8.10/6

¢) oharacters must be six-bit, internal code, and must be pack
eight to the word. ’ ’ peols

Example:
The text stored by L100 in the example at the end of para-
graph 8.6.6 could be printed on output 4 by the instructions:~-

1060 0 0 4 Select output 4
121 89 0 100 b89’ = 100
1362 0 0  A6/I1 Print text.

8¢10.7 A7/11

Entry to A7/IA will cause the output of a text in the same way as
entry to >m\§ except that the carriage c ontrol character terminating the
A.Hm.m.nv record of the text is replaced by a carriage control character spec-
ified before entry in B87.

In particular, if further information is to follow on the same line

as the last line of the text, entry should be to A7/14 with B87 zero. The
last line of text will not then be terminated.

(1,65 )
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8.11  Optional Parameters of jy|

As with L4100, several optionally set parameters are contained within
11 which may be reset by the programmer if he wishes. They arei-

A21/11  mask for p

A22/11  mask for g
A25/14  ’sign’ for positive number from accunulator

A26/1I4  'sign’ for positive number from B&1
>wﬂ\ I1 - number of characters of floating point exponent
A28/11 w characters before and after floating point

A29/11 ) exponent,
Details are given below.

8,41.1 A21/14, A22/I11

p and q are normally taken modulo 128 and 16 respectively, and this
is sufficient for most users, However, it is possible to change these values
(which must be powers of 2) by setting suitable masks in A21 and A22, Thus

directives

l

A21/11 = 2553
A22/11 = 63

would cause p to be taken modulo 256, and q modulo 64, The maximum values
of p and g are 2048 and 512 respectively.

8.11.2 A25/11

As stated in 8,10.1 and 8.10.2 positive signed numbers are normally
preceded by a space in place of a sign. If it is required to output some
other character instead, usually a '+ character, A25/I4 should be set to
the internal code value of the character required.

Thus,

A25/11 = K3.5
will produce plus signs before positive numbers, including integerse

8,11,3 A26/11

In a similar fashion, parameters may be set to the internal value
of s character to be printed before positive signed numbers from B81. It is
optionally set to KO.1 (SP) within the library routine, ,

8.11.4 A27/14

The standard form of the exponent of a floating point number, out-
put by entry Al \E has five characters consisting of brackets, a sign and
two decimel digits. This may be altered by the programmer to the total

number of characters required, say
A7/1A =7

If the exponent has less than .qu\E -3 decimal digits, enough spaces
will be output after the final bracket to make up the difference.

( 1465 )
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with seven characters, an exponent of 3 would be printed
(43) SP SP sp.

8.11.5 A28/14 and A29/I1

These parameters are set to the internal values of the characters
before and after the exponent for floating point output. If not set by the
programmer they will have the values K1.0 and K1.1 respectively to produce
sA 14 m.a 3 v~ 5

Should the programmer wish for other characters in these positions
he may reset A28/I1 and A29/11.

Thus with

A27/14 = 5 :
A28/14 = K1.2 comme)
and A29/IA1 = KO,1 space)

17 will be output as

The floating point number 3.16 x 10
SP 3.16,417 SP
instead of the normal )
P 3.,16( A7)

If the last character is to be omitted completely, >mw\§ may be
set to zero.

( 1.65 )
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8612 Input and Output by Extracode

Although sufficient for most purposes, 1100 and L1 do not cope with
the input requirements of all programs. In particular they ombbow deal with
paper ‘tapes or cards punched in a non-standard code (i.e. binary input or
output)s To deal with such cases the input and output extracodes are pro-

vided..

These extracodes read six-bit characters from the H.mooH.@.m.oH. the
System Input Tepe and write characters to the System Output Tape in pre-=
paration for punching or printing. Since information on the Input Tape is
in records, provision is made for reading either single osmﬁ.o.o‘..nmu..mw groups
of characters, or complete records. Output may be formed in similar unitse.

It is important to note that when 1100 is used to read wsvﬁ...w_..«
takes o complete record from the System Input Tape and reconstructs it be-
fore presenting the programmer with a choracter, o number or a text.s For
this reason the library routine and the input extracodes can not dw used to
work on the same input record. Output records may, however, be bullt partly

by L1 and partly by extracodes.

The lack of line reconstruction also makes compound characters im=
possible with extracode input. Thus a seven-hole tape character may be al-
tered or erased by another character, later in the record. For example,
suppose a data tape contained the segquence of characters:

b BS ER a

By reading with IL100, the first three characters would be combined to form
a compound character and, since it contained erase, this character would be
ignored. An entry at .Pu\b‘_ 00 to ‘read next character’ would .Ewﬁm produce
the character 'a’s Using an extracode to ‘read next character instead
would produce 'b‘. Such effects as this must be token into account by the

programmers.

( 1465 )
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8,15  Binary Input and Output

Input and output extracodes may work with either th i i
: : e 12-b
characters described in 8.1.4 or 6~bit internal code characters. i

On input from punched tape, deta documents are r

' : ead and

internal code until one of the markers wkEB, *HEF or ***wmpmmwsowwMMMwm%W
anmo BmHmem are stered, Subsequently o direct binary representation

m the input osmﬁmo¢QWm is stored as 12-bit characters on the System Input
mwww.dmbbm QMMQ spww a non-standard code punched in its first column will

: stored as binary input., Definitions of the bi i

in the chapter on Job Documents. Sl X Y sl ool S

Seven track input is checked for odd i i i il
: - . C parity when reading bin in-
put and the tape is rejected if an even parity character is msoocs&mwww.

However, if ***P precedes the binar ot
) y markers B, etc., then even parit
characters will be accepted and stored as for o@@«@mﬁp&m o:mwuo&mﬂww Y

Binary information for five or seven track tape i i

: : pe is stored with the

%wumm SOHW side o% dww punching in the least significant position. Thus the
etter M if read in binary from seven track tepe would be stored as

000 001 011 » 101
or if read from five track tape, as
000 000 010 140

The « indicates the position of the sprocket hole on the t ape.

