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CHAPTER 1

INTRODUCTION

AUTOCODER constitutes a language for coding programs for the
FP6060 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 FP60C0 nput/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.

r—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 columas are numbered 1 to 72 and are divided
into groups representing ''fields" of AUTOCODER
words, as explained below. FEach 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 invelved in the operation.

LABEL } QPERATION ‘Acc. OPERAND ‘
| 81 10 12)1a ashis 20 25 30 35 40 15 50 55 50 55 w12
START, |LDBX L& [SWI7CH2 |, | L | PRI N SR R B RN S TN O S A s by 1
L) (BEE (6, |END T IR S S I i [ PR S O SO CO WO 0 O S, OO S0 O DO P NN T A T I |
U | 5‘7‘,415, L. 16 SWIT M3 by ] et floecfe g B oo o oo Berge i e BulosvmepeeBonpepoagee ool Jolle ofope il
END | IBRM |, |, MASTA Ly ] RS, BT T ) LI TRTH TSN SETTIR SPYO RISy rot) [ ese N RSO (I
| O | P RN e L e v oo N gy gy Foaowogn el rIR O R MW o e A A N YO S A A Ly oo 5 o by TR I O Tl e
Fig. 1-1: INSTRUCTION STATEMENTS
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1.2,2 Data 1.3 THE COMPILER

When data is written on the coding form,
more than one item may be writien 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,
pertains to the first item of data on the line.

then it

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. PBoth 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

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.

type of directive. NOTE:
The remaining chapters in this manual
OPERAND (columns 16 - 72) assume that the reader is familiar with the
Some types of directives require details to FP6000 computer, as outlined in the
be placed in this field. FP6000 Programming Manual, ref., Q. 144.
—* FOR DIRECTIVE
LABEL ‘ OPERATION &lcc. * 4 OPERAND ‘
1 Bf7 10 12113 15|16 20 25 30 a5 40 45 50 55 60 85 70 12
#¥PEdGRIAM | |, |lodAckzeltACEMASTER | | | N
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weve (| | lswemasrer L, Fig. 1.3: DIRECTIVES
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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: -

(1) Operation codes
(2) Directives
(3) Memory locations

(4) 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) I.Jower 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).



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).

(i) 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.

VETE TET Ok DTN Es PR o s o ooy G5 n gy
WL ER s o Lo e a5 i L 5 g 1 { w4l

o [ TSRV IS [ PEPTRI B, (NS UITESTES (S ETTUSINE, [ en st CEun (O T (TR NETR et 19 |

(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.
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Example:

Jogsiog 4 1 AP VU PRI ISP SIPITI N I ol
Lt | i o7 8 W A A L ol LA gl gt e Jiiy O, (0 | PR |
ol ], [TBTALLCENI L ABDIZS |,
PR 1 T TATZ3HM U s o o)
T e ot P | 1 PUTIN  G OSIN w Ly v i d s aa el ey i ol ]
(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:

PENENENT [ TR | pepihospog s ek b oy el oo ce o smssal
Loifesp syt oop il gropuye g gesprge Frpgogeoye s oo gt 5 )

et b | [TOTAL, £BUNTS(20) \ABSRIZS | |
i o] T T 73 M UES), | 1 1] i
1 .| v s g Bl odf] L acibocseenelame vl

(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:

R | PR P PSS TS | N 5, SREI R O VO [ T W
b copg Aol A S b by ol p i e Lot gl PO (O R e 1 : |
e oo | [TBTARA=CHUNT =56M ABCRIZS |, | |
S R O T s Tl WA 0 I T T’l'n?:Z':nT& vl el boe e Vg g )
A W O O O O PRI I ! L O, M S 9 P O T [ty B O PR |

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.

E xample:

ST I LGN [Pt NES i o SEIEr o] N 1 accpondie peyep ey 2l RN |

1

ol a v @ U e gvgrg s g v a b gracga 3 e s o g By geg
TATAL = GOUNT=SUM( 20 , ABCDIZS |

1
1
0 O L I U §
1
1

et Lo T TRETRCHES) b N i Bl
syl fmmilo o e B oo e ol el




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:

iy fogad gy F & | weerins] ia gl mion of,

ORI T S B T | fii

s by e b v aa baas L

Eaég_ﬁza-('a‘?_tgf +éo|)‘,TJ' :ITZ. ol O W |

r2=74=TS(Ar£22T) SuM(Ee)
1
]

PR S i M (O O I [ U

T IS 19 VRN 2

 BLBcH(BZ-B/2) 1

Pt (0l PRI (U Nl WO N A L G (1A Bl O L T W il
Vo g Loy g Tal g Bya.. i

Y I S Y

SSRGS (1 O S (N PO (1 PRI B

(6) A comma ig 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 com -
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 directiy, 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.

Autocoder 2-3,
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This includes tables, arrays, etc, whose individual
locations are computed in index registers, as in
program loops, ete.

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 I. UPPER
(1) As with LOWER, the directive itself is

written on a separate line, with a blank operand
field,

PRPRRTSRU IS ST E PRI A PR O O (0 5 LY W RSO O N 00 e Y O O |
FLPPER v Lol I B
PORTRNS | potomy by Do eopevel onpaareae beprnserslinepmyeys b panaif ves waeed
(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.

Oue 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 cper-
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.)



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 (1lst character
is alphabetic, ete.).

