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/ 7,7/1
1216 Place n in Ba if bn is. ba’ = n if
greater than zero. bm $ O _. 7.7 Subroutine Entry
1217 Place n in Ba if bm is less ba’ = nif — N E
than or equal to zero, bm < O | 1o wmwwwwﬁswswwmmg S ,cwc z M 3 °
1926 Place n in Ba if bt is ba’ = n if 4-6 H_ . . I3
greater than zero, bt » 0 “f ot wmwawﬁswbmwmambn enter de =.oraily o
® cC =n
1227 Place n in Ba if bt is less ba' =n if 3-8 C .
SRhm.or equal to zexs bt < 0 “\ g 1102 Set link ‘n Ba and enter dmw =c 471, 6
1223 Pl n in Ba if the B ba' = n if subroutine &b bm. o =
&wmm e et A5 AR Ly . 1362 Set link in B90 and enter b0’ =c 41 3
= B subroutine at n. On com~ c'=n
The B- dieit (B . 0 13 1 ‘e basi pletion of this extracode
Hum.ago&wwmn. carry digit (Bc) is set to a O or a 1 in the following basio b1217 — Ba, so that Ba o..n.u,om
— may be used to carry infor-
100 102 104 mation into the subroutine.
110 M2 114 . i i i
— The link set in Ba can be picked up as an exit from the subroutine
120 122 124 = by the instruction
6
“ww “ww 164 | 121 127 By O
. iy where B is the address of the B-register (Ba) in which the link was set.
Bc records the final carry or borrow generated after the addition or sub- a It is conventional to use B90 for this purpose, and 1362 was provided fer
traction of the most significant digits of the operands. that reason.
When the most-significant digit is taken as a sign bit, which is ﬁ

usually the case, Bc is not a true overflow digite For example, adding
-1 or 4 gives 0 and also sets Bc =1 as there ds a final carry.
(Sec Chapter 4).
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7.8 Miscellaneous Operations

1147 End program. This extracode
is used to end a program un-
less it is monitored by the
Supervisor, Certain infor-
mation about the program is
output, and the program cleared
from the computer. (see Chapter
11.)

1120 Record the time in Ba, with ba’ = clock
hours, minutes and seconds each
given by two decimal digits
specified in four bits apieoe,
as follows:-

bits 0=3 4=7 8-11 12-15 16-19 20-23

owm\ww% 8

INPUT AND OUTPUT

—

N,
=

L

This chapter explains the use of library routines L1 and I100 and _
the input and output extracodess It also shows the form in which input
data must be prepared and explains the internal code used by Atlas as well
as the handling of ‘pure’ binary information.

8.1 Introduction

8¢1e1 Peripheral devices.

dmdemewm boas wahﬁu s il Atlas car control a large number of input and output mechanisms and
MINUTES SECONDS these peripheral devices are of various formss Five- and seven-hole paper
1121 Record the date in Ba, with ba’' = date tape and punched card readers are used for dnput, while output may be pro=-

the day, month and year each duced on paper tape, cards or a line printers.

given by two decimal digits
specified in four bits apiece,
as follows:=-

bits 0-3 4-7 8-11 12-15 16-19 20=-23

The working rate for such peripherals is of the order of 10® char-
acters per second. This is very slow compared with the processing rate of
the central computer, which is of the order of 2 x 10® characters per sec-
ond. Clearly, conventional methods of input and output, in which each

Il . == .

&oﬁﬂbﬂﬁpwm dewzwm,sz&m &mﬁ%Mbw units character is read from a peripheral as required or written away as soon as
' it is produced, would lead to considerable inefficiency in Atlas. For this
1124 Set the central computer - v6'=n reason, a 'buffering’ system is adopted.

V-store line 6 to n. The
least-significant six bits
of V-line 6 are used as
followss~

bit Set to O et to 1
18 13 shif't 12 shift on division;
needed to
adjust remainder
for 376, 377

8.1.2 The Systemn Input and Output Tapes.

A1 the information required for a progrem is fed through the slow
peripherals and is automatically stored in a standard form on a magnetic
tape. This tape is called the System Input Tape. Work on the program will
not begin until all the required informetion is stored in this way. Simi-
larly the output from a program is stored on magnetic tape (the System Out-
put Tape) and transferred to the peripheral only af'ter the program is com=~
pleteds In this way the central computer can be occupied with other work

Instrebnzofs while the actual transfer to and from the peripheral tekes place.
19 Qs = 0 Qs ¢ O Sign of quotient

in basic division 8.,1.3 Internal Code Input and Output.

orders _

v Normally during the transfer from peripheral to the System Input

20 A0 clear AD set Tape each character (i.e. a paper tape character or card column) is auto-

21 bt =20 bt < O , matically translated into a six-bit character in Atlas Internal Code. Simi-
: larly each character for output is represented in this code on the System

22 bt =0 bt £ 0 ﬂ ) \a Output Tape. The six-bit characters are packed 8 to a word and stored in
23 Bc clear Be set . ‘records’ (see 8.3 below).
A
1125 Collate the contents of the ba' =v6 & n h — Seven-track input is checked for odd parity and rejected on parity

omﬁ&&mw mos@s&mﬁ <nmd0&0 : . failure. Rejection is prevented by preceding the seven track information
line 6 with n, placing the by ***P, in which case an even parity character is replaced by the fault
result in Ba, Any digits QJ — character K7.7 (six binary ones) and reading continues, There is no parity
of v6 may thus be read. 3 . check when reading 5-track tape. If the first column of a card is a non=

(1,65 ) , ( 1.65 )
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standard punching the card is stored in binary (see 8,13); if the first col-
unn is standard but subsequent columns are non-standard they are represented
by the fault character K7.7.

