-of -file is detected 

on an input magnetic tape unit. 

The least significant bit will be on if during 
a magnetic tape reading or writing operation end-
of -reel is detected. Under these conditions the 
specified peripheral transfer will be completed. 
(Note that this condition will never be indicated if 
the Input/Output package is to perform magnetic 
tape labelling and opening functions). 

Register L19 
For paper tape and magnetic tape input 

operations L19 will have one of the following values. 

Zero 
This indicates that the record or records 

read were as long as the format specified. 

Positive Integer 
This indicates that a short record was read 

and the integer represents the length of the record 
in characters. 

Negative Integer 
This indicates that a long record was read. 

The value of the integer has no significance. 

For all other peripheral transfers L19 will 
always be zero. 
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CHAPTER 7 

PROGRAM SEGMENTATION 

Larger programs are usually divided into 
several pieces which we will call segments. Seg-
ments are often written by different programmers 
and/or in different languages. However, even when 
segments are written in the same language, they 
are compiled separately. This means that defini-
tions of symbols must appear in every segment 
where they are used but it allows parts of the pro-
gram to be put on the machine (for checkout) before 
others are ready, and allows changes to be made to 
one segment (say) without recompiling the whole 
program. 

From the compiler's point of view, each 
segment is an independent program and there can 
be no communication between segments until their 
object versions are joined for execution. However, 
the programmer must be able to control the form 
of each object segment so that they will be joined 
correctly. This he specifies at the source level as 
explained in sections 7.1 and 7.2. 

7.1 COMMON DATA 

During execution of the complete object pro-
gram , the data of each segment normally uses 
locations separate from those of other segments. 
However, to allow cross-referencing of data items, 
it is possible to allocate memory space to be 
shared by some or all segments. 

Directives I and II: LOWER and UPPER 
for COMMON 

(1) Blocks of lower or upper data storage to 
be shared by other segments, are defined under 
LOWER or UPPER directives respectively, with 
the symbol COMMON written in the operand field. 
This is followed by the slash character "/", and a 
block-name which is a symbol 1 to 11 characters in 
length, followed by a second slash. 

Examples: 

. . i 
4il,4,4 41EiR , , , I , „ 4 i f(Aiki/14,2i.NP,147A1. 1 . , 

c„,401,9014, iTA.AL,g4/. I . , WAI,PP4ik , , . . . , , . I . , , , I , , „ I 
4 4 ,11.P,PAIZ , . , I . , , 4(6,,Alfliovv/ ,4,r.Ai i /,5,/, I „ . , 1 „ „ I I . . . . i 

4 :1.444R . . . I „ , 6-.Q$A4mON It , , , . . 1 , . . . I , , . I „ , . I 

A block-name of all blanks is allowable. 

(2) As with other LOWER and UPPER direc-
tives, the COMMON type can appear anywhere in 
the source program, provided that: 

(a) The symbolic data-names appearing under 
each directive are preceding their use in the 
program. 

(b) Each such directive (whether LOWER or 
UPPER) within the same segment, has a different 
block-name. 

(3) When the resulting object program is loaded 
with other segments, each COMMON block will 
occupy the same storage locations as blocks of the 
same name in the other segments. A COMMON 
block in one segment will start at the same location 
as the same block in other segments, and the seg-
ment with the largest storage requirement for the 
block determines the total storage allocated to it. 

Note that the data-names appearing under 
corresponding directives of segments may or may 
not be the same. These symbols do not appear in 
the object programs and it is only the block-name 
that indicates that two COMMON blocks are the 
same. 
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7.1 continued 

(4) If a COMMON block-name appears in the 
operand field of a LOWER directive in one segment, 
then that block will be, during execution, in lower 
storage, even if it appears in UPPER directives of 
other segments. 

(5) COMMON blocks can be used by any seg-
mens of a program. However, any COMMON 
block which is used by an autoroutine segment and a 
master segment must be defined by an UPPER 
directive. 

