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MANUAL (NOTICE NO.) 16/12/70

4149 FORTRAN: 32K DISC COMPILER (16)
4131 FORTRAN: 16K DISC COMPILER (12)
4159. FORTRAN MAGNETIC TAPE COMPILER (6)

If the mark 16 version of the SRF7 library is used with 
the above compilers, the following will apply
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Errors corrected
1 Object programs using formatted disc files will

no longer overwrite information on rewind (Software 
Notice 1900 Scientific Languages/33, item 63); this 
does not apply, of course, to #XFAM.

2 Extended mode programs may now be compiled using 
SRF7/16 subroutine group on M.L.T. 4/114; that is, 
Software Notice 1900 Scientific Languages/34, 
item 64 no longer applies.
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4149
4131
4159

MANUAL (NOTICE NO.) ' 16/12/70

FO R TRA N : 32X DISC COMPILER (16)
FORTRAN: 16K DISC COMPILER (12)
FORTRAN MAGNETIC TAPE COMPILER (6)

C y ^ \  $ -
L. v. -‘ File one copy of thi$ 

notice wir' each of tne 
manuals i. cated.

FORTRAN COMPILERS l-XFAT -.,-XF. (-x: AND #XFAM

If the mark 16 version of the SRF7 library is used with 
the above compilers, the following will apply

Errors corrected
1 Object programs using formatted disc files will

no longer overwrite information on rewind (Software 
Notice 1900 Scientific Languages/33, item 63); this 
does not apply, of course, to #XFAM.

2 . Extended mode programs may now be compiled using
SRF7/16 subroutine group on M.L.T. 4/114; that is, 
Software Notice 1900 Scientific Languages/34, 
item 64 no longer applies.

©  International Computers Limited, Reading, 1970
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MANUAL (NOTICE NO.) 21/4/71

4131 ^ FORTRAN: 16K DISC COMPILER (14)
41 49 FORTRAN: 32K DISC COMPILER (18)
4159 X FORTRAN MAGNETIC TAPE COMPILER (7)

L'J*ttUJj

File one copy of this 
notice with each of the 
manuals indicated.

S f M ~ f sm:
FURTKfiN^COMPILERS #%FAT, #XFEW, #XFAE AND #XFAM
The following information applies when these compilers 
are used with the mark 17 version of the SRF7 library, 
or, in the case of #XFEW, the mark 2 version of the 
SRF8 library.

Errors corrected
1 The mathematical routine INT now gives an accuracy 

up to 8 significant decimal places when the 
argument is negative. (Software notice 1900 
Scientific Languages/30 item 58(1))

2 #XFAT and #XFEW only: Incorrect results will no 
longer occur when the G format field descriptor is 
used with a repeat count. (Software Notice 1900 
Scientific Languages/30 item 59)

3 #XFAT and #XFEW only: Execution error 128 is no 
longer incorrectly flagged by the NAMELIST input 
routine if the single character 0 appears in the 
data as any constant after the first in a set of 
constants assigned to an integer array.
(Software Notice 1900 Scientific Languages/36 
item 69)

4 #XFEW only: When hardware extended precision 
object code is compiled (1906A only), exponentiation 
of a DOUBLE PRECISION item to an IN T E G E R  power will 
no longer produce incorrect results when the 
absolute value of the exponent is greater than 3. 
(Software Notice 1900 Scientific Languages/46
item 90)

Changed execution error
Execution error 106 is no longer fatal.

©  International Computers Limited, Reading, 1971
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MANUAL (NOTICE NO.) 23/6/71

FORTRAN MAGNETIC TAPE COMPILER (8) 
FORTRAN: 16K DISC COMPILER (15)

File one copy of this 
notice with each of the 
manuals indicated.

FORTRAN COMPILER LIBRARY SRF7/18
The mark 18 version of the SRF7 library corrects 
errors reported in Software Notices:
19Q0/Scientific Languages/41, item 82 
1900/Scientific Languages/42, item 84 
1900/Scientific Languages/30, item 58(2)

@  International Computers Limited, Reading 1971

Issued by Technical Publications Service, 30 - 31 Friar Street, Reading, Berkshire. RG1 1JP
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MANUAL (NOTICE NO.) 6/ 12/72

4159 FORTRAN: MAGNETIC TAPE COMPILER (9)

Fite one copy of this 
notioe with each of the 
manuals indicated.

FORTRAN COMPILER #XFAM
When a program is compiled and consolidated by #XFAM, 
there are certain restrictions on the incorporation of 
semicompiled segments:
1 Segments produced by the FORTRAN compilers #XFAT, 

#XFEW, #XFIV, #XFEV, #XFIH and #XFEH may not be 
included.

2 Segments containing top common (elastic) data areas 
may not be included. Apart from fXALM, Algol 
compilers produce such a data area for the stack. 
#XALM also produces such an area unless the 
program description statement 'SPACE' is used in 
the Algol compilation. In this case, however, 
the size of stack specified in the 'SPACE' state­
ment must be sufficient to ensure that the stack 
does not need to be extended at xun time (3000 
words should be sufficient in most cases).

ERRORS IN MANUAL
Certain errors have been discoveredin the manual, as 
detailed belqw.

Page 10
The description of the default block size assumed when 
no size is specified in a channel description statement 
is inaccurate. For a FORMATTED file, a default block 
size of 128 words is used. For an UNFORMATTED file, 
the size used is the largest block or buffer size so 
far encountered for an UNFORMATTED magnetic tape or 
disc file, unless this is less than 128 words in which 
case 128 words is used.

1 of 4
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P a g e  49
If output from #XMUM is to magnetic tape, the program 
subfile is given the name PROGxxxxxxxx where xxxxxxxx 
is the eight character name used in the job description 
statement.

\

Pages 75 and 76
The section Compiling mixed FORTRAN/PLAN programs 
incorrectly states that segments compiled by the PLAN 
compiler can be input to the FORTRAN compiler by means 
of a statement:

READ FROM (MT,filename)
In fact a subfile must be specified, and the form of 
the READFROM statement is as described on page 22.
The subfile name should be either PROGRAM name or 
PROGRAM XXXX/ depending on which of the following was 
the form of the #PROGRAM line in the PLAN compilation:

name/segment
/segment

For full details, the manual PLAN Reference Manual 
should be consulted.

FORTRAN SEGMENTS IN NON-FORTRAN PROGRAMS
FORTRAN segments to be included in a program with a 
non-FORTRAN MASTER segment should be compiled at trace 
level 0. Segments compiled at trace level 1 may also 
be included, but trace 1 facilities will only be 
obtained if the segments include a READ or WRITE 
statement. The effect of including aFORTRAN segment 
compiled at trace level 2 in a program with a non- 
FORTRAN MASTER segment is not defined.

TEXT CONSTANTS
The maximum number of characters that can be specified 
in a text constant is 511.

OBJECT PROGRAM ERROR HALTS
In addition to the object program halt messages given 
on page 90, programs using disc files may halt with the 
message

HALTED:- SZ
This occurs if a disc logical bucket number is out of 
range or zero and can happen if an attempt is made to 
read from a scratch file before it has been written to.

2 of 4



FORTRAN: MAGNETIC TAPE COMPILER (9)

Extension of Scratch Disc Files in FORTRAN programs
If a FORTRAN program opens a scratch disc file and 
further space is required, the FORTRAN library routines 
will attempt to make an appropriate extension. If 
there is no space available on the same cartridge as 
the scratch file an extension onto any other suitable 
online cartridge will be made if the program is not 
run under UDAS. If UDAS executive is used, or if the 
scratch file is an online exofile under GEORGE 3, then 
an extension will not be made to another cartridge.
In either case, if more space cannot be allocated, the 
program will halt

NEED ED SCRATCH SPACE
or, if the scratch file is on fixed disc not under UDAS 

NEED FD SCRATCH SPACE
If this occurs when UDAS is not used, the program may 
be restarted once a further cartridge with space 
available has been put online. Under UDAS executive 
(or GEORGE 3), the run must be repeated with a disc 
containing more spare space as the first online.

Execution errors
The following execution error numbers can occur. These 
are additional to those listed in Appendix 2 and all are 
fatal.
109 Error in transfer on card input channel.
110 Error in transfer on paper tape input channel.
111 Error in transfer on magnetic tape input.
112 Error in transfer on disc (E.D.S. or F.D.S.) input.

ARRAY ELEMENT BOUND CHECK
The following information amplifies that given on page 
31 concerning the action at trace level 2 when an array 
element falls outside the bounds of the array.
For an array A, declared as K(Dx,D^,...D), element 
A(di,d2 r...d ) is held in the position (relative to the 
beginning ofnthe array) specified by the formula:

dl+flj (d2 " 1 )+^l ^ 2  W 3 "l) + . . . + 5 l C 2 "  ^ B j ( e ^ - 1 )

The trace 2 check only verifies that an element is 
within the total area allotted to the array by checking 
that the position calculated from the above formula 
lies between 1 and D LD2>.»D inclusive. Thus, in the
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example given on page 31 of an array declared as 
ARRAY(3,2), a reference to ARRAY(4,1) is not faulted. 
The position calculated by the formula above is 
4+3*(1-1) or 4, which is less than 3x2 or 6, the array 
size.
In some cases, an array element reference where the 
product of the subscript expressions exceeds the size 
of the array is not faulted. For example, if an array 
is declared as:

DIMENSION B(3,4)
a reference to B(5,3) will not be faulted: this element 
is considered to be held in position 11, within the 
bounds of the array.

©Irtermatiomal Computers Limited,Reading 1972
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1/8/73

4159 FORTRAN MAGNETIC TAPE COMPILER (10)

File one copy of this 
notice with eech of the 
publications indicated.

FORTRAN COMPILERS »XFAM, 4XFAE AND »XFAT
The £ollowin9 restrictions apply to use o£ the
EQUIVALENCE statement in programs compiled by theabove compilers:
1 A variable that is assigned a value in a DATA 

statement cannot be equivalenced to an array element.
2 An array may not be equivalenced to a shorter, 

non-common array that is wholly or partially 
initialised in a DATA statement.

3 An item appearing in a DATA statement may not be 
equivalenced to another item that appears in a 
DATA statement. An array or array element is 
considered to appear in a DATA statement i£ any 
element of the array is initialised in a DATA 
statement.

FORTRAN COMPILERS #XFAM, #XFAE, #XFAT, #XFEW, #XFEV, 
#XFrV, #XFEH AND 4XFIH

Formatted input records in FORTRAN object programs
The following rule should be observed when inputting 
formatted records:
If more than one sign appears before a number on the 
input record, the sign of the number is taken as that 
specified by the final plus or minus sign (that is, 
the one at the right hand end of the + - string)
Hence + - 5 will have the internal representation of 
- 5, and - + 5 will have the internal representation 
of + 5. The additional signs will not be flagged as 
incorrect characters.

@International Computers Limited, Reading 1973

Issued by Software Distribution Department, 30 ■ 31 Friar Street, Reading, Berkshire RG1 1JP
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FORTRAN: 16K DISC COMPILER (3) 
FORTRAN: MAGNETIC TAPE COMPILER (11)̂ (

FMa on* copy o( thi* 
Mrtico with M ch of tho 
pubUcatkMo lndicaMd

FORTRAN COMPILER »XFAE
This notice announces the issue of a new version of the compiler #XFAE, 
which is intended for use with versions of the library SRF7 from Mark 
23 onwards. The compiler has the mark number 5A and requires a minimum 
core size of 10624 words.

Errors corrected
The new issue corrects the errors reported in Scientific Languages 
Software Notices:
153/340, 156/343 and 209/2
In addition, a number of minor errors have been corrected.

DIRECT ACCESS FACILITIES
The following paragraphs describe new facilities which are now available 
in FORTRAN programs compiled by #XFAE/5A for the direct access of files 
on disc. These facilities are compatible with those already available 
in other 1900 compilers.

General information
Files may be processed serially or by direct access. In the former case 
the records are handled in the order in which they occur on the file, 
while in the latter case operations may be performed on selected records 
in any order.
Files specified to be processed by direct access (see 'The DEFINE FILE 
statement' below) may not be processed serially, and vice versa.

DIRECT ACCESS CHANNEL DESCRIPTION STATEMENTS
The format for a channel description statement specifying a direct access 
disc file is as follows:
fck=xw/DIRECT (f (g) )/b

where
h is one of CREATE, INPUT, OUTPUT or USE, which are interpreted as

follows:
INPUT - use the named disc file which has been opened and written 

to in a previous program as a direct access disc file for input only. (See section Programming Techniques, item 3,page 5)
OUTPUT - use the named disc file (assumed to contain no useful 

information) for output only.
CREATE - use the named disc file (assumed to contain no useful 

information) for output followed by input if required.

1 of 7
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USE 1 with a permanent file: use the named disc file which has 
been opened and written to in a previous program as a 
direct access disc file for input and/or output. (See 
section Programming Techniques, item 3, page 5)

2 with a scratch file: use a scratch file for input and/ 
or output.

k is the channel number or list of channel numbers by which the file is 
referenced in the FORTRAN program.

x is either ED or DA
n is the logical unit number for the disc file
f is either the file name or a dummy file name (see 'File Names' below).
g is the generation number (optional)

if {g) is omitted, the file of name f of highest generation number 
will be used.

b is the size in words of the buffer to be associated with the file 
(optional: see 'Buffer Size' below).

File names
/ is either the name of a file or a dummy file name which will be replaced 

at run time by the actual file name (see the ICL 1900 Series manual 
FORTRAN: 16K Diso Compiler, TP 4300 page 14 section 'File names at run 
time'). All files to be used must already have been allocated using 
the file allocator program XPJC, or created using the GEORGE 3 and 4 
command CREATE.
If the option USE or CREATE was specified in the program description, f 
and its enclosing parentheses may be omitted. In this case a scratch 
file will be created and will cease to exist when the program is deleted.

Buffer size
For optimum use of both main store and space on the disc, the value of b 
should be the same as the bucket size on the file.
The bucket size is defined when the file is allocated and may be 128, 256, 
512 or 1024 words. If main store is at a premium, a buffer size less than 
the bucket size may be used for output files: this will reduce the object 
program store size but will be wasteful of space on the disc. The larger 
the value of b, the more main store will be occupied and in general the 
more efficient will be the object program. b should not be greater than 
the bucket size as only the first n words in the buffer (where n is the 
bucket size) would be used. If /b or b is omitted, or b is zero, a buffer 
size of at least 128 words is assumed.
Direct access records, both formatted andunformatted, are held one or 
more to a bucket and may be up to b-A words long.

File extension
If the file specified as a direct access file is not large enough to hold 
all the records an attempt will be made to extend the file.
This extension will be permitted only on the cartridge on which the file 
lies. Such extensions will be reported on the monitor output channel 
when the file is released (as for serial files).
It should be remembered that when calculating the size of the file required, 
one word must be added to the record size, as given in the DEFINE FILE 
statement, for the word count. Also, an extra bucket must be added for 
the end-of-file bucket.

Examples
1 CREATE 3 = ED3/DIRECT (FILE ONE)

Channel number 3 in the program corresponds to the direct access file 
FILE ONE to be allocated as ED3

2 of 7
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2 USE 4 = DAl/DIRECT/256
Channel 4 in the program corresponds to a direct access scratch 
file with logical unit number 1. 256 word buckets will be used

DIRECT ACCESS File usage
Whereas a READ or WRITE statement referencing a serial file will cause 
input or output of the next record in sequence following that input or 
output by the last READ or WRITE statement, for a direct access file, 
records within the file may be accessed in any order. Each record 
within the file has a unique number associated with it, the records 
being numbered from one, and a record identified by specifying this 
number either as a constant or as a variable. For the appropriate 
forms of the READ and WRITE statements for direct access files see 
'Input and Output for Direct Access Files' below.

The DEFINE FILE Statement
The DEFINE FILE statement is a specification statement and must appear 
before any executable statement. It describes the characteristics of 
any direct access file to be used. In order to use the direct access 
I/O operations each file must be described at least once by a DEFINE FILE 
statement as well as in the program description.
At run time the first DEFINE FILE statement encountered for one 
particular channel will set up the specification for that direct access 
file. Any subsequent statements encountered for that same channel will 
be ignored.
The DEFINE FILE statement has the form:
DEFINE FILE k\ (mj, xj, tj, Vj), k2 (m2,x2,t2,v2),...,kn m̂n ’xn’tn ’* * * * vn  ̂

where
k is an INTEGER constant identifying a particular channel.
m is an INTEGER constant giving the number of records in the direct

access file associated with channel number k.
x is an INTEGER constant giving the size of each record in the direct 

access file associated with channel number k. The units in which 
the size is measured depends on t.

t is one of the following characters:
U indicating that the file will contain only unformatted records. 

The record size will be measured in elements of two words.
E indicating that the file will contain only formatted records.

The record size will be measured in characters.
L indicating that the file may contain both formatted and

unformatted records. The record size is measured in half words.
v is an INTEGER variable, the associated variable (see below), which

may not be a dummy argument of a subroutine or function segment, but 
may be an item in a common block.

In any master, function or subroutine segment, DEFINE FILE statements 
must occupy a position between statement function definitions and 
executable statements. See the manual FORTRAN TP 4261 page 40 Section 
'Statement ordering'.

Example
The statement:
DEFINE FILE 4(50,100,L,I),6(10,50,E,J), l(40,20,I,K)
defines three direct access files. The first file, referred to as 
channel 4, consists of 50 records, of length 100 half words, that are 
to be transferred either with or without format control, the associated 
variable being I. The second file, referred to as channel 6, consists 
of 10 records, of length 50 characters, that are to be transferred with 
format control, the associated variable being J. The third file referred 
to as channel 1, consists of 40 records, of length 20 elements each of 2 
words, that are to be transferred without format control, the associated

4300(1)
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variable being K

Input and Output for Direct Access Files
The appropriate forms of the READ and WRITE statements for transfer of 
d irect access records are:
READ (k'r,l) list 
WRITE (k',r,l) list
where
k is an integer constant or an integer variable representing the 

channel number. k must be followed by an apostrophe.
r is an integer expression which may or may not contain the associated 

variable, representing the record number.
1 is present for formatted, but not for unformatted, records. If 

present, it is either the label of a FORMAT statement or the name 
of an array containing the format information.
'list' is an I/O list which is optional for READ or formatted WRITE 
statements.
Execution of either the READ or WRITE statement transfers the items in 
the 'list', in order, to the direct access file associated with k, 
starting at record number r of the file. (See Section Programming 
Techniques item 1 on page 5 for actual number of records transferred 
for each READ or WRITE.)

The FIND Statement
FIND statements are used to find the next record to be used in direct 
access file while the present record is being processed. Thus, the amount 
of time taken by a subsequent READ statement to that record is reduced.
The FIND statement has the form:
FIND (k'r)
where k is an INTEGER variable identifying a particular channel number; 
k must be followed by an apostrophe. r is an INTEGER expression giving 
the number of the record to be found.
The file associated with channel number k must have been defined in a 
DEFINE FILE statement.
The FIND statement will find the record r in the direct access file 
associated with channel number k. The record will not be made available 
until a READ statement referring to that record is encountered. No 
advantage is gained in using the FIND statement before a WRITE statement.
An example of the use of this statement follows:

DEFINE FILE 6(100,60,E,I)

READ (6 ' l,9)A,B,C 
FIND (6'2)

9 FORMAT (3F12.8)
VAL=SQRT (A*A+B*B+C*C)
READ (6'2 ,9)A,B,C

If these statements were included in a program, the FIND statement will 
cause record 2 of the direct access file associated with channel number 
6 to be found whilst the data from record 1 is being processed. The 
second READ statement then makes record 2 available.

The Associated Variable
At the start of execution of the program, the associated variable of each 
direct access file defined in a DEFINE FILE statement is assigned the value 
1, corresponding to the first record of the file.
The execution of any READ, WRITE or FIND statement referencing the file 
causes the value of the associated variable to be reset. A READ or WRITE 
statement will cause the associated variable to be set to the number of 
the record after the last record accessed by the READ or WRITE statement.

4 of 7
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A FIND statement sets the associate variable to the record number 
specified in the FIND statement.
The expression r in any of the statements:
READ (k'r...
WRITE (fc'r...
FIND (k'r)
may include the associated variable. If for a particular file k each 
READ and WRITE statement specifies the associated variable as the 
expression r the records will be accessed serially. Thus a direct access 
file can be used as though it were a serial file.
If the current value of an associated variable is to be transferred between 
segments this must be done by specifying the associated variable as an 
item in a common block. Associated variables may not be used as dummy or 
actual arguments.

Auxiliary I/O Operations and I/O Subroutines
1 BACKSPACE, ENDFILE, and REWIND have no effect on a direct access file
2 The subroutines FILE, RENAME, ALLOT, RUNOUT and RELEASE are available 

as for serial disc files

PROGRAMMING TECHNIQUES
1 Number of records transferred.

If the records concerned are formatted, input and output are 
controlled by the input/output list and the format specification as 
described in the section 'Effect of FORMAT statements and arrays' on 
page 43 of the ICL 1900 Series manual FORTRAN, Edition 2, 1971,
TP 4261. The record lengths implied by the format specification 
must not be greater than the record size given in the DEFINE FILE 
statement. If the record size is greater than the length of a 
particular record as specified in a format specification for a WRITE 
statement, the record will be space filled.
If the records are unformatted, the number of records transferred is 
determined by the input/output list: transfer is complete when all 
items listed have had their values input or output, and as many 
records will be transferred as are required. A WRITE statement will 
cause any spare space in the last record to be zero filled

2 The DEFINE FILE statement for a direct access file does not have 
to be in the same segment in which the I/O operations occur. For 
example the DEFINE FILE statement can be given in the master segment 
with a subroutine performing the I/O operations. The associated 
variable will still be updated by the I/O operations even though it 
may not be stated explicitly in the subroutine

3 The following information is included to clarify the use of 
Execution Error 92 (see below):
When first accessed, any direct access file declared as OUTPUT or 
CREATE is opened and skeleton records, together with an end of file 
bucket, are written to the disc to correspond to the maximum number 
of records required.
When first accessed, any direct access file deolared as INPUT or USE 
is opened and the first bucket is read. This is to ensure that the 
record word count which the first record should already contain 
corresponds to that calculated from the DEFINE FILE statement.
Hence any direct access file declared in either of the program 
description statements INPUT or USE must already have been written to 
by a previous program. Execution Error 92 may be reported if the 
record word length of this file is not the same as the record word 
length specified in the DEFINE FILE statement

4 Example of direct access file handling
» DEFINE FILE 1 (1000,72,E,J)

DIMENSION A (100),B(100),C(100),D(100),E(100),F(100)
1 FORMAT (6F12.4)

FIND (l'5)
DO 2 I = 1,100READ (1' J , 1) A (I) , B (I) , C (I) , D (I) , E (I) , F (I)
FIND (l'J+4)

4300(1)
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2 CONTINUE 
J = J-4
DO 3 I = 1,100

3 WRITE (1'J+4,1)A(I),B(I),C(I),D(I),E(I),F(I)
This example illustrates the ability of direct access statements to read 
and write data in an order specified by the user. The first loop fills 
arrays A to F with data from the 5th, 10th, 15th ... 500th record of the 
file with channel number 1. Array A receives the first value in every 
record, B the second and so on, as specified by the FORMAT statementl 
and the input list of the READ statement. The first time the READ 
statement is executed, J is reset to 6; after the second execution, J is 
set to 11, and so on. At the conclusion of the first DO -loop J has the value 505.
J is then reset to 501.
The second DO loop groups the same elements from each array as specified 
by the output list of the WRITE statement and the FORMAT statement 1. 
Each group of elements is written to the file with channel number 1, 
starting at the 505th record and continuing at intervals of five until 
record 1000 is written.

ERROR MESSAGES
Compilation Errors in Direct Access Input/Output Statements
Compilation error numbers have the same significance as in XFAE Mark 4D 
(see page 123 of the ICL 1900 Series manual FORTRAN: 16K Disc Compiler 
Edition 2, 1971, TP 4300) with the following additions:
26 DEFINE FILE channel number is not small integer
27 DEFINE FILE Non-integer numbers of records or record size

FIND Apostrophe expected
28 DEFINE FILE Format specification not recognised
29 Direct Access READ

Direct Access WRITE Integer record number expected 
FIND

25 Amended to mean 'incorrect characters found'.

Execution Errors in Direct Access Input/Output Statements 
Additions:
85 Channel number in DEFINE FILE statement does not refer to a direct 

access file.
86 File not large enough (even with extension) to hold all the records 

defined in the DEFINE FILE statement.
87 Record length in the DEFINE FILE statement larger than the minimum 

of the buffer and bucket sizes.
88 Relative position of a record is not a positive integer or exceeds 

the number of records in the data set.
89 Formatted record too long.
90 No previous DEFINE FILE statement.
91 Direct access file opened outside system.
92 DEFINE FILE statement does not correspond with previously created 

file.
Amendments:
23 An attempt has been made to read or write

(1) serially to a direct access file
(2) unformatted to a file described as E
(3) formatted to a file described as U

Other errors and console halts as for serial I/O operations.

RESTRICTIONS PRESENT IN #XFAE
It should be noted that an item declared in a COMMON statement may not 
be equivalenced to another item which has also been declared in a COMMON 
statement.

6 of 7
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The following restrictions apply to use of the DATA statement compiled by
XFAEs
1 Hollerith strings of less than 5 characters assigned to a real 

variable, or less than 13 characters assigned to a double precision 
or complex variable, should be space-filled to at least 5 or 13 
significant characters respectively to ensure that any remaining 
character positions allocated to the variable are space-filled by 
the compiler

2 The number of characters in a Hollerith string must not exceed the 
size specified by the variable, array or array element name to which 
it has been assigned

LIBRARY SUBGR0UPSRF7
The following changes, which apply to the execution error messages, take 
effect with release of FORTRAN subroutine library routines RENAME/9, 
FILE/8 and %FINEDS/15.
1 Execution Error 28 has been redefined and the interpretation is now 

as follows:
An attempt has been made to use FILE or RENAME but a dummy file name 
has not been given in the Program Description, or
The new file name does not commence with an alpha character.

2 The message HALTED:NR may now occur once Execution Error 41, 42, 43 
or 46 has been reported. This will signify that the program may 
not have released all its peripherals and hence any output from 
previous WRITE statements need not necessarily have been transferred 
to the appropriate media

©  International Computers Limited, 1975
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P re fa c e OXFORD UNIVE

G > n i - COMPUTING SERVICE

LABORATORY

a i s -9

This manual describes the preparation of programs for compilation by the magnetic tape version of the ICL 1900 
Series FORTRAN compiler #XFAM and explains the operation of this compiling system. Part 1 of the manual is 
intended for programmers who already have a knowledge of 1900 FORTRAN as described in the 1900 Series 
manual FORTRAN (TP 4088). Part 2 is concerned with operating considerations.

Chapter 1 explains the use of compiling system statements which enable the programmer to control the course of 
a compilation and make the best use of the facilities provided by the compiler. The general use of magnetic tape 
files is described in Chapter 2. The individual compiling statements are described in detail in Chapters 3 to 9.
The use of the editing programs #XMUM and #XKYA to edit magnetic tape files is described in Chapter 10. 
Chapter 11 describes how segments written in PLAN may be incorporated into FORTRAN programs and yice 
versa. Chapter 12 describes the use of the compiler under the GEORGE 1 and 2 operating systems. Chapter 13 
is designed primarily for those responsible for the running of an instaUation and consists of a system description 
with particular reference to magnetic tape file organization. Chapter 14 describes how several programs may be 
batched together and compiled in one run of the FORTRAN compiler. Chapter 15 gives the operating instructions 
and exception conditions.

The minimum 1900 Series configuration recommended for running the FORTRAN magnetic tape compiling 
system is as foUows:

A 1900 Series central processor with 16K words of core store and fioating point facilities (hardware 
or extracode).

