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1.1

NORD-10/S INPUT/OUTPUT SYSTEM

After the introduction this chapter will cover the different ways of Input/Qutput
communication and how this is implemented in NORD 10/S.

INTRODUCTION

For data entering or leaving the general-purpose 16 bits computer NORD-10/S
there is two possibilities:

1. Via a Programmed Input/Output-interface

2. Via a Direct Memory-Access interface

Both interface types serve the following function:

— Syncronize the speed of the CPU and the device.

- Convert the data to a suitable format before entering or after leaving the

physical device.

1. PROGRAMMED INPUT/QUTPUT INTERFACE (PIO)
The PIO interface is, with a few exceptions, made of one card module with
dimensions given in Appendix E. One card for each device, occupies one
slotin the 1/0 rack. .
All data and control information is exchanged between registers in the

interface and the accumulator or the A-register in the CPU register block.
Programmed 1/0 interfaces are used for all slow serial or byte oriented

peripheral devices. Typical: Tape-reader, Card-reader, Line printer, Display,
Modem. The data transfer between the A-register and the interface is
programmed. A separate Input-Output Execute instruction (10X) is required
to exchange data between the A-register and interface registers. The
register-address is given by the 11 lower bits of the 10X-instruction.
The exchanged data may be:

1. Data (byte or word)

2. Controlinformation

3. Status information

ND-06.012.01



DIRECT MEMORY ACCESS INTERFACE (DMA)

The Direct Memory-Access interface normally consists of 4 to 12 cards
located in the 1/0 rack. The DMA interface transfers blocks of data:

- Directly to/from the multiport memory via one separate port.

- To/from the local memory in the CPU-rack.

- To/from the multiport memory via the CPU port.

The two last transfers are based on CPU cycle stealing, while the first
transfer takes place simultaneously with the CPU if the CPU and the DMA

are accessing different banks. Typical DMA devices are DISKS, DRUMS,
PLOTTERS and MAG-TAPES.

S
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1.2

NORD-10/S 1/0 BUS-ARCHITECTURE

1/0 communication between the CPU/MEMORY and |/O rack B or C is carriéd

out over the MAIN 1/0 BUS. (Refer to figure 1.2) The bus may be subdivided
into three parts:

- Data Bus{MD)
- Address Bus (MA)

- Control Lines

All signals in the MAIN 1|/O BUS are carried on differential lines.

R

Bus
Transceiver

/
Main /0 Bus /

A CPU ~

1 8 9 24 25 32
Bus

8 <=> Receiver Local 1/0 Bus DMA
1 8 9 24 25 32
Bus Receiver]

. <= & Brancher | Local 1/0 Bus DMA

@ @ Multiport Memory Bus To/from on

(‘ﬁ > port of MPM e

Y

Figure 1.2: /0 ARCHITECTURE, BLOCK DIAGRAM
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1.2.1

1.2.2

BUS TRANSCEIVER:

The BUS TRANSCEIVER which occupies 3 slots between the CPU and the local
memory in the A-rack has the following main functions when communicating
with a PO interface (A) and a DMA interface (B):

A:

Establishes the communication between the addressed device interface register
and the A-register.

The data lines MD will either be equal to the A-register if an output operation or
equal to the addressed device-interface register if an input operation. Data is
transferred to/ from the A-register viathe CPU data-bus IB.

The address given in the 11 lower bits in the Instruction-Register (IR) is routed
outon the address lines MA.,

B:

The BUS-TRANSCEIVER administrates the usage of the memory address bus
BA and the memory data bus BD. These busses are connected either to the local
memory in the A-rack or to one port in the multiport memory, or both.

Two sources are supplying data and address to the BUS TRANSCEIVER
modules:

- CPU with the physical memory address as output of the paging system
and data (if MEMORY-WRITE) on the CPU-data-bus or Information-bus
IB. g

- DMA with the memory-address on the MA-lines from a memory address
register (CAR) and data from the interface on the MD lines.

During a DMA transfer the CPU is allowed to use the IB bus. This implies that
CPU can fetch instructions and data from the CACHE memory independent of
the DMA transfer. If a CPU and a DMA memory request should appear
simultaneously, the BD and BA lines will be allocated to the DMA-transfer. The
DMA requests have higher priority than the CPU request.

BUS RECEIVER/BRANCHER. (8 left-most positions in the 1/0
rack)

The modules installed here are called BUS-RECEIVER when establishing the
communication between the Local I/ O busin the rack and the Main /O bus.

The modules are called BUS-BRANCHER when communicating with one port in
the multiport-memory during a DMA transfer.

ND—06.012.01
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1.3

1/0 CARD CRATE- Physical Layout.

The 8 left-most positions in an /O card crate are assigned for modules
converting the Main 1/0 bus to a local tristate-bus. Three empty positions are set
off for Main-bus expansion to the next 1/0 rack via plugs in the backwiring.

The right-most positions in the 1/0 rack are set-off for DMA interfaces.

Typical DMA interfaces and interface modules are listed below:

Inter_face: No. of Modules:  Remarks:

DRUM Vermont) -8 . 1 DRUM

CARTRIDGE-DISK 8 Daisy-chain- up to 4 DISK-
DRIVES

PERTEC MAG-TAPE 4 Communicate with up to 2

Formatters.4 MAG-TAPE
Units pr. formatter.

BIG-DISK(33 or 66 M-Bytes) 12 Communicate with up to 6
DISK-DRIVES. One module
per drive.

In addition to the modules listed, the DMA interface is represented in the local
/O bus with one module (the BUS-CONTROL 1022 or 1155). (1185 module is
used in the BIG-DISK interface with ERROR-CORRECTION).

The positions between the DMA interface and the BUS-RECEIVER/BRANCHER
are assigned for a local 1/O bus where PIO interfaces can be placed in any
order.

ND—06.012.01




1.3.1

1/0 CARD-CRATE Expansion (Refer to Figure 1.4)

Only two 1/0 card crates (Band C) are installed in the CPU cabinet, for more 1/0
card crates the following is possible:

For ND:

The Main 1/0 bus is fed to three plugs in the plug panel via the empty expansion
position in the C-rack.

For the Customer:

The local 1/0 bus is buffered and differentiated on three modules in the local 1/0
BUS, and fed to three plugs in the plug-panel.

ND-06.012.01
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Figure 1.4: NORD-10/S

EXAMPLE OF 1/0 CONFIGURATION
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PROGRAMMED INPUT/OUTPUT (PIO)

This chapter will deal with the programmed input/output interface and further
usage and implementation of the 10X instruction.

On each interface module there are at least three registers:

1- Data Register

1- Control Word Register

1- Status-Register

These registers are sufficient for a one way data flow interface. For a two-way
data flow interface, communicating both ways as a teletype or modem, twice the
amount of registers is necessary, 3 registers for output and 3 registers for input.
Data Register:

There are two kinds of data registers; a register operating as a latch (in use on
interfaces for parallel-data transfer, eg., tape-reader,tape punch, card reader,
line printer).

or

Serial input/parallel output register or parallel input/serial output register, in use
on interfaces for serial-data transfer, eg., teletype, display, modem.

ND-06.012.01



A-REGISTER

LL
SIPO-REG 43 AB A0
¥ f A A
4
4
4
4
4
A
///
0 {0 mA) — e e
\V—J \’\r~—1 NEXT
START BIT CHARACTER LENGTH STOP-BITS DATA

PARITY
BIT
7,
;f:// =FRAMING
/éé ERROR
MAY
OCCUR

Figure2.1: ASC /I SERIAL FORMAT
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Control Word Register:

— Activate device
Feed card, advance paper-tape to next sprocket, print character if Bit 2 i
set.

—Set mode of operation
Test mode if Bit3 is set

— Enables for interrupt: Bit 0 and 1

—Set character length, number of stop bits and parity on teletype and modem
interfaces: Bit11to 14

Status Register:

—Inform the CPU when the data is ready if input and data buffer are empty of
output: Bit 3

— The quality of the data-transfer is given in Bit 4

—Theinterrupt enabled can be examinedin Bit0 and 1

The Standard ND format of the Control-Word and Status Register is given in
chapter2.4.

PIO Interface Register Addressing:

Each interface register is identified with its address. The address is given in the
11 lower bits of the Instruction-Register executing an |OX-instruction. A
maximum of 21! i.e. 3777, or 2048,, registers may be specified. Half of these
addresses are used for standard ND interfaces while the second half are
assigned for customer designed interfaces. 0-1777=ND and
2000-3777 = Customer.

Different device-interfaces will require a different number of registers. One-way
devices will usually require at least three different |0X-instructions (addresses),
while wo-ways and more complex interfaces as the DMA interfaces may need
up tc 8 registers addressed by 8 I0X instructions. The device addresses for a one
way interface are in increments of four. Four device addresses per interface
where the fourth register is normally a data register used for test purposes.
Writeable for test pattern if input device and readable for test pattern if output
device.

ND-06.012.01




2-4

DEVICE SELECTION

J;_.\,__J

[
—_—
IOX = 164000 l ’
+ 0 : Standard ND interface Selects register
1 : Customer interface within seiected
device

400 : Tape reader |
+ 404 : Tape reader 11
410 : Tape punch |
414 : Tape punch ||
420 : Card reader |
424 : Card reader ||
430 : Line printer |
434 : Line printer 11 / L

0 {00) : Rea:i Data-Register
1(01) : *#rite Data Register

2 (10) : Read Status Register
3 (11) : Write Control Register

EX: Read Card Reader Status Register = 164422

Figure 2.1.1: IR-REGISTER DURING AN 10X INSTRUCTION TRANSFER-
RING DATA TO/FROM A ONE-WAY DEVICE REGISTER

ND-06.012.01
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Instruction
Register
IR

~be
<
e
-

. e
¢ LA

DEVICE SELECTION 1

10X = 164000

+ 0=ND

1=Customer

-+

150

o

270
300:

370 :
1200 :

1270 :
1300

1370

100 :
110 :

200 :

'

8=INPUT to A-REG
1=0UTPUT
from A-REG

!

Synchr. modem 1
Synchr. modem 2
|

|
: Synchr. modem 6
Asynchr. modem 1
I :
|
Asynchr, modem 8
Teletype 1
|
‘I |
Teletype 8
Asynchr. modem 9
I
|
Asynchr. modem 16
Teletype 9
I
|
Teletype 16

’ SELECTED REGISTER

Registers for

INPUT

Registers for
OUTPUT

* Datarate selection possible on:
-4 ASYNC CURRENT LOOP INTERFACE 1122
-2 ASYNC MODEM INTERFACE 1147
TERMINAL BUFFER 1095

+ : Read Data Register

. Baude Rate Selection
: Read Status Register
: Write Control Register

»

WN -0

&3]

: Write Data Register
' Read Status Register
: Write Control Register

N o

Figure2.1.2: TWO WAY DEVICE REGISTERS

ND-06.012.01




2.1

2—6

THE INTERFACE AND THE IOX-INSTRUCTION

While executing, an 10X instruction the 11 lower bits of the IR-register are
enabled to the address-bus (main and local). On each interface module the
DEVICE SELECTION address bits, bits 2-9, if one-way and bits 3-9 if two-ways
interface are compared against the address of the module. (Refer to figure 2.2).

These address bits on the module can either be given by straps or by switches.
When the input to the comparator are equal (in pairs) the device address is
recognized and a DEVICE EQUAL signal is generated. This signal activates the
decodsr, decoding the 2 or 3 least significant address-bits (BAO-2) selecting the
proper register within the interface.

OUTPUT operation: (BAO=1)

During an output operation (Ex.: 10X LOAD CONTROL WORD-REGISTER or
I0X WRITE DATA REGISTER) the data on the data bus BD equal to the
A-register is clocked into the proper register. The CONNECT signal can now be
returned to CPU.

INPUT operation: (BAO=0)

The register control signals from the decoder active during an INPUT-operation
witl:

e

— Select/anable the proper register out on the BD data-bus.

— Be OR’ed together generating the IN.PUT-signai

When the input data is enabled out on the BD-bus, the CONNECT signal can
bereturnedto the CPU.

The INPUT signal will enable the 1/0 Data-Bus on to the CPU data bus IB in the
BUS TRANSCEIVER. The returned CONNECT signal will generate a clock signal
to the H-register clocking the IB-bus. The H-register is then transferred to the
A-register via the arithmetic.

As shown in figure 2.3, it may be possible to perform both an output and an
input transfer on the same |OX instruction. This is done by delaying the
CCNNECT and INPUT signal until the BD-bus is strobed by the device. Standard
ND piocaced interfaces are not using this feature, therefore, after an 10X input
operaanr, the A-register will be a copy of the selected register.

ND—06.012.01
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Figure 2.2: NORD-10/S COMMUNICATION WITH P!

O INPUT INTERFACE

| INTERFACE 1
| |
I 27
I LOAD
CONTROL WORD
cry : BA1,BAO  DECODER _ sTATUS READ —
e (DATA WRITE)
IR REGISTER | DATA READ
10X ADDRESS DRIVER : [ N
5 ‘[ 11 0 ]
_ | ADDRESS —
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GRAM | b DEVICE
| ‘ EQUAL
! S
|
| T
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PROGRAMMED OUTPUT TO DEVICE 2-8

IOXE,

t
I
I
l
I

{-\B a%F\;EO?_S___Q_ > ;: |OX Address / >’;

: : Next Instruction
| |

—_— T 7

l
I
| |
DATA ! | ot
DATA OUTPUT/ = A Reg.during IOX
(BAQ-10) { I\p-,-l i : [ , g [ f(>f<
| 1
| l ‘ | | I
l ' l ; 1 |
INPUT, 1 o t ; | Next (O'x
[ I I Instruction
E l | ] l I
‘ | | l l l Dt
CONNECT, ™ 1 L , |
: | 5
I I | | | * ]
} | | [ | !
550ns | ® | % | 350ns ' 1200 ns [
TYPICAL ; ey gy e
| | ! | |
e 10 dEViCE * = Device Dependant
———ag— From device Min, =0, Max. =56 us
@ fbrancher present: 450 ns
If no brancher present: 120 ns
PROGRAMMED INPUT FROM DEVICE
| 5
IOXE | x
° | I j
’ _
ADDRESS | - |
(BAQ-10 " 7
L—a;< L IOX ADDRESS / e
| . /
| | : /
| S a——
DATA : ATA " ouTPu<DATA NPUT >
(8DO-15) 1 e T
{ | |
INPUT ! ' :
! | |
| | ;
! |
CONNECT T 55075 :4-{-— rr——:L

Figure 2.3: PROGRAMMED INPUT/OUTPUT FROM DEVICE

Data Input Latch PU!
LHRPgPstgeraceamCU
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2.2

2-10

10X INSTRUCTION EXECUTION CPU

General:

The microprogrammed NORD-10 CPU executes an |OX-instruction by
fetching, clocking and decoding three micro-instructions located in the 32 bits
wide Read Only Memory (ROM). In the following some remarks will be given to
figure 2.5 10X TIMING. Refer aiso to figure 2.6 for the CPU data and address
flow.

Remark 1:

The 10X instruction is clocked into the Instruction-Register by a positive edge of
the CIKL-signal, derived from the memory data ready signal MDRY. The
device-address (IRO-10) is now available on the address-bus. The IREN signal is
always active except during DMA. Refer to TRANSCEIVER ADDRESS module
1118. :

After 200-220ns including entry-point generation, and ROM-access time, the
content of ROM address 172 is clocked into the 32 bits Micro-Instruction
Register (MIR) given by the following mnemonics:

172/10X, LOGM ADIR A,A BIO D, 10 (orin words):

Select the A—'register through the A-operated-selector and enable it out on the IB
bus. The destination is the 1/0 bus.

