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The Accumulator

For the prupose of compiling instructions for arithmetic expressions
an I.C,T. 1900 series computer is considered to be a one accumulator,
one index register, single level store machine. Note is taken,
however, that only quantities which might be in upper storage to be
indirectly addressed.

The index register used is X3. The single accumulator will be called
ACC in this document. The floating point accumulator will be called
ZE4. : '

The location of ACC is different according to the mode (INTEGER,REAL,
COMPLEX etc.) of the quantity it contains. The locations of ACC for

the different modes are given in the following table. The manner in
which the gquantity is held in ACC is described in Fortran Note 8.

Integer X6

Real FPA

Double Precision FPA, X4, X5
Complex | . FPA, X4, X5
Logical X6

If an operation which calls for an operand in ACC has a result which
is of a different mode, and the result is to be in ACC, then the
azcumulator will be the correct one for the new mode.

Arithmetic operations

Arithmetic operations in FPORTRAN can be divided into 6 main types as
follows

1. Binary operations e.g. 4 + B

2y Unary operations e.g. -A, .NOT. B

s Array cperations e.g. A(I)

Function operations e.g. FUNEX,Y)

3 Conversion operations e.g. Integer =—> Real
Store and Load operations e.g. ACC —> Store

O AT -\

Binary COperations

This is the set of all definable operations of the form A op B
where A and B may be any legitimate quantity of any mode and op
is any cperator which occurs as an infix with two such operands

viz, + - * / ** _OR, .AND. .EQ. .NE. .LT. ,GE. .GT. .IE.

In such an operation the operands will bec in the following form
at the time the operations is executed.
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: £ One operand in ACC
The other operand in Store
or 2. One operand in ACC

The address of the other operand in X3

The result of a Binary operation will be a quantity in ACC. It is
assumed that as the result of a Binary operation the original
contents of X3 and ACC are destroyed.

Unary Operations

These are the operations of the set —-A& and .NgT. B where A is any
legitimate quantity of mode other than LﬁGICAL and B may only be
LAGICAL.

For these operations the operand is in ACC. The result of a Unary
operation is a guantity in ACC. No unary operation affects X3.

Array Operations

These are operations which define the addres of an array element.
The operands for the operation depend on the actual method used to
generate the address.

The result of an Array operation is an address (of the correct array
element) in X3. Nothing may be assumed about the contents of AGC
following an array operation.

Function Operations

These are operations of the form FCN (4,B, ...) where A, B etc. are
the arguments of the function.

The result of a function operation is a quantity in ACC where ACC
is specified by the mode of the name of the function. The original
contents of X3 and ACC are destroyed by a function operation.

Conersion Operations

These are operations which change the mode of a quantity without
changing its value. There are of two types.

1. Those which change the mode of a quantity which is in AGC

2. Those which change the mode of a gquantity which has its
address in X3.

Type 1. Any Conversion operation which changes the mode of a
quantity in ACC will leave the converted quantity in
ACC according to the final mode of that quantity.
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Type 2. Any conversion operation which changes the mode of a
quantity whose address is in X3 will leave the converted
quantity in some location and will give as a result in
X3, the address of that location.

Operations of type 1 will not destroy the contents of X3

Operations of type 2 will not destroy the contents of ACC.
ACC is defined by the final mode of the guantity converted.

Store and Load Operations
These are basically operations which are reguired to produce operands
of acceptable form for the other types of operations and also to store

final results. They are two types

1. ACC operations Load ACC from Store

Store ACC in Store (Assignment)

2. X3 operations Load address into X3 from Store

Store address from X3 in Store
Type 1 operations do not destroy X3

Type 2 operations do not destroy ACC
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Arithmetic Packages

The operations referred to above are carried out either by
compiling open ended subroutines or by compiling a calling sequence
to a closed subroutine. Most of the simple operations are dealt
with in the former manner, e.g. A = B + C where A, B, and C are of
REAL mode results in the following being compiled.

LFP c Load ACC from store
FAD B Binary operation (type 1)
SFP A Store ACC in store

However had A,B and C been of DOUBLE PRECISION mode then the
sequence

LFP c )
IDX 4 C+2 )Load ACC from store
IDX 5 C+3 )

3 B Load X3 with address of B

1 %FDP DP addition, binary operation (type 2)
SFP A )
STO0 4 A+42 ) , . i
STO 5 A+3 )Store ACC in store

would have been compiled.

In the above, %FDP is the first entry point to a double precision
package. There are a number of these arithmetic packages present
in the Fortran Libravy.
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%FAP4 -  General purpose arithmetic package:-

(i) REAL binary operations* (redundant now)
(i1)  Array operations of all types

(iii) INTEGER to INTEGER exponentiation

(iv) REAL to INTEGER exponentiation

(v) REAL/INTEGER conversion operations

(vi) Cther special operations

%FEX4 -  REAL to REAL exponentiation
%FDP = DOUBLE PRECISION vpackage

(1) D.P. binary operations#
(ii) REAL to DOUBLE PRECISION conversion

%$D2 - DOUBLE PRECISION to INTEGER exponentiation
%FDR - DOUBLE PRECISION to REAL exponentiation

GEDD - DOUBLE PRECISION to DOUBLE PRECISION exponentiation
FFCP - COMPLEX package

(3. COMPLEX binary operations*

(ii) REAL to COMPLEX conversion
%FC2 - COMPLEX to INTEGER exponentiation

*Exponentiation which is also a binary operation is itcmised separately since
it is a much more complicated operation.

A brief specification of these subroutines is given in the Appendix.
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Wixed Mode binary operations

Where the two operands are of different mode the operation is
normally carried out in two stages.

Stage 1 One or two conversion operations
to make the two operands of the
same mode.
Stage 2 Binary operation
The net effect is as defined in section 1.1. A similar situation

exists for mixed mode assignment operations.

As an example consider A = B + C where A4 is INTEGER, B is DOUBLE
PRECISION and C is INTEGER

The code generated is:-

LDN 6 C Load AGC
CALL 1 FFAPA+5 Convert to REAL

LEN & i Convert to DOUBLE PRECISION
LDN 5 o ) onvert to -

LDN 3 B Load X3 with address of B
CALL 1 %FDP DP addition

CALL 1 FRAPA+18 Convert to integer

STO 6 A Store ACC

Note that the R.H.S. is always calculated in the 'highest level!
mode (i.e. Double Precision is higher than integer) and that the
mode of the result is always determined by the mode of the L.H.S.
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Functions and their Calling Segquence.

There are & number of different types of 'functions'.

—_—
°

Bagic intrinsic functions

e.g. ABS, MIN, INT

Basic external functions e.g. SIN, SQRT

Private Fortran subroutines; those beginning %F,
e.g. %FAP4, %FINOUT

Other external functions e.g. PLOT, ITIME
Source language FUNCTION procedures

Source language SUBROUTINE procedures

. Arithmetic statement functions

'Implied DO! functions.

0 -~J Ul N

Those of type 1,2,3 or 4 are held in the Fortran Library, the
remainder are defined by the user.

Those of type 1,2,5 and 7 return the result in ACC and are as defined
in section 1.4

Apart from those of type 3 and certain basic intrinsic functions which
have a variable number of arguments the following standard calling
sequence 1s used:

CALL 1 SUBR
LDX 3 ARGI )
DN 3 ARG2 One instruction per argument

- - . ",

LDX % ARGN
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The instructions in the argument list are determined as follows:

1. If the argument is & variable, the argument word must
be an instruction which, if obeyed, will place the address
of the argument into X3. This will normally be a LDN |
or a LDX instruction

2y If the argument is a function (to be used as a dummy
function) the argument word must be an instruction which,
if obeyed, will place the instruction BRN Start of Function.
into X3.

i If the argument is an array, the argument word must be an
instruction which, if obeyed, will place the address of
the array header (see Fortran Note 25) into X3.

The called routine will return to the first location after the calling
sequence. This implies that both the calling and the called routines are
irdependently aware of the number of arguments and of their types.

The 1900 FORTRAN there are certain Basic Intrinsic Functions which have a
variable number of arguments. For these functions, the compiler will insert
as the first word of the argument list (prior to the first actual argument)
g word which conbtains the 'number of arguments!'.

B Array Addressing

This is fully described in Fortran Note 25.
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Brief Specificstion of the Fortran Arithmetic Subroutines

Notation

X = RBEAL number held in FPa

Y = REAL number whose address is in X3

Z = RBAL number whose address is in X3 but which is tewmporarily stored

in common area }ﬂ LIB

I = INTEGER number held in X6

J = INTEGER number whose address is in A3

K = INTEGER number whose address is in X6

N = INTEGER number held in X3 (<4096)

DX = DOUBLE PRECISION number held in FPA, X4, X5
DY = DOUBLE PRECISION number whose address is in X3
CX = COMPLEX number held in FP4i, X4, X5

CY = COMPLEX number whose address is in X3

General

The link accunulator used is always Xl1. The contents of
accumulators are not preserved. Entry points to each package are relative
to the package name.

1. +. FAP4 - Arithmetic Package

Entry points : +0 HNULL (used to be KzK+Y;
+1 NULL (used to be X=X*Y
+2 NWULL (used to be X=X~Y)
+3  NULL (used to be X=Y-X)
+4  NWULL (used to be X=-X)
+5 NULL (used to be X=X/Y)
+6 X3 = Address of 1 or 2 word array element
(3 or more dimensions)
+7 WL (used to be X=Y/X)
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+8 T=L *% . J
+9 I=1 ** [

+10 X=X¥¥J
+11  X=X¥**)
+12 I=J#%*]

+13  T=N¥*T

+14  X=T**T

+15 K=T

+16  Z=J, X unchanged

+17  Z=N, X unchanged

+18  I=X

+19  TRACE initialization

+20  X3=Address of 4 word array element

+21 X=1/J
+22  X=I/N
+23  X=J/1
+24  X=N/I

+25 Z3+Address of 1 or 2 word array element
(2 dimensions

7ﬂ FDP -~ Double Precision Arithmetic Package

Erntry points: 40 DX=DX+DY
+ DX=DX*DY
+2 DE=DX-DY
43 DX=DY~DX
+4 DE=~DX
+5 DX=DX/DY
+6 DE=DY/DX
+7 DX=2

Entry points +8 to +15 also exist, and are used by double precision
routines to perform the above operations on non-standard (unpacked)
D.P. numbers,
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7ﬁ 0P - Complex Arithmetic Package
Entry points: +0  (OX=CX4+CY

+1 CX=CX*CY

+2 CX=CX~-CY

+3 CX=CY-CX

+4  CX=-CX

+5  CX=CX/CY

+6  CX=CY/CX

+7 CE=X**(CY

?i FEX4 — Real Exponentiation

Entry points: +0
+1

Ye ¥D2 - DiuPs ko
Entry points +0
+1
+2

Y FDR - D.P. to

Entry points +0  DX=DX¥*¥Y
+1 DX=DY**X
Y FDD - D.P. to D.P. Ezponentiation
Entry points +0  DX=DX**DY
+1 DX=DY**DX
v Complex to Integer Exponentiation
Entry points +0 CEX=CX**J
+1 CX=CX#**]
+2  CX=CY##g

E=E#¥
X=N**X

Integer Exponentiation
DE=DX**J
DX=DX**N
DE=DY**K

Real Exponentiation
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L Proposed Method of Deseribing s FPRTRAN Prosram
to_the FORTRAN IV (ICT) Compiler

Comment on ASA Specifications

The ASA Fortran language enables programs to be writifen in a machine
independent form, but in itself does not allow enough information to
enable programs to be completely described and successfully run on the
1900 Series computers.

In particular, the language does not allow a complete description of
object time peripheral operations in that no explicit definition of the
type of peripheral device to be used can be given; nor is there any way
within the language of specifying auxiliary information which may be
required for the successful use of some types of peripheral device (e.g.
a File name for nagnetic tape).

Also if a compiled program is too large for a particular machine, the
language does not indicate a way of generating or referencing Overlay
procedures to enable the program to be run in the space available,

In order to complete the information required by the compiler the
statements of the first segment of program to be compiled must be preceded
by a "Program Description”. This program description is only necessary if
a complete program is being compiled and consolidated, not if a segment or
series of segments not comparing a complete program is being compiled. It
is immat-rial whether this 'complete program' actually contains any FYRTRAN
source segments or contains only semi-compiled segments.

Program Description

A Program Description consists of & series of statements from the
following family of statements (written in FPRTRAN Format but with no
continuation lines).

INFUT
FUTPUT
INPUT/@UTPUT
#UTPUT/ INPUT
@VERLL

introduced by the statement PREGRAM



PRAGRAM Statement

This statement is written in the form

PRAGRAM Nane, priority, retention cycle
or PREGRAM Name, priority
or PRAGRAM Name

"Name" is the name under which the progran will run at object time.

The first four characters of Name (including Spaces) are taken to be
the program name.

"Priority”" is an integer between 1 and 99 which is the priority of
the object program. If this is missing from the PRAGRAM statement the
priority is taken to be 50.

"Retention Cycle" is the periocd (in days) for which the object program
is protected. No retention cycle is required if compilation is to punched
tape or punched cards. If the retention cycle is required but not stated
it is taken as O.

Peripheral Statements

These are the INPUT, PUTPUT, INPUT/PUTPUT and @UTPUT/INPUT statements.
They describe the various methods of operation of the peripheral devices
and all have the same general format.

The format of a peripheral statement is as follows

Type Hys wss nk = peripheral information.

"Type" is INPUT, PUTPUT, INPUT/SUTPUT or @UTPUT/INPUT.

The “ni" are the values by which the peripheral device is known within
the object program. They are small integer (<4096),

"peripheral information" designates the peripherzl device which is
known by the values "ni" and may give auxiliary information such as
a "file name" for that device. The format for "peripheral information”
is as follows.

periphrral designation (auxiliary information)
or peripheral designation.
The "peripheral designation" is a 3 character code which defines the

device. The first two characters define the type of device, and
the third character specifies the device number (0-7)r

Initially the types of device are as follows

TR - tape reader

TP - tape punch
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CR - card reader
CP - card punch
MT - magnetic tape
LP - 1line printer

The "auxiliary information" if applicable consists of a File name
and a retention cycle separatcd by a connmn. If it is not
necessary to have a retention cycle the auxiliary informaticn
consists of a File name alone.

INPUT Statement

This statement is used to describe & peripheral device which is only
going to be used for input operations.

- INPUT 3,5 = TRO indicates that within the program, the value
% or the value 5 in =n dinput operation describes the primary
tape readers as the current peripheral device.

FUTPUT Statement

This statement is used to describe & peripheral device which is only
going to be used for output operations.

S Te OUTPUT 10 = MTO (JACK/SYSTEMS,3) indicates that within the
program, the value 10 in an output operation describes the
first magnetic tape deck as the peripheral device. Further
the magnetic tape will be opened with a File name "JACK/SYSTEMS"
and will have a retention cycle of 3 days.

INPUT/BUTPUT Statement

This statement is used to describe a peripheral device (initially only
a magnetic tape unit) which is going to be used for both input and output
operations. The essential feature about the use of this statement is that
the object program expects to input information from the device before it
uses the device in an cutput operation.

e.g. INPUT/@UTPUT 15 = NT{1 (FORTRAN DATA) indicates that within the
the program, the value 15 in a peripheral operation describes
the second magnetic tape unit. Further, the first peripheral
operation using this tape unit will be an input operation from
a tape with a File name "FPRTRAN DATA",

FUTPUT/ INPUT Statement

This statement is used to describe a peripheral device (initially only
a magnetic tape unit) which is going to be ased for both input and output
operations. The essential feature about the use of this statement is that
the object program expects to write to the device before reading from it.

e.g. PUTPUT/INPUT 20 = MI2 indicates that within the program the
value 20 in a peripheral operation describes the third magnetic
tape unit. Purther the first peripheral operation using this
tape unit will be a "write" operation to a "Scratch" tape.

(no File name).



PVBERLLY Statement

This statement is written in the following form
AVERLAY n, a =b = —= = p
n is a small integer called the "Overlay Area Number" (n > 1)
a,b-—=p are the names of segments in the program which are obeyed from
the Overlay Area numbered "n". No two segments in this list

are in the main store at the same time.

The only segments which may lie in an overlay area are SUBRﬁUTINE
segments with no formal arguments.

€. a subroutine called by the statement CALL JﬁE may lie
in an overlay area, but a subroutine called by the statement
CALL J4CK (A) may not lie in an overlay area.

Monitor Perivherals

A& PPRTRAN program may have a monitor routine associated with it. If
this routine is fo be used, it is necessary to indicate fto the Compiler
from what device monitor steering information will be read, and to what
device the monitor results are to be sent. This is done by means of the
peripheral statements INPUT and ZUTPUT where the peripheral value is given
by the word "NENITPR".

Thus the statement INFUT 3, MﬁNITﬁR = TRO indicates that monitor information
will be read from the primary tape reader. The value 3 in a standard input
operation also indicates that reader.

The statement ﬁ?TPUT MﬁNITdR = LPQ indicates that monitor results will be
expected on the primary Lineprinter.

Summary

A Program Description consists of a selection of statements of the
types described which will fully define all relationships among object
time peripheral values and devices, and define all overlay areas and
their contents according to the rules given above. This Program
Description ie introduced by a PROGRAM statement. This statement must
occur at the head of a Program Description and may not occur anywhere
else,

The Program Description to the Compiler

The Compiler treats the Program Description in the sawme manner as it
treats a Program Segment. For the various statements it generates constants
and lists for use at object time in the form of Semi-compiled program. This
psendo segment is given the name %HGF and is compiled as a "subroutine"
rather than as a "master". The leader generated for this psendo segment
contains all the cue information about peripheral devices and I/ﬁ object
time packages and about overlays and overlay packages that is required by
the Consolidator.
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All Progrem Descriptions compile into the same name psendo segment

(%%%F) so that a semi-compiled version of the Program Description can
be superceded by a new version if a segment of the original program
has to be recompiled, followed by the original semi-compiled version

of the complete program.

V.K. Taylor
K.FP., James
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A Proposed Method of Describing and Tmplementing Progranm
Overlays for the PZRTRAN TV (TCT) Compiler

General

If there exists a suitable "backing store" for the object program
there will have to exist a facility through which more than one segment
of z program nmay be compiled to occupy the same main store locations,
being read from the backing store to the main store when necessary.

The notes which follow give a proposal for program overlay facilities
within the framework of F@RTRAN TV (ICT) without adding to the FPRTRAN
language.

For the purpose of this document the fellowing terms are now defined.

i Overlay Segment - A program segment which is obeyed from the same area
of main store as another segment.

24 Overlay Area — an area of main store from which overlay segments
may be cobeyed. At any time an overlay area containg
only one complete overlay segment. An overlay
gegment of an overlay area has its first main store
program address at the beginning of that area.

. Overlay Area Number - A small integer which 'lakelg' a particular
overlay area.

FPRTRAN Overlays

A PPRTRAN IV (TCT) progran may consist of a main section of program
with no overlay segments; or it may contain a main section of program
which may not be overlaid, and two or more overlay segments which may
be obeyed from one or more overlay areas. No one segment may be obeyed
from more than one overlay area. At any time an overlay area contains
only one overlay segment.

For FPRTRAN 77 (ICT) it is proposed that the only segments which may
ne overlay segments — and are therefore the only segments which may them-
selves be overlaid - are segments which are introduced by a statement of
the forn.

SUBR@UTTNE Sub

where "Sub" iz the name of & segment,. "Sub" may not have an argument list.
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411 overlay segments which are to be obeyed from a particular overlay
area are described to the PPRTRAN IV (ICT) compiler by a statement in the
"Program Description" of the form.

gVERLAY n, Subi = Sub2 = ... = Sub k

where "n" ig the overlay area number, and the "Sub i" are the names of
the segments which will be cbeyed from that overlay area.

(For details of the "Program Description® read "A Proposed lMethod of
Descriging a FﬁRTRAN Program to the FﬁRTRAN v (TO0T) Compiler" - FORTRAN
NOTE 2

Program Communication between OQverlay Segments

Within FﬁRTRAN segments, at the source program level, there is no
indication as to whether a given segment of the approporate type is an
overlay segment. Thus, regardless of the "status" of a segment the
programmer will still write

CALLL Sub
to enter the segment "Sub"; and from within that segment, the statement
RETURN

will cause the original segment to be re-entered at the statement following
the CALL statement.

The actual communication between any segment and a possible overlay
segment which is being called proceeds via a subroutine (%?OVL).

In the "calling" routine (esll it 4), the statement CALL B causes the
following sequence to be compiled.
CALL 1 % @VL
M1
M2
BRI Start of B
where M4 is the address of a "Constants" area which contains the name A.
Similarly M, is the address of the name "B". Tn both cases the first
cases the first character of the name is the number of words in the name

(including that first character). Thus if the name of "A" is JACK, the
"pame" in the Constants area will be "2 JACK sp sp sp'.

From within B, the statement RETURN causes the following instruction
to be compiled

BRYN FRPVL + 1

Note that these sequences are only compiled if B is of a form which might
allow it to be used as an overlay segment.



The Oneration of “REVL

This routine ensures that the correct program segment i1s in store when
a call for that segment is made. Tt also keeps track of which segments
have been "calling" possible overlay segments so that on execution of a
RETURN statement it can ensure that the original calling segment is in
gtore.

To perform these operations, %P@VL makes use of two (possibly three)
ligts, The compiler generates a list of Overlay areas and overlay add-
resses along with the names of the coverlay segments. TPPVL generates a
pushdown list (stack) of the names of segments which have used it to
enter possible overlay segments, This stack also contains the links for
these segments. For certain types of Backing Store there may have to be
a third list (generated by the program loader? of wherc on the Backing
Store the overlay segmetts have been stored. Even for magnetic tape
storage the tape ‘deck must be known to HFVL.

%FﬁVL has two entries - at the first word to enter a possible overlay
segment, and at the second word to return from such a segment. When %FﬁvL
is entered at the first word, the word following the call to WPVL conains
the address of an areca holding the name of the calling routine, The
second word following the call contairs the address of the name of the
called routine. Tn each case, the first character of the name gives the
number of words in the name (including that first character). The third
word following the call contains 2 branch to the desired subroutine.

Whether or not the called routine is actually an overlay segment, the
nanme of the calling segment and the link (X1) is stored in the "Stack".
P PVL then compares the name indicated by the second word following the
call to its overlay list. If the name is not in the list or if the name
is in the list but the segment is already in the main store, the third word
following the call is obeyed as an instruction.

If the name is in the Overlay List and the segment is not in the main
store, @F¢VL causes the segment to be read into store at the address speci-
ficd by the starting point for the correct overlay ares, after which the
third word following the call for that segment is obeyed as an instruction.
Note that in case the calling segment is in the same overlay area as the
called segment the *hird word following the call must be obeyed from within
FFPVL's own working store.

When %FﬁVL is entered at the second word (to return from a subroutine),
the name at the top of the stack is cmmpared with the items in the overlay
Tdsit, Tf the required segment is not in store it is read down from the
Backing store. The Link (also in the stack) is extracted and both the
link and the segment name arc removed from the stack, The link is loaded
into X1 and the instruction "EXIT 1 3" is obeyed.

Jote that any operations involving the reading of an overlay segment
into store regquires that the overlay list for the particular overlay area
be updated to indicate the correct segment in store.

FFPVL Lists

iy Overlay List

This list is generated by the compiler and occupies the Common area
ot Qf
R PVT .



The List containg two types of item.

Type 1. Overlay Area Ttem. This consists of two parts.
part 1 (one word) - The main store address of the start of
the Overlay area.
part 2 (one word) - The address of the List item of type 2
(Overlay Scgment Items) for the segment
currently in the overlay area.

Type 2 Overlay Segment Tiem. This consistas of three parts.

part 1 (one word) - The address of the previous item of type
2 in the list. Tf there is no "previous
item", this word is =zero.

part 2 (one word) - The address of the list item of type 1
for the particular overlay area.

part 3 - The name of the overlay segment. The
first character of the name gives the
length of the name in words (e.g. for
a name JACK, this part of the list item
will be 2JACK sp sp Sp)

These will be as many items of type 1 as there are overlay areas
There will be as many items of type 2 as there are overlay segments.

The first word of the Common area %FPVT gives the address of the last
item of type 2 put into the list.

2. #FYVL Pushdown List (Stack)
This congists of a2 word pointing to the last item put in the stack.
An item consists of two parts.
Part 1 (cne word) +the link for the segment.
Part 2 The name of the segment. The first character of

the name gives the length of the name in words.

The Compiler - Consolidator - Loader Communication for Overlays

When the Compiler processes an PVERLAY statement within a Program
Description it generates a standard blank cue for the overlay routine
(%FﬁVL) but also generates on "Overlay Area" cue for each overlay arca
number and an "Overlay Segment" cue for each segment name mentioned in
the ﬁVERLAY statement. Thig overlay segment cue is of the same family
ag "unsatisfied" (blank) cues but ii has attributes which indicate which
overlay area the segment will finelly occupy.

When the Compiler procssses any segment (including overlay segments)
it generates a "Program" cue which gives the length of that segment.

When the Consolidator finds a program cue when it already has an
overlay cue for that segment, the overlay cue is marked as "satisfied"
and the value in the program cue is compared with the value of the asso—
ciated overlay area cue. The greater of the two values becomes the new
value for the overlay area cue. The original program cus 1s then forgotten.
Tf the Consolidator finds a program cue but does not have an overlay cue
for that segment, the Consolidator takes the program cue itself as com-
pletely describing the program segment.



Tn the Consolideted Leader, a cue for a program segment is either a
"program” cus or ar "overlay"h euo. A rnrogram cue will contain the starting
address of the program segnrent. An overlay cue will give the overlay area
number for the segment. If a program segment is defined in an overlay
cue, the Consolidator will also have generated an "overlay area" cue for
the particular overlay area number. This overlay area cue will contain
the starting address of the overlay area.

The Loader now has enough information from the Consolidated Leader
to load each segment of the object program.

Program Segments represented by Program Cues in the Consolidated
Leader are loaded correctly. Scgnents represented by Overlay Cues are
loaded into & "Temporary Overlay Arca" of the loader and then written
to the Backing Store in binary form. Depanding on the Backing Store
the loader may have to generate a list of Backing Store addresses, the
starting addresses in the Backing store for the various segments.

This list will have to be in an area saccessible to %FﬁVL (or at least
an index word to the list will have to be accessible.

V. K. Taylor
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FORTRAN NOTE 4
12+4.65.

PERTRAN TV (ICT) Input and Output Operations

In FPRTRAN IV the following types of statement are available to the programmer

READ (i,n) list

READ (i) list

WRITE (i,n) list

WRITE (i) 1ist

BACKSPACE 1

REWIND i

ENDPITE i
where i is the "Peripheral Value" (P.V,) and may be either a small integer
(<4096) or an integer variable reference. "n" is either an integer which is

the label of a FﬁRMAT statenent or is an Array name in which case the Array
itself is taken as being a FPRIAT specification.

By association with a peripheral type statement in the Program Description the
Peripheral Value at the time the I/ statement is initialized determines the
particular peripheral device which is to be used for thet operation.
Thus ifiin the Program Description there is a statement

INFUT 10 = TRO
and in the body of the program therc is a statement

READ (10,105) A,B,I

The input operation specified would use the prinary tape reader. The following
two statements would also have the same effect.

T = 10
READ (I,105) A,B,I



Input and Output Opecrations - to the Compiler

On recognizing any I/ﬁ statement, the Compiler generates cues to the private
library routine FFINGUT which performs the actual peripheral operations.

For all entries to %FINGUT, at the time the call to %FINGUT is obeyed, X3 and
X6 will give the paraceters rsquired. The actual entries (and entry require-
nents) are as follows.

Entry Operation X3 X6
FRINGUT + 2 ENDFILE o\
FFINGUT + 4 TInitiate WRITE address of FPRIAT %o if no FYRMAT) P.V.
%FINﬁUT + 6 Initiate READ address of FORMAT (O if no FﬁRMAT) P.V.
%FINﬁUT + 8 Read or Write Integer Iten address of Itenm -
%FINﬁUT + 10 Read or Write Real Iten addrese of Itenm -
%FINﬁUT + 12 Read or Write double Precision Iten address of Itenm -
%FINﬁUT 4+ 14 Read or Write Conplex Iten address of Itenm -
%FINéUT + 16 Read or Write Logical Iten address of Itenm -
FFINAUT + 18 Terminate READ or WRITE - -
FFINOUT + 20 BACKSPACE - P.V.
FPINGUT + 22 REWIND - P.V.

In addition to those entries to PFINOUT, there are 2lso the following four entry
points which are used in associated PLAN compiled subroutines for the operations

"Runout" (paper tape), "Disengage", "Release" and "Allocate". In each case X6
= P.V.

FEINGUT + O Runout

%FINﬁUT + 24 Disengage

FFINGUT + 26 Release

BFINGUT + 28 Allocate

The 1list of a READ or WRITE statement nay include an Array name, in which case
it is required to transfer 2ll the elenments of the array. When this situation
occurs, the compiler generates a call to a private library routine %FIQTA which
processes the whole array.

BFIFTA has the following entries,

FRIATA + O Process Integer [rray
FETHTA + 2 Process Real Array

BEIPTA + 4 Process Double Precision Array
BEIPTA + 6 Process Complex Array

FFIPTA + 8 Process Logical Array

On entry to the routine BPIPTL, X3 contains the address of the "Array Header"
for the vparticular array.

As an exanple of the use of %FIYQUT and %FIﬁTA note the results of compiling
the following statenment.

READ (10,105) A,B,I

where B is an array nane,. A and B are both "Real", I is "Integer".



LDX B 21 a containg address of Format labelled 105
IDN 6 10 X6 = P.V.

CALL 1 ZFINGUT + 6 Initiate "Read" operation

LDN 3 A X3 = Address of A

CALL 1 FPINGUT + 10 Process "Real" Iten

ILDN 3 b b = 1st word of Array Header for B

CALL 1 %FIﬁTA + 2 Process the entire array B

LDN 3 I X3 = Address of 1

CALL 1 BPINGUT + 8  Process "Integer" Item

CALL 1 FFINGUT + 18 Terminate "Read" operation

For the statement ENDFILE J, the following is compiled

i B g X5 = DY,
CALL 1  $%FINGUT + 2 Do "Endfile™ operation

V.K. Taylor
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FORTRAIY NOTE 5
3@:1-1-.65'

The FORTRAN IV Object Time Input/Output System

This note gives & brief description of the input/output system used
by FORTRAN IV objeect programs,., The emphasis is on how comgunication be-
tween the different parts of the system is achieved. Further information

on the system will cppear in later notes. (Some information has already
appeared in Note L. )

Amendment to FORTRLN Note 4, page 2,

Entries 0, 24, 26 and 28 to %FINOUT ° are replaced by entry O mecning:
all other operations. The actual operation is specified by an integer
parameter in X3,



The FORTRAN IV Object Tine Input/Output System

Qutline of System

The ”ORTRAF IV input/output system is medular, At run time, only
those parts that are needed will be present. The relationship between the
diffeirent parts is uho;n disgramatically in Figure 1.

For each source language input/output statement the objsct program
will contain one or more calls to %FINOUT, %FINOUT is a segment that
carries out the bulk of tne work of I/0 in a way that is independent of the
1/0 medium involved, %FINOUT enters one of o series of peripheral routines
to carry out actual I/0 operations, Each peripheral routine is a segment.

%BFIOTL is a segment that is called for each cccurrence of a total
arrgy in a READ or WRITE statement.

Comnunication between AFINOUT and the Peripheral Routines

YRINQUT does not know about the differen t I/0 media but merely enters
appropriate peripheral routines to perform the actual /0 operations,
Communication takes place via four common arsas: % FIOLIST, %FIOBUF,
GFIOPER end %FIOLEN.

The Program Description for a ‘ORPQJ IV program generates in the
common ares %GFIOLIST a list of programmcr's numbers that may be used by that
program, Associated with these numbers are the details of the actual devices
and all auxiliery informution required for the successful operation of these
devices, including the addresses of the appropriate periphersl routines.

The term "Programmer's number" replaces "peripheral value" of Note 4.,
for
An initial entry to %PINOUT will secrch %FIGLIS@ﬁauX_llﬁqy information
correspouding to a Specifieq programmer’s number, Then the one word area
%FIOPER is set to point to this informetion for use by the periphersl routine,

The layout of the common zrea %FICRUF is shown in Figure 2, It is

‘used “o transmit information between SFINQUT wnd the peripheral routines

during READ and WRITZ operations., This information is transmitted in units
of blocks, where one record may consist of one or more blocks, The block
size depends on the peripheral routine, A formatted record is likely to
consist of one block and an unformatted record of severzl blocks, Formatied
information will be in standard 6-bit code (without shifts). Unformatted
information will be in binary form., %PIORUF is defined as one word in
FEINQUT but its actuel length is the maximum of the lengths defined in the
peripheral routines.,

During a READ or WRITE operation the initial entry to the peripheral
routine will set the one word common arca %FIOLEN equal to the maximum number
of characters that %FINCUT may assume to exist in %FIOBUF.



3s Structurc of %FIOLIST

%FIOLIST contains a chained list of information about the peripherals
used by o program. It contains an entry for sach of the INPUT, OUTPUT, USE
or CRELTE statements in the Program Description (sce Note 2), USE and
CRELTE replace INPUT/OUTPUT and OUTPUL/INPUT of Note 2., 4 entry consists
of one or more pointers and an information block.

For each programmecr's number in the statement there is a three word
pcinter:
1. List word
2. Programmer's number
3 Address of information block,
The 'list word'! contains the address of +the previous pointer in %FIOLIST,
If there is no previous pointer the word is zero, The first word of

%PFIOLIST points to the end of the list, i.e. it contains the address of the
last pointer put inte the list,

For each occurrence of the word MONITOR in a statement there is a
similar pointer, except that the second vord is n, where n < o. The value
of n indicates whether the device is availeble for input, output or both,

An inf'ormation block contains the following itenms:

L ! 2} b/ - o} 1 1} 4 ;# - e T 3 = - A
1, Address of the start of the Peripheral Routine (1 word).
2, Device debails (2 words).
5+ Zero wiord,

Le Length in words of rest of information block (1 word).
&

- . b ] U I g -
5. Length in words of file neme (1 word). l
. le name (0 or more words). Optional

7« iHny further information.

N.B. Before entering - peripheral routine, %rINOUT sets %FIOPER equa
to the address of the information block,

tem 1 of the information block gives the starting address of the
approprizte peripheral routine and is uscd by %PFINOUT,

Item 2 consists of two words as follows:



-l -

zlue of word lieaning
Word 1 Top it = 1 Deviece not released
Rest of word = 1 Indicates INPUT
. type of -
= % statement i Gt
=5 in Program USE (ex INFUT/OQUTPUT)
=7 besgpaptacn | CRELTE (ex OUTFUL/INPUT)
Word 2 Top bit = 1 Device not yet used
Hest of word = n n is the number in the

1900 device name,
CZy D dm MB35,

o
7

The top bits of both these words may be referred to and changsed only

within p&“lpuulrl routines since they may not have precisely the same

)

neaning for all peripheral routines; some peripheral roubtines may
ignore thew altogether.

~

Iten 3 of the information tlock is a word that is available as
working space for the peripheral routinc,

ITtem L4 may be zero,

v a

Item 5 may be zero,.

Item 6 will contain the file namc left jugtlf_u&. paces will be
added on the right to make & whole number of words., The compiler imposes
no 1limit on the length of =2 namoc,

Item 7 may be o retention cycle and/or eny other information thatb
proves desirable,.

K., I, Jamas.

V. K. Taylor,
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FORTRAN NOTE 6
345.65.

Trace System for FORETRAN L and Current 1900 FORTRAN

The first

pert of this note describes, from the user's point of
view, the trace

system to be implementcd for FORTRAN 4, The second part
of the note indicates how the current 1900 IFORTRAN system differs,

This series of notes is intended for refereace by the writers of
the compilers and eéssoclated softuare,

This particular note is being given
a wider circulation then usual because it gives details of interest to

prograommers using the current 1900 PORTRIN compiler.



Trace System for FORTRLN L

le Qutline

The FORTRAN Trace System provides assistance in diagnesing fewlts
in & FORTRAN program by providing additional output from the program while
it is running,

To use the trace system, the program, or alternatively only selected
segments of the program, nmust be compiled in trace mode, When this is done,
a special library segment is included in the objeet program and is called
once auring the execution of every statement,

If trace is to be used the source program must define one output and
one input device to be 'monitor! peripherals (the method for FORTRAN 4 is
described on page L of Note 2), The same devices may also be used for normal
input or output,

2 Steering List

To operate the trace system o steering list must be prepared defining
certain labelled statements aos "triggering statements" and specifying the
action required at these triggering statements,

The 1ist is prepared as follows:i—

n NAME OF SEGMENT Heading line
3 d c Detailed line

1 1 1

l2 dz cy " H Iist for one seguent
[ EE TN R ENERENRESEN] it i

n 1t
1h a4y °n
n NAME OF SEGENT
d
L %Y ;

G Lists for other segments

sbemsPERSTROEPOLPIRS

0

1ne heading linc for each segment contains an integer n in columns
1l to 6 which defines the number of detailllines to follow. The name of the
segment must be given starting in colum 7 and must not contain any spaces,

The detail line(s) consist of three integers separated by one or more
Spaces e

The first integer (1) is the label of a statement within the segment.
This label must not appear in more than one detail line,

The second integer (d) specifies & "delay" and may be in the range

-39 to 2047.

The third integer (e) specifies a "count" and may be in the range
0 to 4055,



- 3 -

2 After the lists for each segment to be traced, there must be a
terminating line containing a gzero in column 1,

If the steering list is prepared on paper tape, "tab" must net

be used.
B, Qutput

TWhen the object program executes a triggering stotement:—

1. Any trace output still in progrecs from a previous
triggering statement 1s terminated.

2, AL line is printed giving the label number and segnent name of
the triggering statement, This is preceded by 2 blank line.

3. If the delay (d) is negative and the count (c¢) is non-zero,
then statement lines are printed sterting d statements in the
past up to the present stotement (except that at most ¢ lines
are printed).

L, Arrengements are then made to print statement lines as they are
executed commencing with the current statement if d £ 0 or after
a delay d such that the totzl number of lines (both past and
futurég = By

£
(]

rch statement line consists of':-

1. The line number, The triggering statement itself £ 1line number
0, Other lines are numbered positively or negatively from this.

2. The label if any.

3. An ebbreviation of the type of statement.
L, V if the overflow indicator is set.

5. The result of the statement, if applicable.

If a change of segment occurs between statement lines, the name of
the new segment is given on a line by itself.

The end of a DO loop, although not written zs a statement in the
source program, ls treated as & statement {type LOOP) by the trace system

and is "executed" each time around the loop.

The statements, thelr abbreviations and results are as follows:-



—&_-—

STATEMENT ABBREVIATION RESULT
Arithmetic assignment ARTH Value of right hand side
Logical assignment LOGC .Value of r..., side: TAUE or FALS,
Arithmetic IF Ir Value of expression in parenthesis.
Logical IF LIF Value of logical expression:
TRUE or FALS,
G0 TO GO
Do ( DO m,
4 LOOP m,, -1
Computed GO TO CGO 1
Assigned GO TO AGO
READ READ
WRITE WRTE
PLUSE PLUS
STOP STOP
CALL CALL
RETURN RETN
ENDFILE ENDF
CONTTNUE CONT
BACKSPACE BACK
REWIND REW
A3SIGN ASGN
iy Notes on Operation of Trace System
a) The steering list will normally be read immediately after the object

program has been loaded, but a2 new steering list moy be read ot any

time and will replace any previous list, after which the program
may be restarted.

b) Trace output may be switched on or off at any time during the
execution of the object program.

c) When the object program is run in trace mode 2ll array subscripting

is checked and:-
ARRLY SUBSCRIPT HRROR

will be output if the selected element does not lie within the

confines of the array. The program cannot be continucd beyond this

point.

a) Any time after the program has run it is possible to output the last
100 statements executed., This is useful if the progrom should reach

en "illegal" operation or otherwise comes to an undesired halt,



Trace System for current 1900 FORTRLN

This is similar to the system described zbove. The method ef
assigning monitor peripherals is to csll them MONIN and MONOUT for
input and output respectively., The names are assigned in PERIPHERAL
Statements in the normal way, e.g.

PERTPHERAL, (MONIN, TRC), (MONOUT, LPO)

The list of possible statements given in 3 above is slightly
shorter: Logical assignment, Logical IF, Assigned GO TO, BACKSPACE,
REWIND 2nd ASSIGN are not available,

K.F, James,
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The FORTRAN IV Object Time Peripheral Routines

This ncte describes the structure of the peripheral routines that
may be used in FORTRAN IV obJject programs. It assumes a knowledge of
FORTRAN NOTES 2, 4 and 5.



2.

FORTRAN IV Object Time Peripheral Routines

Input/Output in FORTRAN IV object programs is handled by one basic
segnent called ZFINOUT and one or more peripheral routines. There is a
separate peripherzl routine for each type of input/output medium.

ZFINOUT does most of the work; the peripheral routines carry out only the
physical transfers and any required sonversion to or from 1900 internal
code, Communication between ZFINOUT and the peripheral routines is
described in FORTRAN NOTE 5.

The compiler will dec¢ide which peripherzl routines are needed by
looking at the peripheral statements in the program description., These
may be typified by:

INPUT 1 p/a
OUTPUT 5 p/q (seee)
where: p is a 1900 peripheral name, e.g. MT3

11

q is & gualifying phpease.
In a particular case one of p or /q may be absent.

Usually, only p will be present, The compiler will include details
of the device in an information block and will cause a standard peripheral
routine to be included in the object program. The following routines will
be available as soon as possible:

P Peripheral Routine For

TRn FFIOPT 8-track paper tape in 1900
TPn code ,

CRn ) JFTOCARD punched cards in 1900 code,
CPn )

IPn FRIOLP line printer.

