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g N-500 CARD ASSEMBLY

S » PRINT ECO
#3 CARD NAME NO LEVEL

1 CACHE INB 3 5007.4
2 CACHE INB 2 5007.3
3 CACHE INB1 5007.2
4 CACHE INB 0 5007.1
5 CACHE CONTROL INSTB. 5017
6 CACHE DATE 3 5007.4
7 CACHE DATB 2 5007.3
8 CACHE DATB 1 5007.2
9 CACHE DATE 0 5007.1

10 CACHE CONTROL DAT.B. 5017
11 MEM. MAN. INSTR. (ADDRDRIVER) 5005150131
12 MEM. MAN. DATA (ADDRDRIVER) 5005150131
13 CONTROL II 5015
14 PREFETCH 5018
15 .CONTROLI 5012
16 TRAP 5019
17 CONTROL STORE 5020
18 SEQUENCER 5004
19 CPU-SLICE 5001.4
20 CPU—SLICE 5001.3
21 CPU-SLICE 5001.2
22 CPU-SLICE 5001.1
23 ARITH. 1 5008
24 ARITH. 2 5009
25 ARITH. 3 5011
25 ARITH. 4 5014
27 SPARE
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COMPUTER SYSTEMS

ND-500 CPU

Shared memory ND~lOO/CE ND—SOO C S A
O T D
N A D
T T R
R U E

private private 0 S 5
memory memory L S

mailbox

ND-lOO/CE CPU

INPUT/OUTPUT SYSTEM
: DMA l
l

EXT

4—1
‘—

Cl—L‘
Line Printer,
300, 600, 1000 lpm

m
o

30 Mbytes
to 2400 Mbytes

BASIC ND-500 COMPUTER SYSTEM

ND 060 ND-SOO Central Processing Unit
INTRODUCHON

The ND-SOO is the new top-of-the-line computer system
offered by NORSK DATA.

The 32 bit architechture accommodates very large pro-
gram sizes. The ND-SOO has an advanced high-capacity
CACHE memory, efficient instruction repertoire, pre-
fetching of data and instructions and high-speed floating
point hardware, resulting in a powerful, compact com-
puter module that uses the lateSt technology available.

The dual computer system consists of an ND-SOO CPU,
executing large timeconsuming user programs, integrated
with an ND-lOO/CE minicomputer which runs the multi—
mode, multi-user SINTRAN lll/VSE—SOO Operating
System, and performs all input/output handling, job—
scheduling and resource—allocations, leaving the ND-SOO
CPU free to run the user programs with a minimum of
system overhead.

Up to 30 users can access the system in Real-Time, Time-
Sharing and Batch mode, and share up to 32 Mbytes of
fast MOS memory and 2300 Mbytes of disk storage, and
a variety of other peripherals.

FEATURES

0 High Execution Speed.
The basic time of 200 ns executes the majority of the
ND-SOO’s machine instructions, provididng a formid-
able processing power. Several ND-SOO processors,
with 32/64 bit floating point multiply/divide hard-
ware, can act as a multiprocessor system supervised by
an ND-lOO/CE.

060—C 1-6000—0481



0 Advanced Instruction Repertoire.
Instructions are byte-oriented and tailored for high le-
vel program execution efficiency, such as FORTRAN
«DO—loop», COBOL string-handling and decimal
arithmetic instructions.

0 Accuracy.
The hardware arithmetic provides 32 bit single preci-
sion floating point operations with 23 bit mantissa and
9 bit exponent, for double precision 64 bit operations
the values are 55 and 9 bit respectively.

0 Large Program Size.
The 32 bit, byte oriented addressing mode permits exe-
cution of programs with up to 4 giga bytes logical ad—
dress space and another 4 gigabytes of data.

0 Multiprogramming Capabilities.
Through the use of an efficient virtual memory mana—
gement system, the ND—SOO CPU can be shared by ma-
ny user programs. Context switching routines are im-
plemented in the microcode.

o CACHE Memory employs a prefetch mechanism
from main memory. Each access to memory will be up
to 16 bytes wide thus eliminating the usual memory
bandwidth bottleneck. There are two independent but
identical CACHE systems, one for instructions and
one for data. The CACHE can be partitioned and
each partition can be used either as CACHE memory
or as a high speed local memory.

0 Multiport Memory.
The main memory is of the multiport type, allowing
sharing and direct access for ND-SOO, ND-lOO/CE
and DMA transfer devices such as disk memories and
high performance communication links (HDLC). Ma-
ximum memory size is 32 Mbytes of physical memory.

0 Writable Control Store (WCS).
In addition to the fixed instructions of the repertoire,
a writeable control store allows future addition of new
instructions.

0 Operating syStem is SINTRAN lll/VSE-SOO.
The ND-lOO/CE CPU of the ND-SOO processing sys-
tem will run the operating system and handle the in-
put/output system, file system, supervisor functions
and job scheduling for the ND-SOO CPU, leaving it
free to run user jobs.

PRODUCT DESCRIPTION

Configurations
The Basic ND-SOO Computer System is an integration of
the ND-lOO/CE CPU and its associated I/O devices and
interfaces, :1 ND-SOO CPU, and a Multiport Memory
System.

All memory is shared between the ND-SOO, the ND-lOO/
CE and [/0 devices to allow for easy access and control
by all components in the syStem. The SINTRAN lll/ VSE
Operating System including the ND-SOO MONITOR resi-
des in the ND-lOO/CE’s private memory for increased
protection and simultaneous access.

The CACHE memory of the ND-SOO can contain 32
Kbytes, 64 Kbytes or 128 Kbytes, evenly divided for in-
structions and data.

The Multiport Memory System can be established with
two or four-bank memory racks, using 1, 2 or 4 racks to-
gether providing space for maximum 32 Mbytes.
pending on the number of memory banks used, a 2 [u 8
ways interleaved memory access increases the throughput
of the memory system.

The Multiport Memory System provides several indepen-
dent dataways to the memory, where the ND-500 uses
two ports, the ND-lOO/CE uses one port and the remain-
ing port(s) is (are) used for direct transfer of data (DMA)
for disks and magnetic tapes.

The physical memory can range from 512 Kbytes of high-
speed MOS memory with Error Checking and Correction
(ECC), up to 32 Mbytes with the necessary memory racks
installed.

Disk Storage ranges from 30 Mbytes to 288 Mbytes re-
movable disk packs to a total of 2300 Mbytes, and a va-
riety of peripherals, magnetic tapes and floppy diskettes
can be attached.

This basic system can then be further expanded by addi-
tional ND—SOO CPU‘s for increased computational or
city.

THE ND-500 CPU

Registers
The ND-SOO CPU has a set of special purpose and gene-
ral purpose registers accessible by the programmer as
well as a «scratch-pad» register file accessible by the mi-
croprogram only.

The user accessible registers are as follows:
P-register (program counter) 32 bits

holds the logical address

L-register (link register) 32 bits
used for subroutine returns and linking

B-register (base register) 32 bits
used for local addressing

R-register (record-base register) 32 bits
also used for addressing of records (refer to
section on addressing modes)

The R1, R2, R3 and R4 General Purpose Registers are 32
bit registers used for index registers while addressing or
as general purpose registers for data manipulations.

The 01, D2, D3 and D4 Accumulators are 64 bit registers
used for floating point arithmetic.

The registers are addressed by the microprogram as eight
32 bit registers Al, A2, A3, A4, El, E2, E3, E4.

ST Status register (64 bits)
OTE Own Trap Enable register (64 bits)
CTE Child Trap Enable
MTE Mother Trap Enable
TEMM Trap Enable Modification Mask
TOS «Top-Of—Stack» register (32 bits)
LL Low Limit trap (32 bits)
HL High Limit trap (32 bits)
THA Trap Handler Address register (32 bits)



Control Store
This memory unit contains the microcode for execution
of the machine level instructions. The control-store word
is exceptionally wide and wraps the majority of instruc-
tions into one microcycle only.

The standard instruction set, as well as special routines
for memory management context switching and commu-
nication with the ND-lOO/CE supervisor, are implement-
ed in approximately 72 Kbytes.

Prefetch Processor
This processor handles the pre-decoding and assembling
of machine level instructions in the pipeline, as well as
initiations of data fetch cycles for memory reference in-
structions.

The prefetch processor will always keep the instruction
and data pipelines full to ensure minimum idle time for
the microprocessor hence maximum execution speed.

Arithmetic Logic Unit (ALU)
The Arithmetic Logic Unit is the heart of the micropro-
cessor and will do specified operations on the data of
specified registers.

To Multiport Memory

Floating Point Hardware
This is a set of specialized hardware controlled by the mi-
croprocessor in the ND-SOO. This unit will perform all
floating point arithmetic as well as Integer Multiply,
Shift and Divide, at hardware speeds.

This hardware contains accumulators for temporary
storage of results and can be used effectively for combin-
ed operations, such as multiplication of many elements
etc.

Trap System
There is a set of conditions that can be Specified in the
Trap Register where the program in the ND-SOO can be
forced to branch to certain places in memory. These
traps are conditions such as: overflow on arithmetic, un—
derflow, page fault in memory management, trap on
branch (trace), always trap (to single step and trace a
program) and others. There are a total of 33 traps that
can be specified for program control at run-time.

lnstruc- Address Address Data
tlons

CACHE 1 MMS 1 MMS 2 CACHE 2

PREFETCH PROCESSOR

r
‘ ND-SOO PROCESSOR

TRAP CONTROL STORE
WCS

l

SYS COM REGISTER ALU

l—L—l“““““ir----1—--' 1
FLOATING I 'SHIFT MPY POINT : BCD ARITH lI

L _____ _J

To ND-lOO/CE

ND-500 CPU BLOCK



ND-lOO/CE — ND-500 Communication
All or part of the memory can be shared between the ND-
500 CPU, the ND-lOO/CE CPU and the associated l/O
devices. This allows for easy access and control by all
components of the system.

The communication between the ND-lOO/CE and the
ND-SOO is set up as a mailbox and DMA transfer system.
The mailbox contains 3 registers:
0 Control register:

For ND-lOO/CE to give ND-SOO a command.

0 Status register:
For ND-SOO to give ND-lOO/CE a command.

0 Address register:
A pointer to where in the ND-lOO/CE memory chains
of instruction or data will be found, or where the ND-
500 can store extended status information.