On binary input a punched card is re Hmmmsd@@ by 80 tu i -
monWm followed by one six bit zero omﬁwwmmowoos&HOH oWWﬂ@o&mM%H¢M@MM&cMWMMS
is stored as a ANprﬂ binary character with the top bit of the column stored
as the most significant bit and the bottom bit as the least significant
Thus one colummn of a standard ICT punched card is stored as ’

10110 123 4566 789

B Sgd A - s e - een o=

For output, as described in section 8.4 the le ignifi i
: o4 ast si icant bit of
the 1060 extracode determines whether output is in internal code or dwspqu

All binary information, whether in i

. : put or output is stored as one re-
cord with a ouo carriage ﬁosﬁuow character. A carriage control character
mwoocbﬁwwmm within a section of binary input will be treated as a normal
binary character.s Thus NL, represented on seven-hole tape by

0000,010
will be stored on the System Input Tape as the 12-bit character
000 000 000 010
Binary input may be used to read ta i
X y pes or caerds punched in non-stan-
dard code, since the programmer can provide his own translation routine for

the binary representation. Similarly he ca: .
i N * an cause his ult
in a non-standard form by these means. results to be punched

( 1.65 )
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8.14/1

The Input Extracodes

The Select Extracodes have been described in section 8.4.

The remgin-

ing input extracodes are defined below. Each is singly modified and refers
to the currently selected input.

1052

1053

1054

1055

1056

Find Input Device Number

bo' = V-store address of the peripheral equipment used for the

currently selected input.
If tais input originated as output from another program,

.Upu = Oo
For input from 5-track tape the least significant bit of ba'
(iees bit 23) is 1; otherwise it is 0. The V-store addresses

are described in appendix Ce

Test Binary / Internal Code

If the next character to be read from the currently selected
input stream is a binary character, ba’ = n.

If the next character is in internal code, ba is unaltered.

If there are no characters remaining on the currently selected
input stream, an exit is made to the monitor routine.

Read next character to Ba / Jump to n at end of Record

This extracode reads the next 6-bit character from the currently
selected input, and places it at the least significant end of
ba. Tith internal code input this will transfer one internal
code charactere With binary input, where the information is
stored in 12-bit characters, the first use of the extracode will
read the six most significant bits of the binary charactere

The next use of the extracode will read the six least signifi-
cont bits. Normally control will then pass to the next instruc-
tion (i.e. b127' =Db1274) but if the last character, apart
from the carriage control character, has previously been read,
127’ — n and Ba contains the carriage control character in
bits 18 to 23.

If all characters of the currently selected input stream have
been read, this extracode causes an exit to the moniter routine.

ba’' = Number ¢f Blccks Read

This sets in Ba the number of 512 word blocks read from the
selected inpute In internal code each block holds 4,096 char-
acters, but some of these are carriage wontrol characters and
record counts used on the System Input Tapee In binary code,
one block holds 2,048 twelve-bit characterse.

Read ba characters to S

Before using this extracode the number of 6-bit characters re-
quired must be set in the character position of ba. For exam-
ple, for 18 characters ba must be set to 18D3 or 2.2. The ex-

( 165 )
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b) Store the first 12-bit binary character at the least signifi-
cant end of the half-word A6 (assume that at least one such 12-bit
character exists).

tracode will then read the next ba characters from the current
record of the selected input and place them in Store locations
beginning at the half-word address S. Four six~bit characters

are packed in each half-word. Bits 22 and 23 of S and bit 0 of 121 1 0 0.4 no&Hm..oH.. = 0.4

ba are ignored. 1050 0 0 5 Select input 5

H%..SS end of dﬁm.ﬂmooa.wm u.uod reached, ba is unaltered on ri 1)1053 197 0 A2 Go to A2 if next character is
exit except for bit O which is set equal to one, 2 - binary

If the end of the record is reached no further characters are

1054 60 0 -] Read next ch. to B60

read and Ba contains the number of characters read in bits 1 to ‘ .Wowwow next record if carriage

25« Bit O is set to zero, The last character read will be the conte char.

carriage control characters i . 113 60 1  =0,4A5  Store character

If 2ll the characters in the currently selected input stream - 200 497 1 M Co to M and add 0.4 to b1

gﬁd@u.ﬁ@@@ﬂd%ﬁ read, this extracode causes an exit to the 2)124 4 0 -1A5 1’ = last address

monitor routine. .

i 1054 60 0 0 Read mese half of binary
1057 Read next record to S “ - 6o 0 0 mww.w MQNMM (n Mm,c%o& used)
2 up nary

This extracode reads the next record and places it in the store - 4 places _

starting at the half-word address specified in S. Characters 4 113 60 0 A6 Store m.se. half

will be packed, four six-bit characters to the half-word and bits 1054 €0 0 o0 Read 1.s. half

22 and 23 of S will be ignored. The last character will be the Bk 114 60 0 A6 Store l.se half

carriage control character. . - - = = Next Instruction

On exit Ba contains in bits 1 to 23 the number of 6~bit charac- : . .

ters read and bit O is zero. H 3e Read the remainder of the current record of input 2 into

If the record has been partly read, by use of 1054 or 1056, the
renaining part of the record is read.

If all records of the currently selected input have been read,
this extracode will cause exit to the monitor routine.

locations beginning at 105.4 and place after it, beginning at the
next available half word, the same number of characters f rom the
succeeding record. Assume that the succeeding record oonteins at
least as many characters as the current one.

1050 0 0 2

Extracodes 1056 and 1057 will run very much faster if no characters ﬁ — 1057 20 0 108, 4

have previously been read from the record, or if the number which has been
previously read is a multiple of four. Both these extracodes use fhr fewer
instructions per character than does 1054, and are therefore much superior
for large amounts of input.

1056 20 20 108.7

Examples:

T, Input stream 3 consists of one record in internal code followed
by a binary marker. Neglect this record and read all the binary infor=-
mation af'ter the marker to store locations 1000.4 onwards, packing the
12-bit characters four to a word. Place the number of 12-bit charac-
ters in half-word 1000,

1050 0 0 3 Select input 3 |
1057 1 0 1000, 4 Recad internal code record 1
1057 1 0 1000.4 Read binary record .
124 1 1 0 Convert character count _‘.
124 1 1 0 To binary character count ||
K] 1 0 1000 Store character count { I\
2.8) Read the six=bit characters from input stream five and store ool
them at the bottom of separate half-words beginning at location A5
until a binary record is encountered, All carriage control characters b | 1

are to be ignored and the address of the last stored character is to
be left in Bi.