MTn TRIONT magnetic tape.

n 1is an integer,

If g is present it acts as a qualifier and indicates that a special
purpose peripheral routine is required. The actual routines that may be
provided will depend on the demand, Possibilities are:

Eég Peripheral Routine For
TRn/FIVE ZFIOPTH 5-track tape in ICT code
MTn/EVEN %ZR LOEVEN magnetic tape recorded in

even parity.

CRn/IBM TETOIBMC punched cards in IBM eode.



s T

If p is omitted the specified peripheral routine is included but
no information about an actual peripheral is recorded, It follows that the
routine must sort out for itself what peripherals it may use. One very
special qualifier is 'NONE', e.g.

OUTPUT 3 = /NONE
This causes the peripheral routine ¥FIONONE to be included in the program.
This routine is a dummy and any output (or input) associated with the
programmer’s number 3 is suppressed. This feature may be useful during
program testing.
If it proves feagsible the programmer will be allowed to define his

own values of g and associate them with his own peripheral routines., The
relevant statement could be:

DEFINE (g, r)
where g is a gualifier
r is the name of a peripheral routine; this may be a string
of up to 11 digits and letters starting with a letter.
Then, wherever q appears in a peripheral statement in the Program
Description the compiler will arrange te include the routine r. For

example, the statements

DEFINE (MINE, MYROUTINE)
INPUT 3 = WNT1/MINE

would cause the routine MYROUTINE to be used in association with MT1.
/ Question: Can anyone think of a bekter word than ‘DEFINE'?m7

Entry Points

A£11 emtries to peripheral routines made by ZFINOUT are relative to
the first word of the routine. It follows that entry points are completely
standard and some routines must have entry points that will not sensibly be
required; e.8. o paper tape routine must have a Backspace entry. Entry
points are as follows ('neme' is the name of the peripheral routine):

name +0 Initiate Read
+1 Read one formatted block
+2 Read one unformatted block
+3 Terminate Read
4+l Initiate Write
+5 Write one formatted block
+6 Frite one unformatted block
+7 Backspace
+8 Rewind
+9 Endfile

+10 A1l other operations.



b

Initiate Read sets up any initial conditions required for input,
ZFINOUT obtains an input record one block 2t a time by using one of the
entries Read one formatted or Read one unformatted block. The peripheral
routine signals to Z%FINOUT when the last block of a record has been read
by setting a2 particular bit in %FIOBUF. The Terminate Read entry reads
up to the end of the current record if this has not already been reashed.

Initiate Write sets up any initial conditions required for output.
FRINOUT passes & record over to a peripheral routine one block at a time
by using one of the entries rite one formatted or Write one unformatted
block. The peripheral routine terminates & record when a particular bit
in #FIOBUF is found to be set.

How a record is divided into blocks is dictated by the buffer size,
In practice, a formatted record will usually consist of only one block; in
particular, 1 punched card = 1 block = 1 record.

Backspace and Rewind are faults in most peripheral routines, End-
file will output an end~of-file recocrd whose form will depend on the output
medium,

The effect of entry 10 is decided by an integer parameter in X3 as
followss

Release device
Regain device
Disengage device
Runcut device

NN O

Other operations may be implemented later.

Special actions

For some peripherzls some special action is required on the first
transfer (e.g. a magnefic tape file must be opened, an extra new line is
output on a paper tape punch, etc.) and a bit is available in a
peripheral's information block to indicate whether or not a device has
previously been referred to.

Availsbility of Peripherals

Slow peripherals are reserved by the compiler in the program's
request slip. Others nust be reserved by the peripheral routine when it
is entered for the first time.

Checks on whether or not a peripheral is available ceeur in %FINOUT,

so all entries to peripheral routines (except of course 'regain') may
assume that a device is gvailable, thcough not necessarily opened,
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FORTRAN NOTE 8
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FORTRAN TV DATA STORAGE

This note describes the way in which data is stored internally
for and by a FORTRAN object program.

The information on double-precision (L-word) floating point
representation has not been published before. It should be noted that
the same representation will be used in EMA and in PLAN subroutines
(e.g. the scientific I/0 system).



FORTRAN TV DATA STORAGE

1. General

According to the ASA specification, a variable is allocated one or
more "storage units", depending upon its type. On the 1900 one storage
unit will normally be two 24-bit words, even though one word would
suffice for integers. Constants will never have such superfluous words,

2. Numerical and Logical Varisbles

TYPES OF VARIABLE NUMBER OF WORDS OCCUPIED

INTEGER

REAL

DOUBLE PRECISION
COMPLEX

LOGICAL

NFEEFE oD

Note: A switch (set by the program description) exists to arrange
that INTEGER and LOGICAL Variables be stored in one word.
Certain restrictions will then be imposed upon the language.

INTEGER (2 words)

FIRST WORD : 2L~bit signed integer in fixed-point form.
SECOND WORD ignored,

REAL (2 words)

A floating-point number in the usual 1900 form,

1st WORD : SIGN 23 BITS OF MANTISSA
BITO 1 25
§
2nd WORD : O | 14 IMORE MANTISSA BITS | 9 BIT EXPONENT
BIP O 1 1 15 23
Mantissa = 37 bits + sign bit,

true (binary) exponent + 256,

1l

The Stored exponent
Floating point zero = two words clesred to zero.

Non-zero numbers are normalised (i.e. bit 1 of word 1 = 1),



DOUBLE-PRECISION (4 words)

A floating-point number with the same range as a REAL number but
extended precision,

1st and 2nd WORDS 3 exactly as for REAL.

3rd WORD : IGNORED | 23 FURTHER BITS OF MANTISSA

BIT O 1 23

Lth WORD : TGNORED | 9 FINAL MANTISSA BITS | IGNORED

BIT O 1 9 10 23
Double-precision mantisse = 69 bits + sign bit.

COMPLEX (4 words)
The real and imaginary parts of a complex number are each held
as a single-~preeision floating point number (as described above
under REAL).

WORDS 1 & 2 : Real part

WORDS 3 & 4 : Imaginary part.
LOGICAL (2 words)

4 logical variable can assume one of two values, TRUE or FALSE.

1st WORD : TRUE -I=feliemedsby 23 z6ros, §§1,L¢xb&_JL o)

PALSE 24 zeros,
2nd WORD : ignored.

B» Numerical and Logical Constants

These are stored in the same way as variables, except that integer
and logical constants will always be one word only.

Lo Text data

Text (or Hollerith) constants may appear only as actual arguments in
function or subroutine references, and in DATA statements., They will be
held as a string of 6-bit characters in 1900 internal code, with spaces added
on the right to meke an integral number of words,

A varisble of any of the types listed in 2 above may be assigned a
text value by a function or subroutine call or by a DATA statement, In either
case, if the variable consists of more words than the constant, the values
assigned to the excess words are undefined, Text values may also be assigned
to the first two words of a varisble by the A format specification on input,

A, Wilson.
K.F, James,
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ARRAY ADDRESSING IN FORTRAN IV

This note supersedes the section on array addressing in
FORTRAN NOTE 1,



Array Addressing in FORTRAN IV

Ly The general basis of array element addressing is the same as fox
the current FORTRAN on the 1900, Associated with each array is an "Array
Header" which contains information about the structure of the array.

Entry peints in the Arithmetic Package (FAP4 - compiled into all
FORTRAN IV programs) are provided to calculate the address of the actual
array element from the information given in the header and from parameters
which give the required subscripts.

For single word or two word array elements the entry point is
TFAP). + 20,

Both entry points require the same parameters as follows:

On entry, X3 = address of array header,
X1 = link,

Il

Other paremeters (one per subscript) must fullow the CALL instruc=-
tion and must be insiructions which, if obeyed, will place the
address of the subscript in X3.

On exit, the address of the desired array element is in X3,
The calling routine will be re-entered at the location follewing
the last subseipt instruction,

Array Header

The array header is made up as follews:

0 far 1 word or 4 word elements.
1 for 2 word elements,

'tik?!'ﬁ‘ next 5 bits = No, ef dimensions in array.
dﬁ} v '!&f next 18 bits = Base address (Address ef element 0, O, -~ 0).

2nd word  Address of element 1, 1, 1 ....

Il

1st word Sign bit

3rd word  Address of 1lst word past end of Array.

This is the array heoder for a one-dimensisnal array, For an
array of more than one dimension, succeeding words give the partial preducts
of dimensions as fellows:

4th werd Dl v, 2 dimensions,
5th werd D1 D2 73 dimensions.
last word D1 D2 —— Dn—l n dimensions,

where Di 1s the maximum value the ith subscript may tske,
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Communication of array information between procedures by means of
Formal Parameters,

A procedure (i.e, function or subroutine) is introduced by one of
the statement types.

SUBROUTTHE % {aswes Dy wsws)
PUSOIEON  E {eneey By eeina)

where 'A' may be a variable, a function name or an Array name., If 'A' is
to be an array name it must be included in a statement of one of the following

forms:

1., DIMENSION A

2. DIMENSTON & (i, 3; K5 waes) This form could alternatively
appear in a Type or COMMON
statement.,

If 'A' is introduced by a statement of the first type, then the
array is completely defined as to structure and size outside the called
procedure,

If 'A' is introduced by a statement of the second type, then the
starting address is defined outside the procedure but the array structure
and size to be used within the procedure are as defined in this statement,

The dimensions (i, Jj, X, «e.s.) for an array defined within a pro-
cedure may be either unsigned integers or integer variables,

For a dummy array introduced by a statement of the second type, the
structure is defined by the values of i,J, »e. at the time the subroutine is
enbered and can change for different uses of the same subroutine.

The structure of such an arrsy is independent of the original
definition of that array (in the calling routine)., An array must, hiwever,
be given its maximum size in its original definition.

Note that only arrays passed as formzl parameters of a procedure
may have a variable structure,

R ARHD

The structuring of a dummy array is done by means of a FORTRAN
library routine called %FARHD.

%FARHD has two entry points
l, Word 0 = to structure a one or two word element array.

2. Word 1 -~ to structure a four word element array.



On entry to %FARHD:

X3 conteins the address at which %FARHD is to generate an
array header,

X6 contains the address of a word which contains the address of
the header for the original array.

X1 = link (CALL 1 %FARHD or 9FARHD + 1)

Following the call to %FARHD is a parameter list:

1st word. number of Dimensions in new array structure.

Following words, - a series of instructions (one per dimension),
which if obeyed would place in X3 the address

vf a word containing that dimension,

On exit from #FARHD, a new array header will have been generated
starting at the address originally specified in X3.

The word originally specified by the contents of X6 will now centain
the address of the new header,

V.K. Taylor,
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A Proposed Method Describing and Implementing

Program Overlays for the FORTRAN IV (1cT) Compiler,

Ceneral

If there exists a suitable "backing store" for the object
pregram, There will have to exist a facility through which more
than one segment of a program may be compiled to eccupy the same
main store locations, being read from the backing store to the
mein stocre when necessary.

The notes which follow give a proposal for pregram overlay
facilities within the framework of FORTRAN IV (ICT) witheout adding
to the FORTRAN Language.

For the purpose of this document the following terms are now
defined,

1, Overlay Segment -~ A progran segnent which is obeyed from the
aame area of main store as ancother segment or segments and can
therefore not co—exist in the main store with the other segment
or segments.

2. Overlay Unit - A series of Overlay Segments which are always
in the main store at the seme tine.

%, Overlay Area ~ An area of main store into which a number of
Overlay Units may be loaded — At any one time an Overlay Area
nay contain only one Overlay Unit,

4, Qverlay Area Number A small integer which 'labels' a particular
Overlay Area.

5, Overlay Unit Number -~ A small integer which 'labels' a particular
Overlay Unit within an Overlay Area,

FORTRAN @verlays

A FORTRAN IV (ICT) program may consist of a main sectien of pregran
with ne overlay segnents; or it may contain a main section eof
progran which may not be overlaid and a number of everlay segments

in two or more Cverlay Units which may be obeyed in one or mere
overlay arcas. No cne segment may be obeyed frem nmore than one
overlay area, At any time an overlay area coentains only one overlay
unit.

For FORTRAN IV (ICT) it is proposed that the only segments which
nay not be overlay segments are SUBROUTINE or FUNCTION segments
wvhich have more than 20 formal arguaents, MASTER segments and
routines which are integrally associated with the compiler

(e.g. $FPAP4, %FINOUT).

B e o b gk b o o St gy
be catded fom a4 oede
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A1l Overley Segments which belong to a particular Overlay Unit
are described to the FORTRAN Compiler by a statement in the
1Progran Description' of the forn.

OVERLAY (a,u) Subl,Sub2, ==--Subk

where 'a! is the Overlay Area Number, and 'u! is the Overlay
Unit number within that Area in which the 'Subi! are to co-exist,
'Subi' are the names of the routines which comprise the overlay
unit.

(For the basic concept of the 'Progran Description! see FORTRAN
Note 2, 'A proposed Method of Describing a FORTRAN progran to
the FORTRAN IV (ICT) Compiler?).

Progran Communication with Overlay Segments.

Within FORTRAN segments, at the source program level, there is

no indication whether a given segment is or is not an overlay

segment. Thus, regardless of the 'status'! of a segment the programmer
will still write.

CALL Sub (Argunment list)

to enter the segment 'Sub!; and from within that segment, the
statement

RETURN

will cause the eriginal segment to be re-entered at the statement
following the CALL statement.

The actual communication between a segment and an overlay segment
which is being called proceeds via a special overlsy subroutine
(gF0OVL),

If in a routine Lﬁ;q %atement of the form GALL B (a,~——a ) is
encountered, where('B Agebeen defined previously in an OVERLAY
gtatement, the following sequence is compiled,

qend Y 4,8 s et Aaroin CALL 1 1 9%FOVL
wmmsvﬁﬁ‘}w'% KB
Xy

Standard FORTRAN Calling Seguence for !B!

where X, indicates the Overlay Area and Overlay Unit for which!B!

is defined, and XA gives the Area Unit for routine 'At,

XA and XBare each one word long and have the follewing form

top 6 bits - zero
next 8 bits - Overlay Area (Binary Integerg
1.8.10 bite ~ Overlay Unit (Binary Integer
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TN! -gives the number of words in the Standard FORTRAN Calling
Sequence Tor-IBf, This will now be called the Qverlasy Calling
Sub-gequence, 'N!' may not be greater than 21.

\:)

The Operation of FHFCOVL

This roufine ensures that the corrset Overlay Unit is in store

when a call for an Overlay segment is obeyed. It also keeps

track of The Unit from which calls to Overlay Segments have

been made so that on execution of a RETURN statement the information
is available to ensure that the original calling segment is in store.

%FOVL is basically divided into two parts - that processing the
Overlays CALL and that processing the RETURN,

ﬁECVI uses a push-down list to determine the 'level! of COverlays
and to keep the original Overlay Unit and Area numbers and the
return address for each Overlay Call, If the overlay: call was made
from 'permanent! progran (non-overlay), then the Overlay Unit

and Area numbers are both zero, This list is in commen area
FFOVC2,

a) Processing the Overlay Call

~ On entering %FOVL for an Overlay Call, the COverlay Calling
Sub-sequence is moved to an area of %FOVL (called %FOVC1) so that
the last word in the sub-sequence ig stored in the last word of the
area. In-this way, after the subsequence has been ebeyed from this
area, a RETURN statement will always return to the same location
in #FOVL, (see b) - Processing the RETURN).

After the sub-sequence has been moved, the actual return address in

the calling segment is calculated and stored aleong with the
Overlay Area and Unit number for the calling segment in the push-~dowm
list (the Overlay Stack).

At this stage %FOVL uses the 'Mark II Overlay Object Program Routine!
"H2OPR) to ensure that e Overlay Unit containing the called routine
ig in store, On exit from MACPR, the calling sub-sequence is
obeyed from the area FFOVCL,

b)  Processing the RETURN

411 Overlay Calling Sub-sequences are obeyed from the ZEIVCL
area such that the return from the called segment is to the sane
word in %FOVL,

On return to this word from the called segment, %FOVL ensures that
the Overlay Unit and Area which is in the top iten of the Overlay

Stack is in store.(by use of MZOPR) and notes the 'return' address
stored in fthat item. The top item in the stack is then removed
and a branch to the return adéress is obeyed.



The Overlay Stack

The Overlay Stack is stored in the Area %FOVCZ such that the
first item put in that stack is stored starting at the first
word #f the area. Bach item which is put in the stack is two
words long and is as shown belew.

Werd 1. Area/Unit fer Calling routine.
Werd 2. Return Address in Calling routine,

The 'Stack Peinter' (FOSP) initially contains the address of the
start of the area #FOVC2. The action of putting an item into the
Stack is te store the two words starting at the address given by
FOSP and then incrementing FOSP by two. )

The actien of precessing the tep item in the stack is to decrement

FOSP by two and then le#k at the item addressed by FOSP. The item
is also effectively remnved from the stack.

V. K. Tayler.
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Amendment to FORTRAN Note 10 of 31.8.65..

It has been pointed out that a small modification has to be made

to the proposed OVERLAY system to make it completely general.

Page 2. Insert following the last paragraph

A SUBROUTINE or FUNCTION segment which has more than 20 formal

arguments may not be called from an overlay segment.

Page 3. Delete paragraph "If in routine 'A' a statement —————-

following sequence is compiled" and insert the fellowing..

If in a routine 'A' a statement of the form CALL B(ai, - ak)
is encountered when one or both of A, B have been defined
prwiously in an OVERLAY statement, and if A and B are not
routines in the same overlay unit, then the following sequence

is compiled.
Page 4. After first paragraph insert.

If 'A' and 'B' are in the same overlay unit only the standard

FORTRAN Calling sequence is compiled.

V.K. Taylor
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This note gives in detail the structure of all lists currently
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The Ligt Systen in the Compiler — Struciure

The 'List System' of the compiler containg three types of list.
Local lists are produced and used by the compiler during compilation
of a segnent; they arc lost when compilation of that segment ends.
4 Consolidated Cue list is produced and used by the Consolidator and
exists throughout the conmpilation of a complete progran.
tn Overlay list is produced during the Compilation of the Program.
It is used by the Compiler during the coumpilation of cach Program
segment and therefore oxists throughout the compilation of the
complete progranm.
These Lists are stored in the top of store in the following order

1. Overley List

2. Consolidated Cue List

3. Local Lists

In the compilation of a complete program, the Overlay List is the

"first liost geonerated. The list ig conpleted before any Consolidated

Cue List ig produced. The 1list is conmpleted before any Consolidated
Cue List is producced. The Overlay list is started at a location SOML.
The Overlsy List pointer OVLLL points to SOML at the start of the
generation of the Overlay List and points to the word following the
end of tho final Overlsy list iten inserted by the time it is required

to start forming the Consolidated Cue List. The Consolidated Cuwe List

Pointer WAVLL is set to the value of OVLLL before the first item ig

6]

generataed for that list.

The Consolidated Cue list grows during the Compilation of a complete

progran, but doesg not grow during the list of the Local Lists for any
segment. Because of this, the Local Idsts for any segment can start

at the current value of NAVLL (WhicL voints to the word following the
end of the last item put into the Corsolidated Cue List). The Local-
Iists Pointer is WAVL and for any segment this is initially set to

the current value of NAVLL,
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The layout of List Store during the compilation of a segment is

shown in the following diagram.

SOML !
b L Overlay List
- - OVLL )
¢ Consolidated Cue list
e NAVLL
— e NAVIL - Local Liets

Structure of the Individual Lists.

A1 Overlay List.
This is a simple chained list which is addressed through the index
* word OVNDX
Each list item is divided into three parts as follows
Motd L, Control Word. This is a ¢/m to the previous
item put into the list. 'e!' is the length
in words of the 'name' of the previous item and 'm!
is the address of the Control Word in the previous item.
Word 2. Data Word
Rest of Item. "Mame'! of Item.
The Index Word is the Control Word for the next item to be put into
the list,
The first item put into the list has a conmtrol word of =#£40000000
The Overlay List Pointer is QVLLL

The following diagram gives an example of the Overlay List Structure.

Overlay Index Werd

2, Gonsolidated Cus List,
This is & simple chained list which is addressed through the index

word QNDX. The Consolidated Cue IList Pcinter is NAVLL
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This list is identical in form fto the Overlay List except that the
Control word for the first item put into the list is zero instead
o1 =4 40000000.

3. Loecal Ligts.

There are three different types of list used in the Compilation of
a segment -~ Main List, Cue List and D2 list.
a‘. Main List
This is a multiple thread, simple chained list which is addressed
through a series of index words (one per thread) starting at INDE.
Bach complete thread is identical in form to the Overlay List except
that the Control Yord for the first item put into a thread contains
7¥4OO in the counter and the address of the index word for the thread
in the modifier.

Although there is one index word per thread there is only one Main
List Pointer (NAVL)u Thus the items in all threads are intermingled.
This is of no consequence as a thread item is always addressed
through the thread index word which is connected by address to all
items on the same thread.

The following diagram gives an indication of the Thread Structure
in the Main List.

gy
The items between
the List Items on
any thread may
buelong to other
threads of the
main List or to
DR Lists

Index Word

L63]

b). Cue List.

This is 2z simple chained list which is addressed through the

index word QFST. The structure of this list is slightly different
to that of the other lists described so far.

Fach list item is divided into two parts as follows.
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Word. 1. Control Woxrd. This is a ¢/m to the next item in the list.
If this is the last item put into the list then the control
word is =zero. ‘¢! is the length of the name of the next
item in the list and 'm' is the address of the Control Word
(Word 1) of the next item.

Rest of item. A complete Main List item.

The 'nane' oi1 a Cue List item is the same as the name of
the Main IList item it contains.
The Index Word QFST is the control word for the first item put into

the Cue List.

An auxiliary index word QLST contains the address of the last item put

into the Cue list, and is used for inserting a new lict item

Since a Cue List item contains a Main List item, after the generation
of a Cue List item, NAVL points to the first word following fthat item.
The following diagram gives an indication of the structure of the Cue

List.

rﬂjaﬂﬁﬁﬂ i; BBBL g
T =" Main List
Py Ttem
. =
Cue Index . )
Words N BBPR
“Main LLi
i Item
\ i

\.

Ty KHAR o
Moin Lis f%? \Q¢x%$
Itenm 1.

4+

The Cue List is gimply part of the Main List with an additional control

jes]

word for each item. It is used to gencrate Cues during the production
of the segment Leader, During segment compilation the compiler finds

items by using the Main List Index words, not the Cue List index word.

c) Do List.
The DO List is divided into two independent lists called

the Dead D@ list and the Live DO list (DD list and LDO list)

L
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Each of these lists is a simple chained list containing 7 word list
item, the first word being a control word and the remainder being

data words for use by the DO statement section of the Compiler.

The DO lists are the only lists which may fluctuate in size during the
compilation of a Segment. At the beginning of a DO statement (or in an
implied D& of a READ or WRITE statement) an entry is made in the LD
list. On completion of the DO range this entry is removed from the

LDS list and transferred to the DD list. The basic LD2 list item

was made in the first place by transferring the last DDE item to the

LD@ list. If the DD8 list was empty, the LD list item was nade
starting at the address specified by NALVL.

The Index Word for the DDO list is VLST.

The Index Word for the LDS list is DLST.

Both are initially zero.

The action of putting an item into the LD® list and if necessary deleting
an item from the DD8 list as follows.
1. If VL3ST is zero, then the address gpecified by HAVL is set to the
value of DLST and DLST is set to NLVL. NAVL ig incremented by 7.
2. If VL3T is not zero then the address specifisd by VLSET is set to the
value of DLST and DLST is set to VLST. VL3T is set to the original

contents of the address specified by VLST.

The action of putting an item into the DD@ list and deleting the last item
out in the LDO list is as follows. |
The @ontents of VLST is stored in the first word of the list item to
be deleted (specified by DLST) and the contents of that word having
been saved. The contents of DLST replaces the contents of VIST, smd the
saved word replaces the contents of DLST.
To illustrate the generation of DD8 and LD items consider the examplescon the

following page.



1. Adding a LDS item.
a) Original Situation
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2. Deleting a LD8 item.
a). Original Situation.
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Local Lists in the Program Description

The Compilation of the Program Description may involve the generation
of some Local and Overlay Lists at the same time. Becsuse of this,
the Local lists are not gererated in the normal list area but are

- formed in the 'Polish' area of the compiler normally used for the
analysis of arithmetic operations. At the start of the Program
Description, NAVL is set to PNPI (the start of this area) which

allows this area to be used for temporary list space.

V.X. Taylor
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RECOGNITION OF STATEMENT TYPES

When it is required to discriminate among the various statement
tyves, the complete statement is in some area of store (either STATEMENT
or CIMAGE) in character form, with a poinfer (PesT) rointing to the
first character of the statement name.

For all statements except Assignment statements, Statement Function
definitions and some Logical IF gtatements a routine STS is used to differen-
tiate among the different statement types.

With this routine the first few non-space characters of the
statement name are compared against a "Dictionary" to determine the type
of statement.

On entry to STS, X2 points to the first character of the Statement
name.. On exit, X2 points to the character following fthe name found and
X3 contains a small integer which indicates what dictionary entry was
found. If no dictionary entry is found, on exit from STS X2 will be
unchanged and X3 will be zero.

e.g. For the statement

DOUBLE PRECISION X

on entry to STS, X2 should be pointing to 'D'. On exit from

STS, X2 would be pointing to the character (space or nonnspace)

following 'N', X3 would be a small integer indicating which

dictionary entry was found. Although in theory it is necessary
to compare the whole statement name against a dictionary item, in practice
only the first few characters of the longer statement names are compared.

For example, the statement

INTEGER X
is recognised as "INTEGER" by searching for a dictionary item INT rather
than for the complete name.

Associated with every dictionary item is a number which tells
how many non-space characters need to be ignored following recognition
to bring the character pointer to the end of the name.

The dictionary therefore consists of two tables — a 'Compare’
table, and an asociated 'Ignore' table,

These have the following form:

([ Compare Table

1stwrd - An Integer which is one less than the number of
items in the "Dictionary List". This consists of a series
of dictionary items each separated from the next by a space

character.

- P



The last item in the 1list is terminated by a space character.
These dictionary items may be any length up to the length
for total comparison for the particular statement name.

Tgnore Table

This is a string of charaders (one character per dictionary
item) which gives the mumber of non-space characters of the
original statement that are to be ignored following
recognition of the dictionary item. The vmlue of the
character will be zero if & complete name comparison is
made for a particular dictionary item. For example,

in the case of INTEGER X the Dictionary item is INT, and
the associated Tgnore Table character is "4".

The Ignore Table string of characters is stored in the
reverse order to the order of items in the Dictionary

Iist, i.e. the character associated with the last ifem in
the Dictionary List is the first item in the TIgnore Table
and vice versa.

In the FORTRAN Compiler, there are five different
dictionaries which are used at different times (i.e.

within the Program Description, between program segments,
at the beginning of a Program segment, within a MASTER,
FUNCTION or SUBROUTINE segment, or within a BLOCK DATA
segment).

Before the routine STS is eiered to make the dictionary

search, the address of the start of the appropriate

'"Compare Table' and the address of the start of the
associated 'Ignore Table' must be placed in registers

LSTP and ISTP of common area LC3.

The value of X3 which is returned upon exit from STS is
the number of the entry in the Ignore Table corresponding
to the Dictionary ITtem found. Thus if the item was the
last item in the Dictionary List (and therefore the

first character in the Ignore Table), the value of X3
would be '1' on exit from STS. If no item is found

(i.e. the statement type is not in the current dictionary)
the value of X3 on exit from STS would be zero.

X3 on exit from STS can be used as a modifier to branch to
the section of the compiler dealing with the type of

statement found.



Between the exit from STS and the execution of the appropriate
branch instruction, the pointer POSI is reset to the current
value of X2. Thus at the beginning of the analysis of any
particular statement (excluding Assignment, Statement
Fuction and some Logical IF statements) PEST is known to
point to the first character following the name of the
statement.
Assignment statements, Statement Function definitions and
Logical IF statements of the form "IF(}) Agsignment" are not detected
by the STS mgchanisn,
These statements are distinguished from all the other statements
by the fact that they all have an "Equals" character at level zero and
do not have a "comma" at level zmero anywhere following the equals.
Level indicates the number of "("characters which have been Ffound
without a corresponding”)" character. Thus in the following character
string "equalg" is at level two.
A4+ (B + (0=1))
whereas in the following example, "Equals" is aft level gzero
= {8 4 (8 +B))

The DO statement is the only statement which has "=" at level zero

s

and also has "," at level zero following the eguals.

The "status" of a statement (number of "equals" at level zero
and "commas'" at level zerc following the ”equals") is determined 2t
the time the statement is formed in STATEMENT and is available for any
statement in a register STAT (of Commnon area LCE).

For Assignment Statements, Statement Function definitions and
Logical TIF statements of the form “IF(l) legignment", the value of
STAT is one. For all other statements (except DO) the value of STAT
is zero. For DO, the value of STAT is two or three, but this fact is
not used in the compiler at present.

Statement Analysis (GETFIELD)

For all statements except FORMAT, the basic routine used to
ascertain the structure of the statement is GETFIRELD.

On entry to this routine (at GFE1), PSST is pointing to the
first character of a "field" which is to be found. On exit, PeSI

is pointing to the first character following the field terminator.



At this point, the field is in a store area starting at register
NAME ., fhe length of the field is held as a counter in the register LENG.
The field terminator is in the register TERM (and in X5). The type of
field found is given by the value of X4 as follows.

X4 <0 No field.

In this case, P8ST was not originally pointing to a letter or
the gart of & number or a logical constant. On exit, TERM holds the
character originally pointed at unlegs thet character started a
character string with the form of a logical or relational operator
(e.g. JAND.) in which mse TERM holds the internal single character
representation for that operator. POSI pointe to the first non-space
character following the original character (or logical or relational
operator).

4 =0 Alphanumeric Field

In this case PSSI was originally pointing at a letter. On
exit, the store area starting at NAME will corntain the character string
starting at the letter and terminating with the first non-sapce, non-
alphanumeric character (which will appear in TERM) after that letter.

Space characters are ignored in the character string. Thus the field

'AL PH A' is the same as the fileld 'ALPHA',
Rl = Floating Point Number
In this case P8SI was pointing at the first character of a

character string representing an unsigned floating point number. On
exit NAME -—> NAME + 1 {ani X6, X7) contains the normalised internal
representation of that number. LENG is 2 (in the counter position).
X4 = 2 Small Integer
In this case POST was pointing to a digit starting a digit
string representing a small integer {< 4096). The terminator of this
string i1s not & point (.) unless this starts a logical or relational
operator in which case the terminator is the complete operator (in
internal singie character form}.
On exit NAME (and X7) contains the internal binary representation
of the integer and LENG is 1 (in the counter position).
4 =73 jarge Iunteger.
This is the same as for X4 = 2 except that the wvalue of the
integer is in the range 4096 to 8388607,
X =4 Double Precision Number
In this case PSSI was pointing to the first character of a character

string representing an unsigned double precision number.

- B =



On exit NAME —> NAME + 3 contains the standardized internal representation
of that number. LENG is 4 (in the counter position).
A = 5 Logical Constant
In this case P8SI was pointing to the first character of a character
string representing one of the constants.TRUE. or .FALSE. On

exit NAME contains the internal representation of that constant

(1 for.TRUE., O fdr FALSE). IENG is 1 (in the counter positién).

Except for thecase of logical or relational operators or the
exponentiation group (**), as terminators, the value of TERM is the
internal representation of the non-space character following the end
of a field. At the end of a Statement, the terminator is given the
value 63 ('E of S character).

The character stdrgs which act as terminators are sisen the

following values by GETFIELD.

.NQT. 1
AND. 2
.BR. o
wili L
LE. B
EQ. 6
NE. {1
LA 8
A 10

Other than by the interpretation of these character strings
the characters 1 - 9 cannot appear as terminators in their own right
(as they would always be part of either an alphanumeric or numeric
field). 10 is the internal value for ":" which may act as a field
terminator but which is not basically in the FORTRAN charaater set.

Statement Analysis (LISTSCAN)

In the analysis of a statement, many fields which are produced
by GETFIELD are names of constants or variable or functions which may
have been generated ecarlier in the vprogram or to which reference is
expected to be made at a later stage. All such items are stored in
the compiler (along with details about the item) in the "Main List"
of the Compiler. 411 basic communication with the Main Iist is

through a series of routines collectively known as "LISTSCAN",



This geries of routines is used to determine whether a given
item is in the Main List and to make new list items. The entry
points to the system are LSE1, LSES and LSEA.

For each entry, the name of the ifem is in an area starting
at NAME, The length (in words) of the item name is in the counter
position of the register LENG. Normally these parameters will be
generated by GETFIELD

The form of a list item is as shown below

Word 1 Control word used by LISTSCAN
Word 2 Data word used by Compiler
Word 3 etc.Name of Ifem as presented in NAME ete.

Entry LSE1 is used to investigate the existence of a List
Ttem with a particular name (presented in NAME etc.), If X5 is
not zero, the investigation starts at the beginning of the Main
List. On exit from LISTCAN, X5 is zero, and X3 contains the address
of the first word of the item found. Tf this item is not the ifem
required (correct name but wrong characterskics}, a re-entry at
L3E1 (with X5 = 0) will continue the search from the point
reached by the previous search.

There are two exit points after entry at LSE1:

1 q First word after the call if no list of the correct name is found.

P Second word after the call if a list item of the correct name is
found.

LSE5 is used to insert a2 List item of the correct name after
LSEY has been used previously. ".~The item produced will have:'a clear
data word. X3 will contain the address of the control word for that
item.

ISEA is the same as LSE5 except that it is used when the
item to be inserted will eventually generate a Cue in the segment
leader, (eg. subrodine items).

For most” Diétiiteme the singlé Data Word is.suffielent’
to hold all the pertinent information about the item. However, for
certain classes of items, for example Array names, one word is not
sufficient to hold all the required data. In these cases a List
Item "Fray" is made (starting at a location given by NAVL) which
is long enough to contain the required information. The modifier
part of tle Data Word of the original List Item is then set to
NAVL, and NAVL incremented by the length of the Fray.

e .



Frays are not made within the routines of LISTSCAN but by
the sectionsSof the compiler which recognize the item data requirements
(such as the sections processing the DIMENSION statement).
The IList Ttem Data Word

The Data Word of a List ITtem, if not zero, is divided inp

Q

three parts as shown in the following diagram

. 3 Bits | 6 bits | 15 bits |
A ———— N s B CEPR.. 3 ’.— . AT C“ .\“-.- . ‘:I

'A' indicates the class of item eg. whether it is a variable or an
array or & constant or a label etc.

'B' is a qualifier for 'A' giving the particular characterstics of
the type for the item. eg. for a Variable — whether it is of mode
INTEGER or REAL etc. and whether it is a COMMON variable or a DATA
or a stgndard variable etc.

'C' is an address which is interpreted according to the values of A
and B. eg. for an array, it must be the address of the Fray which
contains the rest of the data about the array.

When a List item is dinitially made by LISTSCAN (using entry
LSE5 or LSEﬁ) the data word is left clear. Any information which
is to be vut into the data word is done from the sections of the
compiler which are defining the item.

The data word of a List Item may change progressively
throughout a compilation as more is discovered about the item. For
example consider the quantity X in the following series of statements

INTEGER X
DIMENSION X (10)
COoMMON X

Before the statement INTEGER is encountered therc is no List
Item for 'X'. In INTEGER, a list item will be wade for X with
'Type' marked as 'Undefined' and with a qualifier marked 'INTEGER'.

In DIMENSION, the 'Type' will be changed to 'Array, unassigned'
and a Fray will be made for the Item. The address part of the Data
Word will be the address of the Fray.

In COMMON, the Type will be changed to 'Array, assigned' and
the qualifier will be marked as 'COMMON item' as well as 'INTEGER'.

AT this stage, the Item X is completely defined and can not be

changed during the remainder of the compilation.

=



The details of the construction of the Data Word for any list
item is given on the following pagss. In these details, 'List Item
Address' refers to the address of the Control Word used by LISTSCAN
(ie. Word 1), of thet item.



Iist Item Data Word

List Item Details

1

jf—A-egé—-— B a5 & g >
(0) Item Unknown s to tvpe

;OOOI<?" 3 =1 000 List Ttem Address Tnassigred a&s to Type.
— "

¥ 1

000} «— 3 —! 101 |Address of Dummy Arg(LW) Dummy Argument Unassigned

(1) Variables
1001 ; e— 3 — . 000 iiddress of Variable(LV) 'MOTmal Variable
OO1<.¢~ 35— 001 jAddress of Variable(LC) D“¢A variable

001 | «— 3 — 100 {sddress of LC referencingVariable BEquivalent to
Var. lnon CEMMBN Array.

001 «— 3 — | 101 {Address of Dummy Var(LW) Dummy Variable

001! =— 3 —=| 110 jAddress of Fray HCBMMON Variable
(2) ;ﬁssigned Arrays

010 «— 3 — | 000 |[Address of Fray PStandard Array

0102 — 3 =1 00 t !DATA Array

010 | «— 3 — | 101 |Address of Array Header
Add. (Tw)

DI10{ «e— 3 =1 110 !Address of Fray

Dummy Array

CoMMBN Array

(3) nassigned Arrays i
| 5 g 5 =M OOO{Address of Fray “Una581gned LTrTray
!O11| — 3 —= 101iﬂddr.of hrray Header udd
(1w UDummy Array
(4&) Funetions and Subroutines
1OO — 3 = OOOlhddrecs of List Iten ‘INormal Function, Subroutineg

¢1OQ — 3 —| OO1fAud1 of Start of routlnefDummy Tunetion, Subroutine %

! | ;
:100- «— 3 =1 010 'Address of Ilist Ttem iSpecial Intrinsic Function
(4b) Block Names and Other Cued Itens
100 === 100 [Tength of Bluock {{Normal COMMON Block name
1 2 T
100 ™ 7| 101 [Length of Block ||BLOCK DATA COMMON Block
1_/“‘\w. ‘ 1ame ;
‘-\ - ! ” |
,100f S 1103Length of Block ||Special Lower Common Preset
[~ / i ’
00| ="~ | 111 Peripheral Value Peripheral Cue

= JB)



(5) Statement Function Items.

O | Address (UP) of Statement Fetn || Statement Function

101 !<—~3->:><\1 Address of Argument (LW) S.F. Argument

(6) Constants

(7)

| 110|<—_3-—>[::;“<::Address of Constant (IC) |] Constant
Statement Laobels
111 | O0f—4—-—3Acddress of Laobel in Program Program ILabel

1

1 Lol :>x</Address of !'Stepping Stone' (UP)|Label encountered within
Statement *

il 10‘\tx<iﬂdiress of FORMAT Constant (LC) FORMAT Label
>
T B ,//Aﬂiress of FORMAT Constant (LC) Label encountered within
READ, WRITE %%
26

*%

Thisg item is made when a label appears within any executable statement
other than READ or WRITE if it has not appeared at the beginning of a
statenment. It is changed to the 'Program Label' item when the label

appears at the beginning of a statement (other than FOEMAT).

This item is made when o lobel appears within o READ or WRITE statement

if it has not previously appeared a2t the beginning of a TORMAT statement.

Edi s

U

changed to a PORMAT label item when the label appears at the

beginning of a TORMAT Statement.

For Data Words of Type O, 1, 2, 3, 4a, 5, and 6, the first three bits of !'B!

give
1

o

LS B SR N

the mode of the item as follows:~

Integer

Real

Double Precision
Conmplex

Logical

w41



The items which require Frays are COMMON variables and Arrays.

A Tray for a COMMON Variable is three words long and has the following

forms~

Word 1 Lddress of a Constant which references the item *

Word 2 Address of Item within COMMON block

Word 3 C/m to COMMON block name ¥*

& Tor a COMMON Variable in all but a BLOCK DATA segment a constant is

required which contains the actual address of the variable. The address
of this constant is in the first word of the Fray.
If the COMMON variable is in a BLOCK DATA segment, no constant is re-

quired. 1In this case word 1 contains # 40000000.
ok Word % must contain the LISTCAN Control word used to find the COIION
Block name Item. It is of the form c/m where ‘¢’ is the length (in words)

of the block name, and 'm' is the address of the COMMON block List Item.

Frays for n-dimensional arrays are 4 + n words long and have the following

forms.
i Unassigned Arrays - These are arrays which have yet to be assigned actual
space in the object program.
top 6 hits -~ Number of Dimensions
Word 1 G e i P 1 ; B s
Bottom 18 bits - Address of Array Header in Object Program.
Word 2 Product of Dimensions (e.g. I.J.K for a I,J,7. _rray)

Word 3 Sum of Partial Products of Dimension (for an I,J,K array this
ig 1 4+ T % T.0)

Word 4 Zero .

Rest of Fray (n Tords ) Partial Products (For an I, J, K array, this is

1, I, I.J in the 3 words)
2. Assigned Arrays. These are arrays which have been assigned space in the
object program.

Word 1 top & bits — Humber of Dimensions
bottom 18 bita-iddress of Array Header in Object Program

Word 2 Lddreas of 18t element of the Array

Word 3 1) Zero - standard Array (not COMMON or DATA)
2)  #40000000 ~ DATA, non-COMMON array
3) ¢/n to COMMON block name if a COMMON Array

= 15 =



Word 4 Zero
Word 5 top 6 bits Number of Dimensions
bottom 18 bits Array Base Address *
Rest of Fray (n ~ 1 words) Partial Products (same as for unsasigned
array fray e.g. 1,I.J for an I,J,K array)
* For an array 'a' defined by a statement of the form 'DINENSION! a[dn]

the address of an array element a[sn] is given by the relation

T i/"i
als | =b 4% q (s, + 3 (s, TY 8.3}
n 1 ; T 4

1 =2 =1

Where 'q' is the number of locations taken by one element (1, 2 or 4

registers) and 'b! is the "Base Address".