Equivalent characters on punched cards, five- or seven-hole tape and
the line printer, are repressnted by the same character in internal code,
In this way one input routine can deal with input from any peripheral and
one output routine can build up output for any output mechanism.

Thus, for example, the character ‘M’, whether it has been read from
five- or seven-hole tape or from cards, will be represented on the System
Input Tape as

K5.5 or, in binary 101101,

Similarly if ‘M’ is to be output it will be stored on the System
Output Tape in the same way, regardless of the output peripheral for which
it is intended, Further details of the internal code are given in 8.2.

Input and output in internal code may be carried out by either the
input and output library routines I100 and I1 or by input and output extra-
codes. Both forms are described in detail below.

8e1e4 Binary Input and Output.

The programmer can, if he wishes cause a direct binary representation
of the holes on the paper tape or cards to be stored on the System Input Tape,
instead of the internmal code representation. This is known as binary input
and must be read by extracode and not the library routine L100. Each char-
acter so stored will ooccupy 12 bits and characters will be packed four to a
word.

For example, 'M' is represented on seven-hole paper tape by the

charagter
1071414101

where ones represent holes and the full stop represents a sprocket hole.
As binary input this would be stored on the System Input Tape as

000 001 014 101

On the other hand the character ‘1’ is represemted on a punched card
by holes in the 41’ and ‘4’ positions. As binary input this is stored as
the 12 bit character

010 000 100 000
AWQW 8.13 and ms‘—mv

In & similar fashion, by the use of extracodes, a twelve bit char-
acter may be output in binary form. It will be stored on the System Out-
put tape in this form and, when sent to the peripheral, holes will be
punched in positions corresponding to the one bits,

Binary input and output are particularly useful when dealing with
non-standard paper tape or card codes. More details are given in 8.13 and
8616,

(165 )
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3e2 The Internal. Code.

Each character is represented in internal code by six bitse When
a single six~-bit character is held in a 24-bit index register it is usually
stored in the least significant six bits, It is thus represented by two
octal integers separated by a point, and this notation will be used through-
out this chapter,

The use of six bits imposes an upper limit of 2° or 64 distinct
characters. To extend this number, two sets of characters are introduced,
the imner set and the outer set. Most of the commonly used characters are
contained in the imner set. A character in the outer set will have the same
six-bit representation as an inner set character but they will be distine
guished in the following waye

Every line, whether input or output, begins in inner set and all
cheracters are taeken to be imner set until a ‘shift to outer set’ character
is encountered. All characters will then be interpreted as outer set mem-
bers until a ‘shift to inner set’ character or the end of the line is
reached.

On output, an interral code cheracter which can not be represented
by a character on the required periphersl will be replaced by a full stop
on the Anelex printer or the card punch, and by erase on 5 or 7 track tape,
Thus an attempt to print > on an Anelex printer would resuwlt in a full stop

being printed. This also applies to non=printing characters such as back
space and tabulate which are only available on seven~hole tape.

8¢ 201 Abbreviations.

In the Internal Code Taple of 8¢2.2 the following abbreviations are
used:- ,

BS = Back Space SI = Shift to Inner set

¥R = ERase 80 = Shift to Outer set
I'S = Figure Shift SP = SPace

ILC = Lower Case
LS = Letter Shift

UC = Upper Case
UL = UnderLine
The availebility of characters cn the different peripheral devices
is indicated as follows:-
A11 peripheral devices
Andlex Line Printer

Seven~hole paper tape

0O N ® <

Punched ocards
5 Tive~hole paper tape

Characters in parentheses are alternatives available on commercial
seven-hole or five-hole paper tape codes, as used on Orion and Pegasus.

( 165 )
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Be2¢2 The Internal Code Table

Internal Character Internal . Character
Code Inner Set Outer Set Code Inner Set Outer Set
040 4 440 ‘(n) u
0.1 SE . u 4,1 A u a 7
02 TB 7 4.2 B u b 7
0e3 BS 7 — £ a 4,3 C u c 7
Ou4 SO 4ol D u a 7
0ed SI 4,5 E u e 7
0.6 LC/LS 7/51] 4.6 F u £ 7
0e7 UC/FS 7/6 3} 4.7 o u g 7
1 oO ; u 560 H u h .N
1a71 u Sa1 I u i 7
142 s 7 ol 5.2 J u J 7
1e4 4 u Stop i 5.4 L u 1 7
1.5 & a7¢c }Punch On 7 5.5 M u ul 7
1.6 * u {Punch 0°f 7 5.6 N u n 7
1.7 / u : a7c 5e7 0 u o 7
2.0 0 u KWANV 5 660 B u p 7
241 1 u a7c Ba1 Q u q 7
242 2 u ] a7c 642 R u r 7
2e3 3 u - S 6o D S u s 7
204 4 u » 5 6.4 T u t 7
245 5 u | £ 5 6.5 U u u 7
266 6 u UL a7c 6.6 v u v 7
NQ.N ﬂ u — m.ﬂnw @‘ﬂ W u w .N
360 8 u 2 (9 a7 7.0 % u x 7
31 9 u o <W 5 721 il u y 7
3.2 < a7c e (10) a7 el Z u zZ 7
38 > u % AJW a7 Ted
@Cb.. ] u ) N‘_N .N.An
3¢5 + u 10 a 76
36 6 - u 11 a 746
mth ‘o u -NQ.N FT Yc ER 75

Be243 Shifts and Case Changes

uc, LC, FS, and LS are not stored on input when they are used to

change from one case or shift to another. ZEach of these characters merely

alters the meaning of the characters which follow on the paper tape and

this alteration will be allowed for when these characters are translated

into internal code.

