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8.3 The Anelex Line Printer.

General

The standard installation comprises an Anelex High Speed Printer series hr1000
W.Lth

1« © a print barrel rotating at 1000 revolutions per minute,
2. a row of soleniod driver hamners,

3+ a code wheel which is locked to the print barrel toidetermine the time for
triggering a hammer for the appropriate character to be printed

L4, a mechanism for automatically feeding inked ribbon and advan01ng paper through
the printer between the hammers and the print barrel.

5. a Pormat Control which works in conjunction with the paper feed mechanism
to automatically vary the vertical spacing of printed lines, It consists
of a brush-read paper tape reader which reads sprocket fed paper tape with
up to eight channels,

6. mechanisms for manually adjusting the position of the printed lime, the
paper tension, and the print quality, as well as the phasing of the hammer
triggers with respect tto the instantaneeus barrel position,

7. transistorised pulse shaping, gating and amplifying 01rcu1ts on printed
boards. )

8. so0lid state electronics for driving the hammers,
9. power supplies,

10, core store and associated electronics to generate the contrel signals from
peripheral to computer. The core store holds a complete llne of 120
characters,

The printer has 120 print positions spaced 0,1 inches apart ?1ong the barrel.
Although the barrel speed is normally 1000 revolutions per minute a control can
reduce this to 667 r.p.m. when improved printing quality is required.

The traction mechanisms for feeding the paper can be varied in position
laterally so that widths of paper from 4 to 19 inches can be used. No
indication is given to the computer when the width of paper being used is teo
narrow to accommodate 120 characters on a line and hence it is the responsibility
of the eperator to ensure that the required width of paper is loaded and alse
that the paper is loaded so that the Paper Low detection light is intercepted by
the paper,

Each hammer medule has two adjustments, one for flight time te control the
printing level along the line and the other for penetration to control the
thickness of print for the character position.

A single line feed takes 16 m.s. and each additional line feed takes a
further 6,67 milliseconds,

The printing of the top cepy is by inked silk ribbon with a life of approx.
3/k -1 million lines. Up to five copies, plus the top copy, can be ohtained
using one-time catbon, OChanging of the ribbon takes about three minutes,

There are 64 different characters on the barrel in each print position., It is
possible to print at 1000 lines per minute if only 48 consecutive characters on the .
circumference of the barrel are being used, A single line feed can be cempleted in
the time for a Buarter of a revolution of the barrel and hence a line of up to 48
consecutive characters may be printed and a single line feed given every barrel
revolution. If more than 48 consecutiveccharacters are being used the printing

1st July, 1963.



8.,3/2

8.3 Continued

speed is reduced and if all 64 characters are being used 4 lines may be
printed every 5 revolutions of the print barrel i.e, 800 lines per minute.

The required logic to detect the presence of characters in the different
positions round the barrel for a particular line is contained in the printer.

A1l paper handling equipment is integral with the printer. The paper
feed is controlled by a pair of tractors, one above and one below the print
head and tensioning of the paper can be carried out during printing. The
form can be raised or lowered ty about 3 line spaces during printing.

Lateral tensioning and positioning can be carried out by moving the
appropriate tractors while the printer is not operating.

Controls and Indicators

a) Mechanical Controls

These are situated on the front ef the print mechanism and are as follows:
1. Penetration

This controls the depth of print to allow for the thickness of the paper
and the number of copies being printed.

24 Positiening

While printing is in progress the form can be lined up by shifting it
up or down by a2 maximum of three line spaces.

3 Tensioning

This controls the lateral tensioning of the paper and can only be used
while the printer is stopped.

4, Phasing

This controls the timing of the trigger to the hammer drivers relative
to the instantaneous barrel position te allow for different thicknesses
of paper, or multiple copies, and the two barrel speeds.

5. Barrel Speed

This is a switch te enable either full or 2/3 full speed (Fast or Slow)
for the print barrel to be selected. It is situated on the control panel
illustrated en the diagram below,

b) Electronic Controls

The control panel is situated on the front of the printer and is eas
follows:
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SLOW FAST

1) ON/OFF

These are two push button switches and indicators at the bottom right of
the control panel which indicate whether the electronics of the printer are
switched on or off., The OFF button is 1it Red when power is available to
the printer but the electronics are switched off; in this case the remainder
of the indicators are unlit. The ON button is 1lit Green when the power to
the electronics is on and in this case the OFF button is unlit.

2)  ON-LINE/OFF-LINE (ENGAGE/DISENGAGE)

This is a double-action push button and indicator which. corresponds to
the Engage/Disengage button on the other equipments and for the sake of
consistency it will in future paragraphs be refered to as the Engage/Disengage
button. Only one half of this button is 1it at one time, the upper half
being 1lit Green when the printer is engaged (On-Iine) and the lower half
being 1lit Red when the printer is disengaged (0ff~Line). The printer is
always in the disengaged state when initially switched on. It is only
possible to engoge the printer when it is in full working order i,e. no fault
condition exists and some paper is in the feed mechanism,

3)  PAPSR BREAK/PAPER OUT

This is a double indicator which is normally unlit but the top or -
bottom half is 1it white when appropriate, ‘ The Paper Out" is detected by a
reflected light device below the feeding mechanism and gives g warning to the
computer but does not set the Stop digit in the V-store. This therefore
allows the output to be discontinued at some convenient point, The "Paper
Break" is detected near the print head by microswitch and in addition to
giving the Paper Warning signal sends a Stop signal.

L) PRINTER READY/THROAT OPEN

This is a double indicator, the top half of which is 1it Green when the
printer is inen operational condition; the lower half is 1it white when
the cover over the print mechanism is open.
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5) 6 LINE/8 LINE

This has no relevance on the Atlas Anelex.
6) TEST PRINT

This button is normally 1it Yellow and is used for testing the printer
off-line. It is used in conjunction with six switches which are situated
at the back of the printer (and inside the outer covering) and which enables
any one of the 64 available print characters to be selected, If this button
is pressed when the printer is Disengaged the selected character is printed
continuously in all 120 positions across the paper. The printing continues
until the first Top of Form indication is detected after the button is
released., A further feed of one form takes place, without printing, before
the printer stops. Pressing the button when the printer is Engaged has no
effect.,

7) TOP OF FORM

This button is normally 1it Yellow and when pressed a one is "OR"-ed
into the Disengaged digit in the V-store making the printer appear to be
temporarily disengaged. Paper is fed to the next "top of form" diglt
specified in Channel 1 of the paper tape used for format control. If there
is no top of form digit on the paper tape the paper is fed continuously.

No control signals are normelly sent to the printer when it is disengaged.
If however the End of Line and Vertical Format signals are sent after the
run-out button has been pressed and before the Top of Form feed is finished
the contents of the buffer are printed. '

If the button is pressed when the printer is engaged the buffer is not
cleared but a further Print Look At Me signal is sent at the completion of
the paper feeding.

8) LOAD PAPER and LOAD RIBBON

The Load Paper button is pressed before loading paper to allow the
top of a form to be lined up with & predetermined mark on the lower module
cover or on the left hand tractor. It is used in conjunction with the
Load Paper digit in the paper feed loop. :

The Load Ribbon button is used to facilitate loading the ink ribbon
by filling the inner ink ribbon mandril with ribbon until all the ribbon
is on that mandril,

These two buttons and indicators are normally 1lit Yellow and are only
effective when the printer is disengaged.

The V-store Digits

Peripheral V-store Type L. (*60044000)

Line Digits
0 36 w1 Clear Core Store
35 WA End of Line
3L W1 Information Strohe
33-28 L Information
27 RW1 Read: Disabled

Write: Start
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Line Digits
0 26 RW1 Read: Paper Warning
Write: Put Out Look At Me's
25 RW1 Read: Stopped
' Write: Stop
2L RWH Read: Disengaged

Write: Disengage

Type 1k, (*60043430)
Line Digit

3 2L R Overflow Look At Me
28 R Print Look At Me

The pin allocations for the above signals are given in Section 8.1.3.

Siggals to and from the Computer

To engzge the printer it is necessary to press the Engoge button;
it is not possible for the printer to be engaged directly by the computer.
Pressing the Engage button resets the Disengaged digit in the V-store
(aigit 24) to read as zero provided that neither a Disabled nor a Paper
Out signal is being given by the printer. If either of these signals is
present pressing the Engage button has no effect. The Disengaged digit
is examined by the peripheral supervisor during every "One Second Interrupt"
apd the printer may be started if it is engaged. '

; The printer's buffer store is not automatically cleared when the Engage
button is pressed and hence it is necessary for the computer to send a "Clear
Core Store" signal (digit 36) before any information is transferred. The
buffer is subsequently cleared automatically whenever a line of information
is printed,

The printer may be disengaged either (a) by the computer writing a
one to the Disengaged digit or (b) by an operator pressing the Disengaged.
button or (¢) (temporarily) by an operator pressing the Top of Form buttcn.,

After the Stort signal has been sent from the computer (digit 27), a
Print Look At Me signal is sent when the printer is fully operational, This
indicates that the transfer of information from the computer to the printer's
core store (vic the V-store, digits 33-28) can take place. The characters
are sent one at & time and may not be sent more frequently than one every
16 u-secs, There is no meximum time during which the characters for a line
are sent to the V-store and hence the Put Out Look At Me (digit 26) nust be
sent as soon as the computer has recognised the Print interrupt. This thus
enables the computer to deal with other interrupts if nccessary during the
transfer of information. Simultaneously with sending each six~bit charaeter
to digits 33-28 o further bit must be written to the Information Strohe digit
(digit 34). This ensbles the printer to recognise information and control
signals,

When a complete line of characters has been transferred (this might be
any number of characters up to a maximum of 420) an "End of Line" signal
(digit 35) is given together with, or followed by, a Vertical Format character.
_ The latter is written to the Information digits and a one is also written to
the Information Strobe digit. After the line has been printed and whilst
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the specified paper feeding is taking place a further Print Look At Me signal
is sent to the computer, thus enabling further inforwation to be put in the
core store during the paper feeding operation. There is a delay of apprcximately
8 m.s. after sending the Vertical Format character before the next Print Look
At Me is given, This is to eneble the information in the buffer core store

to be transferred to the electronics. No further Look At Me signal is sent

if the Start/Stop flip flep has been set to Stopped. This may have been

done either (1) by the computer writing a one to the Stop digit (digit 25)
because no further information is available for printing or (2) by the printer
being disengaged or (3) because a Disabled or Paper Out Signal has been

given by the printer,

During the transfer of information the buffer automatically scans the
characters and printing starts with the first available appropriate character,
When all the characters have been printed the line feeding commences and a
further Print Look At Me signal is sent to the computer., This Print Look At -
Me is given about 8 m.secs. after the printer receives the Vertical Format
character. The transfer of information for the next line thus takes place
during the line feeding and further printing may start with the first available
character after the line feed has finished.

A Print Took At Me is sent to the computer only if all the following
conditions are satisfied:

(a) the system is "Able" i.e. the printer is switched on, all fuses are
intact and paper is loaded.

(b) the printer is engaged.

(¢) the system has received a "Start" signal from the computer.
Only when conditions (2) and (b) sbove are fulfilled can the computer
switch the system into the "Started" condition, : ‘
(a) +the system is riot "Print busy".
The printer starts the printing cycle immediately it receives an "End
of Line" or a "Clear Core Store" signal from the ccomputer. It remains
"print busy" in the former case until the core store has transferred
its contents into the mechanics and has emptied itsels which can take
a meximum of 60 m.secs, If a "Vertical Format" character (essentially
an Information Strobe) is not received within this time the printer
remains in the print busy state until one is received. Afier 2
"Cleer Core Store" signal the printer is "print busy" until <ho core
store has been reset to zero which takes about 720 u.secs,

(e) the system is not "Vertical Format busy".

The paper feed cycle commences immediately a Vertical Format character is
received and the system remains "Vertical Format busy" until the printer
“receives the appropriate stop signal from the paper feed mechanism,

The paper feeding does not commence whilst the system is "print busy™"
and it takes about 7 m.secs. to come to a halt after the stop signal.
This latter period is masked on a non-zero vertical format command by an
8 m.secs. "Print Interlock" which prevents the beginning of the next
print cycle until this time has elasped. (This is also the period in
which an information transfer for a line of print from the computer must
be completed to obtain full speed working).

The total time of the electrical Feed Paper commaend takes sbout 8 m.secs.
(between 6.2 and 8,2) for one line plus 6.67 m.secs. for each line succeeding
the first i.e. a paper feed rate of 150 lines per second. There is a
"Vertical Format interlock" of 20 m.secs, at the end of the "Vertical Format
busy" state which prevents further paper feeding being initiated within this
period,
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The Print Look At Me is thus generated

(1) within 2 p.seo. if conditions a, b, d and e are all
satisfied and the printer receives a "Start" signeal.

(ii) 720 p.secs, after receiving a "Clear Core Store" signal.

(iii) between 720 p.sscs. and 60 m,secs. (Print cycle time)

' plus 8+(n-1) 6.67 m.secs., (Line feed time) after receiving
an "End of Line" signal where n is the (non-zere) number
of lines contained in the Vertical Format character sent
with or following the End of Line signal. The minimum
time of 720 p.secs, is obtained for the "printing" of
all spaces and zero line feed. The maximum is 60 m,secs,
(whenever ell the 64 different characters on the barrel are
to b2 printed) plus the meximum number of lines to be fed
which is the number of lines on a complete form (6 lines
to the inch)., In all other cases it is difficult to
predict the print cycle time as it not only depends on

" the number of different characters, and their distribution
round the print barrel, in the line to be printed but also
on the exact location of the print barrel at the time the
print cycle starts,

If the printer is disemgaged by push-button during a transfer of
information to its core store, the transfer is continued until completed.
Before an "End of Line" signal is given the fixed store program examines
the Disengaged digit and only sends the signal if the printer is Engaged.
Otherwise the information is retained in the core store buffer until the
printer is _re-engaged. Disengaging the printer does not inhibit any
mechanical actions. Hence if the printer is disengaged in the time between
the fixed store program reading the Disengaged digit as zero: and sending

the End of Line signal the line feeding still takes place.

If o fault condition is detected by the fixed store program during the
transfer of a line of information the characters already copied to the core
store can be cleared by writing 2 one to the "Clear Core Store" digit.

A further Look At Me signal is given by the printer when the core store has
been cleared and the transfer can be restarted.

A Disabled signal is given by the printer (aigit 27) and the Stop/
Start flip-flop set to Stopped if a failure (fuses blown or D,C. not ready)
is detected. The printer is disengaged by the fixed store program at the
next "one second interrupt" and the digit is reset automatically when the fault
has been corrected. The printer cannot be re-engaged whilst the fault
condition exists, '

The Paper Warning signal is given (digit 26) if the Paper Low light
detects that there is no paper in the bottom container or if the Throat
Cover over the print head is open but the printer is not stopped in this
case. This digit is reset automatically when more paper is loaded.

This digit is also set, and the printer is stopped, if the Paper Out
microswitch operates because the paper is torn. The fixed store program
disengages the printer at the next one second interrupt. The digit is
automatically reset when more paper is loaded. The printer cannot be
re-engaged before the Paper Out condition is corrected,

An "Overflow Look At Me" signal is given if the computer sends more
than 120 characters for a line., This interrupt occurs even if the printer
is stopped or paper feeding and is given within about 8 p.secs. of the
121st character having been sent to the V-store. On entering the Overflow
Interrupt routine the fixed store program writes an End of Line Digit and
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a Vertical Format chaoracter to the V-store thus initiating the printing

of the first 120 characters which were sent to the core store for that

line. The fixed store program can then send this 121st character to

form the first character of a'new line on the next Print Look it Me interrupt.
The Overflow Look At Me is reset by writing a one to digit 26 as for the
Print Look At Me.

If the printer is disengaged when the Overflow Look At lMe is set
the printer becomes busy until either a Vertical Format character (i.e. an
Infromation Strobe) or a Clear Core Store signal is received or the Test
Print button is pressed, The Look At Me is automatically reset.

Paper Feeding,

The paper feeding may be specified by using the Vertical Format
character in either of two ways

(1) in conjunction with a paper tape loop or
(ii) by specifying in binary the number of lines required to be
thrown,

Tn the first case the three most significant digits of the vertical
format character must all be ones, The three least significant digits
specify in binary the channel of the vertical format control which is
required. This format control is situated in the printer and consists
of a brush-read tape reader which; for Atlas, reads standard 7-channel
paper tape. The loop of paper tape has the same number of characters
as the form under the print head has lines and for every line feed which
takes place on the printer the paper tape loop is advanced by one character,
When one of the channels of the paper tape loop is specified by the three
least significant digits of the vertical format character the iorm is thrown
until a hole is senscd in that channel of the paper tape, or until the
next top of form digit. One chamnnel is reserved for the "top of format"
signal (required by the Paper Run Out button) and this is always channel
1 i.e. character 111001, In other applications of the printer where eight
channel paper tope is used the character 11111 is used to specify channel 7.
For Atias, using seven diannel tape this character is not applicable.

The layout characters are thus

111000 ehannel O load paper
111001 channel 1 top of form
111010 chiannel 2

111011 channel 3

114100 channel L

114101 channel 5

111110 channel 6

111111 not applicable

The second method of specifying paper feeding is where one or more
of the three most significant digits of the vertical format character is
a zero. In this case the number of line feeds is given by the binary
interpretation of this character. The number of lines which can be fed
by this means varies from O to 55, i.e.

000000 no line feed
000001 single line feed
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000010 two line feeds

L} L]
110111 55 1line feeds

The character 000000 suppresses line spacing to allow overprinting.
The line feed is terminated if a top of form digit is detected in
the paper feed loop before the specified number of line i'eeds has been completed.

The first information character written to the core store after a
vertical format character is printed in column one 1rrespectlve of where the
printing for the last line finished, 5

Details of Signals

The signals to the printer from the computer conform to-the following
specification:

a) two wire inputs for use with sub-miniature co-~axial cable of 50 ohm
impedance and approximately 30 pF per foot.

b) TLevels: logic 1 -1 volts minimum
-1.5 volts maximum
logic 2 +1,5 volts minimum
+2 volts maximum
c) pulse width a minimum of 2 p secs at the peripheral end with edges at
445 volts / u seci measured at 10 per cent and 90 per cent of peuk to
peek amplitude in both directions,
d) maximum D,C, loading 1 m. A at the peripheral end.

8ix lines carry the 6 bit character transfers at a rate not exceeding
62.5 Ke/s.

The signals from the printer to the computer conform to the following
specification:

a) two wire outputs for use with sub-miniature co-axial cable of 50 ohm
impedance and approximately 30 pF per foot.

b) Levels: logic 1 ~2 ninimum
~4,5 maximum
logic O +2 minimum
+4.5 maximum
c) edge speeds are A4.5 volts per p sec. when measured at 10 per cent and
90 per cent of the peak to peak amplitude in both directions when loaded
with 3000 pf,
d) the maximum current to be supplied to the cable is 10 m.A,
e) the reference level O volts must be floating, i.e. insulated from

mains ground,
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Tnstallation Details

The approximate dimensions of the control pedestal and printer unit are:
Width 58 inches
Depth 30,5 inches
Height 55.25 inches

Total weight is approximately 1900 lbs.

The power supply is single phase A.C, at 50 c.p.s. and 240 volts +

15 per cent. The power consumption of the printer pedestal is 2.0 KVA
approximetely.
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Character Lay-out

The following characters are on the wheel in the sequenge given:

Seq- Inter- - QOectal Sequ- Inter- Octal
uence nal code Code sent ~ Character ence nal code Code sent Character
(Octal) to printer (Octal) _ to prjnter
- 01-I 40 “ Space 32 52~T co J
1 20-I 01 0 Zero 33 53-1 41 K
2 34~0 ' 02 1/2 3l 54-1 42 L
3 21-1 43 1 One 35 55-1 03 M
L 36-1 oL - Minus 36 56~1 Ly N /-
b 22-1 L5 2 37 57-1 05 0
6 35-1 46 + 38 60-1 06 P
7 23-1 07 3 39 61-I 47 Q
37-1 10 * Point L0 62~1 50 R
. 24T 51 Ix I 63~1 11 S
10 03-0 52 £ Pound L2 64T 12 T
Sterling v
11 25~1 13 5 L3 65-1 53 U
12 15-T 5l & Ly 66-I . 14 v
13 26-1I 15 6 45 67-T 55 W
14 10-I 16 ( 46 70-I 56 X
15 27-1 57 7 L7 M-I A7 Y
16 114-I 20 ) L8 72-T 60 Z
17 30-I 61 8 49 17-0 21
18 16-1 62 * psterisk 50 40-T 22 ' Apostrophe
10 3-I 23 9 51 21-0 63 r
17-1 6L / 52 22-0 2 N
©. . 35-0 25 10 Ten 53 32-1 65 <
22 36-0 26 11 Eleven 5L 33-1 66 >
23 L1-I 67 A 55 34~I 27 = Equals
24 L4o~T 70 B 56 26~0 30 _ Underline
25 43-I 31 C 57 27-0 71 | Vertical Line
26 44~T 32 D 58 141 72 - :
27 45-1. 73 E 59 12-1 33 s
28 46T 3h F 60 30-0 7L 2 Super
script 2
29 L7-1 75 G 61 13-I 35 7 Pi
30  50-T 76 H 62 32-0 36 o Alpha
31 51-I 37 I 63 330 77 B Beta
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&.4 The I.C.T. Card Punch

General

This equipment comprises an I,C.T, type 582 Card Punch and associated
electronics, The punch handles 80-column cards at the rate of 100 cards
per minute., Cards are fed broadside on, face down, with the Y edge leading,
thus punching one row at a time, The card track comprises magazine, punch-
ing station, check reading statlion and stacker, The card capacities of the
maga21ne and stacker are approximately 700 and 800 cards respectively.

Reading brushes are placed ene card cycle after the punch krives, It
takes four card cycles for a card to pass from the megazine to the stacker,
the sequence being.

1st cycle, the leading edge of the card approaches the punch knives.
2nd cycle, the card passes through the punch station,

3rd cycle, the card posses under the read brushes,

Lth cycle, the card passes into the stacker.

On a "Start" (or "Feed Card") order a card is always fed to the punch
nives., If there is no card already approaching the punch knives two cycles
ire automatically carried out and two cards taken from the magazine, The
first card is punched and the second card left with its leading edge approach-
ing the punch knives, Cards are fed continuously, one per card cycle, until
a Stop signal is given.

4 plugboard is provided which allows any of 80 computer channels to be
connected to any of the 80 punch magnets., Not more than two mognets may be
driven from one chammel, A similar distributicn of the 80 check-reading
brushes is possitie, It is not anticapted that this facility will be used
on Atles except for maintenance purposes.

Provision i3 made for off~setting a2 card in the stacker by about 3/8 inch,
Thus if the information read at the checking station does not agree with the
information that should have been punched the fixed store program gives an
"O0ffset" order and punches the information on a second card., The operator
removes gll off-set cards when unloading the stacker,

No limitation is placed on the number of holes that can be punched in a

The punch may be used off-line as a gang punch, by changing the plug-
board and switching to local control., This is intended as a maintenance
rather than an operatioral facility. For this reason the plugboard also
carries the twelve outlets for an emitter, each correspondlng to one row
of a card.,
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The V-store Digits

e 9

line digits

0 L7-40 RW10

(*60042200)
39 RW1
38 RWA
37 R
29 izl
28 ki
27 W1
26 W
25 RW4
2 RW1

L L7-2l RW10

(*60042240)

8 L7-2l RW10

(*6004:2300)

12 Lm0l W10

(*60042340)

Type 14 (*60043:450)

6 2l ]

‘ 26 R
28 R

ontrols and Indicators

a) Engage Push-button and Indicator

8.4/2

Information, One digit of each of
columns 8-1 respectively where column

1 is that first in the card punch.
Read: Brush Information

Write: Punch Information

Read: Card Levels

Write: Put Out Brush Look At Me

Read: Card Wreck '

Write; Reset Overdue

Overdue

Do not Offset

Put Cut End of Card Look At Me

Start

Put Out Punch Look At Me

Read: Stopped

Write: Stop

Read: Disengaged

Write: Disengage

Information (see line 0), One digit of
each of columns 32-9 respectively
Information (see line 0), One digit of
each of columns 56-3%3 wespectively
Information (see line (), One digit ef
each ei' columns 80-57 respectively

Frd of Cord Look At Me
Puust Tock At Me
Bruah Look At Me

It is only possible for the punch to accept information from the computer
if it has been Engaged and it can only be Engaged by en operator pressing the
Engage push-button, It is impossible to Engage unless the punch is able to
deal with information from the computer, e.g. unless there are cards in the
magazine, there is no card wreck, the receiver is not full, the fuses are intact

ete,

Combined with the push-button there is an indicator which lights Green
when the equipment is Engaged and White when the punch is Disengaged.

b) Disengage Push-button and Indicator

The punch may be Disengaged by instruction from the computer, or by an
operator pressing the Disengage push-button.

When the button is pressed a Disengesged signal is sent immediately to the
peripheral co-ordinator setting the appropriate V-store digit., The equipment
is Disengaged immediately if it is not currently punching (or check&reading)
otherwise it is disengaged automatically at the end of the current cycle.
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Combined with the push-button is an indicator which lights Red when
the equipment is Disengaged and White when the punch is Engaged.

¢) Start Push-button and Indjcator

When, and only when, the equipment is Disengaged is it under local control.
Pressing the start button then couses the punch to cycle, feeding cards if
there are any,

In this condition the equipment may be used as a gang-punch, provided a
suitable plugboard is used, or the facility may simply be used to clear the
card tracks. '

Combined with the push-button is an indicator, coloured White, which
lights while the machine is performing a cycle whether under computer or local
control,

d) Stop Push-button

Pressing this stops the punch cycling only if it is under local control,
i,e. Disengaged, If the punch is Disengaged and cycling it is only possible
to Engage it after the Stop button has been pressed. :

e) Power On/0ff Switch and Indicator

There is a power on/off switch on the punch. When the switch is on the
Power On indicator, coloured Green, lights up.

f) Mogazine Empty Indicator
g) Stescker Full Indicator
h) Card Wreck Indicator

These ere indications that the punch is disabled until it receives
attention, All arc coloured Yellow.

Signals between the Computer and the Punch

During normal operation three separate causes of interruption may occur,
These are '

i) when a card is ready to have a row punched
‘11) when o row of the cerd has been read at the check-read station
iii) when an End of Card signal is received :

The digits referred to below are the digits of line 0 of the Card
Punch V-store. .

a) Disengage (digit 24)

This digit is read as a one when the card reader is Disengaged, and read
as a gzero when it is Engaged, It is reset to zero only by the operator
pressing the Engage button on the card reader.

Tt is set to one either when the computer writes a one to it or when
the Disengage button is pressed. In this latter case the punch is not
stopped and disengaged until after the current cycle has been completed although
the Disengaged digit in the V-store is set immediately. The punch must be
Engaged before any cards can be fed,
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b) Start (digit 27)

Writing a one to the Start digit initiates the feeding of cards.
This signal starts the motor and when it has run up to a stable speed,
taking up to 800 m,sec., feeds a card to the punch knives. If there is no
card in the track waiting to pass the punching station the machine automatically
performs o second cycle, Cards are thenfed continously until a Stop singal
is given either from the computer or from the punch itself. This latter may
be either due to a fault indication or because the punch has been disengaged.