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:
ow gy i gy PRSI L M A T Loy sl
L1 1 i PR Y T T TN S NPeL) DYTONEE CTMPTICE) RS (5 S L0 il
P OO O R | T P . I T e k] BT I Wi | T 1 |
PR o A 0 PR Y P IR U TRPRPI SO i | L /i | y RO Vo Bt |
HoEFINE | | |, PLACES=8 Lt e e g g
BEDEFTME | | | . WLUM=—3FFLACES |\, . 1. i |
PHEETME . i o | o PASEEETE. v lorw fpegend)
EDELINE , |, U=TABLEZ-TABLEN'BPE-S | . . . .
EDEFEME 1 |, ML RBT2 iy e
PRI [ (ST TS [STIAIN [SUTRITONSCE; [NDVTPEITS /USRI I | L |l
P | Loasad it PRl U B T o D VAR 17 i P ¢ fy | L 1
NOTES:
(i) If the first term of the expression is not

preceded by a sign, a plus sign is assumed.
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(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 edqual
sign may also take the forms:-

A *1I
A/l

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 absclute.

Examples:
bl m s b e P el s w s £ g s Sapage vl gl el
0 T [T MU ISP N P i ([P
FDEFIME | | |, |SIFEZ=TABLZ ~TABL/*Z | |, . |
ADEFINE . .|, |DIZEZ=SILEEIxF | . .\ 1.1
EDEFIME 1, | .. WALF=BLERBLEAAZ | . .. .1 .1
T L [N Pl i S 14 VR SO0V O 0 T, M W YA IO I e |
| 0 3 OO VN | I | S 7. T FI0 IOV ST oL Wi O I LA Ol W |
(H) 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:

RO N | PO i I PGS TN T TS SN P L MG S VI A T S A |

PESRINR, S (0] (RYTOSTOURNEY (VUS| SPNIPYER SPPRSOTY [ W 207 SO LY (RN O | OO LT A S O |

i §
HEDEFINE || |, \BLEMENTZARRAY IS | |\
WDEFONE |, | ., VALHEASTABLE /O 1. baue

FDEFIME .1 .| . REEAZ=ABEAIABLABBLEA | 1. . ...
TERC (8] VRS [ ST JYYPIY CRRPONS ) AT SN 0K, LU IO (08 1 PO O YO A B B B |
TUR e TS I Ty B i FEPISLT COl SIS S EEPRIPERSSGE) S oSt S 11 (S S S RS e
(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
AJI+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.



2.3 continued

Examples:

Fopoag o b ¥ o g anb By g kv e Digie A v L wwa G W pldiate @ gy .1

booa g e B ool baa b v diel PP (WP ; B [NV O PUSTORIYPI SOEET SYRENT S |

EDEFINE | |, |, |[EL=BLEEZ<4/AERRY#/O | . . .|

WDEFONE | 1, |, |AE2=BLEABLRE/2ARY |, .1 . .

EDEFIME |\, | ., |(APPRAFLACES/ 3 ANANE - #1000 | 1

TR O [N SN ) BT S ) SO SO0 VA S IS, TR SO | M 1 L B TSR ¢
T | 2 1 Losadoa som e iliog N I e B P | ‘ 1 TS |

ENUPESEYIS IS R | o soseeysiBoie g Bogrine il i oy | TR e i |

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).

(N The symbol appearing to the left of the
equal sign, must not have previously appeared in
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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: -
#SET Symbol = Expression

(2) As with DEFINE, the effect is to give the
"Symbol' a value equal to that of the " Expression',

(3) "Expression" can take all of the forms
allowed with DEFINE.

(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 mamner., 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 INSTRU{CTION
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:
T1186
START
TAGS
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 Forn

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 mmnemonic 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) FIELD

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 wuse 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,



3.5.1 Decimal Operand

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

Examples:

PR R Y
LN |

T Bt (D T L

e b JABM G, [/~ I

NI~ =T

LI EPA gl g g s p g

catde s il by v b b b TP ah s G0y gt

3.5.2 Octal Operand

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

Examples:
I | ya e d oy i pooppid g e Jopey PR 1 P H 1
o L AMDA |4 PETT e iy ] I 1
BB 1z #6668 1 1 iy 1
1 v P PRINN OO (N | B | | il |

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:

Tewplamua .o plng g aq L ST ! ! L
L|AB¥ L L |TIME | 1 L, Y, SO
22 A P L4 B F ooy sl ! o)
1 PR S VRO RO AT U AN NS SR ) AN U | | 5.1

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 -272% < integer < 223-1,

Examples:

T i (S BT Lot M | [T B
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3.5.4 Literals

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

Example:

2| | R (R 1 ol R |

pocyoyeyelisiesy PR
.,A.&!x;./...’.t/.qqcm’.m... I e i e g
i o fou b opie Bs g g T a g p b s g

P 1)
DXy, ¥k, |TIMEH!, |,

L
1

RDY |8, |V1-2 .,
S8%, .. &, (V2-#77 ., |

it S I Sl U Al il v ST

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:
| 2 T P 28 [ I | 1 1 N | Y
NECTRCAO TN I L 'y )
L lepx, 4, #77(7), | el d I I
lsse |5 |(8) . o Iz | o i
L APs | 6  |ARRAN(Z) . . . . . | |
DX |7, (ARBRAY+I(Z) . . . L5 % 0
ol | I L T Y T Y 0 T o (Y ) L 1 | | e |

NOTE:

The confext 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).