4 magnetic tape decks (but see below).

1 paper tape reader or card reader.

1 line printer.

One tape deck may be omitted if the source program is not to be held on magnetic tape. One tape deck may be 
omitted if the object program wfll never be overlaid and wiU never exceed 32768 words in size.

Further information relevant to the writing and compilation of FORTRAN programs is given in the 1900 Series 
manual FORTRAN: Compi!erLibraries (TP 4170), which describes the various standard functions and subroutines 
available tb FORTRAN programs.
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In tro d u c t io n

1900 SERIES COM PUTERS
Computers in the 1900 Series differ greatly in size, power and the number and type of peripheral units. The 
smaller machines run only one program at a time and are controlled by a human operator. The larger machines 
are multiprogramming; that is, they can run several programs simultaneously and may be controlled by one of the 
various operating systems available for different configurations.

Whether multiprogramming or not, each machine has supplied with it a program caUed Executive. This program 
may be regarded as a permanent part of the computer and works in conjunction with the operating system or 
human operator. It controls the multiprogramming activities of the larger machines; it also controls the peripherals 
and executes requests for the transfer of information between peripherals and the central processor. It also com­
municates with the operator and executes orders given by the operator. This communication is achieved via the 
console typewriter, which gives a permanent typed record of all communications in the order in which they take 
place. The operator can type instructions to Executive in order to carry out certain functions, for example to 
load, activate and delete programs. Executive also can use the typewriter in order to inform the operator of any 
unusual situations within the machine.

1900 SERIES COMPILERS
Compilers written for use with 1900 Series computers employ a common system of compiling. In this system a 
compiler does not translate source programs directly into machine code form; instead, programs written in any 
source language are first converted, by the appropriate compiler, into a series o f segments in a common, intermed­
iate language caUed semi<ompiled. To produce machine code form the semicompUed segments are combined by 
a routine known as the consolidator. The advantage o f this system is that semk;ompiled segments produced on 
different occasions (and possibly derived from more than one source language) may be combined together at the 
consoUdation stage.

TH E  FO R TR A N  M A G N ETIC  TA P E SYSTEM
The 1900 Series FORTRAN magnetic tape system consists o f a compiler #XFAM with a built in consolidator.
A set of compiling system statements, resembUng normal FORTRAN statements in format, is used to supply the 
compiler with the information necessary to  produce an object program. The system is basically oriented towards 
Toad and go’ running; howeveT, it is possible to retain a complete program in binary or segments in semicompiled. 
The compiler may also be used to compile a batch o f programs for subsequent mnning. A program or segments of 
a program may be compiled from paper tape, cards or magnetic tape.

The compiler is overlaid from magnetic tape. Object programs produced may be overlaid or nonK>verlaid.

During compilation, an optional listing may be output to a line printer or a paper tape punch.
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C h a p t e r 1  P ro g ra m  s t r u c t u r e

COMPILING SYSTEM  S TA TE M E N TS
A FORTRAN program written according to the rules given in the 1900 Series FORTRAN manual is incomplete in 
that it does not contain sufficient information to enable the compiler to produce an object program. Certain 
statements must be added to the basic program to provide the compiler with the necessary information; these 
statements are known as compiling system statements. There are three types of compiling system statements: 
initial statements, program description statements and intersegment statements^ A fuU list of the compiling 
system statements is given in Table l 'on page 4 and a complete description o f every statement is included in the 
remaining chapters in Part 1 of this manual.

Initial statements
Initial statements specify the input and output files that are to be used by the compiler (including the listing per­
ipheral, iflisting is required). In the absence of an output file specification the system wiU automatically load and 
run the object program, providing that the compilation has been error free; the object program is not retained 
after such a run. If the user does not wish to run the program immediately he may obtain a binary dump of the 
program by using the DUMP ON statement; the program will then not be executed unless the RUN statement is 
also specified. A binary dump of a program may be loaded, at a later date, by an operator Find message.

The user may also obtain a copy of the semi-compiled output from the compiler by using the SEND TO statement. 
This wiU normaUy be required when the input to the compiler consists of a number of segments rather than a 
complete program; the semk:ompiled output may then be consolidated on a later run.

Program description statements
The program description gives information about the object program to the FORTRAN magnetic tape compfling 
system. Program description statements associate source program channel numbers with 1900 system names, 
specify the level of error tracing that is to be incorporated in the object program, define the priority o f the pro­
gram and so on. The program description statements taken together constitute a segment (which is given the 
special name %%%F) and this segment must be the first segment input to the compiler.

A program description must begin with one of the foUowing statements:

PROGRAM (name)

OVERLAY PROGRAM (name)

SEGMENTS (name)

OVERLAY SEGMENTS (name)

name is a four character program name which wfll be used to refer to the program when it is loaded and run.

The PROGRAM statement is used to  introduce a nonoverlaid program which is to  be compiled and consoUdated.

The OVERLAY PROGRAM statement is used to  introduce an overlay program which is to  be compiled and con­
soUdated (see Chapter 8 , Overtoys).
When a source program is not complete, or its consoUdated object program is not required, the program description 
must be introduced by a SEGMENTS statement.

The OVERLAY SEGMENTS statement is used instead of a SEGMENTS statement in order to introduce segments 
to  be compiled which may hiter be included in an overlay program (see Chapter 8 , Overtoys).
The last statement in the program description must be the statement

END

Other program description statements are optional and may appear in any order between the first and k st state­
ments of the program description.
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Intersegment statements
Certain initial and program description statements may be input between source segments if it is required to alter 
the original specifications during compilation, fo r  example, the input medium may be changed between segments 
by the READ FROM statement

Terminator
The end of the input to the compiler must be indicated by the terminator statement:

FINISH

Input sequence
The sequence o f the input to any compiUng run is as foUows:

* Initial statements
PROGRAM/OVERLAY PROGRAM/SEGMENTS/OVERLAY SEGMENTS

* Program description statements

END

Source or semicompiled segments

* Intersegment statements

Source or semicompiled segments 

FIN ISH ...........................

The sections preceded by an asterisk* are optional.

Most of the compiling system statements are optional and standard default action wiU be taken if they are omitted. 

Format of compiling system statements
AU compiling system statements resemble normal FORTRAN statements and are written in columns 7 to 72 on 
normal coding sheets. Spaces are ignored except in fQe or subfile names. No continuation Unes are permitted within 
compiling system statements.

Batch compilations
A program may be compiled either singly or as part of a batch. If it is compiled as part of a batch, the effect of 
certain compiUng system statements wiU be different. A fuU Ust is given in Chapter 14, Effect on compiling system 
statements.
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Group Statement See note

Initial Statements LIST/SHORTLIST/NOLIST 1

RUN 1,4
SEND TO 1,4
DUMP ON 1,4
READ FROM 1,4

Program description PROGRAM/OVERLAY PROGRAM/ 2
-statements SEGMENTS/ OVERLAY SEGMENTS

COMPACT/EXTENDED DATA/ MIXED 
SEGMENTS

1,4

COMPRESS MTEGER AND LOGICAL 1,4
COMPRESSD0UBLE PRECISION 1,4
INPUT 1 ,3 ,4
OUTPUT 1 ,3 ,4
USE 1 ,3 ,4
CREATE 1 ,3 ,4

OMIT 1 ,3 ,4
OVERLAY 1 ,3 ,4

DEPTH OF OVERLAY 1,4
TRACEn 1,4
LEADER 1,4
PRIORITY 1,4
END 2

Intersegment statements READ FROM 1 ,3 ,4

LIST/SHORTLIST 1 ,3 ,4

TRACE n 1 ,3 ,4
LIBRARY 1 ,3 ,4

Terminator FINISH 2

Notes:
1 Optional statement.

2 Obligatorystatement.

3 More than one such statement may occur within group.

4 Order not essential within group.

Table 1: compiling system statements for a single program.
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Chapter 2 Magnetic tape files
f

This chapter describes the structure of magnetic tape flles used by the compiling system or in object programs 
produced by the system.

SIMPLE FILES, COMPOSITE FILES A N D  SUBFILES
Information is stored on magnetic tape in the form of a file. In the1 ICL 1900 Series FORTRAN Magnetic Tape 
System a file occupies one reel of magnetic tape. A file may be a simplefile containing one category of information, 
or it may be a composite file holding many categories of information, possibly quite unrelated to each other. A 
simple flle can contain information in one of the foUowing categories:

1 Data.
2 Binaryprogram.
3 Consolidatedsemi<ompiledprogram.

A composite fUe contains one or more subfiles. In the simplest composite file structure one subfile follows another.
A subfile may also contain one or more other subfiles, and this is called a nested subfile structure. There is no limit 
on the depth of the nesting.

A subfile which does not contain other subfiles may contain information in one of the following categories:

1 FORTRAN source program.
2 Unconsolidated semicompiled segments.
3 Binaryprogram.
4 Consolidated semicompiled program.

Named files and scratch files
On most computer installations magnetic tapes are divided into two groups: named files and scratch files. Named 
files are used when information is to be retained. Each named file is given a unique name and is assigned to  a 
particular user or group of users; a named fQe can be opened only if it is requested by name. A scratch file can be 
used by any user as a work file during the running of a program; once the program has finished, the scratch file is 
not considered to contain any useful information and can be used by another program.

File and subfile names
Each file and subfile on magnetic tape is identified by a name consiting of up to 12 characters chosen from the 
foUowing set:

A to Z  

0 to 9 

Space 

Hyphen (-)

The first character must be a letter.

In the manual, file names are denoted by f  and subfile names by s.

Generation number
AU magnetic tape files used in an installation should be uniquely identified. FUes or subfiles that contain different 
versions of the same information may be distinguished by the addition of an integer generation number written in 
parentheses after the name e.g. MYSOURCEFILE (10).

Magnetic tape file and subfile names and generation numbers are referred to in this manual as foUows: 

f(g), f '(g ') , s(gs), s'(gs')
The specified generation number is stated when a named file is created. When a named file is accessed, the generation 
number of the file wiU be checked against the'specified generation number. If the generation number is
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specified as zero, or is omitted, no check wiU be made and the first available file br subfile with the correct name 
will be used.

Retention period
AU named files have a retention period. This is the length of time (in days) for which a file wiU be retained as a named 
file; it is also the number of days which the lile will be protected against inadvertent overwriting. When the retention 
period has expired the file, by definition, becomes a scratch file. A scratch file has zero retention period and may 
have any name.
Under the FORTRAN magnetic system, it is possible to rename and re-use named files once the information on them 
is no longer needed. Therefore it is recommended that aU named files have the highest possible retention period 
i.e. 4095 days. When a tape file is created in an object program by means of a CREATE statement (see the section 
Magnetic tape channel description statements in Chapter 3 on page 9) a retention period can be specified by thei 
user. This retention period may be specified as an integer in the range 0 to 4095; the tape is given a retention period 
of 4095 if no retention period is specified.

Write permit ring
The write permit ring is a small plastic ring that must be fitted to a magnetic tape spool before the magnetic tape 
may be written to; the absence of a write permit ring thus prevents the accidental overwriting of information which 
is to be retained.

FO R TR A N  magnetic tape formats
Details of the tormats of FORTRAN data on magnetic tape are given in Appendix 4. For details of source program 
format on magnetic tape see the manual CompilingSystems (TP 4241).
These are not normaUy of interest to programmers writing solely in FORTRAN.
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C h a p te r  3  O b je c t  p r o g r a m  in p u t/ o u tp u t

CH A N N EL DESCRIPTION S TA TE M E N TS
Input/output statements within a FORTRAN source program refer to their related peripheral units by INTEGER 
channel numbers. These must be in the range 1 to 4095 (0 may be used in special cases) in 1900 FORTRAN. When 
the program is compiled these channel number$are associated with the 1900 system names of the peripheral units 
by channel description statements in the program description.

There are four types of channel description statement, as follows:

INPUT k  = Z (Input only)
OUTPUT k  = Z (Outputonly)
USE k  = Z (Input and output)
CREATE k -  Z (Inputandoutput)

A: is a source program channel number and Z gives details of the peripheral to be associated with k. Alternatively 
k  could be aUst oT channel numbers separatedby commas, in which case aU these channels are associated with 
the same peripheral Z. The same Z should not appear in more than one channel description statement.
Any number of different channel numbers may be defined. Some peripherals can hold either formatted or unfor­
matted records, others may hold only formatted records. NormaUy, at least one formatted output channel should 
be available and this must be defined in the first OUTPUT statement of the program description. This channel is 
used for the output of diagnosticinformation. (SeeChapter l,Program testing.)

Channels can be defined in the program description even if they may not be used on particular runs of the program. 
However, the more channels that are defined (particularly if they are on different types of peripheral) the more 
space is used by the input/output system in the object program.

Part of Z is normaUy a 1900 system name of the relevant peripheral. This consists of a two letter code followed 
by a logical unit number, e.g. LP2 is a Une printer with logical unit number 2. These numbers are chosen by the 
programmer and are then assigned to  a particukr peripheral or file by the 1900 system. Logical unit numbers must 
be in the range 0 to 15. Numbers for peripherals or files with the same code must be distinct. Thus, LP2 should 
not appear twice in the program description (unless on any particukr run of the program it wiU be referred to by 
only one of the relevant channel numbers) but a card punch could be CP2.

The peripherals and input/output faciUties avaUable to  the object program are:
Paper tape reader 

Paper tape punch

Card reader (1900 or ATLAS code)

Card punch (1900 or ATLAS code)

Line Printer 

Magnetic tape

Exchangeable disc store (serial files)

Fixed disc store (serial files)

Console typewriter 

Core store transfers 
Suppression of transfers

If the dump and restart facility is used (see the manual FORTRAN: CompikrLibraries), a USE or CREATE 
statement must specify a file for this purpose. The file used may be on magnetic tape or on E.D.S. or F.D.S.

The faciUties for handUng E.D.S. and F.D.S. serial files are identical with those described in the manual FORTRAN: 
16K Disc Compiler (TP4131); no further information is given here.
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BASIC PERIPHERALS
E>etails of programming for basic peripherals appear in the 1900 Series FORTRAN manual. Only formatted records 
may be processed. Basic peripheral names may appear only in INPUT and OUTPUT statements with one of the 
following forms:

INPUT k  = TR« Paper tape in 1900 code

INPUT k  = CRrt Cards in 1900 code
INPUT k  ~ CRn/ATLAS Cards in ATLAS code

OUTPUT k  = TPn Paper tape in 1900 code

OUTPUT k  * CPrt Cards in 1900 code

OUTPUT k  = CPn/ATLAS Cards in ATLAS code

OUTPUT k  = LPn Line printer

OUTPUT k  = LPn/l Line printer

k  is the channel, as defined previously 

N is the logical unit number, as defined previously

/ is the line printer line-length, i.e.:96,120 or 160; absence of / implies 120 characters.

Examples
1 INPUT 3 = CR0

Source program channel number 3 is specified as the card reader assigned as CR0..

2 OUTPUT 6  = LP0/160
Source program channel 6  is specified as a 160 print position Une printer assigned as LP0.

Double buffering
Transfers between basic peripherals and FORTRAN object programs are normaUy single buffered; double buffering 
may be specified for one basic peripheral of each type, with the exception o f punch card devices using the ATLAS 
card code, which may not be double buffered. A basic peripheral wiH be double buffered if it is assigned a logical 
unit number 7.
Double buffering increases the transfer rate of a peripheral to which it is appUed and is therefore desirable in any 
program involving large numbers of transfers; this increased transfer rate is obtained at the cost of an increased 
core store requirement.

Examples
INPUT 2 , 6 = TR7

INPUT 8 = TR0

INPUT 3 = CR7

OUTPUT 4 = LP7

OUTPUT 5 = CP7/ATLAS

At run time units TR7, CR7 and LP7 wiU be double buffered; TR0 and CP7 wiU be single buffered.

M AG N ETIC  TAP E FILES
Simple files held on magnetic tape may be processed using either formatted or unformatted READ and WRITE 
statements.

Effect of source program statements for magnetic tape files
The foUowing sections describe the effects of various FORTRAN statements when applied to magnetic tape files. 
General programming information is given in the manual FORTRAN.
In the foUowing sections, the channel number is denoted by c, meaning an integer variable or constant.
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READ A N D  W R ITE S TA TE M E N TS
A READ statement inputs the next available record. A WRITE statement outputs a record after the last.record 
that was read or written (unless the file has been re-positioned by using REWIND or BACKSPACE). A WRITE 
statement that attempts to overwrite an akeady written record wifl destroy that record and any following records 
on the file.

EN D FILE S TA TE M E N T
Processing of an output file must be terminated by execution of an ENDFILE (or REWIND) statement after the 
last record has been output by a WRITE statement. If no ENDFILE (or REWIND) statement is executed the file 
may be left in a non-standard format and may not be readable.

The form of the statement is:

ENDFILE c

ENDFILE does not rewind the tape.

REWIND S TA TE M E N T
The REWIND statement wUl rewind the specified file and position it so that the next READ or WRITE statement 
appUes to the first record of the file.

The form of the statement is:

REWIND c

BACKSPACE S TA TE M E N T
The BACKSPACE statement positions the file so that the previous record is available. For a formatted record, 
physical tape movement may or may not take place.

Repeated backspace operations lead to inefficient tape usage and should be avoided if possible. In some cases 
REWIND foUowed by repeated READ statements may be preferable.

The form of the statement is:

BACKSPACE c

Opening of magnetic tape files
Before a magnetic tape file is used it must be ‘opened’, i.e. made available by the 1900 system. In general, this 
happens automaticaUy the first time a FORTRAN statement referring to the file is executed. If required, the 
user may open the file earlier by using the ALLOT subroutine.
Alternatively, the user may wish to open the file himsetf by nteans of a PLAN subroutine. This is acceptable to the 
FORTRAN system, which always checks if a file is already open before itself attemptine to  open it.

Magnetic tape channel description statement
The format for a channel description statement specifying magnetic tape is as follows: 

hk = MTn/q ( f  (g,r) ) /b

h is one of INPUT, OUTPUT, USE, CREATE. 

k  is the channel, as defined previously.

n is a magnetic tape logical unit number (and must not be zero for an overlay program: see page 39). 

q is the qualifier defining the format of the records (see below).

f  is the file name. Alternatively, it may be a dummy file name, to be replaced at run time by the actual file name. 
(See the section File names at run time on page 10.)

g isthefilegenerationnumber(optional).

r  is the retention period and is used ohly in CREATE statements.
b is the block size in words (optional - see below).

The different values of h are interpreted as foUows:

INPUT - use the named magnetic tape file for input only. A write permit ring must not be present.

OUTPUT - use the named magnetic tape file for output only. A write permit ring must be present.
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USE - use the named magnetic tape fUe for input and/or output. A write permit ring must be present.

CREATE - obtain a scratch tape, rename it, use if for output, foUowed by input if required. A write permit 
ring must be present.

The fUe name and enclosing parentheses may be omitted for the USE statement. In this case a scratch tape is 
obtained and remains scratch at the end of the program. This is the normal procedure if the tape is to be used 
purely as a work tape.

RECORD FO R M AT
The quaUtier q defining the format of the records on the magnetic tape is normaHy one of the following: 

FORMATTED - indicating formatted records.

UNFORMATTED - indicating unformatted records.
DUMP" - indicates use of file for dump and restart

q may be omitted in which case UNFORMATTED is assumed.

Formatted files used in Basic FORTRAN programs compUed by #XFOM have a different format. If such files 
are to be read or produced by the FORTRAN magnetic tape compUer, the qualifier OLDFORMAT must be used.

B LO CK SIZE
b is the block size, in words, of the magnetic tape blocks used to hold the FORTRAN records. In general, a large 
bloCk size is more efficient but occupies correspondingly more core store. The maximum value of b depends on 
the type of tape deck but is at least 4096.

If b and the preceding soUdus /  are omitted then the block size is assumed to be 128 words.

Formatted records are held one or more to a block. Maximum record length is b -  2 words. Each unformatted 
record starts a new block, and occupies as many further blocks as are necessary to hold the whole of the record. 
There is no maximum record length for unformatted records. Note that four words of each block are used to 
hold organizational information in unformatted files.

Examples
1 OUTPUT 3 = MT1 /FORMATTED (DEPT-15(1))

Channel number 3 in the program corresponds to the file DEPT-15(1) to be aUocated as MT1. The block size 
wiU be 128 words.

2 USE 2 = MT3/1024
The compiler associates channel number 2 in the program with a scratch tape to be opened as MT3 for the input 
and/or output of unformatted records. The block size wiU be 1024 words.

File names at run time
Details of a magnetic tape file to be processed may not be known at the time a program is compiled. In this case, 
the file name should be specified in a peripheral description statement as ‘UNKNOWNASYET’. Then, the file 
name and other details can be provided at run time by a caU of the subroutine FILE of the form

CALL FILE (c, H{n),g, r)
where c, g and r are integer expressions specifying respectively the source program channel number, the file 
generation number and the retention period. H(n) is either the first of two consecutive array elements holding 
the 12<haracter file name or is a TEXT constant. The retention period is ignored and should be zero except for 
a magnetic tape file with a CREATE channel description statement. In the latter case, a retention period of 4095 
days is recommended.
The FILE subroutine must be called before the file is opened, i.e. before any READ, WRITE or other input/output 
statement references the file. A caU to FILE does not in itself open the file. Opening wUl take place as usual on 
the first other reference to that channel.

Example
A program description contains the statements

OUTPUT 7 = MT1 (UNKNOWN ASYET)

INPUT 1 = CR0

The program contains the statements
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READ (1,100) FNAME (1), FNAME (2), IGEN 

100 FORMAT (2A8,13)
CALL FILE (7, FNAME (1), IGEN, 0)

The effect is to read a flIe name and generation number from a card; then, when there is a READ or WRITE for 
channel 7, the file that is opened is the one specified by this card.

File renaming
It may be convenient to  open a named magnetic tape file and give it a new name. In this case, the original file name 
must be specified in anOUTPUT, USE or CREATE statement (or possibly by a caU to the subroutine FILE). Then, 
the newriame and other details can be provided at run time by a caU of the subroutine RENAME of the form:

CALL RENAME (c, H(n), g, r)
where c, g  and r are integer expressions' specifying respectively the source program channel number, the new file
generation number and the new retention period. H(n) is either the first of two consecutive array elements holding
the new 12<haracter file name or is a TEXT constant. A retention period of 4095 is recommended.

*

The subroutine can be caUed at any time. It wiU open the file under its original name if it is not already open, then 
rename it. Renaming a magnetic tape file destroys aU information currently on that file.

Example
A program description contains the statements

OUTPUT 8  = MT2/FORMATTED (OUTFILE)

INPUT 1 = TR0 
The program contains the statements

READ (1,100) FNAME (1), FNAME (2), IGEN 

100 FORMAT (2A8, 13)
CALL RENAME (8 , FNAME (1), IGEN, 4095)

The effect is to read a file name and generation number from paper tape, open the magnetic tape file OUTFILE 
(if it is not already open), rename it with the new file name and generation number, and give it the standard 
retention period of 4095 days.

Printing of formatted magnetic tape files
The utiUty program #XRMF may be used to Ust, on the Une printer, the contents of any magnetic tape formatted
file.

There are two ways in which the program may be used:

1 A listing in which a throw to head of form is made foUowed by each record in the file printed as a new line.

2 A listing in whiCh the first character in each record is interpreted as a FORTRAN carriage control character 
exactly as for direct line printer output.

The specification of #XRMF contained in the manual Library Specifications should be consulted for details of 
operating.

END O F FILE  M ARKERS
The end of file markers Usted below are recognized on execution of a FORTRAN program. An execution error 
(see Appendix 2) is flagged if an attempt is made to read beyond the end of the data and an end of file marker 
is encountered. The marker for magnetic tape and disc files are created automaticaUy by an ENDFILE statement.

Typeoffile

cards

paper tape 

magnetic tape 

disc

Marker

four asterisks in the first four columns

four asterisks in the first four character positions of the record

a trailer label

an end of file bucket
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CH AN N EL 0
Channel 0 may be used in the source program but must not be directly defined in the program description. Details
are given in Chapter 7, Program testing (see page 29).

CONSOLE TYP EW R ITER
FORTRAN programmers may use the console typewriter to output short messages to the operator with formatted 
WRITE statements. These messages will normally be requests, or reminders for operator action. The channel des­
cription statement will be as follows:

OUTPUT k = TY0

where fc is the channel, as defined previously. The message sent to the console typewriter will vary, depending 
upon the particular machine, but for a multiprogramming machine it will be

0#name DISPLAY:- outputrecord

where name is the four<haracter name of the program, and output record is up to 40 characters. The characters 
$ ] t  «- must not be used in the message.

CH AR A CTER  TRANSFERS IN CORE STORE
It is often useful to be able to reorganize the contents of a record, in character form, prior to output. For 
example it may be desirable to introduce space characters into long numbers to improve the legibility of the 
output. This cannot be done directly using the E, F and I conversion codes; however, it is possible to use an 
array as if it were a peripheral and ‘output’ values to it in character form, using WRITE statements. The character 
handling subroutine COPY may then be used to rearrange the contents of the array before they are output to an 
actual peripheral using the A conversion code.

Similarly, one or more records may be read into an array using the A code in formatted READ, then re-read 
using some other format.

A channel number must be associated with an array to allow it to be specified in READ or WRITE statements; 
this is done by a call to the subroutine DEFBUF, as follows:

CALLDEFBUF (k, n, arrayname)

where k  is the channel number required (INTEGER expression), n is the length of the array in characters 
(INTEGER expression), and arrayname is the name of the array (of any type).

When a channel number is to be associated with a particular array at run time, the channel number must first have 
been defined as an array by a channel description statement of the form

USE k  = /ARRAY

and then associated with the required array name by a call to DEFBUF.

A channel number may be associated with many arrays during the running of a program, but only one at a time.

Example

The statements below show how the input section of a program might be written to read a variable number of 
control cards of differing format. The first character determines the type of control card and is a digit in the 
range 1 to 9. The last control card is blank except for the digit 9 in the first character position.

LIST

PROGRAM (EX01)

INPUT 1 = CR0 

OUTPUT 2 = LP0 

USE 6  = /ARRAY 

END

MASTER INPUT

DIMENSION BUFFER( 10),X jjS j 

CALL DEFBUF (6 , 80, BUFFER)
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1 READ ( 1 ,100)BUFFER

100 FORMAT (10A8)

READ (6 , 101) K

101 FORMAT (II)

GO TO (51, 52, 53, 54, 55, 56, 57, 58, 59)K

50 PAUSE 77 

GO TO 1

51 READ (6 , 102) X, Y, N

102 FORMAT (IX, 2F10.6,16)

GO TO 1

52 READ (6,103) Z

103 FORMAT (IX , 6F10.6)

GOTO 1

etc

59 Processdataetc.

SUPPR ESSION O F TR A N S FER S
The programmer may wish to suppress transfers on some channels. This can be done by writing /NONE for Z in a 
channel description statement. A READ or WRITE statement referring to a channel specified in this way has no 
effect. Variables on an input Hst are not overwritten, and no action is taken on output.

Exampks
INPUT 7 = /NONE 
OUTPUT 2 = /NONE

READ or WRITE statements referring to channels 7 or 2 would have no effect. This feature is useful during program 
testing.

If a segment being tested has some READ statements, the unit can be specified as /NONE and suitable values of 
variables in the read Ust inserted by a test segment, using a COMMON block.

Simikrly, it is possible to test an output segment without producing vast quantities of useless output.
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Chapter 4  Compiler listing

During compflation a Usting is usuaUy output on a line printer. Alternatively, a Usting may be obtained on the 
paper tape punch. The Usting consists of a partial or complete Ust of source program statements together with 
other information about the program and details of any error found. The type of Usting required is specified 
by means of certain compiUng statements known as listing statements.