¢) Stop (aigit 25)

Writing a one to the Stop digit inhibits all further Look At Me's and
prevents card feeding. A one must be written to the Stop digit within 12 m,secs.
~f the End of Card Look Lt e otherwise o further card is fed. At the end of
punching a pack of cards two blank cards arc in the card track, one cbout to
pass under the check read station and the other about to pass under the punch knives.

The Stop signal may also be given by the punch if either

(i) the Disengage button is pressed or
(ii) either Operator or Engineer attention is required.
g q

In these cases the Stop digit is set and the punch stopped 2 m,secs. after
the next End of Card signal. The motor is automatically run down if the Stop
digit remains set for more than 400 m,secs,

For mechanical reasons it is not possible to re-engage the clutch whilst
it is in the process of disengaging. This effectively means that the punch
cannot be started again between 10 m.secs, and 1 sec, after a Stap signal has
been given to it. A delay is therefore 1ncorpor@ted to hold—off any Start signal
sent during this- period,

d) Put Out Punch Row Look At Me (digit 26)

An automatic interrupt occurs whenever the card is ready to have information
punched on to a row, These signals occur every 43 m.secs, aend are present
for about 35 m,secs, of this time, If the signal is not put out in this time
an Overdue digit is set, the Stop/Start flip—flop set to stopped and no further
interrupts are given.

e) Put Out End of Card Look At Me (digit 28)

The Bnd of Card interrupt occurs simulteneously with the last row interrupt
from the Check Read (Brush) station, but has a lower priority than the Brush
interrupt., If no card is in this station it occurs at a similar time in the
cycle for the card at the punch station.

The fixed store program sets the Do Not Off-set digit if the card just
checked has been punched and checked correctly. The Stop signal is also given
at this time if it is requlred to terminate the feeding of the cards. In order
to check the last card in a pack it is thus necessary to have an extra card
passing under the punch knives whilst this last card is being checked. No holes
are punched in this extra card.

f)  Put Out Brush Look At Me (digit 39)

The Brush Look At Me interrupt for the card at the reading station occurs
L0 m.secs., after the Punch Row interrupt for the corresponding row of the card
at the punch station. If the information has not been read and the Put Out
Briysh Look At Me 51gna1 been given within 10 m.secs., of the interrupt occuring
the Overdue digit is set, the punch is stopped and no further interrupts occur.
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8.4 Continued

g) Do not Off-set Card (digit 29)

This digit is automatically reset to zero to indicate "Off-3et Card" at
the time the first row signal should be given by the punch station whether or
not a card is actually passing through the punch station, It is set by
program to "Do Not Offset Card" when the End of Card signal is received if the
count of the rows for both stations has been correct, no overdue signals have
been received and if the information read by the checking station was the same
as that sent to the punch station, This digit is examined 9 m.secs, after the
End of Card signal and the card off-set if the digit has not been reset by the
program, ‘

h) Card Levels (digit 39)

This is set, and the Stop/Start flip-flop set to Stop, two m.secs. after
the next End of Card signal is given if Operator attention is required because
either

(i) the card magazine is empty or
(ii) the card receiver is full,

The digit is reset autometically when the card level in question has been
attended to. |

i)  Card Vireck (digit 38)

This is set and the reader stopped 2 m.secs, after the next End of Card
signel if Engineer attention is required because a card wreck, Jjam or misfeed
has occurred, The appropriate digit is reset automatically, provided the fault
condition has been corrected when the Engage button is pressed. |

)  Overdue (digit 37)

This is set and the punch stopped immediately if the appropriate Put Out
Lpok At Me signal is not sent either:

(i) within 35 m.secs, of a Punch Look At Me
(ii; within 10 m.secs, of a Brush Look At Me
(iii) within 10 m.secs. of an End of Card Look At Me

The Cverdue digit is reset either when the Engage button is pressed or by
writing a one to digit 38.

In each of the above three cases (i.e. either digit 39, 38, or 37 set
and the reader stopped) the reader is disengaged by fixed store program,
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8.5 Paper Tape ond Teleprinter Outmut

8.5,1, The Teletyve Punch

The Teletype punch operates at up to 110 characters per second punching
either five or seven channel paper tape. There is no facility, e.g. switch
or push button, for the operator to convert a punch from five to seven
c¢hannel operation, and vice versa, but the change can be made by an enginser
by the repositioning of a package and by changing the position of the tape
guide, A maximum of twelve teletype punches is nermissible and of these,
punches 0 - 7 always operate in the seven channel mode and punches 8 - 11
always operate as five channel punches.

The V-store Digits

Type 8
line digits
0 | 35-29 W1 Information, seven channel punches
(8 .33-29 Wl Information, five channel punches)
7 Ril Readt Disabled
Write: Start
26 RW1 Read: Tape Warning
Write: Put Out Look At Me
25 R Reads Stopped
Write: Stop
24 R ‘Read: Digengaged
' Write: Disengage
Type 1/
8 24 R Punch Look At Me

To Engage a punch it is necessary to press the Engage button on the
punch; it is not possible to engage a punch directly from the computer.
Pressing the Engage button resets the Disengaged digit in the V-store to zero
(digit 24 of the appropriate line of Type 8). When the Supervisor wishes to
output on a punch it examines the Disengaged digits of the punches not already
in use and if one of these digits is read as a zero that punch is used for the
output. If all the punches not in use are disengaged the Supervisor in-
structs the operator to engange one. The disengaged digits are examined during
the "one second interrupts" and if a punch is subsequently engaged the out-
put is commenced. If one of the other punches, i.ec. one of those previously
being used, becomes available before a further one is engaged by the opesrator
this is used for the output,.

After a punch is engaged it is necessary to write a one to the Start
digit (digit 27) before sending characters to be punched, This digit remains
set until the Stop digit (digit 25) is set which mey be done either

a) by writing a one by programme to the Shop digit
b) by writing a one by programme to the Disengage digit
¢) by pressing the Disengage push-button
The character to be punched is held in the V-store until the appropriate

time in the punch cycle for it to be punched. The V-gtore digits are then
cleared and a further Look At Me gignal given.

If the Stop digit is set, either from the computer or by vressing the
Disengage button, no further Look At Me signals are giwven, The Look At Me
gignol may be given between 5 usecs and 9 m.secs after the previous character
has been punched, .

17.9.62.



CoBol/2

89 5u lq G On‘bjllueda Q

Therefore to prevent a further Look At Me being given after the last charactor
in a block of output has been punched the Stop command must be given withiwn .
5 psec of copying the character to the V-gstore and giving the Put Out Look At
Me signal, In effect this means that the Stop signal must be given simultane--
ously with the last character.

If the Disengage bubtton is pressed after a Look At Me signal has been sent
to the machine this ‘4nterrupt is dealt with in the normal way and the character -

sent to the V-gtore is punched. The setting of the stop digit is detected by
the Supervisor in the next One Second Interrupt.

If the stop digit remains set for about 30 secs the motor is aubtomatically
run down.

Digit 27 (Disabled) is read as a one and the Stop/Start flip-flop is set to
Stop if a fault (power off only) is detected by the punch, The punch is ?
disengaged by fixed store program., The digit is reset automatically when the

fault has been corrected. It is not possible to re-engage the punch whilst the
fault still exists.

A Tape Warning digit (digit 26) is set in the V-store when the diameter of
the tape reel is such that only 40 feet of tape remains, The setting of this
digit depends on a mechanical arrangement and obviously the amount of tape
remaining when it is first set cannot be guaranteed to within a few feet., This
digit is reset automatically when the contact is broken,

The same digit is set and the Stop/Start digit set to Stop when a Tape Outb
or Tape Torn condition is detected. ‘In this case the punch is disengaged by
fixed store program. The digit is reset automatically when the fault condition
is corrected, The punch cannot be re-engaged whilst the fault condition exists,
The punch may stop, depending on when the warning is given, either with the
character resulting from the last Look At Me stored but not punched or having
punched the last character, In either case it is essential that the fixed store
program is able to restart the output at some earlier point., ‘

A Run Out button on the punch outputs blank tape (figure shift) for five
channel tape and the threc least significant bits of a character (upper case)
for seven channel tape. If the run out button is pressed at a time when the
punch is operating the character resulting from the last Look At Me is either

a) stored but not punched or
b) punched.

In case a) the character is punched after the run out button is released,
the Look At Me also being set.

Normal output is resumed when the run out button is released, the fixed ..
store program not being aware of the run out characters having been inserted in
the output.

The location hole is punched between digits 31 and 32. The bit sent to
digit 29 is always punched in the outside channel on the 3—chennel gide of the
tape, For five channel tape the bit sent to digit 33 is punched in the outside
channel on the two channel side of the tape. For seven channel tape the bit
sent to digit 35 is punched on the outside channel of the four channel of the
tape. For correct punching a seven chammel teletype can only be connected to
one of the positions O - 7 of type 8 and a five chonnel teletype can only be
connected to one of the positions 8 - 11. The fixed store program determines
from its address whether a teletype is seven or five channel.
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8:502 The Teleprinter

This is a Creed Model 75 teleprinter which operates at 10 characters per
second, It has gix information chanmnels with all ils characters on a single
shift, The characters available are:

Space 0 s  (comma) D
% (asterisk) 1 a q
N.L. 2 b T
(red) 3 c 8
(black) YA d t
1 (pi) 5 8 u
7 (close square brackets) 6 f v
[ (open square brackets) 7 g W
( 8 h x
) 9 i y
< o (2lpha) i %
> 5 (veta) k ?
: %+ 1 =
_ (underline) + m ! (prime)
| (vertical bar) - n & (and)
/ (oblique stroke) + (point) o ER (erase)
The V-gtore digits
Type 11
line digits :
0 35,34,32-29 WL Informetion
27 , Rl Reads Digabled
Write: Sthart
6 Rl Read: Paper Warning
| Write: Put Out Look At Me
25 _ Rl Read: Stopped
Write: Stop
24 | RIL Read: Disengaged
Writes Disengage
Type 14
line digit-
1. 2L R Print Look At Me

The operation of the teleprinter is the same as that for the Teletype punch
described in the previous sectiom. Digit 33 in line O corresponds to the parity
digit in the seven-channel Flexowriter code and is not used in the teleprinter
code, This enables the teleprinter and a seven-chennel Teletype punch to be
interchanged provided that the character sets being used are common to both
equipments,

A delay is built into the teleprinter to prevent printing during the
Carriage Return/Line Feed operation.
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This punch operates at up to 300 characters per second punching
seven-channel tape., The punch can also be set up to punch 5, 6 or 8
ohannel tape although for punching 5-channel tape a different block
is required.

The V-store digits

Type 6
line digits
0 35 - 29 w1 Information
28 RW Read: Check Fail
. Write: Reset Check Fail
27 RW Read: Disabled
Write: Start
26 RW Read: Tape Warning
Write: Put out Look At MNe
.25 RW1 Read: Stopped
Write: Stop
2l RW1 Read: Disengaged
Write: Disengage
Type 14
line digit

'14 2 Punch Iook At Me

The Creed 3000 punch is operated in a similar manner to the
Teletype punch except that it also contains a Check Read station.
This reads a character by means of photocells three characters after
it has been punched, This character is compared, within the punch,
with the character expected and the Check Fail (digit 28) and Stop
signals are sent in the event of a discrepancy. This digit is
reset by writing a one to the Reset Check Fail digit (also digit 28).

Digit 27 (Disabled) is set to a one and the Stop/Start flip-
flop set to Stop if a failure of the punch occurs e.g. a power
failure or one or both of the covérs are open, The digit is reset
to zero automatically when the fault condition is cleared.

The location hole is punched between digits 31 and 32, The bit
from digit 29 is punched in the outside channel on the 3-channel side
of the tape and the bit in digit 35 is punched in the outside channel
on the 4-channel side of the tape.

8454 3.
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8.6, Paper Tape Inpub

8.6,1., The TR5 Paper Tape Reader

The TR5 operates at up to 300 characters per second reading either five
or seven channel tape. There is a Honeywell double-actio switch end indicator
on the reader to select whether five or seven channel tape is to be read, This
button must be pressed to change the mode of reading. The upper balf is 1it
(Yellow) when reading seven-channel tape and the lower half is 1it (blue) for
five channel tape. ' If this is
set to read five channel tape the digits in the other two channels are alvays
read as zero., There is also a mechanical guide which must be placed
appropriately for either five or seven channel reading. This guide is in-
dependent of the push~button,

The V~store Digits
Type 7 (%60041600)

line digits
0 34 R Overdue |
33 R 5/7 switch (1 if 5-channel) f
32~26 R Information
28 Wi Reset Overdue
27 Wi Start
26 W1 Put Out Look At Me
25 Rl Read: Stopped
Write: Stop
Rl RVl Read: Disengaged
Write: Disengage
Type 14  (%60043530)
11 24 0 Character Look At Me

To Engage the reader it is necessary to press the Engage button; it is
not possible for the reader to be Engaged directly by the computer. Pressing
the Engage button resets the Disengage digit in the V-storeto zero. This digit
is examined by the peripheral supervisor during the "one second interrupt! '
programme and the reader may be started if it has been Engaged. The reader
can be disengaged either by writing a one to the Disengage digit from the
computer or by pressing the Disengage button, In either case the tape is
stopped with a character stored in the information digits in the V-store,

When the reader is engaged and started again a Look At Me interrupt ocecurs i
immediately and this character is transferred to the computer., The Supervisor
can distinguish between when a reader is newly engaged and when it has been
disengaged and re-engaged (e.g. because the tape is twisted and requires

operator attention) because in the latter case the input has been terminated
without any appropriate "Znd of Tape" characters having been read. '

After the Start signal has been sent to the reader, characters are read
at the rate of 300 per second to the information digits (R6-32) of the approp-
riate V-store line. On both 5 and 7 channel tape the location hole is between
digits 28 and 29, digits 31 and 32 being zero for 5-channel tape. In both
cases the outside digit on the 3-channel side of the tape is read to digit 26,
For 7-channel tape the outside bit on the /~channel side of the tape is read
to digit 32 end for 5-channel tape the outside bit on the 2-channel side of the
tape is read to digit 30.

The Look At Me digit is set, causing an eutomatic interrupt, as the

sprocket hole is passing under the reader. The character is available in the
information digits from the time the Look At Me digit is set coinciding with

the "late location hole" gignal to the time the "early location hole" signal

for the next character is received. The time between the "early" signal, when

the information digits are reset, and the "late" signal, when the next character !
is available, is about 2 msecs. The Look At Me normally remains on until put '
out by the fixed store programme. 17.9.62.
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Digit 34 (Overdue) is read as a one and the reader s topped if the Put Out
Look At Me signal for a character has not been sent by the time the information

staticisors are cleared for the next ch

is available).

automatically reset when the reader is disengaged.

by writing to digit 28,

aracter (about 2u.s. before the character
The reader is disengaged by fixed store program and the digit is

The digit may also be reset

The tape comes to rest after regsding this next

character, the original character in the information digits having been cleared

and the new character written in,

The reader may be stopped either

a) by a command from the computer

b) by the operator pressing the Disengage bubton

or

¢) when the Look At Me is not reset by the computer within the appropriate

time.

The Supervisor has to allow for the cases where the One Second Interrupt
finds a reader disengaged or stopped (having been disengaged and re-engaged
due to operator intervention and when it finds the reasder stopped due to a

character having been missed,

been disengaged manually about the same time,

In this latter case the reader may also have

- From the diagram below it can be seen that after a Start signal is given
the clutch is engaged and a Look At Me interrupt occurs when the first location
hole is detected, or immediately if the appropriate flip-flop C is already set,

Flip-flop B is reset to Stop and the clutch disengaged when a Stop or

Disengage signal is received and a location hole signal is detected.

After a

Stop signal is given flip-flop C is set when a location hole is detected, a
character is read to the information digits, but no automatic interrupt occurs.
A character is thus available to be read by the computer from the information
digits immediately a further starbt cignal is received.

Start Signal
from Computer.

Stop Signal
from Computer.

Disengage Signal
from Computer

| Disengage Signal + (<  Engage
4 A from Button e . Signal
S ‘G—-—=  from button
RN SRR Stop Signal
' ;, __; . from Disengage
k - ﬁll:_p—flop. . From
7 o N "X com-
; < y
A Barly Location Hole ] puter
o B ) N oiemals Reset
N— \</’ '[ (\ / N Overdue
7 : - ~3 i
7 ~_ | " N Overdue Put out Signal
T Late! Location Look At |
S ignal. Mo Signd, |
: 3 top) Hole; Signal K _: § gn. T
brake g ., L i
—— )t \;>< e Provides Stop
Le? tand Overdue
; ’; isignals if
y :Look At Me is
\ H inot reset in
i\ - i Jtime.
R PR N va —
Stast > ’\\
clutch =
Look At Me

signal,
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8.6.2 The T.R.7 Papsr Tape Reader

General

The T.R.7 operates at up to 1,000 characters per second reading either fiwve
or seven channel tape. Automatic gpooling is provided to facilitate the handling
of long tapes although it is possible to use the reader without using the
automatic spooling. A reel of tape is loaded onto the right hand capstan end is
taken up on the left hand spool. A fast rewind facility enables an 1,100 ft. tape
to be rewound in approximately 30 seconds. If the automatic spooling is being
used the first and last ten fect Tof the paper tape must be blank (or not contain-
ing relevant punching) i.e. tapes which are less than twenty feet in length must
be read without using the spools., Tapes which are longer than twenty feet may be
used either with (in which case there must be the ten feet of blank tape at
either end) or without the spooling facility. If the spooling facility is not
used then the reel of tape is dropped into the right-hend trough of the reader.
The tape which has been read is passed out through the left-hand side of the
reader and can be collected in g btape bin. In this case there must be twenty
inches of blank tape at the beginning of the reel.

The V-gtore digits

Peripheral V-storo, Type 2  (%60040400)

Line Digits
0 36 R Disabled
35 R Tape Warning
34 R Overdue
33 R 5/7 Channel switch (1 for 5-channel)
3226 R Information
30 Wl Stop Rewind
29 W1 Rewind
28 Wl Reset Overdue
7 Wl Start
26 Wl Put out Look At Me
25 R Read: Stopped
Write: Stop
24 1L Read:Disengaged

Write: Disengage

Type 14  (%60043640)
20 24 R Look At Me

Push-Buttons and Indicators

There are nine buttons and/or indicators on the front on the T.R.7.Eight of
them are grouped together in the centre of the reader and the other (Mains On/Off)
is placed separately. The purposes and effects are given below together with the
colours of the lights behind the buttons which are 1it to indicate the relevant
states.

1) . Mains QN/OFF

This is a double action button and pressing it changes its state from On to
Off or from Off to On as appropriate. Whenswitched to On, it switches on the
power supplies, the cooling fans, the reading head light and the pilot lights
(used by the servo system) in the tape troughs. Its colour is Green when the
reader maing are switched on.

2)  Engage

This is o single action button and when pressed the following actions take
places-

a) the tape is clemped in the region of the reading head, 17.9.62
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b)  the drive-unit motor is switched on,
¢)  the Green light comes on immediately

d) the complete servo=-system becomes operational if the spooling facility is
being used i.e. the reader is in the "with spooling" mode,

e)  the new state of the Engage flip-flop is sent to the computer setting diglt
24 of the appropriate V-store line to zero to read as Engaged, after about
five seconds., This delay is so that if the "With Spooling' mode is being
used this signal is sent only after the tapes in the troughs have been serv-

oed into the correct positions. This button is 1it White when the reader is
disengaged and Green wheu it is engaged. It remains Green if the computer
initiates a Rewind without also disengaging the reader.

3) Disengage

This is a single action button and when pressed the following actions take
place:-

(a) the drive-unit motor is switched off,

(b) if in the "With Spooling" mode the servo system is switched off, the spools
being held stationary. The suction fan remains running, this being switched off
during "Reload" or "Without Spooling" conditions,

(¢) a disengaged signal is sent to digit 24 of the appropriate line of the V-
store immediately.

If the computer sends a Disengage signal or the Disengage button is pressed
at the same instant as the Engage button is pressed the reader takes up the
- Digengaged condition, If the reader is disengaged during the delay period be-
tween pressing the Engage button and the Engaged signal being sent the normal
action taken on disengaging the reader occurs and no Engaged signal is sent to
the computer,

This button is 1it White when the reader is engaged and Red when it is
disengaged.

4) 5 Track/7 Track

This is an alternate action switch which either switches out or in the two
additional channels of information. The masking plate and the front panels of
the suction troughs have to be adjusted manually, The top half of this button
is Yellow when 7~track reading is selected and in darkness when 5~track reading
is selected. The lower half is in darkness for 7-track reading and Blue for
5~track reading.

5)  Started/Stopped Indicator

This is an indicator which is 1it Blue when the reader is Started (i.e. the
Start/Stop flip-flop reads Started) and is White when the reader is Stopped.
|
6) Rewind

This is a single—action switch which, provided that the reader is dis-
engaged and in the "With Spooling" mode, when pressed initiates a fast
rewind of the tape. The reader cannof be Engaged during a rewind operation.
The tape is stopped a short distance from the beginning by means of a metallic
strip attached to the tape and a pick-up arm. The tape can then be re-read
without relosding., If it is not required to re-read the tape the metallic strip
can be left off the tape and in this case the reader stops rewinding when all
the tape has been rewound., The spool drive motors are switched off at the end
of a rewind on a signal from the pick-up arm, This is given either on contact
with the metallic strip or when it comes into contact with the hub of the spool
due to the tape having been rewound completely, Pressing the button or
attempting to initiate a rewind from the computer when a rewind is in progress
has no effect, Attempting a second rewind after a previous one has been
completed has no effect if the tape hag already been wound off the left hand
spool. If the first rewind were stopped by contact between the pick-up arm asnd
the metallic strip a second rewind is performed which is stopped after the tape
has been wound off the left hand spool. ' 17.9.62
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8,602 Continued, .

& rewind will not start if the pick-up arm is in centact with the metallice
strip.

This button is 1it White when the reader is disengaged and in the "With
Spooling" mode but is not rewinding (i.e. when a rewind may be initiated) and
Red at all other times,

7. Stop Rewind.

This is a single action switch and, provided that the reader is rewinding,
when pressed it stops the rewinding of the tape. For a rewind initiated from
the computer without the reader being disengaged, pressing this button stops the
rewind and also digengagesthe reader. '

The button is 1it White during a rewind and Red at all other times.,
8. Reload/Ready

This is a single action switch which must be pressed before a tape can be
loaded or unloaded. Pressing this button when the reader is engaged or is re-
winding has no effect. Pressing the button when the reader is disengaged (and
not rewinding) unclamps the tape at the reading head and switches off the
suction fans to facilitate the appropriate loading or unloading operation to
take place during the subsequent "Ready" (i.e. Ready for reload) period.

After a "Reload" operation the reader is made operational again by pressing
either the "Engage" or the "Rewind" button. (The latter case is only effective
in the "With Spooling" mode).

A change from "With Spooling" to "Without Spooling" or vice-versa can only
be done during the "Ready"period. '

The top half of this button (Reload) is 1it White when the reader is dis—
engaged and not rewinding (i.e. when a Reload may take place) and in darkness
at all other times. The lower half of the button is 1it Blue (Ready) when the
fans are switched off and the actual reloading operation can take place (the top
half is still 1it White at this time) and is in darkness at all other times.

9+ With Spooling/Without Spooling

This is an alternate action switch effective only when the reader is in the
"Reload Ready" condition, When pressed it either switches on or off the servo
system, in the latter case allowing tape to be read without using the spools,

The top half, With Spooling, is 1it Blue when the servo system is onj it
is 1lit White when the servos are off and the reader is in the Reload Ready
gstate; otherwise it is in darkness.

The hottom half, Without Spooling, is 1it Yellow when the servos are off;

it is 1it White when the servos are on and the reader is in the Reload Ready
state; otherwise it is in darkness,

Reloading

The reader can only be reloaded if it is disengaged and not rewindinga
This is indicated by the top half of the Reload/Ready button i.e. the top half
ig 1it White when a tape can be loaded or unloaded, When the Reload/Ready button
is pressed the bottom half lights up Blue to indicate that the fans are off, the
tape is unclamped and the reader is Ready to be reloaded.

A tape is then reloaded as follows:

1) The pick-up arm is moved manually to its reload position,

2)  the right hand spool is rotated in an anti-clockwise direction until all
the tape has been wound onto it,

3)  the right hand spool is removed and replaced by a new one. This new spool
is fitted so that rotation in a clock-wise direction unwirds the tape,
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L)  the end of the tape is passed between the right hand roller and microswitch,
under the clamping mechanism between the left hand roller and microswitch,
and wound onto the left hand Spool in such a manner that rotation of the
spool in a clockwise direction winds the tape on. The tape is loaded so that
the outside track of the 3 track side of the tape is the nearer to the resder

for both 5 and 7 track tape,

5)  the left hand spool is robated until the metallic strip (if being used) on
the tape is wound past the piclk-up head,

6) the pick-up arm is released from its reload postion manual 1y,
7)  the “With Spooling/Without Spooling" button is pressed if appropriate,

8)  the Engage button is pressed. The light behind the lower half of the button
(Ready) goes out. The green light behind the Engage button and the White
Iight behind the Disengage button come on immediately. The suction fang
come on, the fan run-up relay is actuated and, when completed, the servo sys-

tem is operated; after a delay of about 5 seconds an Engaged signal is sent to
the computer,

Signals to and from the Computer.

To engage the reader it is necessary to press the Engage bubtton; it is not
possible for the reader to be engaged directly by the computer. Pressing the
Engage button resets the Disengaged digit in the V-gtore (digit 24) to read as
zero provided neither the Disabled digit nor the Tape Warning digit is set. If
either of these digits isset pressing the button has no effect. The Disengaged
digit is examined by the peripheral supervisor during every "One Second Interrupt!
and the reader may be started, by the fixed store programme, if it has been
engaged.

The reader can be disengaged cither (a) by the computer writing a one to the
Disengage digit or (b) by an operator pressing the Disengage button or (c) by an
operator pressing the Stop Rewind button during the course of a rewind initisted
by the computer. If in the first two cases, the Start/Stop flip-flop for the
reader was set to Started a further character is read and stored in the infor-
mation digits of the V-store before the reader is stopped and disengaged. When
the reader is re-engaged and re-started a Look At Mo signal is given immediately
and this character is transferred to the computer,

After the Start signal has been sent to the reader characters are read at
the rate of 1,000 per second to the information digits (26-32) of the approp-
riate V-store line until the reader isstoppeds The sprocket hole on the tape is
between the digits read to positions 28 and 29 i.e. the digit in the outside
track on the 3-track side of the tape is always read to digit 26, For five track
tape the digit on the outside track of the 2~track side of the tape is read to
digit 30, and for seven track tape the digit on the outside track of the A~track
gide of the tape is read to digit 32, If the 5-track/7-track switch is set to 5
Track (digit 33 reading as a one) digits 31 and 32 arc always zero,

The Loock At Me signal is sent, causing an automatic interrupt, as the
sprocket hole is passing under the reader. The character is available in the
information digits from the time the Look At Me is given, coinciding with the
"late location hole" signal to the time the "early location hole" signal for the
next character is received. The time between the "early" signal, when the in-
formation digits are reset, and the "late" signal, when the next character is
available is about 5 m secs.