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 < value < 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.
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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(M)
indicates that the instruction has a 12-bit address

PRTIRR i RIS JETE (VSN PSRy (U OO RS | 1 | 9 _Thi i j P = Tty
N TR A , i piusa_z bit modifier portion (see 3.5.5). Unless
o I Y S R T otherwise stated, N(M) may be taken to represent
cid R G e R ) a data location; the cases where N(M) represents a
- L2 T N . fra vl I | i number to be actually operated on will be stated
| I I PV PR I ! P P R | I explicitly.
The literal 1is not wused with branch When an instruction is shown with only N in
instructions. the operand field, then this instruction has a 15-bit
address (see 3.5.6).
Function Mnemonic Accumulator Operand Description
000 LDX N (M) 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.



3.6.1 Arithmetic into Accumulators

000 LDX X N(M) LoadintoX

001 ADX X N(M) Add into X

002 NGX X N(M) Negate into X
003 SBX X N(M) Subtractfrom 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:
Lpata @ baa Shaa lal o o tnln o Al g ria ] U SR B S §
o kDX BMYERDRTAN 1l
e 1 ADX A LPHEBDATRIAZ Lo b
LI WGX 1 5. . \PATACZ). . . | o] R P FEET
5BX i s LAMEREATAZ-4(2) . . .1 ...
ST | i e-lire PP (VRO | L SN [UWRPUUIL |, | SNERROIT |[SORSTRSTAPI.) NNPR T S |

3.6.2 Arithmetic into Store

010 STO X N(M) Store

011 ADS X N(M) Addto store

012 NGS X N(M) Negate into store
013 SRS X N(M) Subtract from store

This group is essentially the converse of
the above (3.6.1), They can set V but not €. 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 IDN X N(M) LoadN intoX

101 ADN X N(@M) AddNtoX

102 NGN X N(M) Negate N into X
103 SBN X N{M) SubtractN 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(M), add to this the
contents of C, and operate as indicated into
accumulator X.
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3.6.4 Arithmetic with Carry

004 LDXC X N(M) Load into X and set carry
if appropriate

005 ADXC X N(M) AddtoX and set carry if
appropriate

006 NGXC X N(M) Negate into X and set
carry if appropriate

007 SBXC X N(M) Subtractfrom X and set
carry if appropriate

014 STOC X N(M) Store and set carry if
appropriate

015 ADSC X N(M) Addto store and set
carry if appropriate

016 NGSC X N(M) Negate into store and set
carry if appropriate

017 SBSC X N(M) Subtractfrom store and
set carry if appropriate

104 ILDNC X N(M) Load N and set carry if
appropriate

105 ADNC X N(M) AddN and set carry if
appropriate

106 NGNC X N(M) Negate N and set carry
if appropriate

107 SBNC X N(M) 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 NM)

041 MPR X N(M)
042 MPA X N(M)

Multiply
Multiply and round
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 5 the result. Cumu-
lative multiply accumulates the product with the
value already in accumulator X + 1.



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)
027 TXL X N(M)

Test x unequal to n
Test x less thann + ¢

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 CDE instruction
will take a character specified by N(M), check that
it is numeric, then (if it is numeri¢) 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.
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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 ng 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 X
131 FIX X

Fixed to floating
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 canmnmot be 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) AddtoF-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 LIFP 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.

The result is unrounded

The result is not normalized

The quantities in the acc. and the
store are reversed before the
operation is carried.

Ko
Il
N

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
115

NORM X
NORM  XX*

Normalize
Normalize (double)

N(M)
N(M)

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 (M), 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,

A ST Y] | RSPOR N Y L0 L
gem. B 0020 |
wdem . |67 ZS6(3), N ETTTS

N i T S IS Sl GO OO S N 00 Nl (W e O O [ U W R O |

v doa e i o i we geoesl gz

| [T SR |

T S

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) ANDto X

021 ORX X N(M) OR toX (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 withN

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(M) is
left undisturbed. ANDS to ERS leave their result-
ant word at location N(M), 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 intoc X

025 LDEX X N(M) Load exponent into X

034 DCH X N(M) Depositcharacter into
store

035 DEX X N(M) Deposit exponent into
store

036 DSA X N(M) Deposit short address

037 DLA X N(M) Depositlong address

In addition to the Ilogical 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 manner, but the character extracted
from the location N(M) is specified by the most
significant 2 bits of the index register (M).

R)



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.

Autocoder 3-7
Issue 1, October 63

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
+ 2724 (in the fractional convention).  The shift
right arithmetic on overflow has application to the
right shifting of a number whose production set
overflow,

Ng 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 PBranch on State of Accumulator

050 BZE 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),

Ni
110-0 SLC X Ng(M)
41 SLL X Ns(M)
-2, 3  SLA X Ns(M)
111-0 SLC XX*  Ng(M)
-1 SLL XX*  Ng(M)
-2, 3  SLA XX*  Ng(M)
112-0 SRC X Ng(M)
e SRL X Ng(M)
-2 SRA X Ng(M)
-3 SRAV X Ng(M)
113-0 SRC XX*  Ng(M)
<4, SRL XX*  Ng(M)
2 SRA XX*  Ng(M)
-3 SRAV ~ XX*  Ng(M)

Shift left cyclic

Shift left logical

Shift left arithmetic

Shift left cyelic (double)
Shift left logical (double)
Shift left arithmetic {double)

Shift right cyeclic

Shift right logical

Shift right arithmetic

Shift right arithmetic on overflow

Shift right eyelic (double)

Shift right logical (double)

Shift right arithmetic (double)

Shift right arithmetic on overflow (double)




3.6.16 Unconditional Branch
X

074-0 BRN N Branch to N

This instruction always results in a branch
to program location N, The mnemonic operation
BRN also defines the X portion of the instruction,

since the 074 function 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 Vwas 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

X
074-5 BCS N Branch if C set
074-6 BCC N 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,
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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 Branchon 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
072

