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Part 1. General Description.

" —

Section 1. Description of comvonents of the 503 System.

The Elliott 503 is a fast, low-priced, general purpose,
digital computer designed for the scientific market, The
logic elements use high-speed circuits based on high
frequency transistors and diodes so that the 503 is completely
transistorised and compact. The basic computer may be
extended to form a medium-sized installation by the addition
of' some or all of the following:-

Magnetic tape units, punched card ecuipment, a line
printer, a core backing store,

The 503 incorporates a fully autonomous facility for
controlling the transfer of data between its central processor
and its peripheral equipment.

The basic computer is functionally identical to the 803,
so the existing 803 library of programs can be run on the 503
but at much greater speed, All existing programs in 803
Autocode may also be run on the 503 without alteration,
The usual method of controlling the 503 is by means of the
Reserved Area Program which makes provision for several
programs to be in the computer store at the same time,
To allow for closer control of program coding, an advanced
Symbolic Assembly Program is provided. Programs Tfor the 503
may also be written in ALGOL, the modern international
programming language,

The basic 503 computer comprises items (a) and (b) below:-

a) Central Processor. This contains the arithmetic and
control units and a core store, The store contains 8192
words and has a cycle time of 3.3 A sec. The arithmetic
unit provides for fixed point and Tloating point operations.

b) Control Station. This consists of a reader console, a
punch console and a control console. The reader console
includes two Elliott tape readers, and the punch console
includes two Teletype 110 tape punches. The control
console houses the directly connected input/output control

T
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Description of components of the 503 System (continued)

typewriter together with all the manual controls required
by any 503 system apart from those controls which are
mounted on peripheral mechanisms,

The following peripheral units may be attached to the
503, in conjunction with the Peripheral Transfer Unit, to form
a larger installation:

1. Core backing store.

2. Anelex line printer.

3., Bull card reader/punch Model LTH.
i, Ampex T.M.4. tane handlers (up to 8).

In general these peripheral devices communicate with the
computer through perioheral controllcrs, The Peripheral
Transfer Control Unit allows peripheral transfers to take place
autonomously and provides for parallel working of the central
processor and the peripheral devices.

An Interrupt Control Unit is also available and this
provides 8 interrupt lines together with facailities for program
control of their interaction. The lines may be connected to
external devices for on-line applications or alternatively to
peripheral devices to facilitate time-shared programming.
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Part 1. General Description.

Section 2. General Data,
Dimensions.

The standard 503 cabinet module can contain 7 shelves of
standard printed circuit boards, The main store and power
modules are, however, not laid out in this way. The central
cabinet suite of the 503 is made up of 3 cabinet modules which
contain respectively: -

1., Main 8192 word core store

2. The central processor logic including the peripheral
transfer control unit and the interrupt control unit
where these are provided.

3. Power supply equipment for the above items and als»
for the control station.

The control station comprises 3 free standing desk height
consoles; the control console is normally situated between
the reader and punch consocles,

Peripheral controllers are housed in extra cabinet suites of
1 to L4 cabinets each, as follows:-

1) Two 16,384 word units of core backing store are housed
together with the backing store controller in one cabinet
nodule, Further units of backing store are housed two to a
cabinet module.

2) The Ampex magnetic tape controller occupies two shelf
modules,

3) The controller for the Bull ecard reader/vunch occupies
three shelf modules,

L) The Anelex line printer is built into a control pedestal
which contains the controller and power supplies,

Controllers always occupy a consecutive block of shelf modules
but the disposition of controllerswithinone cabinet module will
vary with each 503 as required by the specification.

The power cabinet module of the central cabinet provides
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Dimensions (Continued)

sufficient power for the basic computer, In addition it can
supply power for up to one cabinet module of reripheral
controllers or backing store. Such systems are provided as
a single 3 or L cabinet suite.

Larger systems require a second power cabinet module in which
case a second cabinet suite is required. In no case are more
than 4 cabinet modules connected together,

The individual cabinet suites are connected by cable, and
individual peripheral devices are connected via their controllers.
In no case may the length of a cable exceed 100 feet.

Overall dimensions are approximately: -

| Height | Width | Depth  Doors
- em in  ecm in; em ini em in:
Cabinet Yodule 1203 80 96 3?%1 us 19 !hﬁ 19

Two Module Cabinet suite 203 80 } 190 75 { 48 19 {L8 19
Three Module Cabinet suite ;203 80 | 284 112 { 48 19i{L8 19

Four Module Cabinet suite ,203 80 | 378 149 § L8 419{L8 19
Reader Console l112 Ll 57 223 81 32 | :
Punch Console 1112 Wy | 57 224f 81 32 |
Control Console 105 Wil 124 u9 | 81 32|
Magnetic Tape Handler 196 77| 58 23161 o2uju8 419!
Line Printer Pedestal ;1uD 5551 147 58 } Tl 304 i
Card Reader/Punch |150 59 | 70 27:}120 LTE !
[}
| |
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Power Supplies

The 503 system requires a 3 phase U wire power supply with a
voltage within the range 220 to 240 Volts nominal line/neutral
50 ¢/s or 115 to 125 Volts nominal line/neutral 60 c/s.
Tolerance on this supply is % 10> of nominal on voltage and

+ 1% to - 2% on frequency. (The 115 to 125 Volts line/ncutral
supsly will be used b¥ connecting power cabinets from line/line

i.e, 200 to 220 Volts

Interference filters are fitted sufficient to remove the high
frequency noise on the power suvply in all except the most
arduous industrial environments and the standard system will
also withstand an interruption in the power suoply of up to
20 msec i.,e, one cycle. Longer interruptions in the power

supply can be catered for by the provision of storage batteries
if necessary.

The customer pays for the necessary power supnly quoted above
together with the isolators, fusegear and wiring to power
cabinets, periphecral devices and cold air unit,

The customer will have to pay for an auto-transformer to bring

the power supply voltage to within the quoted range 1f necessary.
The central processor and the peripheral controllers are switched
on and off together by means of common push buttons on the control
console, The whole system can be switched off in an cmergency

by means of the "Off" button on the control console which is
effective under all conditions.

The power cabinet module attached to the central processor

cabinet suite has sufficient spare power available to provide

for up to one extra cabinet module full of peripheral controllers.
Larger systems will be provided with a second power cabinet
module for the peripheral cabinet. Each power cabinet module

is independent and individually controlled when switched to

the "local" position but all cabinet modules can be controlled
from the control station when switched to the "remote" position.,
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Power Supplies (Continued)

Power requirements are approximately :-

' Logic Module

Store Module

Povrer Module
with extra peripheral
module

Contrel Station including
rcader and punch

logic power from power
module

Bull reader/punch

Ampex deck

e S S —

Input XK,.V.A.

e e e R e -

7.5

8.5

0.6

I 0.5 to 0.9
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Dissipation &£.W
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241
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Environmental Control

For machines equipped with magnetic tape, it is important to

install the computer in an air-conditioned. dust free environment,
.__The central processor cabinet together with the geripheral

cabinct, if any, 1s temperature controlled by a close

circuit system of ventilation, A cold air unit, capable

of extracting up to 10 K watts of heat, is situated in a

separate room at a maximum distance of 50 ft., from the 503,

This cold air unit is 4' high, 6' 1" dcep and 2' 3" wide,

The control knobs are situated near the top at the front of

the unit and the circulating air inlet and outlet are situated

side by side near the base. There arc three alternative

positions for the condenser air inlet, one ‘n ecither side and

one in the top of the unit, This enables the unit to be

situated against a wall, The condenser air outlet is at the

back of the unit and must have access to an outside wall,

which should not be more than 10' distant. The cold air

unit is connected to the compmuter through ducting which

constitutcs a closed air circulation vath. The air leaves

the unit at about 7°C and rcaches the computer at about

10°C. When the air leaves the computer its temperature has

risen to about 21 € C and thus no heat exchangers are

reqgquired in the 503 cabinets,

If the air supplicd to the computer cabinets via the closed
circuit system excceds the normal intake tcmperature of 10°C by
109C then the complete system is shut down automatically and a
lamp on the conscle is illuminated.

The control station and all peripheral handlers (not perivheral
controllers) are cocoled by open circuit ventilation with the room
air. To control the ambient tcmperature to 21°C & 20C, AIR KING
conditioning units are required. The number of units required
depends on the size of the instzllation, the size and shape of
thke room, and the atmosrheric conditicns outside the room.

Each site must be surveycd to asscss the number of air
conditioning units required.
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Environmental Control (Continued)

The air conditioning units are normally mounted in the walls
of the room and dissipate heat to the external atmosphere.
Where it is not possible to mount the units in the walls, a
water system may bc used as a heat sink if a source of water
whose temperature does not exceed 2LOC is available.



03/2/1
503 TECHNICAL MANUAL, VOLUME 1 503/2/

Part 2, Basic 503 System,

Section 1. Central Procecssor

The Main Store

The main storc contains 8192 words, cach of 41 bits.
In each word 39 bits are available to the programmer,
One of the remaining bits is used for parity chccking
of the storc, and the other is uscd as a tag bit in
autcnomous data transfers,

Locations O to 3 of the store contain fixed instructions
by mecans of which a simple tapc code may be rcad, The
fixed instructions may be set by a switch on the control
console to read 5 or 8 channel tane, Writing to
locations 0 to 3 has no effect, rcading from them
¥ields zero, Modification with one of the locations

0 to 3 results in a modifier of zero.

Locations 7936 to 8191 constitute the reserved arca of
the store, In the rcscrved arca locations 8176 to 8191
are used in autonomous transfers, locations 8166 to 8175
are used for interrunts, and locations 7936 to 8166 are
uscd for the Reserved Arca Program (scc Volume 2 Part 2),
which contains basic control and menitoring routines.
The rcscrved area is normally protccted so that its
contents cannot be altcred by the operation of external
instructions, A switch on the control console may be
used to remove protection of the rescrved area so that
basic programs may be read to it.

When the receserved arca is nrotected any attempt to
write to it causcs an error interrupt to takec place
(sce 3.1). Similarly, any autonomous transfer
referring to locations in the reserved arca causes an
grror interrupt, The motions of performing such a
transfer are gone through, but no writing into the
reserved arca takes place (scc 3.1.).

When the reserved arca is unprotcctced locations

7936 to 8175 are treated as ordinary store locations.
Locations 8176 to 8191 can te used normally exccot that
any autonomous transfer referring to them causes an
error interrupt in thc same way as it would for a
prrotected reserved arca,

— 1 -
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The_Main Store (Continued)
The main _core storc boxes are kept at a temperature of
Lo * 2.5°% vy a local control system which is linked
with the cooling system, Provided the cooling system
has been operating for at least 10 minutes, there is no
necd to wait for warming up when the computer is turned
on,

The Registers

Therc are four registers of interest to the
programmer: -

An Accumulator of 39 bits

An Auxiliary Register of 38 bits. This is
used with the Accumulator to form a double-
length register.

A seqguence Control Register of 14 bits

An Overflow Indicator of 1 bit,

Throughout this specification the digits in any
register are numbered sequentially starting from the
lcast significant digit which is numbered 1.

The Instruction Code

The instruction code of the 503 is, with a few

exceptions, identizal to that of an 803 equipped with

a floating point unit. Where the instructions of the

two machines diffcr the 503 version is more comnrehensive
than the 803 version and includes it as a special case,
i.,e. Additional features Tor the control of the peripheral
devices,

As in the 803 there arc twe instructions and a ~osition
for the B-digit in cach word:=-

39 to 34 33 to 21 20 19 to 14 13 to 1
Function Address B Function Address
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The Instruction Code (continued)

These tables give the basic instruction code of the 503.
The instructions for the peripheral devices follow the
descrivtions of those devices,

Unless otherwise stated the N digits of an instruction
specify the address of a location.

In the result columns a° and n” indicate "new contents" of
the accumulator and location N. a and n likewise indicate
"o0ld contents". In groups 5 to 7, the address part of an
instruction not requiring storec accecss is used to further
speccify the function in which casc the number is indicated
by N. Thosec 503 instructions which differ in any respect
from corrcsponding 803 instructions are marked *.

Function Opecration Result Time
a___n (in p sec)
Group 0O 00 Do nothing 3 n
01 Ilegate -a n
02 Replace and count n+1 n
03 Collate adén n 7
oL Add a+n n -5
05 Subtract a-n n
06 Clear o) n
o7 Negate n- o Il
Group 1 10 Exchange n a
11 Exchange and negate -1 a
12 Exchange and count n+1 a
13 Write and collate a&n a
14 Write and add a+n a 8.5
15 Write and subtract a=-n a
16 Writc and clear 0 a
17 Write, negate and
add n-a a
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The Instruction Code (continued)

Group 2

Group 3

Group 4

Function

Function

L0
L1

L2
L3

20
21
22
23
2y
25

26
27

30
3

32
33
3k
35

26
37

Ll
L5

L6
L7

Operation Result Llime
a____n  (inp sec)
Write a a
Write ncgatively a -a
Count in store a n+1
Collate in store a aé&n 8.5
Add into store a a+n %
Negate storc and add
to store B 8 -n1n
Clear store a o)
Subtract from store a n=-a
Replace n n
Replace and negate
store n - Il
Replace and count in
store n n+ 1
Replace and collate 9
in store n aé&n
Replace and add into
store n a+n
Replace, negate store
and add n a -=n
Replace and clear store n o
Replacc and subtract
from store n n-a
Operation Time
(in p sec)
Transfer control uncondition-
ally
Transfer control if a
negative
Transfer control if a zero 9

Transfer control if over-
flow indicator is set
and clear it

(4O to L3 transfer to the first instruction

of a pair and

)
L to 47 transfer to thc sccond instruction)

sy e
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The Instruction Code (continued)

Group 5.

503/2/1

Socme group 5 operations inveolve double-length numbers., These
contain 77 bits of which the most significant 39 are held in
the Acec,., and the remaining 38 are held in the A.R. All
single-length results of group 5 opcrations appear in the

Acc.

Function

5C
51

52
53

5L
55
56

57

Group 6.

Z =2 1=

2=

Operation

Halve, double-length, N times
Right shift a N times.
Clear A.R.
Multiply a by n giving double
length result
Multiply a by n giving single-
length rounded result
Clear A.R.
Double, double-length, N times
Double a N times, Clear A.R.
Divide double-lcngth dividend,
eingle-lcngth quotient.
Clear A.R.
Place contents of A.7, in
vositions 1-38 of Acc, and make
sign digit of Acc. zero.

Time (in p sec)

7.7 + 0.7 N
7.5+ 0,5 N
38 to 55
4o to 57
7.7 + 0.7 X
7.5 + 0,5 N
81
5

In functions 60 to 64 inclusive the comHuter treats both
a and n as standard floating-point numbers and prcduces a
standard floating point result, which renlaccs the o0ld content

of the accumulator.

Function

60
61
22
6

Z2E=2=2

Opcr-tion

Add n to a, clear A.R.
Subtract n from a, clear A.R.
Negate a and add n, clear A,R.
Multiply a2 by n, clear A.R,
Divide a by n, clear A.R,

65 L09% Standardise, i.ec. convert the

39-bit integer in Ace, to
standard floating-point fornm
clecar A.R.