The Look At Me normally remains on until put out by the fixed store
programme. If however, it has not been extinguished by the time the next
character is due to be copied into the information digits an Overdue digit
(digit 34) is set and the Start/Stop flip-flop set to Stopped. The tape comes
to rest after reading this next character, the original character in the inform-
ation digits having been cleared (and hence lost to the computer)and the new
character written in. The setting of this Overdue digit is detected by the "One
Second Ipterrupt" and the digit is reset either automatically when the reader is
disengaged (either from the machine or by push button) or by the machine writing
a one to the "Reset Overduc" digit (digit 28).
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Digit 36 (Disabled) is set and the Start/Stop flip-flop set to Stopped if
a fault condition is detected automatically by the reader. (The fault conditions
are (a) fuses blown (b) door open). The reader is disengaged by fixed store
programme abt the next one second interrupt and the digilt is reset automatically
when the fault has been corrected. The reader cannot be re-engaged whilst the
fault digit isgbill set.

Digit 35 (Tape Warning) is automatically set and the Start/Stop £lip~flop
set to Stopped if the tape runs out or is broken. This condition is only
detected during the "With Spooling" mode of the reader. The reader is dis-
engaged by fixed store programme during the next one second interrupt after
digit 35 is set., A Tape Torn or Out condition can be detected either by a "tape
tensioning" microswitch or by the failure to receive a character at the reading
head within 200 m, secs of the last one when the reader is started. This digit
is reset automatically either (o) when the fault is corrected if it was detected
by a microswitch or (b) when the Reload bubtton is pressed if the fault was
detected at the reading head. The reader cannot be re-~engaged whilst the fault
digit is set.

There are two microswitches for detecting the tape out or tape broken
conditions, one between the right hand spool and the reading head and the other
between the reading head and the left hand spool. The pick-up arm associated
with detecting the end of a rewind does not set the Tape Warning digit.

Digits 29 and 30 are used to control the Rewind facility from the computer.
This is only effective when the "With Spooling" mode is selected and the reader
is Engaged. (Rewind from the push button is only possible when the "With
Spooling" mode is selected and the reader is Disengaged). When a rewind order
is given from the computer the reader appears to the computer to be temporarily
disengaged i.e, digit 24 reads Disengaged, but the Green light behind the Engage
button and the White light behind the Disengage button both remain on. If the
tape is moving the computer must send a Stop signal before initiating a rewind,
During a rewind the characters on the tape are read into the V-store information
digits as they pass under the reading head but no Look At Me signals aregiven
(inhibited because the Stop/Start flip-flop is set to Stopped) and the state of
the Overdue digit is not changed.

At the completion of the Rewind (beginning of tape or a Stop Rewind order
given by the computer) the reader automatically resumes the Engaged state again.
If however a Disengage command is gent to the reader from either the computer or
the Disengage push button after the Rewind order the reader does not resume the
engaged state again. If it is required to send both Rewind and Disengage
commands to the reader the Rewind order must be sent first., If they are sent
simultaneously the Rewind order may not be effective. If the "Stop Rewind"
button is pressed during the course of a rewind initiated by the computer the
rewind is stopped and the reader disengaged i.e. digit 24 remains set at one and
the lights behind the Engage and Disengage buttons changed to White and Red
regpectively.
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SIMPLIFIED LOGICATL, DIAGRAM OF THE T.R.7
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8,7 Character Codes

8.7.1 A Description of the Internal Character Code

Atlas uses several different typesof peripheral equipment each of
which has its own character code. An internal character code has been
chosen so that programs or data may be fed in on any relevant medium
(seven channel paper tape i.e. Flexowriter code, five-channel peper tape,
i.e. Mercury/Pegasus code, cards punched in I.B.M. code, N.E,P. tape, or
I.B.M. magnetic tape) and appeer in the mechine in exactly the same form,
the translation being done character by character while the tape or card is
read. Similarly for output the conversion to the code for the specified
equipment is done character by character, This means that a progrem which
confines its output to the limited range of characters common to all
equipments may send this output to any punch or printer. Only those
programs which produce a wider range of characters have to specify the
type of equipment to be used.

The characters available on the different equipments are divided into
an "inner set" and an "outer set". As a six bit code is used a total of
128 different characters including the shift characters can be represented.
7ith the exception of "<", "&", and "backspace", the inner set of characters
is common to all output peripherals.

Input

During input each character is checked for correct parity (if on seven-
channel tape) or correct punching (if on a punched cerd) and converted to
its internal code equivalent., Every permitted character on the input has
one and only one equivalent in the internal code. The paper tape characters
Figure Shift, Letter Shift, Upper Case and Lower Case are not normally stored
in the internal code but their significance is noted by the fixed store
program, The "Shift in" and "Shift out" characters of the internal code
are inserted automatically by the fixed store program where appropriate,
Redundant shifts, however, are stored (e.g. letter shift when on letter shift
and upper case when on upper case) so that the main program can make its own
checks against spurious characters.

The carriage control characters NL, CR, LF, Paper Throw, apd also End
of Card, are treated differently from the normal printing charagcters.
Information in the internal code is stored in "records"; each record
corresponding to a line of paper tape input or one card. When one of the
carriage control characters is detected on input the count of the number of
characters in the record is recorded, and the carriage control character is
inserted at the end of the record. In effect, the six-bit carriage control
character belongs to a third character set, distinct from the inner or outer
sets; it is recognised only by being the last character in each' record.

Each internal code record is assumed to start in the inner set, no
natter how the previous record ended, If the first printing character in
any record is in fact an outer set character, the input routine will precede
it with the "shift out" character even though the previous record may have
ended in outer set.

If an inadmissible punching on a card, or a parity error on paper tape
is detected the character is replaced by the "Fault" character if the
computer is operating in the mode where the programmer does not wish it to
stop reading on detecting an error, :

Qutput

On output each character is checked az being permissible flor the
particular equipment being used, If it is unsuitable it is replaced by
the "." (full stop) character,
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8.7.1 - Continued

A progremmer may include F,S., L.S., U.C., and L.C., characters for
output on paper tape, if desired, and these will appear where specified.
This is not essential however for the fixed store program automatically
inserts the appropriete characters where necessary.

Output which has originated as input from another peripheral will
contein only the limited set of carriage control characters:
NL, CR, LF, Paper Throw, or End of Card (=NL) as appropriate. But when
output is originated by program, the program is able to specify paper
throwing with or without carriage return, and line feeding with or without
carriage return. Owing to the way the different printers are made it is
not elways possible for these instructions to be obeyed precisely. In
these cases, a compromise is made according to the following rules:

a) Paper throwing: the channel number n is
interpreted module m, where m is the number of
homing channels available on a printer. If no
paper throwing facility exists on the printer,

the output routine initiates one line feed instead.

b) Line feeding: the number of line feeds
performed is elways correct, 0 < n g 15.

¢) Carriage return is performed (if requested) only
if it can be done while still retaining the

correct number of line feeds.

Carriage return is performed (even though not
requested) if this is necessary in order to

achieve the correct number of line feeds,.

d) Repeated spaces or backspace are not inserted
by the output routines in any attempt to position
the carriage correctly.

In order that on output equipments Tab., UC, IC, and Lower case letters
are treated as usefully as possible, on the

Anelex Tab, is treated as one space,
UC is ignored.
LC is ignored
A1l outer set letters a-z are printed as inner
set letters A-Z,

Card Punch Tab, is treated as one space
UC is ignored,
LC is ignored
A11 outer set characters a-z are punched as inner
set characters A-Z.

5 Channel Teletype Tab, is treated as one space.
A1l outer set characters a-z are punched as inner
set characters A-Z,

Binary

Instead of having the input and output informetion automatically
translated to or from the internal code by a fixed store routine it is
possible to specify "binary" input or output. When this mode is specified
the fixed store program simply sopies the pattern of O's and 1's from the
input device to the computer or from the computer to the output device.
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8.7.1. Continued

A complete binary paper tape is stored as a single record on input,
BEach card is also stored as o single record. The corriage control character
is zero in both casecs.

Binary output which has originated from program may contain any carriage
control character, but whatever character is found by the output routine it is
ignored when punching paper tape, and causes a single card feed when punching
cards,
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8.7.2 The Internal Character Code

Inner set

Character ‘ Internal Flexowriter Five hole IBM Fortran Anelex
code code (binary code (binary card code (bits 35-2%7
(octal) bits & shift) bits & shift) (holes punched) octal)

(Unassigned) 00 *#* 0000, OOL . .o .o
Space o1 %% Q0X0, CO0 ¥S 01,10 None 300
Tahulate 02 *% 0000,I00 .e .o .e
Backspace 03  ** 00ILO,IOXL . . .
Shift to outer set 04 .o o . .
Shift to inner set 05 . . .o .o
Shift to LC/LS 06  ** 00IO,IIC %% II,O0II . .
Shift to UC/FS 07 %% 0000,IIX *% 00,000 .o .o
( Open brackets 10 LC OIII,000 FS I0,I00 0,4,8 234
) Close brackets Ix LC 01I0I,00X FS 0I.I00 +,4,8 240
, Comma I2 LC OIOX,IIX FS II,IXO 0,3,8 266
x Pi I3 LC OIII,0IX LS OI,IXX -,3,8 272
? Query I4 LC 0OIOIL,XI00 LS I0.IIX -,5,8 364
& Ampersand i5 LC OIIY,XOX .- 5,8 330
* Asterisk 15  LC oIIr,I¥o  FS 11,000 -,4,8 344
/ Oblique Iy UC OOLI,IIX FS IL,IOX 0,I 350
0. Zero 20 UC 0I00,000 FS 00.001 0 202
I 21 UC 0I10,00I FS 10,000 I 306
2 22 UC 010,010 FS OL,000 2 312
3 23  UC 0100,0II FS II,00I 3 216
4 24 UC 01IX0,XI00 FS 00,100 4 322
5 25 UC 0100.I0X FS 10,101 5 226
6 26 UC 0I00,IIO0 FS 0I,.IOX 5] 232
7 27 UC 0IIO,IIX FS I1,I00 Vi 336
8 30  UC OIIL,000  F¥S 00,010 8 342
g 31 UC 0I0I.00I FS I0,0II g 246
< 'Less than 32 LC 0I0C,O0IX . 0,5,8 352
> Greater than 33 LC 0IIO0,.XI00 FS 10,001 +,5,8 354
= Equals 34 LC 0100.I0I FS OI,0IO0 3,8 250
+ Plus 35 UC OXIX,.IOX FS 0I.OIX + 314
~ Minus 30 UC OIIL,IIO FS 11,010 - 210
. Point 37 UC 0IO0I, XXX *% 00,IIX +,3,8 . 220
Notes

%% ¢ This paper tape character appears in both paper tape shifts,
(Unassigned) ¢+ There is no printing symbol corresponding to this internal

code character,

Thepe are ignored by the peripheral supervisor for equipments
where they have no relevance,

The three octal digits given include the information strobe,
Tabulate is treated as a single space by the peripheral supervisor
on output equipments where it does not otherwise exist,

U,C, and L.C,

Anelex codes
Tabulate

°e ad
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Inner set (Continued)

Character Internal Flexowriter Five hole IBM Fortran Anelex
code code (binary code (binary  card code (bits 35-27
(octal) bits & shift) bits & shift) (bholes punched) octal)
' Apostrophe 40 LC 0%00, 000 FS I0,IIX 4,8 244
A 41 UC 010,001 LS 10,000 +,I 356
B 42  UC I070.0I0 LS 0I.00C +,2 360
c 43 UC I000,01II LS IX.000 +,3 262
D 44  UC IOX0,I00 LS 00,I00  +,4 264
E 45 UC I000,I0I LS 10,100 +5 366
F 45 UC 1000,IX0 LS 0I,I00 +,6 270
G 47 UC ICL0.IIX LS IX.XI00 +,7 372
H 50  UC IOIL.000 LS 00,010  +,8 374
I 51 UC 160T,001 LS 12,050  +,9 276
J 52 UC 1007, 0I0 LS 0x.0T0 -1 200
K 53 UC IOLI,OLX LS 1X.010 -2 302
L 54 UC 100I,.I00 LS 00,310 -3 304
M 55 UC I0II,.IO0I LS I0,II0 -4 ’ 200
N 56 UC IOII.IIO LS 0I,IIO -5 310
o} 57  UC I00I,III LS IL.II0  -,6 212
P 60 UC III0,000 LS 00,00X -7 21
Q 61 UC 1100.00I LS 10,001 -8 31
R 62 UC 1100.0I0 LS 01,001 -,9 320
S 63 UC 1I10,0II LS II,00I 0,2 222
T 64 UC IX00,I00 LS 00,IO0I 0,3 224
U 65 UC IIX0,IOI LS I0,I0T 0,4 326
v 66 UC III0.II0 LS 0I,.I0X 0,5 230
Y 67 UC II00,IIX LS II.IOI 0,6 332
J
X 70 UC IIOI,000 LS 00.0IX 0,7 334
b4 71 UC IIII,00I LS I0,0IX 0,8 236
Z 72 UC IIII,OIO0 LS OI,O0IX 0,9 340
(Unassigned) 73 UC IIGI,OXX .o .o oo
(Unassigned) 74 UC IIII.I00 .o .e .o
(Unassigned) - 75 UC IIO0I,IO0X . . .o
(Unassigned) 76 UC 1II0I,IIO .e .o .e
Fault 77 . .o .o .
Notes
¥k +« This paper tape character appears in both paper tape shifts,
(Unassigned) « There is no printing symbol corresponding to this internal

codevcharacter.

Anelex codes The taree octal digits given include the information strobe,
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Outer Set

Character

(Unassigned)
Space

% Percent

€ Pound ster
Shift to out
Shift to inn
Shift to LC/
Shift to UC/

(Unassigned)
(Unassigned)
““massigned)
.Jhassigned)
(Unassigned)
(Unassigned)
(Unassigned)
¢ Colon

@ Phi

ling
er set
er set
LS

FS

Internal Flexowriter

code

(octal) bits & skift)

00
o1

03
04
05
06

07

IO
Iix
Iz
13
14

I6
Iz

20

[ Open square brackets 2I
1 Close square brackets 22

=>Arrow

2 Greater or equal

# Not eeusl
_ Underline
| Vertical b

&~superscrip
" Surly equa
=Alpha

[ Beta

% Half

10 Ten

II Eleven
(Unassigned)

Notes
%k

(Unassigned)

Anelex codes
U.C, and L.C

ar

t 2
1

e se

23
24
25
26
27

30
3T
32
33
34
35
36
37

code (binary

*% 0000, 00X
** 0010, 000

*% 00I0,IXIO0
*% 0000,ITI

*% 000X, 000
** 00II,O00X
*¥% 00II,OIO0
%% 000I,.O0IX
¥* OOIIL,IOO0
*% 000I,XIO0X
%% 00OX,IXIO
LC 00IX,.IXX

e
LC 0Ixo, o001
LC 0XIo0.0I10

LC 0100,.IX0
LC 0IIO0,.IIX

LC OIOI.OIO
UC 01I01,0I0
UC OIIX,OII
UC 0101,I00

>e .

UC I000,000

code character,

Five hole
code (binary

bits & shift) (holes puncued)

FS 0I.IIO0

% ¥I.0IX
*% 00,000

*»
.0

o

FS 00.0IX

FS 00.I01
FS 0x.00I1
FS 10,010

e

FS 00,110

where they have no relevance,

8.7.2/3

IBM Fortran
card code

LY

None

This paper tape character appears in both paper tape shifts.
There is no printing symbol corresponding to this internal

The three octal digits given include the information strebe,
These are ignored by the peripheral supervisor for equipments

Ist July, 1963.
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octal)

300

324

e

242

346
250

e

260
362

370
274
376
204
252
254
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Outer Set (Continued)

Character Internal Flexowriter Five hole IBM Fortran Anelex
code code (binary code (binary <card code (bits 35-27
(octal) bits & shift) bits & shift) (holes punched) octal)
(Unassigned) 40 LC I000,000 .o .e .o
a 4 LC I0I0,00I .o e .
b 42 LC I0I0.0IO0 . oo .o
c 43 LC I000,0IX .s .o .o
d 44 LC I0I0,I00 .. .o .
N 45 LC I000,I0I . . .
N 46 LC I000.TIO0 . . .
g 47 ILC XIOXO0, IIX .o .o .o
h 50 LC XOIX.000 e be .o
i 51 LC I00I,00I .. . .
3 52 LC I00I,0IO0 . . .
k 53 LC IOIX,0IX .o .o .o
1 54 LC IO00I.I00 . . .o
m 55 LC IOIX.IOX . . e
n 56 LC IOIX,XIIO . . .
o 57 LC IOOI.III . . ..
P 60 LC IIX0,000 e .o .o
q 61 LC 1I00,00X .o . .e
r 62 LC XII00,0I0 . . oo
s 63 LC 1I10,0IX .o .o .
t 64 LC II00,I00 .. . .
u 65 LC IIIO,XIOX . .e .
(f\ 66 LC IIXO0,IXO o . .
e &7 LC I100,IIX . ye .o
x 70 LC IIOI,000 . . .
y 7% LC IXIYXI,00I .o .o -
z 72 LC IXIXX,.OIOC .o .o .o
(Unassigned) 73 ILC IIOL.O0IL . te .
(Unassigned) 74 LC IXII,IO00 .e . .e
(Unassigned) 75 LC IIOIL,I01 .o .o .e
(Unassigned) V&) LC IX0I,IXO0 . . .o
Erase 77 #*% ITIX . IIX *% TIIXIX .e .e
Notes .
** This paper tape character appears in both paper tape shifts,

¢ There is no printing symbol corresponding to this internal

code character,

Lower case letters. : The cuter set letters a-z are treated as inner set letters A-Z

: For the Anelex printer, the card punch and the 5 - channel Teletype.

(Unassigned)
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Carriage Control Characters

Internal Code Effect on printed output (see also 8.7.1)
(octal)

00 None

(03 8 I line feed without carriage return
02 2 line feeds without carriage return
03 3 . ve .a .e -
04- 4 LX) . . e s e
05 5 s . .o . ve
06 6 .. .. .o . .o
07 7 v L) .e L e
I0 8 .. - .o .o .e
IX 9 .. . oo .e ve
12 10 .. .o oo .e .o
13 T .. .o oo o .o
14 Iz .. oo . e )
15 I3 .. . . . .o
16 I4 oo .. . o o
I7 Is s e s 0 .9 LI e
20 ' Carriage return without line feeding
2L I line feed with carriage return

22 2 line feeds with carriage return
23 3 e .s . e . e

24 4 o .o . .o e

25 5 .. .e . .o .e

26 6 .. .. . .o .e

27 7 . .a .w LR e

30 8 .. .e .. .o .

31 9 . . .. . .o

32 Iio .. .e .e .o .

33 IX . »e . . LR

34 Iz .. ’e .o . .o

35 I3 oo a» . . ..

36 i4 .. .o .o . .e

37 I5 .. .o .o - .o
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Carriage Control Characters (continued)

Internal code Effect on printer (see also 8.7.I)
(octal)

40 Paper Feed without carriage retnurn: home on channel
4I oo LX) ® LIRS . L] LR} .o
42 .e .o .e .e . ee e .o
43 o e LX) e ¢ e L) L} .o
44 . LI e .e oo oo L) LR
45 .0 e e o Ly e .e 4 L)
4 P .o . .a .o es  es .o
47 o ) .o o ':o . .e oo
50 Paper Feed with carriage return: home on channel O
5% .o . .o . ‘e ce e .e I
52 .o e e . .. e e .o 2
53 ) *e .o LR . . .. . 3
54 o L0 e be e .o . o 4-
55 . - .o e .. e e «e 5
56 . e ee ie . ce s .. O
57 . s wa . . e ee e 7

6o None on existing equipments
61 e e .o .o
62 e e . .e
63 s v .o .o
64 se  we .o .o
65 oe e LX) e
66 LIE ] LI o .2

‘67 o e . ..
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8.7.3. The FORTRAN Card Code

The twelve card rows are divided into an upper curtate of three rows, the
+, = and O rows, and a lower curtate of Q rows, numbered I - g, Each character is
represented by at most one hole in the upper curtate and at most two holes in the
lower curtate of a column., If two holes are punched in the lower curtate one of
these must be in the *8&' row, The characters are divided into four groups or
'zones', depending on the upper curtate punching; no zone, where no hole is punched
in the upper curtate, and the +, -~ and O zones where a hole is punched in the +,
~ and O rows respectively,

The table below gives the relation between a character punched on a card, its
printed representation and its internal representation, On input if a character
which is in the table below is read it is given the internal representation shown,
Any characters read which are not listed below e.g, 8,0; +,I,8, are represented
by the' fault character 77, On output any internal character which has no
equivalent punched character in the tablie below is replaced by internal character
37 and punched as +,3,3, printed as '.' (full stop).

No Zone + Zone
Holes Printed Internal Holes Printed Internal
punched as Character punched as Character
Octal Octal
None Space OI-1 + + 35-1
I I 21-I +,I A 4I-1
2 2 22-1 +,2 b 42-1
3 3 23-1 +3 c 43-1
4 4 241 +y4 D Y1
5 5 25-1 +5 E 45-1
6 6 26-1 +,6 F 46~1
7 7 27-1 +7 G 47-1
8 8 30~1 +,8 H 50~1
9 9 31-1 +,9 I 51-X
3,8 = 34~-1 +,3,8 - 37-1
“},8 ! 40-1 +,4,8 ) II-I -
’318 & I5-1 +,5,8 > 33-1
6,8 : I7-0 +,6,8 _ (underline) 26~0
+,7,8 | (vertical line) 2%7-0
- Zone 0 Zone
Holes Printed Internal Holes Printed Internal
punched as Character punched as Character
: Octal Octal
- - 36-1 0 0 20~-1
-,I J 52-1 0,1 / 17-1
-2 K 53-1 0,2 5 63-1
-3 L 54~1 0,3 T 04~-1
-4 M 55-1 0,4 U 65-1
-5 N 56-1 0,5 v 66~-1
-, o 57-1 0,6 W o7-1
-7 P 6o~1 0,%7 X 70-1
-, Q 6I-1 0,8 Y 7I-1
-,9 R 62-1 0,9 Z 72~1
-,3,6 = 13-1 0,3,8 , I2-1
-,4,8 * I6-1 0,4,8 ( I0-1
-,5,8 2 I4~1 0,5,8 < 32-1
-,0, 1 22-0
-7,8 [ 21-0

Ist July, Ig63,
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3.7.4  The Flexowriter Code

¥

In general the inner and outer set representations of an internal computer
character correspond to the upper and lower case printing respectively of a
character on the tape, In the following table each computer character is marked
with either 'I' to indicate an inrer set or 'O' to indicate an outer set character or
'CC' to indicate a carriage control character, All tape characters should have an
odd number of holes in the tape. Those which have not will be replaced by the '77!
(Fault) character in the computer.

Two of the keys and the correspending paper tape characters have
alternative printed symbols on some Flexowriters, Thus the key which punches the
character OILOI.OLO gives either

a on upper case and 2 (superscript 2) on lower case or
IO on upper case and % (percent) on lower case.

Similarly the character OIII,OLI gives either
4 -

B on upper case and™ (pi) on lower case or
IX on upper case and$ on lower case,

It is not possible on input for the computer to differentiate between the
alternative meanings for these characters on the paper tape and hence the former
punched character will always be given the Internal Code of 32-Cuter Set (a)

or 30-Outer Set (2 superscript 2) and the latt@r character will always be given
the Internal Code of 33-Outer Set (B8) or I3-I(x) on upper case and lower case
respectively, Conversely for output on a seven~channel paper tape punch the
Internal Code representations for I0,% , II and £ are treated asnon-admissible,

Character Upper Lower Internal
on Case Case Character
tape printing printing octal
0010, 600 Space ox.
0000, 00X c0
0000, 00 Hewline 21~-CC
0CIO, 0XL Paper Throw 40-CC
0000,I00 - Tabulate 0Z2-X
00IO0,I0L Backspace 03-X
0CXO0,IIO0 Lower Case 06
0000, IIX  Upper Case ' o7
000L, 000 10-0
00LX, COX II-0
OCLX,O0X0 : 12~0
OCOX, OXX ‘ I3~0
OOLL,.XICO Stop I4-0
GOCL . IO Punch On I5-0
000X,IX0 Punch Off 16-0
O0II,IXL / - : I7~L I7-0
CI00, 000 0 .. 20~1. 40-X
0IX0, 001 I L 2T~I ¥~0
OEI0,0X0 2 ] 22~T 22=0
0100,0IX 3 < 23-E 32X
0X10,100 4 > 24X 33-E
0LCO, IOL 5 = 25-X 34-1
0IN0.XIIO 6 _ 26-1 250
OL¥O0,IXX 7 [ 27-1 27~0
OLII, 000 8 ( 30-I IO-I
OLOL, 00X 9 ) - 3¥-I IX-X
0XOZL, 0IC a (Io) 2(superscript 2) (%)32-0 30-0 ;
OLII,OIX ' g8 (1) (L) 33-0 £3-1
OLOIL,X00 % ? 34=0 4T
OEIX, IO + & 35~X I5~I
OLXI,IXO - i 36-1 I6-X
OIOL,IXI o, , 37-X I2-X
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8.7.4 Continued

Character Uppor Lower internal
on Cage Case Character
tape printing printing Cctal

1000, 000 37-0(U.C.)

49=-0(L.C.)

I010, 001 A a 4%

I0I0,0I0 B b 42

I1000,01L c c 43

1010,100 D d 44

1000,I0T E e 45

1000,1II0 F £ 45

I0I0,IIX G g 47

I0XI, 000 H h 50

100X, 00T 1 i 5X

I00I, 050 J J 52

IOIX,Or T K k 53

I00X,I0D L 1 54

IOIX, XO% M m 55

IOII, X7D N n 56

I00L,IIX 0 p 57

II10,000 P ) 60

I100,00L Q q o1

IX00,0L0 R r 62

I110,0IX s s 63

IX00.IC0 T t 64

III0,TCX U u 65

III0.X¥0 ' v 66

IX00,ILT W w o7

II0I,000 X x 70

IXII,00L Y y “x

IIIX,0IO0 Z z 72

IIOI,0IX 73

IIIX,.I00 924

IIOI,IO0X . 75

II0I,IXO 76

IIII, IiX Erase 77-0
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8.7.5 The Five Channel Paper Tape Code

Three of the keys when on figure shift and one of the keys when on letter shift,
and the corresponding paper tape characters, have alternative printed symbols
on some Creed teleprinters, Thus

(i) 00,110 on figure shift has the alternative printed symbols of 3 (curly equals) and v
(ii) 00,0II on figure skift has the alternative printed symbols of ® (phi) and x
(iii) IO0.IiI on figure shift has the alternative printed symbols of ° (apostrophe)
and n '
and
(iv) OI,.IXII on letter shift has the alternative printed symbols of ® and £ ,
The former symbol in each case is a Mercury Autocode character and the latter
symbol is the standard Mercury/Pegasus/Sirius character.