The signal TRIO is decoded from the MIR-bits and since the 10X instruction is a
privileged instruction, only allowed to be executed from memory pages
belonging to ring 2 or 3, the signal is checked against the Paging-Control
Register bits on the Interrupt Contral 1058 module. This checking takes 100ns.
On the TRANSCEIVER CONTROL module 1127 the signal TRIO and TRR
(decoded from MIR when A-reg-output operation) are ANDed together
generating the TRRIO signal that in turn set the 10CYC flip-flop {Input/Output
cyclein progress). :

The RIB signal enables the IB-bus out on the D-bus (TRANSCEIVER DATA

module 1125). The IOCYC flip-flop set generates a memory data-ready-signal
(MDRY). This in turn clocks the second microinstruction into MIR, entering.

Remark 2:
ROM address 173:
LOGM A,I0 BIO % 1/0-BUS—H-REGISTER

The TRRIO signal disappears and the D-bus is clocked into the Q latch
(Q0-Q15). The IB—D bus signal (RIB) and MDRY is removed. The A-register is
now available on the Main I/O Bus MO-15.The TRAIO signal decoded from the
bits now in MIR generates the:

—IOXE signal; the Master Data and Address-Enabling signal

— RM signal; Enabling the M-bus out on the D-bus

—EIB signal; Enabling the D-bus out on the IB-bus

ND-06.012.01
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The CONNECT signal will be returned from the device interface recognizing the
address together with the INPUT signal. The returned CONNECT-signal is
delayed (DCON), ensuring stable data on the M-bus.

EM signal generation:

At DCON time the EM signal is generated depending on the state of the returned
INPUT-signal. -

INPUT TRUE (EM not TRUE):

—The Q latch is disabled from the M-bus. Data to IB is taken from the MAIN
i/0 data-bus.

INPUT NOT TRUE (EM TRUE):

—The Qlatch is enabled onto the M-bus and fed back to the IB bus.

The DCON signal generates a memory-data ready signal (MDRY) and the I1B-bus
is clocked into the H-register. If no CONNECT signal is returned from the
addressed interface within 5-6 us, a TIMEOUT signal is generated.

The TIMEQUT signal does:
— |. Generatea MDRY signal for hang-up prevention.

— 2. Generate a’ internal-interrupt to level 14 (IOERR) if Interrupt-system is
turned on.

The MDRY signal in turn clocks the third microinstruction into MIR entering.

Remark 3:

MIR now contains:

LOGM CFC ADIR AH DA % H-REG—A-REG NEXT-INSTRUCTION
FETCH.

The TRAIO; IOXE; EIB and the RM signals disappear and as a response to
removed 10XE, the CONNECT and INPUT signal will be dropped by the device-
interface. :

A removed CONNECT signal will reset the IOCYC flip-flop, indicating the 1/O
BUS is ready for new activity (DMA transfer or a new 10X).

During the activities mentioned, the H-register is selected as A-operand direct
through the most significant arithmetic and enabled onto the most significant
SUM-bus. In parallel with the H-register through the arithmetic, the next
instruction is fetched from main memory. The next instruction is clocked into IR
and the SUM-bus is clocked into the A-register, ending the story of the 10X
instruction with this GENERAL REMARK:

—If an OUTPUT-operation, the content of the A-register is written back to
itself.

—If an INPUT-operation, the data enabled out on the {/0O data-bus is written into
the A-register.

ND-Z2 212701
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10X EXECUTION AND BUS USAGE

CIKL

Il 1
T

G5t
o

I/O CYCLE

10X =2 |R

T T

|1“ﬁ
-

|
|

|

NEXT INSTRUCTION FETCH

A}
NEX

///////////—-IL

CPU REQU

EST

|
|

CIKL

INSTRUCTION

4——»‘ ALLOCATE BA AND BD

CASE 1

AN

CASE 2

F—W—,

INANANANAN

/////// The Main and Local 1D bus is used by the I0OX instruction.
The CPU data bus IB is also allocated for the |OX instruc-

tion.

Duration: from 1-5 us, dependent on device response.

The memory address bus BA and data bus BD together with
the I8 bus is allocateg the CPU.

Duration: this time depends on the memory response time .

Typical:

0.5 us for local memory
1.0 us for multiport memory

\\\‘\\\\\\\\\ In this period the 1/O Bus may be allocated a DMA-transfer to

CASE 2:

the local memory or muitiport memory via the CPU port.

CASE 1:

The IOCYCLE is started when the DMA-
transfer has finished.

The CPU Request must wait until the DMA-
transfer has finished.

Figure2.7: /OX EXECUTION AND BUS USAGE
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PROGRAMMING A PIO INTERFACE

INPUT

The flow diagram below shows the communication between the CPU and the

interface for reading one word or byte of data.

INITIATE TRANSFER

READ DEVICE STATUS

Z P S \
INPUT DATA N

READY?

o &

READ DATA TO / NESISTER

CW

The transfer is initiated by setting the
CONTROL-WORD REGISTER informing
of: ‘

—Mode of operation
—Interrupt enabling

— Device activation

ND—-06.012.01

INTERRUPT

~——CLEAR INTERFACF
ENABLE

~—TEST MODE

}

| ——ACT/VATE

~
)

=
&
Gl

AN

LDA Cw
10X LCw
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The presence of input-data is checked by reading the STATUS-register. Bit 3 in
the interface status register is set to a one when parallel data is clocked or serial
data is assembled in the DATA-register.

LOOP, IOX RSTAT
BSKP ONE .30 DA
JMP LOOP

The program will loop until bit 3 in the STATUS-REGISTER is set. The data can
now be transferred to the A-register.

The advantagé of interrupt-programming is clearly stated by this looping waiting
for the DATA-READY. ;
WITHOUT INTERRUPT:

The CPU will do nothing but monitor bit 3 in the status register.

WITH INTERRUPT:

With the interrupt system in the CPU tumed on, and the interface enabled for
interrupt, the interface will tell the CPU when the DATA is READY by means of
an interrupt signal. This enables the CPU to do other tasks while the data-
transfer takes place.

Example:

With the interrupt system turned on the CPU can execute about 1500-2200
instructions between two DATA-READY (sprocket) pulses when reading data
from a TAPE-READER (330 character/ sec).

At DATA-READY time the data is transferred to the A-register by means of an
10X read-data register instruction.

The data must then be stored away before the next transfer is initialized.

ND-06.012.01
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QUTPUT:

READ STATUS

DATA OUTPUT
BUFFER EMPTY

PLACE DATA IN
OUTPUT BUFFER

INITIATE TRANSFER

{IOX RSTAT
The interface STATUS-REGISTER is read, and bit 3 is checked fora 1. If a 1, \BSK” ONE 30 DA

this implies that the previous data transfer was finished and new data can be Ter n =2
placed in the output data buffer. If NOT, (oop. o
k4
T3+
. 4
Transfer A-register to output-buffer: e e
d P TOK WDAT
Transfer A-register to control-word register: Tex Lo/

With bit 2 set to a one:

This wili initiate the move of data from the buffer-register in the interface to the
physical device.

ND-06.012.01
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FORMAT OF STATUS AND CONTROL WORD

The format of status and control word may be assigned by the designer of each
device controller. The following standard is used by ND for its own device
control cards (when applicable) and is recommended for customer use.

STATUS WORD
Bit 0 Ready fortransfer, interrupt enabled
Bit 1  Errorinterrupt enabled
Bit 2 Deviceactive
Bit 3 Deviceready for transfer
Bit 4 Inclusive OR of errors
Bit 5 Errorindicator
Bit 6 Errorindicator
Bit 7 Errorindicator
Bit 8 Errorindicator o
Bit 9 Selected unit

Bit10 Selected unit

Bit11  Operational mode of device
Bit 12  Operational mode of device
Bit13  Operational mode of device
Bit 14- Operational mode of device
Bit15 Operational mode of device

CONTROL WORD

Bit 0 Enableinterrupt on device ready for transfer

Bit 1 Enable interrupt on errors

Bit 2  Activate device

Bit 3 Test mode

Bit 4 Deviceclear

Bit 5 Address bit 16

Bit 8 Address bit 17

Bit 7 Notassigned . '
Bit 8 Notassigned R
Bit 9 Unit

Bit10  Unit

Bit11 Device operation
Bit12  Device operation
Bit13  Device operation
Bit14  Device operation
Bit15  Device operation

ND-06.012.01
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PROGRAMMED INPUT/OUTPUT LOCAL 1/0 BUS

SIGNALS

The following signals on the local 1/O Bus are relevant for programmed

input/output:

DATA
ADDRESS

10XE

CONNECT
INPUT

MASTER CLEAR

16 DATA Source:

Device or CPU

11 ADDRESS
Source:
CPU

11OXE
Source:
CPU

1 BIOXE
Source:
BRANCHER

1 EIOXE*
Source:
BRANCHER

Name:

BD xx

BA xx
BIOXE
BCONNECT
BINPUT
BMC

16 tristate lines carryiﬁg the data information from

the CPU or from the device depending upon the
control signal INPUT,

Bit 0-9: Gives the value of the 10 least significant
bits of the CPU instruction register, i.e., the device
register address during an |OX-instruction.

Bit 10: Instruction register bit 10.
’ IR10=0 ND standard interfaces
IR10=1 Customer produced interfaces.

IOX instruction master enable and timing signals.
On the BRANCH CONTROL module this signal is
input to circuits generating either a local IOXE
(BIOXE) or an external IOXE (EIOXE) signal.
Whether to generate BIOXE or EIOXE is given by IR
bit 10 and a strap on the BRANCH CONTROL
module.

If strap closed: Local I0XE signal for IR10=0):
Address <2000
If strap open: Local IOXE signal for IR10=1):
Address >2000

External IOXE signal supplied to the customer via
the bus driver/receiver modules.
*This signalis notin the local {/O bus.

ND-06.012.01




1 CONNECT
Source:
Device

1INPUT
Source:
Device

1 MASTER CLEAR
Source:
CPU

A device answer on the IOXE signal has been
received and that the device has:

— Decoded the ADDRESS bits 0-9 and recognized
one of its device register addresses.

— If INPUT: The input DATA is enabled out on
the BD data-bus

—If OUTPUT: The DATA on the BD-bus equal
the A-register is taken care of by the device

CONNECT has to be returned within a specified
time (max.5-6us) otherwise the CPU will generate
an internal interrupt on level 14 (10X error).

Defines the direction of the data lines. INPUT true:
data transferred from device to CPU A-register.
INPUT false; data transferred from CPU A-register
to device.

Used to clear the logic in the device controllers.

ND-06.012.01
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4.1

/0 INTERRUPT-SYSTEM

In this chapter some general remarks regarding the NORD-10/S interrupt system
will be given together with information about the IDENT instruction.

NORD-10/S INTERRUPT SYSTEM GENERAL DESCRIPTION

The interrupt system consists of 16 program levels in hardware, each program
level with its own complete set of general registers and status indicator. The
program levels are numbered from 0 to 15 with increasing priority; program level
15 has the highest priority, program level 0 hasthe lowest.

The program levels are controlled from the two 16-bit registers:
— PIE-Priority Interrupt Enable Register

— PID-Priority Interrupt Detect Register

Each program level is controlled by the corresponding bits in these registers. The
PIE register is program controlled, set from the A-register, and the PID register is
controlled by both program and external asynchronous interrupt. At any time,
the highest program level, which has its corresponding bits set in both PIE and
PID, is running. This level is called PL, current program level. Refer also to figure
4.1,

A change from a lower to a higher program level occurs when a bit in the PID
register with higher priority than the running one is set. (The corresponding PIE
bit must also be a one). This setting of the PID-register can take place in two
ways:

1. Set by program; Programmed Interrupt

2. Setby the 1/O system (PID bit 15, 13, 12, 11 and 10); I/ O interrupt

A change from a higher program level to a lower takes place when the program
on the higher prcgram level gives up its priority. This done by executing a WAIT
instruction on the current level.

At CHANGE-LEVEL time, this takes place in hardware:

1)The current program-level address is saved in the saved program counter,
SP register. CP=>SP.., en: tevet ’

2)The current-level indicator is set with the naw level (4 bits code PLO-3).
Selecting the register block for the new level.

3)The SP for the new level is transferred to Current Program Counter CP.
SP.cw teveCP.

ND-06.012.01
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PID
PIE OPTION
g *
— T 15 INTERNAL
INTERRUPT
/
—» 14 14 | [ REALTIME CLOCK.
4 . .
—s 13 13 | ¥ INPUT DEVICE
—st 12 12 | ] MASSSTORAGE
—epl 11 11 p:, OUTPUT DEVICE
—*Q 10 K
-~
| N
|
A-REG. 4 U
)
: A-REG.
ND
# Enabled Level Detection
. S N SN
select level with the
PRIORITY ENCODER highest priority
2 I I N .
- > Lével with Highest priority
== * ®
~F CURRENT LEVEL
COMPARE | | | |
#
Y
l N
D!FF = INTERRUPT Register select bits (PLO-3)

v

* .
Internal interrupt LEVEL 14 NO CONNECT earror, IOX —timeout is one source.

Figure4.1: NORD-10/S INTERRUPT SYSTEM
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4-3

1/0 INTERRUPT

External interrupts may set PID bits 15,13,12,11 and 10. Program level 15 is not
used by standard NORD equipment or software but is available for users who
need immediate access to the CPU.
LEVEL:
13:Real Time Clock interrupt (interrupt every 20ms.)
12:Input devices

11:Mass-storage or DMA devices

10:Output devices

Aninterrupt on level 12-10 may occur for two reasons:

1.Data Ready interrupt
or
2.Error interrupt

L

A Data Ready interrupt indicates that for an input device, the data is ready to be
transferred to the A-register. For an output device, the output-buffer is empty
and new data may be transferred from the A-register to the buffer.

A Data Ready interrupt from a DMA-device indicates that the data-transfer is
completed.

An Error Interrupt will occur if the data transfer was unsuccessful.

ND—-06.012.01
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INTERRUPT IDENTIFICATION

For program levels 10,11,12 and 13 it is required to identify the 1/O interrupt
when it occurs, since several sources may be connected to the same level. This
identification process is available through the instruction:

IDENT <program level>

The IDENT instruction is used to identify and service the actual interface that
generated the interrupt. Actually there are four IDENT instructions, one to
identify and service 1/0 interrupts on each of the fourlevels 10,11,12 and 13.

The four instructions are:

IDENT PL10 Identify Input/Output interrupt on fevel 10 Code: 143604
IDENT PL11 Identify Input/OQutput interrupt onlevel 11 Code: 143611
IDENT PL12 Identify Input/Qutput interrupt on level 12 Code:143622

IDENT PL13 Identify Input/Qutputinterrupt on level 13 Code: 143643

The result of the IDENT instruction is a unique identification code returned from
the interrupting interface to the A-register. The 9 bits code is given in A-reg bits
0-8, with bits 9-15 all zeros.

If the IDENT instruction is executed, but there is no device to serve, the
A-register is unchanged. An 10X error interrupt to level 14 {TIMEOUT) will
occur if enabled.

If several devices on the same program level have simultaneous interrupts, the
priority is determined by which Input/Qutput slot the device is plugged into. The

interrupt line to the corresponding PID bit will remain active until all devices have
been serviced. When an interface responds to an IDENT, the

INTERRUPT-ENABLE flip-flop is turned off, and the interrupt-signal is dropped.
The INTERRUPT-ENABLE flip-flop must then be set by scftware before the next
interrupt can be handled.

For program level 15, however there is no IDENT instruction, since there should
be only one source for this interrupt.