-5 -

Time (in p sec)
1L to 36
(average 20)

38 to 51
71

8 + 0,5 n
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The Instruction Code (continued)
Group 6 (continued)

Function Operation Time (in u sec)

® 66 N Load registcers and transfer 20
control, This instruction
is uscd to exit from an
interrunt program.

®* 67 N Modify the next instruction by 7
adding to it the least significant
19 digits of n, The instruction
is modified Just beforc it is
cbeyed, and its stored form is
unaltered,

Group 7

Instructions in group 7, apart from the 73 instruction,
deal with ihe control of peripheral equipment. Details of how
the instructions are used will be found in the scctions dealing
with the peripheral devices (sec Section 4). The 73 instruction
is used in entering subroutines .

Function Operation Time in p sec)
70 Read the Number Genecrator to 19 *
Acc,
* 71 N Output N to Control Station, 19 =
check parity and mix 7 bits
into Acc.
* 72 N Output ¥ to periphcral controllers, 21 7

OCutput a single word from Acc. te
peripheral device.
732 N Write the address of the present 7

instruction into the store
location N.

® T4 N Output N to Control Station for 19
selection purposes, then output
N to Control Station as inf'ormation.

*® 75 N Output N to peripheral controllers. 19 ¥
Input a single word to Acc. from
a peripheral devise,

4t

- -
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The Instruction Code (continued)

Group 7 (continued)

Function Operation Time (in Y sec)
“ 76 N Output N to peripheral 23 =

controllers, Input a
single word from a
peripheral device to Acc,
Prepare for autonomous
transfer.

* TiIN Execute the operation
specified by the last 76
instruction, If 2 transfer
was specified use locations
N onwards in the store.
(See 3.1.)
Transfer M words - set up 30 + 3.5 M,
tag
- transfer each word 10

Al

If the devize is busy there will be a delay and the
instruction will only be ocbeyecd when the device
becomes free,

N.B. If the denominator in a division is zero the result
is zero and overflow is set. This takes 10 p secs,
but the division takes full time if the numerator
is zero,

B - modification

Medification using a B-digit takes no extra time if
the instruction preccding the B-digit is of groups

0-3. If the instruction is in groups 4 to 7 then

its time is increased by 3.5 p sec. as a result of

the presence of the B-digit.

If the B digit is present between the two instructions
of a pair then the content of the location specified
in the address part of the first instruction is added
to the second instruction, This modification takes
place Jjust before the second instruction is cbeyed

amd its stored form is unaltered, Modification is
accomplished as follows:

The B digit is associated with the first instruction
of the pair and is scnsed as this instruction is

-7 -
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B - modification (continued)

being obeyed. When the B digit is present a marker

M is set, hen this marker M is set, the contents

of the address of the first instruction are stored

in a special register R before the first instruction
is completed. M is then checcked before any further
instruction is obeyed and if it is set, the contents of
R are added to the second instruction of the pair and
M is cleared.

If the first instruction of a vpair is a 77 instructionrn
then the prescnce of a B-digit between the two
instructions has no effect.

Since a B digit can only appear between two instructions
held in the same word it can only be used to modify
instructions appearing in the less significant part

of a word. The instruction 67 N can be placed
anywhere and can therefore be used to modify the

first instruction in a word, The action of the
instruction 7 N is to sct M and load R so that its
effect is similar te OO0 N followed by a B digit.

There are no exceptions to the action of modification
so that :-

1) If" a transfer control instruction is
followed by a B digit the next instruction actually
obeyed is modified.

2) If control is transferred to an instruction
which is preceded by a B digit or by a 67 instruction
then no modification will take place (unless the
transfer instruction is followed by a B digit
i.e. as in 1) ).

3) The instruction 67 N followed by a B digit
is obeyed as if only one of these were prcsent,

LL) Sequences of 67 instructions, possibly
mixed with B digits, result in sequences of
modifications.
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Paper Tape Code

The standard tape used on the 503 is an 8-channel tape
which is one inch wide. The Elliott C-channel code is the standard
tape code used on the 505, This code confocrms closely with the
B.S.I. code,

Channels are identified by serial numbers 1 to 8.
Channel 5 is used to provide an even-parity check, and a sprocket
hole track is placed between channels 3 and 4, Binary values
allocated to the channels are:-

channel & 7 6 &5 L o 3 2 A1
binary 64 32 16 8 .+ 4 2 1

The table of codes shown on the next page includes the
Elliott code together with its representation on a Flexowriter.

A1l input and output of 8-channel inf'ormation to and from
the 503 is performed through mechanisms which check for correct
parity on input and insert correct parity on output, Representation
within the 503 therefore consists of only seven bitswith binary
values ranging from O to 127,
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8-Channel Paper Tape Code (Continued)

00000,000
00010,001
00010.,010
00000.011
00010.100
00C00.101
00000,110
00010.111
00011 .000
00001 ,001
00001 .010
00011 .,011
00001.100
00011 ,101
00011 .110
00001 ,111
00110,000
00100,001
00100.010
00110,011
00100,100
00110,101
00110.110
C0100,111
00101,000
00111 .001
00111 .010
00101 .,011
00111,100
00101 ,101
00101.110
00111 .111

MMNMOMMOMNO PO MM R = % oh & 5k b o
VOOV EFWN 200N E W = 0OUE~J AU WN = 0O

e

[T3lgiet
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P+ 1 2000~ O H O @ I
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01010.000
01000,001
01000.010
01010.011
01000,100
01010,101
01010.110
01000.111
01001 .000
01011 ,001
01014.010
01001.011
01011.100
01001,101
01001,110
01011.111
01100.000
01110,001
01110,01C
01100,011
01110,100
01100.101
01100.110
01110.111
01111 ,000
01101.001
01101.,010
01111.011
01101,100
01111,101
01111,110
01101,111

32
33
3L,
35
36
37
38
39
Lo
L1
L2
L3
Ll
L5
L6
L7
L8
49
50
51
52
53
5L,
55
56
57
58
59
60
61
62
63

NRXE<dHODOYWOEEHRyHIQHEUD QW e

10010.000
10000, 001
10000.010
10010,011
10000.100
10010.,101
10010.110
10000,111
10001 .,000
10011 ,001
10011.010
10001 .011
10011 .100
10001 .,101
10001,110
10011 ,111
10100,000
10110,001
10110.010
10100.011
10110,100
10100.101
10100,110
10110.111
10111 ,000
10101 .,001
10101.,010
10111..011
10101 .,100
10411 .,.101
10111 .110
10101 .111

For notes see next page.

- 10 =
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11000,000
11010,001
11010.010
11000,011
11010.100
11000.101
11000,110
11010.111
11011,000
11001 .001
11001.01C
11011,011
11001 ,100
11011.101
11011.,110
11001 .114
14110.000
11100.001
11100.010
11110.011
11100.100
11110,101
11110.110
11100,111
11101.000
11114,001
11111.,010
11101.011
11111,100
11101,101
11101.110
11111,111

56

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111

NS M EadactHOodo S PR arTm 0 0 O D -0
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Paper Tape Code Lqentinued!

1)

2)

3)

L)

5)

The 8=bit code is shown in full on the preceding page
with the position of the sprocket hole indicated by the
decimal point (.).

Abbreviations :

B Backspace {nptional}

E Erase

F Friden Programmatic Codes (optional)
H Stop Code (Halt)

L HNew Line

P Paper Throw

R Run out

5 Bpace

I Tabulate

Code 9415 ™~ on the model P flexowriter butd on the output
typewriter, The non allocated codes will be ignored by the flexowriter
but will all cause the code 3 character (A) to be printed on the direct
output typewriter. All 728 codes can of' course be generated by the
paper tape output punches of the 503,

Code 126 (underline) and code 63 (vertical bar) are non
excaping, i.e. the carriage does not move when the character is typcd.

The 8-bit ende is of even parity, the 8 channels are numbered
7, 6, 5, P, 4, 3, 2, 1 respectively; with the sprocket cods appearing
between channels 3 and 4. The parity channel is indicated by P. Vhen
a code is input to the computer the number of 'ones' is checked for
even parity, the P bit is then removed and the remaining 7-bits are
mixed with the Accumulator, Simarly, on output the program specifies
seven bits and an 8th parity bit is automatically generated and inserted
between bits 4 and 5, The resulting 8-bits are output to the selected
device, Thus the instruction 74 91 will output binary 10111.011 on
punch 1.

P T
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Part 2, Basic 503 Systcm.
Section 2, Control Station.

The control station is an assembly of all
devices used by the computer operator cn the basic
system, The devices are arranged to form a compact
unit so as to minimise the effort required on the
part of the opcrator.

The control station consists of three free-
standing units :-

1 The reader console,
2 The control conscle.
3 The punch console.

These units are normally arranged side by side
in the order shown and with +he reader conscle on
the left.

Inclded in the reader console are :-
a) Two Elliott tape readers operating at up
t¢ 1000 characters/sccond.

b) Control buttons and lamps for the readers.

¢) Paper tape dispensers and rcccption bins
for use with the readers,

d) PFacilities for the fixing of tape winders.

Included in the punch console are :-

a) Two Teletypc 110 tape punches operating
at 100 characters/sccond.

b) Control buttons and lamps for the punches.
c) Paper Tape reccption bins.

d) Facilities for the fixing of tape
winders.
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Contreol Station (Continued)

Included in the control conscle are :=-

a) A control typewriter.

b) Control buttons switches and lamps for the
computer,

c) A working surface for the operator.

d) Drawers, subdivided to facilitate the storage
of reels of paper tape and/or programming
manuals, etc,

Tape Rgaders

The Elliott tapec reader has a nominal speed of
1000 charactcrs per second and stops on a character,
Each reader on the operating station is connected to a
one-character buffer. This arrangement ensures
optimum opcration without the necessity for the
reader to stop centrally on a character.

The two recaders operate independently and are
marked with the identification numbers 1 and 2,

The instruction code is (sce also Volume 2 Part 1
Section 1) :-

71 0O Input an asppropriate number of bits
from tape recader 1 amd mix 8 bits
(some of which may always be zcro)
into accumulator,

71 2048 Input an approoriate number of bits
from tape recader 2 and mix 8 bits
(some of which may always be zero)
into accumulator,

A buffer may at any time be in one of two states,
These are 'busy' and 'ready'. The process by which
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Tape Readers (Continued)

a character is read is as follows :-

A 71 0 cr 71 2048 instruction causes 8 bits to be
taken from the appropriate buffer and mixed into the
accumulator, i.e. parity is checked and if correct the
remaining 7 bits are mixed into the accumulator, This
occurs only if the buffer is in the rcady state.
Otherwise the computer is held up until the buffer
becomes ready. As the character is taken from the
buffer the latter is put into the busy state,. A
character is then rcad by the tape reader and is lcaded
to the buffer,. Certain checks are then performed.
Provided the checks have discovered no error, the buffer
is then put inte the ready state again. Otherwise the
buffer remains in the busy state and a lamp marked
READER is 1it to indicate the detection of an error.

The body of the Elliott reader is fittcd with the
following controls :=-

1) On/Off switch., This controls the supply of
power to the reader mechanism, hen the
reader is off the buffer cannct be lcaded, and

once the buffer is empty it remains in the busy
state.

This switch should always be left in the 'on'
position but if for some reason it is required
to switeh off, the reader should previously be
switched to manual,

2) Run out button. Pressure on the button causes
tape to be passed through the reader at full
speed without being read., Releasing the button
stops the *ape, The buffer is kept in the busy
state as long as the button is depressecd.

3) Brake rclease bar. This is depressed in order
to place tape under the reader. So doing causcs
the buffer to be put in the busy state and the
READER lamp to be 1lit. The READER lamp is

_3....
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Tape Recaders (Continued)

housed in the LOAD button. Pressing this
button causcs the character currently in the
reading position to be read to the buffer. The
buffer is then put in the ready state and the
READER lamp is extinguished, The LOAD button
is only effective after the brake rclease bar
has been depresscd.

On reading each character to the buffer, a check
is performed before putting the buffer in the
ready state. The checck ensures that not more
than one leading edge of a sprocket hole is sensed
sirce the last read instruction for this buffer.

Tape must be loaded so that the sprocket hole of
the first character to be read is just to the
right of the light beam.

The following controls and indicators are common to both
tape readers and are situated near them :-

1) SELECT. This is a push-push switch which
exchanges the roles of reader 1 and reader 2 when
depressed, A lamp housed within the switch is
1it when the readers are in thc exchanged state,
The LOAD buttons and READER lamps are always
associated with the same physical rcaders.

2) MANUAL., This is a push-push switch and contains
a lamp which is 1it whilst the switch is

depressed, In this situation both tape readers
are in the busy state.

3) HOLDUP. This is a lamp which is 1it when the

computer is held up as a result of either reader
buffer becing busy.

Each reader has associated with it a switch marked MODE,
This is a push-push switch and contains a lamp which is
lit whilst the switch is depressed. ‘''hen the lamp is
not 1it the reader is in the normal mode, This is that
generally used for reading 8-channel tape. In this mede
the character is read to the buffer and checked for even

-
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Tape Readers (Continued)

parity. If parity is odd the buffer remains busy and
the READER lamp is 1it. When a character is taken from
the buffer the check bit is ignored and the remaining
bits are routed so that of the 8 bits mixed into Acc.,
the bit in position 8 is always zero. When the mode
lamp is 1it the reader is in the special mode. This

is normally used for reading 5-channel tape. In this
mode the character is not checked for parity. The
Elliott reader is set to handle 5, 6, 7, or 8 channel
tape by sliding the brake rclcase bar,

The MME switch is provided to give the option of
operating with even-parity 8-channecl tape or unchecked
tape with 5 channels, The layout of the electronics

of the opecrating station is such that a single special
board may be provided at extra cost for those installat-
ions which regquire other options. Substitution of the
special board for the standard one alicrs the working of
both modes of the rcaders as required, The options
include input of up to 8 bits arranged in any order of
significance with even, odd, or no parity check,

The initial instructions normally deal with 8 channel
tape but the depression of the mode switch associated
with reader 1 causcs both the reader and the initial
instructions to deal with 5 channel tape. When the
reader select button is depressed the rcadcrs exchange
identities and then it is the reader 2 mode switch
which causes the initial instructions to deal with

5 channel tape.

Each recader also has associated with it a switch marked
LOAD which contains the READER lamp. The switch opcrates
in association with the brake release bar as described
abecve,
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Tape Punches

The Teletype 110 tape punch has a nominal specd of
100 characters per second, Each punch on the operating
station is connected to a one character buffer situated
within the ocperating station.

The two punches operate independently and arc marked
with the identification numbers 1 and 2. The instruction
code is (see alse Volume 21.1) :-

T4 N Output an appropriate number of bits
of the address N to tape punch 1.

74 N + 2048 Output an appropriate number of bits
of the address N to tape punch 2.

A buffer may at any time be in one of the two
states "busy' or "ready'. The vrocess by which a
character is punched is as follows: -

A punch instruction causes a character to be loaded
to the buffer. This only cccurs if the buffer is in the
ready state. Otherwise the computcr is held up until the
buffer is ready,. As the character is loaded to the
buffer the latter is put into the busy state. A bit
which makcs parity even is then constructed in the
buffer if required. As soon as the punch is recady to
acccpt the character it is punched on to tape and the
buffer is placed in the ready state.