On input the computer assigns the Internal Code value corresponding to the
Mercury Autocode symiol i.e., %,0, ', and ®* . On output for five-channel paper tape the
Internal Code representations for v,X,n and £ are treated as non-admissible. '

Character Character Printed : Internal
Letter Shift - Figure Shift- Character
00, 000 Figure Shift . oy
10,000 A I 4T-1 22-I
01,000 B 2 2-1 22-Y
II,000 c % 43-1 18-1
00, X00 D 4 44~1 24~1
10,100 E ( 45~1 I0-1
0I.I00 F ) 46-1 II-I
0L,I00 G 7 47-1 27-1
00,010 H 8 50-1 30-1
10,010 I # 5X-X 25-0
01,010 J = 52-1 34-I
II.0I0 K - (minus) 53-1 30-I
00,II0 L F(curly equals)(v) 54~1 31I-0
10.1IX0 M LF 55~1 OI-CC
OL.IXO N Space 50-1 OI
II. 110 (o] , 57-1 I2-I
00, 00X P 0 6o-1 20-1
I10,00X Q > 6i-1 33-1I
01,001 R > 62~1 24-0
II,00% s 3 63-1 23-1I
00, X0T T -> 64-1 23-0
I0.I0X U 5 65-1 23-I
0I,.I0X v 6 66-1 26-1
II.IOX W / 67-1 17-1
00,01IL X #(phi)(x) 70-1 20-0
I0,0IX Y 9 7I-1 3I-I
OL.OIL Z + 72-1 35-1
II,0iX - Letter Shift 06
00,IIX . . 37-1
JO.IIX ? ' (apostrophe ) (n) I4-1 40-I
OI.III x (£) C.R. I3~I 20-CC
II, 11X .- Erase 77-0
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8.7.6 The Teleprinter Code

The teleprinter can only be used by the Supervisor and Test programs,
When the output is in Internal Code the code conversion used is that for the
teletype punch, Hence the correct printing is obtained only if a restricted
set of charecters is used.

Octal Value Internal Printed Octal Value  Internal Printed

(Digits 33-22)Code (octal) Character (Digits 35-27) Code (octal) Character
‘IQ0 S ) + SP (space) 400 3?"0 , (comma)
004 o) * (asterisk) 504 41-1 a
010 2I-CC NL (newline) 5I0 42~1 b
114 40-cc (red) 4X4 43-1 c
020 07 © {black) 520 44-1 d
124 03 n (pi) 424 45-1 e
130 06 1 43 430 46-1 £
034 oF L 534 47-1 g
040 o -0 ( 540 50-1 h

144 f(-o ) 444 5I~I i
150 12 -0 < 450 52-1 " J
054 13-0 > 554 53-1 k
160 14-0 : 460 54~1 1
064 ;Z:g _ (underline)5564 55-1 m
070 | (vertical 570 56-1 n

bar)
174 I7-61 / (oblique 474 57-1 o
stroke) y
200 20-I 0 700 : 6o-1 P
304 21~-I I 604 61-1 q
310 22~-1 2 610 62~1 r
214 23~I 3 714 63-1 ]
320 . 24-1 4 620 64~1 t
224 25-1 5 724 65-1 u
230 26~-X 6 730 66~1 v
334 27-1 7 034 67-1 W
340 30-1 8 &40 270-1 x
244 3i-I 9 744 71-1 y
250 32-0 a (alpha) 750 72-1 z
- 354 33-0 7 (beta) 654 3 ?
260 34~0 3. 760 F4 =
364 35-I + 664 75 ' (prime)
370 36-1 - &y0 76 & (and)
274 37-X « (point) 774 77-0 ER (erase)

Ist July, IgG3.
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B8e8 I.B.M. Magnetic Tape

8e8.1 Tape layout and Specification

8484141 The tape is 4" wide and has 7 tracks. Of thesé 7 tracks
6 are used for data and 1 for parity. There is no clock track
provided and characters are recognised by the presence of bits

in at least one of the tracks. Two densities of recording are
possible, 200 and 555 characters/inch.

8¢8.1.2 Information is recorded using the NZRI (non return to
Zero, IBM) method i.e, the tape is saturated in either of two
possible directions. A one is recorded on the tape by a reversal
of flux whilst a zero is the absence of such a reversal,

8e8.1.3 Data is written in two different character representa-
tions. They are:

a) Binary mode

When it is desirable to use magnetic tape as a backing store
to the computer the data will be transferred to tape directly
from the main store without any code conversion and hence
will be in straight binary form. In the Binary mode the
parity bit is such that the number of bits in a stripe is
odd.,

b)  BCD Mode

If, however, the magnetic tape is considered as an output
device then alpha-numeric information will be required, The
data must therefore be coded and is (known as being) written
in the BCD or Binary Coded Decimal Mode. In the BCD mode
the parity bit is such that the number of bits in a stripe
is even. '

8.8+1.4 Blocks of data on tape, known as RECORDS, can in theory
be any length and are unaddressed, Because records are of
variable length selective overwriting is virtually impossible,

8e8.1.5 After each record is written a check character, known as
the Longitudinal Redundancy Check Character or IRCC. The
character is such that the number of ones in the record, including
these in the character itself, in each of the 7 tracks, is even.

The check is & bi-product of the method of recording,
As stated in paragraph 1.2 ones are recorded by reversals of flux
due to reversals of current in the writing heads., At the end of
a record the current in each head is returned to the initial
direction, a one being written wherever the direction of current
in a head is switched over.,

848.1.6 1In order that tape wastage should be as little as poss-
ible the inter-record gap is 3/4"; For compatibility between
all IBM tape units this gap length should be kept as accurate as
possible.
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848,2 The I.B.M. 729 IV Tape Unit

80802.7 Performance

Tape speed is 112,5 ins/sec. The character transfer
rates are therefore 22,5 and 62.5 Ko/s when the recording densi-
ties are 200 and 555 characters/in respectively,

BeBa2.2 T29 IV Tape Units have separate read and write heads.
This allows the data written on tape to be checked for accuracy
immediately after writing.

The Interhead gap is 300 inches (or 2.67 ms at nominal
tape speed).

8e8.2.3 Writing on Tape

The current in the write head is always left on when
writing on a tape. This is done to avoid depositing noise in
the inter-record gup when switching the current on and off and
also to erase any previous information written in the present
inter-record gar (as a consequence of writing variable length
blocks the inter-record gap is not likely to occur in the same
place). This feature is not usually troublesome; however,
special measures do have to be teken when Backspacing the tape
(see below).

8.8.2.4 Backspacing a Tape

t 1s not possible to write or read a tape backwards but
it is possible to backspace the tape a record at a time. To
avoid erasing a tape while Backspacing the tape can only be moved
backwards when the tape unit is in the Read Status i.e. with the
write current switched off, Special action is tazken if a Back-
space order is attempted while the tape unit is in the Write
Status (the write current switched on)s In this case the tape is
moved forward a distance slightly greater than the inter-record
gap while still in write status. This action leaves a clean
inter~record gap after the record., Write status is dropped and
the noise bits, written on tape, are well clear of the preceeding
record and in a position where they will be removed should further
records be written on this tape. The backspace operation then
proceeds in the normal way, i.e. the tape is moved backwerds until
the beginning of the record is reached and tape motion is stopped
at a time which will ensure that a Re-read or Re-write operation
will be obeyed satisfactorily, (Tope drive is switched off 3ms
after the beginning of the record is detected). ILogic is built
into the tape units to prevent a backspace operation being carried
out if the tape is at the Load point.

8.8.2.5 Rewinding Tape

To avold erasing the tape it can only be rewound when the
tape unit is in the Read Status. If an attempt is made to rewind
in the Write Status a similar procedure is adopted to that for an
attempted Backspace order when in the write status (see paragraph
2.4). The tapé is moved forward in the write status a distance
greater than the inter-record gap., Read status is picked up and
the tape rewound.

For full details of control and operation of IBM 729 IV
tape units see IBM 729-I1 and 729~IV Magnetic Tape Units,
Technical Information for Original Equipment Manufacturers; and
also 729-II, 729-III, 729-IV Magnetic Tape Units, IBM Customer
Engineering Manuval of Instruction.
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8.8.3 General Description of the System

8.8+.3,1 General

The Control Unit organises the transfer of data between
IBM 729 IV Tape Units and the Atlas Core Store and it is con-
sidered as a fast Atlas peripheral device. Associated with the
unit there is a small buffer store. Transfers between Atlas and
this buffer are organised by a fixed store program. The program
is called in on an interrupt basis whenever the control unit
signals by means of a Look-at-Me that the transfer is complete.

The buffer is made up of two registers V and A each 4 x
24 bits long.

8.8.3.2 Basic Description of Tape Control Unit Performance

8.8.3.2.1 Orders that can be obeyed by the Control Unit

(i) Read-transfer the next record from‘tape to Atlas
(i) Write~transfer the next record from Atlas to tape
(iii) Backspace - move the tape backwards one record
(iv) Rewind =~ rewind the tape to the load point

(v) Rewind and unload - as (iv) except that the tape
unit is also unloaded.,

(vi) Skip to file - move on until next file marker is
read.

Be8.3.2.2 Transfers may be in any combination of High/Low
Density and Binary/BCD mode, or odd/even paritya.

84843.2.3 The Tape Control logic consists of one read/write
channel such that only one of the orders Read, Write, Backspace,
or Disengage may be in progress at any one time. However Rewind
if previously initiated mey be in progress simultaneously on
other tape units.

8.8.3%.2.4 TUp to six IBM 729 MK. IV tape machines may be comnected
to the tape control logic.

8¢8.3.2.5 Character conversion will be done in the BCD mode for
both read and write transfers, -

8.8.3.3 General Description of the Logic

B8+¢803+3.1 When reading data from tape

Characters are received in seven read flip~flops
known as Read Stats, staticisation being essential to accommodate
any tape skew within each character. The characters are then
gated to successive six bits of register A (the parity digit is
not transferred to the buffer), %hen A is full the data is trans-
ferred to V and BIMI is set. In due course the interrupt is
dealt with and the data in V is read to Atlas.

8.8.3.3.2 VWhen writing data to tape

The dats is written to V from Atlas during the period
while the data in A is being de&lt with. When A has been emptied
the new data held in V is transferred to A and BIMI is set to
indicate to Atlas that V needs refilling. The data in A is ex-
tracted 6 bits at & time and written on tape via 7 write stats,
one extra digit being added to give the character the correct
parity.
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8.844 Specification of Lines between the Tape Control Unit and
Peripheral Co-ordinator

8e8+4.1 ILayout of Tape Control V~store

Type 5
Line O *¥600412

Digit Direction Name
24~26 RW1 " No. of odd characters. N.B.
000 means 8 characters address
27-35 of last word accessed in core
store
36 R DISENGAGED
W READ
37 R IONGITUDINAL PARITY
W WRITE
38 R LATERAL PARITY
W BACKSPACE
39 R VECHANICAL FATLURE
W REVIND
40 R TAPE INDICATOR (end of tape de-
tected during write operations
only)
W REVIND LOAD
41 R T0AD POINT (beginning of tape)
7 LONG GAP
42 R LOW DENSITY
W IOW DENSITY
43 R BCD MODE
W BCD MODE
44 R REWVINDING (implies disengaged)
W RECOVER READ
45 R FILE MARK READ
, W SKIP TO FILE MARK
46 W EVEN PARITY
47 W POLAM
R INVERSE LAM (O if LAM)
TYPE

Line 1 *6004121

Digit Direction Name
24~2€ W SELFCT TAPE UNITS 1 ~ 6
Type 35

Line 8 *60043700

Digit Direction Name
31 R T.B.M. Magnetic Tape, End of
Operation
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8e8s4e2 Description of V-store

Titles of each digit are followed by Atlas Reference Name
and Tape Control waveform name,

I.B.M. Magnetic Tape, Fnd of Operation (Type 5 Line O Digit 47)
(BIMI)

This is set by the Control Unit at the end of each
operation as followssw~

(a) Read After IRCC has been read and last buffer transfer com-
pleted.
(b) Write After IRCC has been read back and checked

(c) Backspace 3 ms after the last character of the block has
been detected.

(1) Rewind, Disengage, Rewind and Disengage When a relay
‘ closure return signal operates in the tape unit (10 ms).

(e) When the selected tape unit does not respond to control
signals of an order. Mechanical failure is also set.

(£f) Vhen a tape unit is Disengaged manually whilst obeying an
order.

End of Operation Lookwat~lMe indicates that the previous
operation is complete so far as the Tape Control Unit is concerned,
and that the next order may proceed.

Character Count (Type 5 Line O Digits 24-26) (V10/24-27)

(&) Read Set by Tape Control to indicate the number of signifi-
cant characters in the last word of a Read Operation. Zero
in the count indicates that the last word is full.

(b) Write Set by VWrite extracode, to indicate the number of
significant characters in the last word. Zero in the count
indicates that last word is full.

Select BOD Mode (Type 5 Iine O Digit 43) (VIC)

When set this digit causes future transfers associated
with the present order to be carries out in the BCD mode. If this
digit is not set transfers will be carried out in the binary mode.

Select Low Density (Type 5 Line O Digit 42) (VISL)

When set this digit causes information associated with
the present order to be recorded on tape at low density. If this
digit is not set information will be recorded at high density.

This digit must also be set when reading information,
which is recorded at low density, from tape.

Select Tape Unit 1-~3 (Type 5 ILine 1 Digit 24-26) (U11-U13)

The unit remains selected until a further unit is selected.
When the control unit is switched on (as in the norming) TUO is
automatically selected (TUO is engineer's TU).

Low density selected and BCD selected (Type 5 Line O Digits 42,43)

These allow the supervisor to check that the two flip-
flops have been set correctly.,
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Recover Read (Type 5 ILine O Digit 44) (VIT)

If during a normal read operation a parity failure occurs
a further attempt may be made to read a record by using a reduced
bias level in the peak sensers., The reduced bias level is se-
lected by Recover Read Digit.

Read Order (Type 5 Line O Digit 36) (RI)

An order digit which causes a Read operation to be
performed on the selected tape unit, when it is set.

Write Order (Type 5 Iine 1 Digit 37) (WI)

As above except for Write.

Backspace Order (Type 5 Iine O Digit 38) (BI)

An order digit, which, when set causes the selected tape
unit to move backward one record,

Rewind Order (Type 5 Line O Digit 39) (VIN)

An order digit, which, when set causes the selected tape
unit to rewind to the Load Point.

Rewind and Disengage Order (Type 5 Line O Digit 40) (VIND)

As above except that the tape unit is disengaged and the
tape rewound until the ILoad Point is reached.

Mechanical Feilure (Type 5 Line O Digit 39) (FIN)

Set up by the Tape Control Unit as follows:=-

(i) When the selected tape unit does not respond to the initial
control signals of an order. In this case execution of the
order is inhibited and EIMI is set.

(ii) When the selected tape unit is disengaged menually whilst
it is obeying an order. EIMI is also set.

(iii) During a Write order when a Write Fcho failure occurs.
Tape Unit 1-3 Disengaged (Type 5 Line O Digits 28-30)
(RPIEU{=3) -

Set to one while a tape unit is disengaged. A tape unit
may be disengaged by a Disengage order from Atlas or by pressing
the 'Reset' key on the tape unit. A tape unit may be engaged
only if the deck is loaded with all interlocks closed and the
'Startt key has been pressed.

Rewind in Progress Tape Unit selected (Type 5 Line O Digit 443
(RPINU1-3

Set to one while a Rewind order is carried out on the
Tape Unit selected.

lateral Parity Failure (Type 5 Line O Digit 38) (PILA)

Set up during a Read, Write or Backspace operation by
Tape Control if a lateral parity check failure is detected.

Tongitudinal Parity Failure (Type 5 Line O Digit 37) (PIIO)

As above, except for longitudinal parity failure.

Tape Indicator (Type 5 Line O Digit 40) (RPIIND)

Set by tape unit when the reflective spot at the end of
tape is photosensed. Reset by Put Out End of Operation signal.
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Load Point Indicator (Type 5 Iine 1 Digit 28) (RPILP)

A signal which is in the "one" condition if the tape on
the selected tape unit is at the Load Point. When the tape is
moved from Load Point position the Load Point Indicator falls to
the "zero" condition.

Write Strobes for Input Lines (Logical Design Only) (ITVA-ITVE)

6 input strobes are provided, one for each line of the
V-store. These are used to strobe the information set in each
digit of the line into the Vestore.

These strobes are labelled ITVA-ITVF corresponding to
lines 0-5 respectively.

Console Reset (Logical Design Only) (IRC)

A strobe used to reset all stats in the Tape Control
Unit to their standard states when the machine is ewitched on (in
the morning, etc.).

8.8.443 Lines between Tape Control and the Tape Units

Use is made of the IBM tape unit bus system. In this
system all control lines are common to all tape units with the
exception of those actually specifying which Tape Unit is selected.

The signals required by these control lines swing about
either of two reference levels., These reference levels are:-
(a) N type; whose level is ground and
(b) P type; whose level is -6 volts.
For reliable operation & minimum swing of + 0.4 volts is required
but IBM recommend that the swing should be - 1 volt. ILevel

changers have been built which convert between standard Atlas
signal levels and both N and P type levels.

The standard IBM lines to and from the Tepe Units are as
follows:~

8e844.3.,1 Lines to IBL Tape Units

+P Select Waveform Names; UI1, UI2, UI3

Each of these 3 lines is used to select a particular tape unit
from the group comnected to the common Control Unit. The signal
gates the tape unit selected allowing it to receive all subsequent
signals from the Control Unit. The line must be held at +P level
for the duration of the operation. Dropping the Select Line
immediately stops any tape operation except rewind.

+P GO Waveform Name; WPIGO

This line is used to control tape motion. Bringing GO to +P
level starts tape motion; whilst Dropping GO stops it except for
rewind.

+P Set Read Status Waveform Name; WPISR

When pulsed at +P level for 1 usec, this line switches the Read/
Write flip-flop in the selected tape unit to read status (if not
already there).

-N Set Write Status : Waveform Name; StWI

Same as above except for write

1.11.64
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~N Backwards Waveform Name; IILBK

A line which when held at +N level causes any tape motion to be
in the forward direction and when held ot ~N causes it to be in

the backward direction. It must not be changed whilst the GO
line is at +P level.

1.11.64
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8.845, Details of the Control Unit, its operastion and Desien,

5.1 Timing

The major part of the contmw 1l unit is synchronised with the character

transfers to and from tapes The character transfer rate is of course governed
by the recording density and tape speed and is 22,5 Ke/s at Low density and
62.5 Ke/s at High density.

50101 m

The character transfer rate is controlled by either of two crystal
osclllators dependent on whether the recording density is high or low.
For reasons which will appear later it is convenient to use basic oseillator
frequencies which are 16 times greater than the character rate, i.ec. 360
Ke/s and 1Mc/s.

It is important to point out that the same hardware is used for both
densitites, a change of density being merely a change of oseillator.

5:1.2. Reading

The circuitry is controlled by the rate of arrival of characters from
the tape itself,

In theory therefore it is unnecessary to know what the density of.
recording is., However the end of a record is determined by the absence of
any characters within a given time. As the time is different for the two
recording densities the density of any particular tape, in fact, must be
known,

5.2 Buffer Registers

There are 96 bits in each of the two buffer registers, V and A, This
numher is a compromise between the amount of hardware used in the buffer
and the amount of central computer time used dealing with Buffer Attention
Interrupts. With a 96 bit buffer 20% of the central computer!s time is
used in dealing with tape control interrupts when working with long blocks
on high density tapess The general formula for the percentage computer
time/used for dealing with interrupts is:-

(Zxan* T (mp1)/p tix 100
7300 + 128n

where T = Terminal computing time (-1OQ/usec)
q = time of loop to transfer one 48 bit Atlas word (between 8 and

1/ jusec)

size of block in words

size of buffer in words

time to deal with an end of interrupt G«BQ/usec) 1O

means the integral part of :

wlickg B

[T

-
5.2,1s The information flip-flops are numbered lines 2, 3, 4 and 5
digits 24 ~ 47, digit 47 in line 5 being the most significant,
Information is strobed into buffer A from the Read Stats character by
character during a Read order, but it is strobed 24 bits at a time
from the Peripheral Co-ordinator into V during a Write order. The
strobe in the latter case is supplied by the Peripheral Co-ordinator
for with the interrupt method of operation the Tape Control Unit has
no indication whoen the Buffer Attention Look At Me will be dealt with.

To reduce the loading on each output of the flip-flops in the
registers to one standard load,transfers between the two registers
are done by the Reset and Single Sided set technique,

Should a read or write transfer conclude with a partially filled

buffer a count indicating the number of significant characters will be
sent to or from Atlas respectively.
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503 Significant Charcter Count and Stop Write Digits

As the number of possible characters in each buffer register is 16, 4
flip-flops are needed for the count. It is convenient to consider the £lip=
flops as part of the buffer. These digits are referred to as the Significant
Character count, VIO digits 24 - 27,

With Write transfers only, a digit must be sent to the tape control unit
from Atlas to indicate when the last transfer is taking place, The digit is
also considered as part of the buffer and is referred to as the Stop Write
Digit, AIO/28,

(No digit is required to indicate the last read transfer as this transfer is
accompanied by End of Operation Look at Me).

5.3.1. When Writing

These five extra digits are written to V at the same time as the
last characters of a record. They are transferred to A under Transfer
Control where the Stop Write Digit is recognised irmediately and is used
to inhibit setting BIMI,

- It also allows comparison between the Significant Character Gount
and the number held in the Character Counter (para 5.14). As the
characters are written on tape the Character Counter is increased-and at
some count coincidence occurs between the number in the counter and the
Significant Character Count. Waveform ICIN is generated which is used by
Write Control to terminate Writs orders.

5.3.2. When Reading

When the last buffer transfer takes place to V the current character
count is transferred to the significant Character Count, VIO digits /=217,
where it is read with the last few characters in the buffer.

Note, All Read end Write Transfers transfer the Significant Character
Count between V and A but they are only meaningful when dealing with the
last characters of information.

5¢4 Write Control

5.4e1 Performance.

The logical design is governed mainly by IBM specification for

Writing information. The relevant requirements are thate

Ea; The character repetition rate is every 16,usec (44.5)

b) That the 7 bit stripe should be set up orf the Write Bug with as little
skew as possible,

(¢) That a Write Pulse Line should be pulsed with a 1,usec (2.78) wide
pulse, This pulse should not occur before 4.§/u ec after the character
has been set up on the Write Bus.

gd) That the Write Bus should be cleared 15 msec (41.7) after it is set up.

e) That the Longitudinal Redundance Check Character should be written
6/ yusec (178) after the completion of the last Write Pulse.

THe figures without brackets refer to High Density and the fipures in
brackets refer to Low Density.

As the repetition cycle time cven at High Density is 16,usec the Write Bus is
cleared for 1,usec. which gives adequate time for a new character to be set up
on the Write Stats, The LRCC is written by dropping the Write Check Character
line (para 4.3.1.) at the correct time. This line is set at the same btime ag
the Write Pulse line is pulsed for the first character.

5 olnz LOgiC DeSign..

From the above reguired erformance it is apparent that a basic
frequency of 1 Me/s (360 Kb/s? will be useful.

The control unit of the Write Control is a 4 bit counter which is
fed from either of two crystal oscillators., These oscillators produce 100
mausec pulses every .ilzusec (2.78). The counter is deanded to give the
necessary timing required during the write cycle,

1749.62.
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The decoded waveforms are gated with the erystal oscillator to give 100
q/usec pulses.

The Write Stats are connected directly to the Write Bus so that
Information is set up on the Write Bus by setting the Stats and is cleared
from the Bus by resetting them,

The general sequence of events is:

(1) Set character on Write Bus,
(ii)  add one to counter,
(iii)  test if zero,

A consequence of this layout is that zero in the Significant Character
Count represents a full buffer.

5¢4e3 Operation

After completion of the WRITE DELAY, which allows the tape to get up
to a speed and also defings the length of the interecord gap, waveform
IINRA occurs (para 5.7.5) This waveform gates one of the crystal oscillators
to the Write Counter. Flip flop WRI is used to clean up the oscillator
pulse if it should occur at the same time as IIWRA. Only 4 bits of this
counter are relevant initially.

The 100 myusec pulse waveforms StITWS(mo), ITWKA (M7), ITWTA (m8),
StIRS (ml5) dre generated cyclically} the timing of these waveforms is
given in brackets,.

StITWS strobes the character selected by the current character count from
Buffer A to the Write Stats (para. 5.18) and hence to the Write Bus
(parae. 4e3.1)

ITWKA Sets stat. WPIWP switching the Write Pulse line on (para. 4e3.1l.)
adds one to the Character Counter (para. 5.14)
sets Write Echo Stat. WIWE.
gets stat., WPILRCC switching the Write Check
Character line (para. 4.3.1.) to the 'on! state at the same time as
the first Write Pulse.

ITWTA resets WPIWP switching the Write Pulse line off.
tests whether a buffer transfer is required (para 5.6.1.).

StIRIS resets the Write Stats (para 5.18)

/1 & 2 tests that WIWE ahs been reset by a Write Echo pulse,
RPIWE, (Para 4.3.2). If WIWE has nobt been reset then the Mechanical
Failure digit is set (paras 4.2 and 5.7.2.1.)

When ICIN (para 5.3.1.) occurs the counter is extended by 3 stages.
The waveform occurs after m7 because the Character Counter is advanced then
but well before ml5. The counter now becomes modulo 128 instead of modulo
16, so that after the last character has been written on tape mO, m7,
m8 and ml5, and their corresponding waveforms are loglcally inhibited.

When the counter reaches m72 (m8 + 64) StITCW is generated which
resets the Write Check Character stat and inhibits further counting.

5.5 Read Control

The general sequence of events is (i) Detect Character
(ii) Add one to counter
(iii) test if zero

A character in the Read Stats (para 5.19) is detected by mixing the outputs
of the stats together, Read control accepts the character provided that the last
character of the record has not so far been detected. The Longitudinal
Redundancy Check Character is rejected by gating with ILRCCD., The pulse generated
is delayed by 7.0susec at High or 20,0.,usec at Low Density to allow the whole
character to be sét up even in cages of serious tape skew,
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8.8.5 Conbinued..

I7CB

The sequence of events is then as follows:-

is sent to the Longitudinal Parity Loglc where the bits of the character
including parity, held in the Read Stats, are 'non equivalently' added iunto
the Longitudinal Parity Register (para. 5.16)

StITL/3 and via this logic to the Record Gate Logic (para 5.13)

ITCB

ITCA

ITCB

O.Q/us
ITCC
O.ﬁ/us
ITCD
StIRRS

5.6

sets the 'Lateral Parity Failure stat, PILA, if the number of ones in the
character held in the Read Stats. is 1ncons1stent with the mode of record-
ing (para 5.15.)

ates the character away to buffer A if the a Read order is being obeyed
%see ED/4/19.1D)

resets the End of Blank Tape Stat, INDIA, (para 5.,10) if this stat has been
set by the Tape Indicator

later

advances the Character Counter by one (para 5.14)
later

tests if a buffer transfer is required (pera 5.6.1.)

resets the Read Stats in preparation for the arrival of the next tape
charecter (para 5.19)

Transfer Control
5.641s Normal Operation

Any transfer which is not the first or the last in a record is con-
sidered as normal in this context. After every character has been read by
Read Control or written by Write Control a signal (para 5.4.3. and 5.5) is
gsent to Transfer Control to test whether a buffer transfer is required.
This is so if the character count is 16 i.e. waveform StISGOO is operatlve
(para. 5.14).