CALL X N
EXIT X N

Call subroutine at N
Exitto N + x

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

X
074-1 BVS
074-2 BVSR
074-3 BVC
074-4 BVCR
074-7 BVCI

Zz 22242

Branch if V set

Branch if V set and reset
Branch if V clear

Branch if V clear and reset
Branch if V clear and invert




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)
127 SUM X NM)

Move N words
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 ccpy 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) Obey the instruction in N
033 STOZ N(M) Store zero

123 NULL Null operation

124 LDCT X N(M) Load into counter

125 MODE N(M) Set modeto N
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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 ocbeyed 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 meodifier (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



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 wvalid for this instruection. 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
I L7 INP 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
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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 Abolish
157 SUSWT Suspend and wait
160 SUSTY 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 SUSMA X

163 AUTO
164 SUSAR

Suspend me - master
X 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 al 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 hetter if the task
requires more than (say) 4 or 5 instructions.

Magcro-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 camnot be substituted for the alpha-
betic code, since it does not 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 MACRO-INSTRUCTIONS

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

RS O IS RN RO B R T O X R
e LB DOCTINGM), 1 e L
e ABX 1 kXD INGM), I | S N

NG X L D ACM) ez

e L BX WY 1 g g AR e |
T T SRV PN | | - P I | | 1
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.



4,2,2 Double-length to Storage

IR | O, L ooy ppedlioeomme M e see o st Hhnpsiene Blnmesnieny Jf

..|57'¢|.X.X*'V(M).a. ! d o g P vy

ARSI W)L T I WS RN SR

IR ' T 9 ool o (.. TR TN O EREP S IR

L BBS L XXV

el 5 g b o Swodl e g e gy | | L w !
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 lecations will be allocated in lower
memory.

4.2 BRANCH-WITH-TEST
MACRO-INSTRUCTIONS

Branch if X Unequal

|
}LJ LA f e B s s il T D i S
Lh‘ X (f“‘)i;ﬂ"’zl P CRTRE ORI RN SO )

L_‘ | r!i)lﬂl b‘,x k‘ch)JENLJALJJ,*. e

H_‘ ST

.;LI..\.uji.nJI

el it

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 Npj(M) and
N1+1(M), depending on whether there are one or
two digits in the X-field.

(1) It branches to location Ng
(i) if the two numbers are not equal
(ii) or if the carry register (C) was pre-

viously set.

(2) Otherwise,
tail instruction.

it continues to the next sequen-

(3) In either case, C is cleared,
Operands:

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

plie i pse gl

i na bl v e lesd s pibansadieindssae v aiau gy o
L ABXE e X ﬁﬂl,!!}.l,_LUL4| I I BN
L LIBXE o XN N oo el
[ ol g o .JN& S NS VRVRRUNS, WSROI SR, B |
by ns G b e g ol g w g op oo s 1 g o9 sn g Fe o layiad

This instruction is identical to BXU in all
respects except that the branch to N9 occurs if the
two numbers are equal and if C was not previously
set.

Branch if X Less

nsnadl veeial v ul o oend s ool s fospnibapalisn ol
S e Lo X MC@)JNL s lipl e e pn n s w g ]
v BXL T MCN\) Nz L1 IR TR AP I SO
NURVRDSE () (SPISTHITENR0L (OUVUR FURMI DTS RO NN NP VSR |
i oy bt g e b weein e B osn s g e v llonny oo mid
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 No if the number in
X (or X and X*) is algebraically less than the num-
ber in N1(M) (or Ny(M) and Ny+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.



4,2 continued

Branch if X Greater or Equal

PRETIRY S5 N 0 O O AW ISP T G AN ST S T S [

. BXGE | "M(MJ,\Nz..m....
1 BXGE XX (M) N L

el g gEhea] o gy pmpelger e ek epepeyrg

PR NI R

This instruction is identical to BXL in all
respects except that the branch to Ny 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

LDLA | X | NI,

i gl it Joepe yeoq

SA LN b g G s L AL
' I L
! |

Description:

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 INSTRUC TIONS

Load Program Location:

M| PR T I

L

| BRSSP W | L
LBEL | Ko N b

| L 1
1 | |
| peasp bl [oyppecp gl
1 1 |

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.
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(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 bhoth 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.



4.6 continued

LL“J...I.......:»..‘i.‘.m.,).u_._..l._.g.l
#MA PP (PR PSSR RO NS EYSPUNCINN VNI, S

IlIII:||||||l[II'IJJ|J_A_I\|I|>IV|IIll\l\li
(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:
NI IR P I petoreycapge] TP R
i p PEDY) 5 B 1By o v v P T e ollibr o o lw e
e PGS R By B v e T e
LMAC . AB S, Ll 5 g | L g g
=T E:.K‘l [ ! ! L5 il
\ ey o gl mporedonoor e fonem o0 8 | I 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:

PSR ¥ VRt LAV SR SO IR, iy St WUV SN NSOl

por e JDLESS M N = S Lo e MACED (FOEMAT, , , |

gy Lyppundoslop pafins e ool e os e mens § o e g
DXy A B, 1,1, L BASLG (FORMAT
DX L la krolB) L f 2
LA d, DrtoolCA) L g B
VST M WAMEGL), L i g g o
1 I N R e R R R EE e Tl i

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
thelr 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:



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.
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(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: -