( 165 ) , ( 165 )
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8.15 The Output mxddmoommm

The necessary extracodes for selecting output streams have been
described in section 8.4. As with input orders each output extracode listed
below is singly modified and each refers to the currently selected output.

1062

1064

1065

1066

1067

Find Output Device Type

ba’ = V-store address of the peripheral equipment used for
the currently selected output.

If this output is to any peripheral (see Job Descriptions,
Chapter 10)

then ba’ = 0

The V-store addresses are given in appendix Ce

Write Character n

This extracode writes the character occupying the six least
significant bits of the address to the currently selected out-
put. If the internal code mode has been selected one internal
code character will be written. If output is in binary mode,
the exiracode must be used twice to write the m.s. and l.s.
halves of each 12-bit character respectively.

End this Output Record

This writes the carriage control character occupying the six
least significant address bits to the currently selected out-
put, and terminates the record, In binary output it is usual
to write a zero cerriage comtrol character, but in fact the
carriage control character is neglected at time of printing
or punching and any character would doe

Write ba characters from S

Before entry to this extracode ba must be set as follows:

in bits 1 to 23:- a character count as with 1056
in bit 0Q:- 0 if +the record is to be ended
1 if the record is not to be ended

If the record is to be ended the last character is taken as a
carriage control oW@HQOdwd.

The extracode will when write the ba characters beginning at
store address S to the currently selected output. The oharac-
ters must be packed, four six-bit characters to the half-word.
The least significant two bits of S are ignored (i.e. S must
be a half-word or full-word address)

Write a Record of ba characters from S

The effect of this extracode is exactly the same as using
1066 with bit O of ba equal to zero.

Before entry Ba must contain the character count in bits 1 to
23, Bit 0 of ba will be ignored as will bits 22 to 23 of S.

( 1.65 )
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The extracode will write a record of ba 6~bit characters from
store locations beginning at S.

The characters must be packed four to the helf-word and the
last will be taken as a carriage control character.

Extracodes 1066 and 1067 run very much faster if no charaoters have
previously been sent to the record or if the number of characters previously

sent is a multiple of four.

Both these extracodes use far fewer instructions

per character than 1064 and are to be preferred for large amounts of output,

Exemples: ,

1o

Read an internal code record from input one and send it to

output three,

2.

it by the six characters in store locations 10.4 to 11710

Select input 1
Select output 3

1050 0 0
1060 0 0

(S

Read record to locations

100 onward

b1’ = count of characters
Output the record

1057 1 0 100

1067 1 0 100

Write the character stored in B2 to output two and follow
End the

record with the carriage control character in 11,26

Sa

1060 0 0 2 Select output 2

1064 0 2 -0 "Output che. in B2
121 21 0 0.7 Count of characters in B21
1066 21 0 10.4 Output record

Output the following items on streanm three, which is a

seven-hole tape punch.

a)

a) The characters BI,

b) Three new lines.

ow The 39 twelve bit characters which are stored in packed
form, from location A12 onwards.

d) The binary character 0011.010

Then end the binary record.

1060 0 0 3 Select output 3 for internal
characters

1064 0 0 4,2 Output B

1064 0 0 5e1 Output I

1065 0 0 2.3 End record with 3N.L’s

1060 O 0 361 Select & for binary

121 60 0 39D2 Set count for 78 six~bit
characters

1066 60 0 A2 Output binary ch’s

1064 0 Output mess half

( 1.65 )
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1064 0 0 K3.2
1065 0 0 0

Output l.s half
End binary record

The following extracodes do not apply to the currently selected outpud.

1063

1070

1071

1072

Delete Output n

This deletes any information previously sent to Output n, and
prevents it being printed, provided it has not been printed
already by use of a 1071 extracode (see below).

Rename Output n as Input Ba

This enables information sent to Output n to be read back by
the same program as input. Tor example

1070 3 0 2

will rename output 2 as input 3,

Break Output n

Normally, as described in chapter 10, all output is stored
until the running of the program is completed, Then each
output stream is put out separately preceded by the heading

OUTPUT n

and the title of the job.

This extracode indicates that the information so far recorded
on OQutput n may, if convenient to the Supervisor, be treated

as separate from any subsequent information sent to that out-
pute The Supervisor will then arrange to send all information
bsfore the Break o the peripheral and output it with a heading
and job title. Subsequent output will be stored in the usual
way and output after the job is complete.

Define Output n

Normally output documents should be defined in the job des—-
cription in the manner given in Chapter 410. They may alter-
natively be defined by using this extracode. Before obeying
this instruction, ba must be set equal to the maximum number
of blocks of 4,096 six~bit characters to be allowed on Output
n and ba* must define the output device to be used in the code
described in appendix C.

Iixamples

To define a card punch output with number six to
which a maximum of 2 blocks will be sent, the following
instructions are required:=~

121 25 0 2
121 26 0 J600422
1072 25 0 6

Set B2 for 2 blocks
Set B26 for cards
Define output 6

(165 )
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8.16  Further Information on binary input/output

When using Atlas Internal Code an 80~column punched card is rep~
resented by 80 six~bit characters and a next-card carriage control char-
acter, i.e. K2.,1, Thus, to punch all 80 columns using extracodes 1066 or
1067 it is necessary to specify 81 characters in Ba by an instruction of the
type

121 Ba 0 81D3

Similarly to rcad a card by extracode 1056, ba should specify at
least 81 characters.

In binary a punched card is represented by 80 twelve-bit characters,
one for each column, and one six~bit character with the value 0.0.

If more than 80 (internal code or binary) characters are output to
a card, the first 80 of them will be punched on one card and the remainder
on the next card starting again with column one., A continuous stream of
characters output to cards with no carriage control information would accor-
dingly be printed ‘punched tape fashion’ on successive cards.