LISTIN G  DESCRIPTION
Listing can be obtained in two degrees of detail or omitted entirely. The more detailed form is known as a 
fiill listing; the less detailed is caUed a short Usting.

Full listing
The first Une of a fufl Usting contains the name of the compiler, date of compUation and the time at which 
compilation commenced (if an internal clock is fitted). Subsequent Unes Ust aU the compiUng system state­
ments, FORTRAN source statements and compilation error messages. The length of each segment, that is the 
number of object program instructions generated, is given at the end o f each segment. Semhcompiled segments 
are Usted by name only. When reading from subfiles on magnetic tape, the beginning and end of each subfile 
is recorded in the Ustings.

Compiling time error messages are described in Appendix 1.

Short listing
A short Usting is similar to a fuU Usting but does not Ust each FORTRAN source statement in detaiL A short 
Usting provides segment names, compiUng system statements and compflation error messages, fit most other 
respects the Usting is similar to a fuU Usting. A short Ust should not normaUy be used during the development 
of a program.

LISTIN G  S TA TE M E N TS
A program is normaUy short Usted on a Une printer unless either the programmer includes a Usting statement' 
or the program is compiled as part of a batch (see Chapter 13). The possible listing statements are:

UST

SHORT UST 

SHORTLIST (TP)

NO UST

UST or SHORT UST wfll output the appropriate type of Usting on a Une printer. SHORT LIST (TP) outputs 
a short list on paper tape. NO LIST supresses aU listing during compilation; this statement should be used only 
for fuUy tested programs, since if an error is found, no useful information can bd Usted.

UST or SHORT UST may be used either as initial statements or as intersegment statements. In the hitter 
case they control the level of Usting of all the foUowing segments until the next Usting statement is encountered.

SHORT UST fTP) or NO UST, if used, must be the first initial statement.

f
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Chapter 5 Compiler output

This chapter describes the compiler output (excluding Usting) for a single program compilation; details of the out­
put from a batch compilation are given in Chapter 13.

TYP ES O F O U TP U T 

Load and go
Unless the user specifies otherwise, a complete FORTRAN program whose program description starts with a 
PROGRAM (or OVERLAY PROGRAM) statement is compiled and then run immediately. No copy of the object 
programisretained.

Binary program
If a program is to  be run more than once unchanged, then it need not be constantly recompiled;ithe user may 
nominate in a DUMP ON statement the name of a file to which a copy of the binary program is to be written. The 
binary program can then be mn a number of times. It can be run immediately after compilation if a RUN statement 
is used as weU as the DUMP ON statement.

Semicompiled segments
A group of segments may be translated into semicompiled form without being consoUdated if the program descrip­
tion starts with either of the statements SEGMENTS or OVERLAY SEGMENTS (see Chapter 1). The file and • 
subfile to hold the semicompiled segments must be nominated in a SEND TO statement Several such groups of 
segments may be consolidated as a complete program later.

Consolidated semi-compiled program
At one stage during the compilation of a complete program, the program exists in consolidated semi-compUed 
form. This is an intermediate form which normaUy exists only on a scratch fde and is not retained. If the program 
is required in this form, it can be output to a fQe named in a SEND TO statement. A non-overkid consolidated 
semicompiled program can be treated in very much the same way as a binary program in that it can be loaded and 
fun as many times as necessary; however, it will take longer to load than a binary program. An'overlaid consoUdated 
semicompiled program is less easy to use since, when an attempt is made to load it, another file (a scratch file or a 
file named in a DUMP ON statement) is opened and the binary program iswritten to it.

lt  ispossible to treat a consolidated semicompiled program in the same wayas a group of semicompiled segments 
if care is taken. The consolidated semicompiled program can be input to a kter compilation along with other seg­
ments in source or semicompiled form and reconsolidated (seeInputfrom simpkfUes on page 23).

IN IT IA L  S TA TE M E N TS  

The DUMP ON statement
The DUMP ON statement nominates a file on which a binary version of the program is to be created. It has the 
general form

DUMP ON (M TJ(g) )

The simple file f  is opened, renamed PROGRAM name (0), where name is the four character program name specified 
in the PROGRAM or OVERLAY PROGRAM statement, and is given a high retention period; the binary program is 
then copied to this file. If  / ,  the file name, is akeady PROGRAM name, the file is not renamed and the original 
retention period and generation number are retained.

The DUMP ON statement is required only if a copy of the binary program is to be retained. It must not be used if 
the program description starts with a SEGMENTS or an OVERLAY SEGMENTS statement.
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Example

DUMP ON fldT, PROGRAM ABCD) 

PROGRAM (ABCD)

END

FINISH

A binary copy of the program is made on a simple file akeady named PROGRAM ABCD. The program is not run 
immediately.

The RUN statement
The RUN statement indicates that the program is to be loaded immediately after compilation; it has the general 
form

RUN

The RUN statement is required onIy if ia DUMP ON statement is present and if the object program is to be run 
immediately. The RUN statement is superfluous if used when no DUMP ON statement ispresent for a complete 
program but it is aUowable. However, it must not be used if the program description startes with a SEGMENTS or 
an OVERLAY SEGMENTS statement.

Example
LIST
DUMP ON OdT, PROGRAM PXAB)

RUN

OVERLAY PROGRAM (JACK)

END

FINISH

The file PROGRAM PXAB is renamed PROGRAM JACK; the binary program is written to the file and is then 
loaded ready for running.

The SEND T O  statement for semi-compiled segments
When a set o f segments not comprising a complete program is compiled with a SEGMENTS or an OVERLAY 
SEGMENTS statement a SEND TO statement must be present to nominate the file and subfile to  which the segments 
are to be written. The foUowing are forms of the SEND TO statement for use with semicompiled segments.

1 CREATE NEW COMPOSITE SUBFILE. Iftheform at

sEND To m , f ( g j .  n t ) . * (gs) )
is used, the fdef(g )  is renam ed/' (g') and is given a high retention period. If f(g )  is the same a s / ' (g'), no 
renaming occurs. The file is created as a composite file containing a single subfile sfg), o f  semicompiled segments; 
Any previous contents of f(g )  are destroyed.

2 ADD TO EXISTING COMPOSITE FILE If the format

SEND TO QAT,f(g). s (gs))
is used, the file / (g) is scanned for a subfile s (gs). If s(g^ is found, its contents are overwritten with the semi­
compiled segments; any later subfiles in the file are destroyed, s (gs) must not be contained in any other 
subfile. If  s (gs) is not found, a subfile with that name is created at the end of the file and the semicompiled 
segments are written to it.

3 REPLACE EXISTING SUBFILE. If  the format

SEND TO QAT,f(g)- s (gs), s' feV )
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is used, the resulting action is similar to that in 2  above except that if s (gs) is found it is renameds'(&V< If it 
not found, s' (&s)is created at the end of the file and an error is flagged on the Usting.

Example
LIST
SEND TO fldT, OLDFILE, NEWSEGFILE, NEWSEGS)

SEGMENTS

END

Program segments

FINISH

This is an example of the use of format 1. The flle OLDFILE is renamed NEWSEGFILE; the file NEWSEGFILE is 
a composite file containing one subfile, NEWSEGS to which the semk;ompiled segments are written.

The SEND T O  statement for consolidated semi-consolidated program
For a complete program, a SEND TO statement is not normaUy used. Either the program is to be mn immediately 
or a binary version of the program is created using a DUMPON statement. A consolidated semicompiled program 
is created on a scratch file during the compilation. However, a named file may be nominated instead in a SEND TO 
statement. The Ole is normaUy a simple file and one of the foUowing formats of the statement is used.

1 If the format
SEND TO QATJ(g) )

is used, the file with the namt f ( g )  is renamed PROGRAM name (0), where name is the four character program 
name; the flle is given a high retention period. If / i s  already PROGRAM name no renaming occurs.

2 If the format

SEND TO QAT,f(g),f'(g*l)
is used, the flle f  (g) is renam ed^fe7  and is given a high retention period.

Alternatively, a consoUdated semicompiled program can be copied to  a subflle of a composite flle by using any 
one of the forms of the SEND TO statement given in the section The SEND TO statementfor semi-compUed 
segments above.
Example

SEND TO (MT, LOCALFILE)

DUMP ON (MT, PROGRAM MINE)

RUN

PROGRAM (MINE)

END

FINISH

The file LOCALFILE wiU be renamed PROGRAM MINE (0) and during compUation, the consoUdated semi­
compiled program wiU be written to this flle. At the end of compUation, a binary version of the program wUl be 
written to the flle PROGRAM MINE and the program wiU be run.

COM PILATIONS W ITH  ERRORS
If, during compUation, an error is encountered, no more semicompUed program wUl be generated but the source 
program wUl stUl be read and any errors found wUi be reported. Compilation wUl end when the FINISH statement 
is encountered; the program wUl not be nfh even if a RUN statement is present.

If errors are found, subflles and simple flles wiU stUl be created or renamed as specified in SEND TO statements;
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however, a file named in a DUMP ON statement wiU not be renamed.

In general, no usefid output except the Usting, is obtained from aprogram with errors. But, if a file has been\ 
nominated in a SEND TO statement to receive the semicompUed program, any segments compiled before the one 
containing the error wiU be on the file and mdy be used as input to  a subsequent recompilation (see Inputftom  
simplefUes).

SUPPRESSION O F COMPILER O U TP U T
Output of semicompiled program, consolidated or otherwise, may be suppressed by 

SENDTO (NONE)

No magnetic tapes are required for output. This statement is<useful when the first compilation is be used to 
locate errors. No attempt is made to consolidate a PROGRAM compiktion.
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Chapter 6 Compiler input

4 1 6 9 ( 7 . 6 9 ) 21



The input consists of the foUowing:

LIST

PROGRAM 0dIXQ 

INPUT 2 = TRO

OUTPUT 1 = LPO 

END ■
MASTER MAST 

source statements
■These statements are held on paper tape

END
READ FROM (CR) When READ FROM (CR) is read, the tape reader is

released and card reader assigned.
i

SUBROUTINE SEG1

source statements

END

READ FROM (CR/ATLAS)

,These statements are held on cards in 1900 Series
card code. The same card reader remains assigned to the compUer.

i
SUBROUTINE SEG2

source statements

■These statements are held on cards in ATLAS card code.

END

FINISH

COMPILING FROM M A G N ETIC  TAP E
Both source and semicompiled segments on magnetic tape may be input to  the compiler. Magnetic tape files input 
to the compiler can be either composite or simple files. A FORTRAN source program or source segments must be 
held within a subfile in a composite file. Semicompiled segments may also be held in a subfile which may be gener- 
atedby the FORTRAN magnetic tape compiler or some other magnetic tape compiler. The corresponding forms of 
the READ FROM statement are described in the foUowing sections.

Input from subfiles
It is possible to compile segments held in subfiles on magnetic tape. The subfiles may contain source segments or 
semicompiled segments.

The programmer specifies the required subfiles to the compUer by one of the foUowing forms of the READ FROM 
statement:

READ FROM Q AlJ(g). s (gs))
READ FROM (MT,. s (gsf)

When a file nam e/is present, as in the first type of READ FROM statement, the compUer normaUy releases any 
input file already open, opens/and searches for the subfile s. I f / i s  already open, it is rewound and the search for s is 
made from the beginning.

If the file nam e/is omitted, as in the second form of the READ FROM statement, the search for subfile s starts 
from the current position on whatever input file is ahready open.

The subfile s may contain other subfiles nested to  any depth. In this case aU subfiles in the nest are compUed.

On reaching the end of the subfile to be compUed, the compiler reverts back to the reader from which the READ 
FROM statement was input.
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Subfiles containing information other than FORTRAN source or semicompiled segments are ignored, and if a sub­
file of the correct name containing FORTRAN source or semicompiled segments is not found before the end o f the 
composite file is reached, an error message is indicated on the line printer (see Appendix 1, CompUation error numbers). 
The compilation continues in error mode i.e. semicompiled output is suppressed.

Compiling system statements on magnetic tape
READ FROM statements must not be input from magnetic tape (with one exception, see Other system libraries).
Other compiUng system statements (with the exception of SHORT LIST (TP) and NO UST statements), may be 
held on magnetic tape together with the source program and input at the same time. However, it is recommended 
that all compiUng system statements are input from a basic peripheral as this aUows far greater flexibiUty particularly 
if a compiling system statement is to be amended subsequently.

Examples
1 A source program is contained on cards except for two segments held in a subfile SEGS in a composite file 

ANALYSIS, on magnetic tape with file generation number 1.

Input consists of the magnetic tape file together with the foUowing statements on cards:

UST

PROGRAM (FRED)

INPUT 3 = CR0

OUTPUT 8 = MTO/FORMATTED (RESCHAP)

END

MASTER SEGA 

source statements

END

READ FROM (MT, ANALYSIS (1). SEGS)

FINISH

The compiler wiU read from cards until the READ FROM statement is encountered. Then it wiU compile from 
magnetic tape, until the end of the subfile SEGS is reached. At this stage it will revert to reading from cards, i.e. 
the FINISH Statement.

2 Each segment o f a program is contained in a separate subfile on magnetic tape. The names of the subfiles in the 
order in which they appear on the composite fUe INFILE are PROGDES (containing compiling system statements), 
SEG1, SEG2, SEG3. The input consists of the magnetic tape file together with the foUowing statements on 
punched cards:

UST

READ FROM (MJ, INPFILE.PROGDES)

READ FROM OdT,.SEGl)

READ FROM (MT,.SEG2)

READ FROM QvlT,.SEG3)

FINISH

Input from simple files
A consolidated semk:ompiled program written to a simple file by a previous compflation (see The SEND TO state- 
mentfor consolidated semi-compiled programs on page 19) may be input for reconsoUdation with a different pro­
gram description, possibly with some segments replaced. When two or more segments having the same name are input 
to the compiler, only the first is consolidated, whether this is source or semicompiled.

A segment may be replaced therefore by inputting the required replacement segment before the segment to be re­
placed and witii the same name. When using this technique it is essential that a new program description is provided.
The READ FROM simple file statement takes the form

READ FROM Q Al,f(g))
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w here/is the filename and g  is the generation number, which may be omitted together with its surrounding paren­
theses.

Unpredictable results may occur if different issues of the compiler and/or its library are used for the initial and later 
compilations.

Example
A consoUdated semicompiled program is contained in a simple file PROGRAM KANE. It is to  be reconsolidated with 
a different program description and with the subroutine segment TRYTWO replaced by a later version that has to 
be compiled.

UST

PROGRAM (KAN2)

INPUT 2 = CRO

OUTPUT 3 = MTl/FORMATTED (RESKAN2)

END

SUBROUTINE TRYTWO

END

READ FROM (MT, PROGRAM KANE)

FINISH

Editing of source programs on magnetic tape
Source programs may be created and updated on magnetic tape by means of one of the editing programs #XKYA 
or #XMUM. (See Chapter 10.)

INCORPORATION O F LIB R A R Y SUBRO UTINES IN TO  A  PROGRAM 

FO R TR AN  compiler library
The FORTRAN compiler library, which is called SRF7, contains the standard functions and subroutines available 
to FORTRAN programs; routines contained in the SRF7 group are automatically incorporated into a program 
whenever they are referenced. Full details of the routines contained in the SRF7 group are given in the FORTRAN 
Compiler Libraries manual.

An installation may add functions or subroutines to the SRF7 group, if required. These additional routines will 
also be automatically incorporated when referenced.

Other system libraries
Other system libraries may be held on the system library tape; the tape holding the FORTRAN magnetic tape 
compiler. These libraries may be standard hbraries supplied by ICL or special libraries created by the instaUation.
If a program references a routine contained in any library other than SRF7, then the compiler must be informed as 
to which'library is to be scanned for the required routine. This is done by means of a special form of the READ 
FROM statement, which must be preceded by the LIBRARY statement. If several libraries are to be scanned then 
a READ FROM statement must appear for each, preceded by one LIBRARY statement. The sequence of READ 
FROM statements must be followed by the FINISH statement. The LIBRARY statement must follow the last seg­
ment of the program.

The special form of the READ FROM statement is as follows 
READ FROM (MT,-.library)

where library is the four-character name of the library to be scanned. This is the only form ofthe READ FROM 
statement that is itself allowed to be held on magnetic tape.

The FORTRAN compiler library, SRF7, is scanned automatically, if necessary, after any other libraries specified in 
READ FROM statements. If it is required that the compiler library is scanned before any other libraries then it must 
be explicitly specified in a READ FROM statement preceding any other hbrary READ FROM statement.
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When libraries are scanned for a routine, the first routine with the required name wiU normally be incorporated into 
the program; any subsequent routines with the same name wiU be ignored.

Example
Initial statements

Program descriptionstatements

FORTRAN source program

LIBRARY

READ FROM (MT, -.USRL)

FINISH

In addition to standard routines, the FORTRAN source program in the example above references routines in a user’s 
Ubrary, USRL, which is held on the system library tape. The READ FROM statement causes the compiler to scan 
this library, and then the SRF7 Ubrary is automaticaUy scanned.

Libraries held on other tapes
A user may nominate one or more subfUe$ of any composite tape rile to be scanned as library. Such a library need 
not be a system library. It could contain a subfile of semkx>mpUed segments produced by a 1900 Series compUer 
or it could contain FORTRAN source segments, in which case each segment is compUed but only these that are re­
quired are incorporated; this is obviously less efficient than the direct incorporation of semk;ompiled segments.

Library subfiles not on the FORTRAN system tape are nominated by standard READ FROM statements, which 
must be preceded by a LIBRARY statement following the last segment of the program.

Example
Initial statements

Program description statements

FORTRAN source segments

UBRARY

READ FROM OdT, HOLDFILE.PRIVATELIB)

READ FROM fldT, SECONDLIB)

FINISH

The effect of these statements is to make the contents of the two subfiles PRIVATEUB and SECONDLIB in the 
composite fUe HOLDFILE avaUable to the program as libraries.

Paper tape and card libraries
It may be convenient to hold libraries that are accessed relatively infrequently on either paper tape or cards in 1900 
or ATLAS code. Libraries held in this way may be in the form of either semkmmpUed or source segments, although 
the hitter is less efficient as each segment is compUed whether or not it is used.

Ubraries held on paper tape or cards must be input to the compUer foUowing the end of the source program and 
preceded by a UBRARY statement; it isrecommended that a UBRARY statement should occupy the first card or 
paper tape record of such a Ubrary to ensure that the statement is not omitted.

Recommended order of searching libraries
When the FINISH statement is read by #XFAM, a search of the FORTRAN Ubrary, SRF7, automaticaUy takes 
place in order to satisfy cues in the compUed FORTRAN segments or in any semicompUed segments that have 
also been supplied to the compUer.
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In general, however, it is advisable to arrange for a search of the SRF7 block to take place immediately following 
the search of any private libraries and before searching ICL written libraries (for example the S-RS BLOCK). Thus 
the recommended order is as follows:

1 Search private libraries containing segments written by the programmer or installation.

2 Search the FORTRAN library SRF7.

3 Search any other library containing ICL written segments required (for example, S-RS block).

4 Search the FORTRAN library again (this is automatic on reading the FINISH statement).

If step 3 is omitted, step 2 is not required. If step 1 is omitted, step 2 is still advisable as otherwise wrong versions 
of certain routines may be included (for example if SRA1 is scanned before the SRF7 groups then the Aigol 
version of SIN will be included).

Example
Ifa  source program contains caUs to private routines in a library, which in tum call routines in the S-RS block, 
the directives should be:

LIBRARY

READ FROM (MT, library name, subfile name)
READ FROM (MT,-.SRF7 

READ FROM (M T,-.S-RS)

FINISH

ACCEPTANCE RULES
The compiler can input any mixture of source and semicompiled segments from any medium, except that the 
program description segment must always be in source form.

During compilation of the main program, any segment is accepted and incorporated into the program as long as no 
segment of the same name has previously been encountered. When two segments have the same name, the first is 
accepted and the second ignored.

When a library is being read (after a LIBRARY statement) or when the standard library is being read (as the result of a 
FINISH statement) only those segments that have,been caUed for in a previous segment are incorporated.
There may be some qualifications to these rules if the program incorporates segments in other languages (see 
Chapter 9).
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C h a p t e r  7  P ro g r a m  te s tin g

COM PILATION ERROR DIAGNOSTICS
During compilation of a FORTRAN program, a partial or complete list of source program statements is output on the 
Usting peripheral. When an error is found, an error message is output. If a fuU listing has been specified, the error 
message follows the complete statement. In a short listing, the error message is preceded by thefirst Une only of the 
statement in error; the error could be in a continuation line. The detection of an error causes semicompiled output 
to cease; the compiler continues so that further errors may be detected. A list of compilation error numbers is given 
inA ppendixl.

Error messages
The format of the error message is normally:

ERROR n IN LAST STATEMENT, UNE p, CHAR q 
n is the error number
p  is the line number within the statement (starting at line 0) 
q is the character number within the line (starting at character 1)

The error is mostly Ukely to have occurred at or before the position specified by p  and q.
The occurrence of one error may lead the compiler to produce further spurious errors later in the program. Consider 
the following sequence

DIMENSION A(10), Z(5, 70), AMISH (7,10*, LOOK (5)

READ (5,500) A, LOOK

WRITE (6,600) A (1) LOOK (3)

The character) has been mispunched as *. The DIMENSION statement will be faulted because of the *; the compiler 
will not register LOOK as an array but will treat it as a variable in the READ statement; then in the WRITE state­
ment an error wiU be noted because a subscript is attached to a variable. The reasons for such spurious errors are 
not always easy to find. If the cause of certain error lines canhot be ascertained, then obviouserrors should be corrected 
and the program recompiled; any spurious errors will then disappear.

LABEL ERRORS
Errors 15 and 16 occur when a label referred to in a segment is not present. Thesp errors wiU not be found until the 
end of the segment is reached. Messages of this type have a different format:'

ERROR n - LABELm

where m is the label not found. Messages referring to label 0 should be ignored as they only indicate that an error has 
already been found in some statement that refers to a labeL

MISSING SEGMENTS
If some segments of a program are not input to the compiler, a loadable program is still produced but the message 
SEGMENTS MISSING wiU be output on the listing. An incomplete program should be run only if it is known that 
the missing segments wiU not be entered on that run. Any attempt to actually enter a missing segment wUl cause an 
error.

O B JEC T PROGRAM ERROR DIAGNOSTICS
The discovery of the causes of run-time error conditions can be an expensive process, invoWing wastage of machine 
time and programming effort. For this reason it has become standard practice to incorporate monitoring routines 
into programs; these routines carry out tests during run-time and output detaUs of any error conditions that occur. 
All compUed FORTRAN programs contain monitoring routines and are said to  be traced; the necessary routines are
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incorporated by the compiler and no extra programming is required.

The advantages of tracing are obtained at the cost of increased run-time and core store requirements. The amount 
by which these two factors are increased is determined by the level of tracing used; i.e. by the comprehensiveness 
of the tests carried out by the monitoring routines. The higher the level of tracing the longer will be the run-time 
and the greater will be the core store occupied.

The level of tracing that it is desirable to incorporate into a program is determined by the relative importance of the 
two conflicting requirements: run-time efficiency and ease of error finding. During the early stages of the development 
of a program ease of error finding wiU be the important requirement and a high trace level will be desirable. When the 
program has been fully tested and proved, a lower trace level may be used with a corresponding increase in run-time 
efficiency. To provide for this variation three levels of tracing are available, 0 , 1 and 2, being low, medium and high 
levels respectively. It is envisaged that trace level 2 will be used during program development and trace level 1 during 
normal production runs. Trace level 0 will be used only for welhestablished programs and when core store and 
execution time are at a premium.

Trace output channel
Trace information wiU normally be output on the first output channel specified in the program description. The user 
should ensure that this channel will accept formatted output, as trace information must not be output to an unfor­
matted magnetic tape file, for instance. The trace output channel may be used for other, non-trace information, as 
the user chooses. The user may output non-trace information on the trace output iinit, without knowing its channel 
number, by using the channel number 0 in WRITE statements,

Example
PROGRAM (JIM5)

INPUT 9 = TR0

OUTPUT 3 = LP0

OUTPUT 5 = TP1

END

The trace information would be output on the line printer, also used as the programmer’s unit 3.

Trace level 1
Level 1 is the normal mode of tracing and is automatically used unless the programmer includes a TRACE statement 
in the program description (see below), specifying a different level. The effects of tracing at level 1 are described 
below.

NORM AL ERROR A CTIO N
The occurrence of a detectable error causes the following message to be output on the trace output device: 

EXECUTION ERROR n PROGRAM TERMINATED

where n is an error number. A full Ust of error numbers is given in Appendix 2. This Une is followed by a list of the 
last 25 segment entries and exits under the heading SEGMENT TRACE; An entry to a segment is marked by the 
first eight characters of the segrtient name and an exit is marked by RETURN! In this context, the term ‘segment’ 
means a segment compiled from FORTRAN source, a Basic External Function 6 r any PLAN segments incorporated 
in a FORTRAN program using FPROLOG and FEPILOG. (See Chapter 11, Mixed hmguage programming.) The 
program then halts, displaying thecharacters EE on theconsole typewriter.

O VERFLOW
Overflow may occur if the result of an arithmetic expression or the result of evaluating part of an arithmetic expres­
sion is out of range, or if the program attempts to carry out some mathematicaUy undefined action such as division 
by zero. Overflow may also occur during the evaluation of a logical expression that compares two arithmetic expres­
sions if the difference between the two is out of range; this is most likely to occur during the evaluation of logical IF 
statements.

If overflow occurs, an overflow indicator is set and the program continues. A test oh the state of this overflow indic­
ator is made prior to an entry to or an exit from every compiled subroutine or function segment and every Basic 
External Function. If the overflow indicator is set at such a point, execution error number 50 is output.
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USER'S CHECK
A subroutine is providedin the compiler’s library that enables the user to check the state of overflow in his program. 
The subroutine, caUed OVERFL, requires one integer argument and is caUed in the standard way:

CALLOVERFL0)
/  may be any integer variable or array element. The actual argument is assigned the value 1 if overflow is currently 
set, or the value 2 otherwise. The subroutines leaves overflow clear. This subroutine is provided chiefly to allow 
programs written for another system to be mn on a 1900 machine. It may also be used to test for overflow more 
frequently than the automatic facflity of trace level 1 .

TH E  ERROR TRAP F A C IL ITY
The user may augment the standard trace faciUties by providing-a subroutine to be entered whenever an error is 
discovered by the trace routines. Such a subroutine is caUed an error trap. An error trap may be written to output 
specialized information chosen by the user rather than by the system. Alternatively, in certain cases the subroutine 
may be written to carry out some remedial action enabUng the program to continue.

An error trap is set by caUing the Ubrary subroutine FTRAP with the user’s error subroutine as an actual argument. 
Thus, if the user’s subroutine is caUed PMORTM, the user would write:

EXTERNAL PMORTM 

CALL FTRAP fl>MORTM)

The subroutine FTRAP need be caUed once only in a program and wiU normally be caUed at the beginning of the 
program.

The subroutine PMORTM must be written with one dummy argument of type INTEGER. When an error is detected, 
the subroutine wUl be entered with this argument set equal to the error number as Usted in Appendix 2. (There is 
one special case dealt with below.) Thus, the subroutine PMORTM might be written.

SUBROUTINE PMORTM (ERR NO)

INTEGER ERR NO

COMMON/ABCD/ARRY(l 0)^C,Y^

WRITE (0,101) ERR NO, A R R Y ^, Y ^

101 FORMAT(lH  , 6 HERROR ,I2 /lH  ,10E10.4/1H ,3E l0 .4)

STOP
END

This subroutine outputs the error number, foUowed by the current value of an array and three variables, on the trace 
output channel (i.e. channel0 ).