PRI I I ) Vg ) o i wad

g Loy sy g g g U py g 4 L
\|BUgs [ . |ADoR(3) ,STRBRT+E,25 | ., ... .|

VR (i O | PRI ORI SRR T (8 S PO (B0 [ U A | I SO

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

T PR MO (IS (PN o L I L S|
o lLpx |2 . APDPR(3) . | s e sl o
LDy, 4 |sTARTAI4(2) i1
L ADX A 1ZS(Z) 0 B e o)
o sTE | NAME(L) . i T 1
1 PR T L5 ki L ol s s

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 XX * N(M) SBXC X * N+ 1 (M)
‘ SBX X N(M)

STO XX * N(M) STOC X * N+ 1 (M)
STO -1 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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continued
MACRO-INSTRUCTION EQUIVALENT
BXU % N; (M), Ny TXU X Ny (M)
' BCS Ng
BXU XX * N; (M), Ng TXU X *  Ny+1(M)
G X Nj (M)
BCS Nz
BXE X Ny (M), Ng TXU X N, (M)
BCC No
BXE XX * Np (M), Ny TXD X * Npy+1(M)
TXI X Np (M)
BCC Ng
BXL X N1 (M), N TXL X Ny (M)
BCS Ng
BXL XX * N; (M), Ny TXE X * Nyj+1(M)
TR X N1 (M)
BCS Ny
BXGE % N; (M), Ng i A X N; (M)
BCC N,
BXGE XX * Ny (M), Ny TXL X * Np+1(M)
TXL X Nj (M)
BCC No
LDSA .4 N (M) LDX 5 N (M)
ANDN X #7777
LDLA X N (M) LDX 5 N (M)
ANDX X "HTTTTT!
LDPL 4 N LDX X% N (Note 1)
WEF % MTU X 5! . (Note 2)
REW X MTU X vt (Note 2)
BSP X MTU % 1! (Note 2)
BEF X MTU % 6 (Note 2)
FEF X ' MTU X 4! (Note 2)
CLOSE X MTU % 519" (Note 2)
SCR X MTU X 256" (Note 2)




4,7 continued
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MACRO-INSTRUCTION EQUIVALENT
OPEN X N(M) LDN % 128
STO X N(M) (Note 3)
MTU X N(M)
LABEL X N(M) LDN X 384
STO X N(M) (Note 3)
MTU X N(M)
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 chapter 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:

PRSI B SR I i Th T T e D o o A 8 ot Sy S ) P T | T (SR |
lABEY |, . .\ .| .  DATAA RPATAZ jo 15w 1)
P (AU S S - R B B A o R I

The label field need not be present.

Example:

PR V1R O A I i L{J_I'rilil|||||||\|1\|1|xllj_l
FRAGBAMDATA . '.f;;"‘.zi-..a.HENQJ R PR | ]
TR 1 S | PRI VT T ) NV U i A PO S ERPPUINE T T (ST S (OO 1
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.



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:

iade vy il BB e W o E e I
N ..&77;.#7,4,#77711@,.,.|....L.._1

TR 1 0 T N < e Uy T e A DS W | Lo Vg g gl o g b

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 <C
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:

+_AJ||! it SRS (Y ey PETINCS B T (SN TP URS CPUETYIT B T, (90 GO VA I I T yCor Tt A TR0 D O T |
it L [R2m3,04,,5,/.234547890(2),, 41007
l_LLl.l (AR MO N OU T (i i ST WO S CAN lr ci ( O a  OR O  0 S 10 1

5.4.3 Decimal Fractions

Signed or unsigned decimal fractions in the
range -1.0 << fraction = 1.0 -2746 are allowed.
Fractions must contain a decimal point. Single
precision fractions, in the range -1.0 =< 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:

I PRI e  ESPEVORY Y0 ol LAEIPRRT IV (ISPUNE SO UL |

B0y 008583 |

_|=0.2000000/2345678(2) . . |
i ¥ |

A SO S W O VAP LIPS0 L SO

EEE

1 I
Poprmescupd] ST T T

1 |

1 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.
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For simplicity,
precision integer is given:

an example of a single

1 sl | ]

JEF I T S OO 4

R T S
et | 12C0) iy {'sg [ o ot

VO Y T e T S I O O TP S PR B Liva g b Ladg ol

And as further example, a single precision
fraction:

P (Y N 5 SR il L 1

MR A O Al Sl
10 /Z25(/-23), e gl G e By ey or I

Loay ! o ST O BT T e i

oo Loy g g oy Loy Reg g oo B e gy 1o e g by vy
. |198-7,5(/-8).,283:4(2.23), .|, , . .|

gl g ek g ba s lg g5 p b eafeoa ) s SR B b e iy g g i ]

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

) e 1 icfion 8 el v g g pifiy g
R B T .2Q3(ft'é‘)_‘J'fl"/.éZGz.‘zns.)l....\.A_‘_L4
by g A b g 5 boetl G g 3 g p g ¢ iy o g g T g By g gk deittzpael

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
-T7 = exponent = 77.

Examples:

TSP |

1 1 il saemge e Bopansipeegs Ry g ey "
co il 1013566703, - TERSE] |
ol ol A BOASEROS L

1 1

1 1

ORI L3 S - A0 O VA I s Y O
O Lo | C T (e e )

R I e L
F b bR OF
L

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, ete. is allowed.
This is the one case where blanks are not ignored
in the operand field.