V.K. Taylox
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Storage Areas in FORTRLN IV

The following table indicates the genéral areas of storage
used for certain fundamental items of the FORTR/N language.



Storage 'reas Associated

with

Mindamental Ttems of the FORTRAN Language

Tten Type Remari:s Lres fssigned Remarks
Variable Hormal v
CoMIeN {Bbnmen = -UV Addressed through
5 a Constant in 1P
{
|
i |
DAPA x LP
BLOCK DiTi | Gonnior: - UP
Subroutine rgument i
Stetement Function irgument 7
Bauivalenced to irray Element sddressed through
a Constant in LP
Aryay Noxmal uv Lddressed through
Lrray Header in LP
CeITRIT Common - TV B
P it i
=
BLOCK DATA iCommon - UP
Subroutine irgument 4iddressed through
Lrray Header, the
address of which
is in 17
Constant LP
FORM.LT Statement UP Addressed through
a Congtant in LP
associated with
the FORMAT Label
Array Addressed through

the second word
of the Array
Header for the
Array
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Some #Aspects of Bxpression Evaluation

in the FORTRAN IV Compiler

This document attenpts to show how expressions in FORTRAN
are analyzed. The first part (pages 1-10) introduces
the transformation of expressions fro.: standard to Polish
" notation. This is fcllowed by sections (pagos 11-31)
which indicate in general terns how the Polish notation
equivalent of the original expression is used to define
operations which can be separately conpiled. This is
followed (pages 31-41) by more detailed descriptions of
how the operations are represented within the compiler,
There follows a description (pages 42-61) of how the
actual instructions for these operations are compiled.
The docunent finishes with a short description of the
compiler's internal representation of the various iteas

of an expression.
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General

THt. LVALUATION OF EXPRESSIONS IN

L RORPREN- oxpression is a sequence of operands, operators and bAAnAuil

-Separsroxs followed by a terninator)which in itself constitutes

an algebraic, relational or logical expression.
An operand is any constant or any nane (e.g. A, JACK, 3'5)

An operator is a symbol from the set
+,-,%,/,*%  (algebraic)
.EQ.,.NE.,.LE.,.GE.,.LT.,.GT. (relational)
.AND.,.OR.,.NOT., (logical)

= (assignment)

bocket

A s is a symbol fronm the set { )s [,]
A Terminetor is the neta-symbol 'E of S'

Under certain circunstances ',' nay act as a terminator.

To evaluate any expression it is necessary to deternine the order of
operations implied in that expression,
For exarmple for the expression

A+B*C
it is necessary to know that B¥C is to be evaluated before A is
added to the result. On the other hand, for the expression

(A+B)*C 4
the quantity A+B is to be evaluated and then the result is to be

multiplied by C,

For an expression which contains no brackets, the effective order

of operations is determined by the relative 'Weights' of the various
operators. An operation involving an operator of greater weight

will take place before an operation involving an operator of lesser
weight if both operations share a common operand. ¥or two operations
involving operators of the same weight, where, both operations share

a common operand, the left most operation will be performed first.

*(multiply) ie defined to have a greater wcight than '+ (add).

In the following expression
A+ B*C 4 DB + T



oz

f

f

{
|

The order of operations is
. #. Bed
2 Result + A
o D*E
4. Result of 3 + Result of 2
B Result of 4 + F

For an expression which contain brackets, the effective order of
operations is determined as before with the following rule: All
operatcrs within brackets are performed prior to any operation
outside the brackets which requires the result of the bracketed
operation a2 ca oporand.
Thus in the exp.escion

A + B*C + (D*E + F)

The order of operations is

1. B*C

2 Result + A

3 D*E

4. Result of 3 + F

5e Result of 4 + Result of 2

Note tha’ A+B"C could be evaluated before D”"E+F was looked at, because
the result cf the bracketed operations was not required for those

operations.

To determine the order of operations, it is necessary to scan the

expression dacivards and forwards to compare operator weights &nd

bracket levels. Within the Compiler this is no% zn e~y or eofficient

1

.operation either in space or time.

Fortunately the expressions can be fairly easily manipulated within

e
the compiler g@ that the operations are defined sequentially. In
other words, in the manipulated expression the operators are found

in the order in which they are required.

For exemple, the expression

A+B¥C+DE+F

RS

8 eenwerud to

ABC* + DE * + P +
and the expression

A+ B* ¢ + (D*E+F)
is converted to

ABC* + DE*F + +



PEPRy

A~

s B
Note that in the second case, the brackets have been eliminated

from the expression.

The revised expression is in 'post fix' notation. That is at the
time of an operation, the operators immediately follow the operands

with which they are associated .

To demonstrate this, consider the expression E*Q*V¢;f>¢*wn*4144l<4vwa~¢rw
ABC* + DE* + F +

If at each Stage in evaluating this expression, the result of an
operation (R) replaces the operator and operands/, the following

phases occur during the evaluation.

Phase Post Fix Overztion Resultant Expression Complete Operation
T BC* A R1 + DE* + P + B*C
2. AR1 * R2 DE¥ + F + B*¥C + A
3. DE¥* R2R3+ P+ D*E
4. R R+ R,F + D*E + B*C + A
29 4
5. R4F + R5 D¥E + B*C + A + F

Thés Particular Post Fix notation equivalent to the original FORTRAN-

expression is called the 'Polish' Notation (PN) equivalent.agi has

the characteristics that the operators all appear in order of use, and
poocttconts _ : . obpean W

that no beackeds in the original EORERAN expression passova¥ o the

Polish equivelent.
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The Generation of the PN Eguivalent

of a FORPR# Expression.

To form the PN Bquivalent, the

written element by element into Two

original ZEeRFERIFHR expression is
Lists — the Operand List (PN List)

and 'the Operator List - both initially empty) according to the set of

rules given in this section.

| The rolative 'weights' of the operators for FORBRER expressions

s given in the following table.

e

2 ———— .9R.
3 ____ QM\D.

———= JNOT,

—— + 3 —

———— %

Y

m ~1 O U

The numerical 'weights! are mzaningless in themselves.

The ‘'top item! of a list iz the last
P

in the 1list.

The rules for generating the FN list

the top iten (%

—-——~ .EQ., .NE.

A

7]

ignment

10}
G

-

=t
O
(6]
e
Q
Y
=

|

, .GT7., .LE., .LT., -GE. Relational

™~

J
g Algzebraic
{

-

However, an

ter weight will be evaluated

®
o

N

item put in the list or currently

r: set out below

original FORERm expression in

is inserted at the top of the

is an operator, it is compared for weight with

in the operator list.

Bl If 'e! is greater than 't', then 'e' becomes the top itenm
&) ?

in the operator list.



sy 5§ s
3.2. I ™t is ‘:‘6, then 'e' becomes the top item in the
¢ operator list.
If the operator list is empty, then 'e' becomes the
top item in the operator list.

If 'e'! is not greater than 't' and if 3.2 or 3.3 does

not apply then 't' is transferred to the top of the
operand list. The element is then compared with
| the new 't! according to the rules 3.1, 3.2, 3.3
and 3.4.
a~opon&»3\»~uok~$-
& If the elemant is ﬁhﬁ:szgn:nﬁesgziﬁ it is inserted at the top
of the opera or Aist el
s e l bk g )_m,}_,“,, ey ~'“""“‘.”"““' |
5.1 If the element 1sq ! then unless 't!' is ‘zg or the Sperator
list is empty, 't' is transferred to the top of the bperand

list and the element is then comparec vlth(/%ﬁJgépfVf*\accordlna

to this rul@7 { 22(
] B2 ' L g }f=4€?', 1t 10 rénov d he rator” 1lst and the
Ao comparfso g“tops /' f i
S s /If there er/no ¢t9ms lﬁiﬁﬁe operator list the comparison stops.

') fever goes into elther 118k

/’i

6. If the clement iz ',' (as a so parato:

L]
o

™

&

acts as an operator

of the same weight as '='.

T« If the element is 'B of 3' it acts in the seme menner as ')’
except that the comparison stops only when there are no items

in the operator list.

As an example of the generation of a PN equivalent, consider the
expression

A+ B* (¢c-D)

This will eventually be converted into
' ABCD - ¥ +

f“
(

by the following steps.
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- B -

Step Operation Rule

4 PNL
'+!' — OL
PIL
'¥1 2 0L

‘(' 3 oL

S
g
3

P =~ W DWW
|-
b

C~ PIL 4LBC
< 6L 3.2 ~BC
D 3 PNL 2 LBCD

O O 3 oo |
l..

')' conpared with 6L
'-' < PHL 541 4BCD

'(' removed from 5.2 ABCD

10 'S of S' compared with OL
1%1 5 PNIL 7 » +3BCD
T4ty PNL o ~3CD

Iiist Contents
Opersnd (PNL)

Operation (OL)

Empty

5 +*(

o +%

- * +

- 4 Bnpty

The final PN Equivalent for the original ¥

Operand List,

TOPHD

RTRT expression ia the final

The synbol '-' may stand TFor two difforent op.T tions, one involving two
opeTranis (eg .~B) and one involving one oporand Ceg ~ &).

silthough these operations cen be different

cted  with the expression in

standard form, this is not true with the expression in Post Fix notation.
i

For example, the expression
X + L *(-B)

would turn into
X 4B - *+

S Focs B
373t gtah uishable

ro-‘
0]
-
I
=
[6]
e
)]
{os]
O
Nl
u
(R
n
Fols
-
)
5

The exzpression.
+ X * (i-B)
where '+' is an opcration involving Oﬁe—oporand
To evoid ambiguity with these two symbols (
equivalent {

operator is coanverted to a new operstor 'G' befo

This operator has the szme weight as '-'.

from the PN equivalent for

(wnzry +)

+ and —), when the PF

r an operation using '-' as a unary operation is generated, the

re the equivalent is made.

Thue the PN equivalent for Z+.* (-~B) is X'3B = g
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The operator '+' as a unary operator is always redundant and is

ignored when making PN equivalents.

Thus the P equivalent for +T*(4MB) is X4iB

Function and .rray References

Not all FORTR.N expressions involve only simple elements. For example
the exzpression 4 + SIi (K) convains the conplex element SIN(X) as an operand
of t?e '+' operator.

’In order to accomnocdate elements of This type it is necessary to extend
the rules and definitions described so far.

In an expression, i conplex elenent of the form Hane (S,

'

conceptually converted to a series of simple elements of the form

before the PN equivalent for the expression isg found.

'Wame' is the nane of a Function or of an irray op is the pseudo-
operator f or a depending on whether the complex element is a Function
reference (f) or an array reference (3)

For example, the expression .. + SIIT (%) is conceptually converted to the
form . + SIN i;KX) before any post-fixz notation cquivalent is forned.
The operators f and a are of the saue wyight, ond~are of grevter

weight than .

B - . ~ - - \
Thus the PN equivalent form for . + SIN (X)

is
4L SIN X £ +
If B is an array nane, ﬁhen the PII equivalent form for p(l) IF(K) will Tz
BIg SI¥ X £ +
Commas *fithin Hxpressions
Comr may occur in three places within FORTR.N erxpressions (iﬂClld_ﬁ”

assignmant atencnts) as follows.
1. 4s a separator on the l.h.s. of an assignuent statcment
€8e heB; 0 = X
The P equivalent of this statement is
AB,C, X=
2. As an argument separator in o function reference
eg FON (%,Y,%)
The PN equivalent of this function reference is

iCTL
FCN XY, Z, £

3. 4is a subscript sepcrator in en array reference
eg ARRAY (I,J7,K)

The P equivalent of this =rray reference is
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The 'Range' of Operators

‘ In a normal FORTRAN expression the 'range' of an operator is
intuitively obvious. T s in the expression a+B*xces(c), the
range of the + is the operand A and the result of the operétion B*C@S(C).
The range of * is the opérandfﬁiand the resulf_of the operation C@S(C).

The range 6f the pseudo—operatof f is the name-C83 and the single argument C.
The same expression in PN form is AB UGBS C f *+

Breaking this down into operations, replacing an operation in
the list by its result,,

0. ABCOS C f % 4

1. AB R *+ R, = cos(c)

2. MR+ R, = Bxcos(c)
3. = A+B*CO

3. Ry R, +B*ces(c)

it can be seen that at the time of a particular operation, the operands
for that operation are in standard positions relative to the operator.

The positions of these overands determine the 'Range' for the opezntor.
There are four basic 'ranges' for operators as shown below.

1. Binary form. a b op where a and b are operands.
op is one of the algebraic, relational or logical operators
(except unary minus (-u) or .NGT.)
2. Unary form a op
op is one of the o_erators -u, or 3T,
3. 'Function, Array' form.
a) Single argument (subscript) form
F a op
where F is the Function or Array name
a is the argument
op is the pseudc-operator £ or a

b) Multi-argument (subscript form)

Fa,a a, — = 5 0op.
1 2’ 3, Y =B
For a two argument (subscript) form, this reduces to
Fa1a2, op

4., 'Assignment' Form
a) Simple assignment
ae+ =
b) multiple assignment

Q&

B == =
172, 3,
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where a, By etc. are l.h.,s. operands in the Assignment

Statement. e is the r.h.s. operand in the Assignment Statement.

Knowing the operator, it is easy to determine the operands for any
operation.

The Partial PN List -~ The Operation List

So far it has been shown how the complete PN equivalent can be

generated for a FORMRAN expression.
|
’ In that the PN eguivalent generates operators in their order of

use, and in that all operands for an operator are already in the PN

1ist when the operator is put into the list, it follows that for each
operation. all the informetion required for eveluating that operation is
available at the time that the operator is transferred from the operator list
to the PN list and that it is?ﬁgg*ﬁecessary to form the complete PN

equivalent before starting to evaluate the FORTRAN expression.

In the FORTRAN Compiler, & partial PN list -~ the Operation List = 1is
generated. This only contains operands.and commas When an operstor would
othervise ve passed to the PN list, it is used immediately to evaluate
the operation. The result operand for the operation replaces all

operands 2nd commas used jn the operation.

As an example of this P:rtial PN list generation, consider the
evaluation of the expression 4+B*(C-D). The complete PN evaluation

has been given previously.
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Step Operation Rule List Contents
1 A > PNL 2 A Empty
2 4! —-> 6L B A +
3 B -> PNL 2 AB -
4 tRt s 0L 3.1 AB +*
5 (" -> 6L 4 AB +%(
6 C -> PNL 2 ABC +%(
7 -t -5 6L %2 ABC +%(-
8 D -> PN 2 ABCD +%(~
9 e compared with 6L
'—' —5 PNL 5l
(evaluate CD—) ABR1 +*(
'(‘ renoved Trom OL ) ABR1 +%*
10 'E of S' compared with 6L
t*1 -5 PNL T
. (evaluate BR1*) AR2 S
'+' ~-> PNL
(evaluate AR2+) R3 Empty

R1, R, and R, are the 'Result' operands for the evaluation of the
C

n -, 331* and AR2+

(i.e. C.- D, B%(C - D), and 4 + B * (¢ - D) ).
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The Actual Eveluation of Operations in FORTRAN

In the previous cxample, it was indicated that the evaluation of the
expression required three operations, namely C-D, B*Ry, and A+R2
where R4y was the result of the operation C-D, and R2 was the result

of the operation A+R5. The result of the overall expression was R3.

59 and R3 depend on the way arithmetic operations
are compiled by the FORTRAN conmpiler.

The meaning of R1, R

For the purpose cf compilation, 2 1900 series computer is considered

to be a single accunulator (égg), one index register (Eé) machine.

ACC when defined as an operand or as the result of an operation
contaeins e 'value'.

X3  when defined as an operand or as the result of an operation

contains the 'address' of some storsge area which contains a

'valus'.

The basic operations defined so far have the following characteristics
with regard to this assumption.
1 Binary Operations a b op
Fither 'a' or 'b' is ACC. The other cperand is in store

or is X3.

The Result Operand is ACC,

2. Unary Operations a o

'a' is ACC
The Result Operand is ACC

32. TFunction, Operation Fa a,,~~—, £

1! 27
F is Function Name
8y 8y = ete. may not be ACC or X3
The result operanl is ACC
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3b. Array Operation As182,~—, a
A is the Array Name
Sqs Sy = etc. may not be ACC or X3
The result opecrand is X3

4. Assignment Operation 8485, O
84,2, may ncet be ACC
e is ACC

The result

although the actual result is a store location.

operand is ACC

(This result

operand is rarcly used

Store Auxiliary Operations

Since an expression involves a series of operations, the result of

one being an operand for the next, it can be seen that there is no

guarantee that at the time it

the appropriate operands

is required to perform an operation,

will be in the required form. In particular,

unless the first operation xs a Function Operation, at least one of

the operands will be ol thc wrong form for the operation.

It is therefore necessary to define certain asuxiliary operations which

if the operands are of the wrong form may

main cporation.

The auxiliary opcrations

Thesc have the following

lac - Loal ACC
Single Opcrand
Result Operand
1x3 Load X3

|

Single Operand

Result Operand

i
have to take place before the

not ACC

is ACC

Tx or 'Storc!

X3

is
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sac Store ACC

Single Opecrand is ACC

Result Operand is Ta
sx3 Store X3

Single Operand is X3

Result Operand is Tx

Te. is a Temporary Storage Area used to store ACC if it is not

required for the current operation.

Tx is a Temporary Storage aArea used to store X3 if it is not

required for the current operation.

This set of operations are the 'Store Auxiliary' operations of

the Compiler.

The operations 1x3 and sx% do not destroy ACC
=X2 SX; y

b
I
SN

The operations lac and sac do not destroy

Consider again the example 4+B*(C-D)

This hal previously becn broken lown into the operations as shown

below.
Operation List Operation Performed Total Operaticn
1. ABCD- C-D - R1 C-D
2.  ABR* B*R, - R, B*{C-D)
A ‘ A+B* (C-
B R+ AR, > R, A+B*{C-D)

" The FORTRAN Compiler treats this in more detail according to the

rules governing operands for the various operators as follows
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-
Operation Performed

14 ABCD(lac )~
2, ABCAGC -
3 ° :XB.A.C C*

4. AACCH

The operator lac w

list, namely D.

Consider the following ex

A*B + C*D

D 5 A0
8 ~ 468 = LEE
B¥ACC - ACC

A+ACC = ACC

=
mpie

Total Operation

D
gD

B*(C-D)

A+B¥(C-D)

tc put the operands into a stancard form

' It operates on the top item in

The FORTR:iN Compiler breaks this down to the following set of

operations.

Operation List

14 AB(lac)*
2 AACC*

3. ACC CD (sac)(lac)*

4.  Taq CD (lac)*

5.  Ta, C ACC*
6. Ta, ACC +

A

At steps 1 and 4, the operator lac is used

Operation Performed

B -» ACC
ACC » Ta
D - 4CC
C*46C - ACC

—

Ta, + ACC - ACC

1

standard form for the binary operation¥.

to procduce

Total Operations

B

A¥B

A¥B - Tay
D
C*D

A¥B + C*D

an operand in the

At step 3 it is necessary to use the operator sac to store iCC in a

temporary storage location Ta
2 - (=)

not one of the operands for the current operation.

1

becuase, although ACC is in use i

ct

is

The operator sac does not work on the top item, but on the item which

is ACC. The item is replaced by the result operand Ta (Ta1 in this

case).
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The fact that sac works only on the item which is ACC, and that there
may not be two ACC items in the list at the same time requires (and
enables) the compiler to keep a pointer to the current list item for

ACC. If no item is ACC, then this pointer is clear.
Consider the following example
A(I) + B*C where A i1s an array nanme.

The FORTRAN Compiler will break this down to the following set of

operations.

Operation List Operation Performed Total Operation
y Ala A(1) - 13 A(I) in X3
Q. X3 BC (lac)* g -3 JCO g
9 X3 B 4CC* B*ACC — 4CC B*C
4. X3 ACC + E(L) # BCC == HC0C A(I) + B*C

Here the operation B*C is definel as not requiring or destroying X3

so there is no requirement for a SX3 operation at step 2.
On the otner hand in the expression
A(I) + F(X) wherc & is an array name and F is a Functi

The following operations are compiled.

1 Ala E(I) = X3 A(I) in X3
2. X3 FX 5%3 ¢ X3 > Txy X3 - Txy
8 Tx, FX £ F(x) - ACC F(x)

4. Tz, 4CC + Tx, + ACC > ACC A(T) + P(X)

In this example, the Tunction cperation is defined as possibly des—
troying X3 which, since it holds an operation result, must be stored
using the operator sx3. Note that as for the operator sac the

u

operator sxj does not work on the teop item b

t on the item which is X3.

Therefore as for sac, the compiler is required to keep a pointer to the

current list item for X3. If no item is X3 then this pointer is clea
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Operation Modes -~ Mode Auxilisry Operations

In FORTRAN, an operand of an expression will be defined as having one

of five 'modes' (INTEGER, REAL, DOUBLE PRECISION, COMPLEX or LOGICAL)

As the actual representation in the compiled program of an operand
depends on the operand mode, and the instructions compiled for an
operation depend on the mode of the operands, it is necessary to give
the operand mode information in the Operation List. The mode of the
result of an operation is defined by the modes of the original operands
and by the operator. The result nodec is not necessarily the same as

that of the operands.

The modcs of the operands have to be in a standard form for an opera-

tion to be defined.
The standard operand modes are given in the following table.
1 a. Binary Operators S B S abop

tar!,. "o ! mugt be of the same mode (not BOGTEAT:)

The Result is of the same mode as the operands

b Binary Operator ** ahr®

&5}

'p' must be INTEGER if 'a' is INTEGER or COMPLEX

'p' must L2 REAL or INTEGER if 'a' is REAL or DOUBLE
PRECISION

Neither 'a' nor 'b' may be LOGICAL

The Result is the mode of 'a'

(620 Binary Operators .EQ.,.NE.,.LE.,.GE.,.LT.,.GT, abo

IS

a,b must be of the samec mode (not Logical)

The Result is LOGICAL mode



e

= 17 us
d. Binary Operators .AND.,.OR.

M,
&)
I3

a,b rmust be LOGICAL mode
The Result is LOGICAL mode

2. a. Unary Operator '-' a-y

'e' must be any mode except LOGICAL

The Result is the same node as 'a'

b. Unary Operator .NOT. a.NOT.

'a' must be LOGICAL mode
The Result is LOGICAL modec.

3. a. Function Operator f Faq——1

aq,-—— may be any modsa
The Result is the mode of F
b. Array Operator a Asq—~~a

sq ,——— nust be INTEGER mode

The Result is the modzs of A.

4. Assigmment Operator = aq,ap,---,e=
The modes of a4,~—- and e ars the sane.

The Result is the mode of a4,

If the modes for the operands in an operation are not standard certain

auxiliary operations may have to be performed to make the operand

1

modes standard before the main operation can be performed.
combinations of modes may produce an undefinsd operation.

cause the Compiler to indicate an Error.

Consider the following exemples.

Certain

This: will
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The subscripts R, I, and D indicate that the operand is REAL, INTEGER,
or DOUBLE PRECISION.

Example 1. AR + BR
In this operation the modes are both the same and standard for the
operator '+', Therefore the operation is "immediately definable"

(aft or doing the auxiliary lac operation on )

te B H00, (lac)
2. ARTACCR~e ACCR +
Example 2. AR + BI

In this operation the modes are not the same and therefore are not
standard for the operator '+'. The operation (after having done the
lac operation) is not 'immediately definable'. An suxiliary operation
'Float ACC' \ig) must be performed on B before the operation becomes

standard,

The fa operation takes an INTEGER operand in ACC and returns a REAL

result in ACC

15 B—> ACC_ (1ac)
2. ACC— ACC (f2)
2 A

Dw .nR o ‘lCCR %

Example 3. AD + BI

Once again a2n auxiliary operation is required to bring the operands
to a standard form. In this case, two auxiliary operations are

required, fa and da.

I)

The da operator takes a REAL operand in ACC and returns a DOUBLE
PRECISION result in ACC. '
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1. B, —ACC, (1ac)
2. ACC —> ACC, (fa)

Bs ACC—> ACC, (da)

4 &y + ACCH +

The two auxiliary operations were required to put 'B' in Double
precision form. In theory, only one operation is required (INTEGER —
DOULLE PRECISIOH) but such an operation is not in the set of operations

currently available as auxiliaries in the compiler.

The mode changing auxiliary operations used by the compiler are out-

lined below. They all use one operand and give one result,

Operétor' Operand ' Result Renmarks
¥e. éggi QQQR Float INTEGER ACC
fs EEI EQR Float Integer Quantity not in ACC
da gggﬁ AQQD Convert REAL ACC to Double Precision.
ds KQR ng Convert REAL Quantity, not ir ACC,

t> Double Precision.

ca ACCR ACCC Convert REAL ACC to Complex
cs X3 X3 Convert REAL Quantity, not in ACC,

to Complex

ifa ACCR ACCI Convert REAL ACC to Integer
ida ACCD ACCR Convert DOUBLE PRECISION AiCC

to Real.

The operations using fa, da
g Ia, da,

Q

a, ifa and ida do not destroy X3.

[aN

The operations fs, ds and cs de¢ not destroy ACC.
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Temporary Store Allocation

Consider the compilation of the following Assignment statement.
X = A*B+SQRT(X+Y)*(X-Y)
It is assumed that the mode of all items is the same, and is REAL.

The 'Compilation Table' which follows is divided into the following

Columns.

1. Step. This gives the number of main and suxiliary
operations which have been done (including

the current operation).

2. Markers., These give the values of the X3 and ACC
marker. They contain the addresses in the
PN List in which the X3 operand and the ACC
operand aépear. If X3 or ACC do not appear in
the FN List, then the value of the associated

marker will be zero.

3. Op This gives the main operator which is being

processed.

4., PN List. This contains the items which are in the
Operand List at the time of the start of a
main or auxiliary operation.
The sequence of numbers along the top give the
"address" of the items in the List, and are, in
the Compilation Table, associated with the values

in the Markers.

5. Aux Op. This gives the auxiliary operation which is
currently being performed. '-' in the field

indicates that the main operation is being done.
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Original Statement.

X = A¥*B+SQRT(X+Y)*(X-Y)

Markers PN List Aux
Step |l X3 JACC |t Op || 1 2 3 4 5 {6 {iOp Comments
1 0 0 * X| A B lac B—3ACC
0] ;] L) X| A ACC - JIA*¥B—ACC
0 2 + X | ACC | SQRT X Y sac |JACC——Temnporary Stor-
age 1
0 0 + X | Tay | SQRT X 4 lac |{Y—3ACC
5 0] 5 - X Ta1 SQRT X lACC = X+Y-—>ACC
6 0 £ X | Ta, |SQRT ACC sac [1ACC—sTenporary Stor-
age 2
7 0 £ {|X |Tay |SQRT Tao - |[ISQRT(X+Y)—sACC
8 0 3 - X |Tay | ACC | X p 4 sac [|ACC—¥Temporary Stor-
age 3
9 0 0 ~ X | Taq Taz X p lac {{Y—3ACC
10 0 5 - X |Tay Ta3 X | ACC “ - I X-Y—s-ACC
11 0| 4 * X |Tay | Taz | ACC - [ISQRP(X+Y)*(X-Y)—>ACC
12 0 3 + ||X |Teq | ACC - IA*B+SQRT(X+YH X-Y)—3ACT
13 40 2 j= HX |ACC | : - |[X=A*B+SQRT(X+Y)*(X-Y)

The original statement breaks down into 13 separate immediately definable
operations., Certain of these operations involve the use of Temporary
Storage Areas to store intermediate results (Steps %, 6 and 8). 1In

the table these areas have been called Tai, Tap and Ta3.

The size of a storage area depends on its use. The 'Ta' areas are 2
or 4 words long depending on the mode of the operand for the sac
operation. The 'Tx' areas are 1 word long regardless of the mode of
the operand for the SX3 operation.

In compiled program these arcas occupy a single area of store (LW area)
and therefore a working store assignment rule is required by the com~
piler. A marker (CWSA) is required to determine the address of the

next Temporary area which may be assigned.
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A simple Temporary store assignment rule would be following.

1s When a Temporary store is required, the address of the
area is given by the current velue of CWSA. The value
of CWSA is then incremented by the size of the area

required.

By this rule, the following Temporary store assignment would be given
in the previous example. Assuring that the original value of CWSA was

To, and that each 'Ta' requires 2 locations,

Then Taq = To
Tao = To + 2
Taz = To + 4

Thus 6 Temporary store locations are required for the statement.

This is obviously extravagant in storage space, and in a complicated

assignment statement could lead to considerable waste space.

Due to the rules for arithmetic used in the current FORTRAN Compiler,
a Temporary store location is only used in one operation and can therefore

be reused once that operation has been processed.

In the previous example, the Temporary area Tap was made at Step 6 and
was used in the operation of Step 7. It then follows that the area

Ta3 generated at Step 8 can be the same as area Ta,.

The rules for Temporary Store Assignment actually used in the compiler

as follows.

1. When a temporary store is generated by an auxiliery
operation, the address of the area is given as the
current value of CWSA., The value of CWSA is then in-

cremcnted by the size of the area,

2 When o temporary store fs used in an operation, CWSA

is given the address of that temporary store.
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Following again the previous example, the value of CWSA after the various

steps is given below.

Start. CWSA = To

Step 3 CWsda = To +2 Tay = To

Step 6 CWSA = To + 4 Teq = To Tap = To + 2
Step 7 CWSA = To + 2 Tay = To

Step 8 CWSA = To + 4 Tay = To Taz = To + 2
Step 11 CWSA = To +2 Ta, = To

Step 12 CWSA = To

At the end of evaluation of an expression the value of CWSA should be
the same as it was at the start. Only in certain peculiar circumstances

(generation of Statement Functiors)is this not the case.

The rules stated above for Temporary Store assignment will only work
) if one can guarantee to use the Storage areas in the inverse order
to which they were assigned. It can be seen by an example that with
the auxiliary operatiomsas described to this point that this is not

necessarily the case.

In the following example, a Temporary Store item is designated by 'T'

followed by 'a' or 'x' followed by an integer.

'a' indicates that the Temporary Store is holding a value and was
generated by a sac operation
'x' indicates that the Temporary Store is holding an 'address' and

was generated by a SX3 operation.

The Integer indicates the order of assigning Temporary Storage areas.
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Example
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Original Expression (Assignment Statement)

Y=a(1)+ B+c¢)* ((D+E)* (A7) +F) + ((¢ + H) + FN(X)))

The main operations which are used have the following characteristics with

regard to ACC and X3

Array Op. (2) destroys ACC and X3 leaves result as X3
+,%,= destroys ACC leaves result as ACC
Function op (f) destroys ACC and X3 leaves result as ACC
In this example 'A' is an array name. 'FN' is a function name
Step Markers 5% ) PN List Aux
‘ X3 [ACC 1 2 3 4 5 6 Op Comments
1 o o jla ||V ] 4 i - JlA(D)= X3
2 f{2 o |+ llv!x3 c lac |{c - Acc
3 2 14 |{+ [} x3] B {AcC ~ HiBsd -» AGC
4 2 3 + Y | X3 |aCC D E sac [[ACC -> Tay
5 H2 fo{l+ {lv|=x3]mey| D | E lac |IE - acc
6 2 7] + Y| X3|Taqy{ D |ACC - D+E = ACC
1 2 4 a Y| X3 |Taqy |ACC| A J sac {{ACC — Ta,
8 2 0 a Y| X3 |Taq|{Tapf A | J sx3 |1X3 - Tx3
9 {jo o H{a |y |m=3|Tay|Tap| &4 | J - HA(3) - X3
10 |15 o {b+ ||Y {mx3|Taq|Tay| 23| F lac [{F — ACC
11 5 | 6 ||+ ||Y |73 |Tay | Te, | X3 |ACC - HA(3) + F - ACC
12 (o 5 * WY |Tx3 |Taq | Tay [ ACC - (D+E) * ACC -» ACC
15 0 4 + Y |Tx3 {Tay  ACC | G H sac j1ACC = Tad
14 1O 0 + Y |Tx3 | Tay | Tay | G H lac |{H = ACC
15 0 6 + Y |Tx3 |Taq | Tay, | G JACC - ¢ + H - ACC
16 0 5 x Y |Tx3 | Ta, f Tay | ACC | FN sac || ACC —>Tag
17 o} o Hf {|Y |Tx3 |Tay| Tag | Tag | FN - | #N(X) - ACC
18 [lo | 6 + || ¥ |13 | Tay | To, | Tag | ACC - [} (c+H) + FN(X)-> ACC




\

.verse order to which they were assigned (eg. Ta
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Assuming the initial value of CWSA was To, and that Tx areas occupy 1 word
and that Ta areas occupy two words, the following Temporary area allocations

would be made at the end of the steps shown.

1

Start CWSA = To

Step 4 CWSA = To + 2 Taq = To

Step 7 CWSA = To + 4 Tay = To + 2

Step 8 CWS4A = To + 5 TX3 = To + 4
Step 12 CWSA = To + 2 - Ta, used

Step 13 CWSA = To + 4 Ta4 = To + 2

Step 16 CWSA = To + 6 Ta5 =To + 4

It can be seen that the sac operation of step 16 assigned the same starting
address to Temporary area Ta5 as to the Temporary area Tx3. Thus..the in-

formation s tored at step 8 is lost.

The problem arises because the working store areas are not used in the in-
5 Was used before Tx})-
The problem is solved in the FORTRAN compiler by meking the sac operator

and the sx3 operator slightly more complex as follows.

1. sac The operand is the PN list item pointed to by the ACC marker.
If the X3 marker is set to 2 smaller PN list address than the
ACC marker at the time a sac operation is to be performed, a

sx3 operation is performed first.

2. 85 The opcrand is the PN list item pointed to by the X3 marker.

|

If the ACC marker is set to a smaller PN list address than the
X3 marker, at the time a sx3 operation is to be performed, a

sac operation is performed first.
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In the previous example, this is shown as follows.

Markers Aux  Op
Step x5 |acc Op 1 1o 3 4 5 |6 1 5 Comments
1 0 0 fla Iy |4 I = A(I) - X3
2 l2 o ll+ v lzs|s | ¢ lac ¢ -> ACC
3 2 4 + Y X3 1 B {ACC - B+ C - ACC
4 2 3 + Y | X3 |ACC J D E sac sx3{[{X3 - Tx,
5 0 3 + Y |Tx, JACC | D E sac - JJACC - Ta,
6 0 0 + Y 4Tx, {Ta, { D E lac 'E ~ ACC
T 0 5 + Y TX1 Ta2 D ACC D+ E

At step 4, the valuec of the X3 marker was less than the value of the

ACC marker and so the simple sac operation was preceded by a sx3 operation.

In this way the Temporary areas are assigned in the inverse order to their

use in subsequent operations.
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Operands At source language level, the FORTRAN Compiler is dealing - -
with 'names' and 'constants' as operands. During the
eveluation of an expression it is also processing
Temporary Storage operands (Tx and Ta) as well as Acc and X3

Excluding Function names, an operand will generally be associated with a

storage area in the final compiled program and is manipulated within the

compiler, not by name, but by the address of that areca. Most variable names

and constants are of this type as are Ta operands. These are called 'Store!

operands,

Some operands are associated indirectly with a storage area by means of
words which themselves contain the address of the relevant storage areas.
The X3 operand and the Tx operand are of this type. These are called

'Indirect' operands.

If the operand is a smell integer (<4096), for some classes of operation
the compiler manipulates the operand by its value rather than by the address

of a word containing the constant. This type of operand is a 'Value' operand.

Relationship between Operators and Operands

By prior use of Store Auxiliary operations, the operands for any main operator
can be put into a standard form (e.g. for Binary operations one operand is Acc

and one is either a2 'Store! operand, X3 or a 'Value' operand)

By investigating the mode, position and type of each operand along with the
relevant operator, an operation can be completely defined. Wherever possible
in the FORTRAN Compiler, the 'characteristics! of an operation are associated

with the operator as shown below.

1, Arithmetic Relational and Logical Operations
1.1  Arithmetic Binary Operations (+, -, *, /G *%)

These operations can always be put into the form a Acc ép or Acc b op.
These forms define two distinet classes of operation - the !reverse!

(a Acc op) and the 'forward' (hcc b op) classes. For the operators '+!
and '*!', these classes are identical, a fact which is not used in the
compiler. These two classes will be denoted by the letters !r! and !f!.

e.ge. '"+(f)! implies an operation of the form Acc b +
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The operands may have the same or different modes. Each combination of
mode defines a seﬁarata sﬁbol&ss'of operation within the main classes Just
described. If the modes are indicated by the letters 'I' - INTEGER, 'R' -
REAL, 'D' -~ DOUBLZ PRECISION, 'C! ~ COMPLEX, and 'L! -~ LOGICAL, these
subclasses can be described by associating two letters (representing the
mode of 4Acc and the mode of the other operand) with the operator. Thus

an operator presented as '+ (£,I,R)' would imply an operation of the form

Acc b + where 'Acc! is of mode INTEGER and 'b! was of mode REAL,

The !type'! of the non-Acc operand defines another subclass of operation

depending on whether the type is !'Store!'(S), %3 (X), or 'Value!(V).

An operator represented as '+(f,I,R,S)' would completely define the operation
to be of the form 4icc b + where Acc is of mode INTEGER and 'b! is a ‘Store'

operénd of mode REAL,

In general an algebraic binary operation can be defined by a construct of
the form

y 1)

abop (a, Dyy M

. wWhere a, b are the operands

1.2

d =~ direction of Operation
m, - mode of Acc
m, - mode of other operand
t -

Type of other operand

Relational Binary Operstions (.LE.,.GE.,.EQ.,.NE.,.GT,,.LT,
b ? 7 b b

These operztions of the form a b op are considered by the compiler to be
two distinct operations of the form ab- (or ba-) followed by a unary

operation on the result.

 The result of the '-! operation is Acc. The unary operation following this

operation is a function only of the original rslational operator and is

independent of the mode of Acc.

Thus a complete Relational Binary operztion is defin<d by a construct of
the form
ab - (d, m, M, t) op!

where a, b are the opersands
d,mA,mo,t are as defined for Algebraic Binary operations
op' is a unary operation which depends only on the original

Relational Operator,
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Logical Binary (.AND,,.OR.)

These operations can always be put in the form a Acc op, or Acc b op.
The modes of Acc and the other operand are the same and must be LOGICAL.

The non-Acc operand may be either a 'Store! operand or X3.

Thus a.logical Binary operation can be defined by a construct of the form
a b op (d,t)
where a, b are the operands
d - direction of Operation

t - Type of non Acc operand (5 or X)

Unary Hinus (~u)

This operation is of the form Aoc~u where Acc may be of any mode other

than LOGICAL

Thus a unary minus operation can be defined by a construct of the form

a —u(mA)
where a is Acc

m - mode of Acc
Logical .NOT.
This operation is of the form aAcc op where Acc may be of mode LOGICALonly

Thus there is only one .NOT.operation.

Store Auxiliary Operations
These operations involve only one operand and so are conceptually of the
form a op although the operand is not necessarily the top item in the

Operation List.

Store Accumulator Operations (sac)
These operations put Acc into a storage area, They are a function of the

'mode! of Acc only.

Thus all operations using this operator can be described by a construot
of the form

Acc =X i H]

Acc sac (m )

where mA.= mode of ‘Acc

Store X3 Operation (sx3)
This operation is independent of the mode of X3 and involves storing X3 in
a Tx operand.

There is only one sx3 operation.
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Load Acc Operations (lac) 4
These operations take a2 'Store!, X3, Tx or 'Value'! operand and produce a
'Walue'! in Acc in the standard form required for main operators.

The actual operation>d0pends'on the mdda and type of the operand.

Thus all operations using this opérator“can be described by a construct
of the form
” \
[ lzc (mo, )
where m o= mode of operand
t = type of operand
Load X3 Operations (1x3)
There are two operations in this class which depend on whether the operand

is a !'Store! or a Tx operand. There are no 'Value' operands for this class.

Thus the operation is described by a construct of the form

a 1x3 (t)
where t = type of operand (S or Tx)

Function and Array Operations

The standerd form for Function or Array operations allows the arguments
or subscripts to be 'Store! or Tx type operands., Other types as yet not
mentioned (Function and Array names) are also allowed but these will not

be discussed at this point.

The operations are independent of the mode of the Function or Array name,

but depecnd on the type of operand of each argument or subscript.

Once the operands are in a standard form for a Function or Array opsration,
the operation is treated as & composite series of simple operations which
X8 &

generate first the CALL to the Function or to the Arrey routine and then

the argument or subscript list.

Sunmary of Operator Associations

The following table summarizes the operator associations of the previous

section.
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Operation Operators Ope;atlon Operator Association
. orm
Arithmetie
Binary +ymy ¥y [y ¥¥ a b op op (dsmA;mo,"t)
Relational | .IE.,.LT.,.EQ. a b op ( —(d,mﬁ,mo,t)
Binary oNB, 3G 5 oGT Ethen op'
I : .
Logical .AND., .OR, a b op
Binary
Unaxry B a - B (mA)
Minus
Logical AT, a.NOT. NOT,
LNOT,
Store Acc sac Acc sac sac (mA)
Store X3 sx3 X3 sx%3 8x5
Load Acc lac a lac lac (mo,t)
Lozd X3 1x3 a 1x3 1x3 (%)

d@ - direction of binary operation f = Acc b op
T =2 AcC Op

My, = mode of Acc, mode of operand (not Acg)

t - type of Operand s - store

%= x5 )
) Indircct
Tx - )

V - Value

Practical Compilation

So far, this discussion has bsen in general terms without any particular
reference to the actual way in which these operators and their associations
are interpreted within the compiler, so as to generate actual instructions.
The following sections of this document will show in some detail how the

various operations ar: actually compiled.
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Operation Compilation (I)

When en operator is transferred from the Operator Iist, it is classified as to

type - Arithmetic Binary, Relational Binary, Logical Binafy, Unary.ﬁinus,

Logical.NOT., Function and Array rcference, Assignment operations etc. lEach_

type of operation is processcd by separate routinesy although'these-routines

use common subroutines to generate instructions and perform auxiliary operations

if necessary. The operation types that will be described here are the following.
1. Binary Operations (Arithmetic and Logical)

. Relational Binary

v Unary Minus

. Logical . NOT,

. Assignment (=)

oON U B W N

. Store Auxiliaxy

"1,  Binary Operations (Arithmetic and Logical)
A Binary operation uses as operands the tép two items in the PN list,
There is no guarantee when starting to evaluate a binary operation that
these top items are in the standard form required to satisfactorily
compile the operation. To ensure standard conditions, a routine
BINSTANDARD is used., This performs all required Store auxiliary operations.
1.1 Arithmetic Binsry Operations ' , ;

As indicated in the 'Summary of Operator Associations' an arithmetic binary

operation can be defined by the following parameters

1l op - operator

2 4 =~ direction of Operation A4cc b op, 2 Acc op

3 my - mode of icc

4 m, - mode of ‘'a! or 'b!

