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Introduction

This specification defines the fast Aubonomous Transfer
Unit for 902 and 905 and suversedes the revort Fo.322 PPR 104.
The iwltiplex Interrupt Unit is now a separate Unit, described
in 322 PPR 145.

Function Svecification of 905 Fast A.7.U.

2.1, Introduetion

The A.2.U. permits up to 6 peripherals to transfer
words auntonomously to and from the store., Connections
between the peripherals and the A.T.U. use the 900 Series
Autonomous Interface (which is similar to the 900 Series
Periphersal Interface). An A.T.U. is connected to the
Computer Store Highway and to Direct Input-Output Interface
of the Computer. Up to four A.T.U.'s can be connected to
one computer allowing the connection of up to 24 automonous
peripherals. A direct channel is also available froz: the

- A,TU, for connection of a direct peripheral.

The unit has hardware address register counter
and output data register for each peripheral channel,

2.2, Sequence of Operaiions

A sequence of transfers to and from a peripheral
is initiated by an instruction obeyed by the processor.
Thereafter the sequence proceéds autoncmously (unless a
terminate sequence instruction is obeyed), until all
transfers specified have been completed, If the peripheral
1is then ready for a new sequence of transfers the A.7.U.
may interrupt the processor. See Fig 4 for a flow chari
of A.T.U. operations.,

The sequence can consist of any or all of the
following:~-

(a) o to 3 control word transfers to peripheral.
(b) 0 to 4095 data word transfers to or from peripheral.
(c) A status word transfer from peripheral.

2.2.1., Chanmel Priorities

At the end of each store cycle the peripheral
channel signals are examined and the peripheral
having the highest priority (i.e. connected to the
lowest mumbered channel) is serviced. In this way
transfers on each channel may be interleaved.,

22,2, Store Locations

Each peripheral attached to the A.7.U. has
associated with it four locations in the store;
the coatenis of these are used in the sequence of
transfers as detailed bLelow. The actu2l locations
assizned to ezch periphreral er:s defined in paragraovh
2.4.2.



Location Bits Funection
P - 1-17 Data Pointer
‘ - 18 Output Indieator
P+ 1-12 Data Count
- 15 Cyclic Indicator
13-~14 ‘ Control Count
16 Status Word Indicator
17-18 (spare)
P+ 2 1-17 Control Pointer
P+ 3 1-18 ‘Status Yord

The hardwaie count and zddress registers are
automatically loaded from store when a sequence.is
initiated; the count register is loaded from location
P + 1 and the address register from location P+2. At
the start of the data transfer part of the sequence the
address register is loaded automatically from location
P. (If no control outputs are required “the address
register is loaded from P when the transfer is initiated.)

2.2,3 Cyelic Operation

At the end of data transfer if bit 15 of the count
register is a 1 the address and count registers cre
automatically re-loaded from locations ? + 1 and Pyond
the data transfer part of the sequence thus repeated.
The loop is broken when the peripheral raiges COJTROL
READY in place of DATA READY thus cousing 2 ternination
see (2.5.1)

2.3. Control of Rransfers

Conirol Vord Traasfers teke place £rom stors locations
whose addresses are given by the contenis of the sddress
Pegister, this register is increzented each time a control
word is transferred so that words may be transferr ed from
consecutive store locations., Tae nuaber of control word
transfers in a sequence is controlled by bits 13 and 14 of
location P+1; these .bits represent a count of the nwsber of
control words to be transferr.ed as follows:-

Bits 14 Bit 13 Hlo. of transfers
1 1 3
1 0 2
0 1 1
0 o} 0

During the last word of a control word transfer LAST WORD
is not sent to the periphersl. :

Data Transfers teltce place to or

froa lgeations whosz
addrasses gare ziven by th2 contents of

he a2ddress rezister
d

L]
>

v ¢l

This register is incrementad eszcn tine ata word is traznsierrsd
so thzt wordis sre transferred 1o or Iroxz consecutive siora

locations. Bit 13 of location P is a2 one to indicsie ouidui
and a2 zzro to indicaie innut., The nuzber of dzta words
transferred is controliled by bits 1-12 of location 2 + 13

'1f the nunder repressnted by these bits is X the number of
words to be transferred is X. The count rerister iz dacrenenisd
each tine g éztz word is transferred. Vien the count registsr

= 0 no furtrer date transfers talte place.