The body of the Teletype punch is fitted with
the following controls -

1)} On/Off switch., This controls the supply of
power to the punch mechanism. When the punch
is off the buffer cannct be unloaded, and once
the buffer is full it remains in the busy state.
This switch should always be left in the 'on'
position, but if for some reason it is required
to switch off, the punch should previously be

switched to manual,

2) Tape feed., Depression of this lever causes
blank tape to be run cut, Since blank tape is
not the B.S,I., standard code for runout, the
tape feed control is not normally used. (see 5.1)

= B
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Tape Punches (continued)

The following controls and indications are common
tc both punches and are situated near them:-

1) SELECT. This operates in a similar manner to
the reader SELECT button. The RUNOUT buttons
and lamps are always asscciated with the same
vhysical punches,

2) MANUAL, This operates in a similar manner to
the reader MANUAL switch,

3) HOLDUP, This is a lamp which is 1it when the

computer is held up as the result of either
runch buffer being busy.

Each punch has associated with it a switch marked MODE,
This is a push-push button and contains a lamp which is
1it when the Tutton is depresscd. When the lamp is not
lit the punch is in the normal mode, This mode is that
normally used for standard 8-channel tape. In the normal
mode the 74 instruction causes bits 1 to 7 of its address
to be placed in the buffer together with an even-parity
check bit. When the character is punched the check bit
appears in the channel 5 position on the tape. When the
lamp is 1it the punch is in the special mode. In this
mode the 74 instruction causes bits 1 to 5 of its address
to be placed in the buffer, When the character is
punched a direct copy of the buffer content appcars on
tape. The spcecial mode is normally used for 5-channel
tape. The Teletype punch is immediately adjustable to
deal with 8, 7, 6, or 5 channel tape,

Each punch has associated with it a push button switch
marked RUNOUT, Pressure on the button causcs the punch
to runout on shift-in characters (value 7) if the MODE
switch is in the normal position. In the special mode
the runout is on blanks. Whilst the runout button is
depressed the corresponding punch buffer is kept in the
busy state. The RUNOUT button contains a lamp. This
is 1it when the punch is about to run out of tape.

When the RUNOUT lamp is 1it the buffer is put in the busy

-7 =
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Tape Punches (continued)

state. To remove the busy state after rcloading or
otherwise dealing with the tape, the punch must be
switched from manuzl to non-manual,

The options provided by the MODE switch may be altered
Tor punches in the same way as for readers by provision
of another single special board at extra cost.

Control Typewriter

The control typewriter consists of two scparate
devieces, the input keyboard and the output writer.

The input keyboard is situated at the front of the
control console end is similar to the keyboard of an
crdinary typewriter, Each typing key corresnonds to cne
of two symbols accordinq to casc, and the symbol chosen
is controllcd by 'shift' keys. The input keyboard
is shown in diagram cn page 16.

The output writer is an IBM Model B electric tyne-
writer whose keyboard is not used, This keyboard is not
visible to the opcrator, The outout writer types 12
charactcrs per inch and has a 12 inch carriage fittcd with
a paper roll holder., It can type at a maximum speed of
10 characters/sec.,, and has a colour shift mechanism
which is controlled by signals from the computer.

The instruction code for the control typewrlter is:-

71 L0O96 Mix 7 bits from the input keyboard ta
positions 1 to 7 of Acc., Type the
character so mixed in red on the
output writer.

74 LOS6 + N Type in black on the output writcr the
character corrcsponding to the least
significant 7 bits of the address N.
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Control Typewriter (continued)

Unless a 71 L4096 instruction is waiting for a
character from the input keyboard, devnrcssion of a key has
no effect, The instruction is held up by a2 busy line
until a key is deprescsed and the character actually
acccpted is then transmitted to the output writer, Any
invalid code transmitted to the outout writcr causcs the
symbol & to be typed, An indicator lamp on the keyboard
is 1it when a 71 L096 instruction is hecld up by a busy
signal, This lamp is markcd DEMAND, A lamp marked
LOVER CASE is provided to indicate case, This lamp is
1it when the input keyboard is on lower case,

Instructions which rcfer simultaneocusly to the
contrel typewriter and a rcader or punch are interpreted
as rcferring to the typewriter only. Thus the instruction
71 2048 + L0O96, i.e, 71 61LL, causes input from the keyboard
only.
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Switches and Lamps.

The following table shows all switches and lamps
used in conjunction with paper tapc and typcwriter on
the operating station. The table together with the
list for the control console covers all switches and
lamps on the operating station. In the table the
"type' column implies a switch unless worded as 'lamp'.
R.C, means Reader Console, P.C. means Punch Console and
I.K. means Inout Keyboard.

L AT s — = —

e g

i Name | Type If with! Location
] lamp |
Reader 1 ON/OFF , Toggle ! ' Body of rcader
Reader 1 RUNOUT . Push i | Body of recader
eader 1 BRAKE REL Ba Body of der
ToAD 1 RASE . Push | Lamp | Near Yotk seatas
Reader 1 MODE and MACHINE; Fush-pushj Lamp | Near both readers
TODE M
Reader 2 ON/QOFF !Toggle } Body of recader
Reader 2 RUNOUT | Push | . Body of reader
Reader 2 BRAKE RELEASE i Bar . Body of reader
LOAD 2 i Push Lamp | Near both readers
Reader 2 MODE | Push-push| Lamp | Near both rcaders
Readers SELECT | Push-push) Lamp ] Near both recaders
Readers MANUAL | Push-push| Lamp | Near both readers
Readers HOLDUP | Lamp ! Near both rcaders
Punch 1 RUNOUT { Push Lamp | Near both nunches
Punch 1 MCDE i Push=-push: Lamp Near both punches
Punch 2 RUNOUT | Push Lamp Near both punches
Punch 2 MODE | Push-push| Lamp | Near both punches
Punches SELECT | Push-push; Lamp | Near both punches
Punches MANUAL | Push-push| Lamp 1 Near both punches
Punches HOLDUP | Lamp ! ] Near both punches
Typewriter LOVER CASE Lamp i Input keybeard
Typewriter DEMAND I Lamp i ‘ Input keyboard
MESSAGE | Push i Lamp | Input keyboard
i I |
| H

- AN =




503/2/2
503 TECHNICAL MANUAL, VOLUME 1

Control Console

The following switches arc provided on the control
console :=

a) ON., This switches power on to the computer and
peripheral controllers,

) OFF, This switches the whole system off,

c) NO TROTN, This is a push-push button which
switches the reserved area orotection on or off,

d) CLEAR. This is a push button which only has an
effect when the reserved area is unprotccted.
Pressur< on the CLEAR button then causcs the store
to be clearcd,

e) INITIAL INSTRUCTIONS. This is a push button which
initiates a control interrupt to the initial
instructions.

f) RESET, This is a push button which :

1) elears the overflow indicator.
2) rescts all error states.

3) clears tke interrupt permit register,
i.e. prevents any normal interrupt.

L) rescts the interrupt inhibit flip-flop,
i.e. allows manual interrupt.

5) clecars all tags and sets correct parity
in all store locations.

6) stops on an interruptable wait,

g) MESSAGE. This is a push button which initiates a
manual interrupt.

h) A 39-key number generator.
i) MANUAL, This is a push button, When it is depressed
the control typewriter (including the keyboard) and

all the contrcl console is artificially kept in the
busy state,

o 44 -
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Control Consocle (continued)

The following lamps are provided on the control

console 3§ -

3)
(k)

ON. This is 1it when the computer is on.

ATR CONDITION. This is 1it when the air conditioner
is working and the computer temperature is within
the required range

NO PROTN. This is in the PROTN button and is 1it
when the rescrved area is unprotected.

ERROR, This is 1it when an error condition is
detected and extinguished when error interrupt takes
place, It will therefore only rcmain 1lit if the
computer is in such a state as to lead to continued
error interrupts.

TAG, This is 1it whilst the computer is waiting
for o tag to disappear.

BUSY. This is lit whilst the computer is waiting for
& busy signal to go down.

INHIBIT. This is in the MESSBAGE button armd is 1it
whilst the interrupt inhibit flip-flop is sct.

TRANSFER, This is 1lit whilst one or more autonomous
transf'ers is in progress.

TYFE HOLDUP, This is 1it when the computer is held
up as a result of the ocutput typewriter being busy.

RESET. This is in the RESET button and is 1it
whilst the computer is in the reset state.

MANUAL, This is in the MANUAL button and is 1lit
when the button is depressed.

T B
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Contrcl Console (continucd)

There is also a lamp on the Flexowriter which is
1it under the control of the computer. This indicates
that the computer is held up on a busy signal from the
one character buffcr associated with the Flexowritcr.
When the computer is held up in this way the lamp is 1it.
Depressicn of cny kcy cocuscs the buffer to be loaded ond
the lamp to be extinguished.

Manual Control

Normal running control of the 503 is by means of
the 'NESSAGE' button and the Rescrved Arca Progran (RAP)
with communiecation through & direcetly couplcd elcetric
typewriter. Frograms, eoch hoving 2 nome and mein cntry
point associnted with them, are cntcred using the RAT,
which provides a me=ns of running thec programs so held.
(See Volume 2 Part 2).

Pressure ovn thc message button causcs entry to the
RAP which then assumes a messege will be input via the
typecwriter, The messages cexpcctcd stort with a control
word which is followecd by ony nccessary persmcters.

The control words svail:ble sre:-

IN. This will causc the commuter to
read o specizlly prcpared, relocotable
binary tepe.

GO TO: K. This transfers control to the

(60 70; may be program indicated by the paramcter N,

omitted if N where N may bc a program name or an

is an identifier) absolute address,

CONTIN, Continue the program from the point
at which it was left to obcy manual
interrupt.

CONTINUE ; ERRII*IT.; Continuec the program from the point
CONTIN; ERRINT. at which it was left to obey error
interrupt.

LIST, Print out in 'chronological' order
the names of the programs in the
store beginning with the last to be
stored, IT a program is incorrectly
stored its nome is followed by an
asterisk,

13
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Manual Control (continued)

CANCEL; N. Effectively removes the orograms,
up to and including ¥, from thc store
beginning with the program most
rceently stored. If no paramcter N
is given only the most recent orogram
is removed.

REGET. Clears the main store and rcects the
RAP pointers,

FRTE STORE, Causcs the size of the available store
to be printed, on the output writer,
as a four digit integer with no
suppression of leading zeros.

The optional control words avallesble are:-

COMMENT., Copies to the output writer the message
which follows until full stom. Mo
action is teken.

READ. Read a number of intcgers and identifiers
to fixed loecotions so they moy be used
by thc main program.

The messeges printed on the output writcr, when
action from the opcrator is called for, arc:-

NOPROG. Named program is not available.

ERRSIM. A sum-chceck error has been detected
on attecmpting entry to a2 »rogram

NOROCM. There is not enough room in the store
for the progrem being input.

The messages printed on the output writcr to help
the operator know the state of the computer are:-

a4 This is printed on a ncw line to show
that manual interrupt has becen accepted.

> Entry to 2 named program hos taken place
corrcetly, via the program head.

UNCHECK . The program is not sum-checkable.
-1 -
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Manual Control (continued)

END. The running of a program has been
successfully completed and control has
returned to the RAP,

When the machine detects an error condition an error
interrupt takes place, Control is immediately transferred
to the basic Error Interrupt routine held in the RAP and
'ERRINT' will be output followed by an indication of which
error digits are present (sec 3.d. The main store is
then searched to see if a more comprehensive error
diagnostic program is present. If so control is
transferred to this program and if not NOPROG is output
on the typewriter.

-1 5w



Part 2,
Section 3

503/2/3
503 TECHNICAL MANUAL, VOLUME 1.

Basic 503 System

Interrupt Facilities

Up to eleven separate interrupt lines are
available, Three of these are known as Control
Interrupt lines and are provided in the basic
computer, The remaini eight are known as
Normal Interrupt linesn%Bee 2,4.) and are
available as an optional extra.

With the exception of one of the control
interrupts, each line has associated with it
a single location in the reserved area of the
storc. This is called the Interrupt Location.
The interrupt location contains :

a) In digit positions 1 to 13 an address, L,
which is the address of the first of a
block of locations in which certain
registers are stored when interrupt
takes place.

b) In digit positions 21 to 33 the address
to which control is to be transferred
when interrupt takes place,

¢) In digit position 20 a bit which indicates
whether control is to be transferred to
the first or second instruction in the
specilfied pair, When the value of the
bit is O control is transferred to the
first instruction of the pair, when the
value i1s 1 control is transferred to the
sccond instruction in the pair, Thus
digit positions 20 to 33 contain the wvalue

to which 8.C.R. is to be set when interrupt
occurs,

The interrupt locations are 8166 to 8175 and
are in the rescrved area of the store (see 2.1).
Locations 8174 and 8175 are associated with twe
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Interrupt Facilities (continued)

of the three control interrupts. The remainder
are associated with normal interrupts. The higher
address is that of the interrupt with higher
priority (see 2.4).

An interrupt may occur when any instruction is
about to be obeyed and at no other time, The
system is so arranged that interrupt may take
place when a b-modificd instruction is sbout to be
obeyed (see 2.4),

Control Interrupts.
The control interrupts are :-

a) Error interrupt. This takes place
automatically when an error condition is
detected, It is like a normal interrupt
(see 2.4) except that it has no associated
permit bit and it cannot be inhibited (it
does, however, set the inhibit flip-flop).
Its priority is the highest and its interrupt
location is 8175 (see 3.1. Error Detection).

b) Initial instructions interrupt. This takes
place on depression of a button on the
control conscle, Initial instructions
interrupt is not associated with an
interrupt location in the reserved area,
Instcad it uses location 0 as an interrupt
location, It behaves like a normal interrupt
except that it has no associated permit bit,
cannot be inhibited, and doecs not set the
inhibit flip-flop. As a result of the
special properties of locations 0 to 3,
prressure of the control button results in a
transfer of control to location O without
any actual storage of registers,

c) Manual interrupt. This takes place on
pressure of the 'Message' button on the
control console., It is like a normal
interrupt except that it has no associated
permit bit (it can, however, be inhibited
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Control Interrupts (continued)

and does set the inhibit flip-flop). Its
priority is third and its interrupt location
is 8174,
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Part 2. Basic 503 System.
Section 4. Operational interrupts.

The eight control lines which are provided by the
interrupt control unit are known as Normal interrupt
lines (see 2,3.). These Normal interrupt lines may be
comnected to external devices fer on-line applications
(see L4,5.) or alternatively to peripheral devices to
facilitate time-shared programming (sec 3.1.).

An interrupt may occur when an instruction is
about to be obeyed and at no other time. When an
instruction refers to a busy peripheral device the
instruction is not obeyed. Instead the S.C.R. is
decreased and the instruction is repeated from the
beginning, Thus interrupt may take place during hold-up
caused by a busy peripheral device (see 3.1. The 77
Instruction 1}. The system is so arranged that interrupt

may take place when a b-modified instruction is about te
be obeyed.

When a normal interrupt is accepted by the computer
the following takes place:-

a) Further interrupts of any kind are inhibited.

b) The associated interrupt location is read,

¢) If the modifier indicator is set then the
content of the modifier register is stored in
location L. Otherwise location L is cleared,

d) The content of Acc. is stored in location L+1.

e) The content of A.R. is stored in digit

positions 1 to 38 of location L+2, Digit 39
of this location is made zero.
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Operational Interrupts (continued)

£)

29)

The content of S,C.R. is stored in digit
positions 1 te 14 of location L+3., The
value storcd is that associated with the
instruction about to be obeyed. The
content of OVR is stored in position 32 of
location L+3, and five bits used for error
indication are stored in positions 324 to 38,
Digit 39 is made 1 if OVR is set, and the
error indication is the presence of a 1 in
one or more of the positions 34 to 38 (see
3.1. Error Detection).