5 % - type of operand
Not 211 values of MA, HO are allowed for all operators or operand type.
In particular neither m, OT m may be of mode LOGICAL., Also, if 't! is

a 'Value' operand (i.e. a smell integer), then m mey only be of type

INTEGER (24 is therefore redundant.

In order to comyile instructions, these parameters are used to address a
table entry, the entry indicating whether the particular coperation
described is valid end if so, what instructions are to be compiled for

the operation. The detsils of this phase of compilation will be described

in a later section.
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If no cognisance was taken of the redundancies and of the large numbers
of invalid mode-operator-ctc combinations, a table with 480 entries
would be required to describe all possible Arithmetic Binary operations.
By separating out operations as indicated below, the number of table

entries required is reduced to 250.

The Parameter Groups separated out for Arithmetic Binary Operations
are the following

[
1.1.1 ' Standard Binary oD =+, =, ¥, [

]
! 1 = s8,x

modes MA & Ly MO I,R;D,C
or MA = B, Mo = I,R

or M, = D,C, M_ =1

|

The position in the group is defined by a binary

value as shown in the following diagram.

¢ o > 2 1 1 9 l¢—op
,\ IAY A Y
o 1 i {6 .= &
——ad d t (1 =

(@ .5
(l = T

g

o
2o ie]
)
o=
&
—

ITNSTNTNTN TN
WO
L/
e
5
o
o
[
e N T

Thus an opcration Acc b * with M, = R and MO =1
£
has a value of 18 as defined in this group.

Note that if one (but not both) operand mode is I,

then there are 3 operations which are defined to be
idenfioal, namely thoss in which the other operand
is REAL, DOUBLE PRECISION or COLPLEZ, This is due
to the lack of any Mode Auxiliary operations for
integer items excépt fa =2nd fs (see 'Mode Auxiliary

Operations' -p.16)
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1.1.2 DOUBLE PRECISION Binary Op = 4y =, ¥,/
t =8, x
modes MA = B, Wo = R,D
or M, =R, ¥ =D

The position in the group is defined by a binary

valuc as shown in the following diagram

¢ o S 2 |1 } 1 I PN

I 77 {0 =

sny T ey B

0=D{D ) él~r)(l;x) (3= /)
1=D|R )
(2==r{D )

This is identical in forw to that for Standard Binary.
The only difference is in the interpretation of the two

mode bits.

As an exemple, the operation a iacc + with MA’ MO

both 'D', has a value of 8 as defined by this group.

1.1.3 COMPLEX Binery +y =y ¥y [/

= g5 X

M, =C, M =R,C
— Tk o
or ¥, =R, M

A ’ 7o

d:
il

g |
o]
2
U]
o

The position in this group is defined in an identical
manner to that for DOUBLE PRECISICN Binary except that

the interpretation of the two mode bits is as follows.

0 - ¥, =C, ¥ =0
A (o]

1 = ¥ =0, =R
A -0

i
j=s}

C

2 ~ M jd
A 0



1,1.4 ©Small Intéger Binary Op = dy =y K /
& =N
modes MA = L;R;DP;0
M =1I
o

For this group of operations, the non-Acc operand is
a small integer (Walue' operand). The mode of this
operand is INTEGER by definition and therefore need

not be explicitly mentioned.

The position in the group is defined by a binary

value as shovm in the following diagram

£ 0 > 1 L 2 L B
"4\ s O—-+
SRS §1§
0=1 ) (0 = 1) 2 =% )
(1=n0t I) (1=x2) (3=/)

Thus the operation sAcc 3 + with M, = I is given a

A
value O for this group.

1.1.5 Standard Exponentiation op = ¥*¥

!

modes M, = I,R,D,C
.M =1I,R,D,C

This group of operations contains all the exponentiation

operations except for those with a 'Value! operand.

The position in the group is defined by a binary

value as shown in the following diagram

& 0 > 2 ‘ 2 g 1 t
A iy A 0 &
SR
= 0 =1
_ i (0=1f)
R R D
(3=¢) (3=0)

Thus the operztion a Acc ** for a-REAL and Acc-INTEGER

is given the value 16 for this group.

_: ;
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Small Integer Exponentiation op, = %
t =7V
modes M, = I,R,D,C,
Mo = X
For this group of operations, the non-Acc operand is
a small integer ('Vaiue‘ operand). The mode of this
operand is INTEGER by definition and therefore need

not be explicitly mentioned.

The position in the group is defined by a binary

value as shown in the following diagram

Z
~

&——d (0 = f)
(1=r1)

()
s
N
—

A~~~
n =
I

Q9K

Thus the operation Acc N op with MA = R has the

value 2 for this group.

Logical Binary Operations
As indicated in the 'Summary of Operator Associations!' a logical
binary operation can be defined by the following parameters

1., op = operator

2. - direction of Operation Acc b op, a Acc op

3.

The logical binary operstions are symmetric. Thus as far as compiled

4
X - +type of operand

instructions are concerned, the direction of operation is immaterial.

e.g. A.AND,Acc 1is the same operation as Acc.AND,A4.

At present, there is no 'Value! operand which can be used with logical

operators. Thus there are only two types of operands, s, and x.

There are only two operators which prcduce logical binary operations - ,

.AND, and ,OR,

»
b
174
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There are therefore only four logical binary operations,which are

grouped together and given values as follows

Oop=.AND,3 £t =5
lop= AMND,s &t =x
20p=.0R, 5 t=-°s
30p=.0R, 3 t=x

Thus the operation X3 Acc.OR. would have the value 3 for this group.

Relational Binary Operations

A Belational Binary operastion uses as operands the top two items
in the PN list. Depending on the actual operator, the routine
processing Relational Bk@:yoperatioﬁs may interchange the top two
items. If one of the two items is Acc, the Acc pointer is changed

to point to the new location of Acc.

At this stage the routine which processes arithmetic binary
operations (BINARITH) is entered to compile an operation using the
two top PN items as operands with !'-' as the operator. On exit
from this routine, the top PN item will be Acc (the result of an

operation of the form 'ab-'),

The Relational Binary operation is completed by performing a unary
operation on Acc. This operation leaves a LOGICAL result as Acc.
The operation is independent of the mode of Acc but depends on the

original relational operator.

These operations-can be defined as a group, the position in the

group being as shown in the following list.

ISRV CEN e
I
Et
&
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Unary Minus

This operation requires one operand (fhe top item in the PN list)
which must be Acc. At the time a unary minus operation is to be
compiled, since there is no guarantee that the operand will be Acc,
a routine UNSTANDARD is entered to compile &ll required Store

Auxiliary operations.

As indicated in the 'Summary of Operator Associations', a unary

minus operation can be defined by one perameter - the mode of Acc (MA).

Thus the unery minus operations can be defined as a group, the positions

in this group being defined as follows

0 - M, = INTEGER

1 - M, = REAL |

2 - M, = DOUBLE FRECISION
3 - M, = COLPLEX

4 - M, = LOGICAL

Although there is a position in the group for Acc in INGICAL mode,
it represents an illegal operation, this is found as such by the

operation instruction generating routine.

LOGICAL .NOT.

This operation requires one operand (the top item in the PN list)
which must be Acc at the time the actual NOT. operation is to be
compiled. As there is no guarantee that the operand will be Acc
a routine UNSTANDARD is entered to compile all required Store

auxiliary operations.

Acc may only be of IOGICAL mode for this operation. Thus there

is only one ,NOT. operation,

Assignment Operations

3. Simple Assignment (& = e)
For simple assignment, the Assignment operation uses the top
two items in the PN list as operands. It is necessary in an
Assignment operztion for the top item in the PN list to be Acc.
To ensure this prior to the actual generation of the Assignment

operation, store zuxiliary operations are performed if required.

At this stage, the non-Acc operand is either of type 'S! or 'X'.

4
\‘-‘,a

oy
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The Assignment operations require the following three parameters

1. %
2. M,
3. M
t = s,x
for M, = I,R,D ; Mb = I,R,D,
= C

I, =C; N
for MA C; IO
for MA = Lj MO

i

A1l allowable combinations produce a group of 22 Assignment

operations.

The position of an operation in this group is defined by a binary

value as shown in the following diagram

N

(&)
\v
S
o]
/]\
ot

t (o i s)

M_|M, | MjH,
o s

1I| R§ 6D} I
2I|{ D! 7D|R
3R{I{ 8D|D
ARIR{ 9¢CicC
5R{ Di10L|L

In the PN list, the result of a simple Assignment operation is

Acc with the same mode as the original non-Acc operand

i.ev A"‘JT-A = 1"100
The position of Acc in the PN list is the same as the original

position of the non-Acc operand.

Thus the operation 'a Acc =' with MA = T, MO = R has a value
of 6 in this group of operations. In the PN list the result

of the operation is Acc (overwriting 'a') with M, = R.
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b. Multiple Assignment (al,a2, Sy B e)
The operation of multiple Assignment is a series of simple Assignment »;>

operations.

In the PN list, for multiple Assignment, the top two items will

. be ', Acc' rather than 'a Acc'. Physically moving Acc down one

item (overwriting the ',!') and amending all associated pointers

(including the PN list pointer) will then produce a simple operation

| of the form 'a Acc ='. This simple operation is then evaluated,

and the resultant top two items of the PN list are checked to see
whether the top two items are in the form for multiple or simple

Assignment.

If the form is still that for multiple Assignment the process is
repeated. If the form is that for simple Assignment, the whole
operation is terminated as soon as the simple Assignment operation

is completed;

Example If the Aésignment produces the following PN list

a by,c, Acc the operations proceed as follows

1. Move Acc a b, ¢ Acc
2, do C = Acc a b, Acc
5% Move Acc a b Acc

4. do b = Acc a Acc

5. -do a = Acc Acc

The resultant operations performed for 2,b,c = Acc

are ¢ = Acc, b=c, a =D

Store Auxiliary Operations

There are basically four types of Store Auxiliary operations, lac,

sac, 1x3% and sx3 operations.

Load Acc (lac)

As indicated in the Operator Association table, & lac operation
can be defined by two parameters

1 . I\II
@)

2. %

1t may be one of four +types - 3,X,Tx,V

o

L

X

For each of these types (except V), M may be I,R,D,C or L giving

a total of 16 operations (including V)
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These define a group. The value of an operation within this

group is given in the following table

M|k M| ot
0 Tl B 8 1 S
i I | Tx T Tx
2 R| s | 10 I v
3 R | ™| 11 T ;4
4 D| & | 12 R X
5 D| Tx| 15 D X
6 c| s | 1a c K
7 c{ ™| 15 L X

;

Store Acc (sac)

A sac operation can be defined by one parameter, MA.

This defines a group of 5 operations. The value of an operation

within this group is shown below

0 - M, =1
1 - M, =R
2 - M, =D
3 - M, =C
4 - W, =1L

Load X3 (1x3)
A 1x3 operation depends only on the type of the operand. This may

be either S or Tx, giving a total of two operations.

Store X3 (sx3)

There is only one gx3 operation. This produces a Tx result.
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Group Identifiers

Within the compiler, at the time that an operation is defined, the

operation is presented to the 'Instruction Generator'as a group '/T
number and a position number, i
The groups are numbered as follows
Y, Main Operations
0 - Standard Binary
2 -~ Double Precision Binary
4 - Complex Binary
6 - Small-Integer Binary
8 -~ Standard Exponentiation
10 ~ Swmall Integer Exponentiation
16 - Unary Minus
20 ~ Relational Binary
22 - Logical Binary
24 - Assignrent.
2. Store Auxiliary Operations B
12 - Load ACC (lac)
14 - Store ACC (sac)
The operations .NOT., 1x3, and sx3 are not associated with groups
in the compiler becauss there is only one .NOT., and one gx3
operation. There are only two 1x3 operations. These operations
are presented to the Instruction Generator in a different way.
Thus any of the operations defined in a group can be described by
using two integers (g,p) to specify the group and position. These
are used by the Instruction Generation routine (ACOMPIL, Entry ACOM)
to extract the correct complete and skeleton instructions for the
operation, complete the skeleton instructions and then output them
along with the appropriate instruction relativisors.
A skeleton instruction is an instruction which is lacking its 'n'
address or part of its 'n' address. For example, if the instruction Ty
- 7

to be output was 'LDN & 10', the skeleton instruction would probably
be 'LDN 6 O'., The addition of '10' to the instruction completes

the instruction.
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The Instruction Generator (I)

The Instruction Generator uses the integer pair (g,p) to reference

a set of linked tables which determine whether an operation is
immediately definable - i,e. whether instructioans for the complete
operation can be compiled - or whether an operation is definable

only after doing a mode-auxiliary operation, or whether the operation
is illegal. The tables also determine the type of the result operand.
If this is a Tx or a Ta operand, the Generator determines its storage

address.
There are four sets of tables used in the Instruction Generator.

1. Group Table (QUERY table)

2. Position Table for each Group (CM tables)

3, Instruction Table for each Group (TINS tables)
4. Relativisor Table for each Group (TREL tables)

These tables have the following characteristics.
t. Group Tabls.

There is only one Group Table. This is referenced by the 'g'

integer of the (g,p) pair.

This is a table of itwo word items, one item per operation
group. 'g' gives the address,relative to the start of the
Group Table,of the item required. An item gives the addresses

of the three tables associated with the group.
The form of a Group Table item is shown below.

1st word. +top 9 bits. Relative address of the start of
| the correct TREL table for the
group. This is given relative to
the start of the first TREL table.
All TREL tables arc necessarily

in successive areas of store.
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rest of word. Absolute address of the start of

the correct CM table for the group

2nd word. Address of the start of the correct TINS table

for the group.
Position Teble.

Associated with cach Group Table item is a Position Table
(CMtable). This is referenced by the 'p' of the (g,p) integer
pair, Thus any entry in a Position Table is unique to the
(g,p) integer pair and can be used to define exactly how an

operation is compiled.

An entry in & Position Table consists of one word. If the
word is zero, then the required operation is illegal and can
not be compiled., A zero entry causes the compiler to flag

an error.

If the entry in the Position Table is positive, the required
operation can not be completed before a subsidiary operation

(inevitably a mode auxiliary operation) has been compiled.
The single word entry is divided into sections as follows.

1. Top bit (bit O) This determines whether the operation
is completed with this compilation
0 - not completed
1 - completed.
(in congidering the rest of the sections
of this word, if an operation is 'not
complceted', t he other ssctions refer to

the subsidiary operation).

2 Bit 1. This determines whether the PN Ligst will change
as a result of this compilation
O - no change to PN List

1 - PN List to change.



N

3.

Bit 2.

s A5 w

If the PN List is to change as a result of
this operetion, this determines which PN item

is to bz changed.

The local PN list pointer (PNPi) will normally
be pointing to the PN item in question. For

a gac operation this will not be the top item
in the List, but the item to which the ACC

marker is pointing. For a Binary operation

PNP1 will be pointing to the second top item
in the List. PFor a unary operation, PNP1 will

be pointing to the top item in the List.

The item to be changed is deteriined by this bit

as follows

O - the changec is to the iten
pointed at by PHP1.

1 — The change is to the item
immediately above that pointed
at by PVPi. In this case PNP1

is changed to point at this item.

(As an example of this, if a Binary operation

of the form A ACC op is not immediately definable,
but requires a mode auxiliary operation on ACC,
PNP1 which would originally hrave been pointing

at 'A' will now be changed to point at ACC because

ACC is the item in the list which is to be changed).

For an operation inwhich the PN List is to change,
these bits indicate the type of PN item at the
end of this operation. They also indicate whether

X3 and/or ACC will be destroyed by the operation.
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The bit values and interpretations are as follows.

£
' Value | Result PN item ACC X3
0 ACC destroycd preserved
1 ACC destroyed destroyed
2 X3 preserved destroyed
| 3 X3 destroyed destroyed
| 4 Ta preserved destroyed
! 5 Ta, destroyed preserved
6 Tx destroyed preserved
7 Tx preserved destroyed
If ACC or X3 is destroyed, the associated marker is cleared.
However, if the result cf an operation is ACC or X5 then the
marker will be reset to the PN item for the result.
. 5. Bits 6-8 These define the number of consecutive TINS
L toble entrices which arz to bs used for this

6. Bits 9-11.

7. Bits 13-24.

Kw/

operation., These TINS table entries are generally

complete or skeleton instructions.

For operations wherc the PN Iist is changed,
these bits give the final mode of the PN item

which is changed.

The bits have significance as follows
1. Integer
2. Real
3. Double Precision
4, Complex

5. Logical

These give the absolute address of the first
entry in the TINS table which is to be used
for this operation. (Bits 6-8 indicate the

number of consecutive TINS table entries

(%}

which are to be used).
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Occasionall 1y it is useful to define an operation which is null (8.

no instructions are comnllwd) For example there is a group of opera-

.L

tions callad 'Load X6' which compile instructions to load a value intc

X6 from some accumulator If thce original 2ccumulator happend to be

X6 then there is no requircment to compile instructions.

A null operation is defined by a CH tabl:u entry which is zero except

in bits 10-12. These nay have any non-zero value.

TINS tabls from

3
[
(¢
0]
ot
O
I

It is a requirement of

.

1
particular CH table refer to the samz TINS tablc. Further this must
be the table specified in the Groug
particular CM table.

Bs Instructior Table and Relativisor Tablc.

Associated with cach Group Table item is an Instruction Table
(TIFS table). This is roferenced vio ontrics in the CH table

which itsclf is associated with the same Group Tble item.

The items in a TINS tablc are onc word long. These may represcen

onc of th¢ following three types of item

1. Complecte Instruction
2. Skeleto
3. C/H

1 Instruction

,_

(IR

L Ll

=)

Associated with cach TINS table is a2 Relativisor table L
table). This is = charactoer tahie cach cntry of which is uscd
to determine the type of item represcanted by a2 pmrticvlar TINS
table entry. The charac th a TINS table cntry
is the same number of characters distant from the head of
TREL tablc as the TINS entry is words from ths starv of the

TINS tablc.

The characters in thce TREL table have mearning as shown below.

TREL char. Associated TINS entry.

0 c/M
1-5 Skuleton Instruction

6-63 Compietes Instruction.
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If the TREL char. is zcro, then the associated TINS entry is taken as
a c/u to a storc arca which contains the nane, in characturs, of a
subroutine. When the Instruction Gencrator routine refercnces such an
item, it cnsures that the nuxt time the special relativisor Ry ('SPRE
within the compiler progran sheets) is used in a scmi-conpiled 5-
character group it refurs to this subroutine. The subroutine name is
also put intc thc Cuc List of the Compiler if it is not alrcady there.
'e' givés the number of words in the nanc of the subroutinc.

{
|

If the TREL choracter is 1, 2, 3, 4 or 5, then the TINS entry is

o i

taken as a skeleton instruction. When the Instruction Geoncrator rou-
tine references such an iten it adds to the skeleton instruction the

contents of register NWED-1 +« whers '«' is the TREL character. This

[N

(complete) instruction is then output using thes coatents of regiaster
RBEL-1 4+« ag the relativisor. In nearly svery case for skeleton
wstructions, the character is 1 and the registers used are NWRD and

REL.

The contents of these registers are defined by the sections of »rogram

f=}

which proccss the particular type of operation - e.g. BINARITH for

Qs

Binary arithmstic operands.
Normally NWRD would be the addrcss in the object program of the non-ACC

operand. REL would be the reletivisor for that particular address.
P

If the TREL character is greater than 5, then the TINS entry is taken
is casg, if the Instructicn Generator
references such an item it takes the TREL character -1 as ths relativisor

s
for the instruction and ths

(6]

n outputs the instruction using that rela-

tivisor.

As an exannle of the usc of the Instruction Generator, consider the
compilation of the operation A+B. A and B are both real variables.
A has been assigned location 10 in LV space and B has been assigned

14 in LV space. Both are stendard variables.

The PN list contains the addresses assigned to A and B as well as

their types (standard varia bln)



Thus at the time the operation A+B is to be performed, the top of the
PN List appears as foilows ('var'. indicating 'variable')

Real var./14  (B)
i Real var./10 (4)

PNP is pointing at B.

N . \ . e
The main (+) operation can not take place uatil the initial lac
|
operation has been performed. This is done on the variable B in the

routine BINSTANDARD using the Instruction Generator.

For this operation, W/RD ig set in LOADACC \ called from BIESTAEDARD)
to the address of B (:14) and REL is set to 'VREL' (the relativisor
forn LE). PNP1, the local PN List pointer is pointing at the item
for B.

T 1

Por the lac operation, 'g' is 12 Section on 'Group Identifiers')

w2
N
w

/
\
and 'p' is 2. (2 = REAL varisble).

The Instruction Generator is entersd with these paraneters. The CHM

table entry for (g,p) = (12,2) is the following (as written in PLAN).

£ 601 /LR+4 20000

This indicates that 1. The operation will be counpleted.

2. The PN List will change.

4. The result of the opesration is ACC and that
X3 .is not destroyed.
5. The Instruction Gencrator will reference only

onz2 TINS entiry.

\
3

5

6. The final mods for the operation will be REAL.
7. The TINS entry is a location labelled in PLAN
as LR.

The TREL table entry asscciated with the TINS table cntry is '1'.
Tha TINS table entry is 'LEP O



The Instruction Generator rescognizes the TINS entry as a skeleton
¢ instruction, and since the TREL entry was 1, adds the contents of
NWRD to the instruction. Outputting the instruction using the contents
of REL procducss the final result.
/ LFP 14 VREL

The PN List is then chansed according to instructions and will now

read
Real ACC/- (4CC)
Resgl var/10 (’)

The operation is now instandard form for a Binary arithmetic opesration.

'g' is zero and

On the next entry to the Instruction Gererator,
is 56. NWRD is set to the address of A (=10) and REL is set to 'VREL'.

PNP1 points at A (the botton iter: in binary operations).

- The CH table entry for (g,p) = (0,56) is the following
X g #£ 611 /ARRR+# 20000

This indicates that 1. The operation will be completed.

'

2. The PN List will changec.
3. The change is to the item pointed at by PNP1.

4. The result of the operation is ACC, and X3
nay be des’royed.

5. The Instruction Generator will reference
only one TIN3 entry.

6. The final mod tion will be REAL,

]
)
O
=
ct
=
W
O
{16}
»
=
o8]
C
'_J
O
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=
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}o The TINS entry is a location labellzd in PLAN
v
;{I‘.R.

HES

as

As for the previous case the appropriate TRIL table entry is '1°'.

8

The TINS table entry is FAD 0 Qs

[

This will produce a final instruction of

. FAD O 10 VRZL
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Thus A+B would compile into the two instructions

LFP 14 VREL
FAD 10 VREL

As a further example of the use of the Instruction Generator, consider
the compilation of D + I  where I is INTEGER and D is DOUBLE PRECISION.
I has been assigned location 20 in LV space and D has been assigned

24 in LV space. Both are standard variables.

At the time the operation D+I is to be performed, the top of the PN
list appears as follows:-

Integer var/20 (I)

D.P. var/24 (p)
PNP is pointing at I, The top item in the HI list.
The operation '+' is stored in register OPER.
The main operation (+) cannot take place until the initial lac
operation has been performed. For this operation NWRD is sst to
the address of T (=20) and REL is set to VREL.
PNP1, The local PN list pointer is pointing a2t the item for B.
For the lac operation, 'g' is 12, and 'p' is O. (INTEGER)
The CM table entry for (12,0) is the following.

#£601/LT + # 10000.
This indicates that the Instruction Generator will reference only
one TINS entry, and that the PN list will be changed to ACC at the
item indicated by PUNP1. ACC will be REAL.
The TREL tablec entry associated with the TINS table entry is '1'.
The TINS table entry is 'LDX 6 O.
The Instruction Generator adds NWRD to this entry to form the
complete instruction for the opcration. This instruction is
output using the contents of REL as the relativisor.
The instruction output then is.

IDX 6 O VREL
The PN list is thern chamged according to instructions and will now
read:-

Integer ACC/- (acc)

D.P. Var/24 (D}

This is now in standard form for a binary operation.
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On the next entry to the Instruction Generator, 'g' is zero and 'p!'
is 24 (INTEGER ACC, not integer operand). NWRD is set to the address
of D and REL is set to 'VREL'. PNP1 points at 'D'.
The CM table entry for (g,p) = (0,24) is the following:-
# 301 /SBFX + # 20000
This indicates that 1. the operation will not be completed, but
requires an auxiliary operation.
2. the PN 1list will change
3. the change is to the top item rather
than the one pointed to by PNP1.
4. The result of the operation is ACC;
. X3 is not destroyed.
5. the final mnde for the operation will be
REAL. _
6. the Instruction Generator will reference only
one TINS entry (at location SBFX).
The "REL table entry associzted with the TINS entryy is 455,
Thus the actual relativisor to be used with this entry is #Z54.
This is the special relativisor R1 which will have bheen set
earlier to the name of the Object time Arithmetic Package (%FAPA)
The TINS entry is a complete instruction.
CALL 1 15
wnhich when output with relativisor R1 is equivalent to
CALL 1 15 FAP4
(This entry to ¥FAPA takes an integer in X6 and generates the
equivalent floating point number in the floating point accumulator).
The PN list is now changed according the instructions and will now
read.
 REAL ACC / - (acc)
DP. Var/24 (»)
Since the operation was defined as "nmot complete", the complete
operation is atteupted again.using the current top items in the
PN list. .
The operator is still available in OPER (+), and the global PN
pointer PNP has not been changed since the start of the complete

operation and is still pointing at ACC
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This time the PN list is in the correct form for a binary operation.
On this entry to the Instruction Generator, 'g' is 2 and 'p' is 40
(REAL ACC, Double Precision Opcrand). NWRD is set to the address
of D and REL is set to VREL. PNP1 points at D.
The CM table entry for (g, p) = (2,40) is the following.
£ %02/DP0X + 4 30000
This indicates that.
1. the opcration will not te completed but
requires an auxiliary operation.
2. the PN list will chamnze.
3. the change is to the top item.
4, the result of the opeation is ACC;and X3
is not destroyed.
5. the final mode for the operation will be
DOUBLE PRECISION
6. the lustruction Generator will reference
two consccutive TINS entries (starting at
location DPFX).
The REL table entries associated with the TINS entries are both
ﬁZ41. This shows that both TINS entries are complete instructions
which will be output using the reliativisor #1240,

These instructions arsc:--

IDN 4 O

Iny 5 O
The PN list is now changed according to instructions and will now
read

DP acC / - (acc)

DP Var/24 (D)

Once again, since the opceration was defined as '"not complete" the

complcte operation is attempted again.

On the next entry to the Instruction Generator, 'g' is 2 and 'p'

is 8 (both operands D2UBLE PRECISION). NWRD is set to the

address of D (i.e. 24), and REL is set to VREL. PNP1 points at

D.

The CM tablc entry for (g, p) = (2,8) is the following
~#£613/ADDR + # 30000



= 5% «
This indicates that the operation will be oomplefed, the PN list
item pointed at by PEP1 will change to ACC and that ACC will be
of mode DOUBLE PRECISION. It further indicates that X3 may be
destroyed during the operation.
The Instruction Generator will reference ti ree consecutive TINS
entries starting a2t location ADDR,
The TREL table entry associated with ADDR is 1, fhe TINS table
entry (ADDR) contains

IDN 3 O
This is a skeleton instruction which is output after adding NWRD.
The relativisor is the contentsof REL.
This the instruction output is

IDN 3 24 VREL
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The second TREL entry is 'O', This indicates that the TINS entry (which
is l/DPAR1) is a ¢/m to an area which contains the name of a routine .
This name is to be output if necessary as a setting for R4 so that the
next time SPRE is used as a relativisor (R4>, it will refer to this

'routine.
The area DPAR1 (one word 1ong) contains the name %FDP‘

|The third TREL entry is'#QGO'. This indicates that the corresponding

| TINS entry ( CALL 1 0) is a complete instruction which will be output with

the relativisor '§é57‘ (which is 34)

This then generates CALL 1 0 %FDP

Thus the instructions which are compiled for the complete operation D+I are

the following:

DX 6 20 VREL (I X6

CALL 1 15 %FAP4 (Float I)

IDN 4 O (Convert to D.P.)
IDN 5

LDN 3 24 VREL (D-Address ——> X3
CALL 1 O _%FDP (I + D)

On completion of the whole 0peratioh, the Instruction Generator returms
control to the. Arithmetic Binary routine,which performs certain red-tape
operations (such as setting the glcbal PN pointer (PNP) to the local

ointer PNPl) )before returning to lock for ths next operation.
D g P

Restriction on the General Use of the Instruction Generator

The Instruction Generator is used throughout the whole compiler. VWhere it
is used from routines cother than those which are used for expression
evaluation (e.g. from the routines processing the READ and WRITE

statements), an operation must be defined to be complete.

When an operation is defined as "not complete” by the Instruction Generator,
the return from the Instruction Generator upon generating the auxiliary
operation is to a particular location (CMPE) in the Expression Evaluation

routine rather than back to the routine from which it was called.

Apart from this restriction, The Instruction Generator is used throughout
the compiler in the manner described in the previous section wherever

instruction compilation can best be described by 'g, p' values.



Instruction Generator (II)

For many classes of operation, where a group only contains one or two
itens a different entry to the Instruction Generator (at ACQ2)“is used.
For this entry an operation is described by =z position number such that
no two operation which use this entry have the same position number.

The operations 1x5.3-5, and HNOT. are operations which are suitable

for this entry to the Instruction Generator. They have position numbers

as shown belov.

1. Load X3 Operand is'S!' type Position Number is 4

2. Load X3 Operand 1= TX type Position Number is 5

3. Store X3 : Position Number is

4. .NOT. Position Number is 10

These nunmbers are used to reference a table (sinilar to the CM tables)
which starts at location AUXCM. The position in the table for an operation

determines the position number assigned to the operation.

A table entry is one word long and is a c/ﬁ to a second table (identical to
a TINS table) wnich is used for the generation of the actual instructions for

the operations.

'c! gives the number of consecutive words in this table which
are to be used for the current operation. This may not
exceed 7.

;' gives the address of the first item iﬁ this table which

is to be ussd for the opsration.

Associated with this table (the AUXINST tablz) is a relativiscr table
&

;s a5 a TREL table. This table is the AUXREL

™
ot
e

with the same character

table.

Difference between ACOM and ACSY entry to Instruction CGenerator

et
The basic differenc

]

batween the two entry points is that an operation which
uses AC8Z is automatically defined to be complete, This is not the case

for entry. 2777, In this case the'completeness' of an operation is determined

by the CM table item for the operation.

A second difference is that an operation defined through entry ACE2 does not

directly influencc the PN list.
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If such an operation actually does influerce the PN list this is effected
externally and not from within The Instruction Generator. Thus although the
1x3 operation will change some PN item from a 'store' or 'Tx' item to an

X3 item the actual change to the list is made in the LOADX3 routine which

defines the operation ,rather than in the Instruction Generator which

compiles it.



Operation Compilation
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Function Opcrations.

In the current compiler, a Function reference in an expression
3ts of eveluating the function arguments axnd then generating
a standard calling sequence

CALL 1 Function Hame
arguncnt List.

At the time the CALL is obeyed, none of the arguments may be assumed
to be in __ 5 or in X3. The result of o function reference is a
value in acc, the mode being given by the mode assigned to the
function 'name'

Due to the rules for interpreting the PN list, at the time a function
operation is to be generated the argument expressions will have heen

evaluated and the function operatir and operands will be in a standard
form. This is one of the following

Neme a f o {(onu_nrgzuncont function)
Neme 2,8, , 85 y==-,T (oulti argument function)

'Name' is the function nan

a and the a_  are the funct 'on argunents.
Also, duce to the rules for interpreting the PN list one of the
arguments may be X3 or icc

For examplc, if the Function reference is

the PN list at the time the function reference is defined would be

B fece £,
If one of the arguments is X3 or Acc,a Store auxiliary 3Sperction is
carried out before the function opsration so that in the previous
two cas:s. the end resulti in the PN liet is &

1) -

2) Foa f

The operands are now in standard form to be processed for the function
operation.

Basically the function operation consists of the generation of the
instruction 'CALL ;8 Tunction Name' followed by & list of
instructions,onc per argument.

The instructions compiled depend on the argumerfs. For ezanmple
ptab iabl the instruction would be

i1f the argument is a standard variable,
'LDN 5] Address of Varisble' whereas if the avgument is a Function
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name, the instruction would be 'LDX 3 ADD' where ADD is the
address of a constant containing the instruction 'BRN Start of
Function!.

The method of recognizing the Function name and generating the
associated argument list of instructions is as follows.

1. If the top item in the PN list is not ',' the function
has one argument, The second top item in the PN list
is the naane of the function,

2. If the top item in the PN 1list is ',! the function has
more then one argunent. If the list is scanned backwards
/ looking at every second operand (i.e. the third top operand
| first) the Function nene can be found, If the scanned
| operand is a ',! there are more operands, If the scanned
operand is n»ot ',!' it is the first argument for the function.
The Function name is the next item back in the list,

The number of arguments is one more than the number of
commas found.

At this stage the call instruction can be generated and then the
PN 1list can be scanned forwards starting at the Function nane to
process the function arguments, ignoring commas until the correct
nunber of arguments has been found,

The resultant PN 1list item for a function refercncs replaces the nanme
of the function in the list. This item is Acc and is given the same

node as the mode given to the function name.

Intrinsic Functions

In general, functions allow only a fixed number of arguments.,

For example SIN is a function written to use one argument and will
not work with more than one argument. However there is a small
class of functions (called !Intrinsic! functions) which are defined
in the FORTRAN language as a2llowing a variable number of arguments.
For example, MAX1, The names belonging to this class are known to
the compiler which marks the function nane as belonging to this
special class before the name is put in the PN list,

Thus during the anelysis of the function operation, the type of the
function (whether 'Intrinsic! or not) is known at the time the function
narie is found. '

If the function is an Intrinsic function, the CALL instruction is
followed by a word which contains a count of the number of arguments.
For example, if the original function reference had been

MAX1(1,7,K,L)
The sequence of instructions compiled would start:-
v’/’
CALL 1  MAX1
+4 (count of arguments)

followed by the argument list,

The complete list of Intrinsic Functions is the following.
AMAXO, AIMAX1, MAXO, MAX1, DMAXI.
AMINO, AMIMT, MINO, MIN1, DiINi,

Array Operations

In the current compiler an Array reference in an expression consists
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of evaluating the fdrray rulscript expressions and then generating
a standard instruction sequence. )

1. Load X3 with address of the .rray Header
2. CALL 1 GRAPA+6 or CALL 1 %FALPA+20
Y. Subsecript Jlisdk.

D

At 1, the instruction conpiled is either
LDN 3 'Address of Eeader!
or LDX 5. '.ddress of Address of Header!

depending on whether the Array is not or is a 'dunny' array.

Lt 2, the CiLL is to %FAP4+6 if it is an INTEGER, REAL or LOGICAL
array. If it is a COMPLEX or DOUBLEPRECISION irray then the CALL
15 to SFLP4+20.

Lt 3, The subscript list is identical to the argument list for
functions and consists of instructions to load the address of
successive subscripts into X3, one instruction per subscript.

The nethod of determining the nunber of subscripts in the PN 1i=*
and the nane of the array is identical to the method used to find..
the nunber of argunents and the nane for a function.

Function (irray) Argument (Subscript) Lists.

%

These are identical except that the subscript list only allows constants,
variables and expressions. The function list also allows array nanes
and function-nanes.

Lt the tine in the function operation that the PN list is being
scannad backwards looking for the Function (or eray) nane,

the arguuent (or subscript) list items are being analysed (using

a routins ANALYZE). This routine ensures that the argumnent

list will only consist of "LDUN 3 « wnd'LDX 3 B sype instructions.

ieble' (one which has not been
r appecrcedé in a COMMON,
ared as the argument of a
ANALYZE routine assigns
ode) to the variable and changes the PN

!

If the argument is an 'unassigned va
used before in an eV¢c1t 1 rtene
BEQUIVALENCE or DiAT.A statement or app
FUNCTION oxr DDLROUT st ]

space (according
list to '3551gq3d var

If the argunent is a workstore (Tx or “a) the workstore register,

CWS4A, is set to the value of the argunent. e.g. if the argunent
was the sizth location in 1M space, then CWS. would be reset to 6.

4

This would ellow the next Tx or Ta itenm required to be assigned the
ixth location in L¥ space.

Ef the previous valuc of CUS. was greater then the 'Maxinun Work Store!
Tegister (WSM&) then % to CWS. refore the aforenentioned
operation takes p

No ®henge is nade to the P list.

If the argument is a snall constant, which normally is a 'Value' operand
rather than a 'store operand', a constant of this value is conpiled

into the LC area and a normal PN item for the argunent as a Standard
Constant is :nde to replace the 'Value' iten.
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If the argument is a function or a Statement Function, a branch to
the start of the functlon or Statenent functlon ig compiled into
the LC area, and the PN iten for the argument is set to look like
an indirectly addressed variable (e.g. a COMMON variable) which

In this may the actual instruction compiled for this argument will be
LDX 3 rea', an instruction which, if obeyed, will enable the branch
instruction to be passed through for usc in the main function for

which it is an argument.

"gu
If the argument is an array name, the PN item will be changed to
indicate “Whole irray as an Argument!.

For standard, dummy, DATA or COMFON variables or for constants (other
than small 1ntcger ) the ANLLYZE routine does nothing.

Thus &t the time
list, the PN lis
' ILDIN 3 ot or 1
This is done usi

of generation of compiled instructions for the argument
t is such that all arguments can be conmpiled as 'LDN
LDX 3 PB'type instructions.
ng

a routine LO/DX? which looks at PN list iten

and conmpiles the instruction according to the iten. Before entry to
this routine, PNP1l, the local PN indicator is set to point to the
iten concerned. The routine leaves PNP1 unchanged.
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Construction of the PN list in the Compiler

The PN 1list and operator list in the compiler are contained in a block .
of 300 words such that the PN list startsat the first location and is
generated in a forwards direction, and the operator list startsat the
last location end is generated in the reverse direction, Thus the two
lists grow towardseach other. Each item in each list is one word long.
The top of each list is marked by a pointer - PNP for the PN list, and
OPTP for the Operator list. Iach time an operand is put into the PN
1list, the value of PNP is incremented by 1. ZEach time an operator is
put into the Operator list OPTP is decremented by 1. The reverse pro-

cedure is followed when an operator is removed from the Operator list.

‘Items are only removed from the PN list when an operation is performed.

A local PN list pointer (PNP1) is used during operations so that auxiliary
operations can be compiled even though the actual operand for the operator
is not the top item in the PN list (e.sg. sac, sx3 operztions).

At the end of a main operation, the actual PN pointer is set to the current

.value of the local pointer.

PN List item

A PN 1list item is one word long and is divided into 3 parts as follows

bits 0-5 Item type
bits 6-8 Item mode
bits 9-23 Item Data

The Xtem Type indicates whether the PN item represents a Standerd Variable,
constant, Temporary Store Location (Ta or Tx), Acc ,®n array name, or a Function
name,

In &eneral it discriminates among all possible operand types which can be
distinguished either by their use or by their type of storsge area. For
examplc a varigble defined in a DATA statement will have a diffcrent 'Type!
to a normal varieble. A varieble which was defincd as an argument in o
FUNCTION or SUBROUTINE statement will egein have a differcnt Ltem type.

Te and Tx operands, although they occupy the same type of storage have
different Typc bits because they are not both used in the same manner,

A small integer has a different Typc to any other constant because it

does not normslly exist in a store location.
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The item mode gives The mode of the operand as follows

1 - INTBGER

2 - RELL ,

3 ~ DOUBIE FRECISION
L. - COMPLEX

5 - LOGICAL

The Item Date usually gives the address‘in the obJject program for the
item in question. This address is given rclative to the start of the
local storage area.

For cxample if the item was a Standard Variable which had been assigned
a2 block of store starting at location 10 in Lower Varieble spacc, the

Item Date for that variable would be 10.
For small integers, the Itcem Data gives the value of the constant.

For certain operands (e.g. Function names and undefinecd items), the
Item Data gives the address in the Compiler Main List of the list item

for that operand.

The Item Data for the ACC operand is undefined.

4 'comma' is put into the PN list as a zero word,
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The following table gives the Type codés and Data in the PN

operands.

Quantity

Absolute Store
Standard Variable
Constant

Small Integer

Common Varisble
Dummy Variable
Stat. fen. argument
Dumny Array Nane
Dumnmy Function Name
Function Name
Stat.fen. Name

Work Store (Ta)
Nornzl Array Nane
Work Store (Tx)
Total Array

Dummy Array
Intrinsic Function Name

DLTL veriable

X3 = address of result
(X3)
Unknown

Stat. fen., definition

Accumulator (4cg)

Type

Code

s

W N = O

10

Jal.
12
13
1y
15

16

A7

18
20
21

32

Date

Address of Store
Lddress of Varigble
Address of Constant
Value of Integer

Address of Constant referenc-
ing var,.