ORI, S [T

st Begeen o g g g
e e L (W X B %= 3
il e g | g |l R g Bt wil g B e

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)



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 "'/ " 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. Tor 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:

TR |
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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.

e |

g J e |
#9999 , !
C |
ol o 58 el g by o el
DX, 4, \DATAR |,
£l 1

ey idoa @ 4 8 gl i gy

PETRS FET:
ATA | 1
1
I

it

1 | 1
| 1 1
R NSO VI L L R
I | 1
| | |
1 1 |

i

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

el PR i PP T ER IO T [ R T () RS TIE PO I

g | w1 g PRI B T
L LBx, M |%29999 et

O 0 NIl W S O PRNTRET N PR WO NPUIS WIS TR P AR W (N U A |

N VATt A

1 ppesspayege i qesraptbessgegn oo g o Jogegepg
A e R ,é/HAMEa./.D[EtDUC‘EIlM_./ﬂ

1

1

| iRl 6N W (TN (0 A o SRR S VO L 0 | 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.

2

Examples:

L a afecy b gy | e Bty by 3 L MR, G,
. |IO/NAME -2, /00/A~12-3 | | | N
il O W Y i) PRI ST il | I 1 eI LA T s T 1

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)
P | 1 L P | L | |

1 1 PN T B T P 1 1
ANRX |t 777 e

Pl e vasba e g by e g b Gy g L ey Ly v g bos ad 4 gy a0l

5.5.2 Decimal Integers

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

F

o
LDX 1 2
/,

1
]

L1 EDXG
1

P [ [ Y A L L L A8 | B 2

5.5.3 Decimal Fractions

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

1

Py, . 15.'+00-002"

238

1
L ovp e,
1 L

T2 L SRRSO Ea, I




5.5.4 BCD Characters

The same as for data statements, but
limited to a maximum of four characters, ie.
l=s=ns=4 (see 5.4.6).
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1 L 1 M| i I e

f 1 i1 PR ST T I} L ] L | 1
e BT N VI /NAME- 2, v | 7., |
px, |z VVso0f8-12-37 . o . | - !
VDX, |3 |'#777/#1065-0" | .. L

1 B | TABLE-S L, il o o g I

| L | L4 P |

I A L P

I PR P P R E O P S SR ST
N2 TR R YT A T
TR LT L ! i) gy &

N B! PN [ | i L [ g i

5.5.5 Index Words

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

PRI 4 PRI CONEEN (S Y P [ T (O
o enx L ra/maME

LDX |, |2, 471/ NAMERT O

1
1
DX, . 'NvaMEY
i!
1

NS E M) N

PR T Lo B T N I 139 [ U <oy ) o 0 T

b
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).

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
peripherals are as follows:-

assigned to

TR -  Paper Tape Reader

TP -~  Paper Tape Punch

CR - Card Reader

CP - Card Punch

Lp - Line Printer

TY -  Typewriter
E xample:
RN 0 [ ,4....1,.\.,.@.‘.|....L..<;
WRERLAHERAL Lascelaool

i T el ng.,c.i%/ Tzo qu,T#,,TPz LPqJ_L

P I IS 1 S TR MO0 Tt T [ PETCTVEo (u SR SOPUSPUPUNE [ BN i 1) N N A O (1 |

The programmer may specify each umit 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:

S E e LY o g b pemgoy o g pe oo bo peer el oyoip g

HFERNAKERAL |, \ |\ oo i 1 . C
e | eRALTBO,TRZLLPY |

PP L) NI S O I N W T L i T N N L (O I (PO S T P A O Sl i e T O

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

6,2 PAPER TAPE READER

170 PTR . B 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.
i 0 Read N computer characters
1 Read N computer character or to
Newline.
2 0 Read starting in «-shift.
1 Read starting in previously estab-
lished shift.
3 0 Read BCD mode, inserting control

characters as required.
1 Read binary mode.
Ignore erases and blank tape. TC4
switches reader off-line., TC3
causes skip to next TC1.
1 All codes entered.
No effect.

1 Skip to TC1 then start to read

6 Not used.



6.3 PAPER TAPE PUNCH

79 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 ine<-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. '
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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 intermal 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
174 CDP X N(M)
This instruction specifies punching of a

card 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 % 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.



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 Mode
Write End of File 5
Rewind 0
Backspace 2
Forward to End of File 4
Back to End of File 6
Close a Magnetic Tape File (Release) 519
Open a Scratch Tape Reel and Retain 256

it as a Scratch Reel
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 0
Binary Write 1
BCD Read 8
BCD Write 9

At the end of the operation the reply word
will be in one of the following conditions.

Zero Transfer completed normally
Negative 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
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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
providing the necessary label and asking EXECU-
TIVE to locate a scratch tape for the purpose.

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
88 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.



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 - Forwardunit 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 new file on some unit
to be called X

LABEL X N(M)

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

OPN UNIT

FORM Format Description............
ITEM1 Hem Desceription ieessiwsnssan
ITEM, Item Description ......v0000..
ITEM,, Item Description .....ccve... END

For example, the following is a set of
statements defining reading of 2 alphanumeric
characters.

pelac o oY ogegoiig Wl

L | Bi%
RTINS SV (DY TN (SN, e
oy WEEAR TR I o B
L1 Mo i [PABAY o e ip e g e lamay
L BeD ., TMPUTAEEA 43.EMNB 1. ..
1

PR PR ST PV TTE RN T IO i | O T [ P L
PSR (N SO NP [ WA AN S ol U0 R RSP O o |

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,



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 he 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:

il 4.|.,a-.\l P (S| L
b e o mt |/ ZHTHIS IS A HEADING .. . . ... .\

i ‘liwnLA TS e | (IR, | PP e R

Autocoder 6-5
Issue 1, October 63

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 1' 5 'picture 2'

Use of these integers is explained in section 6.14.



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
"AAAAT JACK JACK
ST#1 STH#1
'SS3A/2A" APRS63 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.

s - this position will contain a comma (, ).