2.4

2.4.1,

-3 -

Durlng the last word of a data transfer a Last Word
Signal is sent to the perlpneral to indicate the end of
the sequence.

A Status word input takes place if bit 16 of location
P + 1 is a one; The status word is placed in location P + 3.

Progran Control

As Drev1ously mentioned, each peripheral nay cause an
interrupt if it ia ready for a new sequence., These interrupts
are connected to an interrupt "patch" connector so that they
may be linked to interrupt extension inputs. These inputs are
connected tozetner to produce an interrupt, nermallyon level
3. Instructions are provided to enable or inhibit interrupts
on the interrupt extension inputs by means of a mask megister
and to determine which chennel origineted the interrupt. The
Intexrrupt is cancelled by an Initiate Seaucnce instruetion.

Instructlons

15 5279 + N Initiate sequence on channel N
(=1%o 6)

15 5311 + ¥ Terminate sequence on channel ¥
(¥ =1 to 6)

15 5248 Allow intérrupts on interrupt
extension inputs as indicated by
ones in Accumulator bits 1-12.

15 5249 Prohibit interrupts on interrupt
extension inputs as indicated by
ones in Accumulator bits 1-12

15 1152 ‘Place status of interrupt extension
inputs into bits 1-12 of Accurulator.

15 1153 Place into Accumulator bits 1~4
identification number of interrupt
extension input causing interrust.

If nmore than one source of interrupt

is simalteneously present the source

connected via the patching connector

to the lowest interrupt extension is

indicated, the Accumulator is cleared
if no interrupts are present.

15 1185 ¢ N Place Address Register of channel N

(1=1-6) into the accumulator, including
output indicator.

15 1215 + I Place Count Register of channel ¥

: (N = 1-6) into the eccumulator, including
status and cyelic indicators.

15 - 1157-59 Undefined.

15 5252—55 Undefined,

Tre mask register is cleared (i.e. 211 interrupt
are inhibited) when the computer is reset.



' Yhen the Terminate Sequence instruction is obeyed
it immediately stops trensfers of any type on the
specified channel.

.\\\ ////

When more than one A.T.Us"is used the interrupt
signal Trom the second“is jreated as an externel sifnal
for the first, and so onfor subsequent units.
Instructions referringzto the second, third and fourth
A.P.U.'s have 8, 16 and 24 respectively added to all

the above addresg;si “

2442 Store Jocations

Channel No.
1 .2 3 4 5 | 6.

Data pointer 32| 36| 40 | 44 | 48 | 52
Indicators 330 37| 41| 45| 49 | 53
Control pointer|34 | 38 | 42 | 46 | 50 | 54
Status word 3| 39| 43| 471 51} 55

For the second,\ﬁﬁyfﬁ and fourth A.T.U.'s 32,

64 and 96 respectively dre added to the above addresses.
. p; N
2.5 Intexfaces end Connections

2.5.1 A.T.U. to Peripheral Interfece

The Interface lines provided are listed below
together with the equivalent 900 Series Direct
Interface lines.

Autononous Direct
Intexrface Interface
Data in 1 - 18 Data in 1 - 18
Data out 1 - 18 Data out 1 ~ 18
Addéress 1  Address 1 - 2
- . Addresses 3 -~ 7
Addresses 8 - 11
Input select Input select
Output select Output select
Reply Reply -
- Block transfer
Last Vord Last word
- Interrupt 1
Data ready Interrupt 2
Cortsrol ready Interrupt 3
(useoptionsal)




Autonomous Direct
Interface Interface
Reset Reset
Power On Power On

- Auto

- | tHains failure
llask e

Since each channel is separately controlled the
Autonomous Interface signals are unique to each channel,
(e.g. during input on a chamnel it does not matter
what is occurring on the other channel input lines).ow

The 'ready' lines are used by each peripheral to
initiate a transfer. ‘'Data ready' initiatesg &ither
a transfer of a Data word or of a control wo¥d. 'Control
ready' can only initiate a stzatus input or control output
transfer. If 'Control ready'is made true during a data
input or output sequence when a 'Data ready' is expected
it causes premature termination of the sequence. When
it occurs the next trensfer is a Stetus Word Input. (if
the Status Word Indicator is true.). The one bit cyclic
indicator register is also cleared.-.