7.2 CUES FOR PROGRAM LOCATIONS 

As with data-names, symbols referring to 
program locations normally are not retained in the 
object program but are replaced by numeric values 
depending on the order of the locations in the pro-
gram area. However, if a program location is 
going to be referred to by another segment then its 
symbolic name must be saved until the correspond-
ing object programs are loaded together for execu-
tion. The directive described below is used to 
indicate which program locations require this 
treatment. 

Directive VI: CUE 

(1) This directive is written with a symbol 1 to 
11 characters in length in the operand field. 

Example: 

#,<L(6.. 4 5.411tgAgrkgg, .„, .

(2) The symbol in the operand field will be 
assigned a value equal to the location of the 
instruction or data statement which immediately 
follows the directive, and is the cue-name  by which 
other segments may refer to this statement. 

(3) If a symbol also appears in the label field of 
the statement, it is assigned the same value but 
may be used only within its own segment. 

(4) A CUE directive must appear before every 
statement which is subject to these "outside" refer-
ences. Each cue-name must be different and, 
since it may be used in any segment, it must not 
appear in any other CUE directive or be used as a 
COMMON block-name anywhere in the whole 
program. 

(5) All symbols used in the operands of branch 
instructions, which are not defined by appearing in 
a label field of the same program segment, are 
assumed to be cue-names defined in other segments. 
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CHAPTER 8 

SUMMARY OF DIRECTIVES 

8.1 MISCELLANEOUS DIRECTIVES 

The following are directives which have not 
previously been defined. 

Directive VII: PROGRAM 

(1) This directive precedes each new section of 
program (see 8.2) and normally is written with a 
blank operand. 

#PROGR AM 

(2) This directive must also appear as the 
first statement, physically, of each AUTOCODER 
segment, with the following items in the operand 
field: -

(1) 

When segments are subsequently joined for 
execution, routines of the library type are included 
only if called by another segment. 

Examples: 

/ I • „ 

0:72A;9 12"),,vi 5 kl-
MIATAIr.X7../kivi gT,--

Directive IX: ENTRY 

(1) This directive must immediately precede 

A single digit 
the instruction at which EXECUTIVE is to start 

giving the program type execution of the object program under normal con-
ditions. It is written with a zero in the operand 

0 a master program field. 
1 auto-routine 1 , 1 1 

2 auto-routine 2 itglWAY „ O. • 
L . . 

(ii) The 4-character name for the program, to 
be used when communicating with EXECUTIVE. 

(iii) A 2-digit decimal number giving the 
priority to be assigned to this program (if this is 
not specified, a value of 01 will be assumed). 

(iv) A slash character "/ ", followed by the 1 to 
11 character name assigned to this segment of the 
program. Note that this segment name can be 
used to refer to the first program location of the 

just as if it had appeared on the CUE 
immediately preceding the first non-
statement in the program area, (see 

segment, 
directive 
directive 
Section 7.2). 

, . . . I , . , I . ._...._ . J 4_ 1,i--,--L-.....-.__Lt..........., . I i 1 , , I 

#.Pr.c6StRAA . , . , . 
_.._..._,.. ...,.._. _L_,_, W_ 

.01q4_4.i/m012:Aigtj . . —  I . . , . I  , . „ L 
ZF,11,E/54.1.4-4447;4 1 . . . . 1 . 1 
lari,t,c4/.5.a.L,AiitArgg . I , . . . i . i_i_,__J. 

PR 4,ZAM 1 
krgicei4RA.A1 . i , . , 

If the segment is to be incorporated into the 
FP6000 library, then the program type, name, and 
priority should be omitted. 

(2) The same directive can be written preced-
ing other instructions which are to be used as 
alternative starting points. A maximum of nine 
such directives are allowed in each program (not 
each segment) with a different digit in the range of 
1 to 9 written in each operand field. 

Examples: 
, 

4tEgrg 
41:4/VglY 

I I I 

, , 
• 

1 

1 I I I 1 I I I I 1 

I I I 1 1 I I 

When the object program is in the computer, 
the operator can cause EXECUTIVE to start (or 
re-start) the program at any of these points by 
specifying an absolute location dependent on the 
digit used with the corresponding ENTRY directive. 