8,C.R. is set to the walue contained in digit
positions 20 to 33 of the interrupt location,
i,e. control is transferred to the required
instruction.

The instruction 66 N is used for restoring the
computer to its state at the time of interrupt (see 3.1.

Error Dctection). The effect of the instruction 66 N
is as follows: -

a)
b)

c)
a)

e)

Remove the inhibition on interrupts.

Restore the modifier register from location N
and set the modifier indicator.

Restore Acc, from location N+1.

Restore A,R. from digit positions 1 to 38
of location N+2,

Restore OVR from position 39 of location

N+3, i.e. if digit 39 of location N+3 is 1
set OVR.

Set S.C.R., to the value contained in
positions 1 to 14 of location N+3,
i.c. cause a transfer of control.
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Operational Interrupts (continued)

The following facilities are provided for dealing
with sequences of interrupt signals and with sets of
simultancous interrupt signals:-

a) A prescribed rise in voltage on an interrupt

b)

e)

g)

line constitutes a sipgnal, The voltage must
return to its original level and rise again in
order to yield a sccond signal.

Each interrupt signal is stored as a 1 in a
one-bit register. The eight registers for
normal interrupt together with the three for
control interrupt form an 11-bit Interrupt
Register (see 2.3.)

The bits of the interrupt register form a
priority sequence with the control interrupt
bits taking the three highest priority positions.
Interrupt is always associated with the bit of
highest priority present in ihe interrunt
register,

When interrupt occurs the bit of highest
priority present in the interrupt register is
cleared,

Normal interrupts may be prevented from setting
bits in the interrupt register according to the
setting of bits 1 to 8 in a 9-bit Interrupt
Permit Reglster. If the corresponding bit in
the rermit register is absent then the bit in
the interrupt register cannot be set.

An Interrupt Inhibit flip-flop may prevent the
passage of sipgnals from the interrupt register
to the computer. When the flip-flop is set all
normal interrupts are inhibited.

The instruction 72 N (N <€ 511) sets N in the
interrupt permit register.
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Operational Interrupts (continued)

h)

i)

The ninth bit of the permit register is
associated with the interrupt inhibit
flip-flop, The flip-flop is reset when 1
is written in bit 9 of the permit register,
This may be done by obeying the instruction
72 N where 256 € N € 511, and is done
automatically on obeying the instruction
66 N, The flip-flop cannot be set by a
72 instruction,

When any of the bits 1 to 8 of the permit
register are set to O by a 72 instruction,
the corresponding bits of the interrupt
register are set to 0.
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Part 3, Peripheral Control

Scection 1. Autonomous Transfers
Transfer Instructions

The autonomous data transfer system (ADT)
provides for parcllel working of the central
processor and the peripheral devices in the
following way: -

The instructions 76N (prepare) and 77N (execute)
which initiate the transfer first tag the area
of store to or from which words are to be
transferred, This process involves making the
tag bit of each location a 1. The instructions
alsoc record in locations 8176 to 8191 (which

arc set aside for this purpose) the number of
locations and the address cf the first location
involved in the transfer, The normal sequence
of thz program then proceeds, but the tags
prevent reference to a location involved in a
transfer until the transfer to that location has
been completed, As the program proceeds the
reripheral device 1s operating. "hen the device
is ready to transfer a word of information the
computer completes its current instruction,
transfers the word, clears the corresponding teg,
and adjusts its record of the number of locations
and address of the first location involved.
Provision is made for autonomous transfers from
more than one device to take place concurrently.

Instructions 76N (prepare) and 77N (execute) are
uscd to specify an asutonomous transfer.

Locations 8176 to 8191 are reserved for logical
use by these instructions according to the class
number C given below; e.g. Core Backing Store
corresponds to location 8186.

The 15 classes of peripheral device are allocated
a fixed priority order as shown below., At the
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Transfer Instructions (continued)

completion of any instruction a number of words may
be awaiting transfer to or from the cecntral
processcr, In this case the word associated with
the class of highest priority is dealt with first.
If a word becomes available for transfer whilst
other transfcrs are in progress then it will take
its normal place in the priority sequence, At
all times, when an ADT word transfer is about to
take place that ef highest priority at that moment
of time is the transfer that actually eccurs.

Thus repeated demands from high priority devices
may causc the exclusion of a low priority transfer
until the former have been dealt with, The
maximum delay between a word becoming available
for transfer and the actual transfer is therefore
the maximum instruction time (96.6 Wseccs fer

127 place shift) plus the time required to deal
with any higher priority traasfers that may be
demanded.

The 76 Inatruction
The effect of the instruction 76N is as follows :-

1) Place the in%truction itself in location 8176
to scale 2-38,

2) Send a control word from the specified device
to Acc. The control word contains digits
indicating the state of the device, The precise
significance of the digits deperds on the type
of device, If the specified controller does
not exist then cause an error interrupt.

3) Clear eny error indication set up for tle device,
The N digits of the 76 instruction specify the
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The ;6 Instruction (continued)
evice and the type of transfer required :-

a——

i |
| Digits 10 to 13: Digits L to 9 Digits 1 to 3
m.s. I
!

i class of device ! number of device operation
| ; :

——

Of the 8 possible operations, those which require the
computer on line have digit 2 zero. There are thus
four possible computer-on-line operations. The
other four operations are computer-off-line, If more
than 8 operations are regquired then other availsble
igits may be incorporated with the operation digits.

Each of the 16 possible classecs is associated with a
specific peripheral controller except for class O

which is non-existant (see note a). Those classes for
which digit 13 is 0 are associated with controllers
which deal with fixed-length transfcrs. When digit

13 is 1, variable-length transfers are implied,

The valuc of N specifying device D of class C with
operation P is normally 512C+ 8D + P,

e.ge 76 4113 (76 LO96 + B8 x 2 + 1) means prepare te
write on magnetic tape in format 1, odd parity, tlrough
controller 1 (L4096) and tape handler 2 (see 4.2,
Instruction Code?.
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The 76 Instruction (Continued)

Classecs are allocated thus:-

C 5120 Pricrity
Spare 1 512 7
Spare 2 1024 5
Spare 3 1536 6
Bull Card E Reader L 2048 9
Punch 5 2560 10
Line Printer 6 3072 11
Spare if 3584 8
Magnetic Tape E Read 8 1096 1
Write 9 LE608 2
Core Backing Store 10 54120 12
Spare 11 563%2 3
Spare 1) 614L L
Spare 13 6656 $.3
Spare 14 7168 14
Special operations (e.g
on-line)15 7680 15

The 77 Instruction
The effect of the instruction 77N is as fellows:-

y Read the 76 instruction from location 8176.
Use this instruction to sclect a device and
test if it is busy. If the device is busy then
re-read the 76 instruction and repeat the
testing process. If a non-existent controller

is selected then cause an error interrupt
(see note a).

2, Clear location 8176 after having stored its
contents internally.

S Set in the location associated with the peripheral
controller (this will be one of the locations
8177 to 8191) a pair of counts, The pair
consists of N-1 in the lower half word and =T

% 5 w
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The 77 Instruction (Continued)

in the upper half, where T words are to be
transferrcd (sece note b).

L. Tag the store arca associated with the transfer,
i.e. if T locations are involved tag locations
N, N41 ,......0+T=1, If a location is found
alrecady taggcd wait until the tag disappesars
(see note d%.

5. Clecar the auxiliary register.

After step 5 the program continues to obey the
next instruction. The peripheral device has
been activated by the completion of step 5 and
when the device is ready to transfer a word
the following operations take place:-

6. The central processor completes its current
instruction.
T Both counts are incremented and a word is

transferred to or from the location specified
by the lewer count. At the same time the tag
digit is cleared

8. The upper count is tested., If the count is
non-negative then the transfer has been
completed.

Notes:-

g. Specification of a non-existent controller
causes an error interrupt when the 76 instruction
is obeyed. The program should therefore not
normally arrive at a 77 instruction referring
to a non-cxistent controller, The interrupt
mentioned in 1 is, however, useful if the error
routine has not taken the 76 warning into account
or if a program error has caused a 77
instruction to be obeyed in the sbsence of a
prececeding 76 instruction, In the latter case

._5...
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The 77 Instruction (continued)

i.

the 77 instruction discovers that the non-
gxistent control O has been selected,.

The value of T is wired into all controllers
for which digit 13 of N in the 76 instruction
is O, When digit 13 is 1 then the value of T
is taken from the Acc.

Tags are used to inhibit reference to locations
associated with a transfer. If any instruction
other than 77 attempts to use a tagged location
then the instruction is held up until the tag
disappears.

When the computer is waiting for a tag to
disappear for the reason mentioned in step L
or for that mentioned in note ¢, then a light
on the control display is 1it,

Locations 8176 to 8191 cannot be altered except

through the mechanism of a 76 or 77 instruction

when the reserved area is protected. When the

protection is removed they can be altered by any
normal means except by tagging. These locations

may be read by any instruction at any time.

Interrupt cannot occur during steps 2 to 5 of
thke 77 instruction.

Steps 1 and L4 imply that a hold up may occur
whilst an earlier transfer is completed.

The parity bit associated with a word in the
main store is transmitted with the word to a
peripheral device, A word coming from a
peripheral device does not have the parity bit
transmitted with it, Instead this bit is formed
as the word is written to the main store,

If a 77 instruction is followed by a B digit
then the B digit is ignored.

For an example of an autonomous transfer see L.1.
'"Block Transfer'.
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Signals Involved in Transfecrs

The 76 N1 instruction causes a "Prep 76" signal to be
sent out on a busbar together with the address N1 on the
code lines (see 4.5 Interface Signals). The "Prep 76"
signal is used to strobe the code lines, and the
controller involved identifies itseclf by recognising the
four most significantbits of the code. The controller
then transmits an "Available" signal on a busbar to the
central processor, provided that the controller is in a
fit state to transmit this signal, When the central
processor has received the "Availzble" signal it transmits
an "Act 76" signal on a busbar, Using its identifying
code together with the "Act 76" signal as a strobe, the
controller transmits the 39-bit control word over the
data input buses. The central processor reccives this
word and then removes the "Act 76" signal,

The 77 N2 instruction makes use of "Prep 77", "Available"
and "Act 77" signals in a way similar to that used by the
76 instruction, In this case, however, a "Busy" signal
may also be transmitted on its own busbar at the same
time as the "Available" si%nal. The centrasl processor
ensures that an "Available" but no "Busy" signal is
transmitted before it sends "Act 77". The "Act 77"
signal is used by thc peripheral controller to strobe
the code lines so that it may be properly prepared for
the transfer. The "Act 77" signal does not, however,
actually initinte a transfer, When the ccntral
processor is ready to initiate a block transfer it sends
a "Mask" signal on a line going direct to the controller
involved., This signal remains until the central
processor decides that the block transfer has been
completed,

Once the "Mask" signal has becn trensmitted the 77
instruction is complete as far as the program is
concerned, and other instructions are obeyed in their
usual sequence, The peripheral device is now at work
preparing to accept a word from, or transmit a word to,
the central processor, When the device is ready to do
so its controller sends a "Demand Transfer" signal to

-7 =
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Signals Involved in Transfers (continued)

the central processor, This signal is held until
a reply is received from the central processor in

the form of a "sclect" signal which signifies that
information may be sent to the Data Input buses or
that it may be taken from the Data Output buses.

The "Demand Transfer" and "Select" signals arc sent
over direct lines and do not use a busbar, Input

and output transfers are distinguished by the presence
or absence of a signal on an "ADT Input" bus. This
signal is eent by the controller concerned to the
central processor as soon as the "Select" signal
appears,

The 72 and 75 instructions meke use of "Prep",
"Availablc' and "Act" signals in a way similar to
that used by the 76 instruction, Separate buses
are provided for the "Prep 72", "Prep 75", "Act 72"
and "Act 75" signals,

Peripheral Controllers

All peripheral devieces concerncd with autonomous
transfcrs communicate with the central processor via
reripheral controllers, Many devices may be connected
to 2 single controller,

There are three types of operation :-

a) Handler on-line: an instruction initinted via the
controller is completed by the handler alone, The
controller is free to deal with instructions
concerning other handlers, An example of g
handler-on-line operation is the rewinding of
magnetic tape.

b) Controller-on-linc: an instruction once initiated
is completed by the controller ard handler without
further rcference to the computer e,g. advance
one record on magnetic tape,
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Peripheral Controllers (continued)

c) Computer-on-line: an instruction which reguires
inf'ormation to be passcd between the computer and
the controller throughout the time of execution,
Any autonomocus transfer is a computer-on-line
operation.

An Instruction may be held up by 2 busy condition on a

handler or a controller, Hondler busy is set through-
out operations of type a) b) and ¢). Controller busy

is set throughout operations of type b) and c)

A 76 instruction is never held up by a busy condition,
and may be executed at any time. A busy line is
provided which at prescnt is unused.

The peripheral transfer control unit ecnsures that
devices which cannot wait (i.e. non-buffered devices)
perform any nccessary transfer before devices which
can wait (i.e., buffered devices), Devices which

are simultanecusly ready to transfer a word are

dealt with in a fixed priority scequence, specified
under "The 76 Instruction". Arrangements are made for
the inclusion of additional devices at chosen
prositions in the priority sequence.

There is a manual/auto switech associated with each
peripheral device. In the menual state the device
cannot communicate with the computer, and this
situation is indicated by the presence of the 'device
not available' bit of the control word., A peripheral
device is always in the manusl state when switched off,
and remains in this state after being switched on until
such a time as the manual/auto switch is set to auto.
By this means the device cannot be uscd by the central
processor whilst in a warming up or similar intermediate
state.

In general, switches other than OFF are not operable
unless in MANUAL, OFF itself must only be used when
in MANUAL except in emergency. Because of this, the
proccdure for turn-on is as follows: -

Control Console ON puts power onto the basic machine,

-9 -



503/ 3/1
503 TECHNICAL MANUAL, VOLUME 1.

Peripheral Controllers (Continued)

control station (including mechanisms) and all peripheral
controllers., Local devices ON buttons must be used to
turn the devices ON and these will then be in manual.

To turn the system OFF in an emergency only the control

conscle OFF need be used, this has the same effect as

pressing the local OFF buttons on each device,

Normally, each device should be turned to MANUAL before

pushing control conscle OFF, To summarize, devices

in which sudden turning OFF could have adverse effects
should not be turned OFF via the control console,

There is a Manual/Auto switch on both the Reader and
Punch Consoles., It must be possible to replace Tape
Readers and Punches by spares without switching off the
503, damaging the programme or endangering the operator,

Error Detecticn

Facilities are provided in the 503 for the detection of
abnormal situations. These may arise as the result of

1) Malfunction of the central processor or of the
veripheral devices.

2) Faults in programming.
3) PFaults in manual setting-up or operation.
All these situations fall under the heading of errors.