Address of location referenc-
ing var.

Address of location referenc-
ing arg.

Address of location referenc-
ing Header of actusl Array

Address of location branching
to azctual Function

Address of List Item for
Function

Address of start of Stat.
fen,

Address of Store
Lddress of Arrasy Header
fddress of Store
Address of Array Header

kiddress of word referencing
Header of fctusl Array

Lddress of List Item for
Function

£ddress of Varisble

Lddress of List Item.

Iist for all

Rel

e

NORE

VREL

CREL

NCRE

CREL

“YSRE

"ISRE

“ISRE

¥SRE

=
O
R

.

®»p O O O
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The column 'Rel' in the table indicates which relativisor is to be
used if the operand is to be used in a skeleton instruction. Thus,
if the operand is a Standard Variable, it would appear with the
Item Data in the modifier part of the instruction which would be

output using the relativisor 'VREL',

The column D or I indicates whether a 'Load' operation (load X3 or
Acc) is to assume the item in lower storage., If 'D', the item is
in lower storage. If 'I', the item must be considered as though it

is in upper storage.

These two characteristics of the operands ('Rel' and 'D or I') are
found by referencing a character table which contains the relativisors

and a 'bit' table which gives the D and I information.

Thus from these tables, 21l the information necessary to define

an operand can be found.

Complex Constants

A complex constant has the form
'(a,b)! where a and b are optionally signed REAL constants.
This construct must effectively give rise to one PN list item for

the constant and no Operator list items.

This is effected as follows:

1. The '(' goes into the Operator list

2. The sign, if there, goes into the Operator list.
3. The constant 'a' is recognized as a REAL constant.

The constant terminator is recognized as ',!'

Only at this point is the construct recognized as that of a complex

constant. Further, the construct will only be recognized as such

- if it is not immediately preceded by an Alphasnumeric or numeric

field.
e.g. F(+5.1, - 2.4) defines a function reference
whereas +(3.1, - 2.4) defines a complex constant.

At this stage, the top operator is removed from the operator list.

If it is 'unary minus', the constant 'a' is negated and stored in

‘a temporary store. The '(' is also removed from the operator list.

'b! is then found. If this is signed and if the sign is 'unary minus',
'p! is negated and stored in NAWE+2, NAME+3. The original Temporary
Store is transferred to NAME, NAME+l giving a block of four words

containing the internal representation for the complex constant.
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The final "Y' is checked and then ignored.

The constant 'terminator! is then found. (The operator separator

or terminator following ')!').

The whole construct has now been transformed to the form of a
constant in NAME-> NAilME+3, and a terminator in TERM, which is the

standard form for the analysis of any operand-operator pair.

Standard and Intrinsic Functions

Most functions, if not defined in 'Type' statements are assigned

a mode INTEGER or REAL according to the first letter of the function
name. However, there is a small class of functions which do not
follow the normal rule. These are standard functions which are

defined to have a Double Precision COWPLEX or LOGICAL mode.

There is a second class of function, which has the characteristic
that each member of the class allows a variable member of arguments.
This is the class of 'Intrinsic' functions. This second class

contains some members of the first class.

The two classes of function names form a closed set, all entries

of which are knowm to the compiler.

Whenever the compiler processes a function name found in an expression
for the first time, it checks whether the name belongs to this set.

If it does, the Main List ITtem for the name is updated to contain the
characteristics for the ncme as defined in the set (i.e. mode and

type of function - standard or intrinsic) unless the Lisf ITtenm as
already made has had a mode assigned to it (by a 'Type! statement)
which is different from the mode defined in the set. If the mode

is different, the function is considered as similar to a Standard

Function even if it has the same name as an Intrinsic function.

Operator IList

The operator list consists of one word items each of which represents

an operator or a separator.

The design of the operator item is shown on the next page
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1o Top 21 bits of the word. These indicate the 'weight' of the
operator. This varies from -1
i GE£T7777777) for ')' to 9 for the
Function and Array pseudo-operators
(There is another pseudo operator
which has not been mentioned with

a weight of 10.)

2. Bottom 3 bits. These are used to distinguish among

operators of the same weight.

The complete list of operator items is given below

Item Representation | ITtem Representation
) A11717777 7 .GT. F4 4
( £0 0 .GE. A4 5
= A0 2 + L5 0
; #0 4 - #5 4
JOR, #10 -y | #6 0
, .AND, #20 * A7 0
Ngs .NOT. 430 LT 4
| JLT, L1 0 *x 410 0
J1E, #41 a 411 0
BG. £y 2 off 11 2
NE. P ifg 412 0

The operator ifg is a special pseudo-operator which is used
when the operation type is not defined but may later be
found to be one of

31 Statemend Function definition

2. IF statement

S Array operation

4. Function operation.

In this table the 'weight' is used to reference a separate
character table to define the class of operation involved

(e.g. Arithmetic Binary, Unary Minus etc.)

V.X. Taylor
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General

Statements thought to be Assignment,and Statements known to be IF,
are passed through the Expression Evaluat or at entry FPNE1. All
other entries to the Expression Evaluat or are at either entry
FPNE or FPNB.

If a construction of the form 'mame (' is found at the start of a
statement during use of the Expression Evaluator, entry FPNE1, the
statement may be either a Statement Function Definition or an IF

statement or an Assignment statement starting with an array element.

If and only if this construction is found an operator %4120 is stored
in the operator list before the '(' is put there. This operator is

in place of the f or a operation which might otherwise be put into

the list. This operator is the 'IFQ' operator and is used to delay
having to make a commitment about the type of operation until the last
possible moment. Further the 'name' is stored in a special area
(SECRET) and no Main List Item is made for it. The PN list item for
this neme is a ¢/m to 'SECRET'.

When this operator (IFQ) ig forced out of the Operator list the operands

will be in the standard form for anArray or Function operation.

This operator is the one exception to the rule that a ')' forces
out all operators until '(' and is then anihilated along with the ')'.
If the operator which precedes '(' in the list is the operator IFQ,

it is forced out by *the influence of the ')'.

Considering the Operands:

If the top operand is mode LOGICAL, the statement is assumed to

be a Logical IF statement.

If the field following the ’)' in the statement is an integer, then

the statement is assumed to be an Arithmetic IF statement.

If neither of these cases apply, the PN list item for the 'name'

(which holds & c¢/m to SECRET)is used to enable the name to be looked
for in the Compiler's Main List. If it is not there or is there but
is undefined at to 'type', the statement is assumed to be a Statement

Function Definition.
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If none of these cases apply, the statement is considered an Assignment
Statement which is introduced by an array element. In this case the
PN list item for the 'name' is changed to that for the array name, and
an array operator is put in the top of the operator list. This puts

the PN and Operator lists back in a standard condition.

All IF statements are passed through the expression evaluator using
entry FPNE1. This is due to the fact that in the early stages of
investigation, certain logical IF statemeniscan not be distinguished

from Asgignment statements,

Logical IF

At the stage in the expression evaluation at which the IFQ operator

is recognized, the parenthesized logical expression of the IF will

" have been evaluated. The PN list item for the name in 'SECRET',

which must be the second operand is looked at to see whether the name

is 'IF'., If it is not, the construction is illegal. If it is IF,

the expression is compiled in X6 unless it is already there, the current
transfer address is stored in a stack (of length 9) and the subsidiary
statement is generated. On exit from the Statement generator, a con-
ditional branch from the stored T.A. to the current TA completes the

IF statement.

A stack link system is used in the Statement Generator because it is
being called recursively from itself. This is due to the Statement
Generator finding IF in the first place and also having to generate

the subsidiary operations.

Arithmetic IF

At the stage in the expression evaluation at which the IFQ operator

is recognized, the parenthesized arithmetic expression of the IF will
have been evaluated. The PN list item for the name in 'SECRET', which
must be the second operand, is looked at to sec whether the name is
IF. If it is not, the construction is illegal. If it is IF, the
expression is compiled into X6 unless it is already there. The IF
successors are then investigated and suitable branch instructions
compiled taking into consideration any useful facts known about the

successors (e.g. two successors the same).
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Statement Function Definition

At the time 2 Stat.munt function definition is recognized, the PN list

has procesmsed all the arguments for that definition. PFor a suitab

—

s

bt
S|

'8

O

definition no oporand may be ACC or
an expresaion.
gince no expressionshave been evaluated, no items will have been assigned

« Let. mo opsrand was originally

object program space during the scan of the argument. Thus at the
time that the consgtruct is recognized as the start of a Statement
Function definition the argument can be reappraised without having

to decompile any of the statemsent.

At this stage the statement up to the end of the construct 'name £
is rescanned outside the PN list (i.e. linearly). The name of the
Statement Fumc tion is put in the main list (as a S.F.) and the argu-
ments are processed into the Main List as S.F¥. arguments. If the
character following the construct is not '=', the whole construction

iz illegal otherwise a subroutine prologue is compiled.

The statement is then s canned again from t he beginning of the line,

using the Expression Evaluator - this time using entry FPNE.

Eventually this scan will reguire that the f operation for 'name ()
be evaluated. It is determined that the operation is a SF because the
'name' is so marked. It can be determined that it is a definition
statement becauge the character following the ')' ig '='. Ths

L operation undesr these circumstances merely changes the 'name' operand
to a special operand (#4210/0 + mode in the counter) which indicates
'5.F. Definition'. This will eventually be processed by the '=!

operator after the r.h.s. expression has been evaluated.

If the '=' operator discovers a bottom operand of this type, it will
only perform mode auxiliary and lac operations; It will not generate

store instructions.

V.K. Taylor.
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Consolidated Leader Listing snd Private Srror Codes

Thig fortran Note describes in detail the format of the listing
i

of the

consoiidated leader, The interpretation of the privete

error code number printsd out when an error occurs is zlso
explained.

ote:

This facility has been implemented for internal usc only
at present, sirce the consolidated lesder is printed
without any frills and without any explanation. Listing

facilities in issued compilers nay differ radically.



Congolidated Leader

A listing of the consolidated leader will only occcur if the
statement "LZ4DER"™ ie present within the prozram description.

The aupendix shows a typical example of such a listing
which 1s explained in the following notes.

&) The relativisor block, (=)

This block contains ten octal fields, followed by the
teruinztor '4', with the significance:

ctzl field Startin;, address of Mneronic
4 Lower workspace i
45 Lower variables v
61 Lower common variables

1C0 Lower prescnt &
51(& Literals LT
311 Lower comt.on prusct
2421 Upper prese 816
2y Upper cormmon presst

2515 Upper variebles uv
2651 Upper couvion variables

b) The parameter block, ()

The Fortran compiler puts out five octal fieldss; a typical
example is s

633 Offset (used by GPL)
0 heleage instruction (null in thic casg)
51576445 Program name in eharec.er forma (IETS)
3350 Total core stors used
201 Listspace used durin:, complilation

¢) The cue blocks, (?)

These contain . : an octal Tield and « character
field. In the octal fi@ld; the top two digite give the t,pe of
field and the botion five digits give the starting adaress within
core store. The character f eld containg the nane associated
with the cue (% indicates that it is a private routine).

cue value Type Hest of word
41 Progran Sterting address
pE Lovier common preset " "
23 Lower common variable i "

04 Peripheral ;&f xy(x = type,

y = unit)
02 Entry Entry address
00 Blank HA70077
03 U ypor comrion variable Starting address

1" "

)
13 Uppe presel
Thus using the information contained in the consolidated leader it
is possible to bulld vp a complete picture of the core store giving
both starting address of area and gize of area.



Private Error Code

The compiler has recently #een modified so that every time
an error occurs, and provided full listing mode has ween gpecified,
the contents of accumulator X0 are printed out in octal . Since
the vast majority of subroutines in the compiler use XU to store
the linlk, this provides a method, in conjunction with a printout
of the consolidatcd leader of the relevant version of the compiler,
of locating where the error occured.

L.k, JSz2irbrother
12,10.65.



Appendix - BExanmple of Ligting

FORTRAN COMrILATION BY #FORT MK 1o DATE 14/09/65

s

NAME( IOTEST)
LIST
LEaDER
INPUT 4, 7=TRG
QUTPUT 3, (MCWITCR)=TPC
QUTPUT 1=LPO
MASTER PLC4
DIMENSION »(13)
F = 3, 1415926536/180
DO LI =0, 360, %
X=I*F
KS = 50 + NINT (SIN(X) * 5C
KC = 50 + WINT (COS(X) * 5C
CALL PLCT (64, 1C, 101, A(1)
CALL PLOT (51, KS, 101, «(1)
CaLL PLOT (35, K€, 101, A(1)
WRITE (1, 2) I, a(1)
2 FORMAT (14, 3XalCl)

PAUSE JJ

END

LA e

A

S LA N

!

END COF SEGMELT PLO4, LENGTH 12

FINTSH

43 45 61 10C 31C 311 2421 2515 2515 2651 4
633 0 51576445 3350 2C1 4

410C0324 - 9548 4

33006311 9:#1CLIST 4

23000061 %FICPT 4

4000000t GTPO 4

400C0L0- BTEC 4

23000062 wfICLP 4

4000028 PLFO 4

410003%4  YLO4 4

W)

0 IR TR, TS, H, SN, QR R, N, S, G, SRR SR |

41000434 wnihPd 4
41002343 WINT 4
41002227 SIN 4
41002224 CCS 4
41002361 FLOT 4
41000702 %FINCUT 4

23000063 %LIB 4

23000073 %IMC 4

23000076 . AAnA 4

23000077 %FIOCARD 4

PROGRAM NAME x4 IOTE, CORE 1768
END OF COMPILATICON - NO ERRORS

LV IR EVIRLE Y B
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Source and Seni-conpiled Progron Fornnts on Mognetic Tope

This note describes the structure of a conposite nzgnetic
tape file from which the FORTRAN 4 coopiler con sclect specified

subfiles as input.
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Source and Seni-compiled Program

Pormats on Moznetic Tape

The first versions of the FORTRAN 4 coupiler will accept only
single-reel files and single ricord blocks, The layout is coupatible
with the proposed standard composite file formats (PDCC/171).

Zape Loyout

The tupe starts with a starndard hcader lonbel., The nane ooy

contain only the charscters

Letters

and aust start with 2 letter.

The tnpe should end with aon ond—of—compogite file Trailer
Label, which is a tape anrk fellowed by a 20 werd qualifier block

as follows:

Word Contents or Usc
0 #/ 00000007
=19 Zero
Subfiles Between the lobels iny cppear O or more subfiles,

These pust be siople subfilcs, i.ce nuet not themselves ccuntein
subfiles. Each subfile starts with o subfilc sentinel snd ends

with an end-cf-subfile sintinel, The gu: lifier blocks are as follows.
(The letter I indicotes thet the centonts of the word sre 2t present
ignored by the FORTEAN conpiler. They should be sct as ia PDCC 171

br left zero,)

Subfile Sentinel

Word Centents or Use
0 # 00000006
1 I
2—4 Subfile none, May contain

letters, digits, spaces =nd
h phens, and must start with
s letter.
Bt 1 I
12 Indiecates whether source or seni-

conpiled subfile =s follcws.




Word Contents or Use
B2P4: Scurce
A200: Consclidated seni-conp—

iled progran; i.e. preccded by

GPL etc,
A300: Semi-conpiled progran
1% I
14 21 (scurce)
20 (semi—compiled)
15 1
16 I Intended to specify posit-
ion of seguencing inform-
ation in record. Likely
possibilities for FORTRAN
are #’00100107 Sequcneing
in colwms 73-80.
0 No s.quencing
17=19 L

End—ocf—subfile Sentin=zl

Word Contents or Use
0 ¥ 40000000
1 Count of blocks in subfile

(excluding suntincls).
2-3 Zero

4-19 User inform-tion.

Source Subfiles

Within 2 source subfile many appecr vne or avre scgnents and/or
any stcering statenints allowed by the compiler. Each line of
gource is held by a record of betw.en 2 and 21 words. The first
word contains a count of the nuiber of words in the rocord. EBach

record is o block (which is zero-filled up to five words if nocessary).

Seni-compiled Subfiles

Within a seml-coupiled subfilec nsay appear one or more segucnts
and/or any other records of seni-compilcd allowed by the FORTRAN
consolidator,

Each record is in standard scmi-compiled form with between 14

and 20 words.
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Not more than 18 words can contain useful ianformantion; another

rnay hold sequencing informntion., Each record is a block,

K. I'a James,

two
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PERIPHERAL, ROUTINES

This note gives a brief summary of the action of the currently

available peripheral routines for FORTRAN 4, namely:-

% FIOPT Paper Tape.

% FIOLP Lineprinter.

% TFIOCARD Cards.

%  PIOMT Unformatted magnetic tape.
o

FIOMTF PFormatted magnetic tape.

A knowledge of FORTRAN NOTES 7 and 5 (sHortly to be replaced) is assumed.



FRTOPT

Input

Output

%FIOLP

D

PERIPHERAL ROUTINE

This routine reads, in shift mode, 124 characters or to
terminator and converts the block to graphic mode.

o and B shift characters are ignored so that l.c. letters
becomes u.c. and - (UL) becomes @. Translation terminates
on TC4, WL, FF, CR, LF and any of these except TC4 indicates
end of record. DC4, TCO and ERASE are ignored., Other &
shifts become ! except ], e—,ﬂ ,T‘Which become their
graphic equivalents. Initially, single NL characters

are ignored, until the first non-empty block is read in.
After that, all records are space-filled to 80 characters
if necessary, A record may contain any number of blocks,

so there is no nmaximum record size.

Punches in graphic mode. When ZPINQUT indicates end of
recordsa NL character and 3 runout characters are punched.
A record may contain any number of blocks, so there is no
maximum record size.

On ENDFILE a block consisting of ¥F, TC4, DC4, 3 Erases
and NL is punched, followed by 12" of runout.

RUNOUT gives 4" of runout.

For formatted records the first character in the buffer is
taken as the paper control charscter translated as follows:-
0 Two line feed
1 =7 Throw to Channcl 1 - 7
+ No advance

space 1 line feed



ZFISCARD

Input

Output

= B
Any other character is treated as space.
Por unformatted records, single line feced is inserted.
The buffer is space-filled to 120 character positions
to allow for buffered and unbuffered printers. Long
lines are continued, using the first character of the
continuation as a control character.

ENDFILE and RUNOUT will throw to head of fornr.

This routine reads 80 column of & card in normal mode for
both formatted and unformatted records. Initially blank

cards are ignored for formatted records.

The buffer is space-filled if necegsary and 80 characters
are punched.
ENDFILE punches 1 blank card.

RUNSUT punches 2 blank cards.
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ZFIONT (unformatted) and #FIOMTF (formatted)

One reel holds one simple file. The layout is:-
i) Header label
ii) Start of data sentinel
iii) Data blocks
iv) End of file trailer label
For details of the layout of individual blocks see Appendix 1

The tape is opencd when the first read, write or end file
instruction is given. Checks are rade to prevent an attempt
to input from an output only tape. An input tape must be named
in the program description, If no nams is given for an ocutput
tape, a scratch tape is found. Input only tapes are checked
fop tﬁe absence of a WP ring, output and use tapes for the

— ' presence of a WP ring.

A marker is kept in the information block (see Appendixz 2)
of the last instruction to be given to the tape, and this is
checked for appropriate action and to prevent illegal combinations,
i.e. READ after WRITE or ENDFILE, and WRITE after ENDFILE. Most
conmbinations are straightforward except:

BACKSPACE. If the tape iz not open, or the data block count is
zero this instruction iz ignored. If the previous instruction
was WRITE, an end-of-file trailer label is written and backspaced.
over before the normal procedure is carried out. This is to
backspace two blocks, read forward and check the block read:
i) tape mark - i.e. last instruction ENDFILE - straight exit.
ii) start of data sentinel - i.e. only one datas block - one

is subtracted from data block count and then exit.



REWIND.
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iii) data block - =) formattcd tape: one subtracted from data

block count and exit.

b) unformatted tape: word 3 of the block is
checked to see if last block of record. If it is, as a).
otherwise n + 1 blocks are backspaced where n is the block
number relative to the start of the record (given in word
2), and onc block iz recad forward. Then n + 1 is sub-
tracted from the data block count and exit.

If the tape is not opened, the instruction is ignored, If

the last instruction was WRITE, an end-of-file trailer label is written,

then a rewind instruction is given and exit. When the next READ, WRITE

or ENDFILE instruction is encountercd, before being carried out the tape

will be positioned after the start of data sentinel. This allows tine

sharing as the tape is rewinding.

For a summary of tape instructions,see Appendix 3.

Alison Finch.
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Appendix 1

Magnetic tape layout

FORMATTE

[
=

UNFORMATTED

Header block

Standard Standard
Generation no. zero on o/p
ignored on i/p

Start of data sentinel

BO = 1, B22 = 1) wd O (B0 = 4, B =
Other bits = O % Eother bits = O
BL size = 42 wd BL gize = 124
0 7 22 0
BO = 1 ) wd 4 0
Other bits = O %
Reserved for FORTRAN wds 5-9 Reserved for FORTRAN
zero on o/p ) wds 10-19 (zero on o/p
Ignored on i/p ) Elgnored on i/p
Dat. blocks
no. of wds in record wd O no. of wds in block
(2¢n 42) (5% n <124)
chars O, 1 zero wd 1 block no.
chary 2 = [
char 3 = 18t char of rec.
RECORD wd 2 Bleele ne. mel to
gtart of rec.
wd % BO = 1: last bl of rec.

BO O otherwise.

last 12 bits: no

of information

wd 4 RECORD.
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Trailer label

wd O B = 1 other bits = O
wd 1 Data blocks count

wds 2, 3 0

wd 4 - 9 reserved for FORTRAN
wd 5 =19 Zero on o/p

ignored on i/p

A formatted tape hos one record per block.
An unformatted tape hos 1 or more blocks per record.

Both magnetic tape formats are compatible with MITEH convention.



e
Appendix 2

Structure of Information block for megnetic tape (sce FORTRAN NOTE 5)

Wd O

Wd 1

R

wd 2

Wd

N

wd 4

Wd 5 onwards

Instruction *type

Address of FRIONT or %RISMTF

Device details

BO - B5 : instruction type

rest of wd: data block count

zero @ scratch tapc

non-zero : naned tape

TMle name and other parenthesised information
from Progrem Description line in character

forn '(terminated by right parenthesis.)

0 read

1 write

5 endfile

4 backspace

#40 rowind
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Appendix 3
CURRENT , PREVIOUS OPERATION
OPERATION None Read Write Backspace I ewind Endfile
READ Open 0K ERROR oK Ri23 Error
then OK OK
WRITE Open OK CK QK RFZ2B ERROR
then OK 0X
BACKSPACE Ignore 0K Endfile OK Tgnore 0K

Backspace

0K
REWIND Tgnore 0K Endfile 0K Ignore 0K
0K
ENDFILE Open K 0K 0K RF2B Ignore
then 0K OK

FORTRAN 4 Magnetic tape operations.

RF2B : skip to ftape mark and read start of data sentinel.

Certain of the above combinations will give unpredictable results if an
input tape was not produced either by a FORTRAN program or to FORTRAN

standards.



TNTERNAL USE ONLY

TNTERNATIONAT, COMPUTERS AND TABULATORS LIMITED

Programming Langsuages Division FTORTRAN NOTETS

I.C.7. 1900 Series Date 1%,1,66.

Progren Description and Intersegment Statements.,

This FORTRAN NOTE describes the pregram description and intersegnent
statements which are shortly to be implermented in A.S.A. Fortran. It

supersedes the appropriate sections of FORTRAN NOTES 2,3 and 7.



This document describes the Program Description and intersegment
svatements which will appear in A.S.A. FORTRAN. It is intended to
retain the existing Program Description sitatements for a short time
as well., Thus existing prograns may still be compilsd but should
be modified as soon as possible te conform to the new program
description formats. All the statements are written in the normal
FORTRAN manner in columns 7 to 72 of & lime, spaces being ignored
(except in file and subfile names). However, no continuation lines
are allowed for these statements,

& complete progranm is made up of a program description,
intersegment statements and source or semi-compiled program arrangsd
in the following manner,

a) Intersegnent statements (R@@ note below).

b) Program Description,

¢) Source or gsemi~compiled program mixed ag reguired with

intersegnent stateraents.

d) The statement FINISH.

NOTE: The first statenent presented to the compiler should define the
listing peripheral and the listing wode required, e.g, LIST (LP)n

By dafault SHORTLIST (LP) is assumed. The sccond statement should
define the output rediunm, but is, at present, redundant since the
conpiler used automatically defines the output medium.

PROGRAM DESCRIPTION.

Tha Progran De
introduced by one of
terminated by the statement END. It must be the first segment
read in any A.S.A. FORTRAN compilation but may optionally be
preceded by intersegment statenments, The program description
is compiled as a "Master" segment with a "Force-in" Bit.

1. The PROGRAM Statenent.

The PROGRAM statement introduces the Progran Description and
specifizs the name of the object program. It has the forms:-

PROGRAM (n)

PROGRAM (nc)
where "n" is the name to be given to the object program and "e" is an

accounting code.
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"n® consisis of 4 alphanumeric characters starting with a letter.
"e" consgists of up to 8 alphanureric characters and is optional,
but may bs insisted upon at som. installations which may -se it
to charge the user for the compilation and running of a program,

The PROGRAM statement is essential if a complete progran is
to be consolidated into a loadable, semi-compiled object program,
2. The SEGMENTS Statenent.

The SEGMENTS statement is used instead of the PROGRAM statemen

when one or more segnents are to be compiled, but not consolidated
into a loadable program at this stage: i.e. request slip, loader
and consolidated leader are not to be output. The statement has

the forms:—

SEGMENTS
SEGMENTS (n)
SEMVENTS (ne)

where "n" and "e" are the sane as in the PROGRAM statement. The
second fornm is necessary if output is to magnetic tape and the
third form is necessary if an accounting code is obligatery.

3. The TRACE anc NOTRACE Statements.

The TRACE and NOTRACE staterents indicate to the compiler

whether to compile in trace rwode or not. They take the forms:i-

TRACE
NOTRACE
Tene: ghnements may also appear boetween segmonts to compile

different sogrments in different rodes. The effect of TRACE and
NOTRACE is +t0 set and reset a switch, initially WOTRACE is assuned
by default,

4, The QVERLAY Statement.

The OVERLAY statement specifies which segments of the program

are not to be in pernanent program and which overlay area and unit

they are to appear in. It has the forrm:-

A n
where "a'" is an integer between 1 255 inclusive and is the
overlay arsa, "u" is an intezer between 1 and 102% and is the overlay

PR

unit, and "Si" are the names of the segments to appear in this
overlay unit of thic overley area. Seguento which may apped

2y
SUBROUTIHE =

h‘
PJ.
-
—

an overlay unit

rentes with not nore than 20

dummy argunents,

35
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5« The PRIORITY Statencnt

The PRIORITY statement specifies the priority to be assigned

to the object program and has the form:-
PRIGRITY n
where "n" is an integer in the rangel - 99,
It is only relevant if the Program Description is introduced
by a PROGRAM statement,
Omission of PRIORITY implies
PRISRITY 50
6. The Periphsoral Statements.
These are the INPUT, OUTPUT, USE and CREATE statements. They

describe what peripheral devices are to be used by the object progranm

and they have the general format:—

TYPE Dyy ====y O = peripheral information

where s -

"IYPE" is one of INPUT, OUTPUT, USE or CREATE,

INPUT and OUTPUT mey be used with any peripheral indicating
that the peripheral is to be used only for input or output
respectively. USE and CREATE may only be used with magnetie tape,
USE incidating that the tape may be used for both input and output,
and CREATE indicating that a Scratch Tape is to be opsned, re-named
and may then be used for both output and input.

"ni" are the values by which the peripheral device is known within
the object program. They are either small integers, 1 to 4095
inclusive, or (MONITOR) which indicates that the peripheral
concerned is to be used as the input or output device for
TRACE information,

"peripheral information" designates the peripheral device, "p",
which is known in the object program by the values "ni"

It may also give auxiliary information, "a", such as file

name, and a qualifier, "q", may also appear to indicate that

a spaecial peripheral routine is to be used.

The format is one of

p/q (o)
/g

p (a)
b

where:—

"p" ig the usual code for peripheral devices, e.g. CRO,

LP1, MT7.
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"g" may only be, at present, "FORMATTED", which nay
be used in conjunction with magnetic tape to indicate that
formatted information is to be recorded on and/or read
from it., Onission at "FORMATTED" implies unformatted
information,

"a" is used at present only to give the file name of the
magnatic tape and consists of up to 12 characters chosen from
A to Z, O to 9, space and hyphen. In the case of magnetic tape
omigsion of "a" will imply a scratch tape. The auxiliary
information will shortly be extended to specify subfile nane,
retention period and generation number.

7. The COMPRESS Statements.,

These statements have the fornst-

COMPRESS INTEGER AND LOGICAL

COMPRESS DOUERELE PRECISION
The first one causes all Integer and Logicel variasbles to be assigned
one word of core store instead of two. It should be emphasiséd that
this does not reduce the range of integer constants since although they
nornally occupy two words, to conform with the ASA specification,
only the first of these is used to hold the constant, the second
being ignored. Thus in either case integer constants are held in
one word length only. The second statenent causes all Double Precision
variables to be treated as Single Precision (Real) variables and
assigned two words of core shore instead of four. These two
facilities should be used with caution particularly if they affect
variables used in COMMON or EQUIVALENCE.

8. The ON and OrF Stavements,

These staterents may be used to mwitch bits of word 3¢ of the
compiler on or off and have the form:-

O My, = ===, 8

pm amiom = T
1¢ n
wherc “ni" are integers between O and 23 and indicate the bites of

EFF n

word 30 to be gwitched on or off,
These statements mey also appear between segments, They are
intended for use only by the compiler writers.

9. The LBADER Statements,

This statement, which has the formi=
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LEADER
causes the Consolidated Leader to be listed a
NOTE 16,
10, The COPY and NOCOPY Statencntg,

deseribed in FORTRAN

[é3]

These statements, which have the forms:-
COPY
NeCerY
cause any acceptable semi-conmpiled program to be copied or not copied,
depending on the statement. These statements will be ignored when
output is to magnetic tape as everything must be copied.
They nmay appear between scgments to copy segments as required.
Omission of either normally implies COPY.
11 5 The END Statement.

This statement, which has the foxm:-
END

must terminate the Progranm Description.

TNTERSEGMENT STATEMENTS,

The following are the only statements which may appear between
segnents,

it The LIST and SHORTLIST Statements.

Thege statements iadicate the type of listing required and on
what deviee it should be outputs They have the forms:-

LIsT

LIsT (p)

SHORTLIST

HORTLIST (p)
where "p" is LP or IP for listing on a line printer or paper tape
punch regpectively. Omission of "p" implies LP.

LIST gives a full listing of source (except semiwcompiled)
plus disgnostic information and a listing of control statements.
SHORT LIST gives a listing of control statemcnts, segments headings
and diagnostic information.

The forms=—

LIST (TP)
will be interpreted as SHORT LIST(TP).
By default SHORTLIST (LP) is assuned,
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LIST or SHORT LIST should be the first statement of any progran,
to indicate which peripheral to list one They may also appear
between segments so that some segments may be full listed and others
short listed.

2. The TRACE and NOTRACE Statements.

See Program Description number 3.

3 The COPY AWD NCCOPY Statements,.

See Program Description number 10,
4, The ON and OFF Statementsa

See Program Description number 2.
De The READ FROM Statement.

Thigz statement specifies the peripharal from which the

subsequent source segments are to be read and has the forms:-
READ FREM (p)
READ FReM (MT, f)
where "p" ia CR or TR for reading from a card reader or paper tape
reader respectively and "f" is information about the magnetiec tape
file or subfile to be read, in a form yet to be specified.

Ga The SERD TO Statement.

This statement specifies the output peripheral to recelve the
ohject program. Versions of the compiler that permit output to
only one fixed slow peripheral (papsr tape or cards) will ignore it.
It has the forms:-

SEFD Te (p)

SEND To (M7, f)
where "p" is one of TP, CP or MT indicating output to a paper tape
punch, card punch, or magnetic tape respesctively; and "f" is
information about the output file in a form yet to b2 specified.

This statement rust immedintely precede the PROGRAM or SEGMENTS

tatement of the Progran Description.

3
ew The PINISH Statenent.

T,

Thia statenent has the form:-
FINISH

and has the following effect

[4]

L
1) If these have been errors the compiler is suspended and the
conasole message:-
HALTED ZZ

is typed. It is not then possible to continue compilstion.



2)

3)

4)

5)

& B

The mode of compilation is switched to "selective";

i.e. segnents rcad after a FINISH will only be acceptédd

if {they have either been called for or have a "force=in" bit,

If there are any unsatisfied cues the FORTRAN library is
scanned (or the leaders read from a LIBRY segnent in paper
tape output versions).
When all cues become satisfied congolidation will be
conpleted and Request Slip,GPL  and Consolidated Leader
outpute.
If there are any unsatisfied cues remaining after 3) above,
the compiler is suspended and the console message:-—
HEEDS ¢
is typed, where "¢ " is one of the unsatisfied cues, A
list of all the unsatisfied cues is output on the listing
peripheral,
Compilation may be continued by typing the console megsage:-
GS q¥ name
where "name" igs the nane of the compiler.

The LIBRARY Statement.

This statement, which has the form:-

LIBRARY
has the cffects 1), 2) and 4) given in the FINISH statenent
(sec above), It is useful if a programmer wents his own

library read before the standard FORTRAY library.

T,7. Bearna,
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APPENDIX T

This appendix summarisss the statements available,

within squarce brackeis is optional.

Program Description Statements,

1)
2)

PROGRAM (nfc])
SEGMENTS [(alc]) ]

= m [/q] [(a)]
= m [/q] [(a)]
Mt [/q] [(a)]
=¥ [/q] [(a)]
LOGICAL

il

3) TRAC
WOTRACE

4) OVERLAY (a,u) By y=m=

5) PRIORITY n

&) INPUT e
BUTEYD gl ; ==, B_
USH Ny ===, n,
CREATE n T n

7) COMPRESS INTEGER AND
CRMPRESS DOUBLE PRECISION

8) &I e
QFFnQ, ——= 0

9) LEADER

10) COPY
WOCEPY

11) END

Intersegnent Statements,

1)

2)

3)

5)
6)
7)
8)

List [(p)]
SHERT LIST [(p)]
TRACE

NOTRACE

COPY

NGCOPY

o n, —=-, 1

oFF By ===y 0
READ FROM (of,£])
SEID T (pl,£])

FINISH
LIBRARY

Any peram

=

£

2

“n
L




INTERNAL USE ONLY

INTERNATIONAL COMPUTERS AND TABULATORS LIMITED

Programming Languages Division
I.C.T. 1900 Series

FORTRAN NOTE 20
18.,1.66

Provisional gpecification of the 1900 Fortran compiler

This specification relates to the pre-release versions of
the ASA Fortran compilers; ##ZFAM (magnetic tape version) and
##ZFAP (paper tape version). The compilers due for release on
1l.3.66 will be named ##XFAM and ALXFAP and will not necessarily

be to the same specification as given in this note.

This series of notes is inteunded for reference by the writers
of the compilers and associated software. This particular note and
Fortran Note 19 is being given a wider circulation than usual because
they give deteils of interest to programmers using the ASA Fortran
compilers,
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(PROVISIONAL)
ALZTAL
ALZPAP
TITLE
1600 Fortran compilcr
I183UE

HARDITARE REQUIREMEIT

ééZFAE ZIAY
Corc stores 12000 words 13000 words
paper tape rcader and/or 1 paper tape rcadcer
anc/or

[

Ianput peripneral:

1 card rcafer an¢ option- 1 card reader and

ally optionally
1 or more nagastic tape 1 or nore nagaetic
decks cceks
Cutput poripheral: 1 maznetic tape deck 1 paver tape punch
Iisting poripheral: 1 linzprinter and/or 1 lirgprinter and/or
1 taps punch 1 tanz punch
Other poripheralss 2 magaetic tape decks one

(Jork tape plus prosram

library tape)

S5 0F PERIPHIRALS

Source program anc/or somi~conpilcd prograon may be input from

oither paper tapc, cards, or magnetic tapc. Inmitielly, according to

choice, & papor tape readc

3

oxr

e

sré reoader is allotted; thereaftor

¢

the input device is sclected dynamically uunder control of tho prograr.
A paper tape or card vecoder is retained throughout o compilation, cven

if the bulk of the source is on magnetic tape.

Formally a lineprinter is allotted at the start of the run to
receive a listing of the sourcec program and crror information, if any.
A tape punch may be used as an alternative, in which casc a listing

will Ybe given in an abbreviatod form.

e




The othcr periphorals used depend on the version of the compiler.

’
(o

A scratch magnotic tapc iz opened at the start of a run and usod

as a work tape. It is left scratch.

A nmamnotic tape, nornally the prograsm library tape, containing

the Fortran library must be available throughout tho run.

4

Lt the end of a succcssful compilation a second seratch taps,

5

or & tape with a speeificd anome, is opened, given a specified nanmc

4 . &)

and rotontion poriod, ond used to roceoive tho objoet prosran.

b) ZFAP
4 poper tape punch is usced to receivs the objeet program. Output

will ccase on the occurrcnce of an crror, and the vunch will be releascd.

&1llocation and rolecasc of poripherals:

All periphorals arc ollocabed dynamically as and when requirec.

spocicl entry point is providod to releasc all peripherals.

During the coursz of a run porivherals will only bo rolcased when a

—~

Cs3e switcking fronm cards to papcr tape input).

. 3
chanae ig made

.

Sinco a list is kopt within the compiler of all poripherals bging

uaot, console allocation and roleasc of pserivherals should be avoided.

The A.S.A. FORTRAN IV compilor will translate FORTRAY scgments
into stancdard 1900 semi-~compiled form and will optionally attempt to
consolicatc thesce segments, and sny othor semi-compilcd segnents that

o

rnay be provided, into e complcte objcet progranms The FORTRAN segments

shoulé be writtsn in the version of the lansuege Ceseribed in the "I1.C.T,.
1800 Jiomval® (Provisional adition Dece 1555).

For o complete program the compilcor will sutonatically procduce an
exceutable program, complete with Genoral Purposc Loadzr. For one or more
gegnents not Torming a conplote program the compiler will procduce only
semi-coroilod segnents At 2 lotor stage those scgmonts nay be re~innut
to thz compliler along with othor FORTRAN aﬂd/or scnl-conpiled zegmonts

that tozother form a eomplets progranm.

oy




rmuat be provideds This is read prior t

comniled program, and enables compile time and objeet time paramsters
to be gspeeified by the user. PFurther details are ziven uader the
heading IJTPUT PARAIETERS.

During compilation, unless specifizd otherwise, a listin:

.t
is given on a lincprinter of the source program and srror information

(it any).

b) Inout

Input to the compilor nay be on panor tapc in the stancdard

1900 cight-track codec and/or ou punch:é cards in thz 1600 cerd codo.

i

Source or cemi-conpiled prozram nay also be input fron magnstie tape.

A program basically consists of onc or mors sezments followed
by a FINISE stetcrent. Thers must be one and oanly ona IIASTER segrent.
The program ray contain only FORTRAN scgments, only scmi-compilet

segnoats or a mixturc. nts may be in any orders in particular,

the HASTER scogment nood not appear first.

111 of thosc segnonts will be incorvorated in the objeet proszran,
cxecept that if two or rmore scoazats with the sane narz arc input, only
the first onc iz incormorstcd. Tho FINISE statement causcs tho compiler
to crranse for ony roquired scomeonts from the FORTRAY librewy to be in-
corporatad., This dnecludos segnonts that are private to the Fortran

St

compiler, c.z. Fortran Input/Output nackagi.

If tho user has a scrics of subroutine and function scogments
that form e private library thoy nay be read after a LIBRARY statement
and should proende the FINISH statement. Before a FINISH or LIBRARY
statement the compiler will inecormoratc into the objcet program all
szaments oneountored. After a PIVISH or LIBRARY statomont nas beon
cncounteored only thoso scamoents to which o refersnce has proviously
boon made arc incorporatcd. Sogronts in a privaete library will normally

form, but they could bz in FORTRAN sourcc form.

Any somi-compilad sogments input to the FORTRAN compiler may
have been previously producce by the FORTRAT conpiler or by tho PLAY

asenbler.




The corpiler can start reading from cithor paper tepe or punchsd
carts. “heorever $here is to bz a gwitch from onc nod

3

iv
the programncr should inscrt one of tho following statomcntsd

READ FROM (CR) Switch from paper topc to cards.
REAL FROi® (TR) Switch fron cards to papcr tanc.
READ FROL (ﬁT,.....) Read subfile fron namnctic tape specificd

end th:on countinuc reading from slow poriphcoral.

As ucual, the stotononts should not start before charcetor position
7 of tho linc.

c) Qutput
The Program Doseription allows thz uscr to specify that cither;-
A) the sourcc is to bo conpilec to produce ome Or MOYC SOMi-
conpilcd segnonts, in which casc the output is in semi-

compiled Torm on magnetic tape (#%ZFAH) or pancr tepe

(&lzrar).

or B) the source iz to bo compiled and consolidated to produce

a loacablc program as cegeribod bolow.

i) Adzran
If no crrors arc found and tho program is complete, the
output is o rasnotic tape containing sn oxocutable progran
rceody to be dinput by an Exceutive FIND dircetive.
If no orrors arc found but the prosram is not complote, thore
is no useful output unlose the ovnorator hag bocn roguestod to
force the output of a Gonoral Purposc Loedor, Thon the out-
put will be as above. This action is sunsible only if it is
known that the missing segmonts, although reforred to, will

not be neceded whon the progran is run. If crrors arc found

e

-

thore iz no uscful output and consclidation cannot bz complctcd.

ii) Afzrar

If no orrors gro found snd the program is complots, the output
is a lcngth of paper tape contoining:

a) scni=-conpiled sognents,

b) runout.

c) roquest glip and Guneral Purposc Loader.