If the error consists of an unacceptable character in a numeric input field (i.e. corresponding to error 0 ‘x ’as listed 
in Appendix 2) then the argument of the error subroutine is not set to  an error number, but is set to the negated 
internal repreSentation of the character; i.e. if the argument is negative, it should be made positive and its text value 
wiU then be 4H00Qx, where x  is the erroneous character. The above example could be expanded to take care of this 
as foUows:

SUBROUTINE PMORTM (ERR NO)

INTEGER ERR NO 

COMMON/ABCD/ARRY( 10),X,Y^

IF (ERR NO.GT.0) GO TO 5

ERR NO = - ERR NO

WRITE (0,100) ERR NO^RRY,X,Y ^

STOP
5 WRITE (0,101) ERR NO^RRY^C.Y^

100 FORMAT (lH  , 7HERROR' ,A4, lH '/lH ,10E10.4/lH  ,3E10.4)
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101 FORMAT (lH  , 6 HERROR ,I2 / lH , ,10E10;4/1H ,3E10.4)
STOP

END
If the programmer requires the program to continue after an entry to the error trap subroutine, the subroutine can 
end with a RETURN statement rather than a STOP statement. For non-fatal errors, control will then return to the 
point in the program where the error was detected and the operation that caused the error will have a meaningless 
result. For fatal errors it is not possible for the program to continue and a RETURN statement will cause the program 
to output the standard post mortem information and halt. The distinction between fatal and non-fatal errors is given 
in Appendix 2. The user may set up a different error trap at any point in the program by calling FTRAP with a 
different argument. Alternatively the standard error procedure may be reinstated by calling the subroutine FRESET 
as follows:

CALL FRESET
This subroutine cancels any previous call to FTRAP.

Trace level 2
Trace level 2 is the highest level of tracing available. All trace level 1 facilities are also provided in trace level 2; they 
will not be described again in this section.

Trace level 2 is incorporated by including in the program description the statement:
TRACE 2

ERROR ACTION
The post mortem information output on the detection of an error is the same as for trace level 1 with the addition 
of a STATEMENT TRACE, which gives details of the last ip0 statements executed preceding the error.

STA TEM ENT TRACE output
The STATEMENT TRACE list is output following the standard error line and contains a line for each of the 100 
statements examined. Each line contains the following details in the order shown:

The line number, in the range -100 to -1 inclusive.
The statement label, if one is present.
An abbreviation of the statement type.
The result of the statement, if appUcable.

The end of a DO loop, although not written as a statement in the source program, is treated as a statement (type 
LOOP).

The statements, their abbreviations and their results are shown in Table 2 on page 31.

Whenever control has been passed to a new segment, the name of the segment is printed on a separate Une. ln 
the case of an overUud object program (see page 37) these names will not be correct if the segment entered 
has subsequently been overlaid by a segment in another unit of the same overlay area.
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Statement Abbreviation Result

Arithmetic assignment ARTH Value ofleft-hand side
Logical assignment LOCC Value of left-hand side: TRUE or FALSE
Arithmetic IF IF Value of expression in parentheses
Logical IF U F Value of logical expression: TRUE or FALSE

GOTO GO
DO DO Initial parameter

LOOP (terminal parameter) - (control variable)

Computed GO TO CGO Control variable

Assigned GO TO AGO

READ READ

WRITE WRTE

PAUSE PAUS

STOP STOP

CALL CALL

RETURN RETN
ENDFILE ENDF
CONTINUE CONT

BACKSPACE BACK

REWIND REW

ASSIGN ASGN

Table 2 . Statements in a STA TEMENT TRA CE list

A R R A Y  ELEM ENTS
The start and end addresses of each array are held in store at object program run time. At trace level 2 a check is 
made that the generated address of an array element faUs within the bound of the array. No check is made on 
individual subscripts. For example, if ARRAY(3,2) is declared, then a reference to ARRAY(5,5) would be faulted. 
However, ARRAY(4,1) would not be detected as anerror. The corresponding error number is 01. (See Appendix 2.)

TR A C E  2 W ITH STEER IN G  LISTS
It may be desirable to obtain detailed trace information about selected parts of a program. If the program was com­
piled at trace level 2  it is possible to selectively output information about parts of the program by specifying these 
parts in a trace steeringlist. The trace steering Ust is read from the trace input channel, usually a card or paper tape 
reader, at the start of the program run. The trace input channel is the first input channel specified in the program 
description. The user must ensure that it is capable of inputting formatted data.

Example
PROGRAM (FRED)

INPUT 5 = TR0 

INPUT 7 = CR0 

OUTPUT 6  = LP0 

TRACE 2 

END
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This program description will cause the steering list to be read, at run time, from a tape reader aUocated as TRO. The 
steering list would be input from this unit before any data associated with the programmer’s channel 5.

FO R M A T OF TR A C E  STEER IN G  LISTS
A trace steering list consists of one or more lines, each of which specifies a continuous sequence of statements, within 
a segment, that is to be traced. Each sequence of statements is definedby specifying the beginning of the sequence 
relative to a trace triggering statement, which must be labelled, and the length of the sequence.

Each line of a trace steering list has the following format:

/ d c

1 is the label of astatement that is to be the trace triggering statement for the traced statements. The same label must 
not be listed more than once, d, where =99< d <  2047, indicates at which statement, relative to the triggering 
statement, tracing is to commence. For example, if d is 50, trace information is output when 50 statements following 
the triggering statement have been executed.

It should be noted that d does not refer to the number of statements written after the label, but to the number that 
have actually been executed. If d is 0 trace output starts with the triggering statement itself. Negative values of d 
indicate that statements executed before the triggering statement are to be traced; however, no trace information is 
actually output until the triggering statement itself is executed.

c, where 0 <  c <  4095, is the total number of statements to be traced for that triggering statement.

If there is an overlap between the ranges specified by two steering lines, fewer than c lines may be output, since the 
output from the first statement will cease when the second triggering statement is encountered. If the value of d 
for the second triggering statement is negative, and overlaps the scope of a previous triggering statement, some 
information may be repeated.

The format of a trace steering list on a FORTRAN coding sheet is as follows:

Segment name

h di ci
h  d2 c2 c2

^3 d3 C3 ' Repeated for each segment

! n dn cn c

END 

FINISH

The segment nam%, END and FINISH must begin in or after column 7.

Columns 73 to 80 are ignored and column 6 should be blank.

/ should be written in columns 1 to 5. 
d should begin in column 7.
c should begin in column 13 or be preceded by a tab character.

No spaces are allowed in c and d. Tabs are allowed on paper tape in the same way as in source program.

A STATEMENT TRACE list is output for each series of statements specified'in the trace steering list. Line numbers 
are consecutive in ascending order, in the normal manner. The trigger statement line is always numbered 0; line numbers 
for statements executed before the trigger statement are given negative numbers.

TR A CIN G  EV ER Y S TA TE M E N T
The user can obtain trace information for every statement that has been compiled with trace level 2; without speci­
fying a trace steering list, by activating the program at entry point 27. (See the section Loadingand running the 
objectprogram in Chapter 15 on page 87).

Suppression of trace output
Trace output during the running of a program may be suppressed by switching off Switch 0, either by a call to the 
subroutine SWOFF or by operator action. The normal error information will still be output if an error occurs while 
Switch 0 is switched off.
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Traca level 0
If  core store is at a premium, a zero level o f tracing is avaihble that saves about 200 words of core store compared 
with TRACE 1. The limited facilities provided from a subset of the trace level 1 facilities. On the detection of an 
error, the standard error Une is output giving the error number. However, no SEGMENT TRACE Ust foUows. There 
is no user error trap facflity and no test on the state of the overflow register. The detection of any error always 
causes the program run to be terminated. Trace level 0 may be requested by writing, in the program description, the 
statement

TRACE0

Mixed error detection leveb
During development of a program, it may be convenient to run part of it at level 1 and part at level 2. This can be 
done by specifying TRACE 2 in the program description and then TRACE 2 or TRACE 1 between program segments 
as required. Each segment is compiled at the level set by the previous TRACE statement. A trace steering list must 
not refer to a segment that has been compiled at level 1. Statement lines output under the heading STATEMENT 
TRACE will include only those statements traced at level 2.

Operator intervention
The operator may intervene at program run time and cause tracing information to be output. The normal reasons 
forthis are:

1 The program has exceeded its time limit.

2 Executive has detected an iUegal machine code instruction causing an ILLEGAL message to be printed on the 
console typewriter.

The trace information output takes the same form as if an error had been detected by a trace routine in the program 
except that no execution error line appears. Details of the necessary console messages are given in the section 
Loadingand running the object program in Chapter 15 on page 90.

Example of error detection in a program with an arithmetic error

The foUowing program EREX reads a list of numbers J,-, Aj, B/ (i = 1 ,2 ,.....«) into the blank COMMON block. A
check is made to set A,- = -1 if>^A,- - fy)<  3.142. Subroutine PROCESS is then caUed to operate on these numbers 
(the action of the subroutine is immaterial to the example).

LIST

PROGRAM (EREX)

OUTPUT 2 = LP0 

INPUT 1 = TR0 

TRACE 2 

END

MASTER READ 

COMMON J(10), A(10), B(10), N 

2 READ(l,100)N

IF (N.EQ.0) STOP 
WRITE (2,200) N 

D O l I = l , N

REA D (l,101)Jfl),A (I), B(I)

IF (SQRT(A0) - B0)).LE.3.142) A(I) = -1.0 
1 CONTINUE

CALL PROCES 
GO TO 2

100 FORMAT (12)

101 FORMAT 0 2 ,2F6.1)
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200 FORMAT (14HlPROGRAM #EREX//13H NO OF VALUES, 14//) 

END

SUBROUTINE PROCES

END

FINISH
The following output on the line printer shows what may happen if no error trap is used and there is an error in the 
input data. Error 57 is reported (negative argument in SQRT), STATEMENT TRACE shows how far the program 
has gone, and SEGMENT TRACE shows that SQRT was the last routine called.

PROGRAM #EREX 
NO OF VALUES 8
EXECUTION ERROR 57 - PROGRAM TERMINATED
STATEMENT TRACE
READ
-2 2 2 READ
-21 LIF FALS
- 2 0 WRITE
-19 DO 1
-18 READ
-17 LIF FALS
-16 1 CONT
-15 LOOP 6
-14 READ
-13 LIF FALS
- 1 2 1 CONT
-1 1 LOOP 5
- 1 0 READ
- 9 LIF TRUE
- 8 ARTH -1.00000000000E 0
- 7 1 CONT
- 6 LOOP 4
- 5 READ
- 4 LIF FALS
- 3 1 CONT
- 2 LOOP 3
- 1 READ
SEGMENT TRACE

Output by the program 

Output by TRACE

SQRT
RETURN

SQRT
RETURN

SQRT
RETURN

SQRT
RETURN

SQRT
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Example of error trap facility
An error trap subroutine is incorporated in the program. The prpgram description is as in the previous example. 
The MASTER segment begins:

MASTER READ

COMMON J(10), A(10), B(10), N

EXTERNAL ERROR

CALL FTRAP (ERROR)

2 READ etc. as in the previous example

The error subroutine is

SUBROUTINE ERROR(K)

COMMON J(10), A(10), B(10), N 

WRITE (2,100) K, (J(I), A(I), B0), I = l,N)

RETURN

C RETURN IN ORDER TO CHECK REST OF DATA

100 FORMAT 0 /  6 H ERROR, 13, 9H DETECTED //  22H VALUES IN COMMON AREA 

l///(3 X ,I2 , 2F6.1 /))

END
The output consists of the following on the line printer:

PROGRAM #EREX 

NO OF VALUES 8
ERROR 57 DETECTED output by subroutine ERROR
VALUES IN COMMON AREA

74 153.1 78.6

13 1 0 2 .8 84.7

25 - 1 .0 97.1

31 177.9 53.8

65 94.5 98.4

0 0 .0 0 .0

0 0 .0 0 .0

0 0 .0 0 .0

The program continues with the rest of the data.

i  output by the program
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C h a p t e r  8  O v e r la y s

This chapter describes the overlay system which may be used in a 1900 FORTRAN program using magnetic tape.

T H E  O V E R L A Y  SYSTEM
Programs may be written which are too large to be held in the core store of the computer. Such a program is run by 
overtoying parts o f the program, from a backing store medium That is, only part of the program is in the core store 
at a particular time, the remainder being held on the backing store and copieid into the core store whenever it is 
required.

To use the overlay system, the programmer must divide his program into units, one unit which is not to be overlaid 
and a number of overtoy units. The section of program which is not to  be overlaid is called the permanent unit and 
is kept in the permanent area o f core store. It contains the MASTER segment and any other segment that the pro­
grammer chooses. The permanent unit wiU also contain various subroutines that are inserted into a FORTRAN 
program by the compiler and not referred to expUdtly by the programmer (e.g. the input and output subroutines). 
Each overlay unit of the program must be assigned to an overtoy area of core store. There may be several overlay 
areas and each one may have several overlay units assigned to it. At any one time an overlay area may contain only 
one of the units assigned to it.

The structure of an overlaid program is defined in OVERLAY statements in the program description. This type of 
statement is described below.
1900 FORTRAN does not require the user of the overlay system to call any specialsubroutines. The source program 
is written in the normal way and segments are caUed by CALL statements or function references exactly as if the 
whole program was to be in the core store.

If the segment called is in an overlay unit, the system checks to see whether that unit is abeadyin the core store. If 
it is not, it wiU be copied in from the backing store, then entered normaUy. A RETURN statement in the segment 
will have a similar effect, checking to see whether the segment containing the calling statement is in the core store, 
and copying it in if it is not. Decisions on overlay organizations are not, therefore, required at the time of writing a 
source program. This organization need not be defined until the program is about to be compiled.

PROGRAM DESCRIPTION S TA TE M E N TS  FOR O V E R L A Y  PROGRAMS

The O V E R L A Y  statement
The form of this statement is as follows:

OVERLAY (fl, « > j, s2  s^ .........sn
a is the overiay area number in the range 1 < a <  2SS. 
u is the overiay unit number in the range 1 <  u <  1023.
Sj, s2  S j , ......$n is a Ust of the names of segments to be included in unit u of area a.
The numbers used for a and u need not be consecutive. The same unit numbers can be used for units in different 
areas. Since the OVERLAY statement is a program description statement, no continuation lines are possible. However, 
it the same area and unit numbers appear in more than one statement, then the unit will comprise all the segments 
named in all such statements. For example, the statements:

OVERLAY (3, 7) SUBA1, SUBA2, FUNC7 
OVERLAY (3, 7) SUBB3, SUBB5

wiU have the sameeffect as:

OVERLAY (3, 7) SUBA1, SUBA2, FUNC7, SUBB3, SUBB5

AU segments that have not been assigned to an overby unit wiU be assigned to the permanent unit. The permanent 
unit is not specified expUdtly by the programmer.
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The O V E R L A Y  PROGRAM and O V E R L A Y  SEGMENTS statements
The OVERLAY PROGRAM statement must be used in place of a PROGRAM statement in order to introduce an 
overlay program. It has the following form

OVERLAY PROGRAM (name)
The OVERLAY SEGMENTS statement is used instead of a SEGMENTS statement in order to introduce segments 
to be compiled which may later be included in an overlay program. It has the following form

OVERLAY SEGMENTS (name)
where name is as above. The area and unit number of each overlay segment is not required until the complete pro­
gram is compiled and therefore OVERLAY statements should not appear in a program description introduced by 
OVERLAY SEGMENTS:

OVERLAY PROGRAM may be used to introduce a program with no overlays if it is wished to include segments 
which were compiled under an OVERLAY SEGMENTS statement, but a slight loss in core store usage is involved 
in doing this. This situation of overlay segments in a nonoverlay program would arise if a hbrary of segments is 
required for use in either overlay or nonoverlay programs.

The DEPTH OF O V E R L A Y  statement
At run time, when a segment A of an overlay program in one unit calls a segment B in another unit, the following 
three actions take place:

1 The new overlay unit is brought into core store (if not already there).
2 Control is transferred to segment B.
3 A record is kept of the unit and area numbers of segment A so that when a retum is made to segment A then the 

correct unit can be brought in.

This situation becomes more complex if B calls a further segment C in another unit (possibly even the unit that 
segment A is in). In this case records of the unit and area numbers of A and B must be kept. This process can go 
much further in some programs and a list of these records must always be kept.

The space reserved by the compiler to contain this list of records must be sufficient to contain the maximum number 
of segment entries required. The size of the list is specified by means of a DEPTH OFOVERLAY statement. The 
depth ofoverlay isdefmed to be the maximum number of caUs (or function references) which can be obeyed in 
sequence, and which each transfer control to a new overlay unit. A record is kept in the list for each of these calls. 
Here ‘unit’ includes the permanent unit.

The statement

DEPTH OF OVERLAY n
in the program description, where n is an integer, implies that the list will contain a maximum of n records i.e. the 
statement wiU reserve storage for n entries in the list. In the absence of the DEPTH OF OVERLAY statement, n is 
set equal to the total number of units in the program. This is usually an over estimate so that the statement is oblig­
atory only in the case ofhighly segmented programs. 6 n the other hand, it is useful to save core store by specifying 
an appropriate length for the list when this is very much less than the number of units.

Examptes
1 A program contains 40 overlay units and one overlay area. All calls to overlay units are made from the permanent 

unit and an overiay unit does not caU another overiay unit, but may caQ standard functions fh the permanent 
unit. The programmer may save the space of 38 entries in the list of records by including the statement

DEPTH OF OVERLAY 2

in the program description.
2 A program contains two overlay units and two overlay areas. A segment in the permanent unit caUs a segment 

1 of unit A, which caUs segment 1 of unit B, which in tum caUs segment 2 of unit A etc. There are 20 calls in 
aU between unit A and unit B. Segments in units A and B call standard functions which are held in the 
permanent unit. In order to reserve enough store to hold the list of records the programmer must include the 
statement

DEPTH OF OVERLAY 22 

in the program description.
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Restrictions
The foUowing restrictions must be observed in overlay programs:
1 A CALL or function reference must not bring down another unit to overwrite the unit containing the CALL or 

function reference, whether this is done directly or indirectly via a chain of CALLS or function references.
There is one exception: a CALL with no arguments may bring down a unit to overwrite itself. In this case, 
however, a RETURN may not be made unless the caUing segment also has no arguments.

2 No subroutine or function whose name is listed in an EXTERNAL statement may be in an overlay unit.

3 No segment name may appear in two OVERLAY statements.

4 MT0 must not be used by an overlay program.

It should be noted that non<ommon variables, array elements, and arrays will be overlaid if assigned values in DATA 
statements. These variable array elements and arrays wiU be reset to the specified values each time the overlay unit is 
brought in.

COM PILATION
The structure of an overlay program must be defined in the program description each time the program is compiled, 
whether or not the structure has changed. If the structure is to be different from the previous compilation it is 
possible to recompile by providing a new complete program description and re-inputting the semicompiled program 
produced by the previous run(see Chapter 6 , Inputfrom simple files, page 23).

RUN TIM E EFFICIEN CY
The most efficient utiHsation of available core store will be obtained if each overlay unit associated with a particular 
overlav area is approximately the same length. It is not possible to estimate exactly the number of machine code 
instructions that wiU be generated from a FORTRAN source segment, but during compUation the compiler outputs 
to the tisting peripheral a Une at the end of each segment, which specifies the program area used by the segment. To 
this must be added the space taken up by constants in DATA statements, fl^ote that if a single element of an array 
occurs in a DATA statement, the whole space of the array is included in the size of the overlay unit.)

Lastly, thestructure of overlays should be designed so that units seldom need be interchanged.

S TA N D A R D  FU N CTIO N S IN O V E R LA Y S
Standard functions and subroutines will normaUy be in the permanent area. The programmer can, ifhe  wishes, assign 
a standard function or subroutine to an overlay unit.

If some standard functions are required only by segments in one overlay unit, then core store is saved if subroutines 
and functions are inserte*d in the unit where they are required.

EXAM PLE O F AN O V E R L A Y  PROGRAM
A program with the foUowing structure is to be overlaid.

The MASTER segment caUs subroutines S1, S2, S3 in that order.

In addition subroutine S3 caUs functions S4 and subroutines S5, S6  in that order.

It is assumed that the MASTER segment and each subroutine are of roughly the same length and only enough core 
store is avaUable for the MASTER segment and two subroutines.

In this case the program could be organized as foUows:

UST

DUMP ON @*ROGRAM ABCD)

OVERLAY PROGRAM (ABCD)

OVERLAY (1 ,1 ) S1 

OVERLAY (1 ,2 ) S2 

OVERLAY (1 ,3 ) S3 

OVERLAY (2, l)S 4  
OVERLAY (2,2) S5
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OVERLAY (2,3) S6

OUTPUT 1 = LP0

USE 2 = MT1

INPUT 3 = TR0

END

O V ER LA Y IN G  FROM DISC
Overlay programs compiled by #XFAM are normally overlaid from magnetic tape during execution. If it is 
required to overlay the program from disc, the following statement must be included in the source program (a 
suitable place is immediately after the MASTER statement):

EXTERNAL OLAYDISC

The object program will be produced on magnetic tape (as specified in a DUMP ON statement). Before the 
program can be run it must be transcribed to disc using the program #XPEU, described in the manual Library 
Specifications (TP 4011).
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C h a p t e r  9  M is c e lla n e o u s  fe a tu re s

COMPACT A N D  EX TEN D ED  D A TA  PROGRAMS
1900 FORTRAN may be used on medium and large processors in the 1900 series. Medium processors are defined 
as having not more than 32768 words of core store; large processors normally have at least 65536 words of core 
store. Object programs that are to utitize fuUy the core stores of large processors must be extended data programs; 
these programs cannot be run on medium processors. Other programs are known as compact programs; compact 
programs may be run on medium or large processors; in the latter case the program area may not occupy more than 
32768 words of core store.

A program that is to  be compiled and run on a large processor may contain any amount of data, subject to the limit­
ations of the core store, in the form of arrays or COMMON variables. The core store required for holding other parts 
of the program must not exceed 32768 words; no individual COMMON block may be longer than 32768 words, (i.e 
not more than 16384 REAL variables).

Compiling and running on different size processors
The compiler wiU normaUy produce a compact program on a medium processor and an extended data program on a 
large processor. The following compiling system statements aUow for running or recompiling on different sized 
processors.

EXTENDED DATA 
COMPACT 

MIXED SEGMENTS

If a program is compiled on a medium processor for running on a large processor it must contain the EXTENDED 
DATA statement in the program description. However, this statement may be omitted if the program will not 
occupy more than 32768 words of core store.

If a program is compiled on a large processor for running on a medium processor it must contain the COMPACT 
statement in the program description.

Mixed language programs
This section provides additional information needed only by users wishing to incorporate PLAN subroutines into a 
FORTRAN program or otherwise to mix languages. (This includes reading from .other libraries.) Chapter 11 
describes mixed language programming in detail.

Compilers mark individual semicompiled segments to indicate that they can either run only in a compact program, 
run only in an extended data program or run in either type of program. Those segments which can be run in either 
type of program are marked as ‘either’ by the respective compiler.

FORTRAN, Algol and EMA produce segments marked as capable of running in either type of program! For a PLAN 
segment it is,up'to the programmer whether or not the segment will work in compact programs or extended data 
programs. Segments produced by aU PLAN 1, 2 and 3 compilers are marked as compact segments. PLAN 4 compilers 
aUow the user to specify how the segments should be marked.

The consolidator wUl check the mode of aU semicompUed segments against the mode of the program. Segments 
marked ‘either’ wiU be accepted under the usual conditions. Compact segments in an extended data program or 
extended data segments in a compact program wUl normaUy be faulted; however, if the.segments appear in a sub­
routine library they wUl be ignored. It is thus possible to have alternative versions of the same subroutine for work­
ing in extended or compact programs.

The programmer can override the checks described above by including the statement 

MIXED SEGMENTS

in the program description. Segments are then accepted regardless of their mode. The main reason for including tius 
statement is to aUow segments which wiU work in extended data programs to be included even though they are 
marked as compact only.
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PR IO RITY
Some of the larger machines in the 1900 Series are multiprogramming; that is, several programs can be in core store 
at any one time. When the execution of one program is suspended whilst a peripheral transfer is taking place,
Executive will continue with another program. This program may in turn be suspended and then control will be 
passed to a third program and so on. This system permits the simultaneous use of a large number of peripherals at 
maximum efficiency, as well as permitting the most effective use of the central processor. To facilitate the organisation 
of time sharing between programs, each program is given a priority, which indicates the ratio of peripheral activity 
to actual computing time. A program with high peripheral activity comparing to actual computing time requires a 
high priority and vice versa. A priority is assigned to a program by including in the program description a statement 
of the form

PRIORITY n
where n is an integer in the range 1 to 99. If this statement is omitted, a priority of 50 is assumed. The statement will 
have no effect on a single programming machine.

TH E  O M IT S TA TE M E N T
If a program is under test, some segments may not be required when the object program is run; some may not even 
be written. Segments not required can be omitted at the consolidation phase by including the foUowing statement 
in the program description

OMIT seg 1, seg 2.......seg n
seg 1, seg 2.......seg n is a list of thenames of. segment! not to be consolidated into the object program. The segments
may or may nofbe presented to the compiler. The program will be terminated if a call to a missing segment is 
encountered at mn time.

TH E  COMPRESS S TA TEM EN TS  

IN TEG ER  AN D LO G ICAL statements
This statement may be written anywhere in the program description as follows:

COMPRESS INTEGER AND LOGICAL

It causes one word of core store instead of two to be assigned to each INTEGER and LOGICAL variable or array 
element used in the source program. The range of INTEGER quantities is not affected, and any operation on 
INTEGER quantities wiU yield the same results. Two words are used normaUy only for compatibUity with other 
versions of FORTRAN. The user is normally recommended to use this statement only when store shortage makes it 
essential or when some segments in a program are written in another language and these segments require compressed 
FORTRAN INTEGER quantities.

In COMMON, EQUIVALENCE and DATA statements it is advisable to match items of the same type; otherwise 
erroneous results may be obtained when a COMPRESS statement is used. For example, in one segment the 
statement

COMMON/MAT/A,B(100), 1(10,10), C 

appears and in another

COMMON/MAT/ING, BB(100), J(10, 10), CC
If both segments are compiled without the COMPRESS statement; ING and A wiU occupy the same storage; as wiU 
B and BB, I and J, C and CC, whereas if both segments are compiled in COMPRESS INTEGER AND LOGICAL mode, 
the variables and arrays following A and ING wiU no longer correspond. If the common area is being used to pass 
values from one segment to the other, incorrect results wiU be obtained.

SemkmmpUed segments presented to the compiler are not affected by COMPRESS statements.

A side effect of the COMPRESS INTEGER AND LOGICAL mode of compilation is that aU TEXT constants used 
in the program are rounded up by the addition of spaces to the next multiple of four characters, instead of eight, even 
if TEXT quantities are to be held in REAL, DOUBLE PRECISION, or COMPLEX variables and array elements.
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DO UBLE PRECISION statement
The statement

COMPRESS DOUBLE PRECISION
included anywhere in the program description, causes aII DOUBLE PRECISION variables and array elements used 
in the source grogram to be treated as type REAL. This limits the accuracy but does not change the range of 
DOUBLE PRECISiON variables and array elements. When a compressed DOUBLE PRECISION variable or array 
element is to contain TEXT.information, the maximumnumber of characters that can be stored is 8 instead of 16.
Care should be exercised when using COMMON, EQUIVALENCE, and DATA statements. Functions that require 
DOUBLE PRECISION arguments may still be used but the accuracy obtained may be slightly less than that obtained 
for a REAL variable.'This is because two arbitary words will be taken to lengthen each argument to the required 
four words. The inaccuracy caused will be so slight as to be insignificant in the majority of cases. DOUBLE PRECISION 
working uses more core store and takes considerably longer than REAL working, even on machines with floating 
point hardware. If data is not accurate enough to justify DOUBLE PRECISION working, or if highly accurate 
results are not required, the COMPRESS statement can be used to reduce run time in a program that normally 
requires DOUBLE PRECISION working. Similarly, when a program is under test, the COMPRESS statement can be 
used to reduce run time and subsequently be removed for production runs.