((1.65 )
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Thus the sequence
Tape va
on seven~hole paper tape would be punched as
T IC a p e SP ( UC 7 ILC )
but it would be stored on the system input tape as
T SC a p e S SI ( 7 ,V

Redundant shift characters, stich as FS when already in figure shif't
are stored, however, since they may indicate a fault.

Similarly UC, LC, FS and LS need not be used when preparing output.
The internal code representation of the character is specified and shif't
and case changes will be automatically inserted where necessary.
For example outputting the internal code characters
W2
to five-hole paper tape will cause the characters
LS W FS 2

to be punched.
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Carriage Control Characters and Records

As mentioned in 8.1.3 input is stored on the System Input Tape in
These records correspond to one line of printing on paper tape

or one card if the input is on cards., The last character of a record is
called a carriage control character and is not represented in internal code.
Carriage control characters have a special code of their own. Input from
paper tape or punched cards can give rise to only the following carriage
control characters:-

Code Character

2.1 Newline (7-hole tape) or End-of-card
4,0 Paper Throw (7-hole tape)

2.0 Carriage Return (5-hole tape)

Oe1 Line Feed (5-hole tape)

These are abbreviated to ZHV PT, CR and LF respeotively.

On output, records are built up on the System Output Tape. The

last character of each record is interpreted as a carriage control character
as follows:=-

Codes Effect
0.0 to 1.7 0 to 15 line feeds without carriage return

2,0 to 3,7 O to 15 line feeds with carriage return

4,0 to 4.7 Paper throw on channels 0 to 7 without CR

5.0 to 5.7 Paper throw on channels 0 to 7 with CR

Carriage control facilities, and hence the interpretation of carriage

control characters, vary from one output device to another.

The number of line feeds is always performed correctly but the fol-

lowing restrictions apply to other facilities.,

On the Anelex Line Printer
Line feed and Paper Throw are always accompanied by carriage return.

Channel O is the ‘top of form’ channel, Thus 4,0 and 5.0 mean
carriage return to the top of the next form., Channels 1 to 7
provide vertical spacing (always with carriage return) as determined
by a loop of paper tape which is fitted to the paper throwing mech-
anlsm of the Anelex printer. ’

The width of a line printed on the Anelex is 120 characters. If
more than 120 characters are output to a line a new line is auto-
matically begun and the excess characters are printed on it.

On the Card Punch

Line feed means 'next card’.
Paper throw is replaced by one ‘next card’ (i.e. 2.1)

( 1.65 )
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Carriage return is ignored.

If more than 80 characters are output to a card a new card is auto~

matically begun and the excess characters punched on it, beginnin,
at the first column, 4 - s

~
t
L

On Seven-hole Tape

-— .
—

ﬁ%bm wmm@.wm always accompanied by carriage return. Carriage return
without line feed A%.m. 2.0) is ignored. Paper throw is never
accompanied by carriage return. The paper throw character on tape will

only teke eff'ect if the flexowriter on which it is printed has a
paper throw facility.,

On Five-hole Tape

Paper throw is replaced by one linc feed.

The channel number for paper throw will be taken modulo m, where n is the
~ number of homing channels available on the printer.

- -

The carriage control character 0.0 is ignored by each of the four
w%@wm of equipment, The character 2.0 (carriage rciurn without Lline feed)
is ignored on 7-hole and card output and correctly done on the line printer
and 5-hole tape. Compound characters can therefore be printed on the Ane-
lex and the teleprinter by overprinting. t

= = == s
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Be4 Selecting Input and Output

The data required by a program may arise from several different
sources and each such batch of data may be prepared as a separate unit
called a document.s Each document will be on a separate paper tape or deck
of cards and each will be allotted an input number as described in Chapter
10, Similarly if several distinct sections of output are to be produced by
the program each may be given an output number,

When the program requires input from a given document it first selects
the number of that document by extracode. Similarly to send information to
a given output stream, the output number must first be selected. The extra-
codes for these purposes are given below; each ane is singly modified.

1050 Select Input n

A1l succeeding input operations, until the next 1050 instruc~-

tion, refer to Input n,

If no input document with number n has been defined there will
be an exit to the monitor routine,

If input instructions are obeyed without previously selecting

an input, Input zero is used (see Chapter 10).

1051 Find Selected Input

ba’ = number of currently selected input,
This instruction is particularly useful in subroutines. The
current input may be stored at the beginning of the routine by

1051 6 0 0

Another input may then be selected and the original one re-
stored at the end of the subroutine by the instruction

1050 0 6 0 Select input b6

b6’ = select input.

1060 Select Output n

A1l succeeding cutput instructions, until the next 1060 order,
refer to output n.

For internal code output n is written without an octal fraction
(or with an even octal fraction which will be disregarded).

If binary output is required n should have an odd octal frac-
tion (usually .1)e Thus

1060 e 0 341

will select output 3 for binary output.

If output n has not been defined there will be an exit to the
monitor routine. If output instructions are obeyed without
previously selecting an output, output zero is used (see
Chapter 10).

1061 Find- Selected Output

ba’ = number of currently selected output plus octal fraction
as in 1060.

This extracode is used in a similar fashion to 1051.