ND-06.012.01.
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4.4

IDENT-INSTRUCTION

The four IDENT-instructions have the following format:

INSTRUCTION: CODE: BIT 0-5IN CODE:

5 4 3 2 1 0
IDENT PL10 143604 0 0 0 1 0 O
IDENT PL11 143611 0 0 1 0 0 1
IDENT PL12 143622 01t 0 0 1 0
IDENT PL13 143643 1 0 0 0 1 1

Mask-Code Count-Code

The codes for the different program-levels in the IDENT-instruction are chosen
for the following reason:

To make it easy for the hardware to verify the correspondence between the
interrupt-level and the IDENT instruction.
For example:

Executing an IDENT Program Level 12, only the interface connected to Level 12
should return the IDENT-CODE.

ND-06.012.01
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IDENT-INSTRUCTION-EXECUTION SEQUENCE

Inthelocal 1/0 bus, five terminals are set off for carrying the interrupt-signals.

Signal: Terminal: Means:

BINT 10 27 Interrupt to level 10
BINT 11 31 Interruptto level 11
BINT 12 35 Interrupt to level 12
BINT 13 39 Interrupt to level 13
BINT 15 43 Interrupt to level 15

On a two-way interface module the INPUT part will be connected to terminal 35
{BINT 12} and the OUTPUT-part will be connected to terminal 27 (BINT 10). The
rest of the interface-modules will only be connected to one interrupt-terminal.

The BINT 10-13 are open-collector lines ORing all interruptsin the local I/0 BUS.

The BINT 10-13 are connected to the PID bits in the CPU via the BRANCH
CONTROL (1101) in the 1/O-rack and TRANSCEIVER-CONTROL (1127) module
in the CPU-rack. The interrupt signal will force the CPU to change level if CPU
was executing on a level with lower priority. The driver on the relevant level will
execute an IDENT PL instruction. The ROM-memory entry-point for the
IDENT equals 217, but this location contains only a microprogram jump to
address 172 equal the IOX instruction entry point. The timing for executing an
IDENT instruction and an 10X instruction will be simular apart from the
following:

—On the address-bus BA, there is no device address, but code bits for checking
the interrupt level and IDENT instruction.

—During the second microinstruction no IOXE signal but an IDENT-signal is
generated on the TRANSCEIVER CONTROL 1127 module. Instruction register
bit 13 =1 during an 10X instruction and =0 during an |DENT-instruction.

Refer to figure 4.2.

TRAIO,
OR

[B13,— o - |OXE,
C/KL’—>c[ock ]
|B—|R
( /) ?474/ —» [DENT,

\ _
COPY OF INSTRUCTION-REGISTER BIT 43

Figure 4.2: IOXE/IDENT SIGNAL GENERATION
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The IDENT signal is received in the BRANCH-CONTROL 1101 module in the

In this module the signal is checked against the interrupt-lines BINT

10-13. If there was an external interrupt from the next 1/0 rack, an QUTIDENT

signal is sent to the next rack. Otherwise a LOCAL IDENT signal

1/O-rack.
generated.

{BIDENT) is
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The first device receiving the BIDENT signal, called INIDENT on the module, is
the first device in the interrupt priority chain. If this device gave no interrupt or
the INIDENT signal was for a different level, the device will send the INIDENT
signal as the OUTIDENT from this device. The next device in the priority chain
will now receive this signal as its INIDENT. This daisy chaining will continue until
the device that gave the interrupt recognizes the INIDENT and finds that the
code for the interrupt level ADDRESS BITS 0-5 corresponds to the level for the
specific device. This device will not transmit an OUTIDENT signal. The device
will instead return a CONNECT and an INPUT signal together with the IDENT
CODE. The IDENT CODE isenabled out onthe DATA-BUS (BD).

IDENT DETAILS ON ONE CARD

INT LEV 13, (39)
\/
INT LEV12, (35)
oo/
INT LEV 11, (33)
4 N
INT LEV 10, (52
Y
2-1
DEVICE ——selecfor ,
INTER‘?U??;_rﬂ—-, GND—— CLINT, .
INT—
OINPUT— ——INPUT
INT—
DEoL ——<CONNECT
INT SINT,
%157
CLEAR BAINT s pef,? -
Iy
INTERRUPT b jour
ENABLE IN @ IDENE
IDENT,
CLINT—

: ——INIDENT, low
BOO——NTER-——< 1 will select INT to
cw RUPT po— —] the output.

! ENA-
Write |BLE
Control BAINT, = Signal checking that
Word the code of the IDENT signal

(BAO-1) comming from CPU
correspondes to the

INTERRUPT LEVEL

Figure 4.4: IDENT DETAILS ON ONE CARD
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INTERRUPT SERVICE ROUTINE FOR A DEVICE
GENERATING LOCAL INTERRUPT

0
LOCAL INTERRUPT 1 . bt
0 ! —
/NTERRUPT LEVEL L.
0 e n
IN IDENT 1 lb-\ t1*4t !
0= n ;
™ OUT IDENT 1 i | \)
ADDRESS ’ w—WADDRESS = IDENT LEVE >—
(BA 0-5)
DATA / ———DATA_~ TDENT CODE >—
(BD 0-7) | \Value of data lines = Interrupt /dent. ho.
e |
CONNECT ; A \C-l ) |
J et n
INPUT | SH l
t,2200ns _ .
_ at Depends upon device physical position
=—Todevice at max = max delay of gating in device con-

trollers and max line delay.

. —<—From device , .
ta min. 200 ns

Figure 4.5: INTERRUPT SERVICE ROUTINE FOR A DEVICE GENERATING
LOCAL INTERRUPT

ND-06.012.01




4-10

INTERRUPT SERVICE ROUTINE FORA DEVICE
WITHOUT A LOCAL INTERRUPT

0 n
LocAL INTERRUPT /

]

1

INTERRUPT LEVEL L. J

IN IDENT o 7’-L ) »

JUT IDENT [ /'5 -
:

ADDRESS (BIT 0-5) =< ___/DENT LFVEL >

= W

CATA (BIT 0-7)

SONNECT

< A

b
/
f
A e n
{
c
4
i

[y (> d
JHPLI

Figure 4.6: INTERRUPT SERVICE ROUTINE FOR A DEVICE WITHOUT A
LOCAL INTERRUPT
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INTERRUPT IDENTIFICATION SIGNALS

Bus Signals

The following signals on the 1/O Bus are relevant during an interrupt/ident

sequence:

DATA

ADDRESS

INTERRUPT

INIDENT

OUTIDENT

CONNECT

INPUT

MASTER CLEAR

9DATA
Source:
Interface

6 ADDRESS
Source:
CPU

5INTERRUPT
Source:
Interface

Name:

BD xx

BA xx

BINT 10,11,12,13and 15

INIDENT

OUTIDENT

BCONNECT

BINPUT

BMC

Bit 0-7: The value of these lines is equal to the
specific INTERRUPT IDENTIFICATION NO. for the
device. Each physical device is given a unique
interrupt identification number. The INTERRUPT
IDENTIFICATION NO. is normally given by switches
or straps on the interface module.

Bit 8: For customer-equipment with device
addresses >2000 this bit should always be a 1 in the
returned IDENT CODE. This for separating the
customer IDENT CODE >400, from the ND IDENT
CODE<400,.

The addition of this bit is switch-controlled on the
CONTROL-DRIVER module 1073.

Bits 0-5: Give a coded value for the external
interrupt level where the program is seeking to
identify aninterrupt.

One line for each external interrupt level
(10,11,12,13 and 15). When the device wants the
CPU attention one of these lines is grounded - set
true. The level has to remain true until the device
has been serviced by the IDENT instruction for the
specific level. These signals are open collector
signals in the local /0 BUS.

ND-06.012.01




TINIDENT
Source:
CPU and interface

1QUTIDENT
Source:
Interface

1 CONNECT
Source:
Interface

1INPUT
Source:
Interface

1 MASTER CLEAR
Source:
CPU

ND-06.012.01
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This signal is generated at the CPU as a decoding of
one of the four IDENT instructions.

A signal transmitted to the next device's INIDENT
pin if the device did not generate an INTERRUPT or
the interrupt code did not correspond to the
interrupt level of the device.

A device answer on the INIDENT indicating that the
device that gave the INTERRUPT has recognized
the INIDENT and found the code for the interrupt
level to correspond to the level of its specific
interrupt.

A line indicating that the connected device is
returning its DEVICE IDENTIFICATION NO. on the
DATAlines. BD.

Used to clear the logic in the device controllers.
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4.7 INPUT/OUTPUT INTERRUPT PROGRAMMING:

Design of an Input/Output Handler Routine

- .
= £
<
0" [a]
< -
= oz
2 w
S >6
S£92%
AT INIALIZATION TIME; -~ 0 0%
< Sk
il
SET PID, PIE and % v
an 21 0

Saved P (SP) with

INITIAL-VALUES. cw,
. ENABLE /O INTERFACE
: FOR
LDACW
INTERRUPT i
10X LCW %LOAD
CONTROL-
WORD
AT INTERRUPT TIME:
Input/Output handling routine on interrupting level
Execute IDENT < PL>
to identify the inLerrupt
source
1/O DRIVE
ENTRY-
POINT - 7
GENERATION| ;0 |DENT CODE in A-reg :
e, to separate device-drives
~
/O DRIVER 1 DETAILS NEXT
Check INTERRUPT-REASON PAGE
by reading STATUS-REG
NO
YES J*)MP
* ERROR
READ DATA or ROUTINE
QUTPUT DATA
e Enable and Activate device
™ for next-transfer
N
%‘l/O DRIVER 2
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This is an example of a simple Input/Qutput driver system:
% PROGRAM ON LEVEL 12

RET, WAIT

INT12, SAAQ

IDENT PL12 % GET INTERRUPT IDENTIFICATION
RADD SADP % ADD NUMBER TO P REGISTER
JMP ERROR % IDENT O MEANS I/0

% SYSTEM ERROR
JMP DRIVER1 % GO TO 1. DRIVER
JMP DRIVER2
JMP DRIVERN

% DRIVER FOR AN INPUT DEVICE

DRIVER1, 10X STATUS % READ DEVICE STATUS
BSKPZRO 40DA ;
JMP ERRORD % DEVICEERROR
IOX RBUF % READ DEVICE BUFFER

STABUFF % SAVE DATA

% ENABLE AND ACTIVATE DEVICE FOR NEXT TRANSFER
JMP RET

ND—-06.012.01
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5.1

BUS-RECEIVER/BRANCHER

This chapter will deal with the BUS-RECEIVER/BRANCHER and the hardware
modules involved.

GENERAL

The 8 left-most positions in an 1/O card crate are assigned for modules
converting the differential-line MAIN 1/O BUS to the tristate LOCAL /O BUS.
Three positions; 3,4 and 6 are set off for plug-expansion of the MAIN 1/0 BUS to
the next 1/0 rack.

Module usage (Refer to Figure 5.1):
—Ifthe |/O card crate contains only P10 interfaces, the simplest state is used.
1 moduie for DATA (16 bits)
1 module for ADDRESS output {11 bits) =IRO-10
1 module for CONTROL
—|f a DMA interface is installed in the rack:*
1 additional module containing the Memory Address Register (CAR) is
inserted in position 1.
—If a DMA transfer direct to the Multiport is desired:*

1 module is added to handle the data to/from multiport. When this module
is added {Pos 8) the following will happen:

The local data-bus BD is routed direct to/from multiport memory via the
module in position 8.

DMA-addresses are sent direct to multiport-memory from module in
position 1.

Control-signals during a DMA-transfer (REQUEST, DATA-READY and
WRITE) are disabled from the Main 1I/O bus and routed direct to/from
multiport.

NB! To achieve this new cabling and an extra port in memory is required.

* More DMA information in Chapter 6.

ND—-06.012.01
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5.2

BUS-RECEIVER/MEMORY-BRANCHER MODULES:

1093 BRANCH TRANSCEIVER: The 1093 module is an universal card
containing:

— Differential line drivers/receivers 18 bits (MQO-M17).

—2 sets of 16 bits tristate drivers driving the output of the differential line
receiver.

—2-1 line selector, selecting the input to the differential line driver.
—Byte-parity generator/checker. Read parity error will turn off light in
light-emitting diode and inhibit Data Ready, giving CAR error after a DMA

transfer.

NB! The parity generator/checker is only active when writing/reading 18 bits
data. (Position 8).

The usage of the circuits mentioned above will depend on the position of the
1093 module.

1096 DMA ADDRESS: The 1096 module contains the 16 Memory Address
Registers also called Core Address Register (CAR). The CAR-register is selected
by switch-setting on the BUS-CONTROL module 1022, being part of the DMA
interface, located in the local 1/O bus. One CAR-register for each 1022 module.

1101 BRANCH CONTROL: This control module must always be present (POS 7)
and will perform the following functions when:

1.PROGRAMMED /0 INTERFACES IN THELOCAL I/0 RACK:

— Driving/receiving the control-signals between the MAIN and LOCAL I/0 BUS.

— Generate control-signals for the data and address flow on the 1093 modules.

— Generate oscillator-signals to the TERMINAL-BUFFER interfaces.

— Generated local IDENT (BIDENT) or external IDENT (EIDENT) signals.

2.DMA INTERFACES IN THE LOCAL 1/0 RACK:

—Driving the DMA control signals (REQUEST and WRITE) onto the MAIN 1/0
BUS if a DMA transfer via CPU or onto the multiport-memory lines if a DMA
transfer direct to a separate port in the multiport memory-system.

—Generate control-signals for the DMA data and address flow on the 1093 and
1096 modules.

—Detection of request-signals generated in the local rack. If local request;
generate BGRANT. If external request, generate OUTGRANT.

On the following drawings the usage of the modules for the different sorts of
data flow will be shown. In addition the signals generated on the BRANCH
CONTROL 1101 module will be pointed out and explained.

In Flgure 5.6 a BUS RECEIVER/BRANCHER data flow overview is given.
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5.4

A :DMA via CPU and MAIN /0 BUS
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DMA TRANSFER DIRECT TO/FROM MULTIPORT

5.5
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DISCONNECTING THE LOCAL /0 BUS

The Local /O bus is easily disconnected from the Main |/O bus. This is done
simply by pulling out either the 1093 DATA board in position 5 or the 1093
ADDRESS board in position 2,

With one of the modules outdrawn, the BLOCK-signal on the BRANCH
CONTROL is generated with the following effects:

—All local CONTROL signals are disabled from the Main {/O controi bus
{BBLOCK).

— All local DATA-bits are disabled from the Main | /0 data bus (EMD).
— All local ADDRESS-bits are disabled f}om the Main 1/0 addressbus (EMA).

—The local REQUEST signal is stopped.

ND-06.012.01
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6.1

DIRECT MEMORY ACCESS (DMA)

" This chapter will deal with the hardware modules involved in a DMA transfer and

howa DMA transferis put through.

GENERAL

A Direct Memory Access-channel is used to obtain high transfer rates to and
from main memory. The DMA channel is either connected to main memory via
the Main I/O Bus on a CPU cycle steal basis or for higher performance on a
separate port in" the Multiport Memory System. More than one DMA device may
be active on the DMA channel at the same time, sharing the channel’s total
bandwidth.

The DMA transfer may be divided into three steps:
1. Initialization of the transfer
2. DMA transfer
3. Check the quality of the transfer

Step 1 is executed by means of IOX Programmed Output instructions. Transfer
parameters are loaded into various registers in the DMA interface.

Typical:

—The Core Address Register (CAR)
Holds the first memory address to be written into or read from.

—The Block Address Register (BAR)
Holds the first address on the physical-device to be written into or read from
(Not used on Mag-tapes).