This statement is of use when programs' written for other machines^nd using DOUBLE PRECISION are to be run 
on 1900 Series machines, and the accuracy of the REAL working of the 1900 is found to be adequate. The COMPRESS 
statement is inserted once, and saves changing each type statement.
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C h a p t e r 1 0  E d it in g

When a source program has been written, it wiU normaUy be punched on to paper tape or cards. It could then be 
input directly to the FORTRAN compiler, and the object program obtained ready for running on the computer. 
However, it wiU usuaUy be necessaryto make several changes,to the program and to recompile it several times before 
it is finaUzed. This could be done by repeatedly amending the source cards or paper tape,; and re-presenting them to 
the compiler, but such a system has the following disadvantages:

1 Repeatedly reading input from a basic peripheral is very wasteful of valuable computer time.

2 Program manipulated on paper tape or cards are buUcy add prone to accidental damage.

These disadvantages can be overcome by a system in which the program is transferred from paper tape or cards to 
magnetic tape backing store. Any necessary changes to the program are then made by amending it on the magnetic 
tape file. After the inital transfer to magnetic tape, and after each amendment, the program may be input to the 
compUer from the magnetic tape file at high speed.

Programs which perform the tasks of transcription and amendment are caUed Editors. In addition to their main 
functions described above, Editor programs commonly provide other useful facilities, such as listing of programs, 
and production of basic peripheral copies of programs for use as reference documents.

The editor program normally used for editing FORTRAN programs held.onmagnetic tape files is #XMUM. This 
program can be used to create a batch of FORTRAN programs on a magnetic tape file, and subsequently to update 
the file by adding, deleting or amending the programs. If the file is created, and is always updated, by #XMUM, the 
user need not be concerned with the details of magnetic tape fUe formats; usually he refers to each program by 
name, and #XMUM automaticaUy handles the file structure.

If there is a magnetic tape file of FORTRAN programs that does not observe the same conventions as #XMUM files, 
and it is required to update this file, the editor program #XKYA must be used. Both #XMUM and #XKYA edit 
magnetic tape files which conform to the 1900 Series composite file structure as describedin the manual Magnetic 
Tape (TP 4091). Subfiles containing source program may be added, deleted or amended by #XKYA, but it is 
necessary for the user to understand the structure of the composite file, since, for example, he must specify the 
sentinek to. be set up in the the. However, certain facilities, such as merging of subfiles and input of subfiles from 
other magnetic tape files are avaUable only with #XKYA.

The editor programs #XMUM and #XKYA are described below.

T H E  E D ITO R  PROGRAM #XMUM  

General
The editor #XMUM is used to create, and subsequently to update,jobs on a magnetic tape file. A job consists of 
a subfUe containing a source program optionaUy foUowed by other subfiles containing any associated 
semi-compiled segments, a steering Ust and data. Each job normally constitutes a program, but it is also possible 
to compile two or more jobs together as one program. The source segments in a file used by #XMUM may be 
written in FORTRAN, Algol or EMA, but this Chapter wiU only consider the faciUties relevant to FORTRAN.

COM PILATION
After a file ofjobs has been created by #XMUM, an attempt wiU normaUy be made to compile and run the 
programs comprising the file by use of #XFAM. The faciUties for compiUng a batch of programs are described 
in Chapter 14; the file named in the BATCH FROM statement (page 82) wiU be the file created by #XMUM.

tf errors are discovered in the compUation or running of any of thejobs on the file, the appropriate Unes of 
source program may be altered in an update run of #XMUM and the updated file recompUed. Fadlities are also 
avaUable for creating a selective output file in an update run, so that only thosejobs which have been altered 
need to be recompUed. The selective output fUe instead of the updated file would be named in a BATCH FROM 
statement.

Alternate runs of #XMUM and #XFAM would foUow until aU the programs on the file are correct. Individual 
programs from a file created by #XMUM can be compUed by using the fUe name and subfile name in READ 
FROM statements (see page 22).
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WORK ASSEMBLY
The programs held on the file used by #XMUM may belong either to one programmer or to a number of 
programmers, ln the latter case a work assembler wiU be required to control any editing and compilation 
performed on the batch of programs which make up the file. His role will be to coUect the editing requirements 
of the programmers and to submit them to the editor program. If compilation is required for some but not all 
of the programs he wiU provide the statements for the creation of a selective output file and for suppression of 
compilation where necessary. He will collect line printer output from editing and compilation, and will return it 
to the appropriate programmers. The functions of the work assembler in batch compilation are described on 
page 81.

Input
For a file creation run, the input consists of the editing file which is on punched cards (in 1900 code or ATLAS 
code or both) or paper tape or both and consists of various #XMUM directives, described below, together with 
the information to be placed in the file. For a file updating run, the input consists of the input f i k  to be updated, 
and an editing file similar to that required for creating a file. The input file, which must always be on magnetic 
tape, contains source programs in the format used by #XMUM, which conforms to the ICL 1900 Series composite 
file structure. The input file should, therefore, have been itself created by #XMUM.

The eaitmg tile contains some directives referring to the file as a whole, and a series of groups of directives referring 
to particular jobs; each such group is called a job reference. The jobs on the input file wiU be in alphanumeric order 
ofjob name and thejob references should normally also be in that order. If thejob references are out of order, an 
extra file will be required as a work file. If a work file is not required, this must be indicated at the start of the 
editing file by the *ORDER directive (see page 52).

The following example shows the form of the input for the insertion of a new program on the file:

*FORTRAN name 

one or more source segments 

*DATA 

lines o f  data 
****

Summary of facilities
A run of #XMUM is normally used to produce an updated file suitable for input to subsequent runs of the program 
under the control of directives as specified in the section Directives 3n page 51. Alternatively by use of the 
*OFFLINE directive the run may be used for offlining only, in which case the output file is not suitable for 
subsequent input to the program. Unless the program is informed by the *ORDER directive that the jobs are 
referenced in the editing file in alphanumeric order, a work file is created, which may be either a scratch file or a 
named file designated by a *WORKFILE directive.

An individualjob may be copied to the output file and to any selective output file (see page 51) without 
amendment by giving only start of job and end ofjob directives. If these are not given for a specificjob thejob 
will be copied to the full output file but not to the selective output file. Other operations which may be 
requested for individualjobs, and which require further directives are:

1 A whole job or the semicompiled segments and/or steering line and/or data may be deleted. The *DELETE 
directive (page 53) is used.

2 Lines of source program may be deleted and new lines may be inserted. The *ALTER directive (page 53) 
is used.

3 Semicompiled segments may be added or the existing semicompiled segments may be replaced by new ones. 
The *SEMI directive (page 54) is used.

4 The trace steering list may be line edited, or a completely new steering list may be written to a magnetic 
tape file, but as this list is not meaningful on disc it will be processed but not written to any disc output 
files. The *STEER and *ALTER directives (pages 54 and 53) are used.

5 Lines of data may be deleted and new lines may be inserted. The *DATA and *ALTER directives (pages 54 
and 53) are used.

6  A copy of all or part of a job may be produced on cards or paper tape by means of the *CPCOPY and 
*TPCOPY directives (page 56).
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7 If any reference is made to a job, that job will normally be compiled by a batch monitor or batch 
development system when the new batch is processed. However, it is possible to perform editing operations 
on ajob, or to offline a newjob. and to prevent that job from being compiledjust as if no reference had 
been made to the job. The *NOCOMPILATION directive (page 56) is used.

8  The editing file may contain a mixture of cards and paper tape and whenever a change of input peripheral 
is necessary a *SWITCH directive fcage 54) is used. A change of card input from 1900 code to ATLAS 
code or vice versa may be specified by the *ATLAS and *1900 directives (page 54) respectively.

9 Full listings may be obtained by a *LIST directive (page 54). Some listing is normally obtained without this 
directive but all Usting may be suppressed by the *NOLIST directive.

10 An alternative job terminator may be specified by means of the *LAST directive (page 56).
Any or aU of operations 1, 2, 3 ,4 and 5 may be combined but must be performed in the order given, as the 
constituents of all jobs in the input file will be in the standard order of source segments, foUowed by semicompiled 
segments, if any, the steering list, if present, and data, if any. Newjobs may be inserted in an existing batch and are 
given in the editing file.

The directives requesting operations 6 , 7 , 9 and 10 may be input in any order immediately lollowing the startof 
job directive.

Note: In certainjob directives, the initial word is followed by one or more parameters that specify the precise 
editing operation required. In such cases, the initial word must be foUowed by at least one space or horizontal 
tabulation character.

TH E  R E S TA R T F A C IL ITY
If a failure occurs during the latter stages of an #XMUM run, and provided a work file has been successfully 
created and retained it wiU not be necessary to  repeat the entire run as, in most circumstances, the program may 
subsequently be restarted at a point about midway through the run. This also avoids having to re-input the editing 
file from cards or paper tape.

The successful creation of a work file is indicated by the line printer message:

AMENDMENT FILE HAS BEEN SUCCESSFULLY CREATED 

and at the same time by the console typewriter message DISPLAY:AM.

In order to employ the restart faciUty the following conditions must apply during an unsuccessful run:

1 The directives *ORDER or *OFFLINE should not be present.

2 The program must proceed past the printing of the workfile creation messages mentioned above.

3 The run should not terminate as a result of a workfile failure.

4 The work file should not be a scratch disc file.

If the workfile is a magnetic tape scratch file, the operator wiU be able to restart the run (see page 92 of 
Chapter 15).

If the workfile is a named file, a separate restart run is required; all the files including the preserved work file 
are put on line except for the editing file which is replaced by a new file containing only the *RESTART 
directive (page 52), an end of batch directive and a blank record.

Output
The principal output file contains the complete batch of jobs in their amended form. An additional selective 
output file may also be created-containing only those jobs which have been explicitly referenced during the run. 
Magnetic tape or disc may be used for either of the output files and both files conform to the ICL 1900 Series 
composite file structure. At least one of these output file must be specified for each run. If output is to a disc file 
the file could be used for subsequent input to the disc compiler #XFAE or the disc editor program #XMED 
described in the manualFOR77L4A: 16KDiscCompiler (TP 4131).

Some line printer output (see below) is always produced. The other possible form of output is the production of 
a paper tape or card copy of all or part of a job.

LINE PRINTER O U TP U T
Some Usting is always produced for eachjob referenced. This is discussed in the section The *LIST and 
*NOLIST directives on page 54.
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If an error in the editing file is detected, an error message is output on the line printer. If the error is caused by 
a batch directive, a magnetic tape or tape deck failure, or if the input file has an incorrect format, the run wiU be 
abandoned; otherwise the run will continue but further processing of thejob reference that caused the error may 
not be possible. The error messages are setf^xplanatory and are not described here but the actions taken by 
#XMUM on the detection of certain of the most common errors are given below:

1 If a job reference or an insertedjob is out pf order when an *ORDER directive has been used, thejob wiU not 
be written on the output tape; any reference and associated input will be ignored.

2 If  editing operations are attempted in an incorrect order (see page49), the first attempt out of order and all 
subsequent attempts in thatjob reference wiU be ignored. If, for example, an attempt were made to edit the 
data and then the semicompUed segments, the source and semicompiled segments would be copied unchanged 
and the data editing would be performed but the reference to the semicompiled segments would be ignored.

3 If  an attempt is made to insert a new job that has the same name as an existingjob, the new job wUl be ignored, 
except when the directive *DELETEVALL appears in the newjob, i.e. when the oldjob is being repfaced.

4 If a checksum error or a card sequence error is found in a semicompiled segment, further semicompiled input 
in that job reference is ignored.

5 lf  a card sequence error is found in source program, no action is taken but SEQ ERR appears after the Usting 
of the contents of the card concerned.

6  An attempt to edit data when the job concerned has no data causes any further reference to the job to be ignored.

When a run of #XM(JM ends, or is terminated, a Ust of all thejobs on the taoe output files is given. Jobs that have 
been referenced during the run and not set latent by the *NOCOMPILATION directive are indicated by asterisks.
For a disc output file the subfile names are given in preference to the job names and the bucket length of each 
subfile is also provided.

An example of this output follows for a run producing a selective file and a full output file: 

pagen

07/01/70 LISTING BY EDITOR XMUM MARK 3A

JOBS APPEARING IN THE OUTPUT FILE CSBSOURCEl(5)

JOB LANGUAGE DATE LAST REFERENCED

*A3' FORT 07/01/70

EA6 FORT 29/12/69

HOT FORT 29/12/69

*TEMPTEST FORT 07/01/70

*TEST1 FORT 07/01/70

page n + 1

07/01/70 USTING BY EDITOR XMUM MARK 3A

SUBFILES APPEARING IN THE SELECT FILE COMPSOURCEl(3)

SUBFILE NAME LENGTH IN BUCKETS DATE LAST REFERENCED

*FORTA3 7 07/01/70

SEMIA3 3 07/01/70

*FORTTEMPTEST 11 07/01/70

DATATEMPTEST 6 07/01/70

*FORTTESTl 13 07/01/70

DIRECTORY SUBFILES 2

TOTAL BUCKETS USED 42

FILE LENGTH 80

BUCKETS SPARE 38
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Directives
There are two groups of directives: batch directives which control the complete run of #XMUM, and job 
directives which control the processing of individual subfiles. Except for the end o f  batch directive which 
terminates the editing file, all the batch directives used for a particular run must be given at the start of the 
editing file, in any order.

Each directive must be punched at the start of a new card or a line or paper tape. Only the first four characters of 
any of the directives need be punched, and no Une of program or data submitted may start with any of these 
groups of characters.

BATCH D IR ECTIVES

The *IN  directive
If the purpose of the run is to  update a file, this file is used as the input file and must be opened by an *IN 
directive, which takes the foUowing form:

*IN(Ffe))

where F  is a file name and g 'a file generation number.

This file must always be on magnetic tape.

If there is no input file, this directive is omitted.

The *OUT directive
This directive specifies the file which is to be opened as the principal output file, and must always be present unless 
the *SELECT directive is used. The directive takes the following form:

*OUT nF^y=FXgj)
Tindicates the device type, and takes one of the foUowing forms:

MT for a magnetic tape file.

ED for an E.D.S. or T.E.D.S. file.

FD for an F.D.S. file.

If T  is omitted, the device type is assumed to be MT. F  and F ' represent filenames consisting of from 1 to  12 
alphanumeric, space or minus characters, the first of which must be a letter, and g  and g ’ represent file generation 
numbers.

The file FXg) wiU be opened as the output file and will then be renamed F ’Qf). The name and generation number 
of the existing file may be retained for the output file, in which case the directive takes the form:

*OUT 7tFfc))

If only the generation number of the output file is to be altered, the following form of directive may be used: 

*OUT 7TFfcM*0)
The output file wiU then retain the name F  but will have its generation number updated to g\
In any of the above forms 0?) may be omitted resulting, in the case of a disc file, in the highest generation number 
in the system being assumed, and, in the case of a magnetic tape file, in no check being made.

A magnetic tape file which has been renamed is also given a new retention period of 4095 days. However, this 
does not preclude its being specified in a *OUT or *SELECT directive in a subsequent #XMUM run.

The *SELECT directive
This directive specifies the file which is to be opened as the selective output file and to which only those jobs 
specifically referenced during the run are to be written. It may be used in addition to or as an alternative to the 
*OUT directive.

The directive may take any of the foUowing forms:

*SELECT 7TFfe>=Fte0)
*SELECT 2TFfe))

*SELECT 7tFte)=fe0)

Where each of these forms is similar to that specified for the *OUT directive.
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The *ORDER directive
This directive indicates that the job directives are in alphanumeric order of job name so that a work file is not 
required. The order of precedence is space, 0 to 9, A to Z. The directive takes the foUowing form:

*ORDER

If no *ORDER directive appears amongst the Batch directives, a work file will automatically be obtained, unless 
an *OFFLINE directive is used. The work file will be a scratch magnetic tape unless the *WORKFILE directive 
is used. A file will be created on the work tape and will be given the name XMUMTAPE generation 0 but will have 
a zero retention period.

The *OFFLINE directive
This directive is used when the run is for the purpose of offlining only and the jobs to be offiined are not presented 
in alphanumeric order of name and are not required in order on the output file. A work file will not be used and 
the jobs will appear on the output file in the order in which they are input from the editing file. The file produced, 
if on magnetic tape, cannot subsequently be edited by #XMUM, although if it is on disc it can be edited by 
#XMED. The directive takes the following form:

*OFFUNE

No *IN directive will appear with *OFFLINE, but an *OUT directive is obligatory.

If subsequent editing on magnetic tape is required, the jobs must be input in alphanumeric order or a work file 
must be used.

The *WORKFfLt' directive
NormaUy the work file, when used, will be a scratch magnetic tape but, if a named file is to be used as the work 
file, this directive must appear at the start of the editing file. The directive takes the following form:

*WORKFILE 7TFfe))

where T, F  and g are as defined for the *OUT directive.

F  and g are the name and generation number of the file that is to be used as the work file. This file will not be 
renamed and will not be given a new retention period. A scratch work file on disc may be obtained by the use of
the following directive:

*WORKFILE T 

The *LAST directive
This directive permits the use of a four characterjob terminator directive other than the normal **** for all the 
jobs in the run. The directive takes the following form:

*LAST abcd

abcd represents the alternative terminator and must consist of any four non space printing-set characters, but must 
not begin with any of the four characters S, ] ,  t , o r  *-, and must not be the same as the first four characters of any 
#XMUM directive.

The *RESTARTdirective
If a job is to be restarted from a named work file the editing file for the restart run should contain a *RESTART 
directive followed by the end of batch directive and a blank record. The *RESTART directive takes the form:

*RESTART 7(Ffe))

where T, f  and g  are as defined for the *OUT directive.

The end of batch directive
The end of the editing file must be indicated by the foUowing directive:

1111
This should be followed by a blank card or a blank line on paper tape, i.e. two adjacent FE2 (newline) characters. 

JOB DIR ECTIVES
After the initial batch directives further directives wiU apply to individual jobs. Eachjob is referenced only once 
and each reference starts with the start of job directive of thejob concerned.
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The start o f job directive
For a FORTRANjob, this takes the form:

*FORTRAN mme,identification

Thejob name, whidi wiU normaUy be the program name, may consist of up to eight alphanumeric or space 
characters and must start with a letter . identification, which is an optional entry, may take any form required; 
fpr example, it may take the form of the name and accounting code of the user. If there is no identification, the 
preceding comma may also be omitted.

The *DELETE directive
Whole jobs or parts of jobs may be deleted from an input file by the use of the *DELETE directive. The directive 
takes the form:

*DELETEVparamerers
The parameters entry is optional. If parameters is not present, or if it takes the form ALL, the complete job is 
deleted; that is it does not appear in the output file. Alternatively parameters may take the form of any or all of 
SEMI, STEER and DATA, separated by commas. These entries delete any semicompiled segments, steering list and 
data respectively that form part of thejob on the input file. The source program may only be deleted by deleting 
the entire job.

The *ALTERdirective
The *ALTER directive has three general forms, which are:

*ALTER m,d 

*ALTER m -n  

*ALTER m

m, d  and n are integers. If the first form is used, thejob will be copied from the input file to the output file until 
the mth line of the source program^steering list or data is reached, d  lines will then be deleted, starting with the 
mth Une. Any Unes to be inserted at that point should follow the *ALTER directive in the editing file. If the 
second form is used, the mth to the nth Unes of the source program, steering line or data in thejob will be 
deleted. If  any lines are to be inserted between the (m -l) th  and (n+l)th Unes, they should foUow the directive.

If an insertion is to be made without a deletion the third form is used. The Unes to be inserted should follow the 
directive; they will be inserted between the (m - l) th  and the mth Unes.

Any required number of *ALTER directives may be used w ithajob  but they must be input in ascending order of 
Une number. No reference should be made in a directive to a Une deleted by another directive and Unes deleted or 
inserted by a previous directive should not be taken into account when the values of m and n are determined. The 
Une numbers given in a Usting of all the jobs in their current form should be used. Listings giving Une numbers are 
automatically given each tim ea newjob is written to the output file and each time it is amended. Line numbers 
are not written to the output file; they are generated afresh each time. I f  a record on magnetic tape or disc 
contains more data than can be Usted on one Une of a Une printer, a >  character will appear between the Une 
number and the Une itsetf, and the remaining data is not Usted.

Lines of the steering list and data are manipulated in the same way as Unes of source program but the *ALTER 
directive, or group of such directives must be immediately preceded by the *STEER and *DATA directive 
respectively. If the job contains no data but data is to  be added by the editing run, the *DATA directive alone is 
used and is foUowed by the data to be inserted. The same appUes to a steering list. The *ALTER directive must not 
be used to alter Unes of semi-compiled segments.

As an example, the necessaryjob reference in the editing file is given below to perform the foUowing editing:

1 Ajob CAPHY is to have associated source program amended by replacing the 2nd line and 22nd Une each with 
a DIMENSION and COMMON statement.

2 A PAUSE statement is to be inserted before Une 30 and Unes 50 to 58 are to be deleted.

3 A set of data is to be included in the job for the first time.

*FORTRAN CAPHY,JIMVSMITH^HYSICSVLABV3B 

*ALTER 2, 1

DlMENSIONVA(5,5)3(10,10),C(15,15)

C0MM0N/SHARE/A3,C
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*ALTER 22,1

DIMENSlONVH(5,5),G( 10,10),K( 15,15)

COMMON/SHARE/H ,G JC 

*ALTER 30

PAUSE 55 

*ALTER 50-58 

*DATA

15 18 2 5 8  7 
****

The *SEMI directive
When the *SEMI directive appears in a reference to ajob all the semicompiled segments currently in thatjob wiU 
be deleted. Any semicompiled segments may be incorporated for the first time in the same way. The directive 
takes the following form:

*SEMI

At least one new segment must be presented. If the existing segments are stiU required and a new one is
to be added, the existing segments must be re-input. This directive, if used, must follow any references to source
segments and must precede any reference to the steering kst or to data.

The *STEER and *DATA directives
These directives are used to introduce any alterations to the steering list or to data respectively. They take the 
forms:

*STEER

*DATA

If both are present for a job they must occur in the above order. Either must follow any references to source 
program or to semi-compiled segments.

The *1900and *ATLASdirectives
Cards may be input to #XMUM in either 1900 or ATLAS code. It may be required to change the code between 
source segments or between source and data. For this reason directives are avaUable for switching 1900 and 
ATLAS card codes. These may appear anywhere in or before source, steering information or data. At the 
beginning of eachjob the card code specified by the entry point is assumed.

The directives have the following format:

*ATLAS

*1900

Cards input after the *ATLAS directive must be in ATLAS card code and after the *1900 directive in 1900 Series 
card code.

The *SWITCHdirective
Parts of the editing file may be input on cards and other parts on paper tape. Any number of changes of input 
peripheral may be made and a change may occur at the end of any Une or card, either within a reference to a job 
or betweenjobs. The same directive is used to switch from cards to paper tape as is used to change from paper 
tape to cards; it takes the foUowing form:

*SWITCH

blank record

The blank record is a blank card if the change is from cards to paper tape and is a blank Une, i.e. an extra FE2 
(newline) character, if the change is from paper tape to cards.

The *LIST and *NOUSTdirectives
Some Usting is always produced when a job is referenced. The amount of Usting normally depends on the amount 
of editing performed but can be controlled by the *LIST and *NOUST directives.
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The first part o f the listing of eachjob gives the job name and indicates whether the job has been inserted, deleted, 
amended, repbced or merely referenced, i.e. copied unchanged from the input file to the output file; this listing 
is always given. Unless the *LIST or *NOLIST directives have been used:

1 If the job has been deleted, no more hsting is produced for that job.

2 If thejob has been copied unchanged, only thejob directives present in the job and in the editing file are 
printed.

3 If a new job has been inserted or has repbced an oldjob, a complete listing is given, including alljob 
directives. Source program is printed with Une numbers (not statement numbers) at the left; deleted lines 
are indicated by a message of the form n UNES DELETED, where n is the number of lines. Semicompiled 
segments are Usted by segment name only.

4 If the job has been amended, each amended section or newly inserted section, i.e. SOURCE segments, 
semi-compiled segment names, steering Une or data, is listed in full. Job directives are printed.

The *LIST directive is used to increase the amount of Usting when ajob is not new and has not been amended in 
each section. The directive takes the following forms:

Directive

*USTVALL

*LIST

*LISTVSEMI

*LISTVSTEER

*USTVDATA

Result

A  fuU Usting is obtained.

The source segments are Usted.

The semicompiled segment names are Usted. 

The steering Ust is listed.

The data is listed.

If two sections of the job are to  be Usted, only one statement is necessary; SEMI, STEER and DATA may appear 
in the same statement, separated by commas. If the source segments and another section are required, SOURCE 
must appear in the statement, e.g. *LISTVSOURCE^SEMl would obtain a Usting of the source and semicompiled 
segments.

The *NOLIST directive is used to reduce the amount of Usting obtained when a job is new or has been amended. 
The directive takes the foUowing forms:

Directive Result

*NOUSTVALL The only Usting obtained is of the job directives, as for a job that has been copied
unchanged from the input file.

*NOLIST No Usting of the source segments will be produced.

*NOLISTVSEMI Semicompiled segment names will not be Usted.

*NOLISTVDATA The data will not be Usted.

*NOLISTVSTEER The steering Ust wiU not be Usted.

SEMI, STEER and DATA may be combined with each other and with SOURCE, as in the *LIST directive.

The *LIST and *NOLIST directives, when used, must appear in the first group of directives within the job 
reference, i.e. between the start of job directive and the *ALTER, *SEMI, *STEER and *DATA directives, 
if any.

The following is an example of the listing produced for the insertion of a newjob consisting of a source segment 
and data into a file when no *NOLIST directive has been used.

PAGE n

time date LISTING BY EDITOR XMUM

*FORTRAN SIDNEY, M.G.H.LAB7 

*TPCOPY ALL

JOB SIDNEY INSERTED INTO FILE JACK (6 ) 
*FORTRAN SK)NEY, M.G.H.LAB7 

0001 MASTER JACK
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0002 D IM EN SIO N  A ( 2 ,10)

0059

*DATA

END

0 0 0 1 2 5 9

0 0 0 2 1 0

0003 11

0004 14

0005 29
♦ *♦♦

The *NOCOMPILATIONdirective
This directive is normally used in connection with the Batch Monitor and Batch Development systems to suppress 
the compilation of a job which has been amended or otherwise referenced during the #XMUM run. However the 
use of this directive will also have the effect of omitting the job from a selective output file. The directive should 
appear between the start of job directive and the *ALTER, *SEMI and *DATA directives, if used, or before the 
first line of source program of a new job. The directive takes the form:

*NOCOMPILATION 

The *CPCOPY and *TPCOPYdirectives
A copy of the whole of a job or of one or more sections may be obtained on cards by the *CPCOPY directive or on 
paper tape by the *TPCOPY directive. The directive must precede any *ALTER, *SEMI, *STEER or *DATA 
directives or lines of source program.

A copy of the whole job is produced by one of the following directives:

*CPCOPYVALL

*TPCOPYVALL

The job will be punched in the order in which it is written on the output file, and wiU start with a start of job; 
directive and end with an end of job directive.

If only sections of thejob are to be punched, the *CPCOPY or *TPCOPY should be followed by SOURCE for a 
copy of the source segments, DATA for the data, etc. If only the source segments are to be punched, SOURCE may 
be omitted hut if otherparts are also to be punched, SOURCE must bej)resent and should be followed by a 
comma; if two or more of SEMI, STEER and DATA are present they should be separated by commas. 
Semicompiled segments, when punched,wiU be preceded by the *SEMI directive, the steering list by the *STEER 
directive and data by the *DATA directive but the end of job directive will not appear unless the wholejob is 
punched.