(1465 )
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8ed Input using L1100

Since input and output require fairly complicated programs it is
usually convenient to use library subroutines for these purposese L1100
is the Input Library Routine. It will reconstruct a record and present the
progremmer with a number or a characters It will also read textss

8e5e7 Line Reconstruction

1400 itself calls in I199 to reconstruct records from the system in-
put tape. The record or ‘line’ is reconstructed as follows:

a) Bach character is stored at the least significant end of a half
word. _

b) Shifts to inner and outer sets will not be stored. Instead wpmw
simple character will be allotted seven bits. The Bomﬁlmpmbpwvt
cant bit will be zero if the character is a member ow wﬁw inner
set and a one if it belongs to the outer set. Thus "M  1s stored
as K5.5 and ‘m’ as K15.5,

¢) The character backspace (BS) will be ooHHode% Ms&mﬁﬁwmﬁwn but
not stored. That is, characters before and after a BS will be
combined to form a compound character (see 8e6e3).

d) The character tabulate (TB) is not s tored. Instead the correct
number of spaces will be inserted (see 8.7.6).

e) The last character of a line will be the carriage control char-
acter.

f) The following characters have special representations instead of
their normal internal code values:-

Space - SP is stored as 0.0

Erase = ER is stored as J4

Fault - FT is stored as Jd

Underline - UL is stored as J2 )
Figure Shift - FS is stored as J1 (two or more mcommmmy<¢
figure shifts in the same record are stored as a single
J1)

These special representations occur only when Hmm@%ﬂm a ﬁmooﬁm&dﬁo&m@
line; in all other cases, the normal internal code <mH:m.Hm reads For ex~
ample, SP, when read as a single character, or as a terminator to a number,
will be represented by O.1.

Normally only two lines mey be Hmoowmwwccwwm in this wey at one time.
Thus only two inputs may be active at the same t ime (but see 8.7.4)

Texts are read for output using I1; they are not line reconstructed.

8.5.2 Intries to L4100

Several entries are provided to L100 to enable the programmer to read
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numbers or characters from the reconstructed line, If numbers are read they

will be properly translated into forms acceptable by the accumulator or a
B~line.

For nuncriegl. input the character erase (ER), or any compound char-

acter containing ER, will be ignored. For character and text input ER is
read.

For all entries to L4100, the link must be stored in BOO.

A list of entries is given here; further details are to be found in
8.6,
A1/I100  am’ = next number QR
A2/1100 181’ = next integer
A3/I100 181’ = next character
A4/I100 Lose the rest of the line
AB/I100 Read text to store line b89 onwards
A6/IA00  Read text, following T newline or T/newline to store
line 89 onward
A7/I100 b81' = next integer as a 24 bit integer
A8/1100 181’ = next integer plus 3 bit octal fraction
A9/1100 Print reconstructed line

i

8.5.3 Data Preparation for L100

Hwowowwosﬂwmaomscmﬁdmo@m%m@swmbwcgwmbmmm&wwowH\_oo.
Throughout this section :

a and ¢ are decimal integers
b is a decimal fraction
~and k is a one digit octal fraction.

a) A maximum line length of 160 characters plus a carriage control
character is allowed (but see 8¢7.5).

& \
b) All numbers must be punched in the form:-

< Layout characterss<Numbers<Terminatory
The layout character may consist of any combination of

spaces,
tabs,
new lines,
paper throws,
upper and lower case shifts,
carriage returns,
line feeds,
figure shifts
or back spaces.

No layout character is really necessary.
The terminator may be a

space,
tab,

W
. I

sl 2T

—

- gy -

SO
T B
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8.5/3

new line (or end of card)

carriage return followed by line feed,
comma,

paper throw,

line feed.

Numbers to be read by entries to A1/L100 will normally take the
form
+adb

where the '+’ may be omitted if desired.
If either a or b is zero it may be omitted; if b is omitted the
decimal point is optionale
Examples
AO +~N =4 @Ao -—...\_ mﬂ 3@0
17 443 ~a761 34,61 40,357 =26.4

Numbers in floating point form will also be accepted by L160 with
this entry. These must be in the form

H&.wﬁﬂov

where ¢ is a decimal exponent. a and b are as before; o must

be preceded by a '+ or ‘='. No spaces may ocour between b and

the character ‘c’ or within the brackets.

For example
UQA bqo— A-—._Nv

will be accepteds It has value 3.141 x 107
For entry at A2/I100 or A7/IA00, numbers must take the form
+a \

where the ‘4’ is optional and a < 2°* ~1 for A2/I100 and
a < 2°% <1 for A7/1100

lixample:

64 + 73 -2
For entry at A8/I100, numbers must take the form

+m..wﬂ '

where ‘4’ is optionsl and a < 2°* -1, If either a or k is zero
they may be omitted; if k is omitted the octal point is optional.

Examples:

14 42 =51 12, +21. =741,
o7 62 ) 04_6\_ +_N-O =0,4

Texts for input by entry at >.m\H_._ 00 will normally be punched
as one record ending with a carriage control character. If a
text takes up more than one record ?..m. more than one line of
paper tape or more than one card) the characters (( must be
punched at the end of each record except the last.
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h) No texts are line reconstructed.

8.5/4 i} A _ 8.6/1
g) Texts for input by entry at A6/I100 must be preceded by - _ 8.6 The Entries to I100 in Detail
i i i haracter other than T m ,
MQSMMWMB m%oMSM\MMMMWMMHBMw Vm_ﬁmwﬁbm AT " _ h _ All entries apply to the currently selected input,
.
A

lm. °
| 8.6,1  A1/1100

A number is assembled from the line reconstruction and is stored as

a floating point number in Am, It is rounded in the normal Atlas fashion
and standardised, and L is cleared,

<yt

845.4 Punching Errors.

a) If the routine meets an unacceptable character when searching
for the beginning of a number, control is switched to A2 \H..‘_OQ.
For example this would happen on meeting Z in the list of integers

121 6 -7 Z

A21/I100 is normally a fault routine within 1100 but can be a
private fault routine set by the programmer (see 8.7.2).
The disallowed character will be in B82.

The terminator is given in B82. If the terminator is also a carriage
control character the most significant bit of B82 is set as one. Thus, when
the last number of a line has been read, B82 will be negative,

- Y
‘-—:’:_ -‘! N

For example if the number is $erminated by a space, b83 will equal
O«1e If the terminator is new line, however, B82 will contain J4K2.1.