The punching *** is not recognized on cards. Instead a card ¥§ in-
serted whose first column is punched 7, 8 and whose last column is punched
Z, T, B, etce The intervening 78 columns can contain anything whatsoever,

WThen a binary tape (but not a deck of cards) is read to its physical
end (B or F) the final half word of the stored input is overwritten with
J07070707. This means that the last one or two tape characters are stored
as 000111000111, The zero carriage control character is unaffected.

On tape following ***E the warning characters ““*C or ***Z are them~
selves stored in binary. They are not subsequently overwritten and each is
followed immediately by the zero carriage control characters On cards fol-
lowing 7,8E the terminating card bearing 7,8C or Z is also stored. On tape
and cards the new document which follows a C marker is automatically read in
Atlas Internal Code; furthermore, if on seven-track tape, the document will
be parity checked, even if ***P headed the previous document,

ke

(1.65 )
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MAGNETIC TAPE

9.1 Introduction

Magnetio tape provides an auxiliary store of very large capacitye
For many purposes, o magnetic tapc can be regarded as a larger but slower
form of main storc, but it is subject to the restriction that it must ke
soanned sequentially, It can perhaps best be likened to a notebook whose
pages must be turned slowly one at a time: it is possible to ignore a page
but it is still necessary to turn it over, and this tokes as long as reading
ite When using magnetic tape, it is therefore necessary to ensure that the
information on the tape is arranged in the order in which it will be required,

Atlas uses two types of magnetic tape, of one and of half inch widthse
The system tapes, ond most tapes for private use, are one inch wide, pre-
addressed tapes, which may be used for fixed or variable length transferse
Reading from the tape is possible in both forward and backward directions.
The half inch tape is not preaddressed, and cen only be read forwards: trans-
fers are all varisble length. One inch tapes prepared on the I.C.T. Orion
computer may also be read.

To moke efficient use of magnetic tape, it is necessary to overlep
magnetic tape transfers and computing as far as possible. This requires
care in the timing of transfers and the allocution of storage space when
direct transfers to tape are employede The progrommer is, however, relieved
of this responsibility when using the extracodes for variable length tape
tronsfers, because these interpose a buffer store between the program and
the tape.

Within a program, each magnetic tape is identified by a number. Thia
number, B, is normally written in the Ba digits of an instruction and lies in
the range 0 < B < 99, The tape number, B, is normally allocated to the ap-
propriate tape by the Job Description, which will be described in Chapter 10,

( 165 )
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9.2 Atlas One Inch Tape

Information on each magnetic tape is split up into sections of 512
words. There are 5000 sections on each full-length magnetic tape, and these
are numbered from O at the beginning of the tape to 4999 at the end. Section
0 is reserved for special purposes, and when a tape is first mounted it is
positioned ready to move forwards and use section 1. Normally a progrem will
first use the tape starting at section 1., Later it may require to return to
section 1 or go on to some other section, and it must then obey a search in-
struction, The instruction

1001 Ba 0 n

will search for the beginning of section n on tape nunber Ba prior to fixed
length transfers. Thus, to search for section 8 en tape 4, we would write

1001 4 0 8

The 1044 extracode must be used for a search before variable length
transfers (see below).

Searching tape is a relatively slow process ooswmwom with the compu-
ting speed of Atlas, and the time taken is proportional t0' the number of
sections traversed. Therefore the informetion on tape should normally be
stored in consecutive sections starting at section 1, and any search in-
structions should be given as early as possible in the program,

In this chapter it will sometimes be necessary to refer to "blocks"
of stores On Atlas, a block is a unit comprising 512 words of main store;
block number P contains the 512 words whose addresses are 512P to 512P 4+ &511.
The store structure will be explained in chapter 12 but this simple definition
should suffice for the present.

All magnetic tape instructions are singly modifiied, and throughout
this chapter references to the address of an instruction apply to the modi-
fied address N 4+ bme The tape number is normally written in the Ba digits,
but if Ba = 122 the tape number is specified by b121.,

( 1.65 )
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963 Block Transfers on One Inch Tape

Block transfer instructions allow a program to transfer 512-word
blocks of information between a magnetic tape and a specified block of store.
To obtain maximum efficiency in using magnetic tape, a program should use
these block transfer instructions and make its own provision for the overlap
of tape transfers and computing.

Oe 36 Block-Transfer Instructions

The section search instruction, 1001, described in section 9.2, may
be used to position the tape before block &H&Sm%mw operations. An instruction
of the form

1002 Ba 0 P:
would then read the next 512-word section from tape Ba into block Pe

In the block transfer instructions, the octal fraction of the address
is used as a parameter K, 0 <K < 7, where K 4+ 1 specifies the number of

blocks involved in the transfer. ewcm« to read the next two sections from
tape 4 into blocks 5 and 6, we would write

1002 4 0 5:0.1
The block transfer instructions are as follows:t-
1001 Search for the beginning of section n on tape number Baec

1002 Read the next K + 1 sections from tape Ba into store blocks
mumaﬂr\_u .o.um&.mﬂ.. .

1003 Read the previous K + 1 sections from tape Ba into store
blocks P 4+ Ky eeey P 41, Pe

1004  Write store blocks P, P 41y ‘ses, P + K on to the next X + 1
sections of tape Bas

1005 Move tape Ba forwards K + 1 sections.

10686 liove tape Ba backwards K + 1 sectionse

When reading either forward or backwerd, information will be held in
store in the same order as on wm@mu with the first word in the lowest num=-
bered tape section transferred to the start of the store block with the
smallest mmmdmmm. This order of words is also maintained when writing to
tapee.

Ixemples:

1. Read section 19 of tape 3 to nain store block G.

(a) 1001 3 0 19 Search for section 19
1002 3 0 6: Read forward to block 6

(b) 1001 3 0 20 Search for section 20
1003 3 0 63 Read backward to block 6

The information in block 6 will be the same in either casee.

( 1.65 )
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2 Read sections 1, 3, 5, 7 and 9 of tape 66 into main store blocks
20 to 24 inclusive, The previous operation on tape 66 was to
write to section 13.