Firstly a check is made to ensure that Buffer Attention Look at Me,
BLMI, set by the previous transfer, has beenreset by Atlas. If it has not
then the Overdue Digit, OIBLM, is set.

The transfer sequences for Read and Write orders are as follows:i-
READ:~ RESET V TRANSFER A to V RESET A
WRITE:- RESET A TRANSFER V to A RESET V

Lastly BLML is set to inform Atlas that Register V needs attention,

Speclal cases may occur at the beginning and end of a record,
50642e1a First Read Transfers:— :The initial characters are dealt
with in the normal .way as described above,

5.642:2 Firgt Write Transfer:- Waveform ITWS from MAIN Control
(para.E 7.5.1) sets flip-flop WIS. and also BLMI (It also causes
buffer transfers but these are irrelevant). BLML is detected by an
interrupt routine; data is fed to V and BIMI is put out by IRBLM.
IRBLM also inspects whether WIS is set. If it is, as in this case,
a trensfer, V to A, is executed and BIMI is set again. In time the
interrupt will be dealt with and V will be refilled.

After the Write Delay ITWRA (para 5.7.5) tests BLML to make sure
that both these transfers have been completed. If these have not
been done OIBLIM is set.

" Transfers then follow the normal pattern.

5.642.3 Lagst Read Transfer:— When dealing with the last read transfer
there are two pogsibilities:

(a) The characters exactly fill a buffer register (i.e. the current
character count is 16)., In this case ITCD from Read Control
(para 5.5) will initiste a Normal Transfer before the Record
Gate Logic has determined that characters are in fact the last
in the record, 17.9.62
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Eventually the Record Gate Logic will determine that the end of the
record has been reached and READ DISCONNECT, StITHD, PULSE (para.
5,13.1,1) will be sent to Transfer Control,

(b) The characters only partially fill a buffer register.
The final ITCD waveform (para 5.5) will find that a buffer transfer is
not required and these odd characters will remain in A until StITED
(para 5.13.1.1) arrives.

When the StITRD does arrive the action taken depends on whether or notBLMI
is Setu

BLMI is set:~ The pulse is held up on flip flip RIE until BIMI is reset,
the BIML Not set condition is then obeyed.

BLML is not gets- The final read transfer is performed and END OF READ
SIGNAL, IERD, ig generated.

NOTE. When dealing with data which exactly fills the buffer the last read

transfer still takes place but is redundant. The interrupt routine
dealing with End of Operation has been designed to ignore this transfer,

5.642.40 Last Write Transfer:- The final characters are transferred in
the normel way as described in para 5.6.1 except that the Stop Write digit,
ATQ/28, is detected immediately the transfer has taken place and inhibits
ITDD from setting BIMI, AI0/28 is also used to inhibit ITWTA whilst
writing the last characters. This is necessary for if the number of
characters in the buffer happens to be 16 a further transfer would be
initiated. This transfer would fill buffer A with 'zeros! and in par-

ticular set AIO/28 to zero. ITID wuld then be able to set BLMI and so
cauge a misleading interrupt.

5.7 Centrol Control

5471 Detect Order

At any time an order mey be sent to the Tape Control Unit V store.
The presence of this order is detected by mixing 211 possible order lines
together. Waveform ILDO is produced when an order is detected.

5¢7.2 To Check that the Order can be obeyved

58 are allowed for all the necessary detalls aboubt the order to be
set uff on the V store control flip~flops and lines from the selected tape
unit to respond to the Select Signal,.A test is then made to ascertain
whether the selected tape unit is in a position to obey this order. All
orders require that the selected unit is READY (para. 4.3.2) and in
particular Read and Write orders require that the tape unit is in the Read
and Write Statuses (para. 4.3.2) respectively,

If the test is successful then the order digits are transferred by
StITSO to a second bank of stats from which the order specified is obeyed.
If however the test is unsuccessful the digits are not transferred and ELMI
and the Mechanical Failure Digit FIM are set by ITIS,

5.7.2.1. The Mcchanical Failure Stat (FIM)

The stat is set by:
(a) by ITDO gated with IIS when a tape unit fails to respond to the
initial control signals to it (para 5.7.2 )oBIML is also set.

(b) by RPIS gated with ILOO if the tape unit is.disengaged menually
after the order has been initiated., A tape unit may be disengaged
at the tape unit by pressing the 'Reset! key or by any major
failure occurring such as a tape break.. ELMI is also set.

(¢) by IRMD gated with ILGW 3ms after IRGW is generated (para 5.7.5. 2).
ILGH ig inhibited by ELML,

This piece of logic is used during a Write Order, to set ELML and FIM
if EIMI is not set by the Record Gate Logic as it is when the system is work-
ing correctly.
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The Record Gate Logic will not generate StITRD (used to set ELMI) if
the logic is never given any characters from Read Control. This will occur
if the Reading Circuits in either the Tape Unit or Tape Control fail or if
Write Circuits in the Tape Unit fail.

(@) by StIMS/2 gated with WIWE if a Write Echo failure occurs (para.
5¢403). In this case EIMI is not set.

547.3 The possible orders available are READ, WRITE, BACKSPACE, REWIND,

‘ REWIND AND DISENGAGE, and DISENGAGE (see para 4e2). These orders

are setup in V store line VI1, digits 24~30, If the order can be
obeyed it is transferred to line ATl by StITSO (para 5.7.2)

17094624
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5-7.1(- Read
5.704e1 Start

Operation is held by ISFI = until any delay to starting tape
motion in the forward direction is complete (para 5.9), ITG sets the
GO flip flop. After a delay of 3 or 16 ms. according to whether the
tape is not or is at the Load Point information may be read from the
tape to the Read Stats (para 5.19) StILRS allows information to enter
the Stats., This delay referred to as the READ DELAY is introduced to
 avoid reading any unwanted noise that may be written in the interecord
gaps on tape. SHILRS rcmains open until ILRS stat is reset by Read
Disconnect Pulse, StITRD.

5.7.442 Finigh

The Rccord Gate Pulse, ITRG, (para 5.13.1) is generated by the
Record Gate Logic after the last character of a block has been read
but before the LRCC is reads. ITRG is used to reset the GO flip-flop
(para 5.8) and also to set the ILRCC stat. ILRCCD is used to inhibit
reading the Longitudinal Redundance Check Character by RexlControl
(para 5.5)« The ILRCC stat is not reset until IREIM is received from
the Peripheral Co-ordinator., This is done to avoid the LRCC being
detected as a spurious character by Read Control at some time later
before the Read Stats have been reset.

The read order is terminated by IE FD waveform (para 5,642.3)
from Transfer Control setting ELMI,

5.7¢5 Write
5¢7e5.1 Start

Operation is held up by the ISFI= until any delay to starting
tape motion in the forward direction is completed (para 5.9)e ITG sets
the GO £flip flop and ITWI puts the first buffer transfer into
operation ?para 50642.2)

To allow the tape to get up to speed and to define the interecord
gap no information is written to tape until 5 or 76 msec afterwards
depending on whether the tape is not or is at its Load Point, Writing
is initiated by flip flip, ILWRA, the output of which goes to Write
Control, and sending ITWRA to Transfer Comtrol to test whether both
Buffer Attention interrupts have been dealt with (para 5.6.2.2). At
the same time that part of Read Control used to check the data writing
on tape is brought into action.

5.7.5.2 Finish

2ms after SLITCW is received from Write Control (para 5.4.3) the
GO flip-flop is reset by IRGW. StITCW is also used to reset f£lip-flop
IINRA and so switch off the write counter. StITED (para 5.13.1.1)
generated after tho LRCC has been read back and checked, is gated with
WRITE to set ELMI, :

57,6 Backspace

The action on receiving a backspace instruction depends on the
Read/Write status of the selected tape unit,

(2) Tape Unit in Read Status:- operation is held up by ISBI until eny
delay to starting tape motion in the reverse direction is complete
(para 549). The tape direction stat ILBK, is set to BACKWARDS
(para 4a3.1) and the GO flip flop set by ITG, After the READ DELAY
(para 5e7.4.1) data may be read from tape to the Read Stats,

Data is read until the Record Gate logic detects the begin-
ning of the record and generates the FEAD DISCONNECT PULSE, StITHD,
(para 5.13.1.2.). The Pulse is gated with BACKSPACE and 3ms later
the GO flip flop is reset and ELMLI is set by IRGB.
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(b) Tape Unit in Write Status:~ GO is set by ITBN and reset after
5 ms by ITBNA: during this time the tape will move forward a
distance greater than the interccord gap (see para 2.4). The
status of the tape unit is switched to READ STATUS by WPISR and
a Backspace Operation with the Tape Unit in the Read Status is
comenced,

5.7.7 Rewind

The action on receiving a Rewind instruction depends on the Read/
Write status of the selected tape unit,

(a) Tape Unit in Read Status:- START REWIND, WPIN, is sent to the
tape unit and after about 10 ms SELECT AND REWIND, RPIN, is’
returned, This latter signal is gated with WPIN to set ELMI,

(b) Tape Unit in Write Status:- GO is sot and reset after 5ms during
which time the tapes will have moved forward a distance greater
than the interecord gap (see para 2.5) The status of the tepe
unit is switched to READ STATUS by WPISR and a Rewind operation
with the Tape Unit in the Read Status is commenced.

The REWIND IN PROGRESS, RPINU, line assoeciated with the particular
tepe unit is 'on! while the Tape Unit is rewinding. The signal is in-
dependent of the tape unit being selected (para. Aele2)

5.7.8 Rewind and Disengage

As above except that when the tape unit has completed the rewind the
tape is unloaded out of the columns and the tepe unit disengages itself
from the Tape Control and the Tape Unit Engaged line, RPIEU, falls to the
Disengaged level,

5.7.9 Disengage

The Disengage line AID is gated with the selected tape unit to set one
of IDUl, IDU2 or IDU3, ELMI is set when the Tape Unit Engaged, RPIEU,
line from the selected tape unit falls to the Disengage Level.

5.8 The GO Flip-Flop, WPIGO.

It is sot by ITG to start tape motion when obeying Read, Write and Back-
space (READ STATUS) and by ITBN when obeying Backspace (WRITE STATUS). However
1t is only set after any GO Down Time has been completed (para 5.9).

It is reset by various waveforms according to the order being ~obeyed:-
Write: Reset by IRGW 2ms after WRITE CHECK PULSE, StITCW, (para 5.4.3) has
been received by Central Control. '

Read:  Reset by RECORD GATE PULSE, ITRG, (para 5,13.1.1) gabted with FEAD.
Backspace (READ STATUS): Resct by IRGB 3ms after Read Disconnect Pulse, StITHD,
(para 5.,13.1.2) has been received by Gentral Control.

Backspace and Rewind (WRITE STATUS) : Reset by ITBNA 5ms after setting GO,

It is also reset when reading blank tape and the tape indicator is set
(para 5,10)

5.9 Minimum Down Time of the CO Flip Flop

50.9 ti Ogera'bion

When the tape direction is reversed the Drive Mechonism of the Tape
Unit requires 11 ms to change over. Hence the GO line to the particular
tape unit should be down for at least 1lms.

In theory information must be held in control about when and what was
the last order, requiring tape motion, obeyed by each tape unit before
deciding whether a further order involving tape motion can be obeyed
immediately. In practise this comprehensive gystem would require an
excessive amount of hardware and so a compromise has been adopteds The
normal operetion of the tape system is to read or write records and Back-
space only to re-read or re-write a record if its parity ig incorrect.
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The number of secquences of orders which will contain many changes between
tape units is likely to be negligible. The compromise acdopted is there-
fore as follows:-

Each time the GO flip-flop is reset, either of two pairs of delays are
triggered according to whether the tape direction for the order just completed
was Backward or Forward, the outputs of these flip flops are used to inhibib
Forward or Backward motion respectively taking place within a further 11 ms.
The limitation of the system is that the condition is applied to the Control
Unit as a whole and not, as it should be, to each tape unit separately.

Note. The commencement of Backspace and Rewind Orders, when the selected
tape unit is in the Write Status, cannot logically be held up because the
previous order must have been a Write Order. However with the present systenm
this case is taken into account automatically.

50902 LOQJ.:. C

IRGO, which resets WPIGO, triggers the two pairs of delays according to
whether the tape motion is Backward or Forward. The flip flops feed delays
totaling 12 ms. 1 mg excess of nominal 11 ms is given to allow for toler-
ances in the delays. Iwo delays in series are required because the orders
may occur more frequently than 12 ms and a second trigger arriving within
this time would be lost in the delay circuit which is an AC coupled mencstable
£lip-flop.

ISFI = controls forward tape motion
IBBI controls backward tape motion.

5.10 End of Blank Tape Logic

If an attempt is made to read o non-existent block the Tape Control Unit will
go on searching for the start of the block until the tape ig pulled off the
spool at its physical end., This logic is designed to prevent this happening
by using the Tape Indicator signal RPIIND (para 4.3.2) to stop the tape be-
fore its physical end is reached. The logic also informg the Supervisor by
setting the End of Operation Look at Me.

The INDIA flip-flop is set by RPIIND provided a Read Order (St RI/1) is
being obeyed; that the GO flip-flop is set (WPIGO) and that the Read Stats
have been open for 3ms (StILRS, para 5¢7e4el.)

Normally INDIA is reset by ITCB = (para 5.5) when a character is read
from the tape or by StITHED if the end of the record has been detected (para
5.13.1.1). If INDIA is still set 3ms after being set it is assumed that the
tape being read is blank and tape motion is stopped (para 5.8) and EIMI is set

(para 5.11.1.) by INDI.
5,11 -

End of Opsration Look at Me, BIMT
5.11.1 Setting EIMT

Write: Set when the Read Disconnect Pulse, StITED (para 5.13.1.1) is
received from Record Gate Logic,

Read: Set when IERD (pqra. 64542.3,) 1is received from Transfer Control.

Backspace: Set 3ms after StITHD (para 5.13.1.2.) is received by Central
Control.

Rewind, Rewind and Disengage: Set when RPIN (para 4.3.2) is received
from the Tape Unit.

Disengage TUl, TU2, TU3: Set when the RPIEU line of the selected tape
unit has fallen to the disengage level (para 5.7.9 and para 4e4el)s

Tape Unit Failure: Set TTS when a tope unit fails to respond to
Control signals (para 5.7.2,.1

End of Blank Tape: Set by INDI (para 5.10) when rcading blank tape and
the Tape Indicator is set,
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5.11.2 Regetting ELMI

Reset by IRLM delayed by 1,us. The 1 s delay is ineluded to ensure
that all EIMI setting waveformg, also reget by IRELM, have dropped and
that the Tape Indicator if set is reset (WPIRIND)

5 «12 Reset

Most control flip flops must be reset before a new order can be obeyed.
These are reset by IRELM which activates Resetting Strobes StIR/1 - StIR/13.
The strobes are also activated by Conscle Reset, IRC. However RC is only
used when the machine is switched on in the morning.

5.13 Record Gate Logic
5¢13+1. Operation

The logic detects the beginning and the end of a record. This is
achieved by setting a counter going as soon as the first character is read.
The counter is fed from a crystal oscillator with a pulse rate of 1Me/s at
High Density or 360 k¢/s at Low Density. Bvery time a further character
is read the counter is reset. When the end of the record is reached no more
characters will be read and the counter will build up unchecked. The end
of a record is defined by the counter reaching a given value. The actual
value depends on the order being obeyed,

5.13.1.1 For Read and Write The RECORD GATE PULSE, ITRG, is generated when
the count is 36, As the nominal number of counts between information
characters is 16 (16,us High Density, 44.5mus Low Density) the pulse will be
generated after the last information character has been read bubt before the
Longitudinal Redundancy Check Character, LRCC, has been read (LRCC is
nominally 64 counts after the last information charcter). During a Read
Order the RECOFD GATE PULSE resets the GO flip flop and so stops bape motion,
The READ DISCONNECT PULSE, StITRD, is generated when the count is 144. This
value is chosen to ensure that the LRCC has been read.

5413.1.2 For Backspace When reading tape backwards the first character of a
record that is picked up is the LRCC. Obviously it is pointless tostop then,
So unlike Read and Write end of Backspace is first detected when the count
has reached 144 and the READ DISCONNECT PULSE, StITRD, is then generated.

5.13.,2 Logical Degign,

Read Control detects a character on tape and sends o READ PULSE, StITL/3
(para 5.5) to the circuit., The pulse is held up on flip flop RGLL until a
pulse arrives from the crystal oseillator, I0. RGI2 is used to clean up the
oscillator pulse if it should unfortunately arrive while RG11 is setting.
The clegned up pulse sets RG13 and resets RGl1l, RG12, and the Record gate

. Counter, Once RGI3 is set further clock pulses are added into the counter.
At High Density 800 musec are available for the counter to be reset before
the next clock pulse adds into the counter, The counter is switched off by
the next HEAD PULSE resetting RG13; it also sets RGIL and the cycle is
repeated until no further FEAD PULSES arrive. The counter builds up and ab
counts of 36 and 144 the ITRG and StITRD respectively, are generated for
Read and Write orders. For Backspace only the StITRD is generated for
reasons given in para. 5.13.1.2,StITED also resets RG13 and inhibits further
counting.

5.1/ Character Counter

The counter is used to gate characters into and out of buffer register A,
As the buffer holds 16 characters a four stage counter is used, The counter is
fed by either ITCC (para 5.5) from Read Control or by ITWKA (para 5.4.3) from
Write Control., The output of the counter is decoded on 16 inverters to supply
gating for both Read and Write Orders., The 16 waveforms are labelled StISGOO
toéSt§SGl5, StISGO0 is also used to Control entry to Transfer Control (para
5Q Ol
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5015 Lateral Parity Logic

5.15.1 Operation The seventh track of the tape is used to hold a digit
which is such that the overall parity is odd if recording is in the Binary
Mode, or even if recording is in the BCD Mode.

The required digit is therefore

No, of ones

in 6 bit char. Parity Digit
, | , BCD  Binary
EVEN : 0 1
CDD 1 0

Writing The parity digit WIBAP is generated from the 6 information digits
according to the above table.

Reading The actual parity digit read from tape is compared with the
theoretical parity digit generated from the 6 information digits., If these
digits are not identical the Lateral Parity Failure digit, PILA, (para 4.2)
is set. ‘

5.15.2 Logical Desimm.

The parity of the six digits is derived by first finding the parities
of three sets of two digits using LTPs, The parity is formed of two of
these "2 digit" parities and this is combined with the parity of the orig-
inal 3rd pair to give the parity of the whole,

5.16 Longitudingl Parity Logic

The logic determines whether the number of !ones' read from each of the
gseven tape tracks is even or odd. The determination is taken over all the
characters of a record except the Longitudinal Redundance Check Character, LRCC,
with which it is compared. There should be complete agreement between the two,
However, if this is not so the Longitudinal Parity Failure flip flop, PILO,
(para 4.2) is set. The logical design is made up of seven independent one diglt
counters. The counters are known as a whole as the Longitudinal Parity Registers
Every time IICB (para 5.5) is received from Read Control the character currently
held in the Read Stats is "added" into the Longitudinal Parity register. The
"adding" process amounts to a non -equivalence operation between the character in
the Read Stats and the word in the LP register. ITCB does not occur when the
LRCC is read to the Read Stats (para 5.5) so that the LRCC is not "added"into the
Longitudinal Parity register., However, it is compared with the word held in the
register by the READ DISCONNECT PULSE StITRD, (para 5.13.1). If the comparison
fails the Longitudinal Parity Failure f£lip f£lip PILO (para 4.2) is set.

NOTE It is worth pointing out that although reading backwards is not allowed the
parity checks are performed correctly when a Backspace order is carried out.

517 BCD Conversion Logic

Information transferred from the Buffer Register A to the Write Stats and
from the Read Stats to the Register is, or is not, code converted according to
whether the information is recorded in the BCD or Binary Mode.

The conversion logic for the BOD mode allows complete 6 bit to 6 bit
character conversion. This general solution was neccessitated because of the
considerable difference between the Atlas and IBM internal codes.

The incident characters are decoded to the 6/ possiblilitics and these are
recoded to form the regquired code converted characters.
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5,17:1 The Conversion Code is as follows:-

Atlas  BCD  Atlas BCD Atlas BCD  Atlas BCD
Internal Tape Internal Tape Internal Tape Internal Tape

00 (00) 20 12

40 14 €0 Vil
o1 20 21 0L Jal 61 61 50
02 16 2 02 42 62 62 51
03 17 23 03 43 63 63 22
04 32 R4 04 4L, 6/, 6/, 23
‘05 52 25 05 45 65 65 24
06 36 26 06 46 66 66 25
o7 37 27 o7 47 61 67 26
10 34 30 10 50 70 70 27
11 4 31 11 51 71 71 30
12 33 32 35 52 41 72 31
13 53 33 75 53 4R 73 56
14 55 34 13 54 43 74 57
15 15 35 é0 55 b 75 72
16 54 36 40 56 45 76 76
17 21 37 73 57 b 77

Note: The character 00 both internally in Atlas and on Magnetic Tape

when recording in the BCD mode is an unallowed character but is included in the
above table for completeness, :

5.18 Write Stats

The Write Stats (WPI1, WP12, WP1/, WP18, WPIA, WPIB and WPIC) staticise the
character on the Write Bus (para 4.3.1) so that it may be written to the tape by
the Write Pulse (para 4.3.1) The stats are set by StITWS at Write Control timing
m0 and reset by StIRMS at timing ml5 (para 5+4.3).

5.19 Bead Stats

Provided StILRS (para 5.7.4.1) is open the Read Stats are connected without
gating to the peak sensers and so to the Read Bus (para 4.3.2)., Therefore a
character read on the selected tape unit is set up, as it appears from tape, in
the Read Stats. The Read Stabs are numbered RIBO-5 and RIBP. When the character
held there has been dealt with the stats are reset by StIRRS (para 5.5)
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8,806 Programming Notes

- These notes are to be considered as supplementary to the previous paragraphs

6.6,

6.7.

and are not complete in themselves. They gre provided to help in writing
the extracode programmes necessary for controlling the Tape Control Unit.

6.1 Settineg Orders in the V store

Orders are initiated by writing a 'one' to one and only one of the six
order digits (line 1 digits 24~29) in the V store.

6.2 End of Operation Look At Me, EIMI. (Type 14 line 2/ digit 31)

This Look at Me is set when the order has been carried out and all the
information required by the extracode routine has been set in the V store
(paras 4R and 5.11.1). No attempt is made to deal with the failures as
they occur (with the one exception given in para 6.7.3¢) once the order has
been accepted, The digits giving information on failures are inspected as
part of the End of Operation interrupt routine.

6.3 Putout Fnd of Operation Look at Me IREIML, (line 1 digit 30)

As TREIMI is used to clear the Tape Control V store (para 5.12) all the
required information contained in the V store must have been extracted before
IRELMLI is sent to Tape Control. All other digits in line 1 must be zero
when IRELML is sent to Control. ’

A new order should not be sent to the Control Unit within 1. ﬁ/usec of
gending IREIMI.

6.4 Rewind in Progress and the Disengaged Digits (line O digits 28-33)

When a rewind is initiated on a tape unit the unit disengages itself,
setting the TU Disengaged .digit. The tape unit remains disengaged until
the rewind is completed. If the 'Reset! key has not been pressed during
the rewind or if the order is not a Rewind and Disengage Order the tape unit
then re-engages itself and the TU Disengaged digit falls to the zero level,

6.5 End of o Read Order.

When ELML is set at the completion of a read order a test must be made
on the Character Count (see para 5.6.2.3.)

6.5.1 Character Count not zero: The count gives the number of characters to
be read from the buffer. These odd characters are held in the more signif-
icant end of the buffer. 7

6.5.2 Character Count zero: a zero count means that the buffer is empty.
This is unlike a Write Order where zero in the Character Count means that
the buffer is full.

Backspacing the tape

Although reading tape Backwards is not allowed the parity checks are
performed correctly when a Backspace order is carried out.

Fajilures
The following failures may be detected by extraccde:

6.7.1. Lateral and Longitudingl Parity Failures PITA, PIIO,

Digits 25 & 26. Line 1 mey be set, while reading from or writing to tape,
due to detection of errors caused by imperfections in the magnetic tape.

6,7.2 Buffer Attention Overdue Digit 24 line 1 will be set if information
is being destroyed due to the inability of the Buffer Attention interrupt
routine to transfer information to or from the buffer in the required time,

(para 5.6)e

6.7.3 Mechanical Failure, FIM Digit 29 line 1 may be set as Follows:

(&) 5,us after an order is sent to the V store a test is made to ensure
tﬁat the selected tape unit is responding to initial instructions from
Tape Control (para 5.7.2). If this is not so the order is abandoned
and ELML and FIM are set., However Lateral and Longitudinal parity fail-
ures will not have occurred and PITA and PILO should not be set,
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808g 6 Gon'binuedo .

This failure may simply be duc to the selected tape unit being
disengaged, which can be checked by inspecting the TU Disengaged digit.

(b) Sporadic Writing failure during a Write Order:

If the writing mechanism in the tape unit fails sporadically at some
period while writing a block a character may not be written on tape,
When this occurs no Write Echo pulse will be received in the Tape
Control and FIM is set, However writing will not stop and the block
will be completed before this failure will be detected.

It is very probable that either or both PILA and PILO will be set,

(e)Continuous writing feilure during a Write Order:

If 3 or more consecutive characters foil to be written on tape then
the Record Gate Logic will think that the end of the record has been
found and will set ELMI even though the Write Order has not been com-
pleted by the extracode programme. FIM is set and so very probably are
PILA and PIIO.

(d) Total writing failure during a Write Order:

If the writing mechanism has failed before the first character is
written to tape no characters are ever written to tape. In this case
the Record Gate Logic never becomes operative and it is only entered
by reading a character from tape. As the Record Gate Logic is res-
ponsible for setting ELMI when the tape system is working correctly a
different method of setting EIMI is provided in this case., EIMI ig
set 3ms after Write Control has dropped the Write Check Character line.
This provision is overidden when the tape system is working correctly.