DA

b) If the routine meets an unacceptable character in the su”bm.._.o of
a number, control is switched to address A22/I100. .Pmmu.mpu the
programmer may set A22/I1100 for private action and the disallowed i

Example:
Read ten numbers from input 2 and store them in floating
point form in locations 40 to 49,

character is in B82 as before. Such an entry will be caused for 1 194 3 0 -9 BS" L. Gt
example; by attempts to read a number with a fractional part by - 1050 0 0 9 mmwm,ond i
entry A3/1100. (See 8.7.3) | 501101 90 0  A1/I100  Enter 1100 to read to Am
T : | 356 0 5 49 Store number
] 201 127 3 AdS Count and return.
i H P 8.6.2  A3/1400.
= A 21-bit integer is formed from the reconstructed line and stored
- ‘ in bits 0 to 20 of B81; bits 21 to 23 are cleared. The terminator is given
N in B82 in the same way as with entry A1/I100.
| | Exanple*
- _ ) - Read to the end of the line of integers on input 41 and store
, them in half-words from 412.4 onwards.
- 121 1 0 0 b1’ = count
| & 1050 0 0 1 Select input 1
T [ 121 %0 o 3 Set Link
§ 1)124 1 0 04 Increase count by one half-
, word
i _ 121 127 0 A2/1100 Reed next integer o B&
1. 113 81 1 12.0 Store integer
_ 216 127 82 A Test for carriage control
- — _ character
R 8,6.3 bumgoo.
i
V|

A single character or a compound oharacter is taken from the line
reconstruction and stored in B8l. A single (seven-bit) character goes
” into bits 17 to 23. The characters ER, FT, UL and FS will have the values
* mm:aNQHw in 8e5.1 A.U.G..ﬂ SP = Ob\_ v.
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A oompound character arises from seven-hole tape input whenever two
or three characters are punched, separated by backspaces. In the case of
two characters, during line reconstruction, the numerically smaller charac-
ter is stored in bits 17 to 23 of the half-word; the other character in bits
10 to 16, In the case of three characters the third will be stored in bits
3 to 9 regardless of numerical value., A punching sequence such as A BS A
will be interpreted as Ae Such a compound character will be read to B81 by
the use of entry A3/I100.

A Compound character may also include the underline character. In
this case bit one will be a 1 (i.e. J2 will be added). If a compound char—
acter consisting of more than three simple characters; apart from underline
or erase, is detected during line reconstruction then a fault is registered
and the program suspended, Details are printed on output zero.

For example, if the characters
0 B / BS UL

are punched on seven-hole tape, the compound character m,swww ve printed by
the flexowriter. This will be reconstructed as follows:~

010 0 000 000 0 010 000
UL No 3rd character 0 is immer 2,0
The instruction
1107 90 0  A3/IA00
to read this character would produce
B81' = J2K401.7

0 001 111

/ is immer 1.7

After the last character of a line has becn read, the next entry to
bm\H:oo causes B8] to be clecared. The carriage control character will be
given in B824

8e6s4  A4/1400

The routine will set up the conditions necessary for line reconstruc-
tion on the next entry to 1100, In this way the remainder of the currently
reconstructed line is lost.

8.6.5 A5/1400

Read the next record(s) from the current input and store it beginning
at the half word whose address is given in B89. The number of characters
stored will appear in bits 1 to 23 of the half word whose address was speci=
fied in B89. The count includes the carriage control character. The final
contents of B89 is the address of the half word which immediately follows
the stored test. (For texts of several lines see sectlon 8.6.6).

Any amount of carriage control information preceding the text will be
treated as part of the text and stored ready for output by A6/11., In detail,
upon entry to A5/IA00 all one-character records are read and stored, each
preceded by its character count plus J4, until a record containing more than
one character is encountered., The latter is stored as described in the pre-
ceding paragraphe.
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8,646  A6/1100
This entry is to be made to read a text which appears amidst numer-
ical data at a point not necessarily known in advance to the programmer,
The text must be preceded by T Newline or T/Newline according as it is de-
sired later to output the text on a new line or on the current line. (In
fact any non-numerical warning character can be used in place of T). The
text is then read in by entering A6/I100 via the 'illegal-character-in-place=-
of-a~number’ entry A21/I100 (see 8.7.2)s The latter label must therefore be
set by the programmer., For example if the following data are being read by
A2/1400

1, 2, 3, T

TEXT

4, 5, 6

then the instructions .
21/1100) 121 89 0 3
1362 0 0 A6/1100

will store two records when the T is met. The first stored will consist
of a single new line character and the second will be the entire record
which follows the T on input. Each record is stored with its character
count as described in 8.6.5. The count for the first record has bit O
equal to 1 as required by the entry A6/I1 to print the text.

Upon exit from A6/I100 B89 is set to the address of the next avail=
able half word following the stored text,

On entry to A5/I100 or A6/IA100 for a text consisting of one record,
the next record from the system input tape will be taken and placed in the
store beginning at the address specifiied in B89, This must be a full word
or half word address and the first half word will be used to hold a count of
the characters in the record including the carriage control character., The
count will be in the character position of the half-word, so for a text of 14
characters the count will be 1.6,

If the continuation mark ({ has been used all of the records of the
text will be read to store, beginning at location b89., Each record will be
preceded by a half word containing a count of the characters and each of
these half words except the last will also have bit zero set to onee The
text will consist of all characters up to but not including the characters
((, and these characters must be followed immediately by new line.