(3) Any or all of the nine alternative entry 
points may be specified, but the normal entry (with 
zero operand) must be specified, if it is not 
required to start the program at the first compiled 
instruction. 
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Directive X: for comments 

(1) This directive is used to insert comments in 
the source program and is written with a blank 
name, and with the comments in the operand field. 
These comments will appear in the source listing, 
but will have no effect on the object program. They 
may be any combination of characters. 

.1. .1-1. --1-1— ....I. ,...1........1.--1— ._1 4.-1-1. u11 .1.--.1...J.—J—...1.—.4-1.-1.-1-1-1 —L-4. 

fti,I5 ,__ 441g. 1 . ?44.11-/L14 TAS . . 2-1,\(E . . i ._..._._.__... 

ROg 2'gPCAROgg . . . . I , . • . 1 . . . , 1 

.T.T.A.ALA, .iii•14 ,SE1C 7:1*.C4A 

0.4 . , I . . ' ' I ' . —J...1 .-1.401 -.1. ..--1......--.1.-4--i--1-1 4-1--i-i-

1—L— J. 1--J--i— -.L ..,....1 

.1. J 

.—t— .t— —J--1— —.--t— —1-1--1 s i. —.--t. _L ..,__._—_,.....L.,......._.,......1. 

In addition, comments may be written on 
the same line with other statements, through the 
use of this left square bracket ' L ' . The appear-
ance of this character in the operand field, causes 
the compiler to treat everything to the right of the 
bracket as comments (unless the bracket is one of 
the n characters of an alphanumeric field preceded 
by nH). 

Examples: 

gig KO '14 .  I 

. XfAa .v,Ata44,_ 
 . l ,ALie*.W7 12,06.)Esa SSAT14.0/Y 

Directive XI: END 

(1) This directive must appear as the last line 
in a program, or segment of a program. It causes 
the compilation to be completed. 

#END 

8. 2 DIRECTIVES BY GROUPS 

As can be seen from the previous chapters, 
a certain group of the directives control the inter-
pretation of "non-directive" lines folloWing them. 
That is, the way in which the compiler interprets 
any non-directive line depends on which directive of 
this group was last encountered. The appearance 
of any directive in this group ends the effect of any 
previous one in the same group. Specifically these 
directives are:-

(i) LOWER 

(ii) UPPER 

(iii) PERIPHERAL 

(iv) MACRO 

(v) PROGRAM 

(vi) END - this is a special case which ends the 
compilation and therefore nothing follows it. 

The programmer must be careful to insert 
these directives wherever necessary. For instance 
if a section of LOWER or a MACRO definition 
appears in the body of the program then a PRO-
GRAM directive must follow before returning to 
statements for the program area. 

Two other directives are used only in the 
program area and pertain to the first non- directive 
line following. These are: - 

(i) CUE (ii) ENTRY 

The remaining directives may appear anywhere 
in the program: - 

(i) SET 
(ii) Comments 
(iii) DEFINE 
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SUMMARY OF OPERATIONS 

Octal Mnemonic Time - usec 
Code Code 

6 usec 2 usec 

Page 
Ref. 

Octal Mnemonic Time - usec 
Code Code 

6 usec 2 usec 

Page 
Ref. 