1006 66 0 0.2 Position tape after section 11
) 121 1 0 43 Set block modifier
1) 1006 66 0 0 love t ape back 1 section

1003 66 1 20: Read previous section

123 1 0 : Reduce block modifier

216 127 1 Al Return if non-negative

A considerable saving is obtained in this example by reading
backwards. To have searched for section 1 and read forwards would
have meant traversing nine sections twice and would have taken al-
most twice as long.

The instructions have been arranged so that the 1006 instruction
comes before the 1003 instruction in the loop. If the 1003 instruc-
tion had been put first, the program would have traversed one extra
section after the last read instruction; in this particular progrem
the extra section would have been section O and the program would
have been monitored because the use of section O is prohibited,

Ge 362 Use of Block Transfers.

The way in which a program uses magnetic tape will depend very much
on the requirements of the process it is performing. Sometimes it is neces-
sary to reed a large amount of information, such as a complete matrix, before
computing can commence. In this case, shortage of store may prevent the over-
lap of computing with further tape reading, but at least the next required
tape address can be searched for; afterwards it may be possible to overlap
the writing of the results to one tape with the reading of the noext set of
data fron another. The technique of branching, to be described in chapter
12, may also help in this situation.

When it is possible to work sequentially through the information on
tape, operating on one word or one small group of words at a time, consider-
able savings can be made by overlapping tape transfers with computing. This
is done automatically by the varisble length transfers (see below). With
block transfers, overlap canbe obtained by transferring alternately to two
different blocks, computing on one whilst transferring to the other,

The same process can be used when operating on two or more magnetic
tapese When processing longer items, special care is needed if an item over-
laps two tape sections.

Example:

To read sections 1 to 2000 of tape 4, presenting each word
to a processing routine R3, a control program of the following form
would suffice:

( 1.65 )
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1001 4 0 1 Search for section 1

1002 4 0 5:0+1 Read to blocks 5 and 6

21 71 0 511 Set word count

121 72 0 1999 Set section count

121 127 0 A4 Jump to label 4
2) 124 2 0 1 Step up address

203 127 7 A1/3  Count words in block

121 71 0 511 Reset word count

203 127 72 #2 Count tape section

121 127 0 A5 Exit

1002 4 2 -1 Read to refill block just emptied

203 187 -1 78 M/3  Count blocks
4) 121 73 0 1 Set block count

121 2 0 53 Set first block address

R3
1) 324 0 2 0 Read word

. “n : e Process word

121 127 0 A2/0  Return to RO for next word

In the preceding example, because it is reading two sections in ad~
vance, the program reads one section more than it requires, but does not
attempt to process the extra section. This extra read operation could be
avoided by an extra test in the example, but it would be unavoidable if the
end of the process were detected by the processing routine on receipt of the
last word. There is normally no harm in reading extra sections provided that
they do not lie outside the range 1 to 4999 inclusive, and provided that these
extra sections have been written to since the tape was last addressed. It is
therefore advisable to write a few extre sections after the information when
a tape is written fo. A magnetic tape fault (512-word fault) will show up if
an attempt is made to read from a section not previously written to.
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Os4 Variable Length Working on One Inch Tape

To simplify the writing of some magnetic tape programs, extraocodes
are provided which execute the transfer of variable length records between
magnetic tape and the main store. Varisble length operations must initially
be preceded by the variable length word search. The instruction

1044 Ba O S
will search tape number Ba for the section and word contained in the full
word with address S. The section number is contained in the more signifi-
cant, and the word number in the less significant half word, both being held
as 21 bit integers. Thus, to search for the eighth word of section 10 on

tape 4, we would write

1) H10 8
1044 4 o A
The 1001 search may not be used with varieble length workinge

The extracodes for variable length operations require an area of
transit between the

store to be used as a "buffer", to hold information in
tape and the store., This buffer must be set up, and the mode of operation
specified, by obeying a tstart" extracode for each tape involved in variable
length operations. Thereafter, a “"transfer" extracode is used to transfer
information between the buffer and the program as required. When writing to
tape each such transfer forms one "pecord” on the tape.

Before writing variable length records to nagnetic tape, it is neces-
sary to obey a 1032 instruction. This "gtart writing" instruction normally

takes the form:

1032 Ba 0 P:0.K
This prepares for writing forwards starting et the next word on tape Ba,
It also sets up a buffer

and selects it for variable length operationss

store in blocks P to P 4 K inclusive; normally K =1, allowing a two block
buffer. Thus, to start writing variable length records to tape 5, using

nain store blocks 10 and 11 (locations 5120 to 6143) as buffer, we would write

1032 5 0 10:0.1 -

Thereafter, information may be transferred to tape 5 by 1040 instruc-
tions. Before obeying a 1040 instruction, when writing to tape, the number
of words to be %ransferred and the end-of=-record marker must be set in an
index register: the number in the integral part and the marker in the octal
fraction, This index register must then be specified in the Ba digits of the
4040 instruction. Normally, the end of an ordinary record should have a
marker of value 1. Thus, using B6 to specify a transfer of 25 words, we
would write

121 6 0 25.1
To transfer 25 words (as specified in B6) starting at address 2000, we would

then write
1040 6 0 2000

/

{
}
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nxmswpm"

Given a 30 x 100 matrix
iy stored by rows in locati
&dem Mwwwmo woqmu.o% 100 numbers each, as 30 mmwmwmwmmwmwwwgousmaam.
g at the beginning of section 8 on tape 4, g

fH: 58 0
1044 4 0 A Search for section 8
1032 4 0 10:0,1 Start Writing to tape 4
121 1 0 29 Set row count
121 2 0 0 Clear modifier
s “MMO M M MMO.A Prepare to transfer 100 words
00 Iransfer
124 2 0 100 Increase modifier
203 127 1 A5 Count rows

Before reading variable 1
% a . ength records from ta i
Mwm%mm start reading" instruction. To start Hmmmwwm mww&mww o swommm%M% o
ruction must be used, and this normally tekes the form e