Example:
Suppose a text on seven~hole tape consisted of the two lines
TAPE 12 ((
BLOCK 3

The instructions

121 89 0 100
1362 0 0 Ae/I400
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would set the contents of half word 100 ogmwm.m as follows:=

(100) = J4K1.1 9 characters including 2 SP and one NL plus

R a continuation nork
(100,4) = K6441604.5 TAPE
i K0121220.1 Sp 12 Sp
(101.4) = J21 NL
(102) . = K1.0
(102,4) = K4254574,3 BLCC
(103) = K5301232,1 K sp & NL

l

8 characters including one SP and one NI,

846.7  A7/1100

. . An Mﬁ&ommﬁ is formed from the line reconstruction and stored in B81
with its least significant digit as bit 23. The terminator is given in B82.

8.,6.8 A8 1100

. A 21-bit integer with one octal digit after the point is formed from
the M.ub@ reconstruction and stored in B81. The least significant digit of
the integer occupies bit 20 and the octal digit occupies bit 21 - 23.

The terminator is given in B32,

8.6.9 A9/1400
) . The reconstructed line containing the last information read with L100
is printed on the current outpute. For this entry, the line is taken to con-

sist of the characters on the printed line, together with the earriage control
character following it.
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8.7 mwﬁ..ou&. Parameters of L100

Library routine 1100 contains seven parameters which are optionally
set, These may be given alternative values by the programmer if he wishes.,
If 1400 is called for explicitly by an L directive these parameters must be
set first. This for example allows ABL to leave the right amount of space in
the compiled program to contain I100. If 1100 is called for implicitly the
parameters may be set at any point in the program. In this case L100 is
stored somewhere after the compiled program and the exact space it will occupy
is irrelevant at the time of the implicit setting.

The parameters arei=

>mo\§ 00 - beginning of line reconstruction storage
A21/1400 - Routine for fault at beginning of number

£22/1100 - Routine for fault in the middle of a number
A23/1100 = llaximum number of active input streams
A24/1100 - ileximum line length in characters

A25/1100 - Tab settings

A26/1100 ~ Tab routine

These are dealt with individually below.

8.7.1  A20/1400

The programmer may allocate specifio storage for the beginning of
1ine reconstruction by setting A20/1400, e.g. A20/I100 = 1000, If A20/1100
is not set by the programmer A20 will follow 1199

8e7.2 A1 mH.‘_ 00

If during numerical input a spurious character is encountered in-
stead of a mumber, control is switched to AZ1 /1400 with the character in
B82. The programmer can write his own fault routine to deal with such a sit-
uation. This is particularly useful in dealing with a number list of unknown

HOU.W.ED.
Example:

Suppose the list is punched out and the terminator of the last
number is followed by the character ‘*’ (internal code 1.6)s The
following piece of program would read the nunbers from input 2 and

form their sum in A5, If a spurious character other than ™ is met
(owing to mispunching) control is transferred to store line AG.

1050 0 0 2 Select input 2

346 0 0 J4 Clear am
41101 90 0 a1/1400 am’ = next number

320 0 0 AS % = partial sum

356 0 0 A5 A‘va‘ = partial sum
121 127 0 A4 Go to read next number
5)40

bt =b82 - ¥’ ,
Go to wm:b.d routine
if not ¥

21/1100)172 82 0 1.6
225 127 0 A6
~ = = = Next Instruction

If A21/I100 is not set by the programmer a stendard fault routine
will be entered.
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8e7s3  A22/17400.

If during numerical input a spurious character is encountered within
& number, control is transferred to A22/I100 with the character in B82. The
programmer may write his own fault routine to take care of this situation but
he will have a partially assembled number to deal with.

If 422/1100 is not set by the programmer, a standard fault routine
will be entered.

8o7e4  A23/1400.

The maximum number of inputs active at one time (i.e. those with a
line reconstructed part of which remains to be read) is normally two. The
programmer can, if he wishes, alter this by setting A23/1100 to the number

he requiregs Thus the directive

A23/IA00 = 4
would permit four streams to be active at once. This would obviously involve
more store being used by the line reconstruction routine to accommodate the

reconstructed lines,

8,7.5  A24/1400,

The maximum line length accepted by L4100 from any peripheral is 160
characters (excluding carviage control information). If the programmer wishes
to use a different line length he must set A24/I100 to the number of charac-
ters he requires.

8.7.6  A25/I400.

This paremeter is optionally set within the library routine to 15
which gives the standard tab settings of

8, 8, 8, 8, 16, 16, 16, 16 « ¢ « + + »

By setting A25/1100 to ~1 or 999 the programmer can arrange for tabs of 16,
163 16, esece Or 8, 8, &) eess. respectively.

87,7  A26/1100.

During line reconstruction a standard routine for replacing 'tab’
by the correct number of spaces begins at location A26/1100. If the pro=-
grammer wishes to use a private routine to deal with tab, 426/1400 nust be
set to the starting address of this routines. Exit from the private routine
must be to 1A28/1499.
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8.8 Fault Printing by 1100

If a fault is encountered while using 1100, then control is trans-
ferred to a fault routine, unless the programmer has set the appropriate
optional parameter. The fault routine will print out an indication of the
fault, usually in the form

< explanatory text >
a, b, c
< reconstructed line »
where a is the input stream number
b is the position of the faulty character on the line
and ¢ is the number of characters on the line.
Tt may not always be possible to completely reconstruct the line.

The routine then ends the run of the program.
The explanatory texts are listed belowe

IMP, CH. DURING NUMBER < character >
The character is impermissible within a number.

IMP, CH. BETWEEN NUMBERS ¢ character >
The character is not allowed to separate numbers

INTEGER TO0O LARGE
The integer can not be held in the B-line.

IMP., COMPOUND CHe
Impermissible compound characters

IMP. CH, AFTER T .
Only \~ erase, or newline are allowed after T when using the text input

entry A6/100.

UNASSIGNED Ce Ce CHe
The carriage control character is represented in the computer by a numnber

greater than 5.7.