ARITHMETIC INTO ACCUMULATORS 
000 LDX 
001 ADX 

18 7 
002 NGX 
003 SBX 

3-4 

COMPARISON 
026 TXU 18 7 
027 TXL 

CHARACTER CONVERSION 

3-5 

043 CDB 
58 27 3-5 

ARITHMETIC INTO STORE 047 CBD 

010 ST 0 
011 ADS 

18 
012 NGS 

7 3-4 
FLOATING POINT CONVERSION 

013 SBS 130 FLOAT 3-5 
131 FIX 

ARITHMETIC WITH SMALL INTEGERS 
100 LDN FLOATING POINT ARITHMETIC 

101 ADN 12 5 3-4 132 FAD 58+ N 46+N 

102 NGN 133 FSB (max) (max) 

103 SBN 134 FMPY 39 max 27 max 
3-5 

135 FDVD 64 max 52 max 

136 LF P 18 6 

ARITHMETIC WITH CARRY 137 SF P 19 7 

004 LDXC 
005 ADXC 
006 NGXC , FLOATING POINT NORMALIZE 

007 SBXC 18 7 
114 NORM 37+S 15+S 3-6 

014 ST OC 115 NORM 42+S 16+S 

015 ADSC 3-4 
016 NGSC 
017 SBSC LOGICAL OPERATIONS 

104 LDNC 020 ANDX 

105 ADNC 
12 

106 NGNC 
5 

021 ORX 
022 ERX 

18 7 
107 SBNC 030 ANDS 

031 ORS 3-6 

032 ERS 

MU LT IP LICAT ION 120 ANDN 

040 MPY 67 40 121 ORN 12 5 

041 MPR 67 40 3-4 122 ERN 

042 MPA 72 41 

PART WORD MANIPULATION 

DIVISION 024 LDCH 
044 DVD 76 45 025 LDEX 

045 DVR 79 48 3-5 034 DCH 
18 7 3-6 

046 DVS 71 44 035 DEX 
036 DSA 
037 DLA 



Autocoder 

Summary of Operations (continued) 

Octal Mnemonic 
Code Code 

Time - usec. Page 
Ref. 

6 usec 2 usec 

SHIFTING 
110 Nt=O SLC 

Nt=1 SLL 

Nt=2 ' 3 SLA 

111 Nt=0 
Nt=1 
Nt=2,3 

112 Nt 
Nt=1 
Nt=2 
Nt =3 

113 Nt =0 
Nt =1 
Nt =2 
Nt=3 

SLC 
SLL 
SLA 

SRC 
SRL 
SRA 
SRAV 

SRC 
SR L 
SRA 
SRAV 

18 +N 6+N 

42 + N 15 + N 

18+N 6+N 

42+ N 15+N 

BRANCH ON STATE OF ACCUMULATOR 
050 
052 
054 
056 

BZE 
BNZ 
BPZ 
BNG 

13 

CONDITIONAL BRANCHES 
074 X = 0 BRN 

X = 1 BVS 
X = 2 
X = 3 
X = 4 
X = 5 
X = 6 
X = 7 

BVSR 
BVC 
BVSR 
BCS 
BCC 
BVCI 

7 

5 

3 

INDEXING AND COUNTING 
060 BUX 
062 BDX 13 5 
064 BCHX 

SUBROUTINE LINKAGE 
070 CALL 15 8 
072 EXIT 12 4 

3-7 

3-7 

3-8 

3-8 

3-8 

Octal Mnemonic 
Code Code 

Time - usec. Page 
Ref. 

6 usec 2 usec 

BLOCK TRANSFER AND CHECK SUM 
126 MOVE 32+12N 13+ 4N 
127 SUM 32+ 7N 14+3N 

MISCELLANEOUS 
023 OBEY 7 
033 STOZ 18 
123 NULL 7 
124 LDCT 13 
125 MODE 8 

PERIPHERAL CONTROL 
150 SUSBY 
151 REL 
152 
153 
154 
155 

DIS 
SPW 
CONT 
SUSDP 

PERIPHERAL USE 
170 PTR 
171 
172 
173 
174 
175 
176 
177 

PT P 
LNP 
CDR 
CDP 
MTU 
DRM 
TYP 

INTERRUPT AND ABOLISH 
156 ABOL 
157 SUSWT 
160 SUSTY 

AUTOROUTINE CONTROL 
162 SUSMA 
163 AUTO 
164 SUSAR 

3 
7 
3 
5 
4 

3-9 

3-9 

3-9 

3-10 

3-10 

3-10 

NOTE: Times shown above do not include address modification. 
One cycle (ie. 2 or 6 usecs) should be added for these cases. 