* The mask line is intended to inform the peripheral
that it is connected to an Autonomous Interface =nd not
the Direct Interface. Address bits 2 - 11 are zlways
zero on an ATU interface. Address bit 1 denotes Data
Input or Output if false and Control Output or status
Input if true. : :

2.5.2. Interface Timing

- Control Outout

If the next transfer on a pearticular channel is

a control output, the 'control ready' and the 'data
ready' signals are exsmined at the'end of the store

" eycle. If either 'ready'! is true and the channel has
highest priority (ie is the lowest numbered channel).
the next store cycle is assigned to that channel.
When information is available, from the store, it is
loaded into the data rezister (one for each channel),
end®'output celect' is made true. Thereafter the
peripheral responds by making 'reply' true and then
false when 'output seiect' returns false.

Deta Output

If the next transfer on a particular channel is
a data outout the sequence is similar to that for control
output above except that only 'data ready' can initiate
the sequence.



Datainout

I? the next transfer on a perticular channel
is a data input, 'input select' is made true when
'data ready' is made tuwme. When the peripheral responds
with 'reply' the next store cycle is assigned to that
peripheral (provided it has highest priority). At the
end of the store cycle 'input select' is made false
hehce the veripheral mades freply! false.

Terminafion

When the data word count is zecro the ATU inputs
device status if status word indicator is trve. In
this case 'input seleét! is made true when either
‘control ready' or 'data ready' is made true, and the
sequence proceeds as for Data 'Input above,

If the Status Word Indicator is false or when
Status has becn input the ATU waits for the next
'ready', either 'Data or Control', and passes this
on to the processor as an Interrupt, via the Intsrrupt
'"Patching' connector.

Note. If 'control ready! is made true when a 'data ready!
is expected during a data transfer sequence the termination
sequence is entered irmediately regardless of the data
word count,

The 'data ready' signal is ignored when 'input select!
or 'output select! is made true until 'reply' is made false,
hence the 'data ready' signal should have been made false
before reply is made false if the peripheral is not
immediately ready for another transfer. The 'control ready!
signal should always be uade false before 'reply' is made
false,

2.9¢3 Sockets A and B

The centrel processor to ATU peripheral intexrface
is regenersted and connected to SxTA and SKTB. SXTA
contains all the direct peripheral signals iisted above
whilst SKTB only contains:e

Output Select Reply
Address 1 & 7-11 Ready Y

Data Qut1 gnd 2 Reset

Power on Maing failure

SKTB is intended for the control of devices connected
directly on the store bus (ie disc and drum controllers).

2.5.4. Interruopt 'Patchinsz! Connsctor

Pre individusl interrupts (generated by either
Tready! signal at the start of a new sequence) are
grouped on zn additional commector; this ensbles tae
allocation of leads and priorities to be 'patched!
if necessary, and additional external sigrels
connected where desired. The signals available on
the connector and the standard connections arz as
follovws:— . .

‘One of the select A.TU. lines are linked to Ov if the

4.2.U, is the second, third or fourth 4.7.U. respectively.



Erom,

o

Mains Failure -~ Processcr

Interrupt Extension Outpuf

Interrupt 1 from other units

. Interrupt 2 from other units
ov

" Interrupt Channel 1 Interfupt Extension I/P 4
Interrupt Charnel 2 Intexaupt Extension I/P 5
Interrupt Channel 3 Interrupt Extension I/P 6
Interrupt Channel 4 Interrupt Sxtension 1/P 7
Interrupt Channel 5 Interrupt Extension 1/2 8
Interrupt Channel 6 Interrupt Extension I/2 9
Ready Y (skt B) Interrupt Extension I/? 10

- Interrupt Extension I/P 11
- Interrupt Extension I/P 1
- Interrupt Extension I/P 2
- Interrupt Extension I/P 3
Interrupns } fron other witis Interrupt Extension I/P 12

Interrupt 3 -~ to processor

Interrupt 1 - to processor

Interrupt 2 - to processor

Select A.T.U,
Select ;\.T.U.
Select A.T.U,

XG.2
No.3
No.4

If any interrupt extension input is made one a2 one will be generated
on; the interrupt extiension output provided that the corresponding bit of
the mask register has been set.

It should be noted that when the A.T.U. chammel 'readys' are
examired for priority a2t the end of each store cycle channel 1 still has
the greatest priority, no matter what connections are made on the patching
connector, the connection only afiects the prloritJ of interrupt sources
in the 15 1153 instruction.