Thi by
%onmMMMMMMHMmeHB@ Moﬁémamm from the next word on tape Ba and selects it
e ebepaed wm muwm le @msmdr operationss It also sets up a buffer in
+ K inclusive; normally K — 1, gilving a two block buffer, Thus
>

to start reading varisble 1
ength r « :
10 and 11 as buffer, we SOﬁH@mwwdeoow@m from tepe 5, using main store blocks

1050 5 0 10:0.1

Thereafter, information be © ading
fa Al L ’ C may be transferred from tape i
wsmMMMMM»sMWmmeMM 1040 +5mdwcb¢wosm. The Ba digits of dﬁ@@gowm MMdeco&Ho
aeves B MN register has been used to specif'y the amount of MBWOHls
i m@mowwwmumﬁm mﬁwmm. When reading from tape, this index register nor-
Speorty o oot & ¢ maximum number of words to be transferred, It may also
e el m@mow%wmwnmmwwwwmwwmw whose purpose will be explained later. The
0, ootals tocn s integral part, and the marker, if required, by

_“H_ . 0
epeoifiod MﬁMmMm one record at a time, the maximum length of record should b
pasarie &mmwmmmeWWMwﬂmwompn.wm zero (or one). After the transfer, the °
_ree s in its integral part the n -
read, and in its octal fraction the value o%@&ﬁm Bmwwwwawmwﬁmw Mmmgwwmmwcmpw%
e

record. Thus, to read a record 4
onwards, we ﬁmcH@ write of not more than 200 words to location 1500

121 10 0 200
1040 10 0 1500

If the actual record were of 4
00 Sae
would contain 100,94 after the &Hmmwwww.&mwapscdmm by & marker 1, then B10
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9.4e1 Varisble Length Instructions

Thus, to read to location 200 the first row of the matrix recorded *

on section 8 in our previous example, we would write: ¥ In the previous section, a selection of the most important variable
8 8 0 . _ length magnetic tape instructions have been described and illustrated in
1044 0 A8 Search for section 8 4 order to explain how they are used, In this section, the full range of

variable length tape instructions will be defined, and there will be some
repetition of information from the previous section.

)
—

2
1030 4 0 10:0.1 Start reading f rom tape 4
3

121 0 100 Prepare to read up to 100 words
of next record

1040 3 0 200 Transfer

=Y

When using variable length tape transfers, the information is stored
on tape in groups of words known as "records", with a 21-bit count and a
3-bit marker on each side to denote the ends of the record. Thus the space
on tape occupied by a record is one word more than the number of words of

When reading, it is possible to ignore end-of~record markers of less
than a given value by specifying that value in the octal fraction of Ba be-
fore the transfer. Thus, for eXample, by setting 300,2 in B3 before the
1040 instruction above, we could read the first 300 elements of the matrix;
the marker 1 written at the end of each row is less than the octal fraction
2 set in B3 and would therefore be ignored.

The instructions to start reading or writing assume the tape to be
positioned at a marker, either by previous variable length operations or
word search.

So far we have only considered working on one magnetic tape at a
time, and in this case the start instruction selects that tape for all suc-
ceeding tape operations., When working on two or more tapes, it is still

-

information. Each writing transfer forms one record on tape. A reading
transfer may either read a specified number of words or read up to the end
of a record; in both cases markers are omitted from the transfer. Instruc-
tions to start reading or writing must only be given when the tape is posi-
tioned at a marker,

A number of consecutive records often form a larger unit, such as a
complete matrix or a complete file, and it is often desirable to mark this
in some way., For this reason eight orders of marker, numbered 0 to 7, are
provided. Ordinary records may be terminated by a marker of order 1, groups
of records by a marker of order 2, and so on up to 7, which normally denotes
the beginning cr end of a file. Reading transfers may then read up to a
marker of a specified order, and the progran may test the value of the mar-
ker read, Use of the O marker is not recommended.

necessary to use start instructions to initiate variable length working, but
subsequently 1033 instructions must be obeyed to select whichever tape is re-
quired, This "select" instruction chooses tape number Ba for succeeding
variable length transfers until the next select or start instruction.

Variable length working must always be initiated by a start instruc-
tion. This sets up a buffer store, selects the tape to be operated upon, and
specifies the mode of operations, whether write, read forwards or read back-
wards. A separate start instruction must be given for each tape on which
variable length transfers are required, but thereafter a select instruction
may be used to choose the tape to be used. The transfer instruction operates
on the tape which was last selected by a start or select instruction, and
the last record which is terminated by & marker 2, The maximum wdmdm%owm information in the mode selected for that tape. To change the mode
length of record is 50 words. Copy the file to tape 3, section 1 it is necessary to obey another start instruction. Unless the tape is already
orwards. in variable length mode, the instruction to start writing begins by writing
: a marker of order 7., To start writing without commencing with a 7 marker,

Examples:
Tape number 2 contains o file of variable-length records star-
ting at section 1. Each record is terminated by a marker 1, except

=1

A R EE W O O R N O W W ) W W W .

2)H 1 0 2 -w the sequence Word Search, Start Reading Forwards, Start Writing, Transfer
1044 42 0 A9 Search for section 1, tape 2 should be used. Alternatively, the 1042 ‘mark’ instruction may be used after
. : the instruction to start writing.
1044 3 0 A2 Search for section 1, tape 3 2 -
41030 2 0 10:0,1  Start reading, tape 2 A start instruction always initiates variable length transfers to or
. x 1 = from the next word on tape or the previous word in the case of reading back-
1032 3 0  12:0.1  Start writing, tape 3 . | wards. To begin working at a particular address on tape, the start instruc-
1) 10353 2 0 0 Select tape 2 tion must be preceded by the word search instruction, 1044; when starting to
1 » read variable length records, this starting address must be the address of a
21 4 0 50) Read next record to location £ marker at one end of a record.
1040 4 0 >mw A6 onwards b1 $4 5
The variable length writing operations do not provide a means o
1033 S 0 0 Select tape 3 overwriting selected words on a magnetic tape: complete new blocks are
1040 4 0 A6 Trite record formed in the buffer and the previous contents of the tape are not @ﬂmwoa<m@.
. If it is required to preserve the beginning of the first section, this may
210 1 ¢ M Jump if marker odd, End if be done by preceding the start writing instruction by a start reading for-

marker evens wards instruction with K = 0.