The *LAST directive
This directive permits the use of a four characterjob terminator directive other than the normal ****. It is similar 
to the batch directive *LAST except that it applies only to the job whose start of job directive it immediately 
follows. The directive takes the following form:

*LAST abcd

abcd represents the alternative terminator and must consist of any four non space printing-set characters, but 
must not be the same as the first four characters of any #XMUM directive and must not begin with any of the 
four characters $, ] , t , or *-.

The end of job directive 
This takes the form:

****

unless it has been altered by a batch orjob *LAST directive. Details of permissible alternative end ofjob directives 
are given in tne section The *LASTdirective above.
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T H E  E D ITO R  PROGRAM # X K Y A
This section describes the use of the editor program #XKYA. The general description o f the program is foUowed 
by details of input and output file formats and a summary o f aU the available editor instructions. The instructions 
are described in details, in alphabetical order, in the reference section.

General description
#XKYA edits magnetic tape files at several levels. At the highest level, #XKYA is used to  rearrange, delete and 
add subf'es; at the lowest level it is used to  amend individual Unes of a program. Instructions to #XKYA are 
input from a basic peripheral and are addressed either to the main editor or to  a subeditor caUed the line editor. The 
main editor deals with complete subfiles, header labels, trailer labels and sentinete. TheUne editor inserts, 
deletes, or changes individual Unes within a subfile. Lines are reference by line number.

BasicaUy, a run of the editor program produces an updated file from an old file by means of a file o f instructions, 
known as the editingfile, input from a basic peripheral. The new file should be created on a named fHe, however, 
a scratch tape may be specified, in which case any available expired tape wiU be opened. In this case it should be 
renamed and given a retention period. In addition to the principal input file, up to four additional input files may 
contributecomplete subfiles, which are copied into specified positions in the output file; subfiles are copied select­
ively. Individual Unes or complete programs that are to be inserted are included in the editing file.

File formats
Source programs can be held on tape only in standard 1900 Series subfile formats. Magnetic tape files for editing 
must, therefore, conform to the 1900 Series composite file structure.

Source program sentinelformats are given in the manual CompiUngSystems. The maximum size of blocks output 
by #XKYA is controlled by a BL0 instruction. For input to the FORTRAN compiler the maximum block size is 
128 words (see The BLOCKSIZE instruction on page 57). TraiUpg spaces are removed from each record before it 
is written to the output file. However, since each record is an integral number of words, up to three spaces* are. 
added if necessary.

Summary of editor instructions .
AU instructions starts with a mnemonic that is recognized by #XKYA. The rest of the instruction contains relevant 
information in a format determined by the first mnemonic. Mnemonics are used with the main and line editors. All 
line editor instructions are preceded by a warning character, chosen by the programmer.

The facilities avaUable with each of the editors are described below, and the mnemonic that is used to obtain each 
facility is given. A more detailed'descriptionis given in the reference section.

MAIN EDITOR 
Opening the output_fHe
The OFW instruction opens the output file; if this file is to be renamed, the RENAME instraction wiU write a new 
header label as required.

Creating new subfiles
The OSF instruction starts a new subfile by writing a start-of-subfile sentinel. When the required contents have been 
transferred from the editing file by the line editor, the new subfUe is closed by a CSF instruction.

Opening input files
The OFR instruction opens a specified file for reading 

Positioning input files
The POSITION instruction positions any specified input fUe at the start oftherequired subfile; if the required 
subfile iS on the principle input file, and it has already beenpassed, the BACKSPACE instruction should be used.
Any file may be positioned at its head by the REWIND instruction.

Transferring subfiles
One or more subfiles are copied from any input file to the output fUe by the COPY instruction. The OMIT statement 
is used to skip over the next subfile of the principal input file but can also be used to transcribe the whole file except 
for specified subfUes. Each subfile omitted requires a separate OMIT instmction. The RSF instruction can be used 
in conjunction with the COPY or LINEDIT instructions to rename a subfile copied fronj the principal input file.

introducing the line editor
The LINEDIT instruction introduces a setof instmctions to the line editor. The BLOCKSIZE instruction is used to 
specify the size of the blocks to be produced by the line editor.
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Monitoring
As each instruction is executed, progress is indicated on a Une printer. A printout of all subfile sentmek in the output 
file is normally obtained but the EPS instruction may be used to inhibit the printing of sentinels. The SPS instruction 
restarts this printing.

Closing the files
TRAILER writes a trailer tabel on the outpUt file; CLOSE closes any specified file. More than one output file can be 
used in an editing run, but each must be closed before the next one can be opened.

Terminating the run
A FINISH instruction is used at the end of a run.

Miscellaneous instructions
The CPCOPY and TPCOPY instructions cause the next subfile written by the Une editor to be output on a card 
punch or paper tape punch respectively. The DELETE instruction causes the editor program to delete itself.

LINE EDITO R  
Writing
The ALTER instruction can be used to write Unes of source program from the editing file, after, or in place of, 
specified Unes of a subfile being copied from an input file. Alternatively the whole of the contents of a newly 
created subfile can be supplied from the editing file. If the Unes being written are suppUed on cards, the card sequence 
numbers wiU be copied unless a LOP instruction is used.

Monitoring
NormaUy every Une written on the output file by the line editor will appear in the line printer progress report. If the 
SUPPRESS instruction is used, the number of Unes printed wiU be restricted to the line immediately preceding any 
deleted Unes and to Unes that are inserted, together with the preceding Une.

Returning tn the main editor
The end of the appUcatk>npf the Une editor is indicated by an END instruction. If a subfile is being transferred from 
an input file to the output fQe, the transfer is completed and the end^>f-subfile is automatically updated before being 
written. If the current subfile is to be merged with a subfile yet to be found, the TERMINATE instruction can be used 
to retum to the main editor in order to find the requtred subfile. The first subfile wiU not be closed and the second 
will be written by a further batch ofline editor instmctions; any.number of subfiles may be merged in this way.

Reference section
In this section all the available instructions are described in detail. The main editor and the Une editor are treated 
separately. Instructions are in alphabetical order.
The same input medium must be used for aU the instructions and all the program in the editing file. Instructions to 
the main and Une editors should not exceed 72 characters in length. On paper tape, every instruction must be 
terminated by a newline character; on cards, each instruction should start on a new card. The end of the editing file 
should be marked by a card or line that starts with four asterisks.

Only the first three characters of each instruction are essential. Thus CLO and CLOSE are synonymous.

When an editing file on paper tape is read, a space character wiU be inserted for each tape character encountered 
within any main editor instructions. The effect of tab characters within line editor instructions is defined in the 
section Instructions to the line editor.

INSTR UCTIO N S T O  TH E  MAIN EDITO R  
BACKSPACE
This instruction positions the principal input file at the beginning of a specified subfile which has previously been 
passed in the Ftfe. The instruction has the foUowing format, where s is the subfile name:

BACKSPACE s
BLOCKSiZE
This instruction is used to specify the block size that the line editor is to use when moving program from the edifing 
file into a newly created subfile. For files which are to be read by the FORTRAN compder, the following BLOCK- 
SIZE directive must appear.

BLOCKSIZE , 128

fThe comma is obligatory.) The BLOCKSIZE instruction does not affect subfiles being written by the main editor, 
for example by the COPY instruction.
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CLOSE
th is  instruction closes the specified Hie. The file may then be reopened with a new unit number, if necessary, and 
the old unit number of this file may be used again. The instruction takes the foQowing form, where n is the unit 
number:

CLOSE MTn

IfMTn is omitted, MT0 wiU be closed.

COPY
This instruction copies complete subfiles from an input file to the output file.

The instruction has the format:
COPY MTn m s

where n is the unit number, m is the mode and s is the subfile name. Each of the three parameters is optional.

IfMTn is omitted, MT0, the principal input file, wiU be copied, n must not be 1 since MT1 is the output file

If the mode is not specified, or is zero, the input file is copied from where it is currently positioned, up to, but .not 
including, the specified subfUe, to the output file. If  the mode is specified as 1, the action is the same except that 
the subfile named is also copied to the output file.

If a subfile name is not specified, mode should not be present. In this case the input file is copied to the output file, 
up to but not including the trailer label.

CPCOPY
This instruction causes the next subfile written by the line editor to be output on a card punch. The instruction has 
the format:

CPCOPY

CSF
This instruction writes an appropriate endof-subfUe sentinel to the output file. The instruction has the format: 

CSF

A CSF instruction must be given to match every OSF directive. I f  CSF attempts to  write an en<k>f-subf3e sentinel 
for which there is no matching startof-subfUe sentinel on the output file, an error wiU be reported and #XKYA 
wiU delete itself.

DELETE
This instruction causes the editor program to delete itself and, normaUy, to output the message DELETED 99. if; 
any minor errors, that is errors that have not caused premature deletion, have occurred, the message output is 
DELETED ME. The instruction has the format:

DELETE

EPS
This instruction inhibits the printing of sentinels in the listing. Printing of sentinels can be restarted by an SPS 
instruction. The instruction has the format:

EPS

FINISH
This instruction terminates the run and deletes #XKYA. If the f3e being created is completely new and not an 
edited form of another file, that is if there is no principal input file, an appropriate trailer label wUl automiaticaUy 
be written to the output file. Otherwise, the remainder of the principal input file wUl be copied on to the output 
file before the traUer label is written. AU files are closed and a DELETED message is output on the console type- 
writer. The instruction has the format:

FINISH

LINEDIT
This instruction introduces a batch of line editor instructions and passes control to the line editor. The instruction 
has the format:

LINEDIT s

where s, subfile name isoptional . If the subfile name is not present, the subfile before which the principal input file
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is currently positioned wiIl be edited by the line editor. If  the subfile name is present, the principal input file wiU 
be copied to the output file until the specified subfile is reached. The subfile to be edited must be simple.

OFR
This instruction opens the specified file as an input file and gives it the unit number n. The instruction has the format: 

OFRMTnf(g)

If MTn is omitted, the file is given unit number 0; n must not be 1.

The file generation number is optional, and may be omitted together with itsassociated parentheses, in which case 
no check is made on the file generation number.

All references to an input file must be to one that has been opened by OFR and not yet closed.

An attempt to open a file for reading as unit n when a unit n has already been opened will be ignored and an error 
will be signalled.

OFW
This instruction opens the specified file as the output file, giving it unit number l. The instruction has the format:

OFW f (g )

The file generation number is optional.

If the file has an expired retention period, the file name should be specified as SCRATCH TAPE; in this case any 
available expired file or scratch file may be obtained.

The first reference to the output file in the editing file must be preceded by an OFW instruction. On receiving an 
OFW instmction, the program will throw a page and titen print the date of the run followed by Words 1 to 8 of the 
file’s header label; the tape serial number, the reel sequence number, the file generation number and the retention 
period are printed in octal.

More than one file may be written in a single run by issuing further OFW instructions. If  a previous output file is 
still open when another OFW is issued (that is a CLOSE MT1 instruction has not been given) #XKYA wiU auto­
matically close the existing output file and open a new one as specified.

OM IT
Each OMIT instruction causes one subfile to be omitted from the version of the principal input file copied to the 
output file. If no subfile is specified the input file is merely repositioned after the next subfUe and nothing is written 
to the output file. If a subffie name s is specified, the input file is copied from its present postioni to the end of the 
subfile before the subfile s and repositioned after subfile s. The instruction has the format:

OMIT s

OSF
This instruction starts a new subfile on the output file by writing an appropriate startof-subfile sentinel. The instruct­
ion has the format:

OSF m s, t

where m is the mode, s is the subfile name, and t is the subfile type. For a simple subfile containing FORTRAN source, 
m must be zero or omitted, and t must be B2F4. For a composite subfile, m must be 1 and t must be C100. Each 
subfile created by an OSF instruction must be closed by a corresponding CSF instruction.

When a simple subfile is being created, the instruction after OSF should transfer control to the line editor so that the 
contents of the subfile can be transferred from the editing file.

An OSF instruction creating a composite subfile wiU be foUowed by instructions (such as COPY) that transfer 
complete subfiles to the output file, or by other OSF instmctions.

POSITION
This instruction positions the specified input file at the start of the sentinel of the specified subfile. Nothing is, 
written to the output file. The instruction has the format:

POSITION MTn s
If MTn is omitted, MT0 will be positioned.

POSITION ignores changes of subfile level.
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RENAME
This instruction renames the output Hie ^1T1) by overwriting the headerlabel. The instruction has the format: 

RENAME f(g ||r)
The new header label is printed on the Une printer.

If the file generation number g  is omitted the file will be given a file generation number o f zero. If  the retention period 
r is omitted or specified as zero, it wiU be taken as 409S days. When present, the retention period must always be 
preceded by two solidi: if the retention period is omitted no solidi should appear. Ifbo th  parameters are omitted, 
the solidi and parentheses should be omitted.

REWIND
This instruction positions the file on the specified unit number at its head, and has the format:

REWIND MTn

IfMTn is not specified, MT0 wiU be positioned.

RSF
This instruction renames the specified subfile when it is transferred from the principal input fUe to the output file.
If no subfile is specified, the next subfile to  be copied is renamed; if a subfile is specified, aU subfiles that occur 
between the current position o f the input file and the specified subfUe are copied to the output file before the 
subfile is renamed. The instruction has the format:

RSF */, s
where s is the old subfile name and s ' is the new subfile name.

SPS
All sentinels written to  the output fUe are normaUy output as part of the Usting, but the listing of sentinels may be 
suppressed by EPS instruction. The SPS instruction cancels the tost EPS instruction and the printing of sentinels i s ; 
continued. The instruction has the format:

SPS

TPCOPY
This instruction causes the next subfile written by the line editor to be output on a paper tape punch. The instruct­
ion has the format:

TPCOPY

TRAILER
This instruction writes an appropriate trailer label to the output fUe. NormaUy this wUl be done by a FINISH 
instmction but if another output fUe is to be used the TRAILER instruction should be used so as not to terminate 
the run. The instruction has the format:

TRAILER

INSTR UCTIO N S T O  TH E  LINE EDITOR
The LINEDIT main editor instruction causes control to be passed to the subeditor which edits by reference to line 
number. The line editor edits the subfile on which the principal input file (MTOi is currently positioned according 
to instructions in the editing fUe, producing an output subfile on the output fUe. The only input file that can be used 
by the line editor is the principal input file (MT0). The line editor can be used without an input subfile to produce 
a new subfile on the output fUe.

When first entered, the line editor writes the sentinel of the subfile about to be edited to the output file, prints it 
on the line printer(unless an EPS instruction is in force) throws to a new page and then prints the sentinel again.
It then prints Hnes written to the output fUe according to the instructions. On leaving the line editor, another throw 
to a new page is given and the endof-subfUe sentinel is printed (unless suppressed) when it is written to the output 
file.

AU line editor instructions must be preceded by a warning character. Any character may be used and is set, for any 
batch of instructions, by the character preceding the first instruction after the LIN instruction. The character used 
must not be the first character of any of the Unes in the editing fUe *hat are to be inserted into the subfUe. The batch 
of line.editor instructions must be terminated by an END or TER instmction.

Any horizontal tabulation characters in a paper tape editing fUe are expanded into spaces according to the PLAN 
field format.
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The line editor can accept 1900 or ATLAS card code. 1900 code is assumed on entry to the line editor.

In this chapter an asterisk is used as the Une editor instruction warning character. Any suitable character in the 
1900 Series 64 character set may be chosen by the user.

A LTER
This instruction writes lines from the editing file into the subfile currently being written. The line of the existing 
subfile after which the insertion is to be made is specified and that-Une and any number of the foUowing lines of 
this subfile can be deleted. The instruction can also be used to insert information into a newly created subfile. It 
hasthe format:

*ALTER n, d
where n is the line number and d  is the number of deletions.

This instruction copies lines from the input file to the output file up to, but not including, the line number specified. 
Starting from this point, it omits the number of input lines specified by d, and then reads lines from the editing file, 
writing them to the output tape until the next instruction, recognized by the warning character, is encountered.

If the line number is zero or is omitted, the new lines are inserted at the beginning of the subfile. If this parameter is 
omitted, the commas must remain.

If number of deletions is zero or is omitted, then new lines from the editing file wiU be inserted after the line number 
specified in the instruction and there will be no deletions. Q>Jote that the corresponding directive to #XMUM would 
perform the insertions before the line number specified).

If a new subfile is being created both the line number and the number of deletions should be omitted.

Any number of ALTER instructions may be used with the same subfile but they must appear in ascending order of 
line number. If two successive ALTER instructions specify line numbers that are the same or of which the second 
is less that the first, the line editor will report an error and ignore further instructions until it reaches an END 
instruction.

ATLAS
This instruction informs the line editor that succeeding cards are in ATLAS code up to the end of the current batch 
of line editor instructions or up to a 1900 instruction. The instruction has the format:

*ATLAS

END
This instruction retums control to the main editor. The transfer of the current subfile is first completed and the end 
sentinel is automaticaUy updated unless a new subfile has been created, in which case the CSF instruction must be 
used. If an END instruction immediately foUows a LINEDIT instruction, no editing is carried out but a listing of the 
subfile is obtained. The instruction has the format:

*END

LOP
This instruction prevents the sequence numbers of the foUowing cards in the editing file from being copied to the 
output file. It has no effect on paper tape. The instruction has the format:

*LOP

SUPPRESS
This instruction restricts the number oflines printed in the monitor printout. It has the format:

*SUPPRESS

NormaUy, every Une written to the output file by the line editor wiU appear in the printout, but if the SUPPRESS 
instruction is used, only the foUowing lines wUl be printed.

1 When deletions are made, the preceding Unes.
2 When insertions are made from the editing file, the preceding Une and the inserted Unes.

When an insertion and a deletion are made by a single ALTER instruction the preceding line is printed only once. 

The SUPPRESS instruction, when used, should be the first instruction after the LJNEDIT instruction.
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TERMINATE
This instruction returns control to the main editor but, unUke END, does not close the subfile. The end sentinel of 
the subfile being transferred is not copied and the next LINEDIT instruction will omit to copy the start sentinel of 
the subfile to be edited. In this way subfiles can be merged. The main editor positioning instructions such as BACK­
SPACE andPOSITION can be used after the TERMINATE instruction to position the input file as required before 
control is returned to the Une editor to continue writing the subfile. Once part of a subfile has been written by the 
Une editor, no main editor instruction may output to that subfile before the next LINEDIT instruction. The 
instruction has the format:

*TERMINATE

1900
This instruction informs the Une editor that succeeding cards are in 1900 code up to the end of the current batch 
ofline editor instructions or up to an ATLAS instruction.lt has the format:

*1900

4 1 8 9 ( 1 . 7 1 ) 62.1





C h a p te r1 1  M ix e d  la n g u a g e  p r o g r a m m in g
r "

A mixed language program may be created by consolidating together a number of semk:ompiled segments. Nearly 
all 1900 compilers output segments in this form and thus FORTRAN segments may be mixed with PLAN segments, 
Algol segments etc. This chapter is concerned mainly with the inclusion ofPLAN segments in a FORTRAN program.

COM M UNICATION  O F D A T A
The communication of data between PLAN and FORTRAN segments may be achieved either by passing over 
arguments or via a GOMMON area. Table 5 on page 71 gives details of the number of words used to store FORTRAN 
variables.

TR A N S FE R  O F C O N TR O L
The transfer of control to a segment in the other language is effected by the execution of a calling sequence within 
the calling segment. Control is then passed to the caUed segment, which will, normally, carry out the following:

1 Preliminary operations such as storing the link address to which control is to be returned on completion of the 
segment.

2 The main body of operations.
3 Terminal operation - returning to the calling segment via the link.

CA LLIN G  PLAN SEGMENTS FROM FO R TR A N
A PLAN segment may be called from a FORTRAN segment either as a SUBROUTINE segment or a FUNCTION 
segment, the difference being that a SUBROUTINE segment may have any number of arguments, including zero, 
and a FUNCTION segment must have at least one argument. Furthermore a FUNCTION segment must return a 
result in a location that depends on the type of function. Table 4 lists the location of results for different types of 
functions.

Type o f  function Location o f  result

Integer or Logical X6

Real Floating-point accumulator

Double-precision Floating-point accumulator: 
first two words of result.
X4, X5: Second two words of 
result.

Complex Floating-point accumulator: 
real part of result.
X4, X5: imaginary part of result.

Table 4: Location o f  results for different functions

Both a SUBROUTINE segment and a FUNCTION segment may return results via a common area or via the arguments.

When writing a FUNCTION or SUBROUTINE segments in PLAN, programmers are advised to use the subroutines 
FPROLOG and FEPILOG, which are included in the FORTRAN library. The function of FPROLOG is to pick up 
and store the line and the address of eachargument in an area of store specified by the programmer; the function of 
FEPILOG is to execute the return of control to the calling segment.
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Using these subroutines, a PLAN segment will consist of the foUowing:

CALL to FPROLOG 
Main body of segment 
CALL to FEPILOG

and should start with a #PROGRAM directive of the form:

#PROGRAM |name
where name is the name of the segment, as in the CALL statement or function reference.

The FPROLOG subroutine 

FUN CTIO N
To provide communication between a FORTRAN calling segment and a PLAN segment.

DESCRIPTION
This subroutine should be caUed by PLAN segments that are to be incorporated into a FORTRAN object program as 
functions or subroutines. The subroutine transfers a fixed or variable number of arguments from a FORTRAN caUing 
sequence to a storage area specified in the PLAN segment, and passes the name of the called segment to  the FORTRAN 
trace system.

The first word of the storage area specified in the PLAN segment is used to store link information for the return to 
the FORTRAN segment. This word must not be altered in any way during the segment. The return must be effected 
by a call to the FEPlLOG subroutine (see the section The FEPILOG subroutine).
No instructions should precede the caU to FPROLOG in the segment.

INPUT AR G UM EN TS
The PLAN segment should commence with the foUowing caUing sequence:

CALL 3 FPROLOG 
8 Hname 
c
/addr

name is thename of the PLAN segment as it is to appear in any FORTRAN trace output. This name is held in two 
words, which should be space-filled if necessary, e.g. 8 HPSEGWW
For PLAN segments requiring a fixed  number of arguments, c = n, the number of arguments to be transferred. For 
PLAN segments requiring a variable number of arguments, c = -m, where m is ♦he maximum number of arguments to be 
transferred, excluding the first. The first argument must speedy n, the munber of actual arguments for the particular 
caU to the segment. If n is found to exceed m then a fatal execution error is signaUed.

addr is the start address of the area, in lower or upper data, that is to receive the link information and arguments.
This area must contain n  + 1 wurdsif n is fixed or m + 2 words if n is variable.

When the PLAN segment is to deal with a variable number of arguments, the first argument in the FORTRAN 
argument list must be an additional argument specifying the number o f subsequent arguments; this first argument 
must be of type INTEGER and it may be a constaqt, a variable or an array element.

RESULTS
The result of a caU to FPROLOG is as foUows:

For a fixed number of arguments:

addr. contams Unk information for use by FEPILOG 
addr + 1 contains the address of the first argument. 

addr + 2  contains the address of the second argument.

addr + n = contains the address of the nth argument. 

For a variable number of arguments

addr contains Unk information for use by FEPILOG
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addr + 1 contains n the value of the first argument (giving the number of arguments to follow). 

addr + 2  contains the address of the second argument.

r

addr + n + 1 contains the address of the kist argument.

USE OF OVERFLOW
If overflow is found to be set when FPROLOG is caUed then FORTRAN execution error 50 wiH be reported. 

SPECIAL POINTS
1 No instructions should be obeyed before the call to FPROLOG.
2 The address of the argument as given by FPROLOG is contained in the modifier part of the word; the remaining 

bits may or may not be zero.
3 The word containing the Unk address should not be altered in any way.

The FEPILOG subroutine

FUN CTIO N
To retum control from a PLAN SUBROUTINE or FUNCTION segment to the FORTRAN caUing segment. 

DESCRIPTION-
This subroutines utilises link information generated by the subroutine FPROLOG, to effect a return from a PLAN 
segment to the FORTRAN calling segment; in addition the subroutine passes information to the FORTRAN trace 
system. The return of control is made directly from FEPILOG to the FORTRAN segment so that no EXIT instruction 
is required in the PLAN segment.

For every caU to FPROLOG, within a program, there must be, dynamicaUy, a corresponding caU to FEPILOG.

INPUT AR G UM EN TS
The caUing sequence is asfoUows:

CALL 3 FEPILOG 

/addr
addr is the address of the location containing the Unk information stored by the corresponding call to FPROLOG. 

RESULTS
Control wiU be returned to the caUing segment and this wiU be noted by the FORTRAN trace system.

USE O F O VER FLO W
If overflow has been set during the PLAN segment and is stUl set on the caUing of FEPILOG then FORTRAN 
execution error 50 is signaUed.

Example
A FUNCTION segment is to be written for the purpose of adding together two comptex numbers. The segment 
could be written in PLAN as foUows:
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Th is  segment w ould be equivalent to the F O R T R A N  segment: 

C O M P L E X  F U N C T I O N  C A D D  (A ,B )

C O M P L E X  A , B 

C A D D  = A  + B 

R E T U R N  

E N D

AR R A YS
In  a F O R T R A N  program arrays are stored w ith  their elements in  consecutive storage units, w hich m ay consist o f  
one, tw o  or four words o f  storage, so that the left most subscript varies most rapidly and successive subscripts 
vary correspondingly less rapidly. In  order that complete arrays m ay be *handled’ easily, inform ation about each 
array is stored separately in  an array header.
T w o  P L A N  subroutines, G E T A H  and G E N A H , are available for deaUng w ith  the array headers o f  F O R T R A N  arrays 
that are passed over into P L A N  segments.

TH E  G E TA H  SU BR O UTIN E

Function
Th e  subroutines unpacks a F O R T R A N  array header into an inform ation block accessible to  a P L A N  segment. 

tnputarguments
T h e  caUing sequence is as foUows:

C A L L  1 G E T A H  

L D X  3 a 

L D X  3 b
a contains the address o f  the array header.

| b contains the address o f  the first w ord o f  the area o f  store that is to receive the inform ation block. F o r  an 
n-dimensional array the length o f  the inform ation block must be n + 4 words.
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ftesults
The results returned to the information block are as follows:

WORD 0 contains the number of dimensions of the array (n).
WORD 1 contains the number of words per array element (m).
WORD 2 contains the Base address - the address of element (0, 0, 0, ..0).

WORD 3 contains the address of the first element of the array- element ( 1, 1, 1 .1).

WORD 4 contains the address of the first word past the end of the array.

WORD 5 contains the first partial product Pj (only present for n>2).

WORD 6  contains the second partial product P2  (only present for n>3).

WORD (n + 3) contains the last partial product P j .

Notes
P^ is defined by P^ = D jT ^.D g......................D^
where Dj, is the number of elementsin demension&, and k may take any of the values 1, 2, 3,...^i-l. The base 
address is found by subtracting m.N from the address of the first element, where N = 1 + Pj + P2 ....................+P^ j.

THE GENAH SUBROUTINE

Function
The subroutine generates a standard FORTRAN array header from an information block produced by GETAH. 

Input arguments
The calling sequence is as follows:

CALL 1 GENAH 

LDN 3 a 
LDN 3 b

a contains the address of the first word of the area at which the array header is to be generated and b contains the 
address of the first word of the information block. If a and b are specified as the same the effect will be to condense 
the information block into a standard array header.

It is recommended that the same number of words are set aside for both the information block and the array header. 

Results
A standard FORTRAN array header is generated at the address specified.

Example
It is desired to write a PLAN subroutine, to be called by a FORTRAN segment, to copy one array into another.