MAX, LINE LENGTH EXCEEDED
The line length is set by A24/I100

UNASSIGNED CHe
SPARE CH.

These last two texts refer .to the charncters indicated in Appendix D,

TOO MANY ACTIVE STREAMS . _
1400 has beon asked to deal with mdre then the number of .input strecuns

set by >mu\ﬁaoo. No character position or line reconstruction is printed
O.G..ﬂo,
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8.9 Output using L

11 is the Output Library Routine and will output a number from the
accunrulator, an integer from a B-line, a single simple or compound character,
or a group of characters forming a text, In actual fact this routine trans=-
fers the output information to the System Output Tape whence it is automati-
cally sent to the required peripheral when output is completed. For this
H.Mwmow the single output routine can be used regardless of the output peri-
paera.Lte

8,9,1 Entry points to L1,

Different entry points are provided for each type of output required
and the way in which numbers are to be output is specified by a style number
in a B-line before entry to L1,

Tor all entries the link is stored in B20.
The entry points are as follows:-

AM/IA  Output am in style b89

A2/IA Cutput b81 in style b88

A3/IA  Output one character from b8l

A4/IA  End line (or card)

A5/IA  End record by carriage control character in B87

A6/IA  Output a text from H89 omwards

A7/IA  Output a text from b89 onwards, with terminating carriage
control character from B87Y

Further details of each entry are given below.
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8,10 The Entries to L1 in Detail

A1l entries apply to the currenmtly selected output and length is limited
only by the output peripheral.

8.1Q,1 A1/Id.

Entry to I1 at this point causes L to be cleared and the contents of
the accumulator to be output as a fixed or floating point number. The style
of output is determined by the oontents of B89, which must be set before en-
try to L1 by an order of the form :

121 89 0 pig.k

Here p is the number of decimal digits required before the point

(0 = p <127)
q is the number of decimal digits required after the point

(0 =q<15)

and k (the octal digit) indicates the form in which the number is to be
printed as follows:=

= 0 Accumulator printed fixed point, signed, on same line
1 Accumulator printed floating point, signed, on same line
2 Accumulator printed fixed point, signed, on new line
3 Accunulator printed floating point, signed, on new line
4 Accunulator printed fixed point, unsigned, on same line
5 Accumulator printed floating point, unsigned on same line
6 Accumulator printed fixed point, unsigned, on new line
7 Accumulator printed floating point, unsigned, on new line

If k is zero, .k may be omitted.
Further details are as follows:i=

a) All numbers will be correctly rounded to the last digit printed.
The rounding is decimal and of the ‘add 5°' variety.

b) The contents of the accumulator will be spoiled, but the con-
tents of B8O, B88, B89 are preserved. On the other hand, B81 to
B86 are destroyed.

o) When k takes the value 2, 3, 6 or 7, the current line is ter-
minated by a single new line character before the output of the
nunber. Otherwise the number follows the last character of the
current line.

1) For k=0 to 3 the number is printed signed, t hat is preceded by -
SP for positive numbers or - for negative numbers (but see 8.11.2).
With k = 4 to 7 the Sp or - are omitted altogether; for example
both 42.5 and =2.5 would be printed 2.5.

e) If k is odd the number is output in floating point decimal form.
The mantissa is printed with one non-zoro decimal digit before
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the point and q digits after (i.e. 1mantissa¢ 10) and is fol-
lowed by the exponent. Zero in floating point form will have
mantissa of 0, followed by Q zeros and an exponent of 40. The
number of character spaces to precede the deeimal point is

p+l for signed numbers or p for unsigned numbers.

The floating point number appears in the form
mantissa (exponent)

with a two decimal digit exponent preceded by + or - and enclosed
in brackets (but see 8,11.4 and 8,711.5.)

A non-significant left hand zero of the exponent will be omitted
ms@.. a space will be output after the final character (i.e. the

)")s If the exponent is more than two digits it will be printed
in full but layout will be spoiled (but see 8.11.4).

If k =0, 2 the number is printed in fixed point form waith p+l
character positions before the point and q after; if k=4, 6
there are p character positions before the point and g after.
Left hand zeros of the integral part are replaced by spaces;
right hand zeros of the fractional part are always printed.
Positive numbers are printed without a sign.

If the number has more than p places before the decimal point
(say P places) it will be printed either as a fixed point number
with P places before and q af'ter, or as a floating point number
with (p+q) significant figures in the mantissa, whichever form
has fewer characters. In either case layout will be spoiled.

The input routine L100 uses index registers B88 and B89. Care
must therefore be taken not to spoil the style set for an L1
entry by first entering L1100,

The gpecial ocases of p= 0 and q= 0 are dealt with as follows:-
P = 0

T v———

e@o “Uﬁ.uomww“_. part of the number in fixed point and of the man-
A.H_.mmm in floating point will appear as O, Thus 0,25 output
in style 0:2 would appear as

sp 0425 :
while =1,25 output in style 0:3.1 would be printed as
-0.125 (+) sp
q=20

An integer with no decimal point will be printed.

The number is printed as sp0 or -0 with a decimel exponent if
necessarye

Examples:
Te Print the numbers stored in locations 60 to 79 on output 3.
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The numbers should be printed signed in floating point form, each
on a new line, with four decimel places after the point.

1060 0 0 3 Select output 3
121 1 0 -19 b1’ = modifier
121 89 0 1:4,35 Style in B89
1)824 0 1 79 Read next no., to Am
1362 O 0 A/I1 Print a
201 127 1 AM Count and return

~ = = = Next Instruction

9, Read the next number from input 2 and print it on output 1 on the
current line. The number should be fixed point, unsigned with four
places before and two places after the decimal point.