N
q
- - *ﬂ - - . \\‘
| S . -

i
B
e
wl
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It is important to note that, when using a buffer of K4l blocks, the
attempt to read variable length records backwards from any of the first K
sections, or forwards from any of the last K seotions, will lead to an end~
of-tape interrupt. K sections should therefore be left unused at both ends
of the tape.

944,2 Start and Select Hbm.nHSo,wHosm

In the following specifications, P is a block address, and K an octal
fraction, as above,

1030 Start Reading Forwards

Start reading forwards from the next word on tape Ba and select
it for variable length operations. Set up a buffer in blocks
mu “mv.ﬁh_o‘oou W-—MA.U

If this instruction is given when the tape is already in read
forwards mode, then the tape will be wrongly positioneds

1031 Start Reading Backwards

Start reading backwards from the previous word on tape Ba and
select it for variable length operations, Set up a buffer in
.UU.OOHAM\ mv P +Au veny P + K,

1032 Start Writing Forwards

Prepare to write forwards starting at the next word on tape

Ba, and select it for variable length operations. Set up a
buffer in blocks P, P +1, «se, P + K,

Also, write a marker 7 before the first word of information,
provided that the given tape is not elready in use for variable
length working. If the tape is already in use for variable
length working, the marker written will be equal to the marker
at the end of the previous record.

The three ‘start’ instructions 1030, 1031 and 1032 must be preceded
by a 1044 word search, even when the desired word is the first in the sec-
tion., To give predictable results, the tape must be positioned at a marker
whenever a ‘start’ instruction is useds The K4l block buffer must have been
allowed for in the job description (see Chapter 10). If one of these blocks
is already in use by the program, the information in it will be lost.
Strings of information with markers at either end are transferred to and
from these blocks by the 1040 instructions Vhen a buffer block has been
filled in the writing mode, it is transfcrred to tape; when completely read
in the reading mode, the next section is read from tape. The buffer blocks
are not protectea from the program, but should not be referred to directly.

It may be desirable to read variable length records from a tape for
a while, and then begin writing to the very next record, 1032 will switch
modes in this way; the first record written will begin with the same marker
as that terminating the previous record.

1033 Select

Select tape Ba for succeeding variable length operations, in
the mode specified by the preceding start instruction for thet
tapes All succeeding 1040, 1041 and 1042 instructions apply

(1,65 )
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to tape Ba until another tape is selected. If a write buffer
wm@ previously been set up for tape Ba, its contents will be
written to tape, and a new buffer set up, Records will be
written as if tape Ba were selected throughoute.

mﬁumoomwm 1030 end 1031 above assume thet the tepe to be read Prom
has been previously written by variable length operctioms. If this is not
the case, the extracodes.1034 and 1035 should be used instead.

1034 Start Reading Forwards From Fixed Blocks

.»m 1030, but operating on a tape which has not been written
in the form of varisble length records,

1085 Start Reading Backwards From Fixed Blocks

wm 1031, but operating on a tape which has not been written
in the form of variable length records.

9¢4¢3 Transfer and Organizational Instructions

Notation: b = Integral part of ba (bits 1 to 20)
w Y
A 0 < .UE < v
,cw = Octal fraction of ba.
(0 < dHn <7)
1040 Transfer
Transfer up to ,us words between store addresses starting at

S and the selected tape, in the mode (reading forwards 2
Hmmmwwm.&mowamﬁ@m“ or writing) appropriate to that tape ’
On writing, b words from locations S, S +1, .es, S +b_ - 1

are written to the next ,Us locations on the selected tape, A
marker dw is written on tape after them. On Reading, provided
that ,cs # 0, the transfer continues until ,os words of infore

Emﬁ.os have been read or until a marker > ,ow is encountered,
whichever is the sooner,

¢s~ = the number of words of information actually read,
wws = 0 if no marker > b, Wwas encountered.

=mn if a marker m (> dwv terminated the transfer or

immediately followed the last word transferred.
When reading forwards, the next &s. words are read from tape

to store locations
Mv S +.av eacosiey S +.U<<~ -1

Eﬁbdmmgmdmowsmk.mmu.wwmwwwm<wocmw.sou.mmmwmumm@wu.os
tape to store locations v .

Mu S = \_v soensey m ) .Uss +.—
Ir dé = 0 when reading forwards, the transfer continues until

the first marker > dw is encountered., When reading backwards

(1465 )
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with dw and ds zero, the transfer continues until the end of

the first record, and the b ! words of the record are read to
store locations -

¢

MvMI\_w ."o-ovMI.US. +‘—

Tt is not advissble to write with the octal fraction b, = 0,

because when the resulting string, which therefore ends with a
zero marker, is read back, the octal fraction dw will be zero

regardless of whether reading ended at the zero marker or some~
where short of the marker within the string itselfs

Skip
Skip ds words, terminating on a marker dw.

Skip operates in the same way as transfer, except that no
words are transferred to or from the program stores
When in a writing mode, da addresses on tape are skipped and a

marker dw is written after them. Note, however, that the pre-

vious contents of these addresses, whether information or marker,
are not preserved on tape, exccpt when complete 512-word tape
sections are skipped.

When in a reading mode, the skip continues until ds words of

information have been passed or until a marker W.UW is encoun-

tered, whichever is the seoner.

csm — the number of words of information actually skipped.

dwﬁnu"s if a marker m Aw.cwv &oﬁswsmém@&wm&HQSmwmwowomsm

immediately after word b.

Note that skip is less efficient than search for moving long
distances along the tape, and should not be used for skipping
more than a few sections.

Mark

Available only when in writing modee

Writes a marker K (0 <K <7) after the last word on the
selected tape. This marker replaces any marker which was
previously on the tape at this pointe

After writing a string on tape, it may be discovered that the
end of a group has been reached. The mark instruction may
then be used to change the marker at the end of the string.
It may be used agein if it is later found that the end of an
even higher order group has been reached,

A mark instruction may also be used immediately af'ter a start-
writing instruction, to write thc specified marker before the
first record to be written.