(¢) If the 'Reset'key on a tape unit is pressed while it is carrying
out an order from the Control Unit, ELML and FIM are set within about
150 mpsec of the TU Digsengaged line rising to the 'on! level. This
condition may be diagnosed by the fact the ELML, FIM and TU Dis~
engaged are all ton!,

As parts of the Tape Control unit may continue functioning after .
EIMI is set this debris must be cleared out of the Control Unit before
any further order, even on a different tape unit, may be obeyed, This
may be done by sending two IRELML signals to,the Tape Control Unit with
at least a %/usec spacing between themy (i.ee two Put Out End of '
Operation L.A.M. signals).
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8.9 The Tnstruction Counter and the Clock

The . Instruction Counter

This consists of eleven digits with a one being added to the least
significant of these digits every time an instruction is obeyed (except when
the counter is stopped) on either Main or Extracode control. An interrupt
occurs every 2048 instructions, (i.e, every time the most significant digit
is changed from a zero to a one) to enable the drum learning program to
" bring up-to-date the record of which core store bages have been used since
the last such interrupt,

It is possible to set these digits from the computer,

[y

The information digits are cleared by pressing the Reset button on
the Engineer's console and it is necessary for the Supervisor to write a one
to the Start digit of the counter every time the machine is switched on.
Any of the Supervisor routines which are obeyed on Extracode control preserve
the existing value of the instruction counter and reset it after being obeyed,

thus allowing a separate count to be assembled of instructions obeyed by the
Supervisor.

The Qlock

This is a Venner Transistorised Digital Clock situated in the console;
It provides five outputss—

1) a one~tenth of a second interrupt signal. No automatic
count is made of these signals., This interrupt is to
enable the Magnetic Tape supervisor to check the
arrival of Block Address interrupts. It is also
used by the log keeping program to add up the number
of tenths of a second a Program has been operating,

2) a one second interrupt. The routine associated with
this interrupt

a) checks whether any peripheral equipments or
magnetic tape mechanisms have been engaged |
or disengaged since the last such interrupt.

b) checks for fault conditions on the peripheral
equipments e.g., a "tape out" digit being set
for a Teletype punch.

c) terminates magnetic tape wind or rewind operations
when these are used as fast search operations.

d) ochecks that the current programs have not
exceeded their specified time limits.

e) initiates routines run at fixed intervals
i.e. engineers tests,

3) a one-hundredth of a second signal. This is used by the
X-ray Diffractometer but it does not cause an automatic
interrupt.

4) twenty information digits read from a V-store address., Of
these digits six represent the hours (two for the ten digits
and four for the units) seven represent the minutes and
seven the seconds (three for the tens and four the units
in each case).
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5)

the time is displayed on the wall. This representation
is in decimal form giving hours, minutes and seconds

on a 24-hour clock basis. The output from the clock

is not staticised and it is arranged that the clock

is not switched off when the peripheral coordinator

is off. The output goes through relays which prevent
any signals going to the peripheral coordinator when
this is switched off,

The One-second interrupt signal to the computer does
not coincide with every tenth of the One~tenth of a second
interrupt signals. In order that the information digits
are not read as they are being changed a delay of 200 wusecs
is built into the former signal, The time thus remains
unchanged in the information digits for one second less
ZOOjusecs after every One second interrupt.

Separate interrupt and Put Out Look At Me signals are
provided for the two interrupts with the One-second in-
terrupts having the higher priority. Due to the 200 usec
delay the routine for this interrupt will however normally
be obeyed after the corresponding One-tenth of a second
interrupt routine; also the Clock Imterrupt program is
written so that if both interrupt digits are set on enter—
ing the program the One-tenth of a second routine is
obeyed first,.

It is possible to inhibit these interrupts (but not
to stop the clock) either (a) by writing a one to the Stop
digit or (b) by pressing the Reset button., Writing a one
to the Start digit allows the interrupt signals through to
themachine. It is thus necessary for the Supervisor to
"Start" the clock before it may be used.

8.9/2
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V-Store Digits

Type 12 (#60043000)

(a) Instruction cownter

line digits
0 46-36

27
26
25

(b) Clock

1 45-44
43-40
38-36
35-32
30-28
27-24
27
26
25
24

Type 14 (%60043400)

line digit

0 24
25
26

RW10

1
W
RW1

{=v]

8.9/3

Information. One is added in digit
position 36 every time an instruction
is obeyed except when (a) using
interrupt control or (b) the counter
is stopped.

Start
Put out "Look at Me"
Stop

hours, tens

hours, units

minutes, tens

minutes, units

seconds, tens

seconds, units

Start

Put out 1 sec Look At Me
Stop

Put out 1/10 sec Look At Me.

Instruction Counter Look At Me
Clock, One-tenth Second Look At Me
Clock, One Second Look At Me
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8,10.1 The On-Line X-ray Diffractometer., (OLDMAN)

1. Nature of the equipment

The equipment consists of X-ray detector(s), a crystal orienter (a
L-circle goniometer), an X-ray source and a control unit,

1.1 The X-ray Detector

The detector can be either a scintillation crystal or a proportional
counter. In the Manchester University installation a scintillation crystal
is used., This is directly coupled to a photomultiplier tube, the output of
which is fed through a pulse~height analyser to the control unit which arranges
for the detected pulses to be counted,

1¢2 The L~circle goniometer

The X~ray detector is mounted on an arm (the counter,arm) which can
rotate about a vertical axis. This axis is called the 20 (two-theta) axis,
and the horizontal plane described by rotation of the counter arm about this
axis the 20-plane, The X-ray beam (see below) intersects the 26 axis at
right angles and is adjusted, mechanically, to lie within the 26 plane. The
crystal is placed at the intersection of the X-ray beam and the 26 axis. The
crystal is mounted, usually on a fine fibre, on a three-circle (i.e. & 3-axis,)
device which permits the adjustment of the crystal to any orientation with
respect to the incident X-ray beam., The three axes of this device intersect
at a point, which is the crystal location, and permit rotation of the crystal
about (i) a verticel axis, thefJ (omega; axis, (ii) a horizontal axis
lying in the 26~-plane called the ¥ (chi) axis and (iii) a third axis, the
J/) (phi) axis of variable inclination,

The &} and 20 axes are thus coincident; the chi circle is mounted on the &J
axis and turns with the &) axis, The ﬁ circle is mounted on the chi-circle
s0 that the @ axis is vertical and coincident with the&) and 20 axes when the
chi~angle is at 0%and 180° and is contained in the 26~plane at the chi-angles
of 90~ and 2700. At other chi-angles the @ axis makes an angle whose value is
chi with the &J axis. *

There are thus four independent anguler shaft settings regpired to position
the goniometer and counter arm. The angular positions of each of these four
circles will be sensed by Moiré fringes which permit setting accuracies
(in the case of the Manchester University instrument) of 1/100 degree for the
4, X and @ axes and 1/50 degree for the 20 axis. The instrument at Manchester
University is based on a design of the U.K.A.E.,A. neutron diffractometer,

1¢3 ZX-ray Source

This consists of a collimated beam of X-rays usually produced from a
molybdenum or copper target and may be stabilised or unstebilised. In the
latter case provision is mede for monitoring the output of the X-ray tube,

1.4+ The Control Unit

This consists of the circuits associated with (i) setting the circle
positions, (ii) counting the signals obtained from the pulse-height analyser(s)
of the diffracted X-ray beam (and the monitor if provided), (iii) providing
two-way information paths between the Atlas peripheral co-ordinator and the
diffractometer.

It consists essentially of four main registers, two of which are 20
bits end two 18 bits long., In additional there gre four special registers
referred to as "Clamp rcgisters" each 6 bits long. These latter four registers
form part of the four closed loop servos associated with each circle of the
L~circle goniometer,
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8.10.1 Continued

8.10,1/2

Each of these eight registers can obtain access to a Half-Adder/Subtractor
for the purpose of adding or subtracting one from the specified register.

The peripheral co~ordinator is able to write to, or read from, any of
the eight registers.

1.5 The V-store Digits

Type 9

Line 5,

Digit
2L~13
Ly
45
L6

Line 9,

Digit
2L
25
26
27
28
29
30
3
32
33
3L
35
36
37
38
39
40

Line 13

Digit
2k
25
26
27
28
29
30
31

Iype 14
Line 6
25

27
29

(*60042250)

Write

Information

Load Information (LIv)
Start Count (SCv)

Set the Position (SPv)

(*60042310)

Disengage

20 (Two-theta) (26v)
W (Omega) (Wv)

g gPHI ?ﬁv)
X (CHI) (Xv)

Z-line (Zv)

V-Reset

Clamp registers* (CRv)

Read selectzd register (RIv)
Put out position set L.A.M,
Put out count complete L.A.M,
Put out contingencies L.AM.
Open shutter

¢lose shutter

Drive W - circle (CWDRv)
Drive 20 - circle (26DRv)
Drive to references (DRv)

(*60042350)

Digit
24=h3

45

2l
25
26
27
28
29

31
32
33
3L
35
36

Read

Information
Reflected Count Overflow
Check read

Disengaged
3 20
W
g
X
Clamp out of range
Limit switch failure
References reached
Test A
Test B
Test C
Test D
Test B

Test and isolate motors and nucleonics (TIMN)
Reset test and isolate motors and nucleonics (RESET—TIMN)

Test--count-start * (TCS)

Test-count-stop  *  (TCst)
Test set-add * TSA)

Test set-subtract * TSS)

Test add + 1 *

Test fringes (TFv)

(*60043460)

Position Set Look At Me

Count Complete Look At Me

Contingencies Look At Me
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8.,10,1 Continued

1.6 The Z-line

The Z-line consists of ten staticisors which are accessible by writing
to and reading from digits 24-43 of line 5 of type 9 of the Peripheral V-store.
This is a special line associated with controlling the X-ray beam, i.e, it
enables the beam to be centred using four controls and it provides for the
insertion or removel of filters, attenuators, etec.

Writing o one to digit 29/9 causes the subsequent information sent to
line 5 to be transferred to the Z~-line, the transfer taking place when a one
is written to digit 44/5.

The digits in the Z-line are:

Write Read
Digit Digit
2L Set window 1 25 Window 1 in
25 Reset window 1 : 25 Window 2 in
26 Set window 2 26 Window 3 in
27 Reset window 2 27 Window L4 in
28 Set window 3 28 Balanced filter 1 in
29 Reset window 3 29 Balanced filter 2 in
30 Set window L : 30 Attenuator 1 in
31 Reset window 4 31 Attenuator 2 in
32 Set balanced filter 1 32 Counting clock
33 Reset balanced filter 1 33 Motor speed 1
3 Set balanced filter 2
35 Reset balanced filter 2
36 Set attenuator 1
37 Reset attenuator 1
38 Set attenuator 2
39 Reset attenuator 2
40 Count clock
11 Count X-Rays
L2 Set motor speed 1
L3 Set motor speed 2
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8.10.2 Basic Operations.

There are seven basic operations performed by the device.
These are:-—

(1) Clamping

(2) Loading information

(3) Reading information

(4) Setting a position

(5) Counting

(6) Driving to and between circle reference markers

(7) Testing

All the V-addresses associated with this device are Type 9. Consequently
only digit and line numbers are referred to (e.ge. 33/9 means digit 33 of line 9).

2.1. Clamping

There are four clamp registers, one associated with each of the w, 20, %
and x registers. FEach register can be up to 6 bits long. Of these the most and
the next-most significant digits are a guard and sign bit respectively. The
remaining bits are used to clamp to circles to their set positio%s within 15 o
quarter fringes (i.e. 15/1000). Thus, any circle can be +15/100° to - 16/100
away from its set position without the device losing count of this position.

The clamp registers are used in conjunction with the circle servos to attempt
to keep the clamp registers reading O, this indicating zero clamping error.

Clamping is always operative except when
(1) the circles are being set to new positions,

(2) the circles are being driven to or between references and

(3) an X-ray intensity measurement is being made which involves
the movement of the w‘and/or 28 circles, during the counting.

After setting a position, driving to a reference marker or taking a count,
clamping again becomes operative.

If the sign and guard bits of the clamp register take different values, then
the clamp becomes 'out of range', i.e. the system will lose the positional
information of the circle or circles concerned. This is indicated to the Atlas
by giving a 'Cmtingencies! Interrupt and setting 29/9, together with one of
25/9—%>28/9 to 'one'. The Contingencies Interrupt routine identifies the cause
of the interrupt by inspecting 29/9,'30 9 and 31/9, and the circle concerned by
insp§cting 25/9-%»28/9. Writing to 35/9 puts out the 'Contingencies! L.A.M. and
resets 29/9 and 25/9—>28/9 to zero. Tt also resets 30/9 and 31/9 and hence
these must be checked for a further interrupt before writing to the Put Out
L.A.M. digit.

2.2+, Loading Information;

Information can be written from Atlas into any one of the four registers
W, 26, %, and X and also into the 'Z-line!'. This is achieved by setting 44/5
which causes the information Present on 24/5—;>43/5 to be written into the
register specified by 25/9-e>29 9. 30/9 must also be set along with one of 25/9;9
29/93 +this digit resetting 25/9-=.29/9 before they are set.
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The information is loaded through the Half Adder/Subtractor buffer, at the )
input gate of which it exists for 4 ms. The 'Load information! digit 44/5<ls
regarded as an internal OLDMAN inteérupt, and is thus dealt with as soon as the
Rhythm Unit is free. This free condition is guaranteed to occur not more than
450 mus after the load information digit is set; +the actual loading of
info?gation will take about 200 mums, thus if the information is available for
at least {1 us itwill be loaded c??rectly. The normal peripheral co-ordinator
operation will ensure that it is available for 4/us.

2.3. Reading Information Tnto Ablas.

Ihfdrmation can be read into Atlas from any of the eight registeré.

Two' V-orders are needed to read information into Atlas,
(1) Write to 32/9 specifying Read, together with one
- of 25/9—29/9 selecting the register to be read
(30/9 must be set for reasons given in 2.2.)

This order must be immediately followed by the order

(2) Read Line 5. The information will be present on
- Digits 24-43 together with a check read Digit (45)
which is always set to one on reading. :

The rhythm of the read information sequence is that the setting of 32/9
(read selected register) is regarded as an internal OLDMAN interrupt which will
be dealt with not later than 450 ?us after setting 32/9. The Rhythm Unit then
makes available at the Peripheral Co-ordinator, for a period of about 10/us,
the information contained in the register selected by 25/9-%929/9e

2.4. Setting A Position.

The settings of the four circles W, 20, % and . x are known by the Atlas.
(anh circle has at least one well-defined reference point from which the Atlas
can compute positional information).

Setting a position involves loading the four main registers with four
differences, these being the differences between the present settings and the
desired settings. Positional differences are 18-bit binary numbers where the
most significant digit speo%yies the sign of the difference and the ¥8mainder

the magnitude in steps of 156 for the w, %, and X circles, and of 50 for the
20 circle.

The differences are loaded in the manner specified in Section 2,2;

Setting 46/5 during the loading of the last difference information causes

the Rhythm Unit to move all the circles by the indicated differences to set the
new positions.

Setting proceeds at full speed when the difference exceeds ]25 l and at
a reduced speed when < 25 l. This system is used to avoid unnecessary over-—
shoots when the position is being set.

When a circle has been set, it is returned to the clamping state.

When all the circles have been set, a 'Position Set! L.A.M. is given to
the Atlas. Thisis put out by writing to 33/9.
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8.10.2 Continued. .

2654 Gounting;

Several methods of counting the diffracted quanta from a crystal can be
employed. :

In all cases the counting can be for a defined time (Count Clock) or for
a defined Monitor Count (Count X-Rays). The method used is selected by digits
40 or 41 of the Z-line.

The count may be made with

(1) A1l circles stationary

(2) @ circles moving at one of 2 speeds
(3) 26 0 n (LA IS (- B

(4) w and 20 circles moving at one of 2 speeds, these being in the
ratio w s 26 of {:2.

The actual counting method to be used is selected by setting appropriate
V-digits before the commencement of the counte In all cases a positive number
must be loaded into the X register to specify either counting time or monitor
count. This number is a 20-bit positive number,

1

If Counting Clock, then this number will be reduced by one every 400 sec.
If Counting X-Rays it will be reduced by one every time a pulse is received from
the Monitor circuit. In both cases counting will continue for as long as it
takes for the contents of the X register to be reduced to zero.' (This count
number must obviously be loaded after the circles have been set, and is done as
indicated in Section 2.2.).

If the count involves movement of +the ® and/or 20 circles, then a record
of the angles through which these circles are moved during the counting is kept
in the w and 20 registers. This information can be read by the Atlas in order
for it to up-date its circles-position log.

Counting is initiated by setting 45/5. (Normally in the same V-order
24/5->43/5 and 44/5 will be set to load the count number),

Prior to initiating the count digit 40 or 41 of the Z-line must have been
set to count clock or X-Rays, also if the count involves movement of the w and/
or 28 circles digit 42 or 43 of the Z~line must have been set to determine
circle speeds.

The Rhythm Unit first inspects 38/9 and 39/9 to determine whether or not to
move the w.and/or 26 circles. Digit 36/9 must have been set to open the shutter.
The shutter can be opened at any time but counting will not commence until the
shutter actually has opened; closure of the shutter is done automatically when
the count ends or by writing to 37/9,

Counting stops when the contents of the X register reach zero. If the w
and/or 20 circles have been moved during this time then they are stopped and
clamped in the new position. 38/9 Drive W —gcircle and 39/9 Drive 26 circle are -
reset to zero and the shutter closed.

A '"Count Complete'! L.A.M. is given; This is put out by writing to 34/9;
If during the counting an overflow occurs in the ﬁ register (i.e. 21st bit)
then 44/5 is set. This may be read when reading the count information to

determine the validity of the count. This digit is reset to zero at the
commencement of a count,
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8.10,2 Contimied..

Setting 26/13 starts the system counting in any four registers specified
by 25/9~>28/9 and 31/9 i.e. all 4 main registers or all four clamp registers.
The counting pulses are generated from a 2/us oscillator, thus +1 gets added to
or subtracted from (according to 28/13 and 29/13) the nominated registers every
2 us. This operation is used to test the time~sharing control of the system.
(4 manual adjustment of the frequency of the oscillator will be provided to
check the time-sharing limits of the system), This counting continues until
27/13 is set. The total counts are left in the registers for reading into Atlas.

At any time, setting 25/13 returnsrthe system to the operational state,
the circles clamping in whatever position they happen to be,

31/13, the Test Fringes digit, is used in conjunction with 40/9, the drive
to references digit, to test the operation of the fringe system. The system
should be driven to the reference points and when it is at the reference points,
if 31/13 is set; all circles will drive to a second reference point counting
fringes as they go. The counts obtained between references should be constant.,
When the second references are reached the circles are stopped, but the clamps
may go out of range as no provision is included for approaching the second _
references at slow speed. Thus absolute positional information may be lost. A
Contingencies L.A.M. is given which is identified as 'Second References Reached!
by 31/9 being read as one. A new absolute position is found by driving to
references by setting 40/9.

2.8, Extras.

Limit switches are provided on a2ll the 4-circles of the goniometer.,
Limit switches should not be activated in the normal coursc of operation of the
instrument. When a circle hits a limit switch then the supplies to the motors
of all circles are out off and a 'Contingencies L.A.M.! is given. Investiga-
tion of 29/9-»31/9 will reveal that there is a limit switch failure. The
equipment should be disengaged by writing a one to 24/9 (which inhibits all
L.A.M.'s) and the engineer informed. A manual engage/disengage button will be
provided following standard peripheral equipment procedure, the state being
indicated to Atlas by 24/9 which is set to one when the equipment is engaged.
This digit reads one for engaged rather than disengaged as on the other
bPeripherals because cable drivers and receivers are used instead of the stand-
ard Atlas comnections.,
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2.6, Referencing.

Since all the position setting is done by driving the circles through
incremental differences, at least one well defined point per circle must be
provided to permit the conversion of relative positions to absolute positions.
This is achieved by providing at least one reference point per circle. The
accuracy of the reference points will be at least as good as that of the setting
mechenism  (i.e. to better than 1/100 degree).

The reference points will be placed at one end of the 1limit of travel of
each circle, a small distance away from limit switchess also, a small distance
away from the reference point on the operational side will be a reference marker.
This marker is used to indicate whether or not a circle is between the reference
marker and the reference point. Setting 40/9 to a one causes all circles to be
driven to their reference points.

If when referencing commences, the circle is outside the reference marker
then it will drive at high speed until it crosses the reference marker when it
will be switched to low speed. If when referencing commences it is inside the
reference marker then it drives only at low speed. This is done to prevent the
overshoct, which will be put into the clamp-register, from putting the clamp out
of range which in turn would cause the circle to clamp on a point other than the
reference point itself. .

When all the circles have reached the reference point then a 'Contingencies
L.AM.' is given and 31/9 is set o 'one'. Atlas identifies the 'Contingencies
L.A.M.!' as being 'References Reached! by reading 31/9 as a 'one',

The incremental differences through which the circles have been moved to
reach their reference points are stored in the four registers w, 20, % and x
and are consequently availeble to be Read (Section 2.3 ) by the Atlas in order
for it to check its position loge

2.7. Testing.

Several V-digits are provided to permit testing (by programme). The test-
ing is mainly confined to the Central Unit of the device, but does include a
facility to permit the testing of the Moire Pringe Systems.

V-digits marked thus (* ) are only operative when 24/13 is set to one.
This digit when set isolates the motors (iseas the circles are free), inhibits
internal OLDMAN interrupts from the circle fringes and isolates the Nucleonics
circuitry. In this state special signals from a Test Programme can be fed into
the Rhythm Unit through the Test V-digits to facilitate the testing of the
Central Unit.

Information can be written to and read from any of the four main registers
in the manner already presented in Sections 2.2 and 2.3 In addition, in the
Test state, setting 31/9 together with one of the 25/9-§>28/9 permits writing to
and reading from the clamp registers.

In the Test state all L.A.M.'s are inhibited, and a number which puts a
clamp register out of range can be written to check that the appropriate digits
(25/9~E>29/9 ) are set to one thus indicating to the Atlas the out of range
state.

All information which is being loaded sets Tests A,B,C and D thus if
suitable numbers are loaded then the Test A,B,C and D digits (32/9—=35/9) will
be set, enabling the Tests to be checked.

Testing of the Half Adder/Subtractor is achieved by use of 30/13. Each time
this digit is set, +1 is added to or subtracted from the contents of the 20
register according to whether 28/13 or 29/13 is set to one. The operation takes
about 450 ?us and thus there is no limitation on the frequency of V-orders to
add +1.

17.9.62



8.11/1

8,11 GRAPHICAL OUTPUT

This equipment provides a means of displeying, in graphical form,
the output from a computer. Information in the form of illuminated spots.
is sent from the computer to a Cathode Ray Tube, which has a display area
of 8 cm.,sq. The resultant display is photographed on 35 m,m. £ilm by
o Shockman cemera. The display can have a maximum arrey of 1024 x 1024
illuminated spots with 1024 spots on the x-axis, which is horizontal, and
1024 spots on the y-axis, which is vertical., Each illuminated point has
o diameter of O.4 m.m. with a "bright up" time of 1 usec. The camera has
to be wound-up manually but signals from the computer control the opening
and closing of the shutter and winding on of the £ilm,

Eoch reel of film contains 200 frames. There is no mechanical counter
showing the number of frames not yet exposed.

Controls and Indicators.

a) Power ON/OFF switch and Mains on indicator

This is an ordinary "tumbler" switch, similar to the power ON/OFF
switch on the teletypes. The indicator is 1it RED when the mains
power is on,

b) ENGAGE/DISENGAGE switches and indicators

These are two single action switches and indicators. The equipment
can only be engaged by push-button but may be disengaged either by
push~button or by a signal from the computer. When the equipment
is engaged the Engage button is 1it Green and the Disengage button
is 1it White; when the equipment is disengaged the Engage button
is 1it White and the Disengage button is 1it Red.

¢) CAMERA FAULT indicator

This indicator is normally unlit but, when a Camera Fault exists it
is 1it Yellow. The fault condition exists when

(1) the camera is not fitted
(ii) +the camera has no film
(iii) the film is jommed in the camera

d) SHUTTER OPEN indicator

This indicator is in darkmess when the camera shutter is glosed and
it is 1it Yellow sthen the shutter is omen.

The V-store digits:

Peripheral V-store Type 3.  (*60040600)

line digit
0 27 RWA1 Read: Camera Fault
Write: Start
26 RWA Read: Brilliance
(Command Write: Put Out Look At Me
Register) 25 RV Stopped/Stop
2l RWA Disengaged/Disengage
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8.11 Continued

line digit
8 L7-38 KA X ~ co-ordinate (in binary, digit 38
least significant)
(Transfer Register) 35-26 W1 y - co-ordinate (in binary, digit 26
least significant)
25 W1 Display
2L W1 Dim

Look At Me Type 15 (*60043620)
1line digit

2 24 R Look At Me

Signals to and from the computer

To engage the Graphical Output it is necessary to press the Engage button;
it is not possible for the equipment to be engaged directly by the computer,
Pressing the Engage button sends a pulse which resets the Disengaged digit in
the V-store (digit 24) te zero.

On writing a one to the Start digit (digit 27) the following events occur:

(i) the Stop digit is reset to zero.
(1i) the film is wound on one frame,
‘(iii; the camera shutter is opened (if closed)
(iv the Brilliance digit is reset to zero.
(v) after a delay of 1/8th of a second a Iook At Me signal is sent to
the computer,

On writing a one to the Stop digit (digit 25)

(1) the Stop digit is set to read one,
(i1) the camera shutter is closed.

A point is "plotted" on the C.R,T. by sending its (x, y) co-ordinates and
simultaneously writing a one to the Displey digit. The effect is to "Bright-up"
the specified spot for 1 psec, Two intensities of illumination are possible,
namely "Bright" & "Dim", "Bright" illumination is autometically selected
unless a one is written to digit 24 in the same instruction that the x, y co-
ordinates and the Display digit are transferred. It is necessary for the program
to plot any axes that are required.

Points may be illuminated on the C,R.T. at any time but they can only be
photographed when the camera shutter is open. ’

The Graphical Output can deal with information as fast as it can be
transferred from the computer to the V-store (maximum rate, one reference
every 5 psecs.) end there is no maximum time interval between sending commands
or information., Consequently the computer plots points on Extracode control so
that other interrupts may be dealt with as they occur.

No provision is made for indicating to the computer whether the camera
shutter is opened or closed or the film has moved on after a start command
(except when the film is jemmed and the Camera Fault digit is set). A Look
At Me signal is however given 1/8 sec. after a Start signal is given and it
is anticipated that the specified mechanical action will have been completed
in this time,
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8.11 Continued

After all the peints for one frame have been plotted and before the film
is wound on, the cemputer reads the "Brilliance" digit (digit 26). This is
used in conjunction with circuits inside the C,R.T. to determine whether a
certain number of Bright-up pulses has beeen detected on the face of the tube.
If an insufficient number of pulses has been detected the Brilliance digit is
not set, This latter digit is automatically reset on writing a one to the Start
digite

Digit 27 is read as one if a Camera Fault condition exists., This digit
is automatically reset when the fault is cleared.

1st July, 1963.
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10,1 The Engineer's Console

A control panel for engineering use only is provided which contains the
following controals . ad indicaters:- .

1) Display

A set of 24 lights which are addressed as B120 for output purposes.
If an attempt is made to read from B120 a zero operand is obtained.