The status information returned to ND-lOO/CE reports
that a job is finished,-the reason for ND—SOO termination
and type of possible ND-SOO malfunctions.

The ND-SOO microprogram initiates and controls the
DMA access channel to ND-lOO/CE memory. The com—
munication channel is also used extensively for diagno-
stic and test program information. The ND-lOO/CE is
used as a diagnostic vehicle for the ND-SOO.

Memory Management System (MMS)
There are two separate but identical Memory Manage-
ment Systems in the ND-SOO, one for instructions and
one for data.

The MMS maps the 32 bit logical byte address into a 25
bit physical byte address used when addressing main me-
mory. The system acts as a protect mechanism for sec-
tions of memory that can be read-only, system data etc.

The 4 gigabyte address space is divided into 32 segments,
with a paging substructure for dynamic allocation of
physical memory. Memory protection is performed on
the segment level. The Memory Management System also
extends the logical address range to 2“0 bytes, by allowing
each process (or user) to access a maximum of 256 do-
mains, each of 4 gigabytes.

To convert the logical address to physical address, a
multi-level table look-up procedure is used. In order to
speed up this procedure, a copy of the most recently used
address conversions are kept in a separate buffer memo-
ry.

The access to CACHE memory for data or instructions
and the access to the address translation buffer are done
simultaneously. If the CACHE does not contain the desi-
red address conversion, the multiple table look-up proce-
dure is performed by the ND-SOO microprogram.

CACHE
The CACHE memory consist of two identical systems,
one for instructions, and one for data.

The CACHE word can be 32, 64 or 128 data bits wide
and is 4 Kwords deep. In addition to the bits of the data
word, certain control bits in each word are used by the
CACHE system to identify the information stored.

The width of the CACHE word is equal to the width of
the channel to main memory.

The CACHE is addressed by the logical address from the
CPU and is byte addressable.

The maximum CACHE size is 64 Kbytes for instructions
and 64 Kbytes for data, giving a total of 128 Kbytes.

DATA FORMATS

The basic unit for addressing is one byte of 8 bits. The
data formats are bit, byte, half word, word, single preci-
sion floating point and double precision floating point.

Bit
7 0

:1]

The least significant bit in a byte may be accessed by ' '*
instructions. Bit arrays may be accessed using post inc
ing or descriptor addressing.

Byte
7 o
E
A byte is 8 bits and can be used as an unsigned number
with the range 0 to 23-1 or as a two’s complement number
with the range -27 to 27-1.

Half Word
15 o
C:l:l
A half word is 2 bytes or 16 bits and can be used as an un-
signed number with the range 0 to 216-1 or as a two‘s
complement number with the range -2'5 to 2'5-1.

Word
31 o
l l l l l

A word is 32 bits or 4 bytes and can be used as an unsign-
ed number with the range 0 to 232-1 or as a two’s comple-
ment number with the range -23' to 2“-l.

Single Precision Floating Point
A floating point number is represented by a mantissa of
22 + 1" bits, an exponent of 9 bits with the bias 4003 and
a sign bit.
31 30 22 21 0
L:[ Exponent I Mantissa ]

The range is 1076 to 10“. Zero is represented as all 5
zero. The accuracy is approximately 7 digits.



Double Precision Floating Point
A double precision floating point number is represented
by a mantissa of 54+ 1* bits, an exponent of 9 bits with
the bias 4008 and a sign bit.
63 62 54 53 0
[i] Exponent I Mantissa I

The range is 10'76 to 1076. Zero is represented as all bits
zero. The accuracy is approximately 16 digits.

‘ The extra bit in the mantissa is the most significant bit
and is set to one unless all bits in the exponent are zero.
The bit is used in the arithmetic and is removed in the re-
sult.

Packed Decimal
Two BCD-digits per byte, sign in lowest half of right-
most byte, from 1 to 16 bytes (31 digit plus sign) in length.

7 4 3 0

7 4 3 0

--I

ND-500 REGISTER BLOCK

31 O

P Program counter

L Link (subroutine return address)

B Local variable Base

R Record base

31 0

ll

[2 Integer

13 or Index registers

14

The in accumulators are namned Bln, BYn, Hn, and Wu
when used for Blt, BYte, Halfword, or Word operations.
(n: l, 2, 3, 4).

63 O

A] El Floating point
A2 E2 and Extension registers
A3 E3 A = E = 32 bits
A4 E4 D = A + E = 64 bits

The An accumulators are named Fn when used as single
precision floating point registers. The (An, En) double registers
are named Dn when used as double precision floating
point registers.

63 0

ST STatus regiser

OTE Own Trap Enable register

MTE Mother Trap Enable register

CTE Child Trap Enable register

Trap Enable
TEMM Modification Mask

31 0

TOS Top Of Stack register

LL Low Limit trap register

HI. High Limit trap register

THA Trap Handler Address register

INSTRUCTIONS

The ND-SOO instruction repertoire is highly symmetric in
the sense that all addressing modes may be used with all
instructions and that all instruction exists for all the data
types it is useful for operating on. The instruction reper-
toire is designed for easy construction of high level lan—
guage compilers which produce reliable and compact co-
de. Even though the ND-SOO is a 32 bit computer, it will
use more compact code than most 16 bit computers.

The instruction repertoire includes all types of arithmetic
on 8, 16 and 32 bit binary data, single- and double-preci-
sion floating point, packed decimal (BCD) as well as con-
ditional and unconditional branching, shift and bit hand—
ling, and a variety of powerful string manipulation on
byte arrays and other data types.

The ND-SOO has a full set of register operations together
with a large number of memory-to-memory instructions.
The register instructions are useful for calculating very
complex expressions and for the calculation of values
which will be used for addressing. Memory-to-memory
instructions give the possibility of direct execution in one
instruction of frequently occuring high level statements
as

A = A + B
C = D‘F

(ADDZ)
(MUL3)

Special instructions are implemented for high level con-
structions such as DO-loops, subroutine call and array
index checking (LOOP, CALL and LIND), and for li-
brary use the square root, integer exponentiation and po-
lynomial evaluation.

Instruction Formats
An instruction consists of one instruction code and a va-
riable number of address codes.

Hist.Code I Addr. Code Addr. Code Addr. Code ]

An instruction code can be one or two bytes, and can
have a two bit register specification.



I
_ Short instruction code

7 2 l

0915 l O
W— Long instruction code
15 109 21
W__ Long register-instruction code

Short instruction codes are used for the operations most
frequently generated by the computers.

0

Short register-instruction code

0

The type of operands handled by the instruction (bit,
byte, half word, word, floating or doubling precision
floating) is specified in the instruction code.

Address Codes
The branch instructions have P-relative addressing with a
displacement one, two_or four bytes. All other instruc-
tions may have several general operands that are speci-
fied by using one of the 29 different address codes.

Address codes may be preceded by a one byte address
code prefix specifying descriptor addressing or alternati-
ve domain addressing. The size of the address codes most
frequently generated by the compilers are one byte only.

Descriptor addressing is a powerful way of accessing
strings or arrays of data.

length ND-SOO descriptor
address format

The index in the string or array in descriptor addressing
is in the register specified in the descriptor address co/
prefix.

Alternative addressing is used in the memory manage-
ment system for example for accessing the user address-
ing domain from the Operating System.

In post indexing and descriptor addressing, the type of
data operated upon is used in the hardware address arith—
metic multiplying the index by the size of the data ele-
ments. The logical index of a structure may therefore be
used directly in the index register and no calculations are
necessary in the program for taking the data type into ac—
count.

Physical Specifications
High performance Schottky TTL logic technology is
used throughout the ND-SOO CPU. Low power STTL is
used where possible to reduce power consumption.

Power dissipation:
ND-SOO CPU .......... Approximately 1.3 kW
Cooling system ........ Forced air

Power requirements:
ND 3500 .............. 220 VAC _+ 10 0,70,

50 Hz : 2 Hz
ND2500 .............. 110 VAC i 10%,

60 Hz i 2 Hz

Operating temperature . . + 10° C to + 35° C



' CABINETS IN THE NORD-SOO COMPUTER-SYSTEMS

11 MODULE CABINETS:

(11 X 5 1/4” MODULES IN FRONT)

NORD-SOO SYSTEMS:

' POWER SUPPLY OF 2 X 150 (5V)
AND

STANDBY POWER IF MULTIPORT
IN THE SAJNIE CABINET

f AC DISTRIBUTION POWER PANEL

0 1 NORD-SOO CARD-CRATE

' 1 PLUG-PANEL (ACCESSIBLE FROM REAR)

0 MAX 1 M BYTES OF NORD-lO/S MULTIPORT
2 RACKS WITH PLUG-PANEL INCLUDED
(ACCESSIBLE FROM REAR)

NORD-SOO MEMORY SYSTEMS:

' POWER SUPPLY OF 1 X 150 A (5V)
2 X STANDBY POWER EACH OF
20A (5V), 4A (12V)

° AC DISTRIBUTION POWER PANEL

° MAX 2 M BYTES OF NORD-lO/S MULTIPORT
4 RACKS W I I H PLUG-PANEL INCLUDED
(ACCESSIBLE FROM REAR)
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NORD-SOO MAIN COMPONENTS, ADDRESS, DATA
AND INSTRUCTION FLOW
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DATA TO/FROM MULTIPORT MEMORY.
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CACHE AND MULTIPORT MEMORY SYSTEM



MAIN MEMORY CONTROL

Upon a request from the PREFETCH or MICROPROGRAM processor, the CACHE

CONTROL module will check to see if the DATA is found in the READ SPEED-UP

- BUFFER or in the CACHE memory.

If the DATA is not in the SPEED-UP BUFFER or in the CACHE memory, the MAIN

MEMORY CONTROL logic will request the MULTIPORT-MEMORY.

The MAIN MEMORY CONTROL LOGIC will read 4, 8, or 16 bytes from MAIN

MEMORY dependent of the number of CACHE modus. The DATA read will be

written into the READ SPEED-UP buffer and the WRITE SPEED-UP buffer. From

the WRITE SPEED-UP buffer, the data is forwarded to the CACHE memory.

The data flow including parity check/generate is monitored by the MAIN MEMORY

CONTROLLOGIC.

To ensure identical content of the CACHE and the MAIN MEMORY during a WRITE

operation, the following steps take place:

1. The MAIN MEMORY‘control logic reads 32, 64_or 128 bits from the main

memory.