The arrays are assumed to have a similar structure and not more than three dimensions. Two argument, being two 
array names are required by the subroutine and the corresponding information blocks are called IB1 and 1B2.

A possible version of the segment is as follows:

r'
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SHEET 2. OF 2.

Common storage areas
In the previous examples information has been passed over to the called segment via arguments. An alternative, or 
complementary, method is to pass information via a common storage area.
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When establishing conunon areas care must be taken to ensure that the differences in the sizes of the storage units 
used by FORTRAN and PLAN are aUowed for. Details of the number of words used to store FORTRAN variables 
are given in the Table 5 on page 71. When an array is spedfied in a FORTRAN COMMON statement, the number 
of words occupied by the array is the product of the number of elements and number of words per element.

It must be remembered that when arrays are being dimensioned, the number enclosed in parentheses in FORTRAN 
refers to the number of elements, whereas in PLAN the number enclosed in parentheses refers to the number of 
words.
Thus the following FORTRAN statements:

REALB

COMMON/AREA/B(7) 

and the PLAN directive:

establish a common area named AREA in which B corresponds to C and both occupy 14 words. The PLAN 
directive #  LOWER could be used in place of #UPPER to force the area to be placed in lower storage, although the 
FORTRAN segment(s) could not take advantage of this.

EXAMPLE OF TH E  USE OF COMMON 
A  F O R TR A N  segment contains the following statement:

LOGICAL BOOLEAN
COMMON/POOL/J, A(5), LIST (5,2), BOOLEAN 

These establish a common area of 34 words caUed POOL, as follows:

INTEGER variable J - 2 words 

REAL . array A -10w ords 

INTEGER array U ST -20w ords 

LOGICAL variable BOOLEAN-2words 

A PLAN segment called by the FORTRAN segment contains the directive:

This establishes a common area of 35 words called POOL as follows: 

ITEM - 1 word

NULL - 1 word

RES - 10words 

K1 - 10words 
K2 - 3 words

Y - 3 words
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During consolidation the two areas will be combined into one storage area named POOL consisting of 35 words (the 
larger of the sizes) of which the FORTRAN segment may use only the first 34 words as follows:

J will correspond to ITEM and NULL

A will correspond to RES

LIST will correspond to K1 and K2

BOOLEAN will correspond to the first two words of Y

BLOCK DATA SEGMENTS
The equivalent of a FORTRAN BLOCK DATA segment may be written in PLAN. The initial#PROGRAM directive 
must be of the form:

#PROGRAM progitame/segname

where progname is the program name and segmme is any unique segment name.

The segment must contain only # UPPER or # LOWER COMMON directives that set up common areas containing 
preset values.

BLANK COMMON AREAS
The blank common area may be used by both PLAN and FORTRAN segments, for example the blank common 
block established by the statement:

COMMON FRED, BERT

could be accessed by a PLAN segment containing the directive:

70 4 1 5 9 ( 7 . 6 9 )



Type Number
ofwords Format

NORMAL COMPILATIONMODE

REAL 2 Word 1 Bits 0 to 23 signed mantissa 

Word 2 Bit 0 0

Bits 1 to 14 continuation of mantissa 

Bits 15 to 23 exponent + 256 
(i.e. as PLAN floating point number)

INTEGER 2 Word 1 Bits 0  to 23 signed binary integer 

Word 2 Bits 0 to 23 unused

LOGICAL 2 Word 1 Bits 0 to 22 0

Bit 23 0 for FALSE 

1 for TRUE

Word 2 Bits 0 to 23 unused

DOUBLE PRECISION 4 Word 1)
>as for REAL 

Word 2 f

Word 3 Bit 0 0

Bits 1 to 23 continuation of mantissa 

Word 4 Bit 0 0

Bits 1 to 9 final part of mantissa

COMPLEX 4 Word 11  .  „ ^ ¥
>as for REAL 

Word 2J

Word 31 ,
>asfor REAL 

Word 4 J
The first pair give the real part and the second pair 
the imaginary part of the complex number.

COMPRESS INTEGER AND 
LOGICAL MODE

INTEGER 1 Word 1 Bits 0 to 23 signed binary integer

LOGICAL 1 Word 1 Bits 0 to 22 0

Bit 23 0 for FALSE 

1 for TRUE

COMPRESSDOUBLE
PRECISIONMODE

DOUBLE 2
W ordllasfo rR E A L

PRECISION Word 2)

Table 5 The method o f storage ofFORTRAN variables.
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C A LLIN G  FO R TR A N  SEGMENTS FROM PLAN
The following calling sequence should be used wherever a FORTRAN segment is called from a PLAN segment. 

CALI. 1 segname 
LDN 3 a{
LDN 3 a2

LDN 3 an

Oj, «2... «« are locations in the LOWER data store containing each argument in turn.

If any of the arguments are held in the UPPER data store then the 

LDN 3 a
instruction should be replaced by an instruction of the form 

LDX 3 b
where b is the word in the # LOWER data store containing the address of the argument.

Both forms are such that when obeyed, the address of the argument is placed in X3; Control is returned to the word 
following the last LDN or LDX instruction.

Table 6 gives the values of the operand and associated instructions for the various types of arguments.

Type o f argument 
required by FORTRAN 
segment

Instruction Operand

Constant or variable LDN 3 Address of constant or variable

LDX 3 Address of word containing address 
of constant or variable

Array

LDN 3 Address of array header

LDX 3 Address of word containing address 
of array header

LDX 3 Address of word containing 128/ 
address of first element

Function or Subroutine LDX 3 Address of word containing a 
branch instruction (BRN) to 
function or subroutine

Tabte 6: Value o f operand in PLANinstructions when callingaFORTRANsegmentfrom aPLANsegment. 

Example
The FORTRAN subroutine PIVOT has been written to determine the element of a one dimensional array that 
contains the lowest value and to return the element subscript POOL and the lowest value MIN as follows:

SUBROUTINE PIVOT (POOL, A, N, MIN)

REAL MIN

DIMENSION A(N)
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M IXED PLAN/FOR TR AN O V E R L A ID  PROGRAMS
PLAN segments included in a FORTRAN program can be overkid in the same way as FORTRAN segments, 
provided they are mentioned in the OVERLAY statement in the program description and are entered vk  the 
subroutine FOVER (see below). A PLAN steering segment specifying overlay organization is not required and must 
not be input to  the compiler. If the PLAN segment itself caUs other segments it is advisable that this is done with 
FOVER.

The subroutine FOVER 

FUN CTIO N
To caU FORTRAN overlay system in PLAN segment in a mixed language overlaid program.

DESCRIPTION
In a FORTRAN/PLAN mixed language overlaid program that uses the FORTRAN overlay system, calls from a PLAN 
segment must normaUy be achieved by calling FOVER. (For the exceptional case in which this is only optional, see 
note 1 below).
The function of this subroutine is to ensure that the caUed segment is in core store (i.e. bringing in the overky unit 
containing the caUed segment, if necessary), and then to  exit to the segment (or cue, see note 2 below) specified. The 
normal RETURN statement(or caU to FEPILOG) in the caUed segment causes theoverky system to transfer control 
to the instruction foUowing the caUing sequence for FOVER, after ensuring that it is in core store (i.e. bringing in the 
overky unit that contains the instruction if it is an overky area that has been overwritten since FOVER was caUed).

If the logic of the program causes control to  pass more than once to the section of the program that contains a caU to 
FOVER, on the second and subsequent occasions control wiU pass more quiddy to the caUed segment.

POOL = 1 

MIN = A(1)

DO 100I = 2 ,N  

IF (MIN.GT.AO)) GO TO 100 

MIN = A(1)

POOL = 1 

lOOCONTINUE 

RETURN 

END

It is required to caU this subroutine from a PLAN segment in order to process the array SHADOW; the calling 
sequence might be written as foUows:



INPUT AR GUM EN TS
The calling sequence is as foUows:

CALL 1 FOVER

ENTER calledseg

LDN 3 a}
LDN 3 a2

LDN 3 a n
BRING caUingseg.

where calledseg is the name of the caUed segment
aj, a ^  ...an are the n arguments of the called segment

caUingseg is the name of the caUing segment

This sequence occupies (n + 6 ) words, since ENTER and BRING are PLAN Macro instructions occupying 3 and 2 
words respectively. (They are never executed as such but aU the information they contain is used by FOVER.)

USE OF OVERFLOW  
Unchanged

R ETURN  LOCATION S
On exit from the caUed segment return (either direct or via the overlay system) is to CALL + (n +5) (where the 
CALL referred to is that to FOVER).
Notes:

1 If the calling and the called segments are to be consolidated into the same overlay unit, or both into 
permanent store, then the use of FOVER is only optional. The advantage of using it in this case is that 
subsequent reorganization of the overlay structure can be achieved without having to recompile any of the 
PLAN segments involved.

2 References to CALLEDSEG could equaUy be to CALLEDSEG + c, CUENAME, CUENAME + c (where 
CUENAME is the name of a cue) when the caUed segment is written in PLAN.

Restrictions
When using the FORTRAN overlay system the foUowing three restrictions should be noted:
1 Not more than 20 arguments may be passed over to any called segment.

2 If the caUed segment and the caUing segment are in different units of the same overlay area, then preset area, 
which is itself overlaid, should not be used for storing argument addresses or the arguments themsehres.

3 If an EXIT instruction is used, the segment referred to in the Unk must currently be in store.

4 The PLAN instructions BRING, RECALL and ENTER should not be used except as specified with the FOVER 
subroutine.

Example
A PLAN segment POLAY with no arguments is to be included in area 1 unit 2 of a FORTRAN program. POLAY 
calls the FORTRAN segment FSEQ. The program description might include the statements

OVERLAY (1, 2) POLAY, OTHERSEGS

OVERLAY (1, 3) FSEQ, MORESEGS

and the PLAN segment would have the structure
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E N TR Y  POINTS A N D  M ASTER SEGMENTS
There must be one and only one master segment in a program. If written in FORTRAN is mpst start with a 
MASTER statement. If written in PLAN it must contain entry point 0. In general, use of entry point 9 should be 
avoided in a PLAN segment. If any of the FORTRAN segments have been compiled in TRACE 2 mode then no 
entry points should appear in a PLAN segment.

USE O F WORD 30
In a FORTRAN program the following use of bits in Word 30 is made:

Bit 0 Used to control statement tracing of any segment compiled in TRACE 2 mode.

Bits 1 to 8 Used by programmer as sense switches.

Bits 10 - 23 Reserved for future use by FORTRAN system.

In a mixed PLAN/FORTRAN program care should be taken to ensure that a bit in Word 30 is not used for more 
than one purpose.

PERIPHERAL USAGE
It is strongly recommended that input or output on a particular peripheral be programmed in one language only. If 
this is not done, unpredictable events may occur.

If a PLAN program incorporates FORTRAN segments containing FORTRAN input/output statements, the peri­
pherals must be defined in a FORTRAN program description in th'e usual way and the semLcompiIed segment 
produced from the program description (given the name %%%F) must be included in the PLAN program.

The FORTRAN inppt/output system will not be incorporated into the object program unless either READ or 
WRITE statements are present or at least one FORTRAN segment was compiled*at trace level 2.

Peripherals nominated in a FORTRAN program description are assigned dynamically the first time they are used by 
the FORTRAN system.

SUBPROGRAMMING
There are no subprogramming facilities in FORTRAN but subprogramming can be used in PLAN in the normal way. 

COMPILING M IXED FORTRAN/PLAN PROGRAMS
This section gives some general guidance on how semi-compiled PLAN segments can be produced and how they cap 
be incorporated into a FORTRAN program. The information given here is not comprehensive and further information 
will be found in the PLAN Reference Manual.

For a 16K configuration, it is recommended that one of the PLAN 3 compilers #XPLG (for paper tape or card input) 
or #XPLV (for magnetic tape input) be used to compile the PLA^1 segments. The output will be an incomplete 
consolidated semi-compiled program containing the semi-compiled PLAN segments and any library subroutines from 
the PLAN library S-RS that are called by these segments.

All the segments are input to the FORTRAN compiler by a statement of the form
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READ FROM (UTJilename)
where filename is the name of the PLAN compiler output file (as nominated by the programmer).

For a configuration of 32K or more, it is recommended that the PLAN 4 compiler #XPLN be used either to produce 
a consolidated semicompiled program as before or to produce unconsohdated semi-compiled segments in named 
subfiles. In the latter case, the subfiles must be input to the FORTRAN compiler by nominating the subfiles in 
READ FROM statements (see page 22). Any library subroutines required from the PLAN library must then be 
obtained by using a LIBRARY statement and a READ FROM as described in Chapter 6.

TH E  LEAD ER  S TA TE M E N T
The presence of the LEADER statement in the program description of a mixed FORTRAN/PLAN program will 
cause information to be output on the listing peripheral at the end of the source listing. The information output 
gives a consolidated program summary; this consists of details of the actual areas of core store allocated to the 
program storage areas at run time. These details are output in a highly compressed and economical form (see Chapter 
8 of the PLAN Reference Manual).
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C h a p t e r 1 2  G E O R G E 1 a n d 2

Details of the use of the FORTRAN magnetic tape compiler under the GEORGE 1 and 2 operating system wiU be 
supplied as an amendment to this manual.

4 1 5 9 ( 7 . 6 9 ) 77





P A R T 2  OPERATING CONSIDERATIONS





C h a p t e r  13 S y s t e m  d e s c r ip t io n

This Chapter is designed for those responsible for the running of an instaUation and gives a general outUne of the 
new system together with recommendations for optimizing magnetic tape usage.

T H E  1900 SERIES F O R TR A N M A G N E TIC  TA P E  SYSTEM
The basis of the system is the FORTRAN magnetic tape compiler, #XFAM, which is held on a system tape together 
with its associated Ubrary group, SRF7, and a search program. The compiler accepts FORTRAN source segments or 
semtcompiled segments, either from one or more basic peripherals or from magnetic tape, and outputs semicompiled 
segments to magnetic tape.

Compilation and consolidation
, The compiler has three alternative modes o f compilation: segments mode, singie program mode and batch mode.

The user specifies the mode that is required by an initial eompiling system statement input at the beginning of the 
run.

SEGM ENTS MODE
bi segments mode the-compUer output unconsolidated semicompiled segments to a magnetic tape; consolidation is 
impossible.

S IN G LEP R O G R A M M O D E
In single program mode the input to the compiler consists of a single complete program comprising a number of 
segments in FORTRAN source or semicompiled form. Normally the compiler wiU output the consolidated semi­
compiled program to a magnetic tape from which the program is automaticaUy loaded into store, ready to be 
activated, the compiler deleting itself as the program is loaded. The user may prevent the loading of the program 
optionaUy, retaining the semicompiled form, and he may obtain a binary dump of the loaded program. If  the . 
program is an overlay program the loading procedure involves making a binary dump of the program to a second 
output tape; loading then takes place from this tape.

BATCH MODE
In batch mode, the input to the compiler consists of two or more complete programs, which are compiled and con­
solidated and output in semicompiled form to a magnetic tape. In addition, the search program held on the system 
tape is copied across to the beginning of the output tape so that the programs may be accessed.

\

Object programs
Once loaded into store, an object program is activated in the normal manner by a GO #name console message, where 
#  name u  the program name.

A program that is not automaticaUy loaded is held on tape either as a single binary program, a singk consolidated 
semicompUed program or one of a batch of consolidated semicompiled programs. In the first two cases the program 
is loaded by a FI#name console message, in the third case the program is loaded by a Fl#name#file console message; 
where #name is the program name and PROGRAM file  is the name of the tape containing the batch.

The peripherals used by an object program are specified in the program description. The 1900 Series FORTRAN 
System aUows the use of magnetic tape and disc files (both E.D.S. and F.D.S.) in addition to aU basic peripherals. 
More than one peripheral of a particular type may be used if required.

TAP E USAGE A N D  EFFIC IEN C Y  

Compile time
The FORTRAN magnetic tape compiler is oriented towards a named tape system. The tapes to be used during a 
compilation are nominated by the user in the initial compfling system statements; the absence of a nominated tape 
wUl be signaUed at the console. The user need not nominate tapes for output; in the absence of a nominated output



tape the compiler will look for a scratch tape. The compiler will always require one.output tape and an extra output 
tape wiU be required for overlay programs and where a binary dump is required. The compiler is itself overlaid arid 
will retain one tape deck throughout a compilation. In order to minimize tape movement and search time the system 
tape should be organized as foUows:

beginning of the system tape

#file - search program

#XFAM - magnetic tape compiler

SRF7 - compiler library

frequently used libraries

The system tape is created using standard library manipulation programs. The file is caUed PROGRAM file.

It is considerably faster to load programs that are held in binary form rather than in consolidated semicompiled form. 
Thus frequently used FORTRAN programs should be compiled and retained as binary dumps. The batch compilation 
facility may be used to maxunize job throughput.

Object time
1900 Series FORTRAN users are enabled to specify the block size for formatted data transferred at object time.
In general, the larger the block size, the faster wiU be transfers to and from magnetic tape at object time although - 
this is achieved at the expense of an increase in program size.

O P TIO N AL SYSTEM  A L TE R A TIO N S  

Log analysis messages
When a batch of jobs is compiled in batch mode a DISPLAY message appears on the console log giving the 
program name and the mill time used. If #XFAM is used as supplied, this message does not appear when single 
programs are compiled. If the installation manager wishes the DISPLAY message to be produced for compUation 
of single programs as well as for batches he may achieve this by using the program #XPMW (see the manual 
CompilingSystems) to alter Word 30 of #XFAM to the value #10000000.

Default listing mode
If #XFAM is used as supplied, and no listing statement (see page 15) is given in the initial statements, the 
compiler assumes the SHORT LIST option. This default action can be changed so that the UST option is assumed 
by using the program #XPMW (see the manual Compiling Systems) to alter Word 30 of #XFAM to the value 
#10000, or, if the log analysis message is also required, to #10010000.



C h a p t e r  15 O p e r a t o r 's  g u id e  t o  th e
F O R T R A N  m a g n e t ic  ta p e  c o m p ile r

This chapter gives the operating instructions for the FORTRAN magnetic tape compiler. Though written as a 
reference document for operators, it is also intended as a programmer’s guide for writing the operator’s instructions.

The operating instructions are divided into two parts: the first lists the normal procedures and the second lists 
exception conditions that can arise. Each section is further divided into compibtion instructions and run time 
instructions.

The operating instructions given will not apply when the compilation is to be performed under the control of 
GEORGE 1, in this case the GEORGE 1 System Macros may be used, or the programmer may write his own System 
Macros.

\ OPERATO RS IN STR U CTIO N S FOR TH E  M A G N ETIC  TAP E COMPILER 

Hardware raquirement

Processor Any 1900 Series central processor with floating point faciUties,
performed either by extracode or hardware, and at least 12032 words 
of core store.

Basic Peripherals At least one reader: paper tape or card.
Optional listing device: line printer or paper tape punch.

Magnetic Tapes The Library Tape.
One or two named or scratch files for compiler output. Other 
magnetic tapes to  be used for input (optional).

Use of peripherals

LP1 Ustingperipheral.

TP1 Alternative Hsting peripheral.

TR0 Paper tape input.

CR0 Card input.

\ MT0 FORTRAN Library Tape containing the compiler and associated
Ubrary SRF7. This tape remains assigned throughout the compilation, 
since the compiler is overbid.

MT1 The magnetic tape nominated to receive ‘finaP semi<ompiled output.

MT2 Input magnetic tapes in succession (optional).

MT3 The magnetic tape Used as a work tape during the compibtion of an
overby program or extended data program.

Note: If  a binary dump of the object program is required, it wiU be made automaticaQy after the compiler has 
deleted itself to  a magnetic tape assigned as MT1.

Priority
The compiler as supplied has a priority of 50.

7



CompUation and consolidation: Single program mode

Narrative Console message

1 Load the FORTRAN Ubrary tape, and other tapes 
requested by the programmer. Load the compiler
#XFAM into store FI #XFAM # yyyy

where the FORTRAN Ubrary tape is called 
program yyyy. This tape remains assigned to 
#XFAM throughout the run.

When the compiler is loaded, the message 0  #XFAM; HALTED:-LD
wiU be output.

2 Activate the compiler by one of the foUowing:
(a) begin, reading initiaUy from paper tape GO #XFAM 20

(b) begin, reading initiaUy from cards in
1900 code GO#XFAM21

(c) begin, reading initiaUy from cards in
ATLAS code GO #XFAM 22

A paper tape or card reader is assigned 
asunit 0
Switching between input peripherals 
may occur.

3 The program wiU be read in, compUed, and in 
most cases consolidated and loaded into store.
(a) If there are errors in compUation the

compUer wiU halt 0  #XFAM; HALTED:-ZZ

(b) If the SEGMENTS or OVERLAY 
SEGMENTS statement has been used 
then no consolidation wUl take place 
and an error free compUation wUl
result in 0  #XFAM; HALTED:-EC

(c) In the normal case an error free non­
overlay program, #name say, is compUed, 
consolidated and loaded into store. The
message sequenceis 0  #XFAM; DELETED:-LO #name p

0  #name: HALTED:- LD
where p  is the number of the deck holding 
the tape with the consolidated, semicompiled 
program.

(d) With an error free overlay program a 
binary dump is always produced and
messages are 0  #XFAM; DELETED:-LO #name p

0#name; DELETED:-LO #name q 
0#name; HALTED:-LD

where q is the number of the deck 
holding the binary program and p  is as in 
case (c) above

(e) If the DUMP ON statement is used the 
program wUl not be loaded into core 
(unless RUN is also present). Console 
messages at the end of compUation wUl
be 0  #XFAM; DELETED:- LO #name p
The binary dump is then produced and
the prociess terminates with the message 0  #name; DELETED:-AE

Operating instructions



Loading and running the object program: Single program mode 

Narrative Console message

4 Load the object program, if not done
automatically FI #name
When the object program has been loaded,
the message 0  #name HALTED:-LD
will be output.

5 Activate the object program as indicated 
by the programmer:
(a) if no TRACE output is required GO #name 20

(b) If TRACE output is required for
every statement GO #name 27

(c) if a TRACE steering list is supplied GO #name 28

Load the steering list on the basic peripheral 
assigned. The steering Ust wiU be read in, and 
the program entered.

6  On request from the programmer:
TRACE output may be suppressed by
tuming Switch 0 off OFF #name 0

TRACE output may be turned on again by ON #name 0

7 The program wiU delete itself with the
message 0 #name DISPLAY:-flbcdeDELETED:4)0

Compihxtion and consolidation: batch processing mode 

Narrative Console message

1 Load the FORTRAN library tape and other 
tapes as requested by the workassembler.
Load the compiler into store FI#XFAM#yyyy
where the FORTRAN library tape is caUed 
PROGRAM yyyy. This tape remains 
aUocated to #XFAM throughout the batch.

When the compiler is loaded, the message 0  #XFAM; HALTED:-LD
wiU be output.

2 ActivatethecompUerasrequestedbythe 
work assembler by one of the foUowing:
(a) begin, reading initiaUy from paper

tape GO#XFAM 20

(b) begin, reading initiaUy from cards
in 1900 code GO#XFAM 21

(c) begin, reading initiaUy from cards in
ATLAS code GO#XFAM 22

A paper tape or card reader is assigned as 
unit 0 .
Switching between input peripherals may 
occur.

3 Program wUl be read in, compUed, and in 
most cases consoUdated, For each program
in the batch, the console message O #XFAM; DISPLAY:- COMPILED m name x
wUl be output, where 
m is a measure of the miU time, and may 

be used for log analysis, name is the 
four character program identifier and



Narrative Console message

x  is: |
EC no errors found
SM segments missing
ZZ errors found

4 Attheendofthebatchthefinalmessageis 0#XFAM; HALTED:-ENDOFBATCH

5 To initiate another batch return to step 2.

Loading and running the object program: batch processing mode 

Narrative Console message

6 Load a compiled object program, by the
message Fl#name#xxxx
where PROGRAM xxxx  is the name of the 
file chosen by the work assembler for 
compiler output.

7 Activate the object program:
(a) if no TRACE output is required

from every statement GO#name20
(b) if TRACE output is required

from every statement GO#name21
(c) if a TRACE steering list is supplied GO#name28 

Load the steering Ust on the basic
peripheral assigned

8 On request from the programmer:
TRACE output may be suppressed by
tuming Switch 0 off OFF#name 0
TRACE output may be turned on again by ON#name 0

9 The program will delete itself with the
message 0 #name DISPLAY:- abcde DELETED:- 00

10Repeat from step 6 for each successfully 
compiled program in the batch.

Exception conditions

Compilation and consolidation

Message Reason Action

1 0#XFAM; HALTED:OE Checksum error when If input is on paper tape or cards, the
reading semicompiled tape should be moved back to the
program. beginning of a block or one card moved

back to be re-read. Continue by typing in 
GO#XFAM

If semicompiled program was being read 
from magnetic tape, either abandon the 
compilation run by

GO#XFAM 27
or continue the compilation in error mode 
by

GO#XFAM 26
The Iatter is most useful in a batch 
compilation when it is not required to 
terminate the batch by GO#XFAM27. The 
compilation in error should be repeated

V



from the beginning possibly after the 
regeneration of the sem i compiled program.

2 0#XFAM;HALTED:- CR The compiler requires a Makethenecessaryperipheralavailable
LP peripheral that is not and type in
TR available GO#XFAM
TP

3 P#XFAM; HALTED:- NL The FORTRAN subroutine Abandon the run.
Ubrary has not been found 
on the Ubrary tape. This may 
be because it is not present 
on this tape, or has already 
been skipped in the search 
for another library.

4 0#XFAM;HALTED:- PF Thismessageoccursaftera Toinitiateanothercom pilation,returnto
single program compilation step 2 of Compiling and Consolidating
has been abandoned by operating instructions.
typing

GO#XFAM 27

5 0#XFAM; HALTED:- ST The compiler requires more a) On a multiprogramming processor,
core store and none is delete an idle program and continue by
available. typing

GO#XFAM
b) On a single programming processor, 

abandon the compilation by typing 
GO#XFAM 27

The program is too large and should 
either be compiled on a machine with 
more core or be rewritten in smaUer 
segments.

6  Operator action is required if (a) if the message in step (a) Sinudate a FINISH statement by typing
the compiler attempts to read 3 of the operating GO#XFAM 28
from a slow device more input instmctions has not
than the user has supplied. been output, it is

likely that a FINISH 
statement has been 
omitted.

(b) If message of the type (b)Simulate an END OF BATCH statement 
in step 3 of the opera- by typing 
ting instructions have GO#XFAM 27
been output, then the 
compiler is working in 
batch mode and an 
END OF BATCH 
statement is very 
Ukely omitted.

7 0#XFAM; HALTED: There is no room for the Batch compile the remaining programs to
END OF BATCH • remaining programs on the a different output file.
OUTPUT TAPE FULL output tape.

Message Reason Action
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Loading and running the object program

Message Reason Action
1 0#name; HALTED:- EE The program run has been No operator action required. Post mortem

terminated. This message information wiii be output automatically,
occurs on the detection of The program cannot be restarted.
an execution error or as a 
result of

GO#name 29

2 0#uawe;HALTED:- abcde The program has reached the As specified by the programmer*
statement PAUSE abcde 
where abcde consists of up 
to five octal characters.

3 0#name; HALTED:- CR The peripheral required Make the necessary peripheral available
CP by the program is not and type
LP avaUable. GO #name
TR 
TP

4 0$name ILLEGAL Illegal occurrence Input
GO#name29
Post mortem information wiU be output 
and the program will halt with the 
message 0 #name; HALTED:-EE

5 The program loops Input GO#name 29
indeflnitely Post mortem information will be output

and the program wiU halt with the 
message 0#name; HALTED:- EE

6 0#wawe; HALTED:- Ex or An error has been detected Reload the program; if this
0#name; HALTED:-LD ERR-x during the loading process fails, recompile the program.

where x is one of A, C, I, N, P,
Q, R, S, T, U or X

7 Q#name', HALTED:- TM Failure when dumping binary Recompile the program.
program to magnetic tape.

8  0#wffwe;HALTED:-EM A nattem pthasbeenm adeto Abandontherun.
load an EXTENDED DATA 
program to a machine which 
is too small.