The request slip and Genoral Purposs Loader ars torn off.
.Yhen the program is to b2 run they nust be ianput before the

srni-corpilcd sesmonts,

- A -




If no errors are found but the program is not complete
the output is a length of paper tape conteining only
semi-compiled segments. If the operator has becn
requested to force the output of the General Purpose
Loader, the output will be as in the last paragraph.
This action is sensible only if it is known that the
misging segments, although referred to, will not be
needed when the program is run.

If errors are found, the output is a length of paper
tape containing any semi-compiled segments produced
before the first error occurred plus an incomplete
semi-compiled version of the segment in which the

first error was found.

d) Listing

During the course of compilation a listing will be produced
on either a lineprinter or a tape punch. On the lineprinter two
forms of listing are allowed; either a short list or a full list,
the differcence being that, except for segment names, source state-
ments are not printed in the case of short list. Unless otherwise
gpecified short list is assumcd and if the tape punch is used then
only short list is allowed.

Statements occurring within the program description or
between segments are always listed. The occurrence of semi-compiled
progran will cause one line to be printsd giving the segment name
Y-

SEG2B  (SEMI-COMPILED)

Additional information is output by the compiler giving the compiler
name, datc and time run, namc and numbor of instructions of eash
scgment compiled, program namc and core store requircd and the number

of errors dctected.



e) Error Interpretation

If the compiler detects an error in the input it ceases to output

object program but continues to search for errors. Errors discovered

by the compiler will be output on the listing peripheral in the form:-

ERROR n

where n

IN LAST STATEMENT, LINEp, CHARq

is the error number

p is the line number within the statement (firet line = 0)

q is the character number (first character = 1) and gives

an indication of the last field investigated by the compiler
before the error occurred; the actual error may have occurred

earlier.

The significance of the error number is as follows:—

ERROR NUMBER

N

m 1 oo v b

10
11
12
iz

14
15
16
f
18
19
20

INTERPRETATION

Hig-natehed parenthesis.

Missing parenthesis

Some other character found when /

) or, was expected.

Error in format of arithmetic expression.
Constant out of range.

Should be an integer variable.

Array not declared, or declared twice.
FPirst charecter of name non-alphabetic,

or name omitted.

Statement too long.

Statement incomplete

Label set twice or error in columns 1 to 5.
Error in label reference

Illegal subscript, e.g. too many or too
few subscripts.

Illegal name, e.g. subroutine has illegal name.
Label missing

Do label not found.

Statement not recognised or out of context.
Error in statement other than a source statement.
Polish list exhausted.

Compiler error.



The above interpretation of errors having a code number in the

range 1 to 25 applies regardless of statement type, but the inter-

pretation of error numbers above 25 depend on statement type as follows:-

Statement
MASTER

FUNCTION
STUBROUTINE
CALL

GO TO

DO

INTEGER
REAL

LOGICAL
DOUBLE P
COMPLEX

C OMMON

DIVMENSION

EQUIVALENCE

Error Number

26

26
27
26
26
26
27
26

eF
28

26
26
26
27
28

26

26
2

26

26
2

28

29

Interpretation

Master name in overlay list.

Segment name omitted.
No arguments
Segment name omitted.

Wot subroutine name.

Error in statement after GO TO.
Brror after ) of computed GO TO

Do label followed by end of state-
ment.

t=! pigsing or nisplaced.
Parameters not integer expressions?

Do Statement in 'Logical IF!.
Tnlabelled.

Unit number not integer constant.
or integer variable,

Format reference error
Error in list following.

Type already specified.

Illegal name for cemmon block.
Illegal item in list.

No dimension given.

Dummy argument.
Illegal argument, e.g. constant,
statement label, subroutine name.
Argument in list is followed by (!
and it is not an array name.
Argument already equivalenced or
otherwise defined so that equiva-
lence is impossible.



DATA 26 Illegal name in variable list,
e.g. a subroutine name,
27 Tllegal field in constant list.
28 Illegal form of complex constant.

When short list mode is specified the first line only of the
statement in error is printed prior to the above error message.

If on the occursnce of the END statement there exists any labelled
gtatements which have not yet been found then for each one a message
will be output, following the END statement, of the form

ERROR n - LABEL 1
where n is the error number (see above)

1 is the label not found.

INPUT PARAMETERS

The Fortran IV compiler permits & very versatile set of input
parameters to be supplied either as part of the program description
or as control statements between segments. A full description is
given in Fortran Note 10.

A complete job presentable to the compiler is of the form:-

1. Initial Statements. (e.g. LIST(LP) )
25 Program Description.
Ba Source or semi-compiled segments mixed as required

with statements between segments.

4. The PINISH statement.

STORE SPACH USED

A7TFAM 12000 words
HzrAp 13000 words
PRIORITY

The program as supplied has a priority of 50.




OPERATING INSTRUCTIONS
(a)  AfzFam

1. Load progranm ##ZFAM

2. Activatc by one of the messages

GO #ﬁZFAM AT 20 Compilc, reading initially from paper tape.
GO0 ALZFAM AT 21  Compile, rcading initially from cards.

A paper tape reader or card rcader is allotted and a scratch

negnetic tape openczd as a work tape.

3. Load the first paper tape or pack of cards on the rcader.
Engsure that another scratch tape is avallable to receive the
object program and that a tape containing the FORTRAN library

is available.

4. Load any further paper tapes or packs of cards or magnetic
tapes in the specified order. Whenever there is a change
of mcdium one recader is releascd and another of the appropriate
type is allottcd. However, when a magnetic tape is allocated
the card or paper tape rcader is not released sincc control
will bec passed tack to the slow peripheral when the magnetic

tape has been rcad.

5. After a successful run, another scratech tape or a named tape
is opened and labelled, and the compiled program copicd to it.
The end-of-run message
ALZFAM HALTED:- COMPILED 'Nane' EC
is then output on the console, whcre 'Name' consists of
12 characters; the first four being the name of the
program; the romainder being the charge number or

accounting codec. The work tape is left scratch.

6. Rcturn to step 2 to compile another progranm.

(b) ALZFAD

The operating instructions arc the same as abcve with ZFAP
in place of ZFAM cxcept that output is to paper tape in the
usual menner, (i.c. semi-compilcd, followed by tho loadcr if
consolidation has bcen complcted succossfully).

Magnetic tapes arc not used, unless of course thoy contain in-

put data.

e



EXCEPTION CONDITIONS

In the following, £¢ZFAJ stands for cither ALZFAM or ALZFAP.
1. AAZFA; HALTED:- NEEDS 'Segment'

This will occur, if on the occurrence of the FINISE statement,
there remains one or more unsatisfied cues, the first of which will

appear as 'Scgment' above.

Purther source or scni-complled program mey then be read after
giving the console message:
GO0 ALZFA;

Alternatively consolidation can be forced by:
GO A£ZFA5 29 (See note (ii))
2, #£ZFA5 HALTED:- COMPILED ‘'Name' 323

This indicates that errors have occurred. Consolidation cannot
be completed but further programs may be compiled by returning to
step 2 of the operating instructions. In the case of ##ZFAM the
output magnetic tape is not allocated and the work tape is left
scratch. If ALZFAP was the compiler used then sonme useful seni-

compiled program may have been output.

3. ##ZFAj HALTED:- PD

This indicates that an error has occurred either before or
within the program description. It is possible to continue

compilation by:

GO ALTRA;
but only for the purpose of checking for errors in the source
prograﬂ.
4. A£ZFA; HALTED:- OV

This will occur when one or more segnents declared as overlay
segnents. IH is necessary to use a separate overlay consolidator

to produce a loadable progran.
B AAZFA; HALTED:- TR
A#ZFAs HALTED:- CR

#¢ZFAJ HALTED:- TP
#ALZFA; EBALTED:- LP

- 10 -



The occurrence of one of these messages indicates that the
peripheral mentioned is not available. When it ig made available

the run may be continued by giving the message:
GO #ZFAJ'
The peripheral will then be allocated.
6. AAZFA;  HALTED:- CE

When this occurs it indicates that the compiler has detected

a check sum error while reading semi-compiled program.

If this occurs while paper tape is being read move the input

tape back to the beginning of the block and type the nessags:
GO ALZFA;

If it happens again on the same block, mark the tape and

terminate the compilation.

With ALZFAM, if there is a checksum error while reading the
library from magnetic tape it is necessary to re-start ths compilation

from the teginning. This may be achieved by giving the message:
GO %#ZFAM 2 (See note (iv) below)

and then continuing at step 2 of the operating instructions.

NOTES:

(i) If the compiler expects more input and none has been
supplied by the programmer, suspend the compiler and
re—activate by the message:

GO AfzFA; 28

Action is then as for exception condition 1 above,

(11) If the input is incomplete, consolidation may be forced
by the message
GO AfzFay 29
Action is then as in step 5 of the operating instructions.
If a list of blank cues is required, it should be obtained
before the entry at 29.

(iii) If the conpiler goes illegal or loops or otherwise comes
to an unexplained stop it is recormended that the standard

error procedure is carried out(See below).



—

Rostart should then be possible by the messages
GO ALZRA; 27 (see (iv) below)
and then continuing at step 2 of the operating instructions.
(iv) It is dangerous to 'take' or 'give' peripherals when using

#%ZFAg conpilers since this is likely to causge the compiler

to go illegal. If at the end of a run it is desired to
relecase any peripherals allocated to the compiler it is

simply necessary to give the message!

GO AfzZFA; 27

STANDARD ERROR PROCEDURE

If illegal on instruction other than 150 - 157 then output
the first 3,500 words of core store on the lineprinter. This in-

formation will be of use later to the compiler writer.

If illegal on instruction in the group 150 - 157 then the

console log is usually sufficient to explain the causec.

OPERATING INSTRUCTIONS (FORTRAN Object Programs)

La Load the program. If it is on paper tape, load a paper tape
containing the FORTRAN library on the same reader.

2. Activate the program by the message

GO Afnsme AT 20
or as specified by the programmer. 'name! represents the name of

the program.

B If the program was compiled in trace node, a steering list
may be read at any time the program is suspended. Load the list

on a card reader or paper tape reader and tyve the message
The list is read, the progran is suspended and the message

#Afneme HALTED:~ ES

is outyput.

4. No trace information is output unless trace is switched on
by the message
ON #Afname 0
Trace may be switched off by
OFF Afname 0

- 15 =



B If the program was compiled in trace mode, further information
about the last 100 statements obeyed mey be output if the program
ig suspended and then reactivated by the message

G0 Afname AT 29

The program will suspend and output the message
#Anane HALTER:- EP

This action should always be taken at the end of a run for a

traced program, unless the program has deleted itself,

EXCEPTION CONDITION (FORTRAN Object Program)

N.B. This section applies ouly if the program was compiled in trace mode.

1o After any error stop, the program should be re-activated as in

gstep 5 of the operating instructions.
One special type of error stop outputs the message:
#A4name HALTED:- AR

It should be treated as above.

18th Jan 1966, L.R. FATRBROTHER.
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The FORTRAN IV Object Time Input/Output Systen

This notc replaces FORTRLN NOTE 5, It gives a brief desoription
of the input/output syeten used by FORTRAY IV obJect programs. The emphasis
is on the methods of comnunication between the different parts of the

systen. Further information appears in Fortran notes 4, 7 and 18.
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The FORTRAN IV Object Time Inpmt/Output Systen

Outline of Systen

The FORTRAN IV input/output gysten is modular. At run time, only
those parts that are needed will be present. The relationship between

the different parts d4s shown diagramatically in Figure 1.

For eachsource language input/oatput gtatenent the object progran
will contain one or more calls to %FKNOUT. %FINOUT is a segnent that
carries out the bulk of the work of I/0 in = way that is independent
of the I/0 nediun involved. %FINOUT enters one of a series of
peripheral routines to carry out actual 1/0 operations. Bach
peripheral routine is a segment.

For double precigion variables a call is generated to FFIODP
instead of %FINQUT, but %FIQDP uses GFINOUT for all processing except
numeric conversion.

Sinilarly %FIOD. is called instead of %FIOTA for double
precision arrays.

Communication between SFINOUT and the Peripheral Routines

%FINGUT does not kmow about the different I/0 media but merely
enters appropriate peripheral routines to perform the actual 1/0
operations. Comnunication takes place via thres common areas:
FFIOLIST, % FIGPER and %FIOLEN,

The progran description for a FORTRAN IV progran generates in
the common area %FIOLIST a list of programmer's numbers that nay be
uged by that progranm. /‘ssociated with these numbers are details of
the actual devices and all auxiliary information required for the
successful operation of these devices, including the addresses of the
appropriate peripheral routines.

An dinitial entry to %EEEOUT will search %FIOLIST for auziliary
information corresponding to a specified programmer's number. Then
the one word area %FIOPER is set to point to this information for use
by the peripheral routine.

The layout of the buffer is given in section 4. It is used to
transmit information between %FINQUT and the peripheral routines during
READ end WRITE operations. This information is transnitted in units
of bloclks, where one record may consist of one or more blocks. L4

formatted record is likely te congist of onc block and an urnformatted
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record of several blocks., TFormatted information will be in standard
6-bit code (without shifts). Unformatied information will be
in binary form. The length of the buffer isthe naximum of the lengths
defined in the peripheral routiunes.

During a READ or WRITE operation the initial entry to the peripheral
routine will set the 2 word common area %FI@LEN 5
Word 1 (fornatted) Wo. of characters of information in Buffer

(unformatted) " " words \ i

Word 2 Start address of information
On reasding, BO of word 1 will be set to 1 by the peripheral routines when
the last block of a record is read.
On writing, this bit is set to 1 by FGRINOUT whenever arecord is to be
terninated.

3. Structure of F#FIGLIST

ZPTOLIS™ ocontains s list of information about the peripherals used

by a program. It contains an entry for each of the INPUT, QUTPUT, USE and
CREATE statements in the Progran Description. ./n entry consists of one or
more pointers and an information block,.

Tor esch programmer's number in the statenent there is a 2 word
pointers:

Bl Progranmer's number

24 sddress of information block
The first word of %#FIOLIST contains the number of entries in the list.

For each occurrence of the word (HQNITOR) in a stetenent there is
2 sinilar pointer, except that the lst word is n, n< 0. The value of n
indicates whether the word is available for input or output being -1 for
input and -2 for output. These pointers are for use by the object tinme
diagnostic routines e.g. TRACE (SF4).

An information block contains theifollowing items :

1 Address of the start of the Peripheral Routine (1 wbrd).
By Device details (2 words).

3 Zero word

do Length in words of rest of block

5. Iny further information (Optional.)

Before entering a peripheral routine, WFINOUT sets %FIOPER equal to
the address of tho information block.
Iten 1 is used by & FINOUT,

ITten 2 congists of 2 words as follows:
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Value of Vord Meaning
Word 1 Top hit = AL Device Allocated
Bits 1-8 Type of device (as in
PERY control area)
Rest of word = 1 INPUT
=2 ouUTPUT
=3 UsE
= A7 CREATHE
Word 2 Top bih = 1 Device not yet used.
JTegs 12 Hits = n n is number in 1900

device nane, e.g. 3 in HT3,

The top bits of these words are refered to and changed only within peripheral
routines; some peripheral routines ignore thenm altogether.

Iten 3 is used as working space for the peripheral routinecs, e.g. ARIOMT

stores statement type in bits 0-5 and data block count in bits 6-23.

Ttem 4 is zero if there is no further information

Itom 5 (if iten 4 non-zero) contains file nane plus any other information which
ney prove desirable. Only up to 12 characters of the file nane are

significant to executive, nanes less than 12 characters being space-filled

on the right.

Structure of the buffer

For character peripherals, except the line printer, user inform tion
gtarts at the beginning of the first word; for the line printer, at
character 3 of the first word.

On nagnetic tape the first few words of the buffer are used as control words
and user information starts st charscter 2 of word 2 for fornatlted tape
(for conpatability with # XQP) and at word 5 for unformatted tape.

Adthough each peripheral routine uiay in Theory use a separate buffer

in practice all existing routines use the conmon arsa S4FIOBUF.

Alison Finch
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Dynamic Allocation System in Fortran IV compilers

Introduction: All peripherals are allocated and released

dynamically by the compiler and a record is kept in a Lower

Common area called 'TAPER' of peripherals in current uses .

“"he arca TAPER: This area is si% words in length,each word

referring to a particular type of peripheral, as follows.

Word O: Magnetic tape library

Word 1: Magnetic tape input (source or s/c)

Word 2: Slow peripheral input (card or paper tape)

Word 3: listing periplral (printer or paper tape)

Word 4: (a)Scratch magnetic tape OR (b) slow peripheral
output.

Word 5: Final output magnetic tape.

£A11 these words are mlevant to the magnetic tape compiler
# XPAM, in which case alternative (a) for word 4 is the one

applicable,

The paper tape compiler %ZXFAP and the card compiler ﬁZXFAG
do not use words 0,1 and 5, and alternative (p) for word 4 is

applicable.

Each word of TAPER is composed of the following elements.

Bit Os = 0 if not in current uss (but see note (a)
below)

=1 4if in current use

Bits 1-8: Indicates peripheral type (e.g. 3 for card
reader

Bits 9-23: Indicates unit number (see note (b) below)

Notes: a) In all words of TAFER except word 1, a2 '0' in the
sign bit impfies that the peripheral is not allocated
to the program. In the case of word 1, a '0O' in the
sign bit doss not necessarily mean this, but indicates
only that the peripheral is not irn current use. This
is necessary because it may be required that an input
tape be left positioned at a certain point until it is

known whether any further data is required from it.
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In the case of word 1, therefore, a further indicator
MTTI is used: If MI'T = O, the peripheral is not
allocated; if MTI = 1 it is allocated.

b) In #XFAM the following unit numbers are used for
the mezgnetic tapes:-~
Tnit Q: Tape containing library
Unit 1: Final output tape
Unit 2: Input tape

Tndt 3 Scratch Tape

Tor all three compilers, the slow input peripheral

is unit O and the listing peripheral is always unit 1.

¢) It is not of course possible for more than one
of each kind of peripheral to be allocated to the
compiler at the same tims. Thus if a new input
magnetic tape is requested, the old one is

necessarily rcleased first.

Release of Per pherals

The releasce of a peripheral is in all cases effected by
entering the cued routine RPER, after setting X1 equal to the
number of the appropriate word in TAPER. If RPER discovers
that the peripheral is not allocated, it does nothing Otherwise
it removes the sign bit from the correct word of TAPER, then

releases the peripheral,

If an input magnetic tape is to be released, RPER ascertains
from the indicator MTI. whether the peripheral is allocated or not,
instead of from TAPER+1., MTT and the sign bit of TAPER+! are
always left as zero.

Use of RPER: The callng line is

CALL 5 RPER
On input: X! = appropriate word;of TAPER (0 to 5)
On exist: X1 is unchanged.

Uses: X2z X5, X6
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Allocation of Peripherals

All peripherals are allocated dynamically by calling the

cued routine APER.

The calling line is CALL 5 APER
On input: X1 = appropriate word of TAPER (0-5)
X7 = counter modifier: Type/unit no.
On exit: The allocation is complete.
X1 and X7 are unaltered
X3 = unit numrber
X2

Uses: All accumulators except XO.

Peripheral type

I

On entry to APER, the counter/modifier in X7 is transferred

immediately to the appropriate word in TAPER.

If the peripheral is not magnetic tape, APER will then
attenpt to allot it and if unsuccessful will type "Halted xzx"
where xx is CR, LP ete. When allotted, the appropriate sign bit

i PAPER i8 et fo Y%,

If a magnetic tape is to be allocated, more complex
operations talke place. APER looks at the common area MFIL to
find out the name and generation number of the file required;
it then sets up a control area accordingly and opens the tape.
Finally the sign bit in the appropriate word of TAPER is set

to '1' and if this word is word 1, MTI is also set to 1.

Initial allocation of peripherals

A listing peripheral is allocated if or when the user

requests it by means of the interscgment statement LIST.

The subroutine STPUT makes the initial allocation of an
output peripheral. In #-XFAM it allocates a scratch tape, writes
a tape-mark to it and zeroises word 5 of TAPER. In £ XFAP and

# XPAC it allocates a tape punch or card punch respectively.



- G o

The subroutine STINP allocates the initial input peripheral,
and this will always be a card reader or paper tape reader depending
on whether the compiler is entered at word 21 or 22 or at word 20.

Words O and 1 of TAPER are zeroised.

Change of Peripherals during compilation

This can be effected by means of the intersegment statement
"READ FRAM",

For all three compilers, the following two forms are
permissible:

(1) RELD FREM (TR)

(2) READ FROM (CR)

For A XFAM (in which input mey be from magnetic tape), the
following are also permissible.

(3) READ FREM (M7, Filename (G))

(4) READ FREM (MT, Filename (G). Subfilename)

(5) READ FR@M (MT,. Subfilename)

Here, @ is the generation number of the file and need not be
speecified. If not specified G = 0 is assumed. Type (3)

can be used for obtaining input from a simple file. To obtain
input from a composite file, types (4) or (5) must be used, and
the subfile name must always be speified. Type (4) is used to
open a tape and input a subfile. Type (5) can be used to input
a subfile from a magnetic tape that is already opened; in this
case the subfile requested must not be further back on the tape.
Obviously it saves time to use type (5) rather than type (4)
wherever possible; for type (4), if the tape is already open,

it will first be released then re-opened.

Treatment_of READ FROM by _the_ compiler: The actual transfer

from the current to a new input peripheral is effected by the cued
routine RDFR.

The calling line is CALL O RDFR
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On input: X1 = sppropriate word of TAPER (0 to 5)

X7 = counter/modifer: Type/unit no

If magnetic tape, MFIL must be set up (see below)
On exit: X1 and X7 are unaltered.

Usesg: A1l accumulators.

If reading from magnetic tape the €@ommon Area MFIL is set
up previously as follows:
Words 0, 1, 2: Tile name (word O = zero if not specified)
Word 3: Generation number (zero if not specified)

Words .4, %,:6: Subfile name (word 4 = zero if not specified)

Tn the case of READ FRZM (CR) and READ FRZM (TR), RDFR
marely releases the current peripheral {(by calling RPER) and
allocates the one requested (by calling APER).

The following, more complicated, operations are carried out

if input from a magnetic tape has been requested:=—

If a RELD FRﬁM statement occurs while actually reading
magnetic tape, it is simply ignored. Otherwise the first word
of MFIL is examined, If it is not zero any magnetic tapes input
file currently allocated to the program is released and the one
requested is allocated. If the first word of MFTL is zero, the
compiler checks (from MTI) that a tape is indeed allocated and

sets the appropriate sign bit in TAPER+1 to '1!'.

The tape is then peuéitioned ready for reading the first
record to be input. In the case of & composite file, the
compiler also ndes from the subfile sentinel whether the
contents of the subfile are source or semi-compiled. In the
case of a simple file, only semi-compilled. In the case of a

simple file, only semi-compiled input is acceptable.

The slow peripheral remaing allocated to the program when
a magnetic tape is being read, and control returns automatically
to the slow peripheral in the following circumstances:—
(a) On detecting a tape-mark in the case of a simple file.
(b) On reading the end of the subfile in the case of a

composite file.



- P 2

In case (a), the tape is rewound and released, but in case
(b) it is left positioned at the end of the subfile in case a
further subfile is required from it at a later time (howaver,p

bit O of TAPER+1 is set to zero at this point).

Final ‘elense of Peripherslas

All peripherals which have been allocated during compilation
are released before the final Halt is reached. Entry at word
27 of store will also cause all peripherals to be releasad
followed by & typed message "Halted PF". This facility is
included to make it possible to begin compilation again at any

stage.

Halts in the Dynamic Allocation System

(a) The following halts indicate that a particular peripheral is
not available to the compiler. To continue compilation the

operating must put the appropriate peripheral on line and Gﬁ:—

Halted TR (paper tape reader)
Halted TP (paper tape punch)
Halted LP (1ine printer)
Halted CR (card reader)
Halted CP (card punch)

(b) The following halt occurs if entry has been made at word
27 to release all peripherals:-
Halted P¥

This indicates that all peripherals have been released.

P. Girad.
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Conmpiler Magnetic Tape Input/Output Systen

The note describes the system developed in # XFAM for input from,
and output to, magnetic tape in subfile format as specified in PDCC/lTl,

issue 2. The docunment supersedes Fortran Note 17.
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Magnetic Tape Input and Output for # XFAM

Introduction: A1l output from #éXFAM is on magnetic tape. Input may

be from cards, paper taspe or magnetic tape, or from any combination
of these (see description of the dynamic allocation system). The

Fortran 1V Library nust be input from an MLT.

Magnetic Tape Input: Input may be from "simple files" or from "composite

files", with the inmportant restriction however that only semi-
conpiled programs or segments may be held on simple files,
L simple file consists of the following:-
(2) A Header label containing the file name, etec.
(v) TAPEMARK
(c) A semi-coupiled progran or semi-conpiled segments,
(d) TAPEMARK

(e) Trailer label composed as follows:

Word O = # 40000000

Word 1 = count of number of blocks in file
Words 2, 3 = Zero

Words 4 - 19 = ©Not used.

A conmposite file nay hold source programs, source segnents,
prog

seni-compiled programs and semi-compiled segnments.

The tape is divided intec subfiles each preceded by a subfile
sentinel and terminated by end-of-subfile sentinel. At present a
subfile nay consist either entirely of subfiles (these may be nested
to any depth) or entirely of program in one of the forms described
above., No two subfiles sentinels on a file may contain the same

subfile nanre,

Since a subfile sentinel contains one indicator recording the
nature of its contents (i.e. source, s/c segnents, or s/c program),
a subfile containing program must contain it in only one of these
forms., However this indicator is ignored in the case of subfiles
couposed of other subfiles; consequently a subfile can contain subfiles

holding program materiasl in any or all of the three forms,



A conmposite file is made up as follows:—
(a) A Header label containing the file name, etc.
(b) Subfiles (nested to any depth)
(c) End of composite file trailer label

A subfile is always preceded by & subfile sentinel having the forn:-
Word O : #£ 00000006
Words 2-4 : Subfile name (must start with a letter and oust
contain only letters, digits, spaces and hyphers)
Word 12 : B2F4 for source program or segnents
A200 for consolidated semi-compiled progranm
A300 for seni-compiled segnents
C100 for composite subfile
Word 14 Maximum block size
(21 for source; 20 for semi-conmpiled).
Words 1,5 - 11, 13, 15- 19 : ©Not used at present

A subfile is always terminated by an end of subfile sentinel having

the form:-
Word O : # 40000000
Word 1 : Count of data blocks in subfile (excluding sentinels)

Words 2-3 : Zero
Words 4-19 : Not used.

An end of composite file trailer label is made up as follows:-
Word O : # 00000007
Word 1-19 : Not used

Note : Each of the three types of block described above is preceded
by = TAPEMARK,

Source and s/c record format

1) The maxinum length of & sermi-compiled record is 20 words,
This is in the form of a sinple "ecard image".

2) The maximun length of a source record is 21 words, The first
word contains a count of the actual number of words in the record
(including the first word). The other words are in the form of
a simple "card image" of the source statement, though possibly

containing fewer characters than a card.



Opening and positioning of magnetic tapes for invnut

This is described fully in comnection with the "READ FRAM"
statement of the dynamic allocation system. In all cases the tape

is positioned ready to read the first data record.

Input of nmagnetic tape records

The record is initially read into a 21-word area called EUFF,
Then, if it is source (this information is taken from the last
subfile sentinel) the appropriate number of words are moved into
CIMAGE starting of course at the second word of BUFF, If it is
semi-compiled the appropriate number of words is moved into CIMAGE
starting ot the first word of BUFF,

Detection of a TAPEMARK is taken to indicate the end of the
file in the case of simple files: The tape is released and reading

continues immediately from the slow peripheral.

In the case of a composite file, reading continues until an end
of subfile sentinel of the same level as the original subfile
sentinel is detected. The tape is NOT released however, but remains
positioned after the end of subfile sentinel in case the programmer
requests further subfiles from it at a later stage. Reading continues

from the slow peripheral meanwhile,

Halts in the megnetic taps input system

There are three possible halts. Tach of these causes the sane
message to be output on both the console typewriter and on the listing

peripheral
(2) Halted: ILLEGAL SENTINEL

This arises 1f a TAPEMARK is detected on a composite file,
followed by a block other than a subfile sentinel, an end-of-subfile

sentinel, or an end of composite file trailer label.

The compilation can be continued by typing r@gp' in which case
reading continues as though no irregulsrity had been detected

(i.e. ignoring the illegal sentinel)
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(b) Halted : SUBFILE NOT FOUND

This arises if the request subfile is found to be not on the
tape. The halt will so occur if the progranmer has used a READ FROM
of the type READ FR@M (MT,. Subfile Name), and the subfile is not
between the point at which the tape was positioned and the end of
file,

If required, compilation can be continued by typing Gﬁ. This
will cause reading from the slow peripheral to continue, so enabling

the programmer to feed in another READ FRdM if he wishes.,

(¢) Hzlted : NO TAPE LLLOTTED

This arise if a RELAD FRﬁM (MT,. Subfile Name) is used, but

no tape is currently under progran control,

It Gﬁ is typed, reading continues from the slow peripheral
enabling the operator Lo read in another READ FRﬂM nessage if he

wishes,

Ligting in the Magnetic Tane Input Systen

Whenever reading takes place from a subfile, the contents are

preceded on the listing (if listing is taking place) by the line

SUBFILE (Subfile Name)
Any other subfile detected within the main subfile are similarly
listed., Also all end-of-subfile sentinels detected are recorded

in the listing by the line

END OF SUBFILE
The abnorral halts, ILLEGAL SENTINEL, SUBFILE NOT FOUND, and
NO TAPE ALLOWED =2re also recorded in the listing; these are

described more fully in a separate section.



Ry %

Magnetic Tape OQutput

All output in g% XFAM is on nagnetic tape. However there
are several alternative types of magnetic tape output, which can
be selected by preceding the program description by an appropriate
"SEND Tﬁ" statenent.

The "3END Tﬁ"statement

The various possible SEND to statements can be classed under
three main types:

Type 1 : SEND T@ (MT,!File Name'(G))

This would cause the output to be written as a simple file to
a tape which is already named as indicated and whose generation
nunber is G. G may be zero or omitted, in which case the generation

number is not checked by Executive,

Type 2 (a) (SEND Tﬁ statement onitted)
(b) oEND T4 (MT)
(¢c) sz TP (M , 'File nane '(@¢), R)

Statements of this type cause the output to be written to a tape
which is previously scratch., In cases (a) and (b) a retention period
of 999 days is assumed., 1In case (c) R is the retention period and is
combulsory unless it is required to write to a pre-named tape, In
cases (a) and (b) the file nare is taken from the following PRﬁGRAM
or SEGMENTS statement. In case (c) it is taken to be as stated, the

generation number (G) being optional,

Type 3 SEND T4 (MT,'File name' (G).'Subfile naume')

This would cause the output to be written as a subfile (having
the name specified) added to the end of an existing composite file,
The generation nuither (G) of the conposite file, need not be

specified.

Treatmnent of SEND Tﬁ by the compiler

When a SEND T@ statenent is detected (or if it is absent)

the conpiler sets up a common area MFILZ as follows:-
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2 All three types: Words O = 2 : File Nane

Word 3 : Generation Number (zero if
unspecified)

Word 4 : Type (i.e. 1,2 or 3)

Word 8 : ot used at present

Word 11 : Retention period (type 2 only)

For type 3, additional details are included:-

Words 5 = 7 : Subfile Nane
Word 9 : A200 1f consolidation required
A300 if SEGMENTS only.
This information is not used further by the compiler until

completion is comnplete.

If the output is 'Segments' only a no-consolidation switch is
alsc set.
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sunmary of Qutput Operations

Initial Allocation

The routine STPUT is called soon after entering the compiler.

This allocates a scratch tape and zeroises word 5 in TAPER.

Use of Scratch Tape

The compiler continues outputting to the scratch tape until
either (a) errors are found in the input or (b) a FINISH is
detected,

In case (a) the outputting of blocks in discontinued, and the
scratch tape is released by calling the routine FERRR (from

gegment U)

Action on detecting a FINISH

le

If in error node : Any peripherals still allocated are released

and the conpiler halts 2%

1f there are no errors, but no consolidation is required: The

conpiler enters a routine called TSﬁﬁ (from segment A)., This
terminates the scratch tape with two Tape Marks and rewinds 1t; the
final output tape is then allocated and positioned ready for
writing. The routine ENQUT finally copies the scratch tape to

the final output tape, after which any remaining peripherals are

released and the compiler halts EC

No errors; consolidation recuired: The compiler calls LIBSH

which causes the necessary library routines to be found from an
MLT and written to the scratch tape. If, after this, blank cues
renain the compiler halts after printing a list of routines still
needed. If all cues are satisfied the scratch tape is terminated
and rewound, and the final output tape is allocated and positioned
for writing. The regquest slip, loader, and consolidated leader
are then written to the final output tape., The routine ENﬁUT

then copies the contents of the scratch tape across, all remaining

peripherals are released and the compiler halts EC,

P. Girad
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Utility Programs and the Production of Fortran Compilers

This note gives some general information concerning the production
of the compilers and describes briefly the various utility programs that

are used in this connection.



The Production of Fortran Compilers

Compiler Segments

The Fortran compiler is based on the 'compiler kit' philosophy. That
is, in addition to the segments forming the 'heart!' of the compiler there
are a number of alternative 'system' segments., Different compilers may thus
be produced by choice of different 'system' segments., There are currently
24 different types of segments, the majority having a name of the form:-

Fx2y
where x is a letter of the alphabet
y is A - general

P

paper tape
C - cards
M - magnetic tave
L - limited version (Basic Fortran)
Details of each segment are given in appendix 1, In addition, the letter T

nay be appended to a segment to denote that it is under test.

Compilation

The segments are held in PLAN souce form on magnetic tape, amendments
and compilations being made by using the COSY system (ﬁgXIMﬂ + ﬁ£XEpJ) on a

four tape cyclic system.

At present three source files exist: FORTSOQOURCE which contains those
segments needed to generate XFAM, XFAP, and XFAC; ZFOMSOURCE which holds
the segments for the Basic Fortran compiler XFOM; and TESTSOURCE which
basically contains XFAM segments, and is used to develop language
enhancements and other off-line tests which, if included in the FORTSOURCE
file, would make this too unwicldy to hendlec.

Fortran Library Tape (FLT)

Fortran Library Tapes are similar to PRE-MLT and MLT library tapes
but contain only ASA Fortran compilers, the ASA Fortran library and utility
programs that are commonly used by the fortran team. The contents of the

FLT is shown in appendix 11, To guard against tape failures four tapes are
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used in a cyclic system, being updated by the library maintenance program
£ X,

Whenever proved versions of compilers or subroutines are produced they
are incorporated into the FLT. There is, however, one complication. Since
both XFAP and XFAC contain a segment giving library leader information, these
compilers would normally be one generation behind any modified library
routines. This is overcome by doing a 'dummy' FLT update run using both
XPMU and LIBN to produce only the library leader segment, which is then
compiled into XFAP and XFAC. It is then possible to include up-to-date
versions of XFAP, XFAC and the modified library routines in the next
genuine FLT update. This method ensures that FLT's do not exist containing

compilers and library routines which are incompatible.

Testing and Issue

There is no guarantee that amendments made which correct a particular
fault in a compiler do not have repercussions and causes other faults to
appear. For this reason a diagnostic test progran, #@IAG, hag been
written. It consists of many modular phases which are entered in turn at
run time, each phase testing certain aspects of the compiler (not input/
output), and, if any discrepancies are found, diagnostic messages are
printed out. There are two versions of this program, one for Basic Fortran
(XFOM) the other for ASA Fortran (XFAM, XFAP, XFAC). Since the size of
the latter version is in excess of 18K, only XFAM is used to compile it.
(both input and output being magnetic tape). XFAP and XFAC, which differ

only in the system aspect, are then tested in this respect.

When a compiler and/or library subroutine have been amended and
tested they are ready for issue. Immediately after issue the mark number

is updated.
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Description of Utility Programs

FFOol

This routine is used to correct a guncral purpose loader held in
binary on paper tape into a psuedo subroutine % FOLl which is held ing 20
word blocks at the end of the magnetic tape library. The subroutine looks
like an ordinary semi-compiled program but in fact contains blocks of binary
programs. The Fortran 11 compiler %§XFLM requires the loader to be held in
this manner since there is insufficient space available to either hold the
loader in store or read the loader in from magnetic tape where it is held

as an ordinary binary program in a type 5 block (5 512 words)

# GPLC and #GPLL

Thege routines #4GPLC card orientated and %4GPLL paper tape oriented,
convert a general purpose loader held in binary to an octal representation
which is inserted as data (lower preset) into the output segment of the
Portran compiler. This is necessary for any version of the compiler which
holds the loader in core store. Note that the loader cannot be in source

form as binary output is required.
COND

The purpose of thisg routine is to eliminate all unnecessary run out,
E blocks and pause blocks present in a semi-compiled library tape. This
routine is now obselescent since #4FLPM will produce a condensed semi-

compiled library direct from magnetic tape.

# LIBN and # LIBC

These routines will generate a plan source segment consigting
primarily of data giving the essential information required by the
consolidator about the library routines (i.e. a table of compacted leader
information). ASA Fortran compilers require the use of #ZLIBN which
genarates a plan source segment FV2A with an internal cue LIBRY. Parameters
are read from either paper tape or cards, the library being on magnetic
tape in block SRF4. The routine #gLIBC ig used to create = segment called
LIBRY, the library being on paper tape. This routine is used with the

Fortran 11 compiler.



ﬁ MTPR

This is a magnetic tape to printer general listing program which
prints the first 20 words of any block read. The advantage over other
gimilar programs is that it will print for each block read only the number
of words given in the second character of the block (or 30 words if this

is zero or <20). Also it will not halt until it finds two tape marks.
RENB

The purpose of this program is to copy only selected segments of
semi-compiled program from an input magnetic tape to an output tape which
is opened as a scratch tape but given a specified name and a retention period
of 50 days.

Thig program is used in conjunction with #4ZPOT to overcome two

difficiencies, in #5ZPOT, namely.

a) program may not be renamed

b) segments cannot be deleted.

Since ASA Fortran compilers are at present compiled using the COSY

system this program is of use only with Fortran 11 compilers.

% SCPR

This routine may be used whenever semi-compiled program held on paper
tape, cards, or magnetic tape is to be analysed and printed on the line-

printer.

t is in fact iderntical to %!YKBP (see Software Testing Manual for
specificatioa) but with the addition that input may be from cards or
magnetic tape thus enabling the output from all three compilers, XFAU
XPAP and XFAC, to be examined.

# cDMT ‘

This routine will transcribe cards in Fortran source language to
magnetic tapein subfile format (see PDCC/171 issue 2) suitable for input
to A XFAM., Parameter cards mixed with source csrds are required to create

gtart of subfile or end of subfile sentinels.



% FLPM

Whenever it is desired to produce the ASA Fortran library on paper
tape this routine may be used. It assumes that the library is held on
magnetic tape in program library format under group name 3RF4 and produces

two reels of paper tape in a compact form,

ﬁ CSDR-

The ASA Fortran compilers are ccmpiled using the COSY system. This
system has the advantage of selecting specified segments to be compiled but
also has the disadvantage of not being able to duplicate segments without
going via a hard copy on cards or paper tape. TFor other than trivial
modifications development of the compilers is achieved by creating
duplicates of segments into which modifications are put and tested. Vhen
proved, the duplicate segment becomes the up-to-date version and the

original is deleted.

The utility progranm #4CSDR is capable of both deleting and duplicating
segments, the duplicated segments being renamed in specified. Except for
reading paremeters from a slow peripheral the process is carried out
entirely on magnetic ftape, in a manner very similar to %4XPMA. In the
normal course of development # GSDR is used twice, once to duplicate and
renane, once to delete the old segment and name the duplicate as the new

segment.

% FLID

Three compiling systems are possible depending on the way in which
leader information is supplied to the consolidator for a paper tape (or

card) compiler such as # XFAP (or # XFAC)

In order of vpreference they are:-

(i) Leader information is held in store, (segment FV2A in XFAP
or XFAC), semi-compiled information being read from the
library supplied at load time.

(ii) As (i) but leader information is read from the library which

is also supplied at compile time.
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(iii) As (ii) but semi-compiled information is read and punched out
(copy switch on) at compile time. library is not then

required at load time.

The utility progrem ZFLID is a means to improve system (ii) by
producing a paper tape containing the leaders only, copied from the

paper ftape library.

# CSRO

Thig routine is designed to re-order segments on a COSY source file
as specified by a parameter list which may be read from cards or paper
tape. Such re-crdering is neccssary in order to reduce the core store
required by XFOM to 5632 words, the pre-release PLAN compiler ZPLJ is used
in plece of XPLJ during the COSY run. However at present ZPLJ requires
segments to be supplied in overlay unit order within overlay area order
with permanent last. Thus, as XPMA is not capable of re-ordering segments
CSRO is used as a preliminary whenever amendments made to XFOI alter the

sequence of overlays.



Summary of Utility Programs

Name Description
%APFOI Creates Portran II loader for %éXFLM.

##GPLC ) Conversion of bhinary GPL's to plan format.

A£GPLL %

%éCOND Copies semi-compiled program on paper tape removing
superfluous run out etec.

ALLTBN ) Creates 'LIBRY' segment from the semi-compiled

LL1IBC )

library.

AANTER Magnetic tape to printer (genersal).