2.' The byte(s) to be written are merged with the MAIN MEMORY data.

3. The merged data is written to the MAIN MEMORY.

4. The merged data is written to the CACHE memory.

Steps 1 and 3 may be performed simultaneously if the data to be written is occupying

the complete memory channel(s).



CACHE ADDRESSING
Byte No.

BITNO.-' 31 ' 1 O

1 Cache Module: Cache Block Adr. -> O O 1 2 3

' 1 4 5 6' '7
2 10 11 12 13
3‘ 14 15 16 17
4 20 21 22 23

«Cache No. 1 -*

2CacheModules:
31 0 31 O

Cache Block Adr. -> 0 0 1 2 3 4 5 6 7

‘ 1 10 11 12 13 14 15 16 17

2 20 21 22 23 24 25 26 27

“Cache No. 1 -> '«Cache No. 2 ->

4 Cache Modules:

31 0 31 O 31 - O 31 ’

CacheBlock o o 12 3 4 5 6 71011121314151617
Ada-e 1 20 21 22 23 24 25 26 27 30 31 32 33 34 35 36 37

"’ Cache 1 " ‘- Cache 2 —" ‘- Cache 3 ”*Cache 4 —"

NB! 1 Cache Block = 1, 2 or 4 cache words



3 Addressing Formats

1 Cache Module:

31 .14 13 a 2 1 o ADR
’7 . I n I I I If fir | I BIT

DIRECTORY CACHE BLOCK ADR. BYTE
,, 1 1 rr L I NR.

2 Cache Modules:

1 14 a 2 1 o31 n' s 1 1 1 0' 1 .

DIRECTORY CACHE BLOCK ADR. $275
1 1 1 l -l

3* If \ 1

' CACHE
MODULE
ma.

4 Cache Modules :-

-

'31- 1s 15 4 3 2 1 0
Ir _ rr 1 1 1

omecmav CACHE BLOCK ADR. BYTE NR.

' CA'CW—
MODULE

_
NR.



CACHE ALIGNING (Data Cache)
31 24123 16'15 3‘7 0 I an'

...... _ BYTE m

......[ __ 4_ CACHE woao

ALIGN- I I
. MENT /

‘ I DATA BUS

° 1 2 3 4... BYTE NR.

BYTE

HALF WORD

WORD/DOUB LE WORD

DATA - BUS

N31», 0/
TO/FROM
CPU SLICE



CACHE PARTITIONS

-—’ Cache memory can be partitioned in l, 2 or 4 parti-

tions

-— Each partition = lKB per cache module

— Each partition = lKB with one cache module

‘ = 2KB with two cache modules
= 4KB with four cache modules

— _ One user can have 1, 2, 3 or 4 partitions

— Partitions in cache can be fixed to:
* the operating system
* common reentrant library

— Saves cache fill-up between context switch

—- Partitions can be used by one user as fast private

memory

— Cache partitions administrated by the operating

system

(partitions set up by micro code to registers in cache

system)



CACHE PARTITION ADDRESSING

14 13 12 11 m 3 2 1 .00
a DISPLACEMENT BYTE

OIRECTORY wn'mu PARTITION NR-
, r .

a 3 2 1 o 1 CACHE
CACHE CONTROL 'NUMEER ' PARTmOi MODULE
REGISTER 01: PART START 1 T

--a ====Ea AOR
L______...TRANsFoa

CACHE
ADDRESS —"’ PM PM AO11-2

14 13 3 2 1 . 0 V
f : 1 II ‘-

DISPLACEMENT
DIRECTORY aE A .

WITHIN PAflT’l’TION NR
I 1

MODULE
NR

CACHE CONTROL REC1STER ‘ ‘ 2 acne
337mg) _——u1 ADR MODULES

2,3 _—..TRANSFOR

CACHE - PA] PAD AD12-3
ADDRESS

15 14 13 4 3 2 1 o
n ' i C

” DISPUCEMENT MODULE BYTE
wm-Im PARTmou NR N“

If If '

CACHE CONTROL REGISTER ‘ 4 CACHE

BIT 0.1 1 AOR MODULES
23 _____rrRANSFORN

CACHE
ADDRESS -—- PM

1
PM A0134



MEMORY READ
ADDRESSED
CACHE.

BYTE FOUND IN

ADDRBSED BYTE
IN IRflEG.

NO

I
THE DESIRED BYTE.
HALFWORD OR WORD
WITHIN ONE CACHE-BLOCK

NO

L.

PREVIOUS BLOCK-
4— ADDRES

EQUAL CURRENT.

COMPLETE BY IE.
HALFWORD.OR WORD
IN IR?

YES “0
was ‘——1 I

DA-DI-IR,D' IR-DI<D.‘ BYTEISI IN
IR *Dl ‘OR

7

BYTEISI IN ADDRESSED
CACHE - BLOCK

-OA-—OI-ooa
L- IR

I INCREMENT BLOCK ADRJ

[TIEAD CACHE j

l

REMAINING BYTE. HALFWDRD,
wonO FOUND HERE?

YES NO

THEN CONTINUE - > »
OA~OI-In ON SHEET:

ADDRESSED BYTE
DAx NOT FOUND IN CACHE

calm-.0 NaI YOU HAVE BYTEIsI IN on

ENO

DESIRED BYTE.HALFWORD OR
WORD ENABLED/ALIGNED T0
DATA BUS D.



MEMORY READ
ADDRESSED BYTE NOT FOUND IN

. CACHE r

READ:

FROM MAIN MEMORY

1 WORD I 4 BYTES IF ‘I CACHE MODUEE.

2 WORDS- 8 BYTES IF 2 CACHE MODULES

4 WORDS '15 BYTES IF 4 CACHE MODULES

I
OR- REGISTER UPDATED SECOND

DURING FIRST CACHE OR
FIRST READ MEMORY READ CYCLE? Y READcvcus CYCLE

_ No I
Y

MEMORY DATA ~90: —> IR 1 ::MEMORY DATA - DIECWB «cm!
. ‘ _ ~ I *-

_. (DR Rm cm. of , 01‘ R A“ '
MI 2 7 : DI " 0'

I” ADR

I

ALL BYTEIS) FOUND IN
FIRSTELOCKZ

YNO VI .
WNOREMENT aLOCK AOR._]

WAD CACHE J

REMAINING BYTEIS'I ‘ NO
FOUND IN CACHE.

YES

L__'___
D

I MERGE/OVERLAY WITH BYTEISI

DA- DI -> IR

DA
\D ..0oR/,m D

ALREADY IN OR

° DESIRED BYTE,HALFWORD OR WORD

ENABLED/ALIGNED TO DATA BUS D.



MAIN/CACHE MEMORY WRITE
GENERAL: '

— Write through algorithm as NORD-lO/S-

NORD-lOO. Cache data identical to main memory

data

— Minimum main memory write = l multiport channel

= 16 bits = 2 bytes = left or right half word

— Maximum main memory read = 8 multiport chan-

. nels'.= 128 bits = 16 bytes (16 bytes of data and 16

bytes of instruction)

— When one cache module is installed, and one cache block

(32 bits) is to be written:

Write main memory and update cache.
(As NlO/S and N100.)



MEMORY WRITE

*f‘

PREVlOUS WRITECYCLE Hmsuepz N
MEMORY warns BUFFER wwa) EMTW;

YES

'l_________.
I «

_ no moaessen
CACHE?

BYTE m )YE

‘

DATA WITH

WRITTEN.

MERGE OLD CACHE

NEW BYTE. HALF'WORD 03
WORD TO BE

D
>1 - MWB - MEMORY

o

0.

B *CACHE

r

MULTIPORT CHANNEL FILLER? NO x

1 MULTIPORT CHANNEL - A HALF
WORD

READ 0.1.2 OR 4 WRITE

wonospaoM HALFWORDfi)

MEMORY TO .

MINUS MEMORY
HALF won-10(5) TO
BE wan-ran ° ‘0' “WW

“ GENERATES
DATA READY.

'V

READ 1,2 OR 4
WORDS FROM MEMORY

MERGE DATA

1 D! -‘ IR, MWB;CWB,
D cegHE

L__T__—_J

UPDATE CACHE

o\m - cwa - CACHE
MD 1' L. IR N0

L_______.,l

‘

DATA TO BE WRITTEN IN TWO
CACHE BLOCK ADDRESSES?

YES
F_______————-1

WCHEMENT BLOCK ADDRESS J
Y

< END WRITE > ENTER SECOND CYCLE

l



CACHE WRITE, qontinued.

write and Data Not Found in Cache:

CACH E
MODULE _> #1 ‘ #- 2

[—‘I I I I JIV I I I J I #1 F I I I J

ICACHE WORD Wl-EN *___ ____ l
4 CACHE MODULES

_ case _3: _

_ QAS_E C1:
. .._c§sa c_2:.

_ C_ASE p:
CASE E1 :

: @253:

': :5

1 MEMORY-
_ CHANNEL
I A

:1
a:
I I
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,l.

EXTENDED DATA BUS - XD



NORD-lOO

The NORD-IOO controls the XD bus when writing into the writ-
able part of the control store.

Each control store address contains 144 bits and these bits are

transferred from NORD-lOO to the control store via the XD

bus.

Sixteen bits are transferred from NORD-lOO to the NORD-SOO

at a time.

The CONTROL STORE CONTROL register bits 2-5 (decoded

as CSB-O) control which part of the control store word the 16

_ bits are written into. After 9 accesses a complete NORD-SOO

control store word is written.

Note that the control store group CS3 and C82 handling bits

63-32 will not use the XD bus but will be routed directly to the

control store via the internal bus on the NORD-lOO/500 com-

munication module 5015 (CONTROL II).

The control store content may also be checked/read, by

NORD-IOO, via the XD bus. This is controlled by bits 0 and 1 in

the control store control register. Control store control register

bit 0 equals 1 means: Control store load. While bit 1 equals 1

means: control store read.



.NORD-SOO XD BUS

The XD bus or the extended data bus is the main data highway

for exchanging data and controlling information between the

following NORD-SOO modules:

Memory Management

Cache
Control modules
CPU slice

The XD bus is 32 bits wide and the data is exchanged via the A

connector.

‘ _ There are three sources that can control the data flow on the XD

bus.