1050 0 0 2 Seleot input 2.
121 90 0 2 Set link

121 Yo7 ~-Mg A1/I100 Read one number
10860 0 0 1 Select output 1
121 90 0 3¢ Set link

121 89 0 4:3.4 Set style

121 P ) AM/I4  Print mumber

~ = = = Next Instruction

8.10.2 A2/IA.

MEHH.% to bm\b.._ causes a 21 or 24 bit integer from B81 tobe printed.
The style of output is determined by the contents of B88 which must be set
before entry to L1 by an order of the form

124 88 0  pidek

Signed integers are printed with p+#l character positions before the
point, if any (see b) below), and unsigned integers with v character posi~
tions before the point, if any. Left hand zeros of the integer nre replaced
by spaces. Positive signed integers are preceded by a space rather than a
plus sign (to print something other than a space, see 8e1102)e

k is interpreted as for accumulator output except that the distinc-
tion between fixed and floating point numbers is replaced by that between
91-and 24-bit integers. Thus the interpretation of k is as follows:~

k=0 b8} is printed as a 21-bit integer, signed, on same line
41 b8! is printed as 24-bit integer, signed, on same line
9 b8l is printed as a 21-bit integer, signed, on new line
_ 3 18l is printed as a 24-bit integer, signed, on new line
k = 4 D81 is printed as a 21-bit integer, unsigned, on same line
5 b8l is printed as a 24-bit integer, unsigned, on same line
6 b8l is printed as a 21-bit integer, unsigned, on new line
7 b8l is printed as a 24-bit integer, unsigned, on new line

Further details are:- ]
a) The contents of the accumulator and of B81 are spoiled, but the

contents of B87, B88 and B8Y are preserveds B8O is not used
but B82-86 are overwritten.
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b) If k is even b81 is treated as & 21-bit integer. If @ = 0, bits
0 4o 20 are taken as a purc integer and bits 21 to 23 are ig-
nored. If q takes any non-zero value the integer is followed
by a point and one octal digit taken from bits 21 to 23.

c) If k is oma.dm4 is printed as a 24 bit integer. The value of q
is irrelevant.

d) If the integer has more than p digits it will be printed cor-
rectly but layout will be spoiled.

EBxample:

rint the number 97 on a new line on output 1 followed by the
contents of store half-word 97 as a 21-bit integer with octal frac-
tion., Allow for six characters before the octal point of the in=-

teger.
1060 0 Oy pa\l Call
121 88 0  2:0.6 Style in B88
121 g9 o0 97 b81! = 97
1362, rp4:0 0  A2/14 Print '97'
121 88 0  5:1,0 Style in B88
101 81 0 . o3 b81’ = (97)
1362 0 0  A2/I1 Print (97)

8.,10.3 A3/Ld.

Entry at this point will cause one character, which may be simple
or compound, to be printed from B81. Simple characters must be placed in
the least significant six bits of B&1 with bit 17 indicating whether the
character is inner or outer set as 8.6.3.

An alternative way of printing an outer set character is by output
of the 'shift to Outer Set’ character, KO.4. All succeeding characters are
then specified by six bits only and will be printed as ouper set characters
until the ‘shift to Inner Set’ cheracter, K0.5 is encountered or the end of
the record is reached. Thus to print outer set characters from the next
record a further ‘shift to Outer Set’ character must be outputi

Compound characters may also be built up in B81 as described in
8.6.5. Entry at A3/I1 will unpack each character and output them separated
by backspacese (This facility cenbe employed only if output is t o 7~hole
paper tape since this is the only eutput medium with a BS character)., Under-
line characters are allowed in the same way as shown in 8,63

The oharacters ER, FT, UL and FS may teke either the £ orms adopted
by 1400 (i.e, J4, J3, J2 and:J1) or their internal code numbers (K17.7, X7.7,
K42.6 and K0.7). The fault character, which nornelly arises only from ins
put via L100, is output as erase underlined. The actual printing of the
fault character on the different peripherals is as follows (see 8.2).

7-track ER
5-track ER ER ER
g@u.@um OISR
Cards o0 =

(1.65 )

h‘\\-

[

o=

?35_

S E—

R

8.10/5

A11 compound characters containing J4 (i.ee with bit zero set to
one) will be output as erases. If an attempt is made to print an impossible
character (e.g. ﬁ”os 5-hole) a full stop will be printed instecade

Example s
Print, on the current line of output 6, which is a seven hole
paper tape punch, the characters

g

124 81 0 K441 b1’ = A"
1362 0 0 A3/14 Purnch A
121 81 0 K14,2 b8’ = ‘b’
1362 0 0 A3/1A Punch b

124 81 0 K0.1 p&1’ = 'SP’
1362 0 0 A3/14 Punch SP
121 81 0 J2K401.7 bel’! =

Punch S 0 BS UL

While entry A3/1 is useful for the output of compound characters, it is more
efficiont to use the extracode 1064 to output single characters (see 8¢15)s

81004 A4/TA

With this entry, the current line of output is terminated by a single
new line (or end-of~card) characters. The extracode 1065 0 O 2.1 has
exactly the same effect and should normally be used.

8¢10.5 A5/LA

If more than one new line character, or some other carriage control
output is required, entry may be made o A5/IA. B87 must contain the ear-
riage control information as detailed in 8.3

Example :
Tor six new lines the necessary instructions are
121 87 0 K2.6
1562 O 0  A5/I4
The extracode 1065 0 87 0 has the same effect, and should normally
be used.
Be106 A6/IA

Pntry to A6/I1 will output a text from store locations beginning at
89. The text must be stored in the form in which texts are read by L100,

(see 8.6.6). That is
a) each record of the text must be preceded by a half word con=-
taining a count of the number of characters in the record in-
cluding the carriage control character.
b) for each record except the last this half word must also have
bit zero set to one (i.e. for n characters, the half word must
contain YnJ4)e.