—The Word Count Register (WC)
The number of 16 bits words to be exchanged between the DMA-device and
memory.

—The Control Word Register (CW)
The device operation (read,write,compare..}, mode of operation (test), unit
number to operate on, interrupt enabling and DMA transfer inialization is set
here.

Step 2

During step two the data transfer takes place. Between the interface and device
on serial or byte form and between memory and the interface on word basis.
Two of the registers are updated dynamically as each word is exchanged
between the interface and memory. The Word Count Register is decremented,
and the Core Address Register is incremented.

ND-06.012.01




Step3

The quality of the transfer is verified by reading various registers. by means of
10X-instructions.

Typical:

—The Status Register (STS)
Errors occurring during the transfer betweeen Memory<—Interface and
between Interface<—Physical Device are found here.

—The Core Address Register (CAR)
At the end of the transfer this register should keep the address of the last
referred memory location. CAR (AT END OF TRANSFER) - CAR (AT START
OF TRANSFER) =WC (WORD COUNT).

By reading this register it is also possible to calculate the number of bytes in
a mag-tape record with unknown record length.

ND—-06.012.01
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DMA TRANSFER IN THREE STEPS

-
DMA TRANSFER INITIALIZATION:
A — CAR % Core address register
A — BAR % Block address register
A =>WC % Word count register
STEP 1 <
A= CW % Control word register
<“"“AV“; hed
T
- L
DMA TRANSFER
{\ READ DEVICE:
Device data — Interface — Memory
WRITE DEVICE: Memory {CAR) — interface —Device
. CAR + 1 — CAR
1 WC =1 —WC
STEP 2 i
/«3‘\‘%_‘7
NO
\
\
-
—~ e
DMA TR ANSFER QUALITY CHECK AK2
STATUS REGISTER — A
STEP 3 < CAR ;g — A
- OK?
CAR gnd = CAR o = WC 1ot
o - vis

Figure6.1: DMA TRANSFER IN THREE STEPS

MDD o

Initiate next transfer
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6.2 10X FORMAT

IR-register format during an 10X instruction transferring data to/from a DMA
device register:

3 2 0
E S R G S S e ;
10X C DMA Device Selection
]
10X = 16400 Register Selection
+0=ND .
1 = Customer -
+ 500: DISK-SYSTEM 1 (HAWK)
510: DISK-SYSTEM 2
520: MAG-TAPE SYSTEM 1
530: MAG-TAPESYSTEM 2
540: DRUM SYSTEM 1
550: DRUMSYSTEM 2
570: DRUMSYSTEM 4
1540: BIG-DISKSYSTEM 1
1550: BIG-DISKSYSTEM 2
For MAG-TAPES these
registers are used as extension for:
+ 0O: READ CORE-ADDRESS REGISTER
1: LOAD CORE-ADDRESS REGISTER
STATUS REGISTER v READ SECTOR (BIG DISK: READ SEEK-COND)
CONTROL WORD REGISTER-#3: LOAD BLOCK ADDRESS REGISTER
4. READ STATUS-REGISTER
5: LOAD CONTROL WORD-REGISTER
6: READ BLOCK ADDRESS-REGISTER
7: LOAD WORD-COUNT REGISTER

Figure 6.2:
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INTERFACE ORGANIZATION:

Main 1/0 Bus Request Priority and Interrupt Priority between
AL DMA Interfaces are given by the location of the
/? ? ? A Bus control module 1022 in the Local I/O Busslots.

ADR DATACONTROL

CAR ]

Core Address
Regisger
: it
2131415161 /{a]9 [T0[11] )] 126127128 2930[3137
11 1 1111 1 1 11
00 0 1012 00O 00
B 99 9 09|11 2 2 19
1 0 2 32 B
6 3 3 3 2 DMA
Interface ——e
Iy BIG-DISK
!
+ 2913013137
1 1
o] 0
Real-time Clock —— DMA Interface 1 1
4 3 C
s ’
Pertec Mag-Tape m

1:1 CABLE

For details see drawing 7.4

\
1014 DMA Register

1092 Bufferred DMA Register {including 64 words buffer)
1129 DMA Register (including overrun detection)

> WORD COUNTER — WC

1013 Device Registers BLOCK-ADDRESS BAR
REGISTER

Figure 6.3: DMA INTERFACE ORGANIZATION
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CORE ADDRESS REGISTER (CAR)

The Core Address Register is located on the DMA ADDRESS module 1096. This
module is always located in 1/O rack slot 1. Refer also to figure 6.4.

The 16 CAR-registers are contained in 4 integrated circuits (8599, 4x4 Register
files) with 4 bits in each. The CAR-register to be selected is given by

switches/straps on the 1022 module. The switch setting is enabled on the -

address lines BA 11-14 by each CONNECT-signal generated on the specific 1022
module.

The rule is that the 1022 module being closest to the DMA ADDRESS module
should have the lowest CAR number.

During initialization the A-register; now on LDO-15 lines is selected as input to
the addressed CAR-register (no GRANT signal present). During DMA transfer
the 16 bits CAR register is incremented on each DATA-READY pulse from
memory. The addressed and latched CAR register is added with one (forced
carry) and written back in the same address (GRANT signal present). To make
an 18 bits DMA address the CAR register is extended by two bits in the Controi
Word Register (Bit 5 and 6). These two bits are used as BANK-SELECT bits BA
16 and 17. ADDRESS bits 16 and 17 will remain static during the complete
transfer while ADDRESS bits 0-15 will be counting pr. word.

The signal MPX-ADR = Multiplexed Address is generated on the 1022 module,
selecting the multiplexed address as address lines to memory.

For the customer, taking care of the Core Address himself, the second half of the
address-selector on the 1093 and 1096 module is available (BA 0-15) {(No MPX
ADR signal generated).

The memory address is sent direct to multiport via the 1096 module (Position 1)
or via the MAIN 1/0 BUS through the 1093 module (Position 2).

ND-06.012.01
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1. LOAD MULTIPLEXED CORE-ADDRESS REGlSTER

(10X LOAD CAR)

Signal:
BIOXEO
CONNECT,

BMPXO

BGRANT,
BA 11-14,

BA 15 (CAR)

WE,

Generated:

CPU
1

1022

Nh

L4

1022 RCAR

— 4

1101 /

1022
1022

1101
L

b/t

2. INCREMENT MPX-CAR during DMA

Signal:
BGRANT,

BA11 14

BDRY,

WE

Generated:

nor T P [
1022 7 , —
1101 ' / L]

1101 4 | X

ND-06.012.01

Figure 6.5: LOAD MPX-CAR (/10X LOAD CAR)

Comments:

I

Use MPX-reg

Select LDO-15 —» CAR
Select CAR number

LOAD CAR (Decode BAQ-2)

Write selected CAR

Commented:
Select CAR +1 —= CAR
Select CAR number

Data Ready from memory

Write CAR + 1 -—»CAR
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BLOCK ADDRESS REGISTER (BAR)

The 16 bits Block Address Register is located on the DEVICE REGISTER module
1013 and contains the physical address of the device. The content of this register

is unchanged during the data transfer.

As an example the BAR-register format of the CDC HAWK and BIG-DISK is

shown:

15 14 13 12 11 16 9 8 7 6 & 4 3 2
D CYLINDER(TRACKS) 04 s SECTOR
L > t
g " S
DISK SURFACE
0=REMOVARLE 040510 0=UPPER 8] -2310
1=FIXED 0-630g T=LOWER 0-27¢
Figure 6.6: HAWK DISK:
15 7 6 5 4 3 2
CYLINDER SURFACE SECTOR
: N e eI
. 0410 0-4 0-154q
CONTROL
15 WORD-REGISTER
)
0=0410
10
1=411822,

CDC BIG DISK:

ND—-06.012.01
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DMA-DATA TRANSFER ON MAIN 1/0 BUS

The time from the START signal (BD2.CW) to the exchange of data between
the interface and memory starts is device dependent. For a disk this time is given
by the difference between the former head position (disk-address) and the new
disk address. For a BIG-DISK the max time=55ms=maximum positioning
time +17ms=one rotation. Minimum time=290 us= time used to read and
compare the address.

The following is a list of the MAIN events occuringina DMA transfer:

When the serial bits/parallel bytes are assembled in one word during READ
operation or the assembling register is empty during a WRITE operation, a
DMA REQUEST signal is generated. The signal passes on the 1:1 cable
between the interface and the 1022 module. The DMA REQUEST signal is
buffered and ORed onto the LOCAL 1/0 BUS.

As the TRANSCEIVER CONTROL module 1127 in the CPU receives this
signal a GRANT signal is returned if:

A)No 10X or IDENT instruction in progress
B) The previous DMA-CYCLE has finished

Atthe finish-time of these events the GRANT signal is returned.

In parallel with returning the GRANT signal to the requesting 1022 module,
the signal is used on the 1127 module to allocate the memory address bus
BA and data bus BD for a DMA transfer. The GRANT signal will also
disable the address lines output from CPU {(IREN).

The first device to receive the GRANT signal (called OUTGRANT) is the
first device in the DMA priority chain represented by the 1022 module. If
this module did not generate the DMA REQUEST, it would transmit the
INGRANT signal as the OUTGRANT signal from this device. The daisy
chaining mechanism for the INGRANT/OUTGRANT signal is identical to
the one for INIDENT/QUTIDENT.

Finding the requesting 1022 module, this module will return a CONNECT
and INPUT signalto the CPU.

A)If INPUT true: MEMORY WRITE OPERATION
B)If INPUT nottrue: MEMORY READ OPERATION

The CONNECT signal will enable the switch selectable (BA 11-14) CAR
register out onthe MAIN 1/0 ADDRESS BUS.

If INPUT is true, the assembled data is enabled on the MDB-bus (Bus
between the 1022 module and the interface). On the 1022 module the data
is enabled out on the LOCAL 1/0O BUS (BD). On the 1093 module (POS 5)
the local data bus is driven onto the MAIN 1/0 BUS (MO-15). The
REQUEST signalis now reset (RRQ).

The CONNECT signal together with a GRANT signal will generate a
memory request signal BREQ in the TRANSCEIVER CONTROL module

1127. The BREQ signal is sent to memory when the address bus is
allocated to the external DMA source (ALBAE).

ND—-06.012.01
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After some time, depending on READ or WRITE, local memory or multiport
memory, a ADDRESS READY (BAR) and MODULE DATA READY (BDR)
will turn up. BDR is approximately 120 ns after BAR if READ.The BAR
signal will set IDLE, clocking new requests (if any) appeared while the DMA
REQUEST was in progress. Memory Ready (MRD) equal BDR if WRITE
and delayed 150 ns if READ will generate the EXTERNAL FINISH (EFIN)
signal. EFIN resets GRANT and the DMA CYCLE ends. Ending the DMA
cycle, the next DMA-REQUEST can be treated.

The EXTERNAL DATA READY signal equal to EFIN is sent back to the
DMA interface via the 1022 module and used to strobe the output data if
MEMORY READ.

When GRANT turns off, the CONNECT signal is dropped on the 1022

module indicating the MAIN 1/0 BUS is ready for a new DMA data
transfer.

ND-06.012.01
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DMA TIMING DIAGRAMS:

DMA TRANSFER VIA CPU.

Clock next
GENERATED request.

DMA
REQ

GRANT

ALBAE,

CONNECT,

BREQ,

BDR

BAR
o}

ERD

Request from 1022 modul e

1022~ K [ l

I ﬁ'

1127 l Allocate

BA to External Source (DMA)
AU NN

1022 l From requesting 1022 modu..__
1127 Memory Request
Memory Memory Data Ready

%
Memory Address Ready

1127 External Data Ready

UL E

* BAR 120 ns before BDR during memory read

7///////// Depends on the CPU and REFRESH l.\%__y.
> &

activity.
Depend h per of
‘_"\\\\\\\\\\\\Q*‘—— RZ%EB ESSl:Il%O\?viiheh?:{:er erf;my.

Depends on read or write, local
. W @ memory or multiport memory access

H l l l I ] l I | ;I CPU or REFRESH  Request appearing in
I this period will be clocked with the Address-
Ready (BAR) signal.

=11 NO CPU or REFRESH- requests, the
next DM A-request will be handled

Figure 6.9: DMA TIMING DIAGRAMS:
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6.8
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DMA TRANSFER IMPROVEMENTS

When the transfer speed of the device approaches the max DMA speed of the
MAIN 1I/0 BUS, two improvements are available. {Max transfer rate via CPU
to/from local memory equals one request pr. 1.2us for READ memory and one
request pr. 1.4us for WRITE memory).

Improvements:

1.A direct multiport channel may be installed where the max transfer rate
equals onerequestpr. 1.0us.

2.Installing a BUFFERED DMA-REGISTER module 1092. This module contains
a 64 words First In-First Out (FIFO) buffer.

NB! All DMA devices with lower priority then the buffered one, have to use
the BUFFERED DMA module, otherwise data will be lost.

DMA TRANSFER DIRECT TC/FROM MULTIPORT

With a 1093 module installed in I/O rack position 8, the following exceptions
during the DMA transfer will take place <

—The DMA-REQUEST is disabled from the MAIN /0O BUS on the BRANCH
CONTROL 1101 module.

—The GRANT signal is generated on the 1101 module. CPU will never notice the
DMA transfer.

—Multiport Memory Request is generated on the reception of the CONNECT
signal from the requesting 1022 module and sent to MPM via the 1096
module.

—The Memory DATA READY signal from multiport is routed via the 1093 (POS
8) to the 1022 module.

—Datais routed to/from muitiport via the module in position 8.

— Addressis sent direct to multiport from the module in position 1.

NB! All REQUESTS from DMA interfaces represented with a 1022 module in
this rack will be routed to the Multiport.

ND-08.012.01
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7.1

DMA STANDARD MODULES

This chapter will cover the following ND produced DMA standard modules:
1022 BUS CONTROL
1014 DMA REGISTER
1092 BUFFERED DMA REGISTER

1022 BUS CONTROL

The BUS CONTROL module is the communication link between the LOCAL /0
BUS and the DMA Interface containing these main functions:

—Il0X-Address Decoding

— Core Address Register handling

—DMA-INTERRUPT generation

—IDENT mechanism

—REQUEST routing

— GRANT mechanism

ND-06.012.01
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7.2 DMA REGISTER 1014

The 1014 module performs the followi ng functions:
— Convert a 16 bits word to two 8 bits byte

—  Convert two 8 bits bytes to a 16 bits word

Bit Number:

15 [ 14]13f12f11]1w0]o 8] 7654 [3]2]1]0

i
- .

BYTE 1 BYTE 2

—  Serial to parailel conversion during device READ
—  Parallel to serial conversion during device WRITE
—  Generate “Device Request”’

-~ Word Counter

— Word counter equals zero detection

ND-06.012. 01
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Figure 7.1: BLOCK DIAGRAM-DMA REGISTER 1014
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7.3 BUFFERED DMA REGISTER 1092

The 1092 module performs the following functions:

—First In-First Out (FIFO) asynchronous buffer register of 64 words + control
network

— Shift register - 16 bits assembly /disassembly*

— Generate "'Device Request’'*

—Word Counter*

— Request Counter

—Word counter equal zero detection*

—Request counter equal zero detection ~—

— Status bit 11 generation (DMA failure, OVERRUN)

*These functions are identical within the 1014 module.

HEMORY READ
DIsk WRITE

I——Hemory - [nterface — ‘ f—————/nterface —» Disk —-]

[P =) T

MEMORY  WRITE
DIsk  READ

o

pee—— Disk — [nterfoce ] P /nﬁy’ﬁ'zée. —= He.mcry —————!