The NORD-IOO
The Prefetch Processor
The Microprogram



THE PREFETCH PROCESSOR

The prefetch processor will use the XD bus for passing the ex-
tracted information from the instruction to the SLICE modules.
The following information is extracted from the DATA part of

the instruction:

— DISPLACEMENT BYTE(S)
— ABSOLUTE ADDRESS BYTES
- CONSTANTS BYTE(S)

The displacement and the absolute address bytes will be routed

to the address arithmetic on the SLICE. The conStant bytes will ‘

' be routed to the SLICE where the bytes will be passed on to the

DATA bus and latch in the DATA latches.The DATA latches

will then'be selected as input to the INTEGER ALU or the

FLOATING ARITHMETIC, depending on the constant type

and the operation type.



XD BUS MICROPROGRAM CONTROL,

The XD bus will be selected as operand when the control store

bits 134 - 132 = 3. The modules connected to the XD bus, able

to pass data onto the bus,-are identified by the control store bits

131-129.

These bits are also referred to as the XD GROUP bits in the A

operand field. Control store bits 128-125 (FUNCTION NO.

bits) will select the operand register within the selected module.

Note that XD GROUPS 1 and 2 have 3 modules. These modules

will be separated by the function number. ‘

‘ XD BUS A OPE-RAND SELECT: ‘

AOPERAND FIELD - -

.
1'.’ {I ”

134 133 132 131 130 129 l28 125
-CONTROL STORE

O 1 l '

I. I,’ II

XD Bus XD Group Function No.

Select
L l



The destination module of the XD bus data is identified by the
control store bit 112-110 (XD GROUP). The control store bits
109-106 equal the function number within the destination
module.

If the DESTINATION SELECT field (bits 115-113) equals 6 the
XD bus operand data will be routed through the INTEGER
ALU as an A operand. Logical/arithmetical operations can

then be performed with any selected B operand. The output of
the ALU will be written into the selected destination XD group/
function.

With the DESTINATION SELECT field equal to 7 the selected
XI) operand will be routed directly to the XD destination group '
function by bypassing the integer ALU.

The micro code mnemonic for this is: XDMOV 070 XD BUS

MOVE.

115 114 113 112 111 110 109 106
‘- Destination field

of control store

XD Group -XD Function

1 1 0 XDl : XD ALU TRANSFER

l 1 l XDZ = XD NO ALU TRANSFER
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CONTROL MODULES
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CPU SLICE 5001 (8 BITS PER MODULE)

. 4 index registers 11 - I4 '

o 32 duplicated scratch registers out of which:

* 4 floating registers (32 bits) Al- A4
* 4 floating registers (64 bits) D1- D4 = (A1- A4) + (El- E4)

* 1 THA, trap handler address register

* 1 TOS‘, top of stack register

0 Memory operand registers: B and R

o Subroutine return register: L

0 Address arithmetic
* index register scaling

' ' (with post indexing and descriptor addressing)
* sign extension of the displacement

0 Program arithmetic
* Program counter (PC)
* Next program counter (NPC)
* Instruction look ahead counter ( I L C)

0 Lower limit/upper limit address registers

0 Address comparators against lower/upper limit

0 Address zero comparator

o Integer ALU

0 Data bus (D) transceivers/latches

0 Extended data bus (XD) transceivers

o Floating arithmetic data bus transceivers/latches
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CONTROL I 5012

* Transceivers for control store bit 143 - 96

* XD bus transceivers

* Instruction data bus (ID) transceivers

* Prefetchextensions:
2 pipeline registers for

. Constants
0 Absolute addresses or

o Displacements

Logic to sign extend instruction constants

Constant latch

* Loop counter

* OR logic (register maps)

0 A operand PROM PROM address from prefetch

. B operand PROM processor given by:

0 Destination PROM —index reg. no.
—data operand type and

—memory operand instruction

* A/B operand and destinatiOn select logic ‘

* XD group decode logic

* ALU function control

0 Including logic to sign extend data with the integer

ALU
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CONTROL II 5015

* Transceivers for control store bit 63 - 32

* XD bus transceivers
* NORD-100 communication logic including:
0 Data out register 0 Control store write addr. reg.

. Data in register 0 Micro addr. break reg.
0 Tag in register 0 Control store control reg.
0 Tag out register _ . . Drivers/receivers for data

bus/tag bus + control signals

7* Prefetch processor control logic
* Main oscillator

. Including external units (1/0, Floating and Memory)
Syncronize logic

* Address arithmetic control
0 Also address arithmetic carry look ahead

* Floating arithmetic control
0 Function bits + request
I Floating data bus control

* XD group/function decode logic
* Result/destination clock generate
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SEQUENCER 5004

* Transceivers for control store bit 79 - 64 and 31 - 0

* XD bus transceivers

* Microprogram addressing including:

Control store address bus with these sources:

. Instruction OPCODE MAP

First micro instruction address

a Sequencer (748482)

Next sequencial micro instruction address

0 Jump address (CSDAT 29 - 16)

- . Computed address register

Micro instruction subroutine return address jump

. PROMS giving special entry points for:

* Descriptor addressing

* Constant operand with mismatch in data type

* Traps/interrupts

* XD group/function decode logic

* Bit mask register (5 bits)

* Control logic to hit mask decoder on CPU slice

* Short/long arguments registers (CSDAT 15-0 and 30 - 0) r

* External shift count select

Shift count register (SC7-O) or MIR7-0 = CSDAT 7-0.

* Index counters (4 x 8 bits)
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TRAP 5019

* Transceivers for control store bit 95-80

* XD bus transceivers
* Trap system including

o Trap enable register
0 Masking of trap/enable/status bits

. Stopping of prefetch processor when traps

* Status register of 48 bits
* Logic for detecting carry, sign, zero and overflow

according to the data type

* Micro status registers of 15 bits

* Memory control logic

0 Memory request
0 Memory read/write } to cache control

. Number of bytes
0 Memory data ready} from cache control

* Test conditions
I Sequencer control (seq./alt. seq. inst.)

. Prefetch control when IF instr.

o ALT-ALU control

* Micro cycle counter
oInstruction SOLO turns of trap system for 256 micro

cycles.
* XD group/function decode logic



GEE
2cm

.n
.—

..\2
\\<

~
1

t
1-!—

—
R

u
Z)

.3
3
5

mm.

I
Q

g
.

1

[I
.1

x
\x

LQ
5.236.;

9hr
2:590

4
1
}

on
«SC

NE
a

N‘
322

VG
I1

}
I

,1
w

i
9

3
3
:3

1&6
E.

t.
W

§~Q
flfi

.Q
Q

M
K

K
:

\
|
1
|
|
|

H
I
}
!

¥~W
n

)

c
9

UL
ii

a.
§A

3
.

1
L

W
w

k:
5

”
it
:

wflsxkuw
Se

.
5.x

3
3.5“

c
a

at?
brag:

{N
tm
flu

.
"Sq

4m
)

NE
.\

S].

k
3.28

«hr
it)

“3
4
:3

5
:

‘
twnwm

L
AW

hdbfik
K

I‘
Q

l
i
u

IQ
N.

.fl.
N

«09.331
rl

j
«~

36:
[4413!

t
I
I
I
E

P
§

m
utant

3
3
3
‘

»
ES

5?:
L
I!

q
w

J
n

it
:

«MESNMQL
3

w
zium

i
l

J
I]

A
L

3

«62a
s:

SSE
r

(E
fa

B”
3

m
ix:

1
.5

%
t

9;:
:E

xf
“3

:3
2
8

zuicutaqfid
«mm

at
x

mat
b

1
I3

3
_

4.x}NW
bKU

II
x“

Nxéqflkt
tukw

kukl
k<wi

RTQL
7
0
.!

I
§

«Maxi
«q

0

.3..."
A

l
95‘

I
t

x
w

4
3
:

1.35:;
mm

MM

2
Ew

fl
.3:

-

:2
V

¢
Am

i
.

h
.I.

4
«C

33m
:32

-

{1
'

1
Ry

3353‘
A«

$5
3&3

9
$
3
8
2
!.

~
Q

A
I
ii

q
zu

xuctut
‘

52%
ml. n

o
J

J
.2

a:
l
l
!

\.
<

w
IE

.1
ti

x
Java

3.
B

x-
|

u»
i

k
«in

9
Si

@
652

SE
1
.1

1
l

.
_

T
lll

a
‘Iq

u
lu

q
s1|§m

§a
28E

9
an»

3313
Tm

z:
.

r
7

ll.
11

:65:
1

Q
2332

.x
+

“Nahum:
$
2
3
3
!»

):
I

I
J

u
a

x
as.

§
|§

=
§
E

:5
3

3%
..

E
x

M
E

g
g
s
.

A
$2w

:8:
n.«

u
:

ENE
52:.

0am

"
:6

3
:

.
¢

w
an»

.«muk‘
5.:

In!
Ml

{
it‘ll

.
K

I.
l>

h
§
°

r
fi
fi
t
w

h

>
5

1
".3:

Lna‘dvx
‘2

‘

I
tank

95...
:3

x
42%

”
dd:

11
B

E
E

S
bltaE

nth
an

A
;

9.3.9.0
330

23E
F

x
a

tn
:50

N
O

V
!“

tu
b
a
p
v
!

.91
“N

W
ill»!

:
‘I
g
é
m

ha
29%

N
403“.

mm
9‘

5
‘2

5
in.

uh
m,

.635
4

a.
n

AMWIINJ
m H

H
o

L
aux:

4
55332

«NE
3

C
M

“:
“M

acy-
K

3:2»...
332»

m
5:

5
:2

9
1

.323».
me

an
L

L
L

ckm
m
fi

93.
me

,
\

F:
th

a
t

.
22C

Q
ua

$
3
3
3

332
43:18

2
5
:4

m
5

:3
!

#33:
.3

6
t

3.x
35

‘-u
3

.33
33?.

48:28
m

9. an
N

28
c

a
$2:

2
5
o
3
2
2

w
A

J
«a:

39
:d

35
v:

I!
a
s:

2c»
:31

:.
s

N
can

”3
&

7
fl

.53
Van;

1
3.

.32
E

_
m

75:
“Pm

“
A

S
“

1
1
:

.5
3

m
acaw

:

.30
a:

A
n
ia

c
in

ta
in

t.
,

fl.
‘

1
3
$

A?

u
'1

t
“3

k2
.

.
02¢

,
l

m
C

,
“.25:

53:33
~

~
m

r
m,

a
‘1

H
3
:

4
3
:2

3
3523

g
E

in
$979.