P - this position will contain a point (.) (This

character may appear only once in the
picture).
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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.,

'XXF. FF' scales by a factor of 10,

Examples are given overleaf.



6.4.5.2 continued
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PICTURE DECIMAL EQUIVALENT EXTERNAL
OF INTERNAL DATA
13X 19 019
199 199
'3XFF' 19 01900
217,65 21765
'XX.FFF' 1.358 01. 358
'XXF. FF' bl. 282 512.82
319.67 3196.7
'S+ XXX! 116 sp+116
-23 sp-023
'SS---.F' 27.6 sSp sp sp 27. 6
=1 9 spspsp-1.9°
'$Z2Z. FFDB' 2,16 $sp 2. 16 sp sp
-83.75 $83.75DB
.32 $sp sp .32 sp sp
'$5,388. Fr' Note (1) 2.16 sp sp sp sp $2.16
23, 33.FF' 1000. 00 $1,000.00
Ik Ak 0 GAk kK
'$ZZZ, 27" 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).



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.
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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 Description ........ wr w aacae
Item Item EICSERIPEON somn s wionmes o s 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.

Example:
PICTURE DECIMAL EQUIVALENT EXTERNAL
OF INTERNAL DATA

'V.3V! 198.6 sp 1. 986E sp 02

- 198.6 - 1.986E sp 02

. 02127 sp 2.127E - 02

'S$3.3V! .166 Sp sp sp .166E sp 00

-. 0235 sp sp -.235E - 01




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:
LABEL,4 FORM Description
LABELo FORM Description
FORM 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.
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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,
duotation marks,

enclosed in

(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., nj.ng where:

ny is the number of memory cells to be
occupied by the item, {(n < 2)

no is the number of bits in the fractional part
of the item, (ng £ 46).

Thus, nj.ng 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.



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, wusing 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:

|
/PR [N oS JﬁAi A d w @ g s g e bop g leasparaiedinne v sped,

e L BER | TS BATAL G i)
el BCD L CTE/DATAZINZ L e da ]
Lo e r VERT n w | oo 80 s a a5 v o1 5 oa e sgepdBeae Seseml
| UM jz:z/. S R Y
i BED | CTA/PATAS ML L1
LTS M EI SN N e R N |
bt s t

RSP L-‘_A_I.J_L BEN E PN IO 0 0 O B O O O e LSSy B O LI 5 W

o ESES E B R G

bt i s i A el e, dansesi vl

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
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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:
boegeadi boell v el o ey B el oo W el N 35 1
PN O e | ezl e e TR =N Ll it
N7 D Y - . S D D
- L RPT 1 pi (A TR R R I T R S gt |
bicosg oot ST x b NAME LGy (o Gl B S B 5
L NVIM L AMOUNT L END
siag b be pat gl b e o el e adarea e sl
Loosbnet L tiian i g 1‘_ Sl 4 5 e g e oo o P woa e n gl
SESRIE! 1 (NPYBRASRSS, LI00%) PRI SRS SO SN SRl K 14r¥ WO WO A i

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.



6.14 continued

Example:
PO T T Y P! PR T T T YT T 1 IR ) PR [N P o
T O o P P A I T i b ooy oeegog f g g |
MEZTE ! LPD i 001, clla s g g d vy i g

o M L M2SSX!, L i) )

Liiy

v ot N I O PR VO VO L Ve W B O O e i e

|
!
!
A (A AT EE
NLM | BUNT/MAME, [ END 0
I o I
1

PN IS OGN N T S T PO | AR I W S U

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/0 package is
capable of opening or labelling reels as required.

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

Example:

FII Y NI AN S S O A MU AV I W SN MNP S SRR NSO A

1
PURE TP 0 Y% W S, 8 woig g B g LY T, A VPR T DO
o MTZEN X NAMEI:MJ,NRMEZ.(;!IM(MJ. .
I

il | f PR ] GO o o[ e v L Sy T
VERPIE EPN RPN I N S S B S | P P

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/0
package calling sequence,

Autocoder 6-11
Issue 1, October 63

In the above instruction X specifies the unit
number. NAMEl and NAMEZ2 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) NAMEL (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.

(i) ~ NAMEL (d1), NAMEL (d1)

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) NAMEL (d1), 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 1/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.



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.
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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.

Tl 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 he
shared by some or all segments.

LOWER and UPPER
for COMMON

Directives I and II:

(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:

1 P i S YT S T e S SR T G | O Y T |

Ll PR 1 FUTEI M S RTPU BTN VAP U A1 | | gl

e e | 1 P L1 PR TN W U A M Par SO ) N OO O | NI | V1L 2 PRI |
LbwEd |, dMMENINRUTS/ | P
UPPER .| CAMMBN/TABLES), | ik
#LUPPER ., . hMMon [ABEA IS/ | | N o
ELAWER |, | R T A D T
PR | TAR | T 1 : PO DO MR T T | I P |
i g | g Ay §op oy gty g | EEPERT TN Y | - | ]
L1 | IR NI P | I (R e o GBS (5 ) T IR R TEE B

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,



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.
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Example:

PR |

il A

1 |

TSN T R MR b g o 3 F e bl 5 v g i)
|
I

1
TETE P FEE T i
#oue |, |, PHBRAUTING
1

P | { AT |

(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 "ocutside' 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: -

(i) A single digit giving the program type

0 a master program
1 auto-routine 1
2 auto-routine 2
(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
segment, just as if it had appeared on the CUE
directive immediately preceding the first non-
directive statement in the program area, (see
Section 7.2).