LG L ]

Figure 7.2: FIFO PRINCIPLES
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7.3.1

BUFFERED DMA REGISTER 1092 DESCRIPTION

FIFO INPUT SELECTOR/LATCH (Refer to Figure 7.3).

READ
CORE

64 WORDS FIFO
iR

Sl
OR

SOT

READ CORE signal active will select the MDBO-15
data from the 1022 module as input and the data
will be latched at DATA READY (DRY,CLB} time.

During WRITE CORE the assembled word SO-15
will be selected asinput and latched

Input Ready:
The first bit position is empty and data can be input-
ted on ashiftin (S1) command

Shiftin datawhen Input-Ready is true

Qutput Ready:
Presence of valid data on the output pins

Shift one word of data out when Qutput Ready is
true

Shifting data through an empty FIFO will take approximately 15us.

BUS DRIVER

The data shifted out of the FIFO DO-15 is clocked
with the Shift Qutput command. The latched data is
enabled out on the tristate MDBO-15 bus when the
the DINPUT signal arrives from the 1022 module
(DINPUT = WRITE MEMORY.CONNECT)

ASSEMBLING/DISASSEMBLING CIRCUITS

PL

SL

DRD

S15

SRO-7
S8-15
SEL1,SEL2

= Parallel load of shift register

= Shiftpulse

= Serial data input

= Serial data output

= Byte Inputto be ASSEMBLED
=DISASSEMBLED byte output

= Selects input to shift register. SEL1#SEL2 only
during byte/word assembling, disassembling

ND-06.012.01




WORD COUNTER (WC)
WCS

DwcC

REQUEST-COUNTER (RC)
WCS
RRQ

SB11

=Word Counter Strobe
Parallel load of the WORD-COUNTER. Loaded
with MDBO-15=A-register bits 0-15 during an
10X WC instruction.

=Decrement WC
The WC-register is decremented at Initial Request
{IRQ) time.
The WORD-COUNTER keeps track of the words
handled by the physical device (BIG-DISK).

=See WORD COUNTER

= Reset Request
The request counter (RC) is decremented with
the RRQ signal.
The RRQ signal is generated on the 1022 module
asareply signal of the request.
The REQUEST-COUNTER keeps track of the
number of words handled by the memory.

The difference between the Request Counter and
the Word Counter should then be the words
bufferedinthe FIFQ,

DMA error

During MEMORY READ:

The FIFO goes empty; no output ready (OR)
During MEMORY WRITE: ’

The FIFO goes full; noinput ready (IR)

During WRITE CORE the Word Counter will reach ZERO before the Request

Counter.

During READ CORE the Request Counter will reach ZERO before the Word

Counter.

ND—-06.012.01
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7.4 DMA STANDARD MODULES INTERCONNECTION
Of L1 +5V
2 3 GND BFQ1
2 ; BFQ2 INIDENT
- = TNGRART OUTIDENT —
o] it QUTGRANT I0XE —
12 [13] f
1% 15 BINPUT ——
16] |17 .
18 19 = MPX ADDRESS —
204 (217 S
27 23 : BCONNECT ——
24] [25
26____—7_ INT 10—
251 29 } L
30 31 INT 11— e
321 {33 A
3% R I INT 12 —
36 37
381 [39] INT 13 —
ol - 115
44] [45 &
461 (47 = DMA REQUEST ——
48] [49
50 51 DMA DATA READY ——
52] [53 l
S%4 55 1 MASTER CLEAR ——
(56| [57
58] [59 ~ =
60| [61 = T =
22 22 DMA DATA READY -
S| el e — DINPUT = .
o = i DEVICE REQUEST
> | [68] 169 : WRITE
S 1 170] |71 = 2
72| [73 a0 a -
:< S E = CF_(CLEAR FLAGQG) _
£ 78] 77 - =— DR 0] = I
S| 8] 179 o —=—="— DR 1 s BUS ADDRESS =
% | [80] [81 o DR 2] —
¢ 1 [82] [83 = — -
DEQL (DEVICE EQUAL)
o | [84] [85 }
86| 187 = 7 BERROR
88| 189 BCOMPLETE
201 191 BRBUSY (Reset BUSY)
92| 193 BSTART
L[94] (95 RRQ (Reset REQUEST)
96 [97
98] [909
+ L GND 1-1 Berg Plug shown 1is between "
1022 b—— +5v 1022 and 1014 (1092) card. ‘014 .
Figure 7.4: SIGNAL DISTRIBUTION 1/0 BUS B AND C RACK 1092
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APPENDIX A
SIGNAL DISTRIBUTION WITHIN ONE CARD RACK

Terminal No.
DATABIT O 10
DATA BIT 1 12
DATABIT 2 13
DATABIT 3 14
DATABIT 4 16
DATABIT 5 17
DATABIT 6 18
DATABIT 7 20
DATABIT 8 21
DATABIT ¢ 22
DATA BIT 10 24
DATA BIT 11 25
DATABIT 12 26
DATABIT 13 28
DATABIT 14 29
DATA BIT 15 30
ADDRESS BIT 0 32
ADDRESS BIT 1 33
ADDRESS BIT 2 34
ADDRESS BIT 3 36
ADDRESS BIT 4 37
ADDRESS BIT b 38
ADDRESS BIT 6 40
ADDRESS BIT 7 41
ADDRESS BIT 8 42
ADDRESSBIT 9 44
ADDRESSBIT 10 45
ADDRESS BIT 11 . 46
ADDRESS BIT12 48
ADDRESS BIT 13 49
ADDRESS BIT 14 50
ADDRESSBIT 15 52
ADDRESSBIT 16 53
ADDRESS BIT 17 54
OUTIDENT 6
INIDENT 7
OUTGRANT 8
INGRANT 9
IOXE 11
INPUT 15

ND-06.012.01




MPX ADDRESS
CONNECT
INTERRUPT LEVEL 10
INTERRUPT LEVEL 11
INTERRUPT LEVEL 12
INTERRUPT LEVEL 13
INTERRUPT LEVEL 15
DMA REQUEST

DMA DATA READY
MASTER CLEAR
DEVICE INTER-CONNECTION
+5V

GROUND

BFQ1 19,2khz
BFQ2 307,2khz

ND—-06.012.01

Terminal No.

19
23
27
31

0,1,98,99
2,3,96,97
4
5



APPENDIX B

STANDARD NORD-10 DEVICE NUMBERS AND
IDENT CODES

Interrupt Ident Code

Device No. Level  (octal) Device SINTRAN Il
4- 7 13 4 Memory Parity N-12

10- 13 13 1 - Real Time Clock 1

14- 17 13 2 Real Time Clock 2

30- 33 12 16 NORD-50/1

34- 37 10 16 ACMS5

40- 43 10 15 ACM1

44- 47 10 25 ACM 2

50- 53 10 40 ACM3

54- 57 10 41 ACM 4

60- 77 NORD-50/1 Regs.
100-107 10-12 4 Synchr. Modem 1
110-117 10-12 14 Synchr. Modem 2
120-127 10-12 20 Synchr. Modem 3
130-137 10-12 24 Synchr. Modem 4
140-147 10-12 30 Synchr. Modem 5
180-157 10-12 34 Synchr. Modem 6
200-207 10-12 60 Asynchr. Modem 1 Terminal 17
210-217 10-12 61 Asynchr. Modem 2 Terminal 18
220-227 10-12 62 Asynchr. Modem 3 Terminal 19
230-237 10-12 63 Asynchr. Modem 4 Terminal 20
240-247 10-12 64 Asynchr. Modem 5 Terminal 21
250-257 10-12 65 Asynchr. Modem 6 Terminal 22
260-267 10-12 66 Asynchr. Modem 7 Terminal 23
270-277 10-12 67 Asynchr. Modem 8 Terminal 24
300-307 10-12 1(120*) Teletype 1 Terminal 1
310-317 10-12 5(121*) Teletype2 Terminal 2
320-327 10-12 8(122*)  Teletype 3 Terminal 3
330-337 10-12 7(123*)  Teletype 4 Terminal 4
340-347 10-12 44 Teletype 5 Terminal 5
350-357 10-12 45 Teletype 6 Terminal 6
360-367 10-12 46 Teletype 7 Terminal 7
370-377 10-12 47 Teletype 8 Terminal 8
400-403 12 2 Paper Tape Reader 1
404-407 12 22 Paper Tape Reader 2
410-413 10 2 Paper Tape Punch 1
414-417 10 22 Paper Tape Punch 2
420-423 12 3 Card Reader 1
424-427 12 23 Card Reader2
430-433 10 3 Line Printer 1
434-437 10 23 Line Printer 2
440-443 10 11 Calcomp Plotter 1
444-447 10 12 Card Punch1
454-457 10 13 Card Punch 2

*4 CURRENT-LOOP MODULE 1122

ND—-06.012.01



Device No.

500- 507
510- 517
520- 527
530- 537
540- 547
550~ 557
560- 567
570- 577
600- 607
610- 617
620- 637
640- 647
650- 657
660- 667
670- 677
700- 707
710- 717
720- 727
730- 737
750- 753
770- 773
774- 777
1000-1003
1004-1007
1010-1013
1014-1017
1020-1023
1024-1027
1030-1033
1034
1035
1036
1037
1040-1043
1044-1047
1050-1053
1060-1077
1100-1107
1110-1117
1120-1127
1130-1137
1140-1147
1150-1157
1160-1167
1170-1177
1200-1207
1210-1217
1220-1227
1230-1237
1240-1247
1250-1257
1260-1267
1270-1277
1300-1307
1310-1317
1320-1327
1330-1337
1340-1347
1350-1357

Interrupt
Leve/

12

12

10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12
10-12

/dent Code
(octal) Device
1 Disk System 1
5 Disk System 2
3 Magtape Controller 1
7 Magtape Controller 2
2 Drum 1
6 Drum 2
12 Drum3
16 Drum 4
4 Versatec 1
11 Core-to-Core 1
10 CDCI/0 Link
124
125
126
127
1 CATSY 1
21 CATSY 2
A/D Converter
10 D/A Converter
5 BIG MPM LOG module
17 Dig. Reg. 1 Input
17 Dig. Reg. 1 Output
26 Dig. Reg. 2 Input
26 Dig. Reg. 2 Output
27 - Dig. Reg. 3 Input
27 Dig. Reg. 3 Output
43 Dig. Reg. 4 Input
43 Dig. Reg. 4 Output
116 NORD-50/2
Watch Dog
Process Output 1
Process Output 2
Process Output 3
15 Process Input 1
25 Process Input 2
40 Process input 3
NORD-50/2 Reg.
130
131
132
133
134
135
136
137
70 Asynchr, Modem 9
71 Asynchr. Modem 10
72 Asynchr. Modem 11
73 Asynchr. Modem 12
74 Async 13/Photo 1
75 Async 14/Photo 2
76 Async 15/Photo 3
77 Async 16/ Photo 4
- B0 Teletype 9
51 Teletype 10
B2 Teletype 11
B3 Teletype 12
54 Teletype 13
Bb Teletype 14

ND—-06.012.01

SINTRAN Il

Terminal 33
Terminal 34
Terminal 35
Terminal 36

Terminal 37
Terminal 38
Terminal 39
Terminal 40
Terminal 41
Terminal 42
Terminal 43
Terminal 44
Terminal 25
Terminal 26
Terminal 27
Terminal 28
Terminal 29
Terminal 30
Terminal 31
Terminal 32
Terminal 9
Terminal 10
Terminal 11
Terminal 12
Terminal 13
Terminal 14



Interrupt Ident Code

Device No. Level (octal) Device SINTRAN Il
1360-1367 10-12 56 Teletype 15 Terminal 15
1370-1377 10-12 57 Teletype 16 Terminal 16
1400-1407 10-12 140 Terminal 45
1410-1417 10-12 141 Terminal 46
1420-1427 10-12 142 Terminal 47
1430-1437 10-12 143 Terminal 48
1500-1507 10-12 144 Terminal 49
1510-1517 10-12 145 Terminal 50
1520-1527 10-12 146 Terminal 51
1530-1537 10-12 147 Terminal 52
1540-1547 11 17 Big Disk System 1

1550-1557 11 20 Big Disk System 2

1560-1567 11 21 Floppy Disk 1

1570-1577 1 2 Floppy Disk 2

1600-1607 11 14 Versatec 2

1640-1647 10-12 150 Terminal 63
1650-1657 10-12 151 Terminal 54
1660-1667 10-12 152 Terminal 55
1670-1677 10-12 153 Terminal 56
1700-1707 10-12 154 Terminal 57
1710-1717 10-12 155 Terminal 58
1720-1727 10-12 156 Terminal 59
1730-1737 10-12 157 Terminal 60
1740-1747 10-12 160 Terminal 61
1750-1757 10-12 161 Terminal 62
1760-1767 10-12 162 Terminal 63
1770-1777 10-12 163 Terminal 64

ND-06.012.01







APPENDIX C

TEST LOOPS
1.Core Address Register (CAR)

20/ TRA OPR
I0X CAR
SAA O
10X RCAR
COPY SA DX
JMP* -5

DRUM:

150002
164541
170400
164540
146157
124373

Xregister shall follow the OPR switches

2.Block Address Test

20/ SAA 10
I0X CONT
TRA OPR
10X BAR
SAA O
I0X RBAR
COPY SA DX
JMpP* -7

170410
164545
150002
164543

170400
164546

146157
124371

X register shall follow the OPR switches

3.Check Ident Code

20/ SAA 1
IOX LCONT
SAA 0

IDENT PL11
COPY SA DX
JMP* -5

IDENT CODE in X register

170401
164545
170400

143611
146157

124373
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HAWK
DISK:

150002
164501
170400
164500
146157
124373

170410
164505
150002
164503
170400
164506
146157
124371

170401
164505
170400

143611
146157

124373

BIG
DISK:

150002
165541
170400
165540
146157
124373

170410
165545
180002
165543

170400
165546

146157
124371

170401
165545
170400

143611
146157

124373
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TEST LOOP FOR CDC HAWK DISK INTERFACE

10/400

12/200
14/ 0

16/ 4

START, 20/044370
164501
044370
164507
044370
164503
044370
164505
164504
175026
124376
175045

151013
146157

124362

% CAR (core address
register)

% WC (word count)

% BAR (block address register). 126252
in Test Mode

% CW (control word)

% LOAD CAR

% 10X CAR

% LOAD WC

% 10X WC

% LOAD BAR

% I0X BAR

% LOAD CwW -
% 10X CW -
% IOX Read Status

% BSKIP Active

% JMP* -2

% BSKP protect violate

% WAIT if PROTECT SWITCH is ON
% Statusto X

% JMP START

200 octal words will be read from disk to main memory starting in address 400.

Status register =X register. NB! Parity error in Test Mode.

CAR, BAR, WC and CW can b e changed as desired.