1‘
9

x
8
5
:

ECG
.

$
2
5
2
8

A
g
g
g
n
fl

L
m

—
,.

WM
xw

etuz
h

«.5
.

-~.a
9m?

3
a...»

‘
a
?

a
t:

n
.‘

.
3.8

3
::

u
«I

-
lx

-

E-
.
Ill

36
:63

a

-.x
calm

:3
3

V
a

w
41

3:5.
.

V
E

:3
. a.

.9
lV

A
x

Q.‘
\X

Lf—
k

m
,

ES
8:

1:1
:5:

.
.

11
~..

.1.
V

E:
.23

395:
H

M
O

;
m.

49<
.2

0
.»

_



FLOATING POINT UNIT



COMBINATORIAL FLOATlNG POINT PROCESSOR AS AN INTEGRAL PART OF THE COMPUTER

Tor Undheim
Norsk Data A.S
Jen'koveien 20

Lindeberg gard, Oslo 10

INTRODUCTION

The NORD-SOO is a dual computer system consisting of a

NORD-Sm CPU. a NORD-lOO CPU and a multiport memory. The

NORD-Em CPU executes large time-consuming user programs.

The NORD—im minicomputer acts as a system supervisor for the

NORD-SOO. The Mono-100 runs the multi-mode, multi-usar

SINTRAN Ill/VS operating system and performs all input/output

handling, job scheduling and resource allocations. The NORD-lm

leaves the Mono-500 CPU free to run user programs with a

minimum of system overhead.

Up to 64 users can access the system in Real-Time,

Time-Sharing and Batch mode, and share up to 32 Mbytes of fast

MOS memory and 2300 Mbytes of disk storage, and a variety of

other peripherals.

The basic time of 200 ns executes the majority of the

None-500's machine instructions. Several N08060:) processors,

with hardware array logic for 32/64 bit floating point multiply]

divide, can act as a multiprocessor system supervised by a

NORD-‘im.

,- — —— -

l IULTDORT unto“ "stair L_J
A

1 my.
nos Inn-7

CACHE

NORDJW CPU

NOlD-IDO CPU

INPUT/OUT?“ SYSTEI

37
Lbs Prim. to 2" Mby-
JN. 600. lm

Basic NORD-Sm Computer System

Norway

DATA FORMATS IN NORD-SCX)

The basic unit for addressing is one byte 018 bits. The data

formats are bit, byte. haif word, word, single precission floating

point and double precision floating point.

§i_t

The‘least significant bit in a byte may be accessed by bit

instructions. Bit arrays may be accessed using post indexing or

descriptor addressing.

Em

A byte is 8 bits and can be used as an unsigned number

with the range 0 to 2‘ — 1 , or as twos complement number signed

with the range —2’ to 2’ -1.

Half Word

A half word is 2 bytes or 16 bits and can be used as an

unsigned number with the range 0 to 2“ —1, or as a twos

complement number signed with the range -21’ to 2" — 1.

Wgrd

AwordisSZbitsor4bytesandcanbeusedasan

unsigned number with the range 0 to 2" —1, or as a twos

complement number with the range _2n to 2” — l .

Single Precision Floating Point

A floating point number is represented by a mantissa oi 22

+ 1' bits, an exponent of 9 bits with the bias 4m, and a sign bit.

31 30 22 2!

EV Exponent l
0

Mantis: _]

The range-is 10‘” to 10". zero is represented as all

exponent bits zero. The accuracy is approximately 7 digits.

Double Precision Floating Point

A double precision floating point number is represented by

a mantissa of 54 + 1‘ bits, an exponent of 9 bits with the bias

400. and a sign bit.

53 62 5‘ $3 0

Er Expos-t 1 Mantis: #1

14/1



‘The range is 10'" to 10". Zero is represented as all

exponent bits zero. The accuracy is approximately 16 decimal

digits.

° For both single and double floating point number there is

always one hidden bit in the mantissa. This ‘3 called the implicit

bit. The implicit bit '3 always assumed to be one, unless all bits in

the exponent are zero. This bit is used in the arithmetic and
removed from the result, thereby giving one more bit (+1) of

precision.

THE FLOATING POINT UNIT

The FIoating Point Unit (FPU) is made mainly to handle

floating point numbers, but some instrucn'om to handle integers

are also implemented in this unit. The instruction list below indi-

cates these instructions that can handle both integers and floating

point numbers, or only integers.

TheFPUisasynchronouetotherestoftheCPU.

TheCPU mayeitherwaitforthereeultorgobackand mad

the result later. It may ever let the FPU take care of the result and

use it in further calculations.

' " Each instruction is mictoprogremmed in the CPU.

INSTRUCTIONS

The FPU has the (allowing one cycie (micro) instructions:

One Operand Instructions:

Convertinteger (W, HW, BY) to floating
Unsigned convert to floating (W)
Convertfloating to integer with rounding

' Convenfloating to integer with truncation
Integer part with rounding
Integer part with truncation
Shift arithmetic (W, HW, BY) .
Shiftlogical (W, HW, BY)
Shift rotational (W, HW, BY)

Two Operand Instructions:

Add two operands [(A + 3) *CPU]
AddanepetrdtomredrsatflSA + B)-°CPU]
Add one operand to accumulated ruult, save new result

[(SA + B) - SA]
Subtractsecond operand from first [(A -- B) -' CPU]
Compare A and B (only SIGN and ZERO flags valid)
Muitt’ply A with table value for 1/8. save rewlt

[(A '1/B)-' SA]
Multiply two operands (W, HW, BY, F, FD)

[(A ' 8) - CPU]
Unsigned multiply (W) [(A ' B) -' CPU]
Multiply two operands and save result [(A ' 3) -° SA]
Multiply B and 1/8 an_d_save result

[(3 '1/B)-° SP, SP]
Multiply saved A and saved P, save result

[(SA '5?) *SA]

14/1

Multiply saved P and inverted P, save mult

[(SP '5?) .. SP, S-P]
Multiply say A and inverted P, save result

[(SA '5?) <9 SA]
Multiply saved A and inverted P, result to CPU

[(SA ‘ SP) - CPU]

Some of these one cycle instructions have no "meaning"

alone. but are used to form complete instructions like Divide and

Polynomial.

QOMMQNQIATION WITH THE CPQ

Two 64 bit data buses are used to transmit data from the

register block to the FPU. One of them is used to return the result.

The location of the different data types on the 64 bl

busses is shown in the figure below.

63 3231 O

In addition, there are 15 control signals, {status signals

and 2 signals for timing.

The control signals are:

5 for instruction
2for data type (byte. half word, word 4- floating)

2 for unit (single or double floating + combinations for

further extensions)
6 for shift count

W=
Overflow
Underflow
Divide by zero
Sign of result
Zero as reuslt
lnexact result (not used)
invalid operation (not used)

Timing signals are:

START execution of an instruction in the FPU V

DATA READY to indicate that the calculation is finished

and the result may be transferred to the register

block.

PHYSiCAL DIMENSIONS

The whole NORD-SDO, including the optional 64 K byte instruction

cache memory and 64 K byte data cache memory, consists of 26

printed circuit boards. Each board is approximately 16 inches high

and 11 inches deep: and all of them are mounted on the same

rack. Each board has four EURO connectors, and interconnr ‘ns

are done by wire wrapped back panels.



The four layer PC boards have the same layout on inner

layers (Power, Ground, etc.) and through plated holes. Only the

outer layer traffic is different.

IC Count

The FPU is located on 4 different PC boards. The total

number of IC's is 579. Those that are most often used are listed

below:

34 pcs 8 x B Multiplier, 40 pins
113 p131 K x 4 bit FROM, 18 pins

99 pcs 4 bit shifters, 16 pins

35 pcs 8 bit latches, 20 pins
91 pce Data Selectors/ Multiplexers with 2. 4 or 8 inputs

53 pcs 4 bit ALUs of different types

16 pcs 4 bit Comparators

The rest are Gates, Line drivers, PROMs, PALs and Priority

Encoders.

INSTRUCTION REPERTOIRE

The instructions handled by the FPU are: (only

floating point format if data type not mentioned)

Test against zero
Add
Subtract
Multiply (overflow) BY, HW, W, F, FD
Divide (remainder) BY, HW, W, F, FD
Unsigned multiply W
Unsigned divide W
Increment
Decrement
Shift (logical, arithmetic, rotational) BY, HW, W

A to the l'th power
Ito the J'th power BY, HW, W
Square root
Polynomial (C. + C, x + c,x1 + ...)
Floating remainder
Integer part
Integer part with rounding
Multiply and Add (RIn) ' X + Y *Rlnll
Sum of products (X ' Y + RIn) -° Rinll
Data type conversion .

Data type conversion with rounding

IN§TRQCTIQN EXEC}; I lON TIMES

Instruction execution times for some of the instructions.

with operands in registers are:

Compare, Shift — 2E)nsec.
Add, Subtract, Convert - 400 nsec.
Multiply - 480 nsec.
Integer Multiply — 58) nsec.
Divide, Single floating — 1.3 usec.
Divide, double floating — 2.1 usec.
Divide, integer - 3.3 usec.

DATA FLOW

The data flow during the execution of an instruction in the FPU is

more easily understood by combining the following text with the

figure in Appendix A.

Data and Instruction are latched at the end of a 60 nsec.

START pulse. For one operand instructions, only the B operand is

latched. For two operand instructions, both A and B operands are

latched at the end of START, except if the specified A operand is

already saved in the FPU from the previous instruction. Some

specific instructions also latch the A operand into SP for later use.

The magnitude of the operands are compared in dedicated

logic. This is used to gate the smallest operand to the Right

Shifter in Add and Subtract instructions, and also to give Sign and

Zero flags in Compare instructions.

Exponent arithmetic takes care of the exponent during

floating point instructions. A normalized exponent is used as

reference in Convert instructions and in Integer Pan. Latches are

used to save the exponent during a Divide sequence.

Two sets of Data Selectors are used to select operands.

The smallest operand is selected for the route through the Right

Shifter in Floating Add and Subtract instructions. Integer is

selected if the data type is Byte, Half Word, Word (Multiply,

Convert and Shift instructions).

All instructions, except where multiply is performed, use

the data route through a Tristate Buffer for one operand and

through a Right Shifter for the other (least) operand. In case of

only one operand, this is gated through the Shifter. The shifter is

composed of 3 levels of 4 input shift elements (25510 or 748350).