Errors which arise in association with the working of the
central processor lead to an immediate crror interrupt.
Those which arise in association with the working of
peripheral devices may eventually lead to an error
interrupt. In either case the interrupt is to a fixed
location in the store whose address is that which has
been preset in location 8175 (see 2.3.).

- 10 =
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Error Detection (Continued)

The errors causing the interrupt fall into five
classes. Each class has an associated bit in
location L + 3 (see 2,4,); and this bit is set to 1
when the interrupt is caused by a member of the class,

The bits of location L + 3 and the corrcsponding
classes of error are:

bit 34 an attempted impermissible reference to
the reserved area, The instruction

containing the impermissible reference
is not obeyed.

bit 35 error associated with a peripheral device
(see below).

bit 36 a parity error in the main store. The
instruction or autonomous transfer during
which the error occurs is completed before
error interrupt takes place,

bit 37 spare. This class is provided in case
devices requiring immediate interrupt are
connected to the 503 at some later date.

bit 38 Floating-point overflow, The instruction
causing overflow is completed before error
interrupt takes place,.

Error interrupts caused by peripheral devices only take
place after a warning has been given to the program
that an interrupt is impending. This warning is given
in the control word of the 76 instruction, and the
contrcl word also indicates the cause of the abnormal
situation, The precise significance of the bits of the
control word vary from device to device, although
wherever possible similar indications occupy the same
bits, At the instant at which an abnormal situation
arises a peripheral device or its controller may be
rlaced in one of three states:

1) "Errer State". This state maintains itsclf

- 11 =
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Error Detection (Continued)

3)

until reset by the program. The reset is
achieved by a 75 reset instruction which
also reads the control word to the
accumulator, When an instruction attempts
to use a device which is in the error state,
an error interrupt occurs Jjust before the
instruction is obeyed. For example, a parity
error on magnetic tape will cause the device
to be placed in the error state. This state
will be indicated in the control word of the
76 instruction, and may be reset by a 75
instruction, If the program fails to take
note of the error state and reset it, then
an interrupt will occur Jjust before a
subsequent 77 instruction is obeyed.

"Unavailable State". This state maintains
iteelf until reset by manual intervention,
For example an empty hopper in a card punch
will causc the punch to be in the unavailable
state. A 77 instruction attempting to
initiate the punching of a card will not then
be obeyed, and an error interrupt will take
place, In general, devices are in the
unavailable state if they are

a) not connected.

b) not prepared for operation, e.g. not
properly loaded, not in the auto
state.

"Re jection State". This state maintains
itself until removed by the normal course of
events (ecither program or manual) or until the
device goes into the unavailable state, '%When
a device is in the rejection state it may
reject certain instructions as invalid and
cause an error interrupt before they are
obeyed. For example, when the end of tape
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Error Detection (Continued)

marker is under the photocell, a handler is
in the rejection state with respect to read,
write or move forward instructions, but not
with respect to rewind or move back
instructions.

From the above description it will be seen that error
interrupts associated with peripheral devices can only
occur when a 72, 75 or 77 instruction is about to be
obeyed. In addition if a peripheral controller does
not exist an interrupt will occur when an attempt is
made to refer to such a controller by a 76 instruction
as well as by a 72 or 75 instruction.

The three states mentioned above may refer to
peripheral devices or their controllers depending on
circumstances. Wherever possible the unavailable
state is in fact the manual state so that manual
intervention is completed by setting a device to auto.

Since a 76 instruction is stored in location 8191
until cleared by a subsequent 77 instruction, it is
possible toread the former when an interrupt occurs
Just before the latter.

-13 =
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Part 4 Peripheral Devices.

Section 1 Backing Store

Core vacking store, (or magnctic core auxiliary
store), is supplied in units of 16,384 words. Up to
8 units may be connected to the 503 through a single
controller, These units form a single continuous store
of up to 131,072 words, The units are housed two to a
standard 503 cabinet module, and the controller is housed
alongside the units in one of the modules,

Access to the backing store is in two modes: a block
transfer between the backing and main store using the
reripheral transfer unit facilities or a single word
transfer between the accumulator and its backing store.
Both take place through a special single-word register
called the backing store register. An attempt te read
from a non-existent register will yield zecro.

Block Transfer.

The program maintains in a locetion of the working
store (say S) a record of the number of words required
(say T) and the first location in the backing store for
each transfer required (say A). These gquantities are
held as the pseudo-instruction pair:

S) 00 T : 00 A

When it is requircd to initiate the transfer the
instructions

76 5120% : 30 S
7? N : L ]
are given., The machine then transfers the pscudo-

instruction pair to the accumulator, prepares to read from
the backing store, and gives the read instruction, This

® 76 5121 is the corresponding write instruction.

=
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Block Transfers (continued)

causes locations N to N + T =1 to be tagged.

As the auxiliary store obtains each word ready fer
transfer to the 503, the program is interrupted, the word
transferred to the appropriate location in the working
store, and the location tag removed.

If ancother 77 N instruction concerning the backing
store is given, the program is held up until the previous
transfer is completed.

The time taken to obey the 77 N instruction is
about 30 + 3.5T WPsecs, At the end of this time tagging
is complete and the program proceeds, As each word is
subsequently transferred, the 503 is held up for
approximately 10 WUsees. This occurs about every 50 Usecs,

Single Word Transfers.

Single word transfcrs to and from the backing store
take place in two stages, The content of the specified
address of the backing store may be read into, or written
from, the single word backing store register. This
register can in turn be read into, or copied from, the
accumulator,

The cycle time of the store is 50 Usecs and the
access time is 15 Usecs., Thus the on-line time for a
single access is 15 Wsecs, but there is a minimum time of
50 psecs. between successive accesses. If the required
amount of time is not left between successive backing store
instructicns a delay will ensue.

To read the content of location N to the Acc, the
following instructions are required:-

1) Place N.2-38 in Ace.
2) 72 5120 ) the corresponding write 72 5122
3) 75 5122 instructions are 72 5121

- ®
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Single Word Transfecrs (continued)

but between instructions 2) and 3) a delay of approximately
15 psecs., will occcur, During this time the central
processor is free to continue computation.

Information is received from the main store in
words of LO bits including the cerrect parity bit.
Information read from the backing store is checked frr
parity, and, if parity is correct, 39 bits are transmitted
to the main store. If parity is found te be wrong then
no information is transmitted. Instead the parity bit is
corrected and the word is rewritten in the backing store.
The backing store is then placed in the error state and
an error indiecator lamp on the controller module is 1lit.
The state of the centreller is indicated to the program
through the centrol word. As soon as possible after the
occurrence of an error, an error interrupt takes place.
The store remains in the error state until a reset button
is pressed, An attempt to refer to a location in the
backing storec when it is already in the error state causcs
an error interrupt to occur.

The following controls are provided on the controller
module: -

a) CLEAR STORFE. This is a push butten mounted in
a guard ring., Pressure on the button causes the storc to
be cleared and correct parity to be written for each word.
The store is set in the non-error state and the parity
lamp is extinguished.

b) RESET. This is a push button and contains the
ERROR lamp which is 1it to indicate the error state
resulting from a parity error. Pressure on the reset

button causes the lamp to be extinguished and the error
state to be removed.
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Function
76 5120
76 5121
77 N

72 5120
72 5121
72 5122
75 bizz

Operation

Prepare to read from the backing
store by autonomous transfer and
read contrcl word to Acc.

Prepare to write to the backing
store by autonomous transfer
and read control word to Acc.

Read or write as specified by
the last 76 instruction between
location N onwards in the main
store and location A onwards in
the backing store. The number
of words transferred (T) and

the address (A) are spbcifqu by
the content of Acc as T.2™

£ A,2=3

Load backing store register from
location A of the backing store,
where A is specit'ied by the
content of the Acc. as A.2-38,

Write content of backing store
register to location A of the

for the core backing 1is

as follows: -

Time (in Bsecs)

21
21
30 + 3.5T
(set up tag)
+ 10T %tranafer
the words)
21
21

backing store, where A is specigied

by the ccntent of Acc. as A,2"3

Write content of Acc. to backing
store register

Read content of backing store
register to Acc.

21

{4
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The Instruction Code (continued)

The significance of the control word bits is:-

bit 1 spare

bit 2 spare

it 3 spare

it 4 store busy
it 5 parity error.
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Part l. Peripheral Devices,

Section L. Magnetic Tape
Magnetic Tape Facilities

The standard tape handler used with the 503 is the
Ampex TML. Two controllers are used in the system, and
these operate a total maximum of eight handlers.
Instructions can be issued to any handler via either of
the controllers. Two autonomous data transfers, either
reading or writing or both, may take place on any two
handlers simultaneously provided that they are monitored
through different controllers.

The Ampex TML4 handler is equipped with an
IBM-compatible read-write head, and may be used to read or
write on all tapes dealt with by the IBM 729 II or IV handlers
without alteration. For this purpose, there is a facility
for changing the packing density on any Ampex TML handler
from the standard 556 bits/inch to 20C bits/inch.

The standard 503 tape system is also compatible with
the IBM tape system, and is based on the use of variable-
length reccrds, There are facilities for moving tape and
rewinding it off-line. Any numbcr of these operations
may be carried out on any number of handlers simultaneously
with a pair of data transfers.

The handler is fitted with a dual-stack head, and
every write operation is accompanied by an immediate read
for checking purposes.
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503 Tape System

The system uses %" tape with seven tracks., One

track is used for parity checking, and the remaining six
tracks for information, This lateral parity check may be
even or odd under program control, It is essential that a
record be read using the same parity as was employed when it
was written, When even parity checking is used, a set of
8ix zeros must be an impermissible character, as a character
consisting entirely of zeros cannot be detected. This
character is used for a special purpose, described on

page 9.

There are two formats for storing a computer word
on tape, These are as follovrs:

Format 1, Writing: Bits 37 to 39 of the word in the store
are ignored, The remaining 36 bits are packed into six
6-bit characters. The most significant six bits form the
first character.

Reading: Bits 37 to 39 of the word in the store
are made zeros, The remaining 36 bits are composed of six
characters, the first character occupying the most
significant six bits.

Format 2, Writing: The first character on the tape contains
zeros in the upper three positions. Bits 37, 38 and 39 of
the word in thz store are written into the remaining three
bits, and the other 36 bits of the word are packed into the
next six characters.

Reading: The upper three bits of the first
character ere ignored, and the remaining three bits together
with the following six characters are packed into a word.
Again the first character read occupies the most significant
position.

Thus, in format 1, one computer word occupics six
characters on tape, and in Tormat 2, one computer word
occupies seven characters on tape.
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503 Tape System (continued)

Either Tformat may be used with either parity. It 1is
recommended that odd parity be normally employed. In
particular, even parity with format 2 should be employed
only in exceptional circumstances, taking care to avoid
any zero characters,

The length of a record is determined by a programming
instruction: at the end of a record there is a short gap
(approximately threc characters long) followed by a
longditudinal check character which causes the parity of all
seven of the tracks in the record to be even. This is
followed by a 32" gap before the beginning of the next record.
It is possible for the longditudinal check character to
consist entirely of zeros.

During rcading, the longditudinal check character is
identif'ied in the following manner: the short gap which
precedes the check character is detected, and this serves to
indicate the end »f the record to the controller. If no
character 1s detected within a suit=able length of time, the
controller deduces that the check character consists cntirely
of zeros, Lateral parity is checked throughout the course
of a2 read operation, and on the rcad-back of each character
in a write operation. Longditudinal parity is checked at
the end of these opersations.

The following arrangements have been made to allow
continucus running of the tapc mechanisms, The handler will
cease to be busy after a data transfer, advance or retreat
one rccord or an erase operation, at such a time that there
remains at least 3 milliseconds beifore the tape begins to
stop. In fact this time is the time at which the check
character is read in the data transfer and advance cases.

When the handler has cecased to be busy it is possible
to obey further 77 or 72 instructions. If such an
instruection, requiring the same direction of tape motion is
received during the 35 milliseconds tnen the tape will not
stop but will continue to run at full speced. If the
instruction is rceceived subsequently it will be accepted but
the tape will neverthcless perform a complcecte stop-start
cycle,

e
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503 Tape System (continued)

If a controller is involved, that is in the data
transfer casc, the controller and handler normally cease to
be busy at the same time, In the case of a long record,
controller and handler will remain busy until the check
character is rcad, i.c. even after the last required word
has been transferred. In the case of a short record,
however, the controller only will continue to be busy after
the check character has been rcad, and will in fact remain
busy until the remaining tags have bcen cleared.

In order to ensure that no spurious characters occur
in inter-record gaps, and no wanted record bcecomes corrupt,
certain restrictions must be obscrved.

The first of these ig that if one writes a record and
thcen moves the tape back, onc cannot now arrange to write a
successor to that rccord. More exactly, a rccord B may be
written to follow a previously written record A only if

(i) The only opcrations performed on the tape since
A was written have becen zero or more erasc
operations

or if (ii) The operation on thc tape which cccurrcd next
after A was written was an erasec operation or a
write operation.

The reason for this is that in any other circumstancces
A may be followed by only 3/8" of crased tape.

The second restriction forbids selective overwriting,
i.e. the over-writing of one or more records at the beginning
or in the middle of a tape, exccpt with the spccial
preccautions given on page 9, More exactly, if a rccord B
is writtcn on a tapc to follow & rccord A written on an
earlier occasion, then nonc of the rccords which followed A
will any longer be capable of being recad corrcctly, unless
the preccautions arc cobscrved,

When the retrecat onc reccord instruction is cobeyecd, the
tape stops in a position determined by the leading character

-L-
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503 Tape System (continued)

of the record which has been traverscd. If now a new record
is written, this record may not start in exactly the same
placc as the record which was traversed. The timing is so
arranged that the rccord will start slightly late. This
ensurcs that a rcpecated cycle of retreat one record, write
one rccord cannot shorten an inter-record gap.

The logic associatcd with a particular handler is
arrangcd on boards so that these boards may be omitted if
the full complement of cight handlers is not prescnt. The
circultry on these boards inecludes the initiation of the off-
line instructions, i.e. advance one record, rctreat one
record, rewind and erase.

The instruction code is:-

76 LO96 + 8P Prepare read, Tormat 1, odd parity, using controller 1
76 bo07 + B b wmite o n 1) cag T Mo semmeRern
98 + 8P read ' 2 odd " "
76 4099 + 8P " write " 2 oda " " " 1
76 4100 + 8P " rcad " 1 even " 1 " 1
?g L101 + EP " write :: 1 oven :: 1: :I 1
76 Lio2 + &P 1 read 2 pven 1 ! 1
?6 LI'103 + BP L 'W'I"ite " 2 cven " " 1" 1
76 L608 4+ 8P " read n 1 odd L] " " 5
76 L609 + 8P " write " 1  odd 1 i T 5
76 L610 + 8P " read v oL add ™ " " 5
76 L4611 + 6P M write " 2 odd " " " 5
76 L612 + 8P " read " 41 even " I s 2
76 L613 + 8P " write " 4 even " " " 5
76 L4614 + 8P b read " 2¢ven M 1 1 5
76 L615 + 8p " write i 2 cven " " 1" o

In the 76 instruction, P is the handler number.
O<P<7. The control word indicating the state of the
controller and handler is recad to the least significant
clevcn digits of the accumulator.