2.6, System Confisuration

Figure 1 shows the connection of the A.7.U. inito a 905 system. It will
"be seen that a direct interface extension socket is provided to avoid the use
of a multiplexer when another A.T.U. or other direct device is attzched. This
socket is identical to a 900 Direct Interface socket except that the 'interrujt
3! signal is routed to <the interrupt patcring connector and iz normally
connected as an external interrupt signzl,




2.7. Performance (Fig 3)

The time for operations with a 1 ] sec. store is as
foliows:— :

The maximum’ speed of transfer is 1.2 to 2.2. R sec plus
the peripheral response time to positive and negative
'select! signals,

réady-»»‘l reply—-— 1 Repiy—e- 0 ‘
to Select~1 to Select—=0 [to Select-=1
' if Ready = 1
Control Output; 1 p sec.* 1psec. ¥
Data Output to 2 p sec, 02 psee. | 457 B sec.
Dafa Input . :
1 psec. * 0.2. p sec.
Status Input ,. 0.2 u sec. to 2 p sec.

On low priority channels the times marked * are increased
by the delay caused by higher priority channel operation., For
2 1 sec. store times marked ¥* are 2 p sec. to 3 p sec.

2.8. Opiions
The A.T.U. can be supplied in 1 to 6 channel versions.

For Arch 9050 systems the logic which pronibits or allows
interrupts by progiam control can be omitted and the channel
interrupt signals routed via tke Interruct Pztching Connector
to the Arch Scamner, This perlforms identical control functions.

3. Functional Specification of 4.7,U., (902)

3.1. Introduction

The Autonomous Transfer Unit for 902 is functionally
similar to that for 905. Differsnces between the two are
listed in this ssction. Only one A.T.U. can be connezeted
to a 902 allowing up to four peripherals to transfer words
autonmrously to and from the store.

3.2, Mode of Onerztion

Ag for 905 excent that the contents of the store
locations associated with each periphersl are 235 follows -

Location Bits Function
P i1-12 Data pointar
P+1 1-12 Data count
P+2 1-3 Store zone indicator
" 4-5 (spare) i
6 Output indicaior
T Cyclic indicator
. 8-9 Control count
10 : Status word indicator
i1-12 (spare)
P—:'S 1-12 '

Control painter/stusus -

: 16,0
—— -3 W



~9-

The staius word when input over-wriies the control
output pointer in location P + 3. -

Bits 1-3 P location P + 2 specify the 4096 word zone

-of the store used for dztz ani control transfers: blocks
of words to be iransfcerred must be in one store zone.

3.4, Instructions and addresses

3.4.. 902 Instruction

-

15 1 74N Initiate

sequence on chemnel ¥
(F =1 to4)
15 1 75¥N Teriainate sequence on chénnel 2§
: (M =1 to 4) :

15 0 6 Place status of interrupt extension
inputs into bits 1 - 12 of Accuaulatl
or. . ’

15 0 .7  "Place into accumlator bits 1-4

identification number of interrupt
extension input ceusing interrupt.
If more than one source of interrupt
is sinultzneously vresent the sourcc
connected via the petehring comnecto:
to the lowest numbered interrupt
extension is indicated, the
accunulator is cleared if no
interrupis are present.

15 1 6 ' Alloﬁ interrupts on interrupt
extension inputs as indicnted by
ones in the accuaulator.

15 1 T Pronibit interrupts on intsrrupt
extension input es indicated by
vones in the Accuzulator.

15 O 714¥  Read caznnel N Address Rezister
15 0 7541  Reed channel N Count Register

3.4.2. Stors locations

i . Crannel ifo.
1 2 3 4 |
Data pointer ' 163 172 476 180
Data count | 162 173 77 181 .
Indicators 170 {74 1738 182

€ontrol pointer/siatus word| 171 175 - 175 183




"3.5. Interfaces and connections

Tae interface to peripnerals is identical to thet of
the 905 except that 12 data bits each way are provided.
Figure 2 shows the connection of the A.T.U. into a 902 system.

There is an I _ntnrrunt 'Patehing! comector as in 905
ATU exceptv for lidltatlon of 4 interrupt channsls and no
ATU selection,
3.6, 'Performazlc_e
As for 905 A.T.U.
The A.T.U. can be supplied in 1 to 4 channel versions.
For Arch 105 systems the logic associated with program
interrupt control etec. can be omitted and the channel interrupt

signals routed to an Arch interiupt scanner which performs
© identical control functions.