When this "loop” is run in test mode, the test word 125252 and 52525 will be
read to consecutive words in memory.

cw

Read Transfer
Write transfer
Read parity
Compare test

NB! In test mode, BAR = 125252

Real Test _
4 14
4004 4014
10004 10014
14004 14014

i’
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BIG DISK TEST LOOP

20/ 044024 START,

165541
044023
165543
044022
165547
044021
165545
30/ 165544
171700
132400

175235
124374
146151
165540
064005

40/ 064006
131002
151000
124355

44/ 010000 CA

052525 BLA,

001000 WC,
000014 Cw,

CONTROL WORD (CW) FORMAT:

Read

Write

Read parity
Compare
Initiate seek
Write format

Seek compiete search

Return to zero seek

LDA CA % LOAD CORE ADDRESS
10X 15641
LDA BLA
10X 1543 % LOADBLOCK ADDRESS
LDAWC
10X 1547 % LOAD WORD COUNT
LDACW
10X 1545 % LOAD CONTROLWORD
10X 1544 % READ STATUS -
SAX -100
JNC *0 % DELAY-INCREMENT X
AND JUMP IF NEGATIVE
BSKP ONE30DA
JMP *-4 (Delay due to delayin FIFO)
COPYSA DD
10X 1640 % READ COREADDRESS
SUB CA
SUBWC
JAZ *2
WAIT % STOP |FERROR IN CAR
JMP START
10000
525625 % TEST MODE
1000
14
Disk Connected (unit 0): Test
4 14
4004 4014
10004 10014
14004 14014
26004
24004
30004
34004
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APPENDIX D

PROGRAMMING SPECIFICATION FOR 1/0 DEVICES

NORD-10/S TERMINAL BUFFER (MODULE 1095)
PROGRAMMING SPECIFICATION  (AS  CURRENT-LOOP
INTERFACE)

Terminal Buffer Addresses:
The codes below are relevant for the first terminal. The codes for the first sixteen
terminals are found by adding 10,.N terminal number (0,1,2......,17),. For the

next sixteen terminals the codes are found by adding (1000 + 10(N-20))g.N=
terminal number(20,11,12,..... ,37). For further information in section 11.

Input Channel (Interrupt Level 12):
Read Data Register
10X 300

The number of data bits read into the A register is specified by bits 11 and 12 in
the input control register. The received character is right justified.

Write Baude-rate Selection
10X 301

Read Status Register
10X 302

Write Control Register

10X 303
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Output Channel (Interrupt Level 10):
Write Data Register
10X 305
The number of bits specified by bits 11 and 12 in the input channel control
register is written to the output data register, starting with bit 0 and counting
upwards.
Read Status Register
10X 306
Write Control Register

10X 307

IDENT Code: . e

The IDENT code for the input channel and the output channel will be the same,
with the input channel responding to level 12 and the output channel to level 10.
The selection of different ident codes is switch-controlled.

INPUT CHANNEL:

Input Status Register Format:

Bit 0 Ready for transfer interrupt enabled

Bit 1 Not used

Bit 2 Device active

Bit 3 Device ready for transfer

Bit 4 Inclusive OR of errors ,
Bit 5 Framing error

Bit 6 Parity error

Bit 7 Overrun -
Bit8-10 Not used

Bit 11 Carrier missing

Bit12 Request to Send missing*

Bit 13 Ready for Sending missing*

Bit 14 Not used

Bit 15 Half duplex*

*

Not used when connected to current loop (Used when connected to
asynchronous modem).

Notes:

Bit 5. Framing error means that the stop bit is missing.

Bit 6: Parity error means that a parity error has occurred while
working in parity generation/checking mode.

Bit 7: Overrun means that at least one character is overwritten while

inputis active.
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Input Control Word Register Format:

Bit O
Bit 1
Bit 2
Bit 3
Bit 4
Bits 5-6
Bit 7
Bits 8-10
Bits 11-12
Bit 13
Bit 14
Bit 15

Enable interrupt on device ready for transfer
Not used

Active device

Test mode

Device clear

Not used

Carriage return delay enable
Not used

Character length

Number of stop bits

Parity generation/ checking
Half duplex®

* When connected to asynchronous modem

Notes:

Bit 2:

Bit 3:

Bit 4

Bit 7:

Bit 11-
Bit 12:

L

After a Master Clear or a Device Clear (bit 4), the device has to
be activated by writing a 1 into bit 2 of the control register. If
not, received data will not be clocked into the receiver data
buffer. The control bit will be 1 until 0 is written into it, or it is
cleared by Master Clear or Device Clear.

Test mode will loop transmitted data back to received data, and
if the other terminal is connected to the line, transmitted data
will also be transferred to this terminai.

Gives a clear pulse to the buffer card. After a Device Clear, the
buffer card must be initialized.

Carriage return delay enable. If set to 1, this bit will cause a
delay of 200-250 milliseconds each time an ASCIl carriage
return (octal value 15) is transmitted to the terminal. (Useful for
Silent 700 terminal with data rate 300 bits/second). Characters
with octal values 14, 16 and 17 (form feed, shift out and shift in)
will also cause the same delay. (The parity bit is not checked).

The content of these bits give the following character lengths,
both for the input channel and the output channel:

Bit:

12 11

0 0 8 bits
0 1 7 bits
1 0 6 bits
1 1 5 bits

If bit 14 is a 1, a parity bit is added to the number given in this
tabie.
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Bit 13: The number of stop bits will be two if the control bit is 0, and
one if the control bit is 1.

Bit 14: If this control bit is 0, no parity bit will be added to the character
on the output channel, and the received character will not be
checked for parity. A 1 in this control bit will add an even parity
bit to the character on the output channel, and give an error
indication if the received character has an odd parity.

OUTPUT CHANNEL:

Output Status Register Format:

Bit 0 Ready for transfer interrupt enabled
Bit 1 Not used

Bit 2 Device active

Bit 3 Device ready for transfer

Bits4-10 Not used

Bit 11 Carrier missing*

Bit 12 Request to Send missing*

Bit13 Ready for Sending missing*

Bit 14 Not used

Bit15 Half duplex*

* When connected to asynchronous modem

Notes:

Bit 2: This status bit will be a 1 as long as the device is busy
transmitting characters.

Bit 3: This bit indicates that the output data buffer is ready to receive

a new character. This will be a 1 if bit 2 is 0, but may as well be
a 1whenbit 2is 1 due tothe double buffer.

Qutput-Control Word Register Format:

Bit 0 Enable interrupt on device ready for transfer

Bit 1-15 Not used
Notes:

The device is activated when a character is loaded into the output data-register
{I0X 305). There is not need for separate activation.
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DATA RATE SELECTION

There are several possibilities to control the data rate for input and output serial

data.

The data rate can be selected by:

a)

b)

c)

EXTERNAL OSCILLATOR (16 x the bit rate), common for both input and
output. The external oscillator is connected to card terminal 81 with a TTL
or CCITT - V.24 (EIA RS —232C) signal level.

In this case a high signal has to be connected to terminal 80 (select external
oscillator). Switches as for 2600 baud.

SWITCH SETTING on card. Independent speed for input and output. The
switch in position 9 B 6 must be in the ON position, and the switch
setting is sensed each time Master Clear is pressed. The selectable baud ra-
tes are: 9600, 4800, 2400, 1200, 600, 300, 200, 150, 110, 100, 75 and 50. in
this case, no high signal must be connected to terminal 81. A high signal to
terminal 80 will stop both input and output as long as the signai is high
(BUSY).

Switch settings for the different baud rates are given in Table 1.

IOX INSTRUCTION. The baud rate selection by software corresponds
much to the switch setting referred to under b.

Input and output are independent, and are selected by the same I0X
instruction {Group device number + 1). The content of the A register
before the 10X instruction is executed determines the baud rate. The 4
least significant bits (0-3) are used for the input channel, and the next 4
(bits 4-7) are used for the output channel. Table 1 gives the bit pattern and
corresponding baud rate.

The BUSY signai (terminal 80) will, as mentioned under b), stop the
feeding of input and output data.

If the switch in position 9 B 6 is ON, pressing of the Master Clear button
will select the baud rate given by the switches (15E1-15E8). If the switch in

position 9 B 6 is OFF, the baud rate setting is only due to the 10X
instruction, and is not changed by pressing Master Clear.

Note: A programmed device clear has no influence on the baud rate
setting, but must always be given after the baud rate has been changed.
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INPUT CHANNEL (TO THE COMPUTER):

SWITCH SETTING IOX(GP + 1) CONTENT IN A REGISTER
15E4 15E3 15E2 15E1 Bit7 Bit0 Octal
9600 ON ON ON ON X X X X 0 0 0 0 0
4800 ON ON ON OFF X X X X 0 0 0 1 1
2400 ON ON ON OFF X X X X 0 0 1 0 2
1200 ON ON OFF OFF X X X X 0 0 1 1 3
600 OFF ON ON ON X X X X 1 0 0 0 10
300 OFF ON ON OFF X X X X 1 0 0 1 11
200 OFF OFF ON OFF X X X X 1 1 0 1 15
130 OFF ON OFF ON X X X X 1 010 12
110 OFF OFF ON ON X X X X 1.1 0 0 14
100 OFF OFF OFF ON X X X X 1 1 1 0 16
75 OFF ON OFF OFF X X X X 1 0 1 1 13
50 OFF OFF OFF OFF X X X X 1 1 1 1 17
OUTPUT CHANNEL (FROM THE COMPUTER):
SWITCH SETTING IOX(GP + 1) CONTENT IN A REGISTER
15E8 15E7 15E6 15E5 Bit7 Bit0 Octal
9600 ON ON ON ON 0 0 0 0 X X X X 000
4800 ON ON ON OFF 0 0 0 1 X X X X 020
2400 ON ON OFF ON 0 0 1 0 X X X X 040
1200 ON ON OFF OFF 0 0 1 1 X X X X 060
600 OFF ON ON ON 1 0 0 0 X X X X 200
300 OFF ON ON OFF 1 0 0 1 X X X X 220
200 OFF OFF ON OFF 1 1 0 1 X X X X 320
150 OFF ON OFF ON 1 0 1 0 X X X X 240
110 OFF OFF ON ON 1 1 0 0 X X X X 300
100 OFF OFF OFF ON 1 1 1 0 X X X X 340
/5 OFF ON OFF OFF 1 0 1 1 X X X X 260
50 OFF OFF OFF OFF 1 1 1 1 X X X X 360

Note:

Input and output baud rates are selected by the same 10X instruction. If the A
register is set to octal value 14 before the 10X instruction is executed, 110 baud
will be selected for input, and 9600 baud will be selected for output. To get 110
baud on both the input and output channel, the octal value 314 should be placed
in the A register before the IOX instruction is executed.
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Ident code

IDENT CODES AND INTERRUPT MECHNAISM
ldent Codes

The ident codes are binary coded by the switches in position 1E, with 0
corresponding to ON and 1 correspondingto OFF.

EXAMPLES:
1E7 1E6 1E5 1E4 1E3 1E2 1E1
ON ON ON ON ON ON ON
ON ON ON ON ON ON OFF
ON ON ON ON ON OFF ON
ON OFF OFF ON ON ON ON
ON OFF OFF OFF OFF OFF OFF
OFF OFF ON OFF OFF ON OFF

All ident codes from 0 to 177, can be selected.

Interrupt Mechanism
What is needed for a device to give an interrupt?

First of all the device must be ready for a transfer, i.e. status bit 3 must be on.
For input this means that a whole character is received by the input buffer, and is
ready to be read into the A register. For output it means that it is possible to
place at least one more character in the output buffer. Secondly, interrupt on
ready for transfer must be enabled. It means that a 1 is written into the control
register bit O (which also is status register bit 0). The AND function of Ready for
Transfer and Ready for Transfer Interrupt Enabled is gated to "wire-or’’ lines,
separate for input and output. Input is connected to interrupt level 12 (terminal
35) and output is connected to interrupt level 10 (terminalt 27). .

When an interrupt is detected (dependent on the status in CPU and the
program), the CPU usually responds by executing an IDENT instruction for
the interrupting level. The level shift and interrupt mechanism in the CPU will not
be described here. What is usually seen on the card is that sooner or later the
INIDENT signal {terminal 7) will occur with the correct level code (determined
by Bus Address bits 0 and 1 (terminals 32 and 33). The timing here is that the
Bus Address bits occur before signal occurs. Now, one part of the schotky data
selector/ multiplexer (74S157) in position 13A is used as a latch, freezing the
status of the INT signai at the moment INIDENT occurs. Ifitis a1, TINT will
be a 1. This in turn results in INPUT and CONNECT back to the CPU, and
the interrupt enable flip-flolp for the selected level is cleared by CLINT {13A7)
gated through the 74157 circuit in position 11A. {11A4 or 11A7). As the interrupt
flag is AND function of the enable flip-flop and the Ready for Transfer status,
the flag is cleared when the enable flip-flop is cleared.

Together with CONNECT and [INPUT back to the CPU, the ident Code is
gated to the Data Bus (DB 0-7).

The ident code is identical for input and output channel.
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SPECIFICATION OF TAPE READER INTERFACE

Standard device number 0400 (0400-0403),
Number of device number 4

Standard interrupt level 12,

Standard ident number 2

Contro/ Word 10X Device Number +.3:

Bit O Enable interrupt on ready for transfer

Bit 1 Not used

Bit 2 Activate device (start reading next character on tape)
Bit 3 Test

Bit 4 Deviceclear

Bits 5-15 Not used

Status Word I0X Device Number + 2:

Bit 0 Interrupt enabled on ready for transfer
Bit 2 Read active

Bit 3 Reader ready for transfer (character read)
10X device

no. +1 Not used

Data Read /OX Device Number + 0:

Read character. The same character may be read several times
if desired.

TEST:

When bit 3 in the control word is set to 1, the interface may be tested without
reader.

If bit 2 is also set to 1, the interface will give ""ready for transfer” after a while.

If “ready for transfer’” is constantly 1, the data register will increment for each
time 10X device no. + 3 (control word write) is used, and then it is possible to
test the data patch.
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SPECIFICATION OF THE PAPER TAPE PUNCH INTERFACE

Standard device number 0410 {0410-0413),4
Number of device number 4

Standard interrupt level 104

Standard ident no. 2

Write Control Word 10X Device Number + 3:

Bit 0 Enable interrupt

Bit 1 Not used

Bit 2 Activate device (punch character now in buffer)
Bit 3 Test

Bit 4 Device clear

Bits 5-15 Notused

Read Status Word 10X Device Number + 2:

Bit 0 Interrupt enabled
Bit 2 Device activate
Bit 3 Device ready

Write data word /OX Device no. + 1.

Write the 8 A-register bits to be punched in a buffer register.

Read data /10X Device number + 0:

Only used under test.

It is not wise to write a character into the buffer if the punch is not ready.

TEST:

Theinterface may be tested without punch.

When bit 3 in the control word is one, the buffer register may be read back by
IOX device number. If the interface is activated, it will become '‘ready for
transfer’” after a while.
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SPECIFICATIONS OF LINE PRINTER INTERFACE FOR CDC
9380

Standard device number 0430 (0430-0433),.
Number of device number 4.

Standard interrupt level 104,.

Standard ident number 3.

Write Control Word 10X Device Number + 3:

Bit 0 Enable interrupt on ready for transfer

Bit 1 Enable interrupt on error

Bit 2 Activate device (print character now in buffer)
Bit 3 Test

Bit 4 Device and interface clear

Bit5-15 Not used

Read Status Word 10X Device Number + 2:

Bit O Interrupt enabled on ready
Bit 1 Interrupt enabled on error
Bit 2 Not used
Bit 3 Ready for transfer
Bit 4 Error, bit5 or6 set
Bit 5 Line printer not ready
Bit 6 Out of paper
Bit 7 Compressed pitch
Bit 8 LP9 is on, to indicate to the controller that data on the lines is
format information and is interpreted as control code
Bit 9 Inhibit, illegal character in buffer
Bit 10 Not used
Bit 11 Band detect
Bit12 Band detect S
Bit 11 Bit12 Type of band
0 0 128 characters
1 0 96 characters
0 1 64 characters
1 1 48 characters
Note! This interface is only handling 64, 96 character printers.
Bit 13-15 Not used
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Write Data Word 10X DEV NO + 1

Writes a character in the buffer register.