_5_
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Magnetic Tape Instruction Code (continued)

77 N Read or write as specified by the last 76
instruction, starting at location of the main
store., Transfer T words when T.2-38 is the
content of the accumulator, 1< T < 7931,

If the previous 76 instruction specificd a "recad" order and
on the 77 instruction being obeyed the value of T is less
than the number of words in the record, T words only are
transTerred, but the tape motion continues to the cnd of the
record, If the valuc of T is greater than the number of
words in the record, the tape motion stops when the end of
the record is reached; the remaining tags in the main store
associated with transfor continue to be ecleared in the same
manner as the previous tags.

Note that if T = 0 this instruction is invalid.
The exact consecquences of obeying the instruction in this
case are not yet settled.

72 L096 + 8P Advance one rccord on handler P
72 L4097 + 8P Retreat " " o " e
72 L0098 + BP Erasec four inches " " "
72 LO99 + 8P Rewind tape " " "

The ends of a reel of tape are indicated by reflective
strips which are sensed by a photocell. In 2 rewind
oreration, thc tape motion is stopped aftcr the appropriate
reflective strip is rcached, and this situation is recorded
in the control word, Iff the end or beginning of tape sirip
is encountcecred during the execution of any other instruction,
then that instruction is fully executed and the control word
is set appropriately.

In the case of the end of tave strip, no action is
taken to prevent further instructions, which cause the tape
to advance being cbeyecd. This is because one may wish to
write trailer blocks after the warning strip has becn passed.
There are at lcast twelve feet of useable tape remaining
after the reflective strip.
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Magnetic Tape Instruction Code (continued)

-~

In the case of the beginning of tape strip, a retreat
one record instruction cannot be obeyed when the beginning
of tape indicator is set, and any attempt to obey it will
give an error interrupt.

75 L0966 + BP Read control word on handler P to
accumulator and cancol error state on
handler P,

This instruction may be executed while a data transfer is
in process and/or simultaneously with the execution of any
72 instruction.

The significance of the bits of the control word is
as follows: -

bit
bit 1

End of tape

Long record. This bit is 1 if the last
record read contained more characters than
specified by the contecnts of the accumulator

at the time of the 77 instruction, and zecro
otherwise,

bit 11 Short record, This bit is 1 if the last
rccord read contained less characters than
specified by the contents of the accumulator
at the time of the 77 instruction, and zero
ctherwise,

Bits 5, 10 and 11 return to zero when thc tape is loaded.

bit 1 Handler not available
bit 2 Spare
bit 3 Writing permitted
bit 4 Handler busy
bit 5 Parity error on handler
bit 6 Controller 1 busy
bit 7 Controller 2 busy
Bit g Beginning of tape
0

Bit 8 is set to 1 when thc tape is loaded, and rcturns
to O when the bheginning of tape strip is passed in the
forward direction. It is set to 1 when the strip is passed
in the backward direction.

_"7_
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Magnetic Tape Instruction Code (continued)

Bit 9 is set to 1 when the end of tape strip is
passed in the forward direction, and is set to O when the
strip is passed in the backward direction. It is 0 whaen
the tape 1s loaded.

Each of bits 1 to 7 inclusive is 1 when the
appropriate condition is satisfied and O otherwise.

There is an error lamp associated with the
controllers which is 1it when any parity or timing error,
or a detectable mechanicsl error, occurs on any handler.
The error lamp is extinguished by the appropriate 75
instruction. A 77 or a 72 instruction relating to a
handler which is in the error state causes an error
interrupt: any of the above instructions causes &n error
interrupt if the controllers are not present in the system
(see 2.3 and 3.1},
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Special Effects

"Selective over-writing", i.ec. the over-writing of
one or more records at the beginning or in the middle of a
tape, is allowed only if special precautions are observed,
as otherwisc there is no guarantec that the rccords
fcllowing those over-written will be accurately prescrved.

A record which 1is subscquently to be overwritten must
fulfil the following conditions:

(i) The record must be followed by 8 inches of
blank tapc, obtaincd by using two "erase"
orders (72 L4098, cte.).

(ii) The record must be preceded by a "normal" record,
which is not to be overwritten, and which is not
folloved by crased tape.

(iii) The record may not be longer than LOO words.

When this record is overwritten, the record which
rcplaces it must fulfil the folloving conditions:

(i) It must be in the same format, and contain the
same number oi words, as the original record.

(ii) It rnust be followcd by L inchcs of blank tape,
i.e. a single "erase" order.

If this is done, the inserted record will operate
correctly, and will itself be suitable for further selective
over-writing if required.

Records of non-intcger number of words may arise in
connection with I.B.¥, compatibility. Reading such a record
is always possible, the final word will be completed as
though the record had a sufficient number of additional zero
characters to form an exact number of words. Such a record
will always give rise to ecither the short or long record
indication in the control word, as appronriate.
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Spvecial Effccts (continued)

Arrangements have been made to allow such records to
be written, though only on even parity. If an attempt is
made to output an all zero character on even parity, the
record will at once cnd. In this way a number of characters
not representing an integer number of words will form the

output record. The short record indication will be set in
the control word.

Care must be taken if the first charactecr of a record
to be written is zero, since in this case the recerd written
will be equivalent to a length of erased tape, actually about
three quarters of an inch, Thus retreat one reccord will in

this case retreat to the inter-record gap before the previous
record.,

Magnetic Tape Physical Specification

The following manual controls will be available on
the Ampcx TM4 handlers used in the 503 systen.

i Eowenr
ii Write Permit
iii Manual
iv) Density high-low
v Forward fast
vi Forward drive
vii Stop
viii Reverse fast
ix Beverse drive
% Handler number selector

Of the above list, numbers i to ix inclusive are
push-buttons, and x is a rotary selector. The "write
permit" may, alternatively, be a guard ring attached to the
tape reel, The push buttons have lights built into them,
Numbers iv to ix inelusive have no effect, and their
associated lights do not light up, unless iii is depressed.

If the handler number selcctor is movcd when the
handler is not in the manual state, the handler will at
oncz cnter the manual state, The handler aay be restored
to the auto state by operating and recleasing the "manual"
button (iii), provided that the number now selected is
not already in use.

-10=
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Magnetic Tape Physical Specificztion (continued)

Only one handler may be sct to a particular number
and be in the auto state, I1f snother handler is set to
the same number it will not be possible to cause that
handler to transfer tco the auto state.

T
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Summary of handler characteristics

Tape length
Tape width
Tape speed
Rewind time

Packing density (standard)®

Character transfer rate
Word transfer rate, format 1
format 2
Inter-record gap lcngth
Inter-record gap times
a) at full specd
b) with stop and immediate
restart

o)

2Lu00 f't.

0.5 in.

75 in./sec., T 10%

% mins, max,

24 mins. typical

556 characters/in.
nominal

92,6 words/in, in
format 1.

79.4 words/in, in
format 2.

L2,000 characters/sec.

7,000 words/sec,

6,000 words/sce,

0.75 in. nominal

10 millisec,
12.5 millisec,

¥ An alternative packing density of 200 characters/in.

is available by setting the density switch on the

handler to "low",.

-]l



capacity
at 1

Tape
Forma

e

Average record

length, words 32
length (inches) .35
gap D
No. of records 26,200
No. of words 838,000
time/(record + gap) L0147
at full speed

(millisecs)

Records/sec, 68
Max.

Effective words/secc, 2180
Mazx,

Format 2

Average record 32
length, words

length (inches) L0
gap o lD
No.of records 25,000
No,of words 800,000
time/(record + gan)

at full speed 0153
(millisccs)

Records/sec,

Max., 65.4
Effective words/scc. 2090

Max.

-1 B
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128

1.38

.75
15,500
1,727,000
.028L

35.2

4500

128

1.61

o (5
12,200
1,540,000

L0314

31.9

Lo80o

503/L/2

512
5.53
.75

L, 600
2,355,000
.0835

12

61404

512

6.L5

» 7D

I, 000
2,050,000

.0960

10.4

5330
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Use _of Magnetic Tape on the 503

Although the control of the 503 tape system is
reasonably flexible, it is desirable that certain additional
details be observed by the controlling program, No damage
will result in the event that this is not done, nor, in
gcneral, will wrong data be read. However, it is possible
that tape handlers may be unloaded, or faulty tapes written
in certain circumstances. The necessary data is contained
in the control word.

For thc significance of the bits of the control word
see page 7.

All Instructions

Before any attempt is made to move tape in any way,
cheek bit 1, dandler not Available. If this is prescnt,
any opcration on this handler will give rise to error
interrupt.

Instructions Routed via Controllers

It is assumed that the controlling program will refer
to bit 6 and bit 7 and usec whichever controller is availsble,
Note that it is probahly better to wait until bit 4 clears

before doing this, since bit 6 and bit 7 may also clear at
that time.

Rewind and Initial Positioning

When rewind is complete, the beginning of tave marker,
bit 8, will be set. If it is set, do not issue a further
rewind order, as these will cause the handler to unload,

First Rccord on Tape

When writing the first rocord on a tave, first check
that bit 8 is present and rewind if not, then issue two
'erase' instructions, thus erasing 8" of tape, and only
then write the record.

-1l
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First Record on Tape (continued)

Note that if subsecgquently aiun order is given to retreat
over this record, the tape is now positioned before any
record, but the beginning of tape marker is not yet sct.

Do not issue a further retrest one record order, as
this will cause the handler to unload,

Write and Move Back

The system is designcd to allow continuous writing.
If it is designed to write a record and then move back,
with the intention of subsequently returning to write
further records, it is necessary to rrasc at lecast a
further 3/8in. of tape, Consequently, when rewind or
retreat one record is required, if the previous operation
was a 'write' operation, issue first an erase order, then
the move back order. If desired, a dummy block may be
written instead of using an crasc order, in which case two
'retreat' orders erc nceded.

End of Tape

It is permitted to write beyond the end of tape
marker., Note that a rccord should be kept of the tape used
in this way so as to avoid going more than 12 feet beyond
the marker.

Care should be taken not to attempt to read or advance
ocne rccord at a point where the remainder of the tape is
empty, as this will causc the handler to unload by running
ocout of tape,

Sclective Over-Writing

For sclective over-writing sce pages 7 and 8.
Errors etc,

These are indicated by the parity marker, bit 5.
This may be cancclled by the use of a 75 order, and must

be cancelled before issuing a 77 or 72 order or error
interrupt will occur,

-1 G-
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Errors etc. (continued)

If an <rror occurs on reading, then retreat one
record and read again, Almost all errors should be over-
come in this way. If an error occurs on writing, then
retreat one record and write again. If still unsuccessful,
retreat one record, erase four inches of tape, and write
again, It is not neccessary to erase before the move back
in these error conditions. On even parity, the short
record indicator may be sct on writing. This indicates
that an all-zero character has terminated the reccord, and
probably implies a programming error.

Do not attempt to read any rccords beyond the record

most recently written on the tape. Errcors will almost
certainly result if this is attempted.

16—
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Part 4 Periphersl Devices

Section 3 Line Printer

The line printer may be connected to the 503
through a single controllcr. The printer has a nominal
speed of 1000 or 667 lines a minute on marginally punched
Dnaper., The printer permits up to 120 charactcrs per
line using a 6L character repertoire. Vertical paper
format control is provided by means of a continuous band
of punched 8-hole tape which rotates once for each page
that passes under the printing head.

OQutput to the line printer takes place by
transferring 121 characters, each 7 bits long, from the
7 least significant positions of a set of 121 consecutive

registers, The first charascter is used only for paper
control.

The trarsfecr of the charactcrs to the line printer

talkes place using autonomous means to minimise hold up
(sec 3.1.).

The Instruction Code for the line printer is as
follows: -

Function Operation
76 3073 Prepare to print 1 line and read

the control word from the line
printer to the Accumulator.

T N Load printer buffer from locations
N to N+120. Determine vertical
throw from the first character
(seec Paper Control),

Instigate the paper throw and
print action.

When an instruction to print a line is givcn, the 503 is
held up for less than 2 milliscconds while the line
printer output unit buffer is being filled, The 503 is
then allowed to proceed and printing commcnccs.
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The Control Word.

Significance of the digits of the control word:-

bit 1

Paper Control.

Printer not available. A one 1is present
if the printer is OFF or in MANUAL.

Spare, Always zero,

Recoverable error. A one 1s present
if the paper is nearly out.

Printer busy. A one is present if the
printer is engaged in a paper fecd or

print operation.
Non-recoverable error. A one is sct if:
a) paper is exhausted.

b) paper is broken, or jammed in the
feed mechanism.

e¢) paper runs away, i.e. non-existent
character on control loop.

d) hammer driver fuse is blown.
e) throat (cover door) is open.

Each 77 N instruction referring to the printer
outputs 121 7 bit characters to the printer, The first
of these, i.e. that taken from digit positions 1 to 7 of
word N, specifies the vertical format,. The last 6 bits
are used to determine the action to be taken, as indicated

below: -
Binary Value. Action
0<ps< 30 Move p+1 lines and print.
p = 31 or 32 Overprint i.e. no line feed.
33 < p € 62 Look for configuration (p-32)

D

63

on the paper tape control
loop, and print

Has the same effect as
depressing the "top of form"
button.
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Paper Control (continued)

In the last case the paper tape control loop is a
closcd loop of punched 8-hole tape, A call for a
particular configuration causes the paper fced to be
actuated until the next time the character on thc control
loop being read is the same as that specified, i.c. the
paper tape is read until a character is found with the
same binary value as g. For cach charactcr on the tape
which is recad and rejected one line is throwvn but as soon
as the q configuration is found the line is printed.
This is extremely useful if several pages are to e
printed with the same page layout.

Two of the control buttons on the line printer are
the "top of form" and "load" buttons. The 8th chammel
of the contro) loop is the "top of form" chanmmel and when
the "top of form" button is depressed the control loop is
scarched for a hole in channel 8, The 7th channel of the
control loop is the "load" channel and when the load
button is depressed the control loop is searched for a
hole in channel 7.

If a non-existent character configuration is called
for, paper feed occurs until the "top of form" character
passes the rcader for the sccond time or a time-delayed
cut-cut occurs,

Manual Control.

A tebular summary of the various controls and
control lights found on the linc printer is given below,
The 'type' abbreviastions used are:
button only

button containing a lamp

l-llcs‘ i
|-

lamp only
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Manuel Control (continued)

W g B AR TSN SRR S S LT R T S S L o B T S e S R T S TS PR 1 o

Name Type Lamp 1it ! Pushing button
{ when i causes
.|......_._.. i e a t wm i PP B . Sl S AR e = o i e s Mt g
POVER ON . bl . Systcm power ' Power to be
¢ | " connected ~ comected
" POVER OFF ' bl ! System power ' Power to be
; ' available but ! disconnerted

i not commected '
» ON-LINE MANUAL bl in MANUAL state | Change of state
- LOAD b i Hole in 'load'
' i channel of control
i * | loop to be
positioned under
; ~ reader :
TOP OF FORM - b Hole in 'top of |
' ; , form' chamnel to !
! be positioned |
ﬁ under reader
- PRINTER READY 1 Printer ready
' for operation

RRROR 1 1 Recoverable error
state

' ERROR 2 1  Non-recoverable i
error state :

R s, e T TR T S Sl S e —— - S )

SFEED HIGH-LOV positions sclect the two ;
availsble speeds !