OPERATOR'S IN STR UCTIO N S FOR ED ITO R  #XMUM 

Hardware requirement

Processor: Any 1900 processor with floating point facilities, extracode or hardware,
and console typewriter.

Core Store; 8512 words

Slow Peripherals : One paper tape or card reader. Switching between slow input peripherals
may occur during the course of an #XMUM run.
One line printer
One card punch (optional)
One paper tape punch (optional)

| Magnetic Tapes: One or two named tape(s) for #XMUM output
One named tape for #XMUM input (optional)
One named or scratch tape for #XMUM work tape (optional)
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TR0 Paper tape input
CRO Card input
TPO Paper tape punch
CPO Card punch
LPO Line printer for listing
MTO Input magnetic tape
MT1 Output magnetic tape
MT2 Work magnetic tape

Priority
#XMUM as supplied has a priority of 80.

Entry points
GO #  XMUM 20 Paper Tape entry
GO #XM UM 21 Card/1900 entry
GO #  XMUM 22 Card/ATLAS entry
GO #  XMUM 23 Restart
GO #  XMUM 28 Abandon the run

Operating instructions

Narrative Console message

1 Load the Library Tape containing the editor #XMUM 
and one to three other magnetic tapes as specified by
the programmer. Load #XMUM into store. Fl#XMUM#TAPE

2 Activate #XMUM by one o f the foUowing:
(a) begin, reading from paper tape GO#XMUM 20

(b) begin, reading from cards in 1900 code GO#XMUM 21

(c) begin, reading from cards in ATLAS code GO#XMUM 22

Switching between input peripherals may occur during 
the run.

3 At the end of a run, #XMUM will halt 0#XMUM; HALTED> OK

4 #XMUM may be restarted for another run at step 2.

Exception conditions

Message Reason Action

1 0#XMUM; HALTED:- CR The program has tried to Make the necessary peripheral available and
TR aUocate a peripheral which type GO #XMUM
CP is not available
TP 
LP

2 0#XMUM;HALTED:-ER Anunusualhardwarefailure EitherabandontherunbyG O#XM UM 28
has occurred on the input or continue past the error by GO #XMUM 
magnetic tape (some input records may be lost)

3 Operator action required if 1 If all input from paper tape 1 Supply a batch terminator consisting
#XMUM attempts to read and cards has been read, it is of // //  in columns 1 to  4.
from a slow device more Ukely that a batch terminating
input than the user has directive // / /  has been omitted.
suppUed. 2 If some input has stiU to be 2 Satisfy the transfer by feeding in a blank

read from the other slow card or newline character,
medium it is Ukely that a user

Use o f peripherals



has omitted a blank card or a 
line foUowing a *SWITCH 
directive.

4 0#XMUM; HALTED:-ZZ The output magnetic tape has Abandon.
for some reason not been 
finished in good order. The 
reason for this (given on the 
Usting) could be magnetic 
tape failure or an input 
magnetic tape in the wrong 
format.

OPERATO RS IN STR UCTIO N S FOR ED ITO R  # X K Y A

Hardware requirement

6912 words of core store

1 paper tape reader or 1 card reader

1 or more magnetic tape decks (maximum 6 )

1 paper tape punch or 1 card punch (optional)

1 line printer

Use of peripherals

TR0 parameters and data The reader is assigned at the start of the run and released at the end.
or
CR0

LP0 error codes and messages The printer is assigned at the start of the mn and released at the end.

TP0 subfile copies The punch is assigned in the program and released at the end of the
or (optional) run.
CP0

MT1 output data The file is opened when specified and closed at the end o f the run.

MT0 main input tape The file is opened when specified and closed at the end o f the run.

MT2 input tapes The files are opened when specified and closed at the end of the
to (optiomd) run unless specificaUy closed earlier.
MT5

Priority
#XKYA as supplied has a priority of 80 

Operating instructions

Narrative Console message

1 Load the library tape containing #XKYA.

2 Load the input and output magnetic tapes.

3 Load the editing file in a card or paper tape reader.

4 Load #XKYA into core store with the message: FI #XKYA #TAPE

5 When loading is completed the following message
will be output: HALTED: - LD
Begin the mn by typing:

Message Reason Action
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Narrative Consok message

(a) if the editing file is on paper tape: GO #XKYA 20

(b) iftheeditingfileisoncards: GO#XKYA21

6  When the run has been completed without error,
the following message will be output: 0#XKYA; DELETED 99

Exception conditions

Message Meaning Action

1 0#XKYA; HALTED:-CP A card punch is required. When a card punch is available, restart 
the run by inputting:

GO #XKYA

2 0#XKYA; HALTED:-TP A paper tape punch is 
required.

When a tape punch is available, restari 
the run by inputting:

GO #XKYA

3 0#XKYA; HALTED:- 
NOT ENOUGH CORE

More core store is required. When sufflcient storage space is available, 
restart the run by inputting:

GO #XKYA

4 0#XKYA: DELETED:-ME The run has been completed but 
minor errors have occurred. 
These are indicated separately 
on the line printer.

5 0#XKYA: DELETED:OH A major error has caused the 
run to halt prematurely. The 
reason is indicated on the line 
printer.

6  0#XKYA; DISPLAY:- 
MTn READ ERROR

A magnetic tape failure has been 
detected when reading the input 
tape MTn; n is the unit number.

The run is automaticaUy abandoned, 
and deleted OH is output.

7 0#XKYA; DISPLAY:- 
MT WRITE ERROR.

A magnetic tape failure has been 
detected when writing on MT1.

The run is automatically abandoned, 
and deleted OH is output.





A p p e n d ix  1 C o m p i la t io n  e r r o r  n u m b e r s

Error
number Interpretation

1 Mis-matched parenthesis
2 Missing parenthesis
3 /), expected, but another character found.
4 Error in format of expression.
5 Constant out of range.
6 Integer variabte expected, but something else found.
7 Array, not declared, or declared twice.
8 First character of name non-alphabetic, or name omitted.
9 Statement too long.

1 0 Statement incomplete.
11 Label set twice or error in columns 1 to 5.
12 Error in label references.
13 Incorrect subscript: for example, too many or too few subscripts. In particular, the array name may 

have been used as an unsubscripted variable.
14 Incorrect name, e.g. subroutine has incorrect name.
15 DO label not found.
16 Label missing.
17 Statement not recognised or out of context.
18 Error in compiling system statement.
19 Expression too complicated 

or
Too many overlay segments (as a guide this may occur if more than 150 segments are specified).

2 0 Compiler error (should not occur).
21 Expression on the left hand side of an arithmetic assignment statement 

or
In a relational expression “=” has been used instead of “ .EQ.”

2 2 Array not declared in a declaration statement or Statement Function definition out of ptece.
23-25 Reserved.
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Error
number Statement Interpretation

26 Initial statements Incompatible use of file or subfile names e.g. file specified in SEND TO 
statement is same as file specified in DUMP ON statement.

CALL Subroutine called has same name as the segment containing the CALL 
statement.

FUNCTION Segment name omitted.

Function reference Function reference has the same name as the master or subroutine 
segment which contains the function referenced.

SUBROUTINE Segment name omitted.

GOTO Error in GO TO statement following the characters GO TO.

DO DO statement incomplete.

IF EX) statement in ‘logical IF’.

FORMAT Unlabelled.

READ \  
WRITE /

Channel number not integer constant or integer variable.

INTEGER
REAL
LOGICAL
DOUBLE PRECISION 
COMPLEX

Type already specified for same item or type statement ui wrong 
position.

COMMON Incorrect name for common block

DIMENSION No dimensions given

EQUIVALENCE Dummy argument in Equivalence List

DATA Incorrect name in list e.g. a subroutine name.

27 FUNCTION No arguments after function name

Function reference An argument of the function has the same name as the master or 
subroutine segment in which the function is referenced.

GOTO Error after) of ‘computed GO TO’.

CALL An argument of the subroutine called has the same name as the 
master or subroutine segment in which the CALL statement appears.

READ ) 
WRITE / Format reference error.

COMMON Incorrect item in list e.g. dummy argument.

EQUIVALENCE Incorrect item e.g. constant or segment.

DATA Incorrect form of constant.
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Error
number Statement Interpretation

28 DO Parameters not integer expressions.

READ ) 
WRITE f Error in list

EQUIVALENCE Array in list not declared as such.

DATA Incorrect form of complex constant.

29 EQUIVALENCE Item already equivalenced or otherwise defined so that equivalence is 
impossible.

DATA Too may or too few constants in list.

Error
number Interpretation
31 MT0 has been declared in an overlay program.
35 Program too large: either the lower storage area exceeds 4K, the core requirement exceeds 32K in 

compact mode or the core requirement exceeds 256K in extended data mode.

36 Incomplete program: either an overlay segment has been omitted, or a source program description 
segment has been omitted or is not the first segment imput.

37 Reserved.

38 Subfile of the correct name and containing Fortran source or Semicompiled not found.

39 File name has been omitted from the first READ FROM (MT, ) statement.

40 The operator has intervened wrongly, e.g. the operator has typed GO #XFAM 24.

41 A block has been read from magnetic tape containing more than 128 words.

42 A semicompiled segment of the wrong mode has been read prior to a FINISH or LIBRARY statement 
i.e. a segment marked as suitable for extended data mode is being included in a compact data program, 
or vice versa.

43 Output tape full i.e. end of tape detected on writing to an output tape. In batch mode a message Halte( 
‘End of batch - output tape fuU’ will be printed.
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A p p e n d ix  2  E x e c u t io n  e rr o r  n u m b e r s

This table gives the interpretation of run-time error numbers. Those marked with a **’ are fatal. In the event of a 
fatal error, the program is forcibly halted by the system even if the program has passed through an error trap (see 
Chapter 7).

Error
mmber Interpretation

0‘x ’ This error number indicates that a prohibited character x  has been found in an input field.

01 Array subscript error. The generated address of an array<lement is outside the bounds of the array.
This error check is made only if the program is compiled in TRACE 2 mode. |

* 02 The TRACE steering-list has incorrect format or is too long.

* 03 The overlay depth has been exceeded.

* 04 Reserved. |

05 Reserved.

* 06 Reserved.

* 07 Not enough arguments have been supplied for the subroutine caUed. This error is detected only when
the object program is an overlay program.

* 08 This error can occur only in mixed-language programs. Too many arguments have been specified for a
PLAN segment.

09 Reserved.
* 10 Error in the structure of a format specification, e.g. f!eld separator missing, character out of place.

unrecognized character found.

* 11 ‘F’ or ‘E’ conversion code is not associated with REAL or COMPLEX variable.

* 12 T  conversion code is not associated with an INTEGER variable.

* 13 ‘G’ conversioncodeisnotassociatedwithaREALorCOMPLEXvariable.

* 14 ‘L’ conversioncodeisnotassociatedwithaLOGICALvariable.

* 15 ‘D’ conversioncodeisnotassociatedwithaDOUBLEPRECISIONvariable.

* 16 Zero or undefined field width when using the A,L,H, or X codes.

* 17 When using the ‘L’ code, either whole of the input-field is blank, or the first non-space character is neither
T nor F.

18,19 Reserved.

* 20 The channel number used in the program has not been associated with a peripheral in the program
description.

* 21 A form attedinputrecordisnotlongenough.

* 22 An unformatted input record is not long enough.

* 23 Illegal operation attempted, e.g. read from card punch, or write to an input magnetic tape.

24 to 26 Reserved.

* 27 An attempt has been made to use RENAME with an input file:

* 28 An attempt has been made to use FILE or RENAME but a dummy filename has not been given in the
program description statement.

4 1 5 9 ( 1 . 7 1 ) 97



Error
number Interpretation

* 29 An attempt has been made to use FILE when the file is already open.
* 30 IUegal sequence of operations on serial file, e.g. read after write, read or write after ENDFILE.
* 31 No filename specified for input device.
* 32 Input file has incorrect format, e.g. no startoM ate sentinel found when opening input magnetic tape.

33 Reserved.
* 34 End of tape mark detected when writing to magnetic tape.
* 35 Failure of data block<ount check (unformatted magnetic tape).
* 36 An attempt has been made to write a formatted record longer than the maximum permitted block or 

bucket size.
* 37 Block-size on input file exceeds buffer size specified in the program description.
* 38 Reserved.
* 39 An attempt has been made to read a formatted record longer than the available buffer or the bucket size 

in an unformatted file exceeds the buffer-size.

40 Reserved.
* 41 Failure of integrity<ode check on opening EDS/FDS files.
* 42 Purgeniate not exceeded on opening output EDS/FDS files.
* 43 On: opening a scratch-file )

extending a file > system control-area full 
renaming a file )

* 44 On: openingascratch-fiIe 1
extending a file V no space avaikble 
renaming a file )

* 46 On: opening a scratch-file )
extending a file /  Specified file not opened as a write file, 
renaming a file 1 

(Should occur only when renaming)
* 47 Argument outside the permitted range in FERROR.

4«l&49 Reserved.

50 Overflow has been set doing simple arithmetic
* 51 FTRAP used with TRACE0.
* 52 FRESET used with TRACE0.

53 Result exceeds capacity in EXP.

54 Result exceeds capacity in DEXP.

55 Non positive argement in ALOG.

56 Non positive argument in DLOG.

57 Negative argument in SQRT.

58 Negative argument in DSQRT.

59 Attempt to form ATAN2 (0/0).

60 Attempt to form DATAN2 (0/0).

61 Attempt.to form ISIGN (x,0).

62 Attempt to form SING (x,0).
63 Attempt to form.DSIGN (x,0)
64 Attempt to  find MOD (x,0)
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Error
number Interpretation

65 Attempt to find AMOD (x,0).

6 6  Attempt to find DMOD (x,0).

67 Argument 1 in ACOSH

6 8  Argument 1 in ATANH.

69 Argument 1 in ACOTH.

70 Argument 1 in ASIN.

71 Argument 1 in ACOS.

72 Result exceeds capacity in TAN.

73 Result exceeds capacity in CABS.

74 Results exceed capacity in CSIN.

75 Results exceed capacity in CCOS.

76 Argument too large to  be held as an integer in NlNT.

77 Resulttoolargeto beheldasinintegerinIFIX .

78 Result too large to be held as in integer in INT.

79 Trace list too short.

* 80 Error in the information block used by GENAH.

81 to 97 Reserved.

* 98 Misuse of monitor channel (for example, BACKSPACE on channel 0).

99 Reserved

* 100 TheobjectprogramhasreachedanENDstatement.

101 to 104 Reserved.

105 Attempt to read beyond end of data on card input channel.

* 106 Attempt to read beyond end of data on paper tape input channel.

* 107 End of file encountered on magnetic tape input.

* 108 Endoffileencounteredonserialdisc(E .D .S .orF .D .S .)input.

109 to 113 Reserved.

* 114 A CALL to an overlay segment with arguments has caused the calling segment to be overwritten. 

115 to 120 Reserved.

* 121 Attempt to write more than one record or too long a record to a DEFBUF array with a single
WRITE.

.122 to 499 Reserved.
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A p p e n d ix  3  I C L  1 9 0 0  S e r ie s  c o d e s

This appendix lists all the characters used for FORTRAN programs and data.

8-TR ACK  PAPER TAP E CODE
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1900 CARD CODE

Character Card
punching

— 11

n 1 1 /0

I 0 /1

+ 1 0 / 2 /8

10/3/8

j 10/4/8

10/5/8
\ 1 0 /6 / 8

I 10/7/8

t 1 1 / 2 /8

t 11/3/8
* 11/4/8

> 11/5/8

< 1 1 /6 / 8

t 11/7/8

£ 0 /2 /8

> 0/3/8

% 0/4/8
? 0/5/8
= 0 /6 / 8

+- 0/7/8

Character Card
punching

F 1 0 /6

G 10/7

H 1 0 /8

I 10/9

J 1 1 /1

K 1 1 /2

L 11/3

M 11/4

N 11/5

0 1 1 /6

P 11/7

Q 1 1 /8

R 11/9

S 0 / 2

T 0/3

U 0/4

V 0/5

W 0 / 6

X 0/7

Y 0 / 8

Z 0/9

Character Card
punching

0 0

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8  . 8

9 9

space none

& 1 0  or 1 0 /0

# 3/8

@ 4/8

( 5/8

) 6 / 8

] 7/8

A 1 0 /1

B 1 0 /2

C 10/3

D 10/4

E 10/5

ATLAS CARD CODE
^7X ^S
character

Card
punching

1900FORTRAN
interpretation

H Z zL 4S
character

Card
punching

1900FORTRAN
interpretation

0 t o 9 As 1900 code 0 to 9 . 10/3/8 •

A to Z As 1900 code A to Z ) 10/4/8 )
space none space > 10/5/8 >
= 3/8 = -  (underline) 1 0 /6 / 8 @
! 4/8 i 1 (vertical bar) 10/7/8 i

& 5/8 & ff 11/3/8 $
6 /8 * 11/4/8 *

document 7/8 ] ? 11/5/8 7

terminator ] 1 1 /6 /8 ]
+ 1 0 + [ 11/7/8 [
- 11 - > 0/3/8 >

/ 0 /1 / ( 0/4/8 (
< 0/5/8 < _____________
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A p p e n d ix  4  P ro g ra m  a n d  d a ta  fo rm a ts  on
m a g n e tic  ta p e  files

/

Details of program formats on magnetic tape files are given in the manual Compiling Systems.

The format of FORTRAN formatted data files on magnetic tape is the same as that used for EMA and Algol. 
Unformatted files are intended for use only in FORTRAN programs. Both types of files may be created and read 
by the 1900 Series Magnetic Tape Housekeeping Package.

FILE  S TR U C TU R E
Any FORTRAN magnetic tape file, either formatted or unformatted, consists of the following items in the order 
shown:

Header Label 
Start of data sentinel 
One or more data blocks 
Trailer label

Only single reel files are aUowed. Start of data sentinels and trailer labels are in standard 1900 format.
The utility program #XRMF (see the manual Magnetic Tape Utilities) may be used to print formatted files.

F O R M A T T E D D A T A B L O C K S
A formatted block consists of one or more records, each record having a format as follows:

Word 0 Number of words in the record

Word 1 Carriage control character in the least significant position. This will normally have the value #  41 although 
the first record in a file may have the value #S 1 in this position.

Word 2 Record information space filled to give an integral number of words, 
onwards

Notes:
1 A record may not be split over two blocks.
2 A minimum block size of Five words is always output, and zero words will be added to produce this minimum 

block size where necessary.
3 The carriage control character is used for off-line printing.

U N FO R M A TTE D  D A T A  BLOCKS
An unformatted data block may contain all or part of one record only, having the following format:

Word 0 Number of words in the block.

Word 1 Data block sequence number relative to the start of the tape, starting at 1.

Word 2 Data block sequence number relative to the start of the record, starting at record 1.

Word 3 Number of words of information following. The sign bit of this word is set in the last block o f each record.

Word 4 Record information, 
onwards

If a record output to an unformatted file is large than the size ofbuffer specified, then the record wiU be split over 
two or more blocks. If the record is smaller, than a block of sufficient sizeto hold the record will be output. Note 
that each block of a FORTRAN unformatted record may be treated as a complete record if the file is processed by 
the Magnetic Tape Housekeeping Package.
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In d e x

8 -track paper tape code 101

*1900 54
1900card code 1 0 2

Acceptance rules 26
*ALTER 53
Arrays 6 6
Assembling a batch 48
*ATLAS 54
ATLAS card code 1 0 2

BACKSPACE statement 9
Batch

compilation 2,81-84
editing system 48
input media 83
system statements 81-83

Basic peripherals 8
compiling from 21

Binary program 17
Blank common areas 70
Block

data segments 70
size 1 0

CaUing
FORTRAN segments from PLAN 72
PLAN segments from FORTRAN 63
sequence 63

Cards in ATLAS code 54
Channel description statements 7

magnetic tape 9
Channel

numbers 7
0 12

Character transfers in core store 12
Common storage areas 6 8
Communication of data in mixed 
PLAN/FORTRAN programs 63
Compact programs 43
COMPACT statement 43
Compilation 79

error diagnostics 27
error numbers 93
of overtoy program 39
with errors 19

Compiler input 21
media 21

Compiler listing 
Compiler output 17

suppression of 2 0
Compiling and running on different 
size processors 43

Compiling from
basic peripherals 21
magnetic tape 21

Compiling mixed FORTRAN/PLAN programs 75
Compiling system statements 1

effect of 84
for a single program 3
format of 2
initial 79
on magnetic tape 23

Composite files 5
COMPRESS statement 44
DOUBLE PRECISION 45
INTEGER AND LOGICAL 
Configuration

44

Console typewriter 12
Consolidated semi-compiled program 17
Consolidation 79
*CPCOPY 56
CREATE 1 0
Creating a batch 48

*DATA 54
Data formats on magnetic tape files 103
Default listing mode 80
DEFBUF 12
*DELETE 53
DEPTH OF OVERLAY statement 
Directive

38

end of batch 52
end of job 56
start of job 

Disc
53

editor output to 49
overlaying from 40

Double buffering 8
Dump and restart 7, 10
DUMP ON statement 17

Editing 47^2.1
file 48
of source programs on magnetic tape 24

ENDFILE statement 9
End of batch directive 52
End of file marker 11
End of job directive 56
END statement 1
Entry points 
Error

75

diagnostics 27
messages 27
trap facility 

Error numbers
29
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compilation 93
execution 97

Extended data programs 43
EXTENDED DATA statement 43

FEPILOG subroutine 65
File names 5

at run time 1 0

File renaming 11

FINISH statement 2

Formatted
magnetic tape files, printing of 11

records 1 0

*FORTRAN 53
FORTRAN compiler library 24
FOVER subroutine 73
FPROLOG subroutine 64
FRESET subroutine 30
FTRAP subroutine 29
FULL listing 15

GENAH subroutine 67
Generation number 5
GEORGE 1 and 2 77
GETAH subroutine 6 6

*IN 51
Incorporation of library subroutines into a 
program 24
Initial

input medium 21
statements 1,17

Input
compiler 21
from simple files 23
from subfiles 2 2
object program 7
sequence 2

INPUT statement 9
hitersegment statements 2

Label errors 27
*LAST
LEADER statement 76
Libraries

FORTRAN compiler 24
other system 24
held on other tapes 25
paper tape and card 25
recommended order of search 25

Line editor 57,58,61
*UST 54
LIST 15
Listing

compiler 15
default 15,80
description 15
fuU 15
semi-compiled 54
short 15
statements 15
subfile 50

Load and go 17
Log analysis message 80

Magnetic tape
channel description statements 9
files 5 ,8
files, opening 9
files, programs held on 47
formats 103

Main editor 57, 58
Master segments 75
Missing segments 27
Mixed

error detection levels 33
language programs 43,63-76
PLAN/FORTRAN overlaid programs 73

MIXED SEGMENTS statement 43

Named files 5
Nested subfile structure 5
*NOCOMPILATION 56
*NOUST 54
LIST 15

Object program 
error diagnostics 27
input/output 7

*OFFLINE 52
OMIT statement 44
Opening magnetic tape files 9
Operator intervention at program run time 33
Operator’s guide to the FORTRAN magnetic 
tape compiler 85-90
Operator’s instructions

for the magnetic tape compiler 85
for the Editor #XKYA 92
for the Editor #XMUM 90

*ORDER 52
*OUT 51
Output

compiler 17
object program 7

OUTPUT statement 9
Overlay 37^1

area 37
system 37
units 37

Overlaying from disc 40
OVERLAY PROGRAM statement 1,38
OVERLAY SEGMENTS statement 1,38
OVERLAY statement 37

Paper tape and card libraries 25
Peripheral usage 75
Permanent area 37
PRIORITY statement 44
Program

description statements 1
description statements for overlay programs 37
formats on magnetic tape files 103
held on magnetic tape files 47
structure 1

106 41 5 9 (1 .7 1 )



testing 27-35
PROGRAM statement 1

READFROM statement 21
READ statement 9
Record format 1 0
RENAME
Restart

11

dump and 7 , 10
editor facility 49

*RESTART 52
Restrictions in overlay programs -39
Retention period 6
REWIND statement 9
RUN statement 18
Run time efficiency 39

Scratch files 5
SEGMENTS statement 1

*SELECT 51
*SEMI 54
Semicompiled segments 
SEND TO statement

17,48

for consolidated semi-compiled program 18
for semi-compiled segments 18

SHORT LIST 15
SHORT LIST (TP) 15
Short listing 15
Simple files 5
Source program statements for magnetic tape files 8
Standard functions in overlays 39
Start of job directive 
Statements

53

batch system 81
channel description 1
compiling system 1

initial 1 ,17 ,82
intersegment 2
listing 15

program description 1
source program 8
terminator 2

STATEMENT TRACE output 30
*STEER 54
Subfile 5

listing 50
names 5

Subprogramming 
Suppression of

75

trace output 32
transfers 13

*SWITCH 54
System descriptions 79-80

Tape usage and efficiency 79
Terminator 2
*TPCOPY
Trace

56

level 0 33
level 1 28-30
level 2 30-32
output channel 28
steering lists 31

steering lists, format of 32
Tracing 28
Transfer

of control 63
suppression of 13

Unformatted records 10
USE statement 10

Word 30, use of 75
of#XFAM 80

*WORKFILE 52
Work assembler 48,81
Write permit ring 6
WRITE statements 9

#XKYA 57432.1
#XMUM 47-56

4 1 5 9 ( 1 . 7 1 ) 107





Amendment
record

Should any additions or amendments to this Manual be neoessary, they will be 
issued in the form of Amendment Lists.
When Such changes have been incorporated, an appropriate entry should be made 
in the table below and the pink instruction sheet(s) should be filed behind this page.

List Item
number number
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to
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to

to

to

to
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ICL
1900 Series

FORTRAN: MagneticTape 
Compiler

1 Preface and Contents Remove and destroy pages iii to xiii. Insert nev pages iii to xi.

2 Chapters 2 and 3 Remove and destroy pages 5 to 13. Insert new pages 5 to 13.

3 Chapter 6 Remove and destroy pages 25 and 26. Insert new pages 25 and 26.

4 Chapter 7 Remove and destroy pages 29 and 30. Insert new pages 29 and 30.

5 Chapter 7 to 9 Remove and destroy pages 33 to 44. Insert new pages 33 to 44.

6 Chapter 10 Remove and destroy pages47 to 61. Insert new pages 47 to 62.1.

7 Chapter 11 Remove and destroy pages 65 and 6 6 . Insert new pages 65 and 6 6 .

8 Chapter 11 Remove and destroy pages 73 and 74. Insert new pages 73 and 74.

9 Insert new part divider page before page 79.

10 Chapter 13 Remove and destroy pages 79 and 80. Insert new pages 79 and 80.

11 Chapter 15 to Index Remove and destroy pages 85 to 111. Insert new pages 85 to 107.

12 Remove and destroy User Notices 2 to 5.

13 Update the amendment record and file this list at the back of the manual.
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First Edition Julv 1969 
Amendment list 1 
incorporating User Notices 2 to 5.

Each amendment list contains one or more numbered instructions to replace one or more 
existing pages or to add one or more new pages.

When a page is amended, significant technical changes on the re-issued page will be 
indicated by a vertical line in the margin against the changed passages. Any lines on the 
re-issued page which remain from a previous amendment, will be removed. New chapters 
or completely revised chapters will not be marked with amendment lines.

The date of issue appears at the foot of all new pages and re-issued pages in the form 
(month, year).