All character codes 0-37;are illegal and ignored by the interface, except
following control codes:

115: HT (Gives space in CDC controller)

124: LF
14: FF
154: CR
20, - 33,

20,
21,
|
|

L
33,

VFU channels give LP9 and disable LP5

VFU channel 1 (FF)
VFU channel 2

VFU channel 12

Read Data Word 10X DEV NO

It is possible to read back the data written in the buffer register when running in
test mode (bit 3 set in control word).
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SPECIFICATION OF CARD READER INTERFACE
(DOCUMENTATION) FOR NORD-10/S

Standard device number 0420 (0420-0423),.
Number of device number 4.

Interruptlevel 12,,.

ldent number 3.

Write Contro! Word 10X Device + 3:

Bit 0 Enable interrupt on ready for transfer
Bit 1 Enable interrupt on error
Bit 2 Activate.): Feed one card. Clear end of card.
Bit 3 Test
Bit 4 Device clear. Clear interrupt flip-flop, overrun fii p-flop.
Continue feed flip-flop and set end of card. -
Bit 5-8 Not used
Bit 9 Continuous feed): feed next card immediately.
Bit 10-15 Not used

Read Status Word 10X Device + 2:

Bit 0 Interrupt enabled on ready for transfer

Bit 1 Interrupt enabled on error

Bit 2 Cardreader active. Signal from card reader.

Bit 3 Ready for transfer): a column may be read. This bit is turned off
by "read data” 10X DEV.

Bit 4 Bits 5-9 set, error.

Bit 5 Hopper check error set from card reader.

Bit 6 Light or dark error from card reader.

Bit 7 Motion check error from card reader,

Bit 8 Overrun, one column was lost because it was not read before ~
the next column was strobed into buffer. Cleared by MASTER
CLEAR.

Bit 9 End of card.

Bits 10-15

Be aware that the card reader sends hopper check while
reading the last card.
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Write Data 10X Device + 1:

Only used for testing the interface without card reader.

Read Data 10X Device:

Read last column.

TEST:

The interface may be tested without card reader. When bit 3 in the control word
is set toone, the interfaceis in ""test mode”’.

An 10X Device + 1 will simulate a column ready by the interface, set ready for
transfer and increment the data register.

An "“end of card” is simulated by 10X Device + 1and bit5is setto one.

ND-06.012.01




D.6

NORD-10/S cDC HAWK DISK PROGRAMMING
SPECIFICATIONS

Disk Device Register Address:

The codes below are relevant for disk system 1. Each disk system may consist of
4 units. For disk system 2add 10, to the specified codes.

Read Core Address
10X 500

Load Core Address
10X 501

Read Sector Counter
10X 502

Load Block Address
10X 503

Read Status Register
10X 504

Load Control Word
10X 505

Seek Instruction
10X 506

Load Word Count Register o
10X 507

The minimum number of words to be transferred is one sector, i.e., 200, words,
the maximum number of words is one track, i.e., 24 sectors {60004 words).

Read Block Address

This instruction is implemented for maintenance purposes only. By first loading a
control word with bit 3 (test mode), the instruction

<

10X 506

will return the previously loaded block address to the A register.
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Control Word

Bit 0 Enable interrupt on device ready for transfer
Bit 1 Enabie interrupt on errors
Bit 2 Activate device
Bt 3 Test mode
Bit 4 Device clear
Bit 5 Address bit 16
Bit 6 Address bit 17
Bit7-8 Not assigned
Bit 9 Unit select
Bit 10 Unit select
Bit 11 Device operation
Bit 12 - Device operation
Bit13 Marginai Recovery
Bit 14 Not assigned
Bit 15 Write format
Unit Select Code:
Bit 10 9

0 0 Unit 0

0 1 Unit 1

1 0 Unit 2

1 1 Unit3

Device Operation Code:

Bit 12 1
0 0 Read transfer
0 1 Write transfer
1 0 Read parity
1 1 Compare

To format a disk, the switch for formatting has to be turned on, Write Transfer,
and Write Format must be specified.

Status Word

Bit O Ready for transfer, interrupt enabled
Bit 1 Error interrupt enabled

Bit 2 Device active

Bit 3 Deviceready for transfer

Bit 4 Inclusive OR of errors (status bits 5-11)
Bit 5 Write protect violate

Bit 6 Time out

Bit 7 Hardware error

Bit 8 Address mismatch

Bit 9 Parity error

Bit 10 Compare error

Bit 11 Missing clock error

Bit12 Transfer complete

Bit 13 Transfer on

Bit14 Oncylinder

Bit 15 Bit 15 loaded by previous control word
Interrupt

The disk interrupt level is 11 and the ident number for the first disk systemis 1,
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NORD-10/S BIG-DISK PROGRAMMING SPECIFICATION (33
or 66M BYTE)

DISK DEVICE REGISTER ADDRESS

The codes below are relevant for disk system I. Each disk system may consist of
8 disk units. For disk system Il add 10, to the specified codes.

Read Core Address
10X 1540
Load Core Address
10X 1541
Read Seek Condition
10X 1542
Load Block Address
10X 1543
Read Status Register
{0) 4 1544
Load Control Word
10X 1545
Load Word Count Register

2

10X 1547
The maximum number of words to be transferred are 16 sectors, 8K words.

Read Block Address

This instruction is implemented for maintenance purposes only. By first loading a
control word with bit 3 (Test mode) the instruction

10X 1546

will return the previous loaded block address to the A-register.

DISK FORMAT
Disk Address

The 16 bit in the Block Address Register have the following meaning:
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Bit

0-3 Sector number, 16 sectors per track (5123 words pr. sector)
4-6 Surface number, 5 surfaces

7-15 Cylinder number, totally 411 cylinders (0-410)

The most significant bit (bit 15} in the Control word is used to extend the cylinder
address to 10 bits, thus enabling a cylinder address of maximum 822 cylinders.
This is only relevant for 66 Mbyte disks.

CONTROLWORD

Control Word Content

Bit
0 Enable interrupt on device ready for transfer
1 Enable interrupt on errors
2 Activate device operation
3 Test mode/ Select unit
4 Device clear (clear the activate flip-flop) and controller error bits
5 Address bit 16
6 Address bit 17
79 Unit select {maximum 8 units)
10 Marginal recovery cycle
11-14 Device operation code
15 Extended cylinder address
Select Unit

When a Control Word is loaded the disk unit number (0-7) has to be set up in bits
7-9. If the transfer is changed from one unit to another, the new unit must be
selected with a special program sequence. Bit 3 in the Control Word, select unit
bit {test bit) is used.

Example, selects unit one:

UNIT, 200 % Unit one, one inbit 7-9
SE LUNIT, LDA UNIT % Load unit number
AAA 10 % Setselect unit bit, bit 3
10X 1545 % Load Control Word
SAA 20 % Device clear to
IOX LCW % Clear possible error status
IOX 1544 % Read status
BSKP IF ZERQO 150 DA % Testif unit ready
JMP ERROR % No unit ready

% Continue

Marginal Recovery Cycle

The marginal recovery cycle (control word bit 10) may be used in connection
with read operation codes MO0, M2 and M3 as defined in the following section.
This control bit is included to be an aid in recovering marginal data. For
consecutive read transfers with this bit set, the controller will cycle through the
following conditions:
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1 Marginal read : Servo offset positive, data strobe early

2 Marginal read : No servo offset, data strobe early

3 Marginal read : Servo offset negative, data strobe early

4 Marginal read : Servo offset positive, nominal data strobe
5 Marginal read : Servo offset negative, nominal data strobe
6 Marginal read : Servo offset positive, data strobe late

7 Marginal read : No servo offset, data strobe late

8 Marginal read : Servo offset negative, data strobe late
9=1 etc.

Device Operation

All device operation codes will be activated when the code is given together with
bit 3 (activate device). For all codes except M6, the correct unit number must
also be selected.

Bit 14 13 12 1
0 0 0 0 MO Read transfer
0 0 0 1 M1 Write transfer ‘
0 0 1 0 M2 Read parity transfer e
0 0 1 1 M3 Compare transfer
0 1 0 0 M4 Initiate seek
0 1 0 1 M5 Write format
0 1 1 0 M6 Seek complete search
0 1 1 1 M7 Return to zero seek

MO Read transfer:

This operation causes the controller to transfer data from the disk to the
computer memory. The number of blocks transferred depends upon the
word count as defined by the Word Count Register.

M1  Write transfer:

Transfer of data from the computer memory to the disk.

M2  Read parity transfer:

The controller will check the parity on the address and data of the sectors
specified. Data is transferred to the controller and the cyclic check word for
both the address field and the data field of a sector is compared with the
correct check word as generated by the controiler. No data transfer to the
computer memory is performed.

M3  Compare transfer:

This function is included to positively check the data written on the disk.
During compare transfer the controller compared the data read from the
disk and data from the computer memory is compared bit by bit. Mismatch
causes compare error bit to be set.

ND—-06.012.01



je——

e,

M4

Mb

M6

M7

D-19

Initiate seek:
This function is included to enable a unit to position the heads prior to a
data transfer. The heads will be positioned according to the content of the

Block Address Register. As soon as this function is accepted by the disk,
the operation will be completed.

Wirite format:

Together with a switch on a card in the interface set, this function will
cause the controller to write the address field within each sector.

Seek complete search:

This function will enable the controller to go in a waiting state until any unit
has completed a seek. This function is independent of the unit select code
in the control word.

Return to zero seek:

This will cause the selected disk to perform a seek to cylinder 0 and will also
clear the seek error bit in the unit.

Extended Cylinder Address:

Bit 15 in the control word is used as an extension to the cylinder address in the
Block Address Register. This extended bit is used to allow addresses of up to 822
cylinders.

READ SEEK CONDITION (IOX 1542)

Bit 0-7 SEEK COMPLETE

Seek complete status for unit 0-7. True if the unit has moved
the heads to the correct cylinder or a seek error has occurred,
and the heads are under the sector number prior to the one
specified by the block address loaded before the initiate seek
command. The seek complete status will only be set if an
initiate seek command for that unit has first been issued.

Thus, after an initiate seek command is given, the SEEK
COMPLETE bit for that unit will appear once per revolution
after the unit is positioned on the correct cylinder, or a seek
error has occurred. The condition will last until a transfer
command is given.

Bit8-10. UNIT SELECT

The unit number as loaded by the last control word.
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Bit 11 SEEK ERROR

Seek error for that selected unit. This signal indicates that the
unit was unable to complete a move within 500 ms, or that the
heads have moved to a position outside the recording field, or
that an address greater than the maximum number of tracks
has been selected.

This signal will only be cleared by performing a RETURN to
ZERO command on that unit.

READ STATUS

Status word:

Bit 0 Ready for transfer interrupt enabled.

Bit 1 Error interrupt enabled.

Bit 2 Controller active.

Bit 3 Controller finished with a device operation

Bit 4 Inclusive or of errors (Bit 5-13).

Bit 5 lllegal load i.e. load while status bit 2 is true, or load of block
address while the unit is not on cylinder.

Bit 6 Time out

Bit 7 Hardware error (Disk fault + missing read clocks + missing
servo clocks).

Bit 8 Address mismatch

Bit 9 Parity error

Bit 10 Compare error

Bit 11 DMA channel error

Bit12 Abnormal completion

Bit 13 Disk unit not ready

Bit14 On cylinder

Bit 15 Extended cylinder address

INTERRUPT

The disk interrupt level is 11 and the ident number for disk system | is 17 and for
disk system Il 20.

ND—06.012.01
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PROGRAM SPECIFICATIONS FOR
MAG-TAPE

Device no. andregisters.

Device no. is 520-527 for first system.
Register:

Read Core Address

Load Core Address

Read Modus

L.oad Modus

Read Status

Load Control

In Test, Read previous loaded Modus (523)
Load Word Count

Interrupt Level

PERTEC 8000 and 9000

10X
520
521
522
523
524
525
526
527
11

[Statement in sharp parantheses is egivalent meaning on

Tandberg ].

Load Control Word (10X 525)

Bit
0 Enable interrupt on device ready for transfer
1 Enable interrupt on errors
2 Activate
3 Test mode
4 Device clear
5 Address bit 16
6 Address bit 17
7-10. Not used
11-12 Device operation code
13-14 These bits must be zero
15 On the fly operation, interrupt when tape-unit is deaccelerating
12-11
00 A normal operation given by the modus-code.
0 1 Not used
10 Rewind
11 Off line [Tandberg Rewind and unload]

ND-06.012.01
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Read Status (10X 524)

@
~

Tl WN = O

— el d D —d wmd
P WN2OWWION®

The ready interrupt enabled

Errorinterrupt enabled

Device active

Device ready for transfer

Error, inclusive OR of bit 5-12

Control or modus word error. Trying to write on protected tape,

tape unit not on-line, etc.

Bad data block

Tape mark detected

Not usable

End of tape detected

Word counter not zero

DMA-error

Overflow in read

Formatter busy [Tape busy]

Data busy [Formatter busy]

Bit 15 loaded by previous control word. On the fly operation, ;
interrupt when bit 14 goes off. T

Load Modus (10X 523)

Bit 0-8 a modus code

@
por

OO N HWN 2O

Not used [556 BPI]

Not used [220 BPI]

Reverse

Write

Space/Erase

File mark

Edit [High speed]

Parity {7 tr.) [Parity 7 tr.] (even parity)
THR2 [Threshoid]

Bits 2-5 are combined to give an operation

2 O00O0O—=00—20ON

QOO OO0 -0 W

Read forward

Read reverse

Write

Space forward

Space reverse

Erase

Write file mark

Search for fite mark

Search reverse for file mark

R o Y Y Ny o, S, W I Y
— e OO0 O0ocOoOm
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Other combinations are not standard

Bit 6 Edit is used to overwrite one record between others.

Bit
9-11
12-13
14
15

Note:

Not used

Tape unit no. (1 of 4) [One of 8 units on Tandberg]
Formatter no. (1 of 2) [One of 8 units on Tandberg]
Read odd no. of characters

Odd no. of characters Modus 15 should not be used together
with on-the-fly operation (control bit 15).

Read Modus (10X 522)

Bit

OpwWhN =0

5-
9-15

Online

Write enable ring present
Tape standing on foad point
Hard error [CRC]

Corrected error [LRC]
Undefined [no. of VRC]
Undefined

ND-06.012.01
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APPENDIX E

E.1 MODEL 33 ASR/KSR TELETYPE CODE(ASCII)IN BINARY FORM
HOLE PUNCHED = MARK =1 Most significant bit
NO HOLE PUNCHED = SPACE =0 [Least significant bit
76543 210
@ SPACE{ §{ NULL/IDLE olo| |o|ofo
A ! START OF MESSAGE ojo] {olof1
B ., END OF ADDRESS olo} {o]1]o
C # END OF MESSAGE ofof {of1]1
™y D S END OF TRANSMISSION olo] [1]ofo
E % WHO ARE YOU olof |1]ol1
F & ARE YOU alol [111]o
G ' BELL olo] 11
H ( FORMAT EFFECTOR ol1| lololo
! ) HORIZONTAL TAB ol1| {olol1
J * LINE FEED ol1] loi1]o
K + VERTICAL TAB o1} {oj1]1
L FORM FEED Cl1 1]0(0
M - CARRIAGE RETURN oft| |1]|ol1
N . SHIFT OUT oft| {1]|1]o
0 / SHIFT IN ol1] 1|11
P 0 DCO 110 iololo
Q 1 READER ON 110] lojol1
R 2 TAPE (AUX ON) 110! lo1}o
S 3 READER OFF 11o0] lo|1]1
T 4 (AUX OFF) 110l {1]o]jo
, U 5 ERROR 1ol i110]1
v 6 SYNCHRONOUS IDLE 110 111100
W 7 LOGICAL END OF MEDIA P 11111
X 8 S0 ; 111] j0i0]0
Y 9 S 1 1111 lotol1
Z : S 2 111 lol1lo
[ ; S 3 111] loj1]1
\ < S 4 111] 11lolo
1 = S5 | 111 1101
B > S 6 PUTeli] Trptlo
— ? S 7 B EEE
,._M__A_____\

G0 Same

01 Same

110 Same

- RUB OUT 111 Same

|

e PARITY
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F.1

F.2

F.2.1

APPENDIX F

CARD MODULES

GENERAL

Dimensions of card modules installed in NORD 10, NORD 10S, NORD 12,
NORD 42 and NORD 50 designed before summer 1977 are given in Figure 1.