S S e e i S R A £ T s . ik e

b

Also availaoble on other parts of the line printer
are variable controls affccting paper tension, relative
position of line printed, density of printing, relative
time of printing.

When the power is switched on first the system is
in the manual state with the printer rcady light out.
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Manual Control (continued)

until it is ready for operation. Prcssure on the
ON-LINE-MANUAL button causcs the ON-LINE state to be
engaged, meking the printer available to the 503.

When an error is signalled, engaging MANUAL will
cause a hold up in any order involving the line printer
until action has been taken, the error cancelled, and
the orinter returned to ON-LINE operation.
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Part L. Peripheral Devices.

Section LI, Bull Reader Punch.
The Mechanism

The machine contains two tracks along which cards
may move, These are called the main and subsidiary tracks.
The maximim speed of operation is 300 card movements per
minute.

The main track consists of: -

a) A feed hopper holding up to 3,450 cards,
b) An operative track.
c) Ejection itracks.

d) The normal reception stacker with 3,000 card
capacity and two special pockets for the

reception of cards. The latter are called
P1 and P2 and can contain 750 and 50 cards
respectively.

The operative track is divided into six card
stations 81, 82, 83, 84, S5, and S6 which are secparated from
each other by a linear cycle. 51 and S2 are read stations
each containing 80 operational brushes, 83 is a "blank"
station at which no operations take place, S4 is a punch
station containing 80 vunches, 85 is a reread station of
80 brushes, and €6 is a selection station which directs
cards to one of the three ejection tracks. One ejection
track leads to the main stacker and the other two lead to
speclal pockets, P1 and P2 respectively.

The main hopper and each card station on the main
track has its own feed roller and clutch, The clutch at
86 always engages when a card moves into S6. Thus a card
can never rest permanently at S6 and will always be
forwvarded to a stacker or pocket, From the operational
point of view 86 is identical to the final destination of
the card.
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The Mechanism (continued)

A card is said to be "at Sn" when it is about to
undergo the operation wiich taltes place at Sn,

The subsidiary track consists of:-

a) A feed hopper holding up to 800 cards.

b) A track of three linear cycles which joins the
main track just before Si.

The subsidiary track stations are named 81', 82' and
53', and all three are "blanu” stations. The subsidiary
Lrack and hopper have a common clutch,

A diagram of the track layout is shown in Figure 1.

Principles of Operation

There are four possible modes of use:-

1) Reading only
2) Punching only
%) Reading and punching previously read cards.

h) Reading, punching previocusly read cards, and
punching btlank cards.

The most general mode of use is the last. The
other modes differ only in the loading and unloading
procedure and in the validity of certain operations.

Information relating to a card is transferred to and
from the 503 by means of the zutonomous transfer system.
The transfers take place through a 12 x 80 bit read buffer
or through a 12 x 80 bit punch buffer, The read buffer 1is
loaded by card movement past the read staticns, and the
information it contains may be read to the 503 by means of
g pair of instructions. These instructions result in the
card being read to any 80 consecutive locations in the store,
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one location corresponding to each column of the
corresponding card column, where an unpunched position is
represented by 0 and a punched position by 1. Position 39
corresponds to the ¥ row and position 28 to the 9 row. Each
location also contains in positions 1 to 7 a 7-bit decode

of the column punching. The code is shown in Figure 2.

Any unrecognised combination of holes in & column is decoded
as the value 9L, The punch buffer may be locaded by a pailr
of instructions. Movement of a card past the punching
station then causes the information in the »nunch buffer to
be punched in the card. This process involves columns
being punched from any 80 consecutive locations in the
store. Bit 27 of esch word determines whether the image
stored in positions %9 to 2% or the decode of the character
in positions 1 to 7 is to be punched, If pit 27 is O then
the image is punched, and if it is 1 then the decode is
punched., Any unrecognised 7-bit character is decoded as a
blank column,

All card movements under program control involve
simultaneous movement of cards which may be present at five
stations. These are either the stations S1 to 85 or the
stations 81' to 83' and S4 and 85.

Reading is accomplished as follows: -~

A 12-bit check register is associated with S1, and
a 12 x 80-bit read buffer is associated with S2. As a
card is read at 81 a 12-bit row parity word is formed and
stored in the check register. When the same card is read
at 32 it is loaded to the read buffer and the row parity
word is again formed, If the two row parity words for
this card agree then it is ready to be rcad to the 503 by
autonomous transfer, The next card movement past the read
stations will cause:-

a) The card at S2 to be read and the information to
be loaded to the read buffer snd checked.

b) The card at S1 to be read for check purposes and
its 12-bit check word to be loaded tc the check
register,

¢) A card to be taken from the feed hopper and set
into S81.

-3
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Principles of Operstion (continued)
Punching is accomplished as follows:-

A 12 x 80 bit punch buffer is associated with Si.
As 8 card moves Trom SL to S5 the content of the buffer is
punched in the card. At the same time a 12-bii check
register associated with S5 is loaded. The word loaded to
the check register must take into account any punching which
may have existed on the card as well as the information
currently punched. To this end theres are 12-bit registers
associated with 83 and S, When a card has been read and
checked at S2 its checck word is placced in the register
associated with S3. As the card moves to 84 its check word
is moved to the register associated with 34. When the card
is punched a 12-bit row parity word of the content of the
vunch buffer is formed. This is added bit by hit to the
content of the registcr associated with SL, and the rcsult
is placed in the check register of S5, Then the card is
read at S5 its row paritics are checlied against the content
of the check register.

Cards may be guided to the special pockets in three
ways. All cards checked Tor punching at €5 and shown to
contain an error are automatically guided to mocket 1 on
entering 86,

'"Presclect! instructions snecify P1 or P2 in theilr
address and there are 'presclect' instructions associated
with 83 and with S4. A presclect instruction causes the
card currently at the associated station to be deflected to
the sclected pockect when the card eventually enters sé.
When there is & conflict between instructions, P1 takes
vriority over P2, Thus a card prcsclected at S3 for P2
which moves to Sl and is there presclected for P1 will go
to Pl
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The Instruction Code for the Bull card rcader/punch

is as follows:-

Function

76 20L8

76 2561

77 N

72 2048

72 20L9

72 2559+P

e —

Prepare to rcad information from the read

buffer and read control word to Acc, The read
oparation involves no movement of cards. If

the recad buffer has not been loaded by a previous
card movement, then the information obtained is
identical to that obtained from an unyunched
card,

Prepare to load the punch buffer and read control
word to Acc. The load coperation invelves no
movement of cards, If thc punch buffer is
alrcady loaded then a bit-by-bit mix of
information will take place.

Read from rcad buffer or load punch buffer as
epecified in the last 76 instruction,

Move cards at all stations on the main track.
The instruction is obeyed immediately providing
no card movement is alrcady in progress. 1r
either buffer is busy on an autonomous data
transfer then the movement talkes place as soon
as both buffers are frece. The movemcent causcs
the rcad buffer to be loaded and a card to be
punched from the content of the punch buffer.

Move cards on the sccondary track, i.e. at
stations 81', £2', 23', sS4 and £5. The
instruction is obeyed immecdiately provided no
card movement is already in »nrogress. Ir
either buffer is busy on an autonomous data
tranz=fer then the movement takes place &as soon
as both buffers are free. The movement causes
a card to be punched from the content of the
wunch bufier,

Pregclect as 83, The card at present at 83

is predestined to go to special pocket P

(P=1 or 2)., T'When the card cventually cnters
86 it is deflected tothe selected pocket. Lt
& card is simultaneously dircctcd to P1 and P2
as a result of a series of sclect and vresclect
instructions then it will go to P1.

_5....
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The Instruction Code (continued)

Function Operation

72 2561+P Presclect at S4. This 1s like the preselect
at S3 instruction except that it relfers to the
card currently at 3kL.

72 2566 No stop. The reader/punch is set so that in
the event of a read or ounch error 1t remains
available for normal use.

72 2567 Stop. The reader/punch is set so that in the
cvent of a read or punch error it is placed in
the manual state with the lamp in the START
button extinguished, One or both of the lamps
ER, EP are 1it to indicate the type of error.
Pressure on the START button causes the reader/
sunch to revert to its previous auto state with
the lamps extinguished. The procedure using
the CIM and INTR buttons may be used instead as
described under Manual Control.

75 2048 Cancel, Cancel the error state, if set, and
rcad control word to Acc.

A hold-up on busy may be caused by an attempt to obey
a given instruction when the action initiated by another
instruction is in progress. The 'precselect', 'cancel', 'stop’
and 'no stop' instructions can not cause hold-up on a
subsequent reader/punch instruction, The situation for
other combinations is shown in the following table:

Operation Read Load Operation in Progress
Attempted e Move Main Move Sub.
Read B A B A
Load A B B B
Move Main AL AT B B
Move Sub. AL AT B B
Preselect A A B B
Stop A A B B
No Stop A A B B
B = busy A = immediate action
AL = accepted for later action.

Move Main - Move cards on main track.
Move Sub. - Move cards on subsidiary track.

s
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The Instruction Code (continued)

P e ™ T et e et

The signif'icance of the bits of the control word is:-

.I

10

Reader/punch not available, The bit is 1 if
the device is not avail:sble as a result of bcing
in the manual state or switched off. When this
bit is O the device is availlsable to accept
instructions.

Program card. This bit is 1 from thc time the
PROG button is depressed until the first read
instruction pair is obhecyed.

End. This bit is 1 when the last card has passcd
s2, i.e. when 81 and 52 are cmpty. It is reset
to 0 either when the track is cmpty or whilst

the reader/punch is unavailable.

Busy. This bit is 1 whilst the reader/punch
is busy moving cards.

Pcad error. This bit is 1 from the time a read
error is dotcected until a resct instruction is
ocbeyed.,

Punch error, This bit is 1 from the time a
punch error is detected until a resct
instruction is cbeyed.

Read mode, This hit is 1 whilst the devicc is
in the rcad mode,

Punch mode, This bit is 1 whilst the device 1s
in the punch mode.

R.P. & S modc. This bit is 1 whilst the device
iz in the T.P. & S mode.

R.P. mode, This bit ie 1 whilst the device
is in the %.P. node.



button containing a lamp.
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Manual Control

c03/4/L

The following table shows the control buttons and
lamps provided on the card reader/punch,
grouped on a control panel situated on top of the mechanism,
In the table the entrics in the "Control" column show the

actual markings on the buttons and lamps.
column reads b for button only, 1 for lamp only, and bl for

These are

The "Type"

The Step by step button is of

the latching type, and the buttons Read, Punch, R.P., and

R

any instant.

Full Name

- s -

.P. & 8 are interlocked so that only one is depresscd at

ot -

Lamp is 1it

B R

Two Tracks

set for reading
and punching

using both f
tracks. |

Control Type | Pressure on
L B when button causes
ON Fower on bl Power is connected| Power connected
| (see note 1)
OFF | Power off bl | Power is avail- | Power dis-
gble | connected

START | Start bl | Machine in Auto | Machine to go intc

state | auto state and
i possibly to load
!before doing so,
READ | Read bl | Machine has been | Machine to be set
| set for reading = for reading only.
] only ;

PUNCH | Punch bl Machine has been ! Machine to be set
set for punching | for punching
only. ' only.

R.P. Read/Punch bl | Machine has been I Machine to be set

One Track set for reading ; to rcad cards and
and punching j punch in
using only the . previously read
main track. | cards,
I
R.P & S! Read/Punch bl Machine has been | Machine set to

; recad cards and
‘" punch in

previously read
cards or in
blank cards.
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STOP

CL.M

CL.S

END

PROG

INTR

ER

EP
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Msnual Control (continucd)

R e e

Contrc1| Full N=ame

step by step ;bl

1
Stop | b

i

|
Clear Main 'Db
Track %
Empty Subsid- Db
iary track :

|
End of File | bl

|

i
Program Card 'D
Introduction b

Error in recading 1

Error in punch=- 1
ing

- - e s

Lamp is 1it
when

P

-y Ry -

Pressure on
button causcs

Machine is set tol

Machine to opcrate

operate step by step by step

step

Button has been

depressed and
the main track
is not empty

Error has
oceurred

Frror has
oceurred

e ¢ —

¥

Machine to go into|

i

|

! manual state and
‘ lamp in start

| button to be

| extinpuished.

' Main track to be
. cleared of cards.

Subsidiary track
(and latter half
of main track) to
be cleared.

Empty hopper to
be ignored thus
allowving last
cards to be
processed.,

. Indication to

. programme that a
special card is
about to leave
the hopper
(normally 1st
card of file).
(see note 2).

Cards to be fed
up to 85.
(sce note 3).

CE T — S T S T S
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B — S ST A S L R —

Control | Full Name ’-Tyye Lamp is 1it Pressure on
| when button causcs

Incident on 1 Tnecident has

Main Track occurrecd

Incident on 1 Incident has

Subsidiary occurred

Track

Inzident on 1 Incident has

Ejection cccurred

Track

I {fie——

- bmtrim i e e AR e e e e T

When the power is first switched on, the machine is in the
manual state and the lamp in the AUTO button is extinguished.
Whenever the machine is in the manual state, cards which
may have been left in thc tracks may be cleared into the
reception stackers or pockets by pressing the CL.M or CL.S
buttons, These buttons have no effcct if the machine is
not in the manual state, Once the tracks have been cleared
the machine is loaded by filling the appropriate hoppers,
depressing one of the setting buttons Read, Punch, R.P. or
R.P. & 8. and then depressing START, Depending on the
setting, one of four loading operations takes place: -

1) If Read had been depressed, cards src fed along the
main track up to S3. The card at 33 has becen
read, checked, and locaded to the read buffcr.

The card at 82 has becn read for checking purposes,
and the card at S1 has not yet been read at all.

=
[&
o+
)
i

. The ON button must be depressed for a time sufficient
for the switching action to take place, The lamp
lights when the action is complete. Cards must be
precsent in the hoppers corresponding to the machine
state bef'ore the ON button will opcrate.

The PROG button is only effective if dcpressed whilst
the reader/punch is in the manual state.

Note 3. The INTR button is only effective when the reader/punch
has stopped as the rcsult of an error.

A O

|
|

Note 2.
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Manual Control (continued)

3)

iy

Provided no error in reading has taken placc, the
mechine is now ready to rcceive 'read' and 'move
main track'! instructions, and is said to be in the
Head state, In this state, instructions which
involve the loading of the punch buffer or
movement of cards on the subsidiery track are
invalid. (See 'Errors and Incidents').

If & reading error is detected during the loading
procedure then the reader/vunch rcmains in the
manual state and the TR lamp is 1it. The main
track may then be empticd by pressure on the

CL.M button. The loading procedure may be tricd
again and the ER button will be extinguished when
the START button is depressed.

If Punch hed been depressed, cards sre fed along
the main track up to Si. The machine is now
ready to reccive 'load' and 'move main track'
instructions and is said to be in the Punch state.
In this state read instructions are invalid.

If R.P., had becn depressed, the machine is loaded
as in 1) above and the action in the case of a
read error during lcading is the same, However,
the machine is now in the R.P, state and ready to
recccive 'read', 'load' and move main track'
instructions. Only the instructions which cause
movement on the subsidiary track are invalid.