For all instructions, or part of the instructions where two

operands have to be multiplied, the operands are used as input to

a Multiplier Array. The Multiplier Array consists of 34 8 x 8 bit

multipliers (67558 from MMI) and a lot of ‘I K x 4 PROMs. The

PROMs are used to add two columns and 5 rows to give a 4 1

Mult. The first level is a reduction from the maximum 13 rows to

maximum 6 rows. For the part with 6 rows, carry save adders of

the type 745233 are used for reduction to 5 rows. The remaining 5

rows are reduced to 2 by 1K x 4 PROMs. Output from th level is

tristate and connected to the same ALU as used by all other

instructions.

The ALU is used to add, subtract or invert. The operands

may come from the Tristate Buffer/Right Shifter or from the

Multiplier Array. ' '

The output from the ALU '3 connected to a Priority

Encoder and to a Left Shifter. If the result is a floating point

number, then the Priority Encoder gives shift count to the shifter.

Out comes the normalized unrounded floating point mantissa. If

the result is an integer, the shift count issupported by the CPU as

part of the instruction.

Rounding is performed in accordance with the IEEE pro-

posed standard for Floating Point Arithmetic concerning addition,

subtraction and convert instructions. In multiplications, son-e
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information is lost due to the missing least significant part of the
Multiplier. Divide is implemented by an inexact algorithm and is
even worse than'Multiply. At any rate, the same Rounding Adder
is used for rounding of all floating point results.

The result is enabled to one of the 54 bit data'busaes
between the CPU and the FPU, and may be clocked in the CPU
andlor in the FPU. dependent on whether it is a final and/or an
intermediate result. -

WHY NONFLQATING OPERATIONS IN THE FPU_7

The reason for implementing some nonfloating operations
in :the FPU is that most of the logic for implementing them is
already there. Integer multiplication is done in the same multiplier .
array as the floating point mantissa. Integer divide is done by
converting to floating point format first. do a floating point divide.
and converting the floating result to integer. Shift instructions are
easily handled by the Flight and Left Shifters already there to shift
the floating point mantissa.

DIV!

As mentioned. divide with integer operands is executed
by:

Converting both operands to double precision floating
point numbers

Do a double precision floating point divide
Convert the result to the specified type of integer (l.e., BY,

Hw, W)
I

When D is element in [0.5. 1) and is the dividend’s manti-
sa and d is element in 33.5. D and is the dividers mantisea, the
division Old is executed by:

1. Multiply D and table value for 1/d. save result in A
2. Multiply d and table value for 1/d. save result in P
3. If single precision. go to 6.
4. Multiply saved A and two's complement of saved P,

save result in A
5. Multiply saved P and two's complement of saved P,

save result in P
6. Multiply saved A and two's complement of saved P,

reeultto CPU.

lnexect Result

This method of dividing one number by another may give
an inexact rault.

lfwecallthecorrectresultforowehave

0- Old

We defineavaluefiasthetable valuefori/d and

P1 - dR -1:e la is a entail value) (1)

If we look at the divide steps, the double precision calcula-
tion gives us:
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1. Q, - DR - D/dl1_:e)
2.P,-d_l3-_‘lze,P,-17-e \
3- Q] - Q‘s; ‘D/d(1:9‘,
4. Pz-P‘.P1.1-.z,Pz-1+.z

s. o, - Og'F', - D/dll -e‘l

From the calculation we can see that the calculated Q, is
equaltothedesiredOminuaO'e‘.Thisistheideal,butwealeol
introduce some errors due to rounding.

Letuslooketthee:

FromlllP - dR -1:eweget

lel- ldr—ll (2)

We knowthatDiselernentin [0.5, 1>an'dd iselernentin
[0.5, 1>

The value R we get from the table as "best cues" for 1/d
can be defined as

R c 1/d‘

With an 8K lookup table. 13 bits are used to select R. The
most significant bit in the mantisea is 1 unles the divider is zero,
and is taken for granted in the lookup eddreee. The table i
calculated to give the best gueee for the bits included in the
address, which means it expects the first not included bit to be
one and all others to be zero. This means that the maximum
difference we can get bemoan the divider d and the modified
divider d, is in the range one unit of the first bit not included in the
lookup address. or:

d! - dzi ' 2"

Worstcaseiad - 0.5, R‘VZ [1.777741

Th's givee

lel - l,:R'2‘“— “~21"

Fordcloseto1,flwfllalsobecloaetol and

lel N 2‘“

For double precision this gives us a maximum error 'It the
resultdue to the method ifQis closetoz: thatis

EM - 2- (21-) - 2'“
After that, the result is normalized. so that QRESB element

in [0.5. Dand

ERM . 2-.

Mam
lfwelookmorecloselytodand d,onthefigure:

d, - .1XXXXXXXXXX)00<1W
and



d-.1xx)(XXXXXXXXXXYYY ..... I

Where all bits denoted X are used as addresses to the lid

table.

The maximum difference between d and d, is

.000000000000001

From (2) we get

IeI - ldR -1I
lel - Id/d‘ — it

If we denote the difference between d and d, as

e :- Id, - dl
or
d - dx 2 d

we get

leI-ld1/d. :d/dl -1I

or

__ lel _- let/dd

This formula is a good tool when inspecting the systematic

error due to the method. What it shows is that the error in the final

result decreases fast when d moves away from the "worst case"

values. The bad thing about this error is that it is always in the

same direction and therefore compensation has been introduced.

Rounding Errors

Contrary to the biased error due to the method, the

rounding error is neutral. If we compare the magnitude. we find

that the maximum rounding error in single precision is 16 times the

maximum error due to the method. In double precision, the

maximum rounding error is 5 times the maximum error due to the

method. The rounding error in double precision may be 2 times

the value of the least significant bit in the final result.

Integer divide uses the same divide sequence as double

precision floating divide. However, there are no rounding errors in

the two first multiplications and the maximum rounding error in‘

the final floating result is in the range one time the value of the

least significant bit.

It '3 very important that the final floating result is not less

than the correct one in an integer divide sequence. As an

example, two divided by one could give a result that in double

floating format is one unit of the least significant mantissa bit lea

then two, and would give one as result when converted to integer.

Th‘o is prevented by adding a small fraction to the final floating

result.
’

MULTIPLY

The multiply array has a missing part in the least significant

end. This missing part gives a biased error in the result. The

maximum value of this error is 5 ' 2" times the least significant bit

in the result.

CONCLUSION

The Floating Point Unit in the NORD-SOO computer is

designed as a combinatorial unit. The formats of the floating point

numbers are not the same as proposed in the IEEE proposal for

standard, but that is for historical reasons.

Multiply and divide has reduced accuracy to achieve

reduction in hardware cost and con‘lplexity. Correcting factors are

used to compensate for the biased error this reduction in hardware

would normally give.
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A short list of registers, 10!: instructims etc.

3. A short list of registers, IOX instructions etc.

The interfme between the ND-lOO and the ND-SOO consists of 2

interfwe cards; the 3022 card on the ND-lOO, and the 5015 card m the

ND-SOO. These cards contain several registers, which are listed below.

3.1. The (INTRO:- word register on 3022.

Bit: Meaning:

Enable interrupt fran NIB-500
Not used
Activate Nib-500 operation (and lock the ccmmmioation)
Test mode
NIB-500 programed clear
Disable TAG—m decoding when locked
116A error
Connand chaining
ND-SOO operation
Not used5

1
0
4
m

m
u
w

N
o
-
J
o

H .c.

3.2. The STATUS register a: 3022.

Bit: Meaning:

Interrupt enabled
Not used
ND-SOO busy
ND-SOO finished
Error
Interfme looked
EMA error
ND-SOO power fault (set by micro program).
The stop bit is set

8 ND-SOO power is/has been off
9 ND—SOO micro clock has stopped

10-14 ND-SOO stop reason
15 comm. register bit 15

\
J
m

m
w

I
-
J
o

3.3. The memory address register (MAR) on'3022.

This is a 24 bit register, pointing to the NIB-100 memory. It is

used in {MA transfers. It must be loaded from the 16-bit A-register
in two operations. The most significant part is loaded first. It
must also be read in two operations. The least significant part will

be read first. When it is read. the upper half of the leftmost 16
bits of MAR (bits 24-31, not used) will be equal to the upper half
of the rightmost 16 bits (bit-s 8-15) .
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3.4. The DATA register on 3022.

Thisisals bit register. Itactsasanirrtermediary between the
NIB-500 and the NIB-100 my in EMA transfers Eran ND-SOO to ND-lOO.
In EMA transfers fron DID-100 to ND-500, the m1: register is used
as the mtermediary register, but the DATA register is set,
Imetheless.

3.5. The DATA}: register on 3022.

Thislé-bitregisteroormectsthemsmwithmetusaw. This
also used' in ma transfers frcn RID-100 to MID—500. Do not confuse it
with the m register. _

3.6. The Dam-IN register on 5015.

This 32-bit register is either used as a whole, or as MIN-l
(the lower 16 big) , and m—m—z (the uppermost 16 bits). When the
other registers :31 the 5015 cards are loaded iron Nib-100, data goes
via the DATA-IN register to the C333 bus. In rm read (ND-100 menory
read by NIB-500) , data will go to the DATA—IN register. The MIST bit
selects! the met or least significant part.

3.7. The DA'm-GJT register on 5015.

This 32-bit register is either used as a whole. or as mm-GIT-l
(the lower l6 bits), and IBM-2 (the uppermrst 16 bits) . When
the other registers :11 5015 are read frtm NIB-100, data goes via
DATA-arr to ND—100. In rm write (ND-500 to NIB-100) , data must be
placed in BM before die write. The most bit selects the most
or least significant part.

3.8. The BREAK register an 5015.

This 16-bit register is used when the control store is loaded. Data
to be loaded must be in the BREAK register. The BREAK register is
camected to the least significant part of the CBS bus. '

3.9. The write address register (WA) on 5015.

The 16-bit m register is used to hold the control store address
when loading and reading the control store. The WA register is
connected to the least significant part of the (333 bus.

3.10. The lower and upoer limit registers (IL. UL) on 3022.

These are 16-bit registers, and represent bits 8-23 of a EMA
address. They are compared with bits 8-23 of the MAR register to
ensure that ND-500 keeps within limits. For instance, if LL contains
1. and UL contains 3, the legal area for 114A transfers is 0400,
0401, , 0l376, and 01377.
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3.11. The control register (CEO?!) on 5015.