2) Parity Circuit On/Off Buttons

There are six parity circuits in the computer but these do not have
a one to one correspondence with the six parity interrupts. For each circuit
there is a double action push button for switching the circuit on and off,
There is a light behind each button which is 1lit when the circuit is switched
off, The six buttons are for

a) Parity A

This circuit checks all instructions with even addresses read from the
core store, all operands read from the core store, and the information
read from the core store being written to either the magnetic tape or
the drums,

b) Parity B
This circuit checks all instructions with odd addresses read from the
core store and all information written to the core store from the drum
and tape co-ordinators, It also generates a parity for information
written by the machine to the core store,

c) Parity C

This checks instructions and operands read from the subsidiary store.

a) Parity D
This circuit generates parity for 1nformat10n written to the subsidiary
store,

e) Parity E

This circuit checks instructions and operands read from the fixed store.
) Parity F

This eircuit checks the output of the magnetic tape buffer on writing to

tape, It also generates parity for information read from magnetic tape,

3) Parity Indicators

There are thirteen lights which indicate whether incorrect parity has been

detected on reading

an instruction with even address from the core store
an instruction with odd address from the core store
an operand with even address from the core store

an operand with odd address from the core store
information from the core store for transfer to a drum
information from a drum for transfer to the core store

information from the tape buffer for transfer to magnetic tape
information from the tepe buffer for transfer to the core store
an instruction fron the subsidicry storc.

MBSk Ho o ot P
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10,1 - Continued

k)
m

Where an instruction oz 48-bit
is checked for each 2h~bit half word,
. Parities of that half word and also the
checked,

L) Parity Lamp Reset

10,1/2.

an operand from the subsidiary stove
1 en instruction from the 1%
an operand from the fixed store,

xed store

Operand is involved the parity digit
If a 24-bit operand is called for, the
other half word in the 48~bit word are

The parity indicator lights listed above remain iit af'ter the appropriate

interrupt
behind it
puts out

5) Manual Order Handkeys

Fortyeight keys are provided to enable
arranged in two sets of twentyfour with the
seven keys for Ba and seven for Bm,

They are
for the function,

flip-flops have been reset by programme,
which is always 1it when the machine is
any indicators which are 1it when it is

A push-button with a light
switched on is provided which
pressed,

a manual order to be carried out,
upper row comprising ten keys
The lower twentyfour keys

are for the operand or the address of the operand,

6) Operand Buttons

Eight push buttons are
line 7 of the Central Computer V-store,
lights behind them and the light

7)

~—

Engineers Interrupt Button

This is a single action push button with a

1lit when the machine is switched on,
throe cedicns foke place

a)

b)

7nd thc Engincers Ro dop

a digit in the Central Computer V-store (digit 27,
~nd Punch svitched om, .. .
the tdarcss of the first instruction in this.Engineerds Tosts (2560 in the

provided which can be read as digits 31-24 of

These are double action buttons with

is on when the digit is read as a one,

light behind it which is always

On pressing the Engineers Interrupt button

lirie 5) is sot fo omo,

Fixed Storc, total 4005,0000) is.sent +o Interrupt Central,

control
of the I/ME

e)

digit and hence it

brogrammes that were being carried out

Exit from the Interrupt is by programme depending on 2
r -number being set on the Engineer Handkeys,

f

/re-setting the Vestore digit by programme , which
and transferring control as roquired,

Engineers Reader and Punch of'fy

Stop Half Adder Button

8)

is switched to Im:grxupi; guutrol,

No record is kept of the state
is not normally possible to resume any
when the button was pressed.

pre~determined
The Interrupt is cancelled by
automatically switches the

Under normal circumstances » Whenever an instruction is obeyed, one is

added to the current control number and the next
C\from the appropriate store or from the Present Instruction 0dd register,
Adder button is a means of preventing the one being added and the next

)

Stop Half

instruction being extracted,
state,
9) Auto Rate/Manual Rate

This is a double action
halves of it,
instructions at the normel
1lit when it is- required to

push button with lights
The light behind the upper half is 1it when the computer is obeying
speed (Auto Rate),

obey instructions not

instruction is extracted either
The

A light behind this button is 1it when in the Stop

behind the upper and lower

The light behind the lower half is
at full speed (Manual Rate),
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10) 100 K,0.5./Stop

When on Manual Rate instructions may either be obeyed singly (i.e.,
by giving a single prepulse when on Stop) or so that one instruction is obeyed
before the next one is started (100 K/Cs), This again is a double action button
with either the top or bottom half 1it, ‘

11) Single

When the previous two buttons indicate lanual Rate and Stop respectively,
& prepulse is given and an order obeyed cach time the Single button is pressed,
The light behind this button is on all the time when the machine is switched on,

12) Auto Order/Manual Order

This is a double action push button with lights behind the upper and
lower halves, A light behind the upper helf (Auto Order) indicates that orders
are being obeyed from the store, A light behind the lower half (Manual Order)
indicates that the order currently on the handkeys is being obeyed, In either
case the speed at which orders are being obeyed is governed by the Auto Rate/Manual
Rate button, '

13) Reset

. Pressing this button resets various rhythm controlling flip-flops
wroughout the machine, It also resets the contents of B120 (Display) to zero,
.t is normally used only when the machine has just been switched on, This
- button has a light behind it which is 1it when the machine is switched on,

14) Start

When the machine is switched on the various flip-flops are set in an
arbitrary manner and also one or more spurious prepulses might be in the machine,
It is therefore necessary to switch to Stop (Auto/ﬁanual to Manual, and Stop) to get
rid of the spurious prepulses, to press the Reset button, to press the Engineer's
Interrupt button, to switch back to Auto and to press the Start button, Conditional
upon the number sct up on the Engineer's Handkeys various initial test programm ss
are obeyed and the necessary flip-flops set to a standard state (e.g. the Look at
Me's are resct), .

The button must be pressed to give a prepulse on switching back from the
Stop state to Automatic Rate, There is a light behind this button which is 1it
whenever the machine is switched on,

3) Prepulse Volume Control

This controls the volume of sound from the hooter of a steady note
generated by an oscillator. The oscillator is rendered operative when prepulses
are being obeyed continuously (at more than 10 Ko/s),

16) V/Address Volume Control

This controls the volume of the output from the hooter addressed as digit
27 of line 7 of the Central Computer V-store,

17) Continuous Prepulses Indicator

This indicator is 1lit under normnl conditions when prepulses are being
continuously supplied.

18) . Reader and Punch Indication

) This light is on when the Engineer's Reader and Punch digit in the Central
Computer V-store is sct to a one i.,e, when the reader and punch are switched on.
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10,2

10,2 The Engineer's Paper Tape Reader

This is provided to give a simple means of input during the Engineers
test programs, It is automatically switched to this mode when the Engineer's
Interrupt button is pressed and it remains so until the"Engineer's Reader"
digit in the Central Computer V-store is reset (1ine 3, digit 27) It may
also be switched to this mode by writing a one to this digit. The ecuipment
used is T.R.5 numbsr O, The Engage button on the reader need not be pressed
before the equipment can be used.

The reason for always using this rcader for engineering purposes is
that there is an automatic hold up of instructions which read from or write
to the peripheral V-store during Engineers Interrupt if the engineers reader
is started and busy. This leads to a simpler method of operation for the
computer because the normal interrupt programs for the reader are not entered.,

During normel operation of the computer (i.e. when not on Englneers
Interrupt) this reader is operated in the standard manner,

The Stop command is given after reading each character but providing
another Start signal is given before the next location hole is detected the
reader operates at maximum speed,

When on Engineers Mode the interrupt action is different from that
on normal operation of the computer, If an interrupt occurs when on Main
or Extracode control the fixed store address *40060000 is forced into B125
(instead of *40040000), The fixed store contains the following: orders in
this and the subsequent address,

*4,006 124, 127, 0, 0 set pair flip-flcp to not pair
121, 125, 118, 0 jump to address specified in B118

This facility is used in various test programs,
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Section 11 DETAILS OF THE ATLAS COMPUTER INSTALLATTIONS

11.1 The Manchester University Atlas (Muse)

Muse is an Atlas I computer with

16,384 words of core store in two pairs of stacks,
8,192 words of fixed store,
1,024 words of subsidiary store,
L4 M.,D.5 drums (24,576 words each).
8 Ampex Tape Mechanisms (8 channels)
1 I.C.T. type 593 Card Reader (600 cards per minute),
1 I.C,T. type 582 Card Punch (100 cards per minute).
1 Anelex Line Printer series 4~1000 (maximum 1000 lines per minute),
L TR5 paper tape readers (300 characters per second ). ‘
4 Teletype paper tape punches (110 characters per second),
1 TR7 paper tape reader (1000 characters per second).
1 Creed 3000 paper tape punch (300 characters per second).
2 Creed 75 teleprinters (10 characters per second).
1 Venner Clock.
1 Graphical Output.
2 N,E,P, tape mechanisms (1000 characters per second)
1 X=ray Diffractometer
1 Engineer's console,
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11.2 The London University Atlas

This is an Atlas I computer with

32,768 words of core store in four pairs of stacks.
8,192 words of fixed store.
1,024 words of subsidiary store.
4 M,D.5 drums (24,576 words each)
Ampex T.M,2 Magretic Tape Mechanisms (8 channels with one 2 x 8 switching unit).
I.C.T. Type 593 Card Readers (600 cards per minute).
I.C.T. Type 582 Card Punch (100 cards per minute).
Anelex Line Printers series 4~1000 (maximum 1000 lines per minute).
T.R.5 paper tape readers (300 characters per second).
Teletype paper tape punches (110 characters per second ).,
Creed 75 teleprinters (10 characters per second).
Vemner Clock,
E

8
2
1
2
L
L
3
1
1 Engineer's Console,
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11.3 The N.I.R.N.S. Atlas

This is an Atlas I computer with

49,152 words of core store in 6 pairs of stacks.
8,192 words of fixed store.
1,024 words of subsidiary store. ‘
16 Ampex Type T.M.2 Magnetic Tape mechanisms (8 channels with four 2 x 8
switching units).
4 M,D.5 drums (24,576 words each).
I.C.T. type 593 Card Readers (600 cards per minute).
I.C.T. type 582 Card Punch (400 cards per minute).
Anelex Line Printers series 4~1000 (maximum 1000 lines per minute).
.B.M, type 729 Mark L4 Magnetic Tape Units (one channel).

o

.R.5 paper tape readers (300 characters per second).

I
T
Teletype paper tape punches (110 cheracters per second) .
Venner Clock,

E

2
1
2
2
3
3
1
1 Engineer's Console.
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Section 12 Interrupts | 12,1/4

12v1  The Interrupt Fiip»Flobs

The fixed store contains various routines which, together with certain
built-in machine facilities, control the orgenisation of s and transfers of
information between the core store and, the peripheral equipments, the magnetic
drums and the magnetic tapes, These routines also determine the action to be
taken if a parity failure is detected, or if a programme sets the exponent
overflow register, divides by a non-standard or zero number in certain of the
division orders, attempts to obey an unassigned function or refers to one of the -
private stores illegally, :

A special control, Interrupt Control (B125) s 1is provided and whenever
action is required for one of' the-above .reasons control is automatically switched
from either Main or Extracode Conti#olctd. Ihterrupt Control, Associated with each
cause of interrupt there is a flip-flop in the V~store which is set whenever an
interrupt is required. = In the case of the peripheral equipments these are called
-the "look at me" flip-flops, - These flip flops are grouped together, with not
more than eight per group, dmd are eonnected via various OR gates to one of eight
ddgits in line 2 of the € entral Computer V-store, Using the B-log facility (B123,
see Section 1242) it is thils poisible to identify the cause of Interrupt. in at
most five instructions, , .

An Interrupt may occur at an arbitrary time with respect %o 'any interrupt
from another source and consequently & system of priorities is needed in case two
" or, more interrupts occur simultaneously. .. Highest .priority is given to, parity
failures and'second highest priority to the peripheral equipments, Each periphexral
~ equipment has a "eritical time" during which certain action must be taken
immediately after its "look at me" flip-flop is set, For example for the Hammer
Printer informetion must be sent to the appropriate digits to indicate if the
relevant character has to be printed within 1,3 m,s. of the interrupt signal or
that character will be missed, The priorities for the peripherals are therefore
based on these critical times i,e, an interrupt for an equipment with a short
critical time is dealt with before & simultaneous interrupt for an equipment with
a longer critical time,

The following table gives a list of all the possible interrupts arranged
in order of priority. Where more than one equipment of a type is attached the .
one with the higher number has the higher priority, The table gives the addresses
of the digits which are set for each interrupt in the Central Computer V-store
(Ve), the Magnetic Tape V-store (Vm), the Drum V-store (Vd) or the Peripheral
?leuipment V-store, type 14 (Vp), TFor the peripheral equipments the critical time
Is also given where appropriate and for possible machine or programme faults the
information to be printed out and the action to be taken are given,

1

Cause of Interrupt V-store digits set COritical Time or
Information to be
printed out,

Parity 1 (Core Store) digit 31, line 0, Ve jok |

digit 31, line 2, Ve Also Page, Line, and
~ Patbern Failing

Parity 2 (Drum Transfer) | digit 30, line O, Ve P2rorw

digit 31, line 2, Ve if r», Oabinet, Drum
. and Band
if w, Page, Line and. .
] . Pattern
P.rity 3 (fegn tic Tepe digit 29, linc O, Ve }?3 r or
v - Transfer) digit 31, line 2, Vo if r, Channcl
o . 3 if w, Poge, Line and
Potiern o
Parity 4 (Subsidiary Store) gi.g%%: %%;, %Jlﬁg (2), }ffg ph Line and Pattern
Perity 5 (Fixed Store) digit 27, line 0, Ve p5 Line and Pattern
digit 31, line 2, Ve : . :
: 20,9.61 .




124 - Continued

12,1/2

Cause of Interrupt

V-stbr_e digits set

Critical Time or
Information to be- .
printed out, ‘

Parity 6 (Magnetio Tcme
' Buffer, Channels 7-0) "

Non-eq.tivalence when
~ on Interrupt Oontrol .

I.B.M, Magnetic Tape
End of Operation

I,B.M, Magneti¢ Tape
Buffer Attention

Card Readers 3-0
Column Ready,

Magnetic Tepe Block
Address, Channels 7~0

.«ard Readers 3-0,
BEnd of Card

Xeronic Printers 1~0.
T.R,7's 3-0

T.R,7 Checks 3-0
Graphicﬁ Outputs 1=0

/T:Ia;:mner Printers 1=0
Character Interrupt

Hammer Printers 1-0
Line Count Interrupt

JL.B.M. Magnetic rape
Mechanical Failure .

Fast Paper Tape Punches 3=0

7,Ri5 Paper Tape Readers 11-8

: diglt 26, line O, Vc, R
- (digit 34, lines 15~8,Vm) '

digrb 31, line 2, Ve

aigit 25, line O, Ve

digit 31, line 2, Ve

digit- 31 ln.ne 2#, Vp
digit 30, line 2 Vc '

digit 30, line 24,Vp
digit 30,» line 2, Vo

digits 2724, line 21»‘ Vp.

digit 30, line 2, Vo ..

digits 31-2L, line 18, Vm |

digi'b 29’ line 2, VO

digits 27"22{», 1ine 23 2. Vp .

digit 31, line 31, Vp
digit 28 line 2, Vo .

digits 25-2, line 22, VP 5

digit 30, line 31, Vp
digit 28, line 2, Vo

digits 27-24, line.20, Vp-

digit 28, line 31, Vp:
digit 28, line 2, Vc

aigits z?-ﬁ& p UT 1’. \/ 4
““‘ '7' ““ ’1’ w : -
digit 28, line 2, Vo

digits 25«24, line 18, Vp
digit 26, line 31, Vp
ddgit 28, line 2, Vo

digits 2524, line 17, Vp
digit 25, line 31, Vp
digit 28, line 2, Ve

digits 25-24, line 16, Vp
digit 24, line 31, Vp

-digit 28, line 2, Ve
- ddegit 25, line 15, Vp

digit 31,l1ine 30,Vp
digit 2% line 2,Ve

digits 27-24, line 14, Vp

digit 30, line 30, Vp
digit 27, line 2, Vo

digits 27-2L, line 12, Vp
digit 28, line 30, Vp
digit 27, line 2 ’ Ve

p6 C\hannel.,i

pei

256usecs
660/us

1 Zae

: ggﬁ_mOSO

1 mesy

21, el

1.3 moso

5.7 MmeSa_

L4 m,s,
393 Mads

:20| 9‘ 61



12,1 ~ Continued 12.1/3

Critical Time or
Information to be
printed out,

Cause of interrupt V-store digits set

T.R.5 Paper Tape Readers 7~0

Teletype Punches 11-8
Teletype Punches 7-0

Card Punches 1-0
Check Read

Card Punches 1-0, Punch Row

\

dard Punches 1-0,
End of Card

Teleprinters 15-8

Teleprinters 7-0

digits 31-24, line 11, Vp
digit 27, line 30, Vp
digit 27, line 2, Ve

digits 27-24, line 9, Vp
digit 25, line 30, Vp
digit 27, line 2, Vc

digits 31-24, line 8, Vp
digit 24, line 30, Vp
digit 27, line 2, Ve

digits 25-24, line 7, Vp
digit 31, line 29, Vp
digit 26, line 2, Ve

digits 25-24, line 6, Vp
digit 30, line 29, Vp
digit 26, line 2, Vc

digits 25-24, line 5, Vp
digi’t 29, line 29, Vp
digit 26, line 2, Ve

digits 31-24, line 2, Vp
digit 26, line 29, Vp
digit 26, line 2, Ve

digits 31-24, line 1, Vp

343 m.s,

9.1 m,s,

9,1 m,s,

10 n,.s,

38 m.s,.

100 m,s, for full

speed,

100 m,s, for full

digit 25, line 29, Vp speed
digit 26, line 2, Vo

Clock, one second digit 26, line 0, Vp 100 m,s,
digit 24, line 29, Vp
digit 26, line 2, Ve

Clock, tenth of a digit 25, line O, Vp 100 m,s.

second

Instruction Counter

Non-equivalence or Lock-out

Jrun Transfer Fail

Drum Cabinet Absent

Drum Transfer Complete

digit 24, line 29,Vp
digit 26, line 2, Ve

digit 2, line O, Vp
digit 24, line 29, Vp
digit 26, line 2, Ve

digit 25, line 2, Vc

digit 28, line 60, Va
digit 31, line 1, Ve
digit 24, line 2, Ve

digit 27, line 60, Vd
digit 31, line 1, Ve
digit 24, line 2, Ve

digit 26, line 60, Vd
digit 31, line 4, Ve
digit 24, line 2, Ve
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1€yt = GOntinued

12.1/k

Cause of Interrupt it

V-._Store digits set

Critieal Time or
Information to be
Printed out

Magnetic Tape Deck
Failure, Channels 7-0

Exponent Overflow

~ Non-equivalence on magnetic
drum or tape transfers

Sacred Violation by Operand
Sacred Violation by
Instruction

Division by non-stendard

Or zero number 3;(4‘;3~1376, 3

J‘:asic orders only

A

Unassigned Funotions

digits 3124, line 27, Vm
digit 30,

dgit 2,
digit 29,
ddgit 21,
agit 24,

digit 27,
digit 24,

digit 26,

- diglt 2,

digit : 25;

digit 2“-,

digit 220-;

 aigit 2,

line 1, Ve
ling 2; Ve
line 1, Vo
line 2, Ve

line 1, Vo

line 2’ VG
line 1, Vo

line 2, Ve
dline 1, Ve

line 2, Ve

line 4, Vo

line 2, Va

line 1, Vo
line 2, Vo

e
‘Programme Trapped
_ or Monitored -

eo
Prograzme Trapped
or Monitored

svo
Programme Monitored

svi
Prograrme Monitored

Programme Monitored,
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12,2 Action on an Interrupt

If one or more interrupt flip-flops are set and interrupts ere not
inhibited then before o further instruction is started

1)  the octal number 40040000 is put into B125 (40060000 if dlglt 27, line 3
of the Central Computer V-store is a one).

2) the I/ME flip-flop is set to I.

The effect is to switch to interrupt control and to ohey the instruction
in address 2048 of the fixed store.

Interrupts are inhibited when

(2) I/ME =1 or
(b) the Inhibit Interrupts flip-flop is set (e.g. when a sequence of
instructions in a program has to be obeyed without 1nterrupt10n)

An exception is if nonrequnvalence occurs when Interrupt control is being
used, 1In this case control is immediately transferred to line 2048 of the fixed
store and the routine entered to find the cause of the interrupt., This interrupt
can only be caused by a machine fault and no record is kept of the control
number at the time of the non-equivalence,

To assist in the Interrupt Routine one of the B-registers (B 123) perforns
in a speeial menner, This register is loaded in the normal way but its output
is 8 times (i.e. o shift of 3 binary places) the characteristic of the logarlthm
to base 2 of the 8 least significant digits of the input i.e. the output is
the position of the most significent one,

INPUT OUTEUT

digits 238 7 6 5 4L 3 2 1 0 23-7 6 5 4 3 2 -0
5 00000 0 0 1 0 0 0 00 0
& 0000001 8§ 0 0 0 0 1 0
8 0 00001 & & 0 0010 0
&8 00001 686 8 & 0 0 0 1 1 0
5§ 0 0 0 1 6 &6 8 & 0O 0100 0
5 00 1 6 &6 & & b o 0 1 0 1 0
5 01 8 686 6 & & & 0 01 10 0
& 1.8 8 8 6 6 & 6 0 0 1 1 1 0
5§ 0000 O0O0 0O 0 1000 0

To identify the cause of an interrupt the method in the interrupt
routine is as follows

1) transfer line 2 of the central computer V-store to B123
2) transfer control to one of eight programs (via a jump teble) modified
by B123.

This identifies the type of interrupt andalso ensures that for
simultaneous interrupts the one with the highest priority is dealt with first,

If the interrupt is a parity interrupt, line O of the central computer
V-store is transferred to B123 and control transferrcd (again via a jump table
and modified by B123) to an appropriate program.

If the interrupt is due to one of the peripheral "look at me" indicators

being set, the relevant mechanism can be identified by one or two further
"references" to B123, For a card reader or an I,B.M. magnetic tape interrupt
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12.2 Continued

the cause of interrupt can be identified by one further "reference" to B123.
For = magnetic tape block address interrupt the appropriate channel can be ,
identified by & further use of B123 and the mechanism currently on that chennel
is known to the magnetic tape supervisor program. For all other peripheral
equipments it is necessary to copy the appropriate line (31, 30 or 29) of
"Type 14" of the peripheral equipment V-store to B123 and transfer control
(modified by B123) to the corresponding program, This identifies the type

of equipment and one further use of B123 identifies the equipment itself that
caused the interrupt.

For a "non-equivalence or lock-out" interrupt the fixed store program
must determine whether the interrupt is due to a non-equivalence of either
the operand or instruction address or whether the interrupt is caused by the
required block being locked out, Tc do this it first examines the "Operand
non-equivalence or lock-out" digit in the Core Store V-store (1ine 34, digit
35), If this is set it is possible to find out from the page directory in
the subsidiary store whether the required block is in the core store and if
it is whether it is locked-out, If the Operand non-equivalence:digit is not
set the address of the required instruction can be determined from examination
of the M/E digit and the contents of B126 or B127, as appropriate. The reason
for the interrupt is then determined as before from the page directory.

If the fixed store routine finds that the interrupt is due to a
block being locked-out it either enters the Engineers Tests or switches
programmes. If the interrupt is due to the required block not being in the
core store a drum transfer program is entered.

For the other interrupts line 1 of the Central Computer V-store is
transferred to B123 and the appropriate programme is entered (e;g. for exponent
overflow). The "Non-equivalence, tapes or drums" digit is set during a
magnetic drum or megnetic tape transfer if non-equivalence is obtained either
due to a page address rcgister not being set correctly or a fault occurring.
The appropriate transfer can be terminated by writing to the"Stop Command"
digit for a drum transfer or the "End Transfer" digit for the appropriate
channel for a tape transfer. The non-equivalence for this digit is only over
the block digits (i.e. 29-12) of the address and does not include the lock-out
digit. It is set independently of the Non-equivalence or Lock-out digit in
line 2 of the Centrel Computer V-store,

The interrupts are dealt with in order of priority and after an
interruption has been deslt with the flip~flop which led to the interrupt is
reset (e.g. a card reader Look At Me)., After the appropriate action for an
interrupt has been taken, control is transferred to line 2048 of the fixed
store and a further examination is made of the interrupt digits of line 2
of the Central Computer V-store. If ons of these digits is set the appropriate
routine is entered, If none of these digits is set the control number in
either B126 or B127 is adjusted if necessary and control switched back to
Main or Extracode i.e. the I/ME digit is reset to ME.

For most interrupts no adjustment of the number in the control being
obeyed before the interrupt occurred is necessary on leaving the interrupt
program, However for an interrupt due to non-equivalence or lock-out of the
operand (digit 35, line 36 of the Core Store V-store set) control is advanced
by either one or two before the irterrupt program is entered and must be
adjusted accordingly before a switch back to this control tekes place. The
ad justment required is given by digit 26 of line 3 of the Central Computer
V-store (the +1/+2 digit).
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12,2 Continued

This digit is normally reset to zero (+2) but it is set to one either
(a) if an unscrambled code (Z—code) causes a non-equivalence or lock-out
interrupt for its operand or (b) if another interrupt occurs whilst an
instruction is being obeyed but before the non-equivalence or lock-out.is detected,

The "Non-equivalence or Lock-out on Extracode Exit" digit (1ine 3,
digit 28 of the Central Computer V-store) is set to one whenever Main
Control is advanced by one and it is reset to zero on switching to Extracode
control, If a Non-equivalence or Lock-out interrupt occurs when an Extracode
exit instruction is obeyed both the Main and Extracode control numbers are
advanced by one., Consequently the Non-equivalence interrupt routine examines
digits 26 of line 3 and 24 of line k4 of the Central Computer V-store and if
these are both zero (i.e. +1/+2 set as +2 and M/E set as E) it also examines
digit 28 of line 3. If this latter digit is set then both Main and Extracode
controi numbers must be reduced by one before returning to the extracode exit
instruction, ' :

One use of the Inhibit Interrupt flip-flop is when control is being
switched from E to I. The program to do this is '

121, 100, 0, 0.1 )
) Inhibit Interrupts
13, 100, 0, 36 )
121, 125, 0, (1) Set contents of B125
121, <400, 0, 0.2 )
3 Switch control to I
113, 100, o, 3% 6

If the Inhibit Interrupts flip-flop were not set an interrupt might occur
immediately after B125 had been set, After carrying out this latter routine
B125 would be left set from this routine and not as required by the program
specifying the change of control,
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Section 13 TIayout of the V-store

1341 Addresses of the V-store

A V-store address is identified by having digits 23 - 21 as 110
respectively., Digits 20 - 15 and digit 11 are spare and digits 14 - 12 identify
the part of the V-store being referred to, Digits 10 « 3 give the address of the
appropriate word within the relevant part of the V-store, As the full allocation
of words is not needed in all the parts of the V-store the most significant of
these digits are not used in some cases, Only the more significant half-words
are used in the V-store and hence address digits 2,1 and O are always zero.