If R.P & S. had becn depresscd, cards are fed
along the main track up to 83 and along the
subsidiary track up to 83", A read error during
loading is trceted as in 1) above. The machine
ig =said to be in the R.P & S state and is ready to
recceive all instructions,

Tn all four states the machine is always in a position

to reccive the 'preselect', 'cancel', 'stop' znd 'no stop'
instructions,

All error and incident lamps are extinguished when

START is depressed, and the punch buffer is cleared if the
track is cmpty.

sk
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Manual Control (continued)

A properly affected loading procedure causcs the
machine to be set into one of the four possible 'AUTO'
states, Read, Punch, R.P, or R.P. & 8, and thec lamp in the
auto button is then 1it, If the loading procedure is not
properly completed, e€.g. because of a reading error or
because a card hopper has not been loaded, then the machine
remains in the manual state with any appropriate indicator
lamp 1it. No error interrupt can be caused as a result of
a fault in a loading procedure.

Once the reader/punch is in onc of the auto states it
remains so unless one of a set of exceptional events causcs

it to go into the manual state or to switch off, These
events are:-

a) Certain error cvents described under 'Errors and
Incidents'.

b) Pressure on the STCP button. This allows operator
intervention, and pressure on the START button
then causes the rcader/punch to return to its
previcus auto state,

¢) Filling of a stacker or pocket. Once the offending
stacker or pocket has been unloaded, pressure on
the START button causcs the reader/munch to return
to its previous auto state.

d) Emptying of the main hopper when the reader/punch
is in the Read, R.P, or R,P, & S. states and the
END button is inoperative (see below). Once the
hopper has been refilled, pressure on the START

button causes thc recader/punch to return to its
previous auto state.

e) Emptying of the subsidiary hopper when the
rcader/punch is in the R.P. & S. state, Oncc the
hopper has been refilled, the pressure on the
START button causcs the reader/punch to return to
its previous auto state,

f) Emptying of the main track. This only occurs in
very exceptional cases of end-of-file processing.

Events a) to e) cause the resder/punch to go into the
manual state and event f) causes it to switch off.

T



503/L/4
503 TECHNICAL )ANUAL, VOLUME 1.

et e -

Manual Control (continued)

The fact that the reader/punch is in the manual state
is indicated in the control word of the 76 instruction by
the 'not availcble' bit, An attempt to obey a 77 or 72
instruction when the reader/punch is in the manual state
causcs an crror interrupt tc occur before the instruction
is obeyed.

End-of-file processing may be performed in three ways:-

a) Using 'dummy' cards placed at the end of the file.
These prcvent the hopper emptying until the complete
file has been de=alt with.

b) When the reader/punch has gone into the manual
state as the result of an empty main hopper,
pressurc on the START button places the machine in
the auto state and the remaining cards on the track
may be processed as if the hopper contsined three
extra blank cards.

c) Before the main hoppcr bececomes empty the END button
may be depressed, This prevents the rcader/punch
going into the manual state as the result of an
empuy main hoppcr: the end of the file may then
be processed as if the hopper contained three extra
blank cards.

The INTR button is used when it is required to re-read
a card which forms part of an ordercd file. The occurrence
of an error when the reader/vunch has been set to stop causes
the reader/punch to go into the manual state in such a way
that subsequent pressure on the CL.M button causes all cards
at 81 to 85 to be ejected to P1. These cards are replaced in
the main stacker and vressure on the INTR button then causes
the cards to be rcloaded to their original positions. The
cards at S2 and S3 are read as in a normal loading procedure,
and the punch buffer and check rcgisters at S4 and S5 retain
the contents they had before the error stop instruction was
issued. A throat jam occurring whilst cards are being
reloaded under control of the INTR button may causec the
rccords of parity to be destroyed. This Jjam must thercfore
be treated as if the reader/punch had switched off, i.e. the
program must be abandoned.

ad B
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Manual Control (continued)

The ®ROG button is used when it is required to treat
a single card in some special way. Pressure on the PROG
button causce a bit in the 76 control word to appear and
remain until a read instruction peir has been obeyed.

The S by-s button causes the reader/punch to go into
the manual statec csch time an instruction which causes card
movement is cbeyed. Whilst the S by-s button remains
depresscd, pressure on the AUTO button causcs the reader/punch
to go into the auto state until the next card movement.

Errors and Incidents

Faults and sbnormal occurrcncies fall into two
classcs: -

1} Errors.
2 Incidents.

Errors do not nccessarily cause the rcader/ounch to change
its state. Incidents cause the recader/punch to be switched
to the Manual state or to be switchecd off,

The possible errors are:=-

a) Read error. This causes the rcader/punch to be
placed in the error state. An attempt to opecrate
the reader/punch by means of either a 77 instruction
or a 72 move instruction will ecause¢ an error
interrupt before the instruction is obeyed. An
indication that a recad error statec exists is
given in the control word of the 76 instruction.

b) Punch error. This is similar to the recad error
in effect except that a scparate bit is usecd in
the control word,

¢) Program errors. These causc an immediate error
interrupt and constitutc attempte to use the
reader/punch in an invalid way beecause it is not
in the appropriate auto state,

-1 Y=
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Errors and Incidents (continued)

Incidents fall into the following classcs:-

1) Incidents which cause the reader/punch to be
switched off, They are:-
a) Card jam on the main track.
b) Card jam on the subsidiary track.
¢) Card jam on the ejection track.
d) Blown fuse,
¢) Loss of synchronisation inside the
reader/punch.

All thesc incidents causc the ON lemp to be
extinguished., The card jams cause the associated incident
lamp (IM, IS or IE) tp be 1it =28 well, Loss of
synchronisation causes a lamp on the scrvice pancl to be 1lit.

2) Incidents which cause the reader/punch to be
switched to the manual state, They arec:-
a) Card jam in the throat of thec main track.
b) Cerd jam in the throat of the subsidiary track.
c] Card jam in the pockct selector mcchanism,
d) Empty main hovper.

e¢) Empty subsidiary hopper when the reader/punch
is in the R.P., & S mode.

f) Full stacker or pockets.

g) Occurrence of a rcad or punch error when the
reader/punch has been set to stop.

All these incidcnts causc the lamp in the START button
to be extlinguished, The jams causc thc associnted incident
lamp to be 1lit. An emnty main hopper causcs IM to be 1lit,
and an empty subsidiary hoppcr causcs IS to be lit. The
occurrcnce of sn error causcs TR and/or EP to be 1lit
according to which error has occurred.

vl Era
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Errors and Incidents (continued)

Normal opcration is resumed and all lamps extinguished
by pressure on the START button after corrcctive action has
bcen taken, In the case of throat jams the offending
card may be removed and placed in the bottom of the hoppcr.
The gap in the sequence of cards will automatically be
closed when it rcaches 83 or S3' in the case of the Read,
R.P. or R.P. & 8. states or when it reasches SlL4 in the case
off the punch statc. The presence of this gap does not
interfere with the normal operation of the rcader/punch
nor is it noticed by the program in any way.

e



503/L/5

503 TECHNICAL MANUAL, VOLUME 1.

Part L. Peripheral Devices
Scction 5 Direct input and output

A user requiring to connect his own special device
to the 503 may take one of two courses:-

a) Purchase a controller to which his device may
be connected,

b) Integrate the functions of the controller into
his own device and connect it direct to the 503.

The latter is "direct input and output" and will be described
in this section,

The central nrocessor communicates with peripheral
controllers through the following four sets of lines:-

a) Data Innut Lines, These 39 lines transmit
data from the controllers to the central
processor.

b) Data Outout Lines, These 4O lines transmit data

from the central processor te the peripheral
controllers,

¢) Code Lines, These 13 lines transmit codes, set
up by the program, from the ccntral processor
to the peripheral controllers.

d) Control Lines,

The data and code lines are connected in a busbar

(i.e. '"ring main') system se that each line commnects with
the central processor and every periphcral controller,

The control lines connect directly from the central
processor to each controller, although some of these lines
may be common to a number of controllers.
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Transfer Systems.

There are two types of transfers which can take
place between the 503 and its peripheral devices:-

a) Single-word transfers,

b) Block transfers using the Autonomous Data
Transfer (A,D.T.) system Block transfers may
be of fixed or wvariable length,

The A.D.T. system allows one or more transfers to
take place in parallel with the normal running of the
rrogram, The variable length transfer is always used in
conjunction with a special purposc device., This transfer
is initiated by the instructions

76 N1
7 N2

scparated, if so required, by other program instructions,
The address N consists of 13 bits, the four most
significant of which specify the controller, the next six
the number of the device attached to this controller, and
the next threec the operation involved (see 3.1. "The 76
Instruction")., The special purpose device is always
considered to he controller number 15 so that for this
device the four most significant bits of N1 are ones.
When the 76 instruction is obeyed a control word is loaded
from the periphcral controller to the accumulator of the
ccntral processor, This word indicates the state of the
special device to the program. Thc construction of the
special purpose device may assign any desired meaning to
each of the 39 bits of the control word.

The address N2 specifies the first location of the
main store which is associated with the transfer. The
number of words to be transferred is snecificd by the
upper addrecss position of the accunulsator, The complete
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Transfer Systems (continued)

content of the accumulator is transferred to the peripherzal
controller when the 77 instruction is obeyed. This word
may be put to any desired use by the special purpose
device.

Single word transfers are initiated by the instruction
72 N for output to a peripheral device or 75 N for input
from a peripheral device.

The address N is split in the same way as the address
N1 of the 76 instruction. 'when a 72 instruction is obeyed
a single word is output from the accumulator to the
peripheral device. Then a 75 instruction is obeyed a
single word is input to the accumulator from the specified
device.

For "Operation of the A,D.T. system" and "Signals
Involved in Transfers" see 3.1.

For "Program Interrupts" see 2.L.
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Off-line Equipment

Flexoviriter

The eight hole of f-line standard paper tape
equipment for use with the 503 is called an
Elliott Model P flexowriter, In Friden terms
it is a recorder-reproducer, i.e, it comprises
in one integral unit:-

a a tape reader

b a translator

c an electric typewriter with Keyboard
d a selector

e a tape punch,

The components of this are given in the
fellowing paragraphs,

Code. For eight channel code see Part 2
Section 1.

Keyboard layout. See diagram on page 6.

Stand. A simple frame stand is supplied. At
extra cost, this frame can be replaced by a
desk unit, with dravers sub-divided for tape
storage.

Colour. The Flexowriter is grey with black keys,

Internal voltage., There is a rectifier attached
to the stand which alters the external voltage
from a 240 volt 50 cycle supply to give an
internal voltage of 92 D.C.

Carriage. The standard carriage is the 12-inch
but as optional extras, a Friden pin feed
platen with retractable pins and/or a 16" or
20" carriage, can be fitted.

Label-holder. A holder to take continuous rolls
of teleprinter stationary is fitted on top of
the carriage.
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Flexowriter (continued)

Tear-off strip. A perspex tear-off strip is
fitted on the paper bail,

Platen. A friction-feed platen is fitted.

Typeface, The Elliott Model P Flexowriter has a
diplomat style type face. This gives 12 characters
per inch and a maximum of 114 character positions
on a 12" carriage.

Line Spacing. A 66 tooth ratchet is fitted, giving
s or 3 lines to the inch under the control of

a manual lever. A 33 tooth ratchet may be fitted
as an optional wvariation at extra cost.

Colour Shift. The Flexowriter can type in either
red or black. This cclour shift is controlled
by a manual lever.

Keybeard lock, The keyboard is locked while:=-

the machine is switched off,

during carriage return and tabulate.
on malfunction of the punch,.

af'ter a parity error on punching,
(See Parity Check).

o om

Lamp. There is one lamp engraved "LOWER CASE" which
is 1it when the keyboard is in the lower case
condition,

Switch 1. (Cn/0ff). Switches the Flexowriter on
and off,

Switch 2. (Punch On/Off). Switches the punch on
and off', The reader is wired directly to the
punch, so that when tape is being reproduced every
character except erase and stop is copied,
including those which are not associated with a
keyboard key. (See Switch 6).
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Flexowriter (continued)

Switch 3. (Start Reader). 'When this switch is
depressed the reader starts reading the tape and
producing a printed copy thereof,

Switch 4. (Stop Reader and Single Shot). If this
switch 1s depressed, whilst tape is being read, it
causes reading to stop., At each subsequent
depression a single character is read by the reader.

Switch 5. This switch is not used on the standard
Flexowriter. At extra cost it may be used as a
'Non-Print' switch, This enables tapes to be copied
from reader to punch without printing taking place.

Switch 6. This switch is not used on the standard
Flexowriter, At extra cost it may be used as an
"OVERRIDE STOP" switch. When depressed this
inhibits the stopping of the tape reader on reading
the stop code and allows 'erase' to be copied and
not ignored. With this switech depressed any of the
128 acceptable codes can be copied to the punch for

rroduction of binary tapes.

Switch 7. Punches the "Stop Code" character (10011100)
but has no other action,

Switch 8. Punches the 'erase' character (11111111)
and unlocks the keyboard after an error hold up.
Erase is ignored by the reader except when Switch 6
is depressed,

Switch 9. This switch is not used on the standard
Flexowriter but may be included at extra cost.

This switch is called the "Aux" switch and it has
the effect of suppressing the punching of the 32 hole
of the letter concerned, and causing the 64 hole to
be punched instead., The parity check hole is not
affected. The "Aux" codes are punched by holding
down switeh 9, and depressing one of the upper case
keys A to N. The allocation of these spare
characters in the code range 65 to 78 cause
Flexowriter "Programmatic" functions. These
functions are mainly associated with the control of
the auxiliary reader and punch, when fitted.

- 3 -
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Flexowriter (continued)

Switch 10. Punches the "run out" character (00010111)
continuously whilst depressed, but has no other
action. On reading tape, "run out" is not printed
but is copied to the punch,

Key W (See Page 6 ) (Throw). This key punches
the "throw" character (00000011). If the electric
line finder is fitted a paper throw is caused.

Key L2. (See page 6) (Vertical bar and Underline).
This key is non-escaping, i.e. the carriage does not
move when the character is typed.

Parity Check. The 8 channel code is of even parity
and this is checked on the punch ocnly. Therefore
1f the punch is switched off no parity check takes
place, Facilities are provided whereby the punch
may be left on without producing tape, When a
parity error is detected the keyboard is locked and
can only be released by means of switch 8.

Optional variations. The following are a list of
variations, any of which may be specified, at extra
cost, (These are in addition to those already
mentioned) .

(1) Lamson Formaliner paper feed attachment, (gives
adjustable pin to pin dimension).

(2) Electric line finder.

(3) Edge card reader and/or punch. N,B. The edge
card punch is not available with the 20"
carriage,

(4) Backspace facility., This is operated when the
code 00000101 is read by the reader. This code
cannot be punched on tape by the Flexowriter
from the keyboard but can be copied from input
tape.

(5) Omission of tape reader, (and of switches 3 and L)
giving a tape-preparing-only unit (recorder).
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Optional varistions (continued)

(6) Addition of an auxiliary tape or edge card
reader, for systems use,

(7) Omission of punch, (and of switches 2,7,8,9

and 10) giving an output printing-only unit
(reproducer).

(8) Addition of an auxiliary tape punch, for
systems use,

(9) Addition of a verifier reader, enabling keyboard
verification of a rreviously punched tape,

Stop Code. The Stop or Halt Code (10011100) will, when
read by the reader cause the flexowriter to halt unless

averride stop (switeh 6) has been fitted and is
depressed,