Bit: Name: Meaning:

0 (SIDAD Control store load
1 CSREED Control store read
2-5 WEO,WE1,WEZ,WE3 Control store group (0-8)

BRKEN BREAK enable
STADREN Start address enable
TSTPTY Test cmtrol-store-parity-checking (ND-500 passive)

_ m Returns M instead of EEG-IN

CSPTY Control store parity
Prefetch addr. calc. not finished

PFIN Prefetch instruction not finished
BAUJM Manory reference not finished

l4-l5 ' Not used

5

Bits 10—15 may only be read. They give micro program stop

conditions.

3.12. The TAG-IN register on 5015 (DC from ND—lOO) .

The tag registers are additional control registers used to control

the carrmmication.
Bits 0-3 in the sins-m register on 5015 give 16 code values. Bit 4

is not used, and bit 5 (octal 040) is used to return TEE-IN bits (0-

4) . The codes are:

Bit: Name: Meaning:

Not used
DICLKJ. Clock DATA-IN—l register
DICLK2 Clock EMA-IN-Z register
ms Clock DATA-(111' register (both)
WACLK Clc write-add: register
m Clock BREAK register
m Clock TAG-CUT register
cm'cm Clock CSCNT register
DIEN Enable DA‘I'A—IN register to bus (CDB)
mm Enable DATA-GIT register (least sign.)

Read write—add: register
BRKR Read BREAK register
CNTR Read (SQ?! register
RE‘SBRK Reset break
m Unlock ,
EUJ'EEN Enable data line driver (frcm ND-SOO)
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3.l3. The TAG-CUT register :11 5015 (data Eran HID-500) .

"’ Bits 0-2 in exams-cor register m50l5 give a codevalues.
BitameansND—loo if it isCI, andnotND—loo if it isl.
Bits 4-6 are not used.
Bit 7 is the mar bit. It enable the most significant part of the
DATA-arr register, anddeterminesmichpartoftheregistertouse
when micro prograuned. MST also controls least/most significant
part of the lam-m register. The codes are (for mS'i‘al, add 0200):

Bit: weaning:

Read manory address register
write mamry address register
Read STATUS register
write STATUS register
mad mm register
Reset activate
Read um register (and ND-lOO manor?)
Write om register (and the: into ND-lOO manor?)u

m
m

h
u
N

H
o

3.14. IGX instrucdcns.

The HID-500 crammicaticn can be locked or unlocked, in test mode or
notintestmode. Thesestatesaresetby IDX LCIN (load CCNIRDL
register). IOX instructions have different meanings, depending on
the state. In the following list, the three columns display the MAC
mummies of physical device numbers, the coral device mmbers
thenselves, and their meaning.

Lockedandmtintestmde:

R519. 062 Read STATUS register
M13 066 ND-SOO Master Clear
TERM 067 Terminate
ms 070 Read EG-IN
WTAG 071 Write M
WDAT 073 Write DATAX (NB not the am register)
510:: 074 Set lmked "
CLKD 075 Clc um
UNIS 076 Release locked (unlock)
RES 077 Return tag

Lockedandintastmode:

RSTA 062 Read STATUS register
m 064 Read W' register
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Unlocked and not in test mode:

mm 060 Read memory address register
MR 061 Load memory address register
123m 062 Read sums register
m 065 Load CCNTROL register
m 066 NIB-500 Master Clear
mm 067 Terminate
ms 070 Read TAG-IN
WTAG 071 Write TAG—OUT
WDA'I‘ 073 Write mm: (NB not flue DATA register)
SLCI: 074 Set locked
UNIC 076 Release locked (unlock)
REG 077 Return tag

Unlocked and in test mode:

RMAR 060 Read manory address register (do it twice)
LMAR 061 Load manory address register (do it twice)
m 062 Read STATUS register
115m 063 Load sums register
am: 064 Read cam. register
m 065 Load comm. register
m 066 Read DATA register
m 067 Load DATA register
REL; 070 Read upper limit register
WM 07]. Load upper limit register
RLOW 072 Read lower limit register
WDAT 073 Load lower limit register

ND-lOO bits 0-15 go to limit register bits 8—23.

3.15. Sane widely used ounnmication subroutines.

The rouflnes that follow below are written in MAC (assembly) code.

3.15.1. Master clear, set stop bit, reset tag bits.

IOX UNLC % unlock
SAA 040
IOX KIN
SAA 2
IOX REIT; % set stop bit
IOX DCLR
SAA 0
IOX WIRE % write ESE-OUT on 3022
SAA 044
IOX LCCN 3: activate
IOX UNIS
SAA 040
IOX LCD! % reset activate
EXIT
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3.1.5.2. Write mg Eran the A register.

IOX WM % write EEG-out a: 3022
SAA 044
ID)! KIN % activate
101: mm
5AA 040
ID)! 2cm % reset activate
EXIT ‘

3.15.3. write data to 50].": frcm the A register.

The following routine uses the most/least significant part of the
DAmr-IN register, depaading on the value of n (mm-1. is the
least significant part):

IOX
5AA
IOX
8AA
IOX
IOX
5AA
IOX
5AA
IOX
5AA
IOX
IOX
8AA
IOX
EXIT

A .

n-l: clock DAR-IN-l. 11-2: clock MIN-2

% reset activate
StenahleDAn-mtothecnabusonSOls

% activate

is reset activate
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3.15.4. Read data from 501.5 to the A register.

The following routine has 3 entry -points. The first does not
enable the DATA-cm: register (DUEN) . The third does not clock the
(DB bus to the DATA-w! register.

MR1!"

5AA 3
IOX WM
SM 044
IOX m
IOX ‘ UNIC
SAA 040
IOX mm
JMP can!

Mk“

5AA 3
IOX WEAG
8AA 044
IOX m
IOX UNLC
SAA 040
IOX MIN

W"

SM 01.].
IOX WES
3AA 044
IOX HEN
IOX UNIC
5AA 040
IOX LCCN

W

8AA 017
IOX WI'AG
SAA 044
IOX LCCN
IOX CUKD
IOX UNIC
SAA 050
IOX m
SAA 0
IOX m
STA SAVE
SAA 040
IOX m
SAA O
IOX WM
5AA 044
IOX IAIN
IOX UNLC

w ClOCK-tODAm-CUI'

activate

reset activate

Clod<ODBtODAm-CUE

activate

reset activate

enable mum—OUT

activate

reset activate

enable data line driver (rm to BBB)

activate
clock DAR on 3022

set test mode

read DATA (test mode)

reset tag bits



A short list of registers. o instructims etc.

ICE! um it reset activate
LEA SAVE
EXIT

’ 3.16. Subroutines to write and read the control store.

The cmtrolstoreaddressissupposedtobeindieWAregistenThe
partmmberisammberintberangeO-Olo. A control store word
consists of 9 16-bit words,andthepartmrnberpointstomeof
these9wcrds.Partmmber010 (8) pointsto the most significant
part. Data to be written must be in the BREAK register. Data that is
readwillappearinm-l. The WA register is set by the
sequence. '

EDA AER:JPL WRDAT;SAA «.313m

3.16.1. write a 16-bit mrd into the control store.

The A register contains the 16 bit data word. The T register
contains a control word that is 1., 5, on, 015, ... , 041
depending a: the part number (0-010).

STA SAVE
(13.?! SLDA
STA LINK
LDA SAVE
JPL 951mm tdatatotheCDBbusmSOlS
SAA -
J'PL ms %c1ccktheBREZAKregister
COPY STDA v
JZPL WRDAT %ccntro1wcrdtotheCDBbus
SAA 7
JFL wmc %c1ocktheCSQlTregister
LDA SAVE
JMP rm

3.16.2. Read a 16-bit word from the control store.

The A register contains a control word that is 2, 6, 012, 016,
..., 042 depending a1 the part number (0-010).

STA SAVE
GDP? SI. DA
S'm LINK
IDA SAVE
JPL :RDAT %ccntro1wordtothed:Bbus
5AA
JPL WRITE % clock the CSCNI‘ register
J'PL m3 % read data. already in DATA—OUT
JMP I LINK
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3.17. Other registers used by the test program.

3.1.7.1. The prefetch status register (PS'mT, 32-bit, read only) .

Bits: Name:

0-10 EP

11-14 Po:

1.5-1.6 was

17-19 m

20 pesos

21 mp

22 DEC

23 Wk

24

Meaning:

Operation code.

Bit 1.0 is 0: short operatic: code. Bits 8-9 are then
both zero. Bits 0-7 contain 252 different operation
codes, cmzplenented, and not 256. The codes llllllzcc,
where x is 1. or 0, do not exist for short codes. When
the six most significant bits are one, it means long
operation code.

Bit 1.0 is 1.: long operation code. Bits 0-9 contain
1024 different operation codes, ccmplanented. A long
operation code consists of 1.6 bits. The six most
significant bits are l, and, since 3? is 1.1. bits
long, 5 of then are discarded.

Program counter displacenent.

’Gives the length (couplenented) of the current
instruction. 01.7 means l byte, 016 2 bytes, and so
on.

Valid bytes. 3 means 4 bytes left in the instruction
buffer, 2 means 3 bytes left, and so on.

Operand type-

Fran O to 5: word, float, halfword, byte, bit, and
double float.

Register operand.

1. if the address code (first byte of operand
specifier) was 0320-0323, otherwise 0.

Constant operand.

l for constant operands as, for instance, in argument
instructions, otherwise 0.

Descriptor addressing.

0 if legal, otherwise 1..

Write operation.

1 if write operation, otherwise 0.

Not used.
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25 am First operand.

26-27 D)!

28-29953:

30-31 DXSEL

J. for the first cperand. otherwise 0.Becanes0as
somesthefirstcperandhas been fetched. For a
sequence of LDRinstructia-xs, for instame, itwill
belallthetime.

Descriptor register.

Usedindeecriptotadrasing’togive the number of
the registertouse.3neansRl,2mansR2,lmeans
R3,andOrneansR4.

Sourceregister select.

Givesthemmbercfthesmrceregister, when there
isaze.3meansRl.andsom.

Datiriaticn register select.

Gives the number of the datinaticn register, when
thereiscne. 3meansRl, andsocn.
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3.17.2. The (trap) status register 31.