ALRENB Renamcs input file to A£ZPOT.

#ACSDRA Duplicates, renames and deletes segments held on
magnetic tape in COSY format.

%ASCPR Prints and analysis semi-compiled programs.

%#CDMT Transcribes cards to magnetic fape in subfile
format.

%éFLPM Creates paper tape library from FLT.

ALFLID Creates paper tape with leaders only.

%QCSRO Re~orders segments on a COSY source file.

L.R. FAIRBROTHER.
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Appendix I
Compiler Segments
Name Description
FAZA Supervisor
FB2M Input (magnetic tape, paper tape, cards)
FB2A Input (paper tape or cards only)
FC2M Output (magnetic tape)
FC2P Qutput (paper tape)
rCc2cC Output (cards)
FD2M Consolidator (magnetic tape)
FD24 Congolidator (paper tape or cards)
FEZA Segment compiler, statement compiler, END
FF2A MASTER, SUBROUTINE, FUNCTION, EXTERNAL ,
BLOTY {ATL, RETURN, PAUSE, STOP.
FG2A EQUIVALENCE, DATA.
FH2A Arithmatic statements, IF, GO TO, CALL, ASSIGN.
FI2A DO
FI2A Input/output statements.
FK2A Type statements, DIMENSION, COMMOIN
FL2A Listing segment.
FM24 Expression analysis (Part T1s
Fl2A Expression analysis (Part II) and compilation.
FP2A Input (peripheral independant).
FQZA Output (peripheral independant).
FR2A Instruction generator.
FS2A List System.
FT2A TRACE .
FU2A Error segument.
FV24 Library leaders (LIBRY).
INTFC Intrinsic and standard functions.
FZ24 Program Description.
NOTE : In addition to these segments there is one segment per

compiler which supplies the compiler name and mark
number.
There is also a set of segments FA2L to FZ2L which

comprise the Basic Forftran compiler, XPON



XFAM/1D
XFAP/4D
IFAC/4D
XFCM/1
LIBN/1
MTPR/1

GRAPA /4
SFMN4D/ 4
SFMN4 /5
ALIGT/4
DISENG/4
RLEASE/4
RUN@UT/4
ZRINCUT/9
GRTOPT/5
FGFIOCARD/5S
GRIOLP/5
ZRINIL/6
IRTOTA/S
IRIOMT /7
IRTOMTF/6
FRTNMT /6
IRIODL/ 4
%PTODP/6
FRARHD/5
IFEx4 /4
REAL/4
ATMAG/4
CMPLE/4
CoNJIG/4
CROG/4
CSIN/4
cCos/4
CEXP/4
CSQRT /4
ERC2/4
TRCP/ 4
cABS/4
DMINI/4
DMAXT/4
DSIGN/5
SNGL/4
DBLE/
DSQRT/5

APPENDTX 11

FORTRAN 4 LIBRARY TAPE (PLT)

SCER/1
GPLC/1
CDMT /4
FLPM/1

Library Subroutines (under sroup name SPF4).

DIAG10/4
/FDR/4
<’FDD/4
DIeD/5
DCes/5
DSTN/5
DIRG/S5
DEXP/4
DATAY/
DLTAN2/5
DA )
GFDPOLY/4
%GED2/ 4
SPDD/5
SQRT/4
Cos/4
SIN/4
ABS/4
LABS/4
COT/4
TiN/4
EXIT/4
DATE/4
Men/5
SVBFF/4
SWON/4
INT/4
WINT/4
PLEAT/4
ACBS/4
ASIN/4
ACQT /4
LTAN2/4
ATAN/4
SIVE/ 4
CoSH/4
ATOC10/4
BXP10/4

5

TANH/ 4
COTH/4
AMOD/5
ACOSH/4
ASINK/4
,f"s,TA”"IH/ 4
ACBTH/4
418G2/4
AINT/4
ANINT/4
PLOT/4
SIGN/5
ISIGN/5
XTY/4
EXP/4
ATQG/4
IDATE/4
MAXO/4
AMAXO/4
MAX1/4
AMAX1/4
MINO/4
AMINO/4
MINT/4
AMINT/4
IDINT/4
IFIX/4
DIM/4
IDIN/4
STITE/4
SLITET/4
SSYTCH/4
DVCHK/ 4
QVERFL/4
ERGVL/ 4
%ROL/4



INTERNAL USE ONLY

INTERNATIONAL COMPUTERS AND TABULATERS LIMITED

Programming Languages Division

FORTRAY NOTE 25
B.12,66,

Array addressing and communication

This note replaces Fortran Note 9 which ghould be marked

as obsolete or destroyed.
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Array Addressing

Calculation of the address of an array element

Associated with each array is an "array header" which contains

information about the structure of the array. The array header is

% not stored adjacent to the array itself; array headers are stored in

upper preset area, whereas arrays are held in upper variable area
(or upper preset if reference is made to them in a DATA statement).
For arrays with a single subscript the address of the

specified array element is calculated by code generated by the
compiler. For example, if A(I) is encountered and A is a real array
then the code generated would be:

IDX 6 T

SLL i

IDX 3 Address of array header

X 3 0o3)
ABX. 3 6

(op}

The second instruction becomes 'SLL 6 2' for double precision or
complex arrays and is omitted for integer or logical arrays compiled
in 'Compress Integer and Logical' mode, When the subscript is an
expression then 'ILDX 6 T' is replaced by a series of instructions
to calculate, in X6, the subscript value. For arrays with more
than one subscript, the address of the array element is calculated
by entering one of several subroutines contained withihn the Fortran
arithmetic package, %FAP4, Three separate routines exist in order
to minimise execution time and their entry points are;-
%PAP4 + 25 for arrays with two subscripts and 1 or 2
words per element (i.e. not complex or
double precision elements).
%FPAP4 + 20 for arrays with two or more subscripts
and 4 words per element.
4FAPA + 6 for arrays with two or more subscripts and
1 or 2 words per element.
On entry to any one of these subroutines
X3 = address of the array header
X} = 1link
and the CALL must be followed by one instruction per
gubscript which, if OBEYed, will place the address of

the subscript in X3.
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On exit, the address of the desired array element
is in bits 6 - 23 of X3 and the top 6 bits will
- be non zero. The calling routine will be re-entered
at the location following the last subscript
instruction.
If the object program segment is being compiled in 'TRACE'
mode then all array element calculation will be carried out by
a subroutine contained within: the Fortran trace package %FMN4
with the entry points.
%FARRY + O for arrays with 1 or 2 word elements
%FARRY + 2 for arrays with 4 word elements
This subroutine requires the same parameters as the %FAP4A sub-
routines and gives the same result but in addition checks that
the array element address is within the bounds of the array.
The Basic.Fortran compilers generate a call to.either
YFAP4 + 6 or FAP4 + 20, depending on the type of element, for
array elements with one or more subscripts {unless in TRACE mode
when the call is to %FARRY or %FARRY+2),
2., The Array Header Formet (See Footnote *)

— The array header format is compatible with that used by Algol.
It is made up as follows:
lst word Sign bit = O for 1 or 4 word elesments

1 for 2 word elements

Il

Next 5 bits = No.of dimensiong in array
Next 15 bits = Base address (address of element
0 Dy )
2nd word Sign bit =1 for 4 word elements
Next 5 bits = Zero
¥ext 18 bits = Address of first element - always
element 1,1,1,~—=-in Fortran, but
may be dirrerent for Algel.
srd word Sign bit = 0
Next 5 bits = 0
Next 18 bits = Address of first word past end of array.
This is the array header for a one-dimensional array. For an
array of more than one dimension succeeding words give the partial
products of dimensions as follows:

4th word
5th word

It

Dy 2 2 dimensions
Dy Do 2 3 dimensions

il

*¥ The array header format is likely to be changed in the near future;

details of the proposed change are given in the appendix.
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last word = Dy,Dp == Dp_4 n dimensions
where D; is the maximum value of the ith subscript may take,

Communication of array information betwemn segments.

The 'calling' segment may specify as an actual argument in a

CALL statement either an array name or an array element in order %o

transmit an array or part of an array to the 'called' segment. In
the case of an array name it is the address of the array header
that is passed on whereas for an array element it is the address ol
the array element that is passed on. The two types are distinguish-
able by inspection of the top 6 bits which are zero in the case of
an array header and non-zero for an array element.

It is also possible to transmit an array of Hollerith characters.
The argument in the CALL statement takes the form of a TEXT constant
(ie.a string of hollerith characters preceded by nH) and the address
of this string of characters is made to look like the address of
an elersnt by making the top 6 bits non zero.

The called segment will *~ have as a corresponding argument in
a FUNCTION or SUBROUTINE an actual array name. The ASA specification
allows, and in fact ingists on, the array being re-defined in a
DINENSTION or '"type' statement. The subscripts may either be unsigned
integers or integer variables in which case they must appear alsc as
arguments of the subroutine or function. Thus the original array
defined in the calling segment may be re-partitioned either statically
or dynamically, the structure being defined by the wvalues of the
subscripts at the time that the subroutine is entered. An array
must be given its maximum size in its original definition. Arrays may
be repartioned in any manner but the type of actual anddummy array
should correspond. Tt should be realised that an array, originally
defined as A(10,10) when redefined as B(5,5) will not correspond to
the top left hand corner of the original array but to the first 25
elements of the array taking in column order, i.e. B(5,5)= A(5,3).

Note that only arrays appearing as an argument in the
FONCTION or SUBROUTINE statement may have a variable structure.

Structuring of Dummy arrays.

The structuring of a dummy array is done by means of the

FORTRAN subroutine %“FARHD which on entry requires
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(i} X3 to contain the address at which
%FARHD is to generate a new array header.
(i1) X6 to co ntain the address of a word which
contains the address of the original array
header, or to contain the address of a word
which contains the address of the first
element of the array and the top 6 bits are
NON=Zero.
(1ii) X1 to contain the link.
%FARHD also requires a parameter list following the CALL
instruction where;-
lst word: bg - by = O
b2 = b7
bgl ~ ba3

number of words per element (i.e.1,2 or 4)

il

I

number of dimensions in new array
structure
following words:— a series of instructions (one per dimension)

which when OBEYed would place in X% the

address of a word containing that dimension.
On exit from %FAHHD, a new array header will have been generated
starting at the address originally specified in X3.
The word originally specified by the contents of X6 will now

contain the address of fthe new array header.

L.R. Fairbrother.




= 8 =

Appendix to Fortran Note 25

1. Change of array header format

In the near future object programs will have to work in
"BExtended Data Mode" where the modifiable part of a word is the least
significant 22 bits instead of 15 bits. VWhen the array hesder
format was originally designed allowance was made for extension only
to 18 bits and therefore it will be necessary to change the array
header format to work under "Extended Data Mode" conditions.

Since there are a number of Fortran/PLAN users wnose programs are
dependant on the format of array headers it will be necessary to make

the change in two stages:

(i) Procvide subroutines which interrogate and generate array
headers so that users may modify their programs to make
use of these subroutines.

(ii) Change the array header format and at the same time modify
these subroutines so that the user is unaffected.

2. Array header subroutines

Two subroutines are proposed for use in object programs at PLAN

level:
a) GETAH to interrogate an array header, the calling seguence beingg-
CALL 1 GETAH
LDX % 'Address of array header'
LDX 3 'Address of information block'

where the information block consists of n + 4 words to receive details

of the array header:

1st word Number of dimensions (n)

2nd word Number of words per element

3rd word Base address

4th word Address of first element

5th word fddress of first word past end of array
6tk word first partial product (Di}

7th word - second partial product (D,. D, )

(n+4)th word last partial product (D, . Dy=-- Dp_, )
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3.

N

-

GENAH to generzate an array header, the calling seguence being:-

CALL 1 GENAH

LDX % 'Address of location at which array
header is to be generated!

LDX 3 'Address of information block!

The information block must be set up as defined previously.
On exit (return to link + 2) The array header will be generated at
the address specified. If this address is the same as the address
of the informetion block the effect will be to condense the
information block into & sfandard array header. It should be
realised that the number of words in an array header is likely

to be increased when the array header is changed.

Hord

0

4

ew_array header format
ord Bit Content
BO 0 if 1 or 4 word element, 1 if 2 word element
Bl 1 (to distinguish array element from array header)

B2-B23 Base address, i,e. address of element 0,0,0 ————=

BO 0 if 1 or 2 word element, 1 if 4 word element

Bl Undefined

B2-B23 Address of first element - in Fortran always
element 1,1,1ls———-—

BO 1 (to diséingﬁish from old type of header)

B Undefined

B2-B23 Limit address, i.e. address of first
word ©past end of array.

BO Undefined

Bl Undefined

B2-B23 Number of dimensions (maximum 15)

s5 ete Partisl preoducts as now

The above format should be taken asg definitive and any

previously proposed new array header format should be ignored.
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The 16K EDS Compiler # XFAE

This Note is intended to describe the Systems segments of the E.D.S.
version of the compiler, insofar as these differ from the magnetic tape
version. However, sections which are common to both versions are also
outlined where this seems necessary for an understanding of the whole.

The material is divided into two parts, which are complementary.

The first part describes the various routines, while the second
part contains a numbered list of names of areas, markers, pointers and
so forth, together with notes on their use in the compiler. Any mention
of an item which is described in the second part of the Note is indicated
by the appropriazte number in sguare brackets, enabling the item to be
looked up directly.

Degcriptions of Routines

1 Initial entry to compiler

Entry is at word 20 for paper tape input, 21 for card input
and 22 for ATLAS card input. Other entries are at word 27, which
causes all peripherals to be released and the computer to halt PF,
and word 28, which simulates the detection of a FINISH statement,

All entry points are in segment FAZ2D.

When entered at 20,21 or 22 the compiler sets words 30 to one
of three values depending on the entry.

The routine DISM is next called. This does nothing in the normal
case since NUMIN[1] = 0. If however the compiler has been re-entered
after an abortive compilation, NUMIN will not be zero and a console
DISPLAY message will be typed.

Having read in the appropriate overlay, the compiler then enters
it at the cue FMAS1.

2. FMAST

This routine performs that part of the initialisation of the
compiler which is required once only, at the beginning.



The following markers are zeroised:
ovmvM[3], STINI [7], PDMK [8] SGMK [9], INPSW [10], and SciM [12].
The following lower arcas are zeroised:

LC1l common area; Part of LC3 common area; the first 511 words of
LV,

The following initialisation is also performed:

oVIDX[2] is set to # 40000000 (indicating no overlay list yet)
9319{4} is set to #500
CORE| 6] is set to the number of words of store initially required
by the compiler, minus 10.
MQNIES] is set to 1 indicating assumption of TRACE level 1.
CMED|{11]: Bit O is set to 1.
Bits 1 - 23 are set to zero.

The routinf P%T6 is called, to initialise the pointers CQBF[13j and
SCeB [ 14

The routine STINP is called to initialise TAPER [15]. TAPER is

first zeroised (all 6 words). Bit 1 of word 30 is then tes.ed to

find out whether input is initially on cards or paper tape. The

appropriate device is allotted by calling APER (described later).

The routine PLIE (outlined later) is called to read a line from the
input device into the area CIMAGE[16].

The routine STSE (outlined later) is called to compare the contents
of CIMAGE- with 4 table of acceptablc statements, setting X3 to & value
depending on the results of the comparison. X3 is then used as a
modifier to obey the appropriate instruction in a branch table. In
this case, the only “"acceptable" statements are LIST(TP),

SHORTLIST (TP), and NO LIST. The first two of these cause
LISMK [17] to be set to 1 (tape punch); NO LIST causes it to be

gset to O; anything else causes it to be set to 2, (1ine printer assumed).

Note: The first line remains in CIMAGE and is examined again d uring the
routine FMASZ.

The routine STLST is called. This calls APER to allot a listing device
if required, and prepares to start listing.

The routine PL3T3 is called, causing the first line to be actually
listed (if there is a listing device).

IND1 [18] is set no-zero before entering the routine FMAS2.
1 FMAS?2

This routine performs that part of the compiler initialisation
which has to be done before every segment is dealt with.

SOL [20] is set equal to the address in S6L6 [19] thereby causing
the local lists for the segment to start at the beginning of the
listspace.
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‘'The markers EGFM[21], ScIM[12], and EMARK[22]
are zeroised.

If INDI[18] is zero, the routine PLIE (outlined later) is called
to read a line from the input device into CIMAGE [16].
Otherwise a line is assumed to be already there.

The routine STSE (outlined later) is called to compare the
contents of CIMAGE with = table of acceptable statements, setting
X3 accordingly for use in obeying a branch table. Acceptable
statements here are all intersegment statements, and any statement
which introduces a Fortran segment or the Program Description.
Anything else results in & branch to ER17, which flags an error 17.

FMASZ is the usual return point after processing of intersegment
statements or of whole segments.

- SEGL1

The branch table used by FMAS2 results in a branch to SEGL1
for all statements which introduce Fortran Segments.

STIN1[7] and SGMK[9] are set non-zero.

The routine INE is now called. This completes the initialisation
required for any Fortran gegment, and includes the setting up of the
23 index words for the 23 threads of the main list. The moving list
pointer NAVL[23] is set equal to SOL[20] initially. The local cue
list index word is set up; the LC2 common area is zeroised; the routine
PCH6 is called to initialise the output buffer pointers COBP[13]
and SCOB[14]; and the first S/C record is begun by inserting the '3’
needed for beginning a segment title block. A few other things, which
have not been mentioned are sglso initislised.

SEGLL finally brenches to PRSL1 (see next section)
PRSL1

This routine constitutes the main path through the compiler for the
processing of each Fortran statement.

When PRSL1 is entered, a line will already be in store waiting to be
processed. However, the compiler has to find out whether there are any
continuation lines, and to do this calls PSSE (outlined later). PSSE
continues reading further lines until the first line which is not a
continuation line is found, and builds up the statement in the area
STATEMENT] 24 |

When the statement is complete the label field is dealt with.
Discrimination as to type of statement is then carried out by calling
STATE. This uses the routine STSE to compare the statement type with
one of three tables of acceptable statements, setting X3 accordingly
for use with a branch table. The table used for comparison is
governed by the contents of SCLM[12]. If SCLM is zero only a statement
which introduces a segment is acceptable; if it is 1, then any statement
permissible is an ordinary Fortiran segment is acceptable; if it is 2,
only theose statements permitted within a BLOCK DATA segment are accept-
able. Intersegment statements are of course not allowed at all here.
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Arithmetic statements are identified separately, and for these the
central compiler is entered immediately.

If SCLM=1 (i.e. within an ordinary segment) or SCLM=2 (i.e.
within a BLOCK DATA segment) the compiler branches straight to the
appropriate part of the central compiler.

If SCLM is zero the only acceptable statements are MASTER,
SUBROUTINE, BLOCK DATA, and the various types of FUNCTION statement.
These are dealt with respectively by the routines MASE, SPSE, BLOCK,
and (at least eventually) FPSE. 1In all these cases the first thing
done is to set SCLM non-zero; it is set to 1 unless the statement is
BLOCK DATA in which case it is set to 2. Having done that, processing
of the statement itself begins,and that can reasonably be considered
ag part of the central compiler.

When a statement has been completely processed by the central
compiler, control returns to CC which forms part of STATH.

The compiler then exits from STATE and continues through PRSLY.
If the next statement (the first line of which will be already in store)
is an END statement, it calls the routine ENDE (outlined later) to
process it, and then brsnches back to FMASZ, since it is no longer
within a Fortran segment. If the next line is not an END statement,
control returns to the beginning of PRSL1 and the whole process is
repeated for the new statement.
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RPER

This routine deals with the release of peripherals
or closing of files.

Calling sequence:

IDW 1 =n
CALL 5 RPER

where n is the number of the relevant werd in TAPER
[15], and is therefore in the range O - 5.

Aection: If the whole of the relevant TAPER word is
zero, no device of that class has been allotted. In that
case RPER merely exits. If the relevant TAPER word is
non-zero, it is zeroised and the peripheral is released or
the file closed as the case may be.

On exit, X1 and X7 will be the same as at the beginning. X7
sonetimes contains useful information throughout.

HYote: All release of peripherals or closing of files is done
by this routine.

APTR

This routine deals with the allocation of peripherals
or opening of files, and all such operations are done by this
routine.

Calling sequence:

IDX 7 '¢/#'  (or equivalent)
IDI 1 n
CALL 5 APEE

where n is the number of the relevant word in TAPLR
[15], and is therefore in the range O - 5. ¢/ is a counter
modifier for the device or file required, in the fomm
type/unit number, (BO must be zero). This counter modifier
is transferred by AP'R into bits 1-23 of the TAPER word.
If the device is successfully allocated, or the file opened,
bit O of the TAPER word is set to 1 before the exit.

In the case of a slow device the routine attempts to allot it
by means of an ALLOT instruction; if successful it merely
gets Bit O of the TAPER word to 1 and exits. If unsuccessful
it halts TR, TP, 1P, CR or CP as the case may be, and a
further attempt can be wmade by typing GC.

In the case of magnetic tape or EDS the area MFIL[ES] must
have been previously set up as follows:

MPIL to MPII+2: 1lame of file to be opened.

UPIL+3: File generation number for insertion in contreol area.
If the device is magnetic tape this information is transferred
to the control area and the file is then opened.



s

If the device is EDS, words 1 to 8 of the control area
are first zmeroised to get rid of any reply information
from previous operations. The file details are then
transferred from MFIL to the control area and the file

is opened. Finally the routine TRW (see next section)
is called to test the reply word. If the reply is not
satisfactory a halt occurs depending on the exact reason
for this. A further attempt to open the file can be made
by typing G@.

On exit from APER, X1 and X7 are the same as on entry.
Also X2 contains the device type number and X3 the unit
number.

Note:Whereas RPER can safely be ehtered even if there is nothing
to release, APER must not be entered if the device concerned
is already allocated.

8. TR

This routine tests the reply word after an attempt to open
an BDS file. It uses X6 as the link and expects to find
the reply in X2. If the reply is satisfactory it returns
to link+l. Otherwise it returns to link+0 if GS is typed
after the halt.

Note:APER relies on TRW1 not to use any accumulators except X2
and X6.

Se PLIE

PSSE

PLIE

These are the three entries to the peripheral-independent
part of the input systen.

PLIE is entered when the compiler is between segments (or
before the first segment) and wishes to input the next line.
In that case PLIE will be called from FMAS2 and one of the
following types of line would be expected:

(1) An intersegment statement
(2) A statement introducing 2 Fortran segment
(3) A type 3 semi-compiled record (or type +)

PLIE first sets SCIND[27] equal to zero ‘then calls INPUT
(described later) to read the next line into cIMAGR[16].

If the line is in fact semi-compiled (type 3 or +), this
fact is detected before returning to PLIE and SCIND is set
non-zero. In that case, since SCLM[12] is necessarily zero
in these circumstances, PLIE immediately branches to the
routine SEMI (described later). SENMI outputs the semi-compiled
record, and calls PLIE. Since PLNE does the same as PLIE
except that it does not zeroise SCIND, the next line is then
input and the compiler branches back to SEMI. Semi-compiled
is thus copied across to output until SEMI detects the end .
of the segment and branches to FMAS2 instead.
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If the line read in is an intersegment statement,
SCIND [27] is left zero by the routine INPUT, and the path
followed through PLIE is governed by the fact that SCILM [12]
and SCIND will be zerc and V will be unset. This path
eventually goes through PLSCX, where the end of line marker §474
is inserted in CIMAGE [16], to PLSLB and exit. On exit from
PLIE the line is compared with a table of acceptable statements by
FMAS2, and the compiler then branches to process it. Exactly the
same procedure is followed for lines which introduce source segments,
since the statement is not identified until FMAS2 compares it with
the table. '

PSSE is entered from the routine PRSI1 (already described). This
only occurs when the compiler knows it is dealing with a Fortran
source segment. The first time it is called in a given segment,
the line introducing the segment will be in store. However, the
compiler must find out whether there are continuation lines always,
and to do this calls PSSE, PSSE first sets V and zeroises
sctwp[27]. ScuM[12] will be zero if this is the first time in the
segment that PSSE has been called; otherwise it will be non-zero.
Bearing these various points in mind, the path followed can be
traced. Further lines are input (by PLS5, not by PLSCC which is
by-passed when entry is at PSSE) until the first line which is not
a continuation line is found. The complete statement is built up
in the area STATEMENT[24%. The statement is then subjected to a
"preliminary line scan" (PLSC7) which finds some of the most -
blatént types of error, and the compiler finally exits - via PLSL8.

Note: Except when semi-compiled records are being dealt with,
a pointer called POSI [28] is set up before the exit. If entry
was at PLIE, it is set to point to the seventh position in
CIIAGE [16} which is where the statement itself is expected to
start. If the entry was at PSSE, POSI is set to point to the
beginning of the area STATEMENT[24], which is the place where
further processing will begin in that case.

10. INPUT

This routine forms the peripheral-dependent part of the
input system. It is usually called in the course of PLIE, PSSE
or PLEE (already described) but is also called or branched to
from other places.

It first deals with the special case of Read Fron (ED,...)
continuation lines by branching to TRSP8 if INPSV 510] is non-
zero. Otherwise it space-fills the area CIMAGE[16], and then goes
on to determine, by examining the contents of TAPER [15], which
is the current input device. A slow peripheral will be present in
all circumstances, but if TAPER indicates that EDS or magnetic
tape is in current use also, the EDS or magnetic tape is selected
rather than the slow device.

The compiler branches to one of four sections accordingly:

TRSPL: Paper tape input
CRSPL: Card input

EDSPL: EDS input

MTSPL: Magnetic tape input
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The paper tape record is read initially into the area
BUFF [29]. 1If sCiM [12] is zero, the routine SETSC
is called, which sets SCIND [27] or leaves it
unaltered as the case may be. The record is then
moved to CIMAGE [16] after interpretation and removal
of all shift characters. Finally NLIND [30] is set.

Cards are read into CIMAGE [16] directly. If SCIM[12]

is zero, the routine SETSC is called, which sets

SCIND [27] or leaves it unaltered as the case may be.

If the card is in ATIAS code ( ascertained from word 30
of store) it is translated into standard code in the
CIMAGE area. The rest of the routine, from CRSPl onwards
is devoted to working out what should be stored in
NLIND{30]. This last section is used at the end of
MTSPL and EDSPL also.

Tue areas BEMPT{31], BKNUM {32], and BUCIN+4 [33] will
have been initiaslized during the processing of the READ
FROU (ED,...) statement. All EDSPL has to do is to
continue inputting records from EDS until the requisite
number of buckets, as indicated by BXKWUM, have been
dealt with. It does not therefore have to look out for
an end sentinel of any kind. Extraction of records

from successive buckets is accomplished with the aid of
SCN1[34] and SCN7[35]. The actual reading of buckets

is done by the routine RBUCN. This alsc tests the reply
word by calling TRW4 (deseribsd later) and sets SCI [34].

When BKNUM has been reduced to zero, the compiler exits
via EDSP3 (see next section).

This deals with input of source and semi-compiled program
(whether batched or unbatched) from magnetic tape. It is
much larger than EDSPL because the formats are less simple
and because the ends of subfiles have to be located by
testing of sentinels rather than by a simple counter.

Blocks are read initially into the area BUFF [29] and
records are then extracted one at a time into the area
CIHAGE[16].

hen the time comes to return to the slow input device

the compiler branches to BRIN2 after releasing the tape

or setting bit O of TAPER+ [15] to zero. BRIN2 makes
sure that the correct overlay is in store, and then
branches to INPUT, thus effectively continuing the attempt
to obtain the next line by reading from the slow device.
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EDSP
BRINP

When any READ FROM is first detected, INLINK [37] is zeroised.
If the READ FROM applies to EDS, the Kead From routine finds the
position on EDS where the data starts, and knows from the directory
how many data buckets there are in the subfile.

The main compiler is then entered by calling BRINP, whose first

action is to store X0 in FMLINK [36] thereby preserving the link back
to the Read From routine., It then tests INLINK [37] %o see if it is
gero. The first time it will be, and control passes to FMAS2. Thus
the compiler begins reading DS, erpucting to find an intersegument
gstatebcnt or - statepent iitroducing a segment.

Compilation continues from EDS until the requisite number of buckets
have been read, in which case control leaves EDSPL via EDSP3. Now at this

point X0 will contain the link back to PLIE or PSSE, which will have
called INPUT for the purpose of reading the nect line, This link is
stored in INLINK [37], and, after reading in the correct overlay, the
compiler goes back to the Read From routine via the link preserved in
FMLINK. The Read From routine ascertains whether any more subfiles are
to be read from EDS. If so, it sets up BEMPT [31], BKNUM [32], and
BUCIN+4 [33] ready to read the next subfile, and then calls BRINP again.
After preserving the link in FMLINK once more, INLINK is tested and this
time is non-zero. The compiler ensures that the correct overlay is in
store and then branches to INPUT, thereby effectively continuing the
search for the next line from where it left off, and ready to exit back
to PLIE or PSSE heving found it.

When there is no more EDS input to come, the Read From routine
closes the EDS file, causing TAPER+5 [15] to be altered accordingly,
and branches to BRINP, BRINP restores the link from INLINK and branches
to INPUT after ensuring that the correct overlay is in store. The
effect of this is to continue searching for the next line from a slow
device, returning, via the link, to PLIE wher it is found.

TRW2

TRW3
TRW4

These routines test the reply word after an "extend" operation or a
"read/write" operation on EDS.

TRW2 is used after an attempt to extend a file. It expects to find
the reply in X7, and an irrecoverable halt occurs if the reply is
abnormal. The routine is relied on not to use any accunulator except
X7 and the link X6. (It uses X2 if the reply is abnormal but there is
then an irrecoverable halt anyway).

TRW3 is used to test replies after a write instruction on unit 1.
The reply is expected to be in BUCK+l. If entry is at TRW4, the reply
must be already in X7: This entry is used for input files. The routine
is relied on not to use any accumulators except X7 and the link X6,
unless the reply is abnormal in which case an irrecoverable halt occurs
anyway.
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SEMT

This routine copies semi-compiled segments which are input to
the compiler onto the output file. Its basic method of use has
already been described in connection with the routine PLNE. It
lists the name of the semi-compiled segment, moves it from CIMAGE [16]
to the area pointed to by SCEB [14], check=-suns it, and causes
it to be output by calling INTR1 (described later). If the record
it has just output is a terminating record (type 4 or comma) it
branches to FMASZ2. Otherwise it calls PLNE to obtain the next record,
which it deals with likewise.

GFEL
GIFN

Both of these routines are used for picking up the next field
in an input record. GFELl is used normally, but not when the next
field is expected to be a file or subfile name, In that case
GFN is used.

GFEl is described in detail in Fortran Note 12,

GFN, like GFEl, expects POSI [28] to be pointing to the first
character in the field. Leading spaces, if any, are ignored. Thereafter,
any character other than a number, a letter, n space, %, or - is
regarded as a field terminator. On exit, both X5 and TERM [38] contain
this terminating character. If the terminator is the first character
encountered (other than spaces possibly), then X4 is negative on exit,
indicating that there is no field. Otherwise X4 is zero on exit. Also
on exit, X2 is pointing to the first character beyond the terminator,
and the area NAME E39] contains the field which has been picked up.

GFN treats spaces (other than leading spaces) as significant, unlike
GFEL.

INTR1
INTR2

This routine is called when the compiler has set up a complete
semi-compiled record in the output buffer pointed to by SCOB [14]
and wishes to output it. One of the two calls to this routine is
nade from the peripheral-independent output scgment FQ2A; the other is
made from SEMI (described earlier), The routine tests CM@D [11], and
if this is non-zero, indicating either that thers are errors or there
is no output device anyway, avoids outputting anything and merely resets
the pointers SC6B [14] and COBP [13]. If CMGD is zero ths routine
calls PCH1 (described later) which deals with the outputting to EDS of
the 8/C record, and also resets the pointers,
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PCH1/PCH6

This routine is called by INTR2 in order to output semi-compiled
information to EDS.

The output system works roughly as follows:

Semi-cempiled is output to a permanent file in the form of a single
data subfile. If a program is successfully compiled, bucket 1 of the
output file should contain a header, a directory description (DD)
record, and two subfile description records (SFD'S) one of which
describes the subfile containing semi-compiled, while the other
describes any empty space remaining at the end of the file. This
directory bucket is not output until the whole program has been
compiled. Although in the present version of the compiler it is not
possible for the directory to overflow the capacity of a bucket, it
was originally thought that batches of programs would have to be
dealt with, and so provision was made for overflow of the directory.
This makes the output segment unnecessarily complicated.

As soon as the building up of a bucket in the output tuffer begins,
a bucket is reserved for it on EDS by storing the number of the first
unreserved bucket in either BEKN1[43] or BKN2[42]. CNT[44] always
contains the number of the first unreserved bucket in the file.

Output of semi-compiled information is double-b Ifered, the
baffers being BUFR2 and BUFR3[46]. These are pointed to alternately
by NCeB[45].

When PCH1 is called, DIR[40] is set to zero, and a word count is
appended to the front of the semi-compiled record. If the record is
a type 3 semi-compiled record, then (unless this is the very first
time, in which case the current buffer will be empty) WRT2 is called,
which has the effect of writing away the current buffer and starting
a new one, Otherwise WRT1 is called, which has the effect of adding
the semi-compiled record to the current buffer if there is room, or
writing it away and starting another one if there is not. WRT1 and
WRT2 are described below.

Finally PCH6 resets the pointers SCOB[14] and COBP[13] ready for
the next semi-compiled record.

WRT1/WRT2

These routines expect the following information to be set up
beforehand:

DIR = O for semi-compiled output; DIR non-zero for directory output.

X1 points to the area from which the record is to be taken.

X4 points to a location containing the number of the bucket on EDS
reserved for the current output buffer.

X3 points to the current output buffer (i.e. BUFR2 or BUFR3)

The accumulators X1, X4 and X3 are not altered in the course of
the routines; this is important because the routine cali~ itself at
one point and branches to itself at another.

If there is room for the new record in the current buffer, and
if entry was at WRT1l, then WRT2 is not entered. The routine merely
moves the record into the buffer setting X6 to point to its position
there (X6 is used after the exit).
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If there is not encugh room in the buffer WRT2 is entered. WRT6
is then called in order to output the buffer to EDS. A new bucket is
reserved, buffers are switched and the routine HEDR (see below) is called,
to set up a header in the new buffer. The routine then branches back
to WRT1l, causing the record to be output into the new buffer.

HEDR

This routine sets up a header in the buffer whose start address is
held in X3. The routine is relied on not to alter X3 or any other
accumulator except X7. The link is XO.
WRTE

This routine actually writes buckets to EDS. If the file is already
full, it will be extended by 80 buckets and LASTB[48] will be altered
accordingly. After any file extension, the reply word is immediately
tested by calling TRW2 (already described). Before writing a bucket
the. reply word for the previous write operation is tested. This method
of working arises from the fact that semi-compiled output is double-
buifered.

WRT6 is relied on not to alter any accumulators except those which
it alters in the present version.

FERRR

This routine is entered from the error segment when the first error
in a program has been flegged. It merely releases the output file by
calling RPER (already described). The compiler will be prevented from
trying to write further buckets by the fact that CMeD [11] will be non-
zero from that time on.

Program Degerintion

The Program Description segment is entered from FMAS2 on detection
of a PROGRAM { , OVERLAY PROGRAM( , or SEGMENTS statement. The only
difference between these at present is that the first two must be
followed by the program name whereas SEGMENTS on its own is permissible

in which case the compiler assumes a name of "NONM".

If the Program Description is not the first segment, an error 17
results because SGMK[9] will be non-zero. Otherwise the overlay list
pointer OVLLL[49] is initislised by meking it point to the beginning of
the list-space (whose address is held in sere[19]).

Since the overlay list is held inthe list-space area and grows
when OVERLAY statements occur in the Program Description, the local
lists for the Program Description segment must be accommodated elsewhere.
They are in fact accommodated in the Polish List area, which starts at
PNPI in common area LC3. SOL[20] is therefore initialised to that
address in this case.

Various other indicators.are set non-zero including STINL[7],
POMK([8], SGMK[9], and EMARK[22]. The usual segment-initialisation
routine INE is also called, and the program name is stored for safe
keeping. The PROGRAM, OVERLAY PROGRAM or SEGMENTS line is then processed
(the cue list is begun etec).



22

b |

PDCCE is the return point for all Program Description statements
except the END statement. In PDCCE, the next line is read by calling
PLNE (already described), and the compiler then compares the line with
a table of acceptable statements and branches accordingly.

If in the course of the Program Description OVERLAY statements are
detected, OVMMM[3] is set non-zero and entries are made in the Overlay
ligt,

ENPD

When the END statement is finally detected in the Program Description
the compiler branches to ENPD, If OVMMM[3] is non-zero, an entry for the
overlay package %EROL is made in the cue list. 4n entry is also made for
either #FERROR or %FERLIM depending on the contents of MONI[5].. CMOD[11]
is then tested to find out whether any errors have been flagged. If not
the routine ENDE (outlined later) is called. This cutputs the leader for
the Program Description segment. Having done that the Overlay list is no
longer required and can be got rid of by setting SVNDX[2] to #540000000—
again. Finally EMARK[22] is set zero, indicating the end of Program
Description processing, and control returns to FMASZ2.
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EiDE,

This routine processes EiD statements and outputs
segment leaders. The processing is somewhat different for
BND statements in Progzram Description segments to that for
other END statements. EMARK [22] is non-zero if the Program
Description is being dealt with, and zero otherwise. If
errors have been flagged previously, as indicated by CMQD[11],
most of the processing is omitted and control returns to
FMAS2 almost immediately.

STSE

This routine is used in connection with the' vatrioys
comparison and branch tables used for discriminating between
the various types of statement, It is described more fully

in Fortran Hote 12.

Fortran List System

This is described in detail in Fortran Hotes 11 and 12.
It must be remembered however that in the EDE Compiler there
is no Consolidated Cue List, and that the Overlay list can
be dispensed with as soon as the Program Description leader
has been output. This means that all local lists (except that
for the Program Description, which is held in the Polish List
area) can start at the beginning of the list-space.

READ TROM

The Read From as applied to cards, paper tape and
magnetic tape is essentially the same as in the magnetic tape
compiler, except that a statement of the form READ FROM (M7, -,
SRF5) is not allowed and results in the flagging of an error.

Any READ FROM detected while reading magnetic tape or
EDS is ignored.

Any READ FROM causes INLINK [37] to be zercised although
this is irrelevant unless it is a READ FROM (ED,....).

A1l READ FROM's except the READ FROM (BD,...) eventually
call RDFR to carry out the actual switching of peripherals.
The calling sequence for RDFR is:

IDX 7 'c/m' (or equivalent)
DY 1 n
CALL O RDFR

where n is the number of the relevant word in TAPER [15] and
C/H is a counter modifier in the form Type/Unit no. This
calling sequence is basically the same as that for APER

(already described) and is in fact used by RDFR for calling
APER,

READ FROH (CR/S1900)
READ FROM (CR/ATLAS) : Bit 7 of word 30 is unset or
set respectively. Otherwise these are treated in the same
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way as READ FROM (CR), which merely sets up X! and X7
and calls RDFR.

READ FROU (TR) is treated in a similar way.

In the case of a READ FROM (MT,...) the area MFIL[25]
has to be set up. Details are given in connection with MFIL.
Having done that, X1 and X7 are set up and RDFR is called.

Action of RDFR: If the device requested is a slow device,
RDFR calls RPER to release the current device and APER to
allot the new one. It then exits. If the device is magnetic
tape and the first word of MPFIL[25] is zerc, RDFR expects a
tape to be already allotted. Otherwise it opens one, taking
the file name from MFIL., In either case it now tests word 1
of TAPER[15] and flags an error if this is zero. It then
sets Bit O of TAPER+! equal to 1. If MFIL+4 is zero, indicating
a simple file, SIC[50] and SIMF[51] are set non-zero. SCT[52]
is also set to zero before the exit. If MFIL+4 is non-zero, SIHF
[51] is set tec zero and the compiler scans the magnetic tape
looking for the requested subfile, and positions the tape ready
to begin reading.

On exit from RDFR contrcl returns to FHASZ.

READ FROM (ED,....) : On EDS, unlike on magnetic tape, ¥
subfile names cannot be relied on to be unique, except within
a particular directory subfile. It is therefore necessary to
be able to follow a definite path down to a particular subfile,
by specifying one subfile name for each level in the structure
down to the level of the subfile reguired. The subfile is then
located by following the appropriate pointer at each level.

A necessary consequence of this is that the RBAD FROM
nust contain a file name and an indefinite number cof subfile
names, the first of which applies to level O, the second to
level 1 and so forth., For this reason continuation lines are
permitted as a special case, but subject to certain rules.
These are that the first line must contain at least one subfile
name, that lines may only be broken before a full-stop, and
that no interspersed blank or comment lines are allowed. The
format is therefore, for example,

READ FROM (ED,Filename(G),3/F (¢).s/F2(c)
1.8/73(G).s/F4(G))

The generation numbers are all optional. If the generation
nunber for the file is not specified, Executive assumes that
the file with the highest generation number is required, If
the other generation numbers are omitted, it is assumed that
only one subfile of that name is present.

As the READ TROM is of indefinite length, it is not
possible to read it all in before beginning to act on it. Thus
as soon as the file name is known, an attempt is made to open
the file, and as each subfile name is detected, the directory
is scanned to find it. If an error is detected in the Read
From after the file has been opened, it is released again at
once so that input can continue from the slow peripheral.
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Scanning of directories is carried out by the routine called
SCAN. This expects to find the first bucket of the directory
subfile in the area BUFF[29], and also expects the number of use-
ful words in this bucket to be stored in SCH1 [34]., If the subfile
name is found, the bucket containing it is left in BUFF, while
Sc63 (53] points to the beginning of the required SFD.