Stop Variable Length

Stop variable length operations on tape Baa

After variable length operations for a given tape have been
completed, a stop instruction may be given; it will release
the buffer blocks associated with those operations. After

( 1.65 )
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writing operations, it will cause the last part-section to be
written from the buffer to magnetic tape. The following ine
structions also have the effect of stopping previous variable
length operations:

start, search, unload, release tape, end program.

Whenever variable length writing is terminated on a given tape
each buffer block that contains information transferred there
by a 1040 instruction is written to tape. A buffer block is
not written to tape unless it contains such information. This
means that the first few words of the last buffer block written
may contain the end of the final record, or even just the final
marker, and the rest of the block contain perhaps the remains of
some previously transferred recordse. This fact permits one to
overwrite individual records without disturbing the records on
either side. This is done by filling the buffer with the re-
cord that is to be overwritten along with the records, or part
of the records, on either side of ite One aligns on the marker
at the beginning of the record and starts reading forward (1030)
with a buffer large enough to contain the whole record at one
timee One then skips (1041) the record in question, starts
reading backward (1031, with the same buffer) and skips back
over the record to the beginning markere One switches to write
mode (1032, same buffer again) and writes the new string in

its proper place. A ‘stop’ instruction (1043) will then finish
the job by causing the buffer blocks, now containing the new
string in place of the old, to be written back to the tape.

The two uses of the skip instruction are necessary to make the
marker at the beginning of the old string available for the
construction of the marker at the beginning of the new string.

Word. Search

Search tape Ba for the section and word specified in the full
word with address S. Stop variable length operations on tape
Ba. The section and word are given as 21 bit integers in the
more and less significant halfwords in full word s respectively.
The section number must be greater than 0, and less than 5000;
the word mumber is taken modulo 512. This instruction must be
used to align the tape on a marker before using a 'start’ in-
struction; after the word search, a 'start’ instruction is
necessary before further variable length operations on tape

Ba.e

Set ba’' = number of selected tape

Place in bits 10-16 of Ba the program number of the tape cur-
rently selected for variable length operation. If there is no
tape currently selected, ba’ will be negative. Bits 10-16
correspond to the Ba position in the more significant halfword
of an instruction. One application is to enable a sub-routine
to select a different tape for variable length transfers, and
then to re-select the original tape before the main program is
re-entered.

Store ‘mode of tape Ba’ in 8
The transfer mode at present selected for tape Ba will be in-
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dictated by placing in half~word S the appropriate integer from
the following table:-

0 Variable length transfers, reading forwards
from variable length records

1 Variable length transfers, reading backwards
from variable length records

2 Varisble length transfers, writing variable
length recordsi

3 Not currently scleeted for variable length
transfers. _

4 Variable length transfers, reading forwards
from fixed length blockse.

5 Variable length transfers, reading backwards
from fixed length blocks.,

Exanmples:

Te Tepe 1 contains a file of variable length records and tape

2 contains amendments to this file. The information on each tape
starts at section 1 and the records are not more than 40 words long.
Each record is terminated by a marker 1, except the last record which
is terminated by a marker 2, Each record is identified by a key in
its first half-word, and the records in each file are sorted in as-
cending order of keys., It is required to form an updated file on
tape 3 by inserting the amendment records in place of the correspon-
ding records on the original file.

1)H 1 0
1044 1 0 A W
1030 1 0 20: 0,1 )
1044 2 0 Al Initiate variable length
) operations on tapes,
1030 2 0 22:0.1 1, 2 and 5
1044 3 0 A
1032 3 0 24:0.1 )
4) 1033 2 0 0 )
121 12 0 50 W Read Amendment Record
1040 12 0 100 )
'5) 1033 1 0 -Ld®
121 11 0 50 Read Main-File Reocord
1040 1 0 150
1033 3 0 0 Select Updated File

Go to A7 if Amendment Key

101 10 0] 150 w
equals Main-File Key

102 10 0 100
214 127 10 A7 w

(Progran continues on next page)

(1.65 )
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41040 11 0 150 Write Main-File Record
210 127 11 A5 Go to read next record if
marker is odd
1117 0 0 0 End Program
7) 1040 12 0 100 Write Amendment , A
210 127 12 A4 Go to read next amendment if
amendment marker is odd
1042 0 0 0.1 Write a marker one
210 127 11 A5 Go to read next Main-File
record if marker is odd
1042 0 (G (0 Mark end of updated file
1117 0 0 0 End program
2e There is a 50 word record in section 10 of tape 33 which is

preceded by a 7’ marker in word 177.

Replace that record with the

50 consecutive words beginning in the store at A3, leaving the Nia
marker undisturbed. .

3) 10,177

1044
1030
1041
1031
1041
1032
124

1040
1043

33
33
0

33
0

33
75
75
33

@ e @ e B @ @ @

0

&

Y]

S 0 X O =

50
A3
0

Section 10, word 177

Search for marker

Fill the one block buffer

Skip to the end of next record
Read backward

Skip back to head of record

Switch to write mode

Replace record in buffer
Write block 1: to section 10

Although the length of the string was known in advance and BO men=-
tioned in both of the skip instructions, one could use one of the
skip instructions to pick up the length of the string in a B-line.

If the 1032 write instruction is replaced by a 1042 mark instruction,
the program will replace only the mark at the head of the string.

9.,4.4 Efficiency of Variable Length Working

The basic magnetic tape operations on Atlas transfer information in
blocks of 512 words, but the variable length instructions disguise this fixed
block structure. Provided that the length of transfers is small compared
with the size of the buffer, these instructions also provide overlap of tape
To achieve these effects, extra words are written
on the tape as markers and extra instructions are obeyed to transfer the in=-
formation between the buffer and the program store. Provided that the vari-
sble length records are not too short, the loss of efficiency is not high.
With a two-block buffer and records of 50 to 150 words, the use of variable
length instructions might be expected to increase the cost of a job by per-
haps 1% or 2% This efficiency will be maintained with longer transfers

transfers and computing.

also, but the automatic overl
the transfer size approaches the buffer size.

( 1.65 )

ap of t ransfers with computing willbe lost as