[}
4, A.P. U, M85t Facilities

4.1. BEngineers test and monitor facilities

These consist of -

(a) A switen héving positions Yon line! and 'testf.
In the former position all otner test switches are
disabled.

(b) For each chennel an 'innibit! switch which when
operated prevents thes transmission of select signals
to the peripheral end inhibits reception of a1l signals
from {that peripheral.

(e) A 'store interface inhibit' swiich which inhibits trans-
mission and receptiion of data highway signals by the
A.T.U..2nd causes sinulated 'accept' and 'store busy!
signals to be produced asutomatically.

(a) A two position 'normsl/sinzle eycle! switch end e
Trestart' button to allow the A.%. to be operated
one store cycle at a tlm

(e) A set of 12 or 18 monitor lezmps end selector switches
: to allow the conients of the A.TU. buffer register and
other signals to be monitored.

(f) A chennel select switch end {aree push tuttonsz to =2llow
simulated 'ready' and reply signals to bs produced.

(g) A parity end leck~cut siror switch having Display/Sis
Stop positions., In 'displzy' the AT, runs norwally
but the parity and lockout error lines are monitorad by
lamp. In the Stebcise! posiiion any error is staticiszd
and displayed whilst in the 'stop'! position the A.%.U. sto3
when an ezror occurs. Thz error is cleared by ths 'rszizt
bution in &) abovs,

ot
ticis:
A
¥
2,

[



Checelt
1.2./0°
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CHANNVELS .
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4,2, Off-1ine nrozram testinz

A special cableform iz used 1o connect the direct
peripheral connector of the A.T.U. to the channel under test.
Progranm instructions allow the simulation and monitoring of
transfers. The following instructions are used for ofi-linc

vest facilities on the ¢

T Y e

905 Instruction

Effect

15 1154
15 1155
15 5250
15 1156
15 5251

Honitor peripheral signels as
follows:— Bits 1-5 Cuiput Select
on chennels 1-§, Bits 9-14 Input
Select on channels 1-6. (mhese ’
signals are not monitored via the
interface.)

‘Monitor psripherzl signals cn chenr

as follows:~ Bit 1 Address Bis 1
Bit 2 Last Word
Bit 3 Input Select
Bit 4 Ouiput Seic ct
(B]. ts 5-18 Unde? l--v“f

Generate ready sicnals on channesl
as follows:-~ =~ .
Bit 1 li=ke Daua Ready rus
Bit 2 lgke Datza Ready False
Bit 3 ileke Control Ready True
Bit 4 Halte Control Ready False

Monitor data output signalis on
chaxnel.

Set input signels oa channel
according 4o Accumulator contenis.

'"Reply'! is nade

true when either 2 15 1756 or

15 5251 instruction is obeyed and false when Tgelect!

~is made false. The second, third and Fourth A.T.0.'s have 8,

16 and 24 resnectively added to the above addresses.
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The following instructions are used for off-line

test facilities; on the 902.

90? Instruction

Effect

15

15

15

15

15

0

12

13

12

14

13

Honitor peripheral signals as
follows:~ Bits 1-4 Output
Select on channels 1 - 4,

Bits 9-12 Input Select on channels

- 1-4. (Taese signals are nov

monitored vie tae interface).

Monitor peripheral signals on
channel as follows:~ :
Bit 1 Address Bit 1

Bit 2 Last Vord

Bit 3 Inout Select

Bit ‘4 Outoput Select

(Bits 5-18 undefined)

Generate ready signals on channel
as follows:-

Bit 1 lMake Date Ready True

Bit 2 liake Data Ready False

Bit 3 liake Control Ready Truzs

. Bit 4 Make Control Ready False

Honitor data output signals on
channel, .

Set input signals on chanrel
according to Accumulator contents

" 'Reply' is made true when either a 15 % 13 or
15 0 14 instruction is obeyed and f£alse when 'select’

5. Mechanical construction

The unit here defined is ccnstructed from standard
plug-in boards mounied in a standard 19 inch rack mounting

chessis 10} inches high,



6. Catalorue Itews

~ 13 -

It is proposed to catalogue the units as follows:-

905

902 Iten

1502/50B | 1iG5/50B A.P.G. 1 channel

1e2/s0¢ | rcs/s50¢ A.T.U, additional 1 channel |
1502/50D . | 1:65/50D Interrupt Togic
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