The allocation of digits 14 ~ 3 in a V-store address is given in the
following table, '

digit 14 13 12 M1 10 9 8 7 6 5 L 3 ,
0 0] 0 0 0 0 0O 0O 0 & & 14} Central Computer
0 0 1 0 C 0 &8 & & 8 &8 & Core Store
0 1 0 0 O 0 &6 6 & d & B Drum
0 1 1 0 O 0/0 .98 &1 86 86 b Magnetic Tape
1 0 0 0 5 &6 &8 & &6 &6 & b Peripheral Equipments
part of 5 tord ~ithin the
Ve=store p sporovriate
a section
r
e

The notation used in the following sections for reading from or writing
to the digits in the V-~store is

R where it is possible to Read only; writing has no effect and
digits not so marked are always read as zero
W1 where it is possible to Write Ones only; reading gives zeros and writing zeros
has no effect
W10 where it is possible to Write Ones and Zeros; reading always gives zeros
RWO  where it is possible to Read and where a digit is reset by Writing Zero to it
RW1  where it is possible to Read and also to Write Ones; writing zeros has no
effect, A digit is resect to zero by writing a one to it,
RW10 where it is possible to Read and also to Write Ones and Zeros
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13.2 Central Computer V-store

line

0xt b

The first three lines are concerned with interrupts and are used to
identify the source of an interruption.

digit

3
30

29

28

27
26

25

X
30
29
28
27
26
25
2k
Y
30
29

28
27
26
25

2l

RWO
RWO

RWO

RWO
RWO
RWO
RWO

RWO
RWO
RWO
RWO
RWO

RWO

W W Do

RWO

Parity 1 Core store addressed by the machine

Parity 2 Drum transfer., This digit is set if incorrect
parity is detected (a) in the contents of the
core store page involved in a write transfer
(b) in the information on & drum sector for a
read transfer,

Parity 3 Magnetic Tape Transfer,
This digit is set if incorrect parity is
detected (a) in the contents of the core
store page involved in a write transfer (b)
in the information read from the tape co—
ordinator Buffer Store to the Main Core Store
page.

Parity 4 Subsidiery store

Parity 5 Fixed store

Parity 6 Magnetic Tape Buffer

Non-equivalence in Interrupt control. This digit is set
if non-equivalence occurs between digits 22-12 of the
required address and the corresponding digits of all the
Page Address Registers due to either a machine or fixed
store programme fault when on Interrup* Control. The
setting of this digit also sets address 2048 of the

fixed store in interrupt control and the routine for
finding the cause of an interrupt is entered immediatcly.
No record is kept of the previous interrupt control number.

Drums, The "OR" of digits 29, 28, 27 and 26 in line

60 and digit 27 in line 56 of the drum V-store

Magnetic tape deck failure, The "OR" of line 19 of the
Magnetic Tape V-store

EO Accumulator exponent overflow

Non-equivalence, tapes or drums.

SV0 Sacred violation by the operand. An illegal reference
by the operand to one of the private stores,

SVI Sacred violation by an instruction. An illegal attempt
to obey an instruction in the private stores,

DO Division by non-standard or zero number (set by basic
functions 374, 376, 377 only).

Unassigned Functions

Porities The "OR" of 1line O

PO Peripherals O (the card readers, I.B.M. tape)

T Magnetic tape block markers. The "OR" of line 18
of the Magnetic Tape V Store,

P4 Poripheralst(Graphical outputs, TR7 and N,E.P, tape)
P2 Peripherals 2 (the Teletype punches, TR5's and Creed
3000 paper tape punches )

P3 Peripherals 3 (the instruction counter, clock, tele-
printers, Anelex printers, card punches and X-ray
Diffractometer).

Non-equivalence or Lock-out. The non-equivalence of all
page address registers or a programme reference to a
locked—out page of the main core store.

the "OR" of line 1
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13,2 Continued

line

3V

7

digit

28
27
26

25 7
24

2L
29

28
27
26
25
2k

31-24
27

W10

RW10-

RW10
RW10
RW10
RW10
RW10
RW10

RW10
RW10

W10

13.2/2

Non-equivalence on Extracode exit (see Section 12.2)
Engineers Tape Reader, Selected by writing a one

+1/+2 (1/0). On 2 non-equivalence or lock-out interrupt
due to an operand not being available this 'digit indicates
whether one or two has been added to control

I/ME Control flip~flop (1 if I)

"I Inhibit interrupts (set to 1 to inkibit interrupts)

M/E Control flip~flop (1 if M)

12/13 Shift, ™"4" if 12 shift. Reset by every division
order

Qs. Sign of quotient in basic division orders.

A0 (Fixed point) accumulator overflow

Bt <0 ) B test {5t

Bt £ 0 S est register

Be B~carry

8 handswitches
Hooter
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13.3. 1
133 Gore Store V=Store

13.3,1 32-Page Coordinator

The layout of the Core Store Coordinator for ‘the Manchester University
Atlas is given below. The layout of the V-store for all other machines 1s
given in the next section,

Lines Diglt
0-31 wio 41 Pagoe lock out ) Page address registers

W10 4636  Block address )
32 R 47-32 "Use" digits of pages 15 to O respectively.
33 R 47-32 NUge" digits of pages 31 to 16 respectivelys
34 R 47 Instruction non-equivalence or lock oub

R 1H=36 Block address on operand

non-equivalence or lock out

35 W10 i Tgnore all lock-out digits

R 46=37 Iine address on operand
non-equivalence or lock out (digits 11-2
respectively of the specified address). -

The digits in Iines 32 and 33, also digits 46-36 in line 34 and digits
46-37 in line 35 are reset to zero automatically when the information is
read (by program) from them,

Diglt 47 of line 34 is automatically reset to one when line 34 is read.

Digit 47 of line 35 is unaltered when line 35 is read. It is always
read as zero but the lock out digits are ignored (i.e. no lock out
interrupts occur) if the lastdigit written to it was a one. It is reset
by writing zero to it.

The "non-equivalence or lock out" block and line addresses are set
when an interrupt occurs due to the required operand not being immediately
available in the core store i.e. the required information block may be
either not in the core store or it may be locked out, These digits are
not set on an interrupt due to an instruction not being aveilable.

 The Instruction non-equivalence or lock out digit is set to zero

(i.e. Operand) when a non-equivalence interrupt occurs due to the required
operand not being available.
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c 130342
13.3+2. General Core Store V-Store

The layout of the Core Store coordinator for machines of up to 128 pages
(other than the Manchester University Atlas) is given below,

Lines Digits
S I )
(b 2-63 \ 47 Page lock out :
E°§ 64~95 % w10 46-36 Block address ) Page Address Registers
d 96-128
(a) (128 ) ) Pages 45 -0
(129 g g 31 - 16
(®) (- 130 ) ) 47 - 32
(+ 131 ) - ) 63 - 48
' g R 4T7-32 Use Digits )
() ( 130 ) 79 - 64
( 133 g g 95 - 80
(@ ( 134 g ) 111 - 96
( 135 ) 127 -112
(136 ; 47 Instruction not )
() ( B equivalence ) Set on not equivalence
& ( - ) 46-36 Block Address )
( 137 ) 46-37 Line Address ) or lock out of operand

W10 47 Ignore all lock out digits

For 96 or less pages, lines (d) vacant
For 64 or less pages, lines (¢) vacant also.

For only 32 pages, lines (b) vacant also.

The digits in lines 128 - 135, digits 46 - 36 in line 136 and digits
46 = 37 in line 137 are automatically reset to zero when the information is
read by program from them.,

Digit 47 of line 136 is reset to one when line 136 is read.
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13,4 Drum v—store

(maximum of 8 Cabinets, each cebinet containing either one file drum
or up to four fast drums,type MD5)

Lines Digits '
0-31 R 29-27 0- registers
R 26 "1.5 - 2" digit
(fordrums 0-31 respectively)
32 R 29-217 Blocks complete (cleared to zero when write
to Start digit, digit 29
line 56)
36 R710 29217 Number of blocks requested.
40 R10 29-217 Starting ©
A RI10 28-26 Band on the appropriate drum
48  HE10  27-26 Drum (within a cabinet)
52 RW10 28-26 Cabinet
56 Rl 29 Read: Started (indicates a drum transfer is
in progress)
Write: Start(initictes a drun transfor )
W1 28 Selection change
‘Rl 27 Read: Drum Transfer Complete Look At Me
Write: Read
i1 26 Write
60 Rd1 29 Read: Drum Count Failure Look At Me (In the
gap between sectors the count of words is
tested; it should be a multiple of 512)
Write: Stop '
R 28 Drum Cabinet Absent Look At Me (Drum cabinet
non existent or unplugged)
RWL 27 Reads Drum Band Isoclated Look At Me,

(Trying to write to a band whose isolation
switch is on.)
Write: Reset DTC Look At Me

Rl 26 Read: Drum Request Ignored Look At Me (the
- core store has not accepted address from the
drum in tine ) ‘
Write: Reset Drum Failure LAMIg
(ie.e. DCF, DCA, DBI and DRI)

The "OR" of line 60 and line 56 digit 27 provides the Drum Interrupt, D
(digit 31 of line 1 of the Central Computer V-store ). -

DCA and DBI are set when appropriate after a one is written to the Start
digit (digit 29 line 56) but a drum transfer is not initiated. When DCF
and DRI occur, the drum transfer is automatically stopped,DIC cannot occur
at the same time as a drum failure,
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13.5 The Magnetic Tape V-store

Line Digit
0-6 * b - 36.0) R Present Block Address Register for Channels 0-6
7 % .. 36-2h  RWO Present Block Address Register for Channel ?
8-15 LA-2h Tape Command Registers
Lt RW1 Fast Speed
L0 w1 Normal Speed
39 R4 Reverse
38 W1 - Forward .
- 37 RW#1  Start
.36 - w1 Stop
35 w1 ‘Disengage Deck
3l R Buffer Parity Fault (on writing to tape),
33 R Recover Read
32 W1 Normal Read ‘
31 R Write: Read at next Block Address
o ©  Read:  Read Transfer
_30: WA End Read at next Block Address :
R71  Write |
- 28 WA End Transfer '
_27. R Write Permit
26 R End of Tape
25 R Not 512 Word Transfer
2L R Check sum fail
16 - 39-24 R Disengaged Flip-Flops for Decks 15-0
17 39-24 R Disengaged Flip-Flops for Decks 31-16
18 31-24 RWA Block Address Interrupt for Chamnels 7-0
. ‘ Writing '1' resets the digit to t0*
19 31-24 RW1  Deck Failure Interrupt for Channels 7-0
Writing '1' resets the digit to '0!
20 36-24 W10 Select Deck and Channel
21 35-24 Teape Address Command Register for Channel 7 only
35 R Deck Modified
3L RW1  Leading address indication
33 RW1 Permit count
32 W1 Do not permit count
31 . RWi Write Reference Marker
.30 W1 Do not write Reference Marker
- 29 R Write '1's
28 w1 Do not write '1's
27 R Address tape
26 ik Do not address tape
25 R ‘Address Fault
2 W1 _ Reset Address Fault

The "CR" of line 18 is Digit gﬂ of line 2 of the Central Computer V-store.
The "OR" of line 19 is Digit 30 of line 1 of the Central Computer V-store.
The tape V-store includes registers in the mechanisms. Some of these are
flip-flops of the peripheral type, requiring long trigger pulses.

The generating of these pulses causes the Write Access time for the tape
V-store to be 5 psec. '

. . v lele T e - Take - Weitina 1 Tesets to @
25 RW1  Crisis Time Fault ~ ReadTape ~ Weiting cs Lo
2z 21 . RWI1 t5iy Time Faunle —Wnie Tape - Writtag T fadel kO
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13.6.1

1346 Peripheral FEquipment V-Store

134661 V=Store Addresses

Each equipment has associated with it one or more lines
of the V-store. Equipments of the same type are in consecutive
lines (or groups of consecutive lines) and only the most
significant half-words are used.

The peripheral equipment V-store addresses are:-

25 222120191817 16 151413121110 9 8 7 6 5 4 3
1 1000000010008 %80H b6 ¢€ & & ¢
V-store Peripheral s Type

2 1 0
0O 0 O
Spare Number

O B O

The "types'" and the corresponding interrupt digits in line 2 of
the Central Computer V-store are:

Starting Address

Type O Card Readers (P1) *6004000
Type 1 Spare (London onlys

High Speed Data Link) (P2) *6004020
Type 2 TR7 Paper Tape Readers

and N.E.P. Tape (p2) *6004040
Type 3 Graphical Outputs (P2) *6004060
Type 4 Anelex Printer (P2) *6004100
Type 5 I.B.lM. Magnetic Tape (P1) *6004120
Type 6 Fast Paper Tape Punches (P3) *6004140
Type 7 TR5 Paper Tape Readers (P3) *6004160
Type 8 Teletype Punches (P3) *6004.200
Type 9 Card Punches (and,

Manchester only,

X-ray Diffractometer) (P4) *6004220
Type 10 Spare (Manchester only:

AT, & B, On=Line Data

Links) *6004240
Type 11 Teleprinters (P4) *6004.260
Type 12 Clock, Instruction

Counter and date (P4) *6004300
Type 13 Spare #*6004320
Type 14 "Look at mels" *¥6004340
Type 15 "Look at me's" *6004360

1.11.64



1 3 . 60‘2 V-Store Digits

Type O. Card Readers (maximum 4)

lines
0~3

(Card readers number
0-3 respectively)

8-11

Type la

lines

digits

47-36
30

29
28

27
26

25
24

4736

London only:

R
RW1

w1
RW1

W1
RW1

RW1
RWA1

R

134642/1

(*6004)

Information (Rows +,-,0-9 respectively)
Read: Overdue

Write: Reset Overdue

Do not Divert

Read: Card Levels

Write: Put Out End of Card Look At Me
Start

Read: Disabled

Write: Put Out Column Ready "Look At Me"
Stopped/Stop

Disengaged/Disengage

Check Informetion (Rows +,-,0-9
respectively)

Imperial College High-Speed Data Link

1411.64



13.6.2/2

Type 2a TR7 _Paper Tape Readers (maximum 4) (*600404)

lines digits
0-3 36 R Digabled
(Tape Readers number 35 R Tape Broken
0-3 respectively) 34 R Overdue
33 R 5/7 switch (™" if five channel; "O" if
seven channel)
32=26 R Information. The location hole is between
digits 28 and 29. Digits 31 and 32 are
zero for five-channel tape.
30 W1 Stop Rewind
29 W1  Rewind
28 W1  Reset Overdue
27 W1  Start
26 W1 Put out "Look at Me"
25 RW1 Stopped/stop
24 B¥1 Disengaged/disengege

Type 2b N.E.P. Tape (*6004041 on Manchester University Atlas)

line digits
1 36 R Mode of Operation. 1 if Writing;0 if Reading
35=-29 W1 VWrite:s Information
Read:  Disabled
34 ' R Read: Overdue
33 R 5/7 Channel. 1 if 5 Channel,
0 if 7 Channel.
32-26 R  Read: Information '
28 W1 Write: Reset Overdue
27 W1 Write: Start
26 W1 Write: Put out Look At Me
25 RW1 Stopped/Stop
24 Rt Disengaged/disengage

Type 3. Graphical Outputs (maximum 2) (*600406)

lines digits
0~1 27 RW1 Read: Cemera Fault
(Graphical Outputs Write: Start
number O-1 26 RW1 Read: Brilliance
respectively) Write: Put out Look At Me
25 RW1 Stopped/Stop
24 RW1 Disengaged/disengage
8~9 4T7-38 W1 x - co-ordinate
35-26 W1 ¥y =~ co-ordinate
25 W1 Diaplay
24 W1 Dim

1211464



13.6.2/3

Type 4. Apalex Printer (maximum 4) (*qu41)

lines

03
(Analex Printers
0-3 respectively)

digits

36
35
34
33-28
27

26

25
24

W1
W1
W1
W1
RW1

R

R
RW1

Type 5. I.B.M. Tape (%600412)

Line

0

Iine 1

24~26

27-35
36
37
56
39
40

41
42
45
44

45

46
47

digit
24-26

R

R
RW1
RW1
RW1

RW1

RW1

W.
RW1

w

Clear Core Store

End of

Line

Information Strobe
Incormation

Read:
Write:s
Read:
Writes

Disabled

Start

Peper Warning

Put out Look At Me'!s

Stopped/Stop
Disengaged/disengage

No., of odd characters.

N.B. 000 means 8 characters
address of last word accessed
in core store

Read:
Write:
Read:
Write:
Read:
Writes
Read:
Write:
Read:

Write:
Read:
Write:
Read:
Writes
Read:
Write:
Read:
Write:
Read:
Write:
Write:
Write:
Read:

SELECT

DISENGAGED

READ

LONGITUDINAL PARITY

WRITE

LATERAL PART®Y

BACKSPACE

MECHANICAL FAILURE

REWIND

TAPE INDICATOR (2nd of tape
detected during write
operations only)

REWIND UNLOAD

LOAD POINT (beginning of tape)
IONG GAP

LOW. DENSITY

LOW DENSITY

BCD MODE

BCD MODE

REWINDING (implies disengaged)
RECOVER READ

FILE MARK READ

SKIP TO FILE MARK

EVEN PARITY

POLAM

INVERSE IAM (g if IAM)

TAPE UNITS 1 -~ §



Creed 3000 Paper Tape Punch (meximum 4)

1346.2/4
(*600414)

Type 6.
lines digits
0-3 35~29
(Tape Punches 28
0-3 respectively)
27
26
25
24

W1
R

RW1
R1

R
R

W1
W1
w1
RW1
RW1

Type 7. TR5 Paper Tape Readers
(5 or 7 track tape)
lines digits
0~T7- - 34
(Tape Readers 33
number 0-7
respeotively) 32-26
28
27
26
25
24

Information

Read s Check Feil

Write: Reset Check Fail
Read: Disabled

Write: Start

Read: Tape Warning
Write: Put out Liook At Me
Stopped/Stop '
Disengaged/Disengage

(maxcimum 46) (*600416 to *6004177)

Overdue

5/7 switch ("" if five-channelj;
"ot if seven-channel)

Information. The location hole is

between digits 28 and 29, Digits

31 and 32 are zero for five-channel

'bape °

Reset Overdue

Start

Put out ILook At Me

Stopped/sStop

Disengeged/Disengage

Type Ta TR5 Paper Tape Reader (5,7 05 8 track)

*6004164, one only, on London and N.I.R.N.S.

i.e.’ TRB No. 40
digits

35
34
33

32-26
28
27
26
25

24

=e i =cli =

W1
W1
W1
RW1

RW1

8/75 switch (1 if 8 track)
Overdue

5/7 Switch (1 if 5 track) if digit 35=0

Information (8th track) if digit 35=1
Information

Reset Overdue

Start

Put out ILook At Me

Read: Stopped

Write: Stop

Read: Disengaged

Write: Disengaged

1.11.64



13.6.2/5

Type 8. Teletype Punches (maximum 8) (*60042)

lines

0-7

(Teletype punches (33-29 for five

number O-7
respectively)

Type 9a

lines

0-1
(Card Punches

0-1 respectively)

4-5
8-9

12-13

digits
35.29 W1

channel punches)

Information.
between digits 31 and 32

The location hele is punched

27 RW1 Read: Disabled
Write: Stert
26 RW1 Read: Tape Verning
Write: Put out Look At Me
25 RW1 Stopped/Stop
24 RW¥1 Disengaged/disengage

I.C.T. Type 582 Card

Punches (maximum 2) (#5600422)

digits
47-40 RW10 Informetion. One digit of each of
colums 8-1 respectively where column
1 is that first in the card punch.
39 RW1 Read: Caxrd levels
Write: Put out Brush Look At Me
38 RW1 Read: Card Wreck
Write: Reset Overdue
37 R Overdue
29 W1 Do Not Offset
28 W1 Put Out End of Card Look At Me
27 W1 Start
26 W1 Put Out Punch Look At Me
25 RW71 Read: Stopped
Write: Stop
24 RW1 Read: Disengaged
Write: Disengage
47=24 RW10 Informetion (see line O). One digit of
each of columns 32-9 respectively.’
47=24 RV10 Information (see line O). One digit of
each of columns 56-33 respectively.
47-24 RW10 Information (see line 0). One digit of

each of columns 80~57 respectively.

Type 9b The X-ray Diffractometer

Iine 5.

(%¥60042250)
Write Digit
Information 24-43

Load Information (LIV) 44
Start Count (SCv) 45
Set the Position (SPv)

Read
Information

Reflected Count Overflow
Check read

1.11,64



13.6.2/6
Line 9. (*60042310)

Digit Write Digit Read
24 Disengege 24 Disengaged
25 20 (Two-theta) (20v) 25 20
26 W (omega) W) 26 W
27 g (PHI) (6v) 27 g
28 X (CHI) (Xv) 28 X
29 Z -line (Z2-v) 29 Clamp out of range
30 V=roset 30 Limit switch failure
31 Clamp registers(CRv) 31 References reached
32 Read selected 32 Test A
register (RIv)
33 Put out position 33 Test B
set L.A.M. o
34 Put out count 34 Test C
complete L.A.Me
35 Put out contingencies 35 Test D
L.AM,
36 Open shutter 36 Test E
37 Close shutter
38 Drive W - circle (CWDRvg
39 Drive 20 ~ circle(20DRv
40 Drive to references (DRv)

Iine 13,  (*00642350)

Digit
24 Test and isolate motors and nucleonics (TIMN)
25 Reset test and isolate motors and nucleonics (RESET-TTMN)
26 Test-count start * (TCS)
27 Test-count-stop * (TCst)
28 Test set-add * (TSA)
29 Test set-subtract % (T38)
30 Test 2dd & 1 *
31 Test fringes (TFv)
The Z-Iine
Digit Write Digit Read
24 Set window 1 24 Window 1 in
25 Reset window 1 25 ‘Window 2 in
26 Set window 2 26 Vindow 3 in
27 Reset window 2 27 Window 4 in
28 Set window 3 28 Balanced filter 1 in
29 Reset window 3 29 Balanced filter 2 in
30 Set window 4 30 Attenuator 1 in
31 Reset window 4 31 Attenuator 1 in
32 Set balanced filter 1 32 Counting clock
33 Reset balanced filter 1 33 Motor speed 1
34 Set balanced filter 2
35 Reset balanced filter 2
36 Set attenuator 1
37 Resct attenuator 1
38 " Set attenuator 2
39 Reset attenuntor 2
40 Count clock
41 Count X-Rays
42 Set motor speed 1
43 Set motor speed 2

1.11.64



13.6.2/7 -

Type 10 (ianchester Only) A,T.g.E. On-Line Data Link

Even Numbers INPUT LINK
Line
G -
S -
4‘-
6 —~
g - Spare
10 -
12 -
14 - Manchester C,0,S.T.
Digits
35
34
33
3226
27
26
25
24
0dd Mumbers OUTPUT LINK
Line
1 -
3 -
B -
T - Spare
9 ~ ),
11 - )
135 S
15 - Manchester C,0,S,T.
Digits
35~29
28
27
26
25
24

R

Wi
W1
"
i1

w1

R
By

j1ioh ]

RW1
Y1

V-store line

*6 004240
*6 004242
*6004244
*6004246
*6004250
*6004252
*6004254
*6004256

Line Break

Overdue

Error Monitor

Information (the location hole is
between digits 28 and 29)

Start

Put OQut Look At Me

Stopped/Sto

Disengaged/disengage

V-store line

*6004241
*¥6004243
*6004245
*6004247
*¥6004251
*6 004253
*¥6004255
*6004257

Information (the location hole
is between digits 31 and 32)
Line Break

Read: Backspace

Vrite: Start

Read: Disengage Request
Write: Put Out Look At Me
Stopped/Sto :
Disengaged/disengage
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13.6.2/8

Type 11. Creed 75 Teleprinters (meximum 4) (Printer Only) (*600426)

lines digits
0-3 35434,32~29
(Teleprinters number 27
0-3 respectively)
26
25
24

W1
RWT1

R

RW1
RW1

Information

Read: Disabled

Write: Start

Read: Paper Warning
Write: Put Out Look At Me
Stopped/Stop
Disengaged/disengage

1.11.64



13.642/9

Type 12. Instruction Counter, Clock and Date

(a) ZInstruction counter  (*6004%)

line digits
0 : 46-36 RW10 Information
27 w1 Start
26 W1 Put Out Look At Me
25 RW Stopped/Stop
24 R1W1 Write Strobe (always rcad as a one)

(b) Clock (*6004301)

1 45=-44 R hours, tens
4340 R hours, units
38«36 R minutes, tens
35=32 R ninutes, wnits
30-28 R seconds, tens
27-24 R seconds, units
27 W1 Start
26 W1 Put out 1 sec Look At Me
25 W1 Stop
24 W1 Put out 1/10 sec Look At Me
8 (¢) Date (%5004310)
45=44 R Days, tens
43=40 R Days, units
36 R Month, tens
3532 R Month, units
31-~28 R Year, tens
27-24 R Year, units
Type 13.

1.11.64



Type 14« "Look at me!s"

line

0

NN -

8
9

11
12

14

Type 15.

2

O3 O P

13

14

15

(*600436)

13.6.2/10

(¥600434)
digits
24 R Instruction counter
25 R Clock, every tenth of a second
26 R Clock, every second
24-27 R Teleprinters 0-3
27 R TIBM Magnetic Tape, End of Operation
2427 R Anelex Printers 0-3, Overflow
28<-31 R Anelex Printers 0-3, Print
24 R Card Punch 0. ZIEnd of Card
25 R Card Punch 1. ZEnd of Card or
X-ray Diffractometer, Position set
26 R Card Punch O. Punch
27 R Card Punch 1. "Punch or X-ray
Diffractometer, Count Complete
28 R Card Punch O. Brush
29 R Card Punch 1. Brush or X-ray
Diffractometer, Contingencies
24-31 R Teletype punches 0-7
24-30 R Spare
31 R (Manchester only) C.0.S.T. Output Link
24-31 R TR5 paper tape readers 0-7
24-30 R Spare
31 R (Manchester only) C.0.5.T. Input Link
2427 R Oreed 3000 paper tape punches 0-3
24~-25 R Graphical outputs 0-1
2427 R TR7 paper tape readers 0-3
25 R N.E.P. tape (Manchester University Atlas)
25 R (London only) Imperlal College High Speed
Data Link
24=27 R Card Readers 0-3, End of Card
24217 R Card Readers 0-3, Column Read
The "or" of line 8 is the digit PO of the central computer
V-store.
24 R The "or" of line 0, type 14
25 R The "or" of line 1, type 14
26 R The "or" of line 2, type 14
27 R The "or" of line 3, type 14
30 R The "or" of line 6, type 14
The "or" of line 13 is the digit P3 of the central computer
V-store '
24 R The "or" of line 8, type 14
25 R The "or" of line 9, type 14
27 R The "or" of line 11, type 14
28 R The "or" of line 12, type 14
30 R The "or" of line 14, type 14
The "or" of line 14 is the digit P2 of the central computer
V~store,
26 R The "or" of line 2, type 15
28 R The "or" of line 4, type 15
30 R The "or" of line 6, type 15
31 R The "or" of line 7, type 15
The "or" of line 15 is the digit P1 of the central computer
V-store.
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