Dimensions of modules designed after summer 1977 are given in Figure 3.

COORDINATE SYSTEMS

To identify positions on the carcs, two different coordinate systems are used,
one to identify plated-through i.oles, and the other to identify component
positions on the card.

THROUGH-PLATING COCFEDINATES

On Figure 1, the system used to dentify through-platings is shown. Every hole
except those close to the finger ccntacts is identified by a capital letter (A to V)
and a number (1 to 53). The ccordinates for the marked through-plating near the
centre of the card is K30. The through-platings close to the finger contacts are
identified by the corresponding finger contact number terminal on component
side. It is written as a colon and an even number (0 to 98).

ND—-06.012.01
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F.3

COMPONENT COORDINATES

The coordinate system used for components is mainly for integrated circuits.
These coordinates are written as a row number from 1 to 19 and then a letter for
the column. Some of these numbers are printed on the card, and are partly
shown in Figure 1. 1 is the row between plated-through holes A and B, 2 is the
row between plated-through holes B anc C, and so on. The letters, however, are
not fixed to physical dimensions on the card, but are dependent on where on the
card the integrated circuits are placed. The rules are that all integrated circuits in
the column close to the finger contacts are column A. The next one B and so on.
With normal size on the integrated circuits it is possible to use the letters from A
to {(and including) the letter F*. IC’s with 24 and 40 pins may cover for instance 3
and 4, B and C. The notation in this case is 38. (Figure 2).

*@ for the later modules.

A
¢ 8 <IA1 (A4)

1 1A

00D OPGOOOOD 0O OD9OO0DOGDOO6Q 09SO ® 09

2 X148 (B10) &

..O...O.....O.'0.00.'....00...0.‘0..0‘..'.0

3 3 .

.....O......Q.D...Q.000....@..0..0'.0....0

4 .

® @& QOO B®OO 09O OOO O S S OO 09O 8O QOO OGO 0O QOO OGBSO

EW

Figure 2: IC COORDINATES

The components coordinates are often used with an additional number.to
identify pin on the IC. In figure 1 the IC pin 1A1 is located in through-plating
A4, and 1A8 islocatedin through-plating B10.

CARD MODULES POWER-CONNECTION

Voltage: Finger-contact:
+5V 0,1,98,99
GROUND { +5V) 2,3,96,97
—5V 58,59
GROUND (—-5V) 56,57
—12v 62,63
GROUND {—12V) 60,61
+12v £6,67
GROUND (+12V) 64,65
+24V 70,71
GROUND {+24V) 68,69

ND—-06.012.C1
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NORSK DATA A.S

Titlo

NORD-10/S CARD MODULE

Drawing no.
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0 20 10 1
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384 — Insert connection L41-P25
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DRAWN BY Remarks Replacementfor] Date
APPROVED BY
Replaced by Dats
DATE
FIGURE 1
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NORD-10/S CARD MODULE
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o0 3 ]
f/a-' 22:22R3R2%33439333323323233338328°222333323833383;°N8
YT o 5
a9 =3
i a W @
Goooocoos‘eoooooocoooooooaoooco.ooonnooo-ocoooooo.
- [ e oe e e oo e o8 ee oo ®e® oe o oo eo @ ® - -
e e oo o8 s ee oo o oe oo ee ee - ©e6 oo o ee oo e e
® ® oo o6 ® ee oo e o9 oo ee eoe e 20 o9 o o eo e e
® e o2 oe ® o6 oo ® eo oe e® oo @ e ee o 20 o0 e L
® e o2 oo e oe ao ® oo oo e ee e e e s e o ®
® e e8¢ o8 e 3 oo e eo oe o oo o ®e oo o eo @ ®
® ® 6o oo ® o6 eoe ® oo ee ®o o ®® o0 o° ®0 o e
e e o0 oo e ee oo e eo ®® eo o oo ee e e o ®
e e 06 oe ® oo oe e oo o® eo o eo oe e e® o e
2 - ® ® o0 ove ® ee oo e oo e® oo o e o0 o ®e e [} ~ 2
® ® ee o6 e e oo e oo e oo @ ee oo e ee o ®
e e o® ee ® ee oo e oo e® ee e e o0 e ee o e
[ ® oo ee e es oe e oo oe ®e e e oo o ee o ®
® ® oo oo ® 9 00 e o0 ©o ee @ 29 oo e o o ®
e e oo oo ® oe o8 e ©0 e ®e e e® o8& o ee o [
® e ee eoeo ®© o9 o9 e o6 oo oo ® ee o ee o ®
® ® ©o eeo ® ee ee e o9 oo ee ® o6 e ee e ® .
- e e oo oe e e oo ® oe 0o ®e ® oe o e® o0 o ®
e @ o6 oe ® 80 oo e o0 oo ®9 e e e 98 ee e ¢
24 e e e oo @ eo oe ® ee oo e ® o0 e 89 oo e ® =8
e e e oo e oo ® oo oo eoe ® ee e o0 ©eo o @
e ® ee oo e ® o0 oo ee e ®e o e® o0 o e
e e o oo e e o¢ ove ®e ° ee o ee oo e °
® ® oo oo ® ® eoe ® ee @ 6 o0 o L)
e ® oo o ® ® LX) ® e o o8 o9 o ®
® ® o0 o®e ® ° es e ee o ®® eeo o °
® e oo oe ® e oo ® ee o L) ®
1 ® ® @0 @@ ® ® L X ] ® ®ee o ® e
£ ® ® e® oo ® ® ee ® ee o ® ®
o %4 e ® es oo ® [ [ X) (] ee o ® e -3
(= @ @ LK 4 X 4 L4 @ D L] ® e @ @ @
® ® o eoe L] ® LX) ® e o ° L]
H e ® oo ee ® ® ®e e ee o ® ®
(3] ® ® o0 oe e eoe ® ee e e o e e
o ® ® ©o we e oo ® [ X ] ® 2o o ] ®
o~ e e 20 oo e ee e oe ® ee o [} °
= L @ ®a e ® ® e ® ® e ® LN ] @ L] ?
e e ® o e e ® e e e ®
® ® e e e ee e e o ® ®
L ® @ e oo ® ®e ® ®ee o ® L3 i
e ® e ®o ® ®oe ® ee e ® e
e e ® 00 e L X ] ® 20 o ® ®
e ® e oo e oo eo ®o e ee o °® ®
° ® e oo e 0 oo eo ® ee o e ®
® e ® oo ® o0 oo ee ® o o e . e®
@ e ® oo e ©0 oo e e e® o e e
® ® e o9 ® o9 ee e® ® ee o e e
® e ® 9o ® e oe LX) L) ee © e ®
e ® e oo ® 26 oe eo ® oo o e ®
2 ® ® e o6 ® oo oo ®e °® oo o ® ® [-3
® ® ® oo ® e oo LX) e ee o e [
® @ e oo ® o0 oo ee e ee o ® ®
® ® e eeo ® o0 oe ®0 ® e o L] [
° ® e oo e oo oo ®9 L] ° L] °®
@ ? ® 2 L L3 o ® ® e ® e ® e ® L]
@ [ @ ® oe e ®©9o oo ®9 e (-] o ®
® ® ® ® aee e ee oo o0 L] ° ® L]
® ® ® o oe ® o6 oo ®0 e e ® e
e e ° e o0 ® ®6 oo LXJ e ® ® ®
2 ) e ® e oo e o9 oo LX) ® ® 29 eo ® e 3
e L) ] e oo, @g0egee 5 80,,00,;8 15 e 20 9o o ®
e ® ® e eoe@ ° ee oe o @
® ° ° o @ (] 86 o8 o ®
, ® ;, ©,00;00 4, @, 159 16 ©91,00,30 19 ®
-« 8 QO aa Woea GO T =0 xx <+ 33 z eaa O0C = BB = D >
M - . = = - = = = = = = a
30IS1NINOIMOD
156,2 = 0,2 mm e
DRAWN BY Remarks Replacement for| Date
APPROVED BY
" |Replaced by Date
DATE
FIGURE 3

ND—06.012.01



SN

APPENDIX G
DRAWINGS
DRAWINGS:
1014 DMA REGISTER
1022 BUS CONTROL
1043 CARD READER BUFFER (DOCUMENTATION)
1093 BRANCH TRANSCEIVER
1095 TERMINAL BUFFER
1096 DMA ADDRESS
1101 BRANCH CONTROL
1119 TRANSCEIVER ADDRESS
1125 TRANSCEIVER DATA
1127 TRANSCEIVER CONTROL
1130 CDC LINEPRINTER INTERFACE
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APPENDIX H

NORD-10 I/O SYSTEM HISTORIC OVERVIEW

BASIC 1/O0 CONFIGURATION NORD 10.001 - NORD 10.140

TO/FROM AMPEX
CORE MEMORY

MEMORY BUS
INTERFACE TRANSCEIVER
23 4,5,6,7,8,9,10,11,12,1314,1516,17,18,19,20,21,22 2324 25 ,26 27,28,29 ,30,31,32
NORD-10 CPU 8 81 < sle
il et IS el a3 /0 SlO15 i
SR EEE (not DMA)
<l O«
Address and Data A j ‘
i ‘ 4 ‘ Main /O Bus Control J
1,2,3,4,5,6,7,8,9,10,11,12 13141516,17,18,1920 21, 2223,24 25 26 27 , 2§, 79 3Q 31, 32
e
NANNS O e
§ SSS oY T |ocal I/0 Bus
] Rack | Rack | PIO DMA
Driver Control

1

Main /0O Rus

e

;v—-} L—,,.J
Adr. & Data Control

Figure 1.5: TYPICAL 1/O CONFIGURATION
NORD 10.001- NORD 10.140

Main differences from N-10S:

8 /O slotsfor PIO interfacesin the CPU-rack

Possible to connect-customer equipment via the Main 1/0 BUS.

No MPM channel available. All DMA transfer via the CPU.

One rack-driver module 1012 contains; Drivers/receivers for 4 data and
address bits and 4 bits of the Core Address-Register.

ND--06.012.01



MODULE 1012 RACK DRIVER

— Transfer 4 bits of the Main |/O Data-bus MD

— Transfer 4 bits of the Main 1/0 Address-bus MA

— Convert4 bits of the MD-bus to local tristate BD-bus
— Convert4 bits of the MA-bus to local tristate BA-bus
— Contains 4 bits of the Core Address-Register

— Contains 4 bits of UPPER and LOWER address limit-register (Normally
disabled) :

Bit 0-3 4-—-7 8—11 12—-15

1012.1 1012.2 : 1012.3 1012.4 L
MODULE 1019 RACK CONTROL 1
— Priority network for External/Local INTERRUPT and REQUEST
— Circuits for receiving/sending external control signals:

(CONNECT, INPUT, REQUEST / IDENT, DRY, MCL)

MODULE 1021 RACK CONTROL 2
— Drivers/receivers for control signals to/from CPU
— Drivers/receivers for control signals to/from next |/0O-rack
— Protect-registers address decoding —

— Terminal oscillator generation {(BFQ1 and BFQ2)

ND—06.012.01
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NORD 10.141 — NORD 10.299

The multiport-memory system, introducing the MOS-memory was designed in
the summer 1975. To live up to the name of a DMA-transfer for mass storage
interfaces, the BUS RECEIVER/BRANCHER was designed. Built into the

system, is the possibility to perform a true Direct Memory Access. (The BUS
BRANCHER.

Main differences from N-10/S:

- 8 1/0 slots for P10 interfaces in the CPU-rack

No Local Memory
- No Cache Memory

- During the DMA transfer via CPU, data is passed via the CPU data bus |B

ND-06.012.01




Core Adr.

BASIC 1/0 CONFIGURATION

Multiport Memory, MPM
1121 3141516 | 71819 holi11l12t 1d1at18l16117)18L19l20)21122]23|24]25126 Lo7il28120 130131 |

MPM 64 words, 18 bits MOS
Controf

Channel A | Bank1 (V)

Memory | A

I_‘__ slots —...] Adr.

available

Data

Memory Channal A

l——cw 1/O BUS i)

Reg.

¥ /0 conTROL —
11233y 4,518}17;81}9 fi0 11 E2L13114115|16]17118!19 2042 22y 23 24, 25; 2642728429 30 431,32
~ e} ~] O} ~ ot e 0l ©
ol o ol el o ol 6} o] ©
NORD-10 CPU K
€ ’i s E Tl a
Q
8138} = ElE
Control ) A | U | O
Adr,
Dats
Paper Tape Punch
" Hardcopy Console
Main 1O Bus Paper Tape Reader
fee———————L0CAL 110 BUS )
V ‘! " v DMA CHANNEL
1t 233141341817 3 S 1CL 111121131 141151 18 17118 119120] 21] 22123124 251 26,27 128] 28130 {31 B2
Q| ™ o] - R ! ol ~ o ©
[} [ i mnd Gomdomtl Ty | -Gt N ~ - o & ™
g g gl 1z |28 ol 7| gl ¢
Bus Receiver Hawk Disk Controller
) A I
t
l
10M bytes
Adr. [ |Data Control gisk.unit
ND511
OMA CHANMNEL

LS J—

LOCAL 170 BUS 4{ +
3 { 31 4(516 ({7 18 |9 110011 1121137144 15 1§ 174 18119 §2021 ;22 123 [24]25 |26 {27 (23429 130 B 132
) I - 9 af o] = ol <
P 9 P o~ =] ©] €] ©
=) 3 - o of o] &l ot oS
Sus Recaiver HP Mag. Taoce Controller
A
Figure 1.6: TYPICAL /O CONFIGURATION ¥

NORD 10.147- NORD 10.299

800 bHpi, R
45 ips,
g tracks
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BASIC I/0O CONFIGURATION
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%k ke nkw sk SENDUS YOUR COMMENTS!!! % % % % % % % % % =

Please let us know if you
* find errors
* cannot understand information
* cannot find information
* find needless information

Do you think we could improve the manual by rearranging the

contents? You could also tell us if you like the manual!!

Are you frustrated because of unclear information
in this manual? Do you have trouble finding
things? Why don’t you join the Reader’s Club and
send us a note? You will receive a membership
card - and an answer to your comments.

™~

% 4 % % % % » + HELP YOURSELF BY HELPING US!! # % % % % # # # #

Manual name: NORD-10/S INPUT/OUTPUT SYSTEM Manual number: ND-06,012.01

What problems do you have? (use extra pages if needed)

Do you have suggestions for improving this manual?

Your name: Date:
Company: Position:
Address:

What are you using this manual for?

Sendto: Norsk Data A.S.
Documentation Department

P.O. Box 4, Lindeberg Gard
Oslo 10, Norway

—

Norsk Data’s answer will be found on reverse side



"Answer from Norsk Data

Answered by

Date

Norsk Data A.S.
Documentation Department

P.O. Box 4, Lindeberg Gard
Oslo 10, Norway



— we make bits for the future

NORSK DATA A.S BOX 4 LINDEBERG GARD OSLC 10 NORWAY PHONE: 30 90 30 TELEX: 18661,