Then continuation lines are present, the difficulty arises
that the slow perivheral must be re-activated to read in successive
lines and also that the information currently in BUFF will be over—
written if the slow device happens to be a tape reader.

To avoid these difficulties the contents of BUFF are stored
temporarily in the list space area (which contains nothing useful
between segments), while the slow device is re-activated by remov-
ing bit O of TAPER+5[15]. The routine IVPUT is then called to
read the next line in (Without Tisting it yet), and the end of line
mark is afterwards inserted (INPUT itself does not do thisg; it is
usually done in PLIE). The contents of BUFF and bit O of TAPER+5
are then restored.

When the SFD f£or the last-mentioned subfile has been. located, the
compiler branches to RDFi 3, where it prepares to find and read in
all data subfiles implicit in the SFD. That is to say, the last-
mentioned subfile may be comnosite, in which case it is assumed that
all data subfiles in the structure based on it are required. To
this end the compiler works systematically through the structure.
Vhenever a data subfile is located, the numbsr of its first bucket
is placed in BUCIN+4 [33], the number of buckets in it is placed in
BXWUM [32] and BEMPT[31] is set to zero. The compiler then calls
BRINP (already described) and returns only when the whole subfile
has been input.

When everything impliecit in the READ FROM has been input, the
file is released and the compiler branches back to BRIIF,

Further note on continuation lines: A continuation line is
expected if the previous line appears to the compiler tc be in-
complete. If an expected continuation line is not forthcoming,
the previous line is flagged as an error, and the new line is
then treated as a new statement. Feor this reascn, i.e: in case an
intervening error flag has to be output, the continuation line is
not listed as it is read in. IJPSU[10] is used in this connection.

SEXD TO (SNTBS)

This section is rudimentary at present because the compiler
accepts only one form of SEND TO, and assumes that ne output is
required if no SEND TO is given.

The acceptable form is

SEVD TO (ED,File Wame(G).Subfile mame(G)) where the
generation numbers are optional. The compiler always sets up a new
composite file in the file specified; consequently anything initially
in the file is destroyed.
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Bucket number {1 (the directory) is not output untiliithe whole
program has been successfully compiled. This is done by the
routine CLES!1 (see below).

If this is not the first SEND TO detected, then STIWI[7]
will be non-zero. In that case the new SEND TO is ignored and
control returns to FHAS2,. If 3TIN] is zero, it is set non-zero
at this point.

The file name and generation number are stored in MFIL to
MFIL+3[25] and the subfile name and generation number in NFIL2[26].
If no errors are detected, bit O in CHQD[11] is set to zero and
the file is then opened by calling APER (already described). The
number of buckets in the file is then determined and stored in
LASTB [48].

Bucket 1 is reserved for the directory by putting 1 in BKW [43],
and Bucket 2 is reserved for the first bucket of S/C by putting 2 in
BRH2[42]. BCHNT[54] is also set to 2. CFT[44] is set to 3.

A header is then set up in the first output buffer (poinﬁed to
by 1CeB[45]), and control returns to FHAS2.

FINISH

An Error 36 is signalled if PDMK[BE is zero, indicating that no
Program Description was supplied. CMOD|{11] is then tested to find
out if there is an output device; this will be the case only if

CMeD is zero. If there is an output device, the routine CLEQ!

(see below) is called. This outputs the directory. The compiler
then halts 2Z or EC depending on whether there are errors or not.

CLES]

The current output buffer is first written away by setting up
the control area and calling WRT6. The routine then prepares to
output the directory. The link is stored in DIR[40] thereby both
vreserving the link and setting DIR non-zero as in necessary for
outputting directory information. X1 and X3 are then set up in the
manner required by the routines HEDR .and WRTY (already described).
HEDR is called, causing a header to be set up in the buffer. WRTI
ig called causing a DD record to be moved into the buffer, after which
the word "COIPOPILE" is placed in its name field. X3 will still
contain the address of the buffer at this point. X4 and X1 are set
up also as required by WRT1, which is then called to output an SFD
for the semi-compiled information. The subfile name and other details
are then inserted in this SFD, Finally another SFD is output, covering
any unused buckets left over at the end of the file., The buffer itself
is finally written away by calling WRT6.
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List of Names of Areas, Markers, Pointers, ctc.

1. NUMIN Contains the number of instructions so far compiled. This is
output as part of a DISPLAY message on the console at the end
of a program by the routine DISM,

e]

. OVNDX  Overlay list index word. This is a counter-modifier pointing
to the last item in the overlay list. If the overlay listis empty,
OVEDX iz set to # 40000000

5 . QVIRM If non-zero, indicates that at least one overlay statement
has been found in the Program Description,

4. PRIO Indicates the priority of the object program. Is set to
#4500 (indicating priority of 50) if no PRIORITY statement is
given.

5. MONIL Indicates the TRACE level. Is set to 1 by default.

5, CeRE Contains the number of words of core store occupied by the
compiler, minus 10, If the list space becomes cxhausted, the
compiler attempts to obtain more core and adjusts CORE acccordingly.

7. STINA If non-zero causes any SEND T8 statement which ocecurs to
be ignored. It is set non-zero when a SERD TS has been detected
already, or when the start of any segment has been detected.

8. PDME If non-zero, indicates that the Program Description segment has
been previously detected,

SEMK If non-zero, indieates that a segment of some kind (Program
Description or Fortran) has been detected previously.

Ve)
-

10. INPSW If non-zero, indicates that & READ FROM (ED,...) continuation
line is being processed.

11. CH8D Bit O : Set %to 1 if no output dewice (ED3) hes yet been allotted.

Bits 1-2%: The number of errors so far flagged by the
conpiler.

12. SCLU 3CLM=0, Compiler is not currently dealing with material inside
& Fortran source segnent.

SCLM=1 Compiler is currently processing a Fortran source
segnent, ofther than a BLOCK DATA segment.

SCLM=2 Compiler is dealing with a BLOCK DATA segment,

15. CoBP "Current output buffer pointer". A counter-modifier pointing
to the area into which the compiler places semi-compiled records
to be output. It is a moving pointer, used to insert successive
fields; it starts at 67/BUFF1+1.

14. 3CeB "Start of current output buffer". Points to the same area
as CEBP above, but is fixed =nd always points to the start of
the semi-compiled record, i.e. to BUFF1+1.
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15, TAPER A pix-word srea in the common block CSLCBM, which
controls the use of peripherals at compile time.

o Word O : Unused at present., It was intended to use it for
an EDS scratch file as part of an improved method
of peripheral switching (see separate write-ups). There
is no reason why this should not be implemented eventually.

Word 1 : Magnetic tape input

Word 2 : Slow input (card or paper tape)

Word 3 : Listing device (line printer or tape punch)
Word 4 : EDS S/C output (permsnent file)

Word 5 : EDS input (permanent file)

Each word of TAPER contains information as described below.

1) Whole word zero : No device of this type is currently allotted.
2) Word non-zero:
Bit O

Words except Word.iyz Bit O is equal to 1 if the
device is currently allotted to the program.
Word Z : Bit O is egual to 1 if the device is
currently allotted and is being actively
used. If bit O is zero, the tape is merely
being retained in case it is reguired
again later.

Bits 1-8: Device type (e.g.: 5 for magnetic tape.)
— Bits 9 -2%:Unit number.
Device types must be as follows: Word 1 may only be 5. Words 4 and
5 may only be 6. Word 2 may be O or 3. Word 3 may be 1 or 2.
Unit numbers are as follows: Magnetic tape input is unit 2, slow
input is unit 0, listing device is unit 1, EDS output is
unit 1, and EDS input is unit 2.

A1) allocation and release of peripherals is carried out by the
routines APER and RPER . Nevertheless, words in TAPER are sometimes
altered teuporarily in other places for special purposes, as far
instance when dealing with READ FROM (ED,.....) continuation lines.

16,CIMAGE An 80 word area in common block LCO into which individual lines
of input are placed in the form of a "card image" (i.e. with shift
characters removed etc).

17.LISME Listing device indicator. LISMK=0 means no listing device;
LISMK=1 means tape punch; LISMK=Z? means line printer.

18.I0D1 Set non~zero by routine FMAS1, before entering FMALSZ2., FMAS2
tests it and then zeroises it. If it wos non-zero, FMAS2
avoids inputting @ new line because the one input by FMAST has not
vet been fully processed. DNormally, of course, FMASZ is not
entered from FMAS1 but from sonmevhere else.

19.80L8 A constant in LP containing the start address of the compiler's
list space. The list space is in Upper Common Variable block UC1.

20.39L "Start of List". No consolidated cue list is built up by the
EDS compiler; consequently the local lists for each segment can always
start at the beginning of the list space, whose address is held in
SeLe [19]. S6L is therefore initialised to this address by the
routine FMAS2,
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22.

25

24.

25.

24
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"End of Fortran Marker." Believed to be redundant, but
ite complete removal would involve a change to the error segment
of the compiler, which tests it.

EMARK. If non-zero, indicates that the Program Descripftion segment

(or its leader) is currently being dealt with.

Local lists pointer (not fixed) which points to the location
immediately after the last item in the lists.

STATEMENT . An area 331 words long in which Fortran statements (including

continuation lines) are built up before being processed by the central
compiler. Intersegment statements are not processed in STATEMENT
however.

An 8-word area in the common block CSLCOM, used for several
purposes connected with the storage of file and subfile names taken
from READ FROM and SEND TO statements:-

(1) READ FROM magnetic tape:
MFIL to MPII+2 : File Name (MFIL set zero if none specified)
MPIL+3 : File generation number (zero if unspecified)
MFIL+4 to MFIL+6 : Subfile name (MFIL+4 set zero if no name
gpecified, indicating simple file).
MPIL+7 : Unused at present but will be needed if gubfiles are
given generation numbers on mag. tape in future.

(2) READ FROM EDS:
The READ FROM (ED,...), unlike the READ FROM (MT,...), is acted
upon as each field is read in. This is necessary because the
EDS 'READ FROM' is of indefinite length. However this enables
the first four words of MFIL to be used first for the File name
and generation number, and then for all subfile names and generation
numbers in succession, since each piece of information has been
acted upon before it is over-written by the next field. UFIT+3
receives the file or subfile generation number if present; if none
is specified it is set negative. MFIL+4 to MFIL+7 are not used
in connection with EDS.

(3) SEND TO statements:
MFIL to MPIL+2 : ED3 File Name
MFIL+3 : Ceneration number (set negative if not specified).
MPTIL+4 to MFIL+7 : Not used. The subfile name and generation
number from a SEND TO statement are stored elsewhere in the area
MFIL2 [26]. It has to be preserved until the end of the compilation
to be output in the directory; if it had been stored in MPIL+4 to
MBEIL+7 it would be ir danger of being destroyed by the processing
of a READ FROM (MT,...) statement.

MFPTL2.

A 4-word area used for storing the subfile name and generation
number from a SEND TO statement.

MPTIL2 to MPIL2+2 : Subfile name

MFIL2+3 : Subfile generation number (set negative if not specified).
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SCIND. "Semi-compiled indicatoxr".

Set equal to 2 if a type 3 semi-compiled record is fed in. Remains
equal to 2 until the compiler is about to input the first line
following the type 4 terminating record; SCIND is then zerolsed by
the routine PLIE, which is called from FMASZ.

SCIND is set equal to 1 if a type + semi-compiled leader record
is fed in, and remains so until after the type (comma) terminating
block, when it is again zeroised by PLIE.

Except when reading semi-compiled, SCIND is zero.
POST

A moving pointer which normally points to the next character to be
examined in a field. The input routine (PLIE or PSSE) sets it
initially to point to the first character of the statement which

has just been input. In the case of PLIE this is the 7th character
of CIMAGE [16]; in the case of PSSE it is the beginning of STATEMINT
[24]. POSI is used by the routines which analyse input fields,
namely GFE1 and GFN.

BUFFR

A 128~-word buffer in the common area AREA. Paper tape, magnetic
tape and EDS blocks are read into it initially and then transferred,
a record at a time, to CIMAGE [16]. It is also used for processing
directory buckets in an EDS input file.

A character counter/modifier which is set to point to the character
after the last significant character which has been read into
CIMAGE [16] by the routine INPUT. The counter part is set equal
to 72-n where n is the number of significant characters present.
The character address part is in the form l.m starting with 0.0
for the first character position in the area.
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35.

36.

37.

38,
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BEMPT

Used when inputting data from E.D.S. It is set zero when the
compiler is readyto read in the first bucket of data, indicating
to the routine INPUT that no data bucket is yet in store. As
socn as the first bucket has been input, it is set non-zero, so that
the compiler will not read a new bucket each time it wants to input
a record.

BENUM

A decreasing counter containing the number of buckets in an EDS
input file, which have not yet been input.

BUCIN

Control area for EDS input. BUCIN+4 is incremented directly
whenever the next bucket is to be read.

SCN1

iy e

The bucket-input routine RBUCN sets SCN1 equal to the number
of useful words in the bucket whenever a bucket is read from EDS.
It is never set to any number greater than 128.

SCNT

Used in the EDS input routine. Points to the position immediately
beyond the end of the present record in the input buffer, taking the
first record to start at position 2.

FMLINK

Used for storing the limk to the Read From (ED,..... ) routine when
the compiler is reading from EDS.

INLINK

Used for storing the link to PLIE or PSSE when the compiler
returns to the Read From_(ED,...) routine to find out if there are

any continuation subfiles to be input. Set zero on detection of a
READ FROIM.

TERM

On exit from the field analysis routines GFE?! and GFN, TERM
always contains the field terminator.

NAME

An 11-word area used for holding fields picked up by the field
analysis routines GFEl and GFN.
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DIR

Used in connection with the output routines. Set zero if
a non-directory record is being output. Set non-zero if a directory
record is being output, it ig sometimes used to hold the link in that
case.

BLENG

Holds the length of a semi-compiled record as set up by the
conpiler,

BKI2

Holds the bucket number reserved for the next s/c bucket to
be written.

BEIN1

Holds the bucké&t number reserved for the next directory bucket
to be written.

CNT

Holds the bucket number of the first un-rescrved bucket on the
output file.

NCeB

Output of S/C buckets (though not of directory buckets) is
double-buffered. NCOB points to the buffer which is currently being
built up.

BUFR2/BUFR3

The two output buffers (128 words each) one of which is pointed to
by NCEB [45] at any time. Writing of S/C buckets takes place
alternately from these.

BUFFL

A 2l-word area. The compiler puts semi-compiled records into it
starting at BUFF1+1l. The output routine puts a word-count on the
frontbefore moving it to the output buffer. BUFFl+l is always pointed
to by SCeB [14].

LASTB

Contains the bucket number of the last bucket in the file. It
is set up initially during the SEND TO routine, but may be altered
by the routine WRT6 in the event of file extensions being necessary.

OVLLL

Overlay list pointer. This starts by pointing to the beginnin
of the overlay list, but moves as the list grows, such that it always
points to the word after the last item in the list.
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SIC

If non-zero indicates that the magneftic tape input file contains
semi-conpiled rather than source. The semi-compiled may be on a
simple file or a may be in a subfile on a composite file.

S IME

If non-zerc indicates that the magnetic tape input file is a
simple file, A simple file can contain semi-compiled only.

SCT

Indicates the depth within the subfile structure of the magnetic
tape subfile currently being dealth with.

SCI3

Used when inputting from EDS. Points to the beginning of an SFD
in a directory bucket relative to the start of the buffer BUFF[29]

BCNT
Set equal to the first bucket of semi-compiled information on
the output file. It is uced at the end of the program for

calculating the number of buckets in the subfile for inseriion in
the .irgctorf. ~ '

Pl alirard
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INTERNAL USE ONLY

INTERNATTONAL COMPUTERS AND TABULATORS LIMITED

Programming Languages Division -

FORTRAN NOTE 26A

July, 1967.

Since the issue of Fortran Note 26, A4XFAE has been re-
organised fairly drastically, and some other modifications have
been made. Except where otherwise stated, Fortran Note 26 is
still applicable to the new version however. This Note describes
the principal changes.



1. General

The purpose of re-organising ﬁ#XFAE was to reduce its over-
all size from 11K to not more than 10K. This was made necessary
by the discovery that on some 16K machines, Executive might re-
guire 6K of store.

The 10K version will necessarily be slower than the original,
because normally it will be necessary to read an overlay twice
per segment of program compiled.

2. QOverlays in the 11K version

There were two overlays as follows:
(1/1) Fz2D, FY2D
(1/2) FGoA, FK2A, FM2A, FN2A, FR2A

Permanent program contained the following segments:-

NAMEXFAE, FA2D, FB2D, FC2D, FE24, FF2A, FH2A, FI24,
FJ24, FI2D, FP24, FQ24, FS2A, FT24, FU24, INTFC,

Where the segment name ends in A, this implies that the segment
is identical to the corresponding segment in the magnetic tape
compiler,

Overlay (1/1) : FZ2D dealt with the Program Description.

FY2D dealt with basic initialisation,
allocation and release of peripherals,
RBEAD FROM and SEND TO statements, and
the FINISH statement.

Overlay (1/2) : FG2A dealt with EQUIVALENCE and DATA

FK2/ dealt with 'Type' statements, and with
DIMENSIGN and COIMMON statements.

FM24, FN2A and FR2L formed the heart of the
compiler, dealing with such things as
the Polish list and the generation of
instructions.

3. Operation of the K version

Overlay (1/1) was read in initially and would normally
remain in store throughout the processing of the SEND TO (37
any), the Program Description, and any initial READ FROM's.
At the beginning of each Fortran segment, overlay (1/2) would
be read in unless already in store. In practice it would normally
remain in store until the FINISH statement was found, unless
peripheral switching (which requires overlay (1/1)) occurred
meanwhile.

If a SEND TO statement or a statement introducing the
Program Description occurred out of context, overlay (1/1) would
be read in to deal with it. In fact a SEND TO out of context
would be ignored; anything else out of context would result in
an error flag.
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4, Overlays in the 10K version

This version contains four overlays as follows:

(1/1) Fwop

(1/2) Fzep

(1/3) FG2a, FR2A, FX2D, FY2D

(1/4) FH2D, FI2A, FJ2D, FM2D, FN2D

Permanent program contains the following segments:

NAMEXFAE, FA2D, FB2D, FC2D, FE2D, FFeD, FL2D, FP2i,
FQ24, FR2A, FS24, FT2A, FU2A, FV2D, INTFC.

The practice has been continued of changing the last letter
of a segment name to D when the segment is no longer identical
to the corresponding segment in the magnetic tape compiler,
However segments with names ending in D are not necessarily the
gsame in the 10K and 11K versions of the EDS compiler.

Overlay (1/1) : FW2D is a new segment containing the com-
piler initialisation routine, and the pro-
cessing of the SEND TO statement. As this
is the smallest overlay, there is plenty
of room for the SEND TO processing to be
expanded, which will almost certainly be
necessary in due course.

Overlay (1/2) : FZ2D deals with the Program Description.
As it contains a large number of Lower
Presets, it was found necessary to put it
in a separate overlay to save space.

Overlay (1/3) : FG2A and FK2A are, as their names iuply,
the same as the corresponding segments in
the 11K version. Between them they deal
with EQUIVALENCE, DATA, DIMENSION, COMMON
and all 'Type' statements.

FX2D is a new segment containing some of
the material originelly to be found in
segment FF2A of the 11K version. It deals
with MASTER, BLOCK DATA, FUNCTION and SUB-
ROUTINE statements.

FY2D deals with READ FROM and FINISH statements.

Overlay (1/4) : FH2D, FI2A and FJ2D contain processing that
was done in permanent program in the 11K
version by the corresponding segments FH2A,
FI2A, and FJ24i, FH2D deals in addition with
PAUSE, STOP and RETURN statements, which were
originally part of segment FF24,

FM2D and FN2D are basically the same as the
corresponding segments in the 11X version.
However, like FH2D and FJ2D, they have lost
a number of routines which had to be put in
permanent because they were required by more
than one overlay.



& A e

Permanent program : This includes segment FR2A which
was originally overlaid, but is now used
by more than one of the overlays. Segment
V2D is a new segment containing miscellaneous
routines which are used by more than one
overlay in the 10K version.
Segments FH2D, FI2A, and FJ2D are no longer
in permanent program, and segment FF2D is
somewhat smaller, containing only the
EXTERNAL and FORMAT statements and the
generation of Function and Subroutine
prologues.

5. Communication between overlays

Reading of overlays is accomplished by the standard overley
package %EROL which is incorporated in the compiler,

For each of the four overlays (1/1), (1/2), (1/3), (1/4)
the compiler contains a cued routine. These are GET{, GET2,
GET3 and GET4 respectively. Each contains a BRING instruction
which causes PEROL to ascertain whether the relevant overlay is
already in store or not, and to read it in if it is not. An
overlay which is already in store is never read in on top of
itself °

GET1, GET2, GET? and GET4 are used in the following
circumstances:

(1) GET1 is used immediately after entering the compiler
so that the compiler initialisation can be performed. It is
also used when a SEND TO is detected by the routine FMASZ;
however normally overlay (1/1) will still be in store when the
SEND TO is detected.

(2) GET2 is used when one of the statements which can
introduce the Program Description is detected by FMAS2.

(3) GET3 is used in the following cases:
a) On detection of a READ FROM by FMAS2.
b) On detection of a FINISH by FMAS2,

¢) On detection by FMAS2 of a statement which
can introduce & Fortran segment.

d) On detection by the routine STATE in FE2D of
any of the Fortran statements dealt with by
segmnents FG2A or FK24.

@) When the compiler has been entered at word 27.

f) When a data subfile has just been read from
BEDS and the compiler wishes to return to segment
FY2D to see whether the READ FROM has been fully
processed.

(4) GET4 is used in the following cases:

a) On detection by the routine STATE of any statement
in the 'Compare' table other than an EXTERNAL or
FORMAT statement or other than a statement which
requires overlay (1/3).
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b) On detection by STATE of any arithmetic type
statement.

Operation of the 10K version

It is clear from the above that the compiler always checks
that the correct overlay is in store before beginning to process
any statement which may require that overlay. The new system
does not therefore impose any new restrictions on the ordering
of statements, over and sbove those imposed by any of the Fortran
compilers,

On the other hand, statements appearing out of context
might well cause wastage of time, since it might be necessary
to read in another overlay in order to process them.

It is particularly important to adhere to the rule laid
down in the Fortran manual that all 'Type', DIMENSION, COMMON,
DATA end EQUIVALENCE statements in a segment should be grouped
together at the beginning. EXTERNAL and FORMAT statements,
however, may appear anywhere in the segment without loss of
efficiency.

If these rules are followed, the compiler will normally
read (1/3) at the start of ecach segment, and (1/4) in the course
of processing the segment. Two overlays would thus be read for
every segment compiled, once the SEND TO and Program Description
have been disposed of.

The time required to read an overlay is uncertain at present,
but should be much less than one second.

Notes on miscellaneous points

1) It was found necessary to duplicate the routine APER by
placing identical versions of it in the two overlays (1/1)
and (1/3). This was preferable to putting it in permanent,
which would have required another 90 words or so of store.
Both routines are called APER within their own segments, but
the version in (1/1) has been given the cue APERW since it
is called from outside.

2) It was found necessary to alter the order of the entries in
the tables TAB22, MST2 and MIT2 in segment FE2D so that state-
ments requiring overlay (1/3) could be distinguished from
those requiring (1/4) by testing the modifier.

%) A new marker DOIND has been introduced in segment FE2D,
whose function is to avoid the call to DO2E (in segment
FI2A) unless the correct overlay (1/4) is in store. Since
DO loops should never end on non-executable statements it
is quite correct to omit testing for the end of a DO loop
in that case.

4) Segment FR2A in permanent program branches at one point to
a cue in overlay (1/4). Investigation has shown however that
this branch is never executed in practice unless overlay (1/4)
is alrecady in store.
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5) The routine STLST in segment FL2D ealls APERW which is in
(1/1). However STLST is used only by overlay (1/1) so the
correct overlay must be in store.

6) Segment FU2A branches to overlay (1/2). However the correct

overlay is necessarily in store when this is done since the
marker EMARK is tested first,

8. Approximate sizes of the overlays at time of writing

PROGRAM LP and LT
(1/1) 178 42
(1/2) 384 148
(1/3) 1699 62
(1/4) 2131 146
Hence : Overlaid LP area = 148 words.

Overleid Program area = 2131 words,

9. 0Other modifications introduced in the 10K version

1) When reading a data subfile from EDS,some checks are made
on the format of the input. If the bucket header indicates
that there are more than 128 words in the bucket, an error
44 is flagged and the compiler assumes that there are 128
words to be dealt with. If a record has a word count of gzaro
or a number greater than 21, an error 4% is flagged and the
rest of the bucket is ignored. If a record has a word count
of 1, the record is interpreted as & blank line and no error
is flagged.

2) It is now possible to specify a subfile generation number in
a READ FROM (MT, vesssass) Statement,

3) If the file name in a READ FROM (MT, ......) statement
corresponds with that of a tape which is already allotted,
the tape is rowound, rather than released and re-allotted.

4) The compiler will work with the new double-buffered paper tape
and card output routines.

5) The processing of the EXTERNAL statement has been re-written
as in the magnetic tape compiler.

P.M, Girard.
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Introduction

AFBH is & 'trusted' progrem which monitors the compilation
and execution of a series of TFortran source programs, each one
being termed a job., To do this it must know what is happening
2ll the time, i.e. whether the object »rogram is being compiled,
loaded or run. There are 4 main phases to each job:

1) Job found and compilation started.

2) Compilation completed, object program ready to be
loaded.

%) Loading completed, object program ready to run.

4) Run complete, go on to find the next job.

Other phases or combinstions thereol may occur, eSpecially under
error conditions. TFor exawple, if there are errors in compilation
phases 2) and 3) are omitted and the compiler goes straight on to
the next job.
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Interface

The interface between AFAS and ZFBH consists of & series of
DISP instructions. DISP was caosen 1n nreference to SUSYT simply
because it is ecsier to test AFAS apert from EFBI if it does not
halt whenever o message has to be b1vr;n to iFBli, The DISPs fall
into two categories:

a) those vhich give information to AFBi about the progress of
2 job in the batch.

b) those vhich re squire some zction from the operator, such as
slow peripheral required.

The first character of esch DItP is ! and the second ranges
frou,o to #£|4. AFBH uses the ! 2s identifier znd the 2nd
character as o modifier to & branch taeble. Their mesnings are
as Lollows with the equivalent HALT in brackets afterwards

(if aporopriate):

a) 13 ind of successful compilation EEC}
I 6 Object program loaded LD
Hl ‘ﬂ@it read
I8 read
!9 //// read
: ¥ Znd of batch (PF)
I Overlays loaded

b) ! O CR wanted (CR)
i " (tRr)
L 2 Lp (Lp)
! 3 Incorrect batch mraneters
14 lore store required (s1)
E < o SRHFG block (1)

DISPs of type a) cause AFBI to test and set various markers,
and if dlrectlves appear in the wrong order, e.gz. two lots of
“'s running, nmessages will be printed on the outbut device %o
indicate possible errors in the batch or Jjobs ilncorrectly set
up. XAFBH will normzlly re—enter the compiler &t the nex
instruction.

DISPs of type b) cause XKFBIi to helt with a messs ge to the
cperator. Tor ease of testing AFAS alone, the next instruction
in the compiler is a SUSVT e.g., HALTED CR. AFBII thus re-enters
the comwniler, when the onerutor has rectified the condition, at
the next instruction after the SUSHL The only exceptions are
i 3 and ! < vhen the batch nust be restarred from the
beginning.

The system is designed to use the systen tape as efficiently
as posSsible. The compiler remains in store until there is an
object program to be run. The order on the tape

AFAS
SRI'G  library block
XpPe8 1lcader

is such that there is &% wost one scan for each job to be runm.
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If 2 job is not to be run, i.e. errors in compilation or

NORUE (not a nublished Tacility, possibly redundant) then

the tape is not noved ot all and the couviler goes straight

on to skip to the next job. _ventuslly it is hoped to reorder
the compiler so that permanent area comes before overlays on the
tepe. This will save the initial backspace %o find the overlays
and will involve writing = special overlay package.

’

AFAS is never deleted, =s far as executive knows, until the
end of a batch. IFBI overwrites the erea containing AFAS rirst
with the compiler and then with the loader and objsct progron.
Consequently, after the first entry to the compiler, peripherals
remein allocated and, in the case of magnetic tape, positioned,
throughout the execution of a baich.



Descrintion of oSeguents

Area 1 Unit 1 FBCT slow input
Lrea 1 Unit 2 FBI megnetic tape input
Ares 2 Unit 1 PG2a, TK24, FH2L, FH2A,

FRaL ain part of compiler
Area 2 Unit 2 mizs Consclidation phase

The segments that have been altered zre 25, PA2S,
323, #D25, FL2s, The tuo segments Fo2i and FC23 have
Leen deleted and FBCY, FBIL are new seguents. Instead of
“IROL, the overlay vnackage is the same o8 the one in AFOLL.
The changes to the sepgments are nov described in nmore deteil.
Verious markers sre mentioned in the follouving descriptions.
They cre more fully described in the scction on comon
area LC21,



Sesucnt, L

This iz the supervisor segment as it is all compilers and most
sections are the same as in XFAM, All the parts concerned with the
final stages of consolidation have been moved to Segment W, cone
intersegment statements have been removed altogether and minor changes
have been made to FINIS and STOP. There is a new section for PAUSE
which generates the instructions required to print the message on the
system output.

The main change is to the initiazl entry to the compiler. The
first time through for each batch it reads and analyses the batch
parameters, and sets markers MARK!1 and MARK2 (see section on common
area I€21) indicating system input and output devices. Subsequently
it discovers system input and output by & series of dummy allot in-
structions, in fact this is also how it discovers whether it is the
first time through or not.

When the correct overlays for the job are in store it enters
XFBM, DISP !; , and returns to skip to the start of a job, i.e.
¥FORTRAN. The first record presented after the skip entry is listed
under the heading ** NEXT DATA RECERD** unless it is ¥FOR, *¥¥¥ or
////. This is only relevant when the previous job failed at object
time without reading all its data, when this becomes equivalent to
'last card read reversed'.

EITRY 4
FIAS

Positions scratch tape, i.e. rewinds and skips to tape mark.

Resets core size to 11008 in case previous compilation or object
program required more core.

Initiates storage areas and starts compiling complete program.

This entry is used by XFBM if object program reads *FOR parameter.
The compiler is reloaded and started at ENTRYO,1,2 until markers are
set and overlays loaded. Then ENTRY 3 is missed out and direct entry
made to start compiling.

ENTRY 7

STeP

Terminates offlined output with end of file sentinel.
Eaters XFBM DISP |

Halted PF

No peripherals are released, as if the object program reads ////,

on entering the compiler at this point no markers are correctly set.

It was thought unnecessary to do a complicated system of allots and
releases when the next action of XFBM is to delete XFAS and thus release
a1l peripherals.



Segment B

This contains the cue INPUT plus two new cues INPUTY1, INPUT2,
It uses MARK! as a modifier to branch to the correct input section,
paper tape, cards or magnetic tape in FBCT or FBMT. On exit,
the next record is presented in CIMAGE, and various checks are made.

Entry at INPUTY.

This is entry to read batch parameters. Initial blank records
are ignored, otherwise no checks made.

Entry at INPUT2.
Thig is entry for skip mode. Check for ¥FGR, *¥¥¥ ang At

Normal entry at INPUT.
This checks for *FQR, *¥xx [/// *DAT ang *STE,

SETSC (check for S/C) and PCH1 (S/C output section) are also in this
segment,

Action of Segment B on finding

1) *¥FOR : If already within job (tests JMK) an error message is

printed, then parameters are handed to XFBM with DISP !7. Return

is to FMAS1 (Entry 4) to start compiling.

2) #%¥%% : If not within a Jjob, enter monitor DISP 8. Returm is to
look for ¥FQR record. If within job, unset JMK, set marker for
no datz, NeIN., In skip mode (enter at INPUT2) terminate listing
and enter monitor as above, otherwise treat as FINISH.

=) //// + If within job, print error message, then and otherwise
enter XFBM with DISP (9. Return is to STEP.

sSegment D

The only change is the removal of CSLC which builds up consolidated

leader and forms request slip.

Segment L

References to tape punch have been removed, and magnetic tape
output been included.

As it dis not possible to test reply word for 'page full' condition

on MT, there is now a line count kept, and up to 60 lines are allowed
to one page.

Magnetic tape output is in blocks up to 128 words long in XQMP -
compatible format.

Segment FBCT

This is paper tape and card input, TRSPL and CRSPL virtually
unchanged.




R

Card input uses CDMK as ATLAS or 1900 code indicator. It also
checks for a record *ATL or *190, changes CDMK when found and returas
for the next record.

Segment FBMT

This is magnetic tape input, MTSPL but rewritten. The main section
presents the next record in CIMAGE, and there are two subsidiary section:
one checks sentinels when a tape mark is read, the other skips to the
start of the next job when the compiler is in skip mode.

Sentinel checks

Start of job sentinel (name PRQG). If word 9 of the sentinel is
negative or second two characters are not FB skip to the next job.
Otherwise zeroize skip marker, ENTMK, and return for next record.

Start of Fortran sentinel. Return to read next record.

Start of Semicompiled sentinel. Set s/c marker, return for next
record.

Start of Data or Steer sentinel. Set ¥DATA or *3STEER in CIMAGE
and return to process.

End of subfile sentinel. Ignore it in skip mode. Otherwise
subtract 1 from subfile level count 3CT and if non-zero read next block,
if zero treat as *'s read.

End of composile file sentinel. Treat as //// read.

Unrecognized sentinels are ignored and the action is to skip to
the start of the next job.

Segment W

_This is brought into store and entered as soon as a program
requires consolidation. It performs the following actions:

1) Outputs program description segment %%F containing cues for
systen input (if data or steering information) and output routines.
Also outputs 1st word of %FISLIST which contains count or entries
in list. Its wvalue is 2 if no input data, 4 otherwise.

2) Scans the library block, passes each record through CSLA (con-
solidator) and outputs routines called for, in batched form if
the library is batched.

%) Prints blank cues if there are any.

4) Positions library tape at end of SRF6 block ready for XFBM to
read in loader. ;

5) Forms request slip (section CSLC of consolidator contained in
this seg.)



6)

=)

8)

9)

il -

Lists leaders if switch 10 on, (not & published facility but
useful for testing purposes).

Terminates listing.

Tests core size of object program and if > current core size of
compiler does GIVE for more core.

Sets up table of offset, address of consolidated cue list and
relativisor settings.

Enters XFBM with DISP !5, with address of this table in X1 and
the entry point for the object program in X0, (#£200 if G6 20,
normal entry: 4210 if GO 28, trace steering list entry).



Common area LC21

8 wds.

MARKA Input marker : Paper tape -
Cards (1900)
Cards (Atlas)
Magnetic tape

I
L e

MARK?2 Output marker : Line printer
Magnetic tape

|
=% (@)

1

Above two words set up at start of Segment A as each job is
begun. Used in FB2S, FL23.

GeMK Entry point of object progran.

Hormal entry %ﬁZOO i.e. G&8 20
Trace steer ##210 i.e. G& 28

Set up in Segment A when *DATA, *STEER or *¥¥* pead.
Used in Segment W to pass across to monitor.

JUK Job mark.

Set zero in Segment A before start of each job.
Set non-zero when *FOR read.
Zeroized again in reading *DAT, *STE, **xx_ ////.

CaRE Current core size, normally 11008.

Set up in Segment A and increased for list sige if required.
Used in Segment W to check if room for object program.

NOIN No input data for object program.

Set zero at start of each Job.

Set non-zero when ¥¥¥* yead at end of compilation indicating
no object program data. No input routine will be incorporated
in the object program.

RDMK Double buffer mark for cards.
Used only in FBCT, but zeroized initially in Segment A.

CDMK Card code marker.

Set up at start of each job to value of MARK1.

Used in FBCT as card code indicator. UWeeds to be distinect
from MARK1 as it must be re-set at start of each job even

if compiler not reloaded. Re-set whenever ¥ATL or *190 card
read (detected in FBCT).

Common area MIUSE preset.

2 wds
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LSTRE Pointer to message **¥NEXT DATA RECORD*#*
Used in Segment A and FBMT.

ENTMK Set zero for normal mode input in FB2S
Set non-zero for skip mode.

Used in ¥B2S and FBMT.
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XPe8
Loader for Fortran Batch Monitor Systemn.

This loader is based on XP61 with only minor modifications.
It is z=lways run under the name ATAS, being read into store

TN

by XPFBM using a CONT.

On entry, X0 contains the =ddress of = table set up by the
compiler as follows:

Wd © SHIFT i.e, offset

Wd 1 Address of consolidated cue list as set
up by the compiler,

Wds 2-11 Relativisor settings.

Thus relativisors and cue 1list are set up directly from store
instead of being read in from MT,

Semi-compiled is input from MT3 which is already allocated
and in a rewound position. It positions this tape
initially by skipping to tape mark. S/c segments are in
both batched and unbatched form: o/p from the compiler
being unbatched, library s/rs being batched.

When the program has been loaded, XFBI is re-entered by a
DISP ! 6 message in place of the HALTED LD.
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Peripheral routines

There are 6 new peripheral routines and these are ©
only ones used by the system. The 4 input ones are CFIBTR,
CRIBCR, SFIBCRA and %FIBMII corresponding to paner tape,
cards (1900), cards (ATLAS) and magnetic tope. The 2 output
routines are %FIBLP and $FIBIUTC, line »nrinter and magnetic
tape. All the routines are more straightforword then their
counterparts in XFAil, This is for a number of reasons:

a) The peripheral is already allocated and has a fixed
uwnit number,

b) The magnetic tape routines are essentially equivalent
to slow input and so process the tape only in one
direction, no backspace or rewinding is allowved,

c) Initisl blank lines or cards are not iganored, There
is =an extra check built into the input routines for
records “FGR, “%%% and ////. Uhen these are found,
conmon ares B is set up with two chars ! 7, ! 8
or ! O and execution error & reported. §I'ERROR, after
giving trace printout, enters XFEBH with a DISP of the
value in $FBIK,

A consequence of a) is that the interface with {FINGUT is of
& fixed form; thus SOFISLIST and 4FICINF are preset within
each routine. Tor a standard job, with input and output
statenents, %IFISINT and $IFISLIST contain the following
velues:

SRIOLIST

td O 4 Wo. of entries in list. Set up by compiler
vd 1 2 Peripheral no.\
Wd 2 Addr of ''d O }

of (FISINT * Set up in output
Wd 3 G Perivherel no. peripheral routine
Wa 4 as ¥Wd 2 J
d 5 1 Peripheral no.j
Wd 6 Addr of wd 2 /

of GFISINFH { Oet up by input
td 7 5 Peripheral no. peripheral routine
W4 8 as ¥d 6

-

s
If there is no data, then wd O is 2 and wds 5-8 are

Omi'tted.-
CFIOINF
id O Addr of systen output routine } Set up by
Wwa 1 i (indicates output) } output routine
Wd 2 Addr of system input routine ; Set up by
7d 3 1 (indicates input) i input routine.

This interfaoce vas vorked out without considering the
possibility of using megnetic taves at run time and there
may be some difficulty in fitting that in to the existing
gtructure., 4 possible solution would be to revert to

4

compiling SFISLIST in Segment 1.
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The slow peripheral routines are straightforward,

%FIBMTe., This outputs single record blocks in XQMP-compatible
format. :

%FIBMTI, This assumes input tape positioned just before
first record: either data or steer. Each record is presented
to %FINGUT in turn, those of less than 80 characters being
space~filled up to 80 characters., When a sentinel is read
'start of subfile' is assumed to be DATA subfile and is
ignored, level is set to zero

‘end of subfile' at level zero is ignored and level set to 1%
at level 1 is treated as *#¥% read,

Other sentinels should not occur.

A.5, FINCH.



INTERNAL USE Gl

INTERNATIONAL COMPUTLRS AND UABUWLATORS I

Scientific Progrsmming Dept.
I.C.T. 1900 Series FORTR*x Lo . INDA

These notes are intended principally for the compiler writers.
They are not nec:ssarily kept up to date and should not be taken as
definitive.

Fortran Note Title Remarks
1 ASA Portran Arithmetic See also FN §
2 A Proposed Method of Describing  Superseded by FN 19

s FPORTRAN Program to the FORTRAN
IV (ICT) Compiler

3 A Proposed Method of Desciibing  Supereeded by FW 10
and Implementing Procram Over-
lays for the FORTRAN IV (ICT)
Compiler

4 ' FORTRAN 1V (ICT) Input and Output
Operations

5 The FORTRAN IV Object Time Input/ Superseded by FN 21
Output System

6 Trace System for FORTRAN 4 and Genersl Digstribution
Current 1900 FORTRAN (reproduced in Basic

FORTRAN Manual)

i The PORTEAW IV Object Time See also FN 2, 4
Peripheral Routines and 5

8 FORTRAN IV Data Storage

5 Array Addressing in FORTRAN IV

10 A Proposed Method of Describing

and Implementing Program Overlays
for the FORTRAN IV (ICT) Compiler

10a Amendment to FORTRAN Note 10
11 ORTRAN IV Liest System Structure
12 General Analysis Routines in the

FORTRAN IV Compiler

13 Storage Areas in FORTRAN IV



Fortran Note Pitle Remarks

14 Some Aspects of Expression
Evaluation in the FORTRAN IV
Compiler

15 The Statement Function and IF
Mechanism in the ICT FORTRAN IV
Compiler

16 Consolidated Leader Listing and

Private Error Codes

17/ Source and Semi-compiled Program
Pormats on Magnetic Tape

18 Peripheral Routines See also FN 7 and 5

19 Program Description and Inter- General Distribution
segment Statements

20 Provisional specification of General Distribution
the 1900 Fortran Compiler

24 The Fortran IV Object Time See also FN 4, 7 and 18
Input/Output Systen
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