T SSRRIE] ey e Ve v ) e wep Qoo poppe by g

PGPS ] [ O S ][ S i S LV ST [ O G

HFEPGEAM . [0JAck43/MAINGESG . . | [P
L‘_g.m_(m_ TEREN
#FPEAGRAM , . |/ BILLOS/BILLMASTEE

1
1
1 L
Moy | BEIILE/SHBAESTE |, .
I
1
1

!
| ] I

g e g el e g Bop g p e doo e yege |}
N BN O SR 1 1 1

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

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

Examples:
[ | 1 I W R L | il A ol |
PR 1 P T LB O | | F
FESGRAM |, | SQA’T’ g oo ] 1 R
# PEAGEAM | | /Marzrxmwsf:r ‘ st | ,.
P | I il L 1 I e | Y |
L PR | 1 Pl o] P I l Y 1
Directive IX: ENTRY
(1) This directive must immediately precede

the instruction at which EXECUTIVE is to start
execution of the object program under normal con-

ditions, It is written with a zero in the operand
field.
Vil S | I (L i . il L 1 il | PR | | I |
FENTRY 1| O WO RN SN, (N NPRURPYY I
R | P ow i g ¢ PR 28 LA T VA A RUPTVGRD ALY i et S A o R vy [ ST 0
(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:
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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,



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.

I PSS T I I LIV S e U (I R R RV
| N L) S bl sl g e 4
N
1
1

ey

Ef

L1 PHIRY P i e g gy T ooy |
|, [THIS SUHBR. CRALGULATES SINE |
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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:

T B VTR B CR PG SR TSI S I TS | BT RGeS P[P SO |

M| M P PO R0 O W I GO OO ] O 1 L W PO T I
L. 1 BRN | TB33 L ERRQR | X ST . 1. ...
CAUNTERS |, |, 132,38 L INITIAL VAMIES |, ..
#LALER 1 ||, L ALEST LLWER SESTILON |

v b by w s Lo b s b s e el a e Lo vaa Lo baoaad

IO Vi O O O I L e I O S oo I ! il | Loy vy

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

Autocoder 8-2
Issue 1, October 63

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

(i)  UPPER

(ili) PERIPHERAL
(ivy  MACRO

") 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 Page Octal Mnemonic Time - usec Page
Code Code Ref. Code Code Ref.
6 usec - 2 usec 6 usec 2 usec
ARITHMETIC INTO ACCUMULATORS COMPARISON
000 LDX 026 TXU 18 ; 3-5
001 ADX 027 TXL
002 NGX 18 7 ik
003 SBX
CHARACTER CONVERSION
043 CDB
ARITHMETIC INTO STORE 047 CBD b8 A 35
010 STO
011 ADS 18 7 8-
012 NGS 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 LFP 18 6
ARITHMETIC WITH CARRY 137 SFP 19 7
004 LDXC
005 ADXC
006 NGXC , FLOATING POINT NORMALIZE
007 SBXC 4 . 114 NORM 37+S  15+8 g
014 STOC 115 NORM 42+ 8 16+ 8
015 ADSC 3.4
016 NGSC
017 SBSC LOGICAL OPERATIONS
104 LDNC 020 ANDX
105 ADNC 12 5 021 ORX
106 NGNC 022 ERX
107 SBNC 030 ANDS 18 1
031 ORS 3-6
032 ERS
MULTIPLICATION 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
046 DVS 71 44 035 DEX 18 ! 3-8
036 DSA
037 DLA




Summary of Operations (continued)

Autocoder

Octal Mnemonic Time - usec. Page Octal Mnemonic Time - usec. Page
Code Code Ref. Code Code Ref.
6 usec 2 usec 6 usec 2 usec
SHIFTING BLOCK TRANSFER AND CHECK SUM
110 Nt=0 SLC 126 MOVE 32+ 12N 13+ 4N 3.9
Ntfl SLL 18 +N 6+ N 127 SUM 32+ 7N 14+ 3N
N;=2,3 SLA
111 Nt=0 SLC MISCELILANEOUS
Nt=1 SLL 42+ N 15+ N 023 OBEY 7 3
N;=2,3 SLA 033 STOZ 18 7
123 NULL 7 3 3-9
112 Nt=0 SRC 3-7 124 LDCT 13 5
Ntzl SRL 125 MODE 8 4
Nt:2 SRA 18+ N 6+N
N, =3 SRAV
113 N, =0 SRC PERIPHERAL CONTROL
Nt-l SRL 150 SUSBY
Nt*Z SRA 42+ N 15+ N 151 REL
Nt_3 SRAV 152 DIS 3_9
153 SPW
154 CONT
BRANCH ON STATE OF ACCUMULATOR 155 SUSDP
050 BZE
052 BNZ
054 BPZ 13 5 3-7 PERIPHERAL USE
056 BNG 170 PTR
! 171 PTP
172 LNP
i CONDITIONAL BRANCHES 173 CDR 3-10
| 074 X =0 BRN 174 CDP
‘; X=1 BVS 175 MTU
5 X=2 BVSR 176 DRM
| X=8 BVC 177 TYP
| X=4 BVSR 7 3 3-8
i X=5 BCS
i X=6 BCC
l X=17 BVCI INTERRUPT AND ABOLISH
: 156 ABOL
| 157 SUSWT 3-10
i INDEXING AND COUNTING 160 SUSTY
i 060 BUX
' 062 BDX 13 5 3-8
064 BCHX AUTOROUTINE CONTROL
162 SUSMA
163 AUTO 3-10
SUBROUTINE LINKAGE 164 SUSAR
070 CALL 15 8 3.8
072 EXIT 12 4

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