This is a 32 bit register. Only bits 9-31 can give a trap. If one

of bits 9-29 is to give a trap, the corresponding bit must be set
in the trap enable ('EE'.) register.

Bit: Meaning:

Not used
Privileged instruction allowed
Part done
Instruction refererne
Prwess switch disable
Zero
Carry
Sign
ma
Overflow
Not used
Invalid operation
Divide by zero
Floating underflow
Floating overflow
BCD overflow
Illegal cperand value
Single instruction trap
Branch trap
Call trap
Breakpoint instruction trap
Address trap fetch
Address trap read
Address trap write
Address zero mess
Descriptor range
Illegal index
Stack overflow
Stack underflow
Progranmed trap
Disable prwess switch timeout
Disable prwess switch errorfig

fifi
fig

m
fiB

B
E

B
E

B
S

E
G

K
U

B
F

S
m

m
qm

m
au

up
o

If bits are going to be set in Si by software, two menonics can
be used. D,XS'I‘l must be used to set the bits 17-19, 21-24, or 30-
31. D,Sl must be used to set the other bits.
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3.17.3. The (tag) status register 52.

This is a 12 bit register.

Bit: Meaning:

Index sealing error
mega]. imtructicn code
Illegal operand specifier
Instructicn sequeme error
Not used
Activate frcm ND-loo
Terminate frat ND-loo
Not used
Emmrumfuhm(NUME.G&DMLME.EE
Data failure
Power fail
Prwessor faultfi

g
m

m
q
m

m
h
w

n
w

o

3.l7.4. me meuory and cache registers.

Thesedmlengthisalways 4K. ThewidthmaybeBZ. 64, or 1.28
bits. This oorrespcmds to (We) address ranges of 0-037777 0-'
077777, and 0-177777. If cne cache module is present, the width is
32 bits. If 2' the width is 64 bits, and if 4 nodules are present,
the width is 128 bits.

The whole cache may be used (partitions 0-3) . Tm partitions may
be used, 0—1., 1-2, or 2-3. Only me pardum may be used, 0, l.
2,or3.Theuseofthe cache is controlled by the data and
instructim manory control registers. There are also status
registers to display the status of the instruc‘dcm and data cache.
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3.17.4.1. Data memory status registers (135150, 13151, $152).

$150

Bits : maning :

0-1. Partition number '
2-3 Number of partitions (0-3 means 1—4)
4 Isa-fault
5 Menory parity error
6 Cache parity error +' illegal use of cache
7 — Blocked. If this bit is 1, then

bits 8-15 in 1:57.50 and bits 12-15 in {26151
will be blocked (they will not change).

8 Cache parity error, cache module 0.
9 II H II II ll 1.

10 ' " ~ ~ ~ 2.
ll II II I! I! ll 3.

12 Menory " " " " 0.
13 N I! I ll ll 1.

14 II II II II 2.

ls II II n W 3.

13151

Bits: Meaning:

0 Menory parity error, byte 0 (bits 7- 0) .
l u n n n l ( n 15- 8).

2 "' " " 2 ( 9' 23-16).
3 " " " 3 ( " 31-24).
4 Cache " " " 0 ( " 7- 0).
S " " " l ( " 15- 8).
6 " " 2 ( " 23-16).
7 " " " 3 ( " 31-24).1'

8-9 Cache module number (0-3) .
10 Memory timeout.
11 Illegal partition setting.
12 Cache control parity error, byte 0.
13 ll l.‘

14 II II H II II 2.

15 Cache clear is active.

13152

Bits: Meaning:

0-7 Mamry channel 0-7. If bit 10 in 135151 is 1,
then sane of the bits 0-7 will also be 1.
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3.17.4.2. Data memory control registers (mo, m1) .

m0

Bits: Meaning:

0-1 Select (the first) partition amber
2-3 Nunber ofi partitions (0-3 means 1—4)
4 Cache disable (must be zero)

m1-

Bits: Meaning:

0—1 Select ache mdule m. for bits 0-7. 126151.
BIC (hit in cache) .
dear block.
153 trap enable.
Menory parity error trap enable.
Cache parity error trap enable.
Menory cut of range trap enable.4

0
“
»

p

3.17.4.3. Instruction menory status raisters (13:50. 15151.
18152).

These registers have the same format as the data menory status
registers.

3.17.4.4. Instruction memrv control registers (1m. 1011].) .

These registers have the same fomat as the data menory control
registers.

17.5. Memory modus register (M4013).

Alternative address area (default). _
Alternative address area selected by ALm.
Lock until write (not used yet)
Data do not use cache
Instructim do not use cache
Instruction manory reference Eran micro code
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3.17.6. Limit registers (ELJL).

These higher and lower limit registers contain 32 bit logical
addresses. They are constantly compared to logical program and
data addresses, and may give trap condition if the proper address
traps are enabled.

To getanaddress trap, theproper bit inmnmstbesettcl. In.
addition, if the address of a mancry reference (fetch, read or
write) is calledlADDR. trap depends cm the value of D,SE.TLIM:

D,SEI'LIM is 0: IL<=ADDR.AND.ADDR<EL is true gives trap
mm. is l: IL<=ADDR.OR.ADDR<EL is true gives trap

3.17.7. Mm maria-1t substitute raisters.

ND-SOO may be without nemry management. Then there will be sane
additional registers:

DZPA and IZPA: Data and instructim mancry zero point adjust
registers. They are 14-bit registers and contain page numbers. A
page has 2K bytes. These registers point to the physical page in
the mancry where the first page of the program itself is loaded.

DOPE. and IUPL: Data and instruction matery upper page limit
register. They are similar to DZPA and IZPA, and point to the
program's last physical page in the tnancry.

DZINEIL. .mINELU. ICINEIL, and ICINELU: Data and instruction
memory cache inhibit limit registers, lower and upper. They are
similar to DZPA and IZPA. and inhibit write into the cache mancry
when the actual program's physical page number is in the range
lower tcupper (LL <=pageno<=LU).

DRADDRL. DRADDRM. IRADDRL. BADDRVL Data and instruction memory
least and most significant real (physical) address registers.
DRAM and IRADDRL contain 16 bits. andDRADDfldandIRADDRK
contain 8 bits. A real address is a 24—bit byte address (a real
address has actually 25 bits, but me most significant bit is
removed). The page number in DZPA/IZPA multiplied by 04000 is
added to a program's logical data and instruction addresses, and
the result goes to the real address registers. If errors wcur,
the real address registers are locked (that is, new real addresses
will not be loaded into them before the clear-block bit in
DCCNl/ICQIl is set).
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3.l7.8. M1952 figment registers.

There are two see of these registers. one for the data mencry and
one for the instruction my.

A real address is a logical address translatedbythemucry
managenent systen. The translated address is then shifted one
positicn to the right, thereby discarding bit 0. The real address
is therefore a halfword address.

3.17-8.10 scram fin“ (WIW) 0

These are two sets of 16 l6-bit registers. Such a. register is
acfiressedbyloadingISCEAorDSCE'Awithammber in the range
0-15. After each mess. ISCE‘AorDSCE‘Ais incrementedbyl,
modulo 1.6.

3:17.802. Stams Egisters (MIME).

Bit: Name: waning: ‘

0 PAIE.‘ 0: ALT mode. Locked by TEE-fault.
l 3110 0: 3321: (same segm). Locked by TEE-fault.

The segment register and bits 3l-27 of the
logical address are equal.

2 SM]. 0: SE52 (zero segm). Locked by 153 fault.
Bits 31-27 of the logical address are zero.

3 PUB l: Real-addressed page is used.
4 WIP l: Real—addressed page is written into.
5 0: Used. Dynamic USED-status of the bashed part

of 153. Only valid if bit 13:0.
6 TSEP l: lISB—fault (Parse: 0.

ml: 1 if bit Sal or not match) .
7 NEE 0: New segment (1 when 11615) .

‘its 31-27 of the logical address are not all
zero. and they are not equal to bits 4-0
of the segment register.
Mil-trap (locked.

_ Inclusive or of bits 6. oampl(7)1 9, 1.0.23)-
ALZEV 1: ALT protect violauon.
WRPV 1: Write protect violatim.

- Paging cn.
158C l: 153 clear is active (not completed) .
FAS2A 1: Match not found in sequential T58, if TSB fault.

Sequential T58 is accessed only
if ESE}? = l and
if FASZ = l (in MM) and
ism=0 (inactualhashed'ISBentry)

SPARE Not defined.
SPARE Not defined.
590 1: Parity error 0 (mo-2, Dado-4) .
SP1 1: Parity error 1 (11145—7, SEC—4, ADD-26) .
SP2 1: Parity error 2 (ADE-l8) .
SPB 1: Parity error 3 (BSGO-lS) .

Page number + two dmmy bits.

00 t—
l u

ut
te

r

é

{3
53

55
41

35
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20 SP4 1: Parity error 4 (the three permit bits).
See ram/noses, bits 5-7.

21 SPARE 0
22 SPARE o
23 BUE'FP 1: OR-ed parity error (0 if m0 or not used).
24 moo 0:MatchmPROCandDCMbit0-4.
25 15:01 0: Match on SEE! (or bits 27-31) and um bit 5-7.
26 T322 0: Match on log. addr. bits 11-18.
27 TEQS 0: Match on log. addr. bits 19—26.
28 0: used. Static USED-status of the hashed part

of T58.
29 SPARE Not defined.
30 SPARE Not defined.
31_ SPARE Not defined.

Locked bits are unlocked when the manory managenent is turned

off, or when the TSB is written into.

3.17.8.3. Logical address (ILADDR.DLADDR).

These two 32-bit registers hold the instruction and data logical
addressee.

3.17.8.4. WIP/PGI broadside (IWIPGJ'WIPGU).

A broadside is a 16-bit attract Eran a 16K bit buffer. There are
two such buffers. one for WI? (written in page) and one for PGU
(page used). The 16 bits represent one group of 16 pages. Each
group is addressed by means of the 1.0 most significant bits of
the real address. Bit 0 represents the page with the lowest page
number of the. 16, bit 15 represent the page with the highest
page number. To readWrP or PGU, bit9 inmn'RorufllTRhas
tobeset.Thenbit7inmRQIZorDPRCCCselects eitherWIP or
PGU. If 1, W1? is selected, and if 0, PGJ. Default for this bit
is 0.

3.170805. Real address (MIDRAmR) 0

These two 24—bit registers hold the instruction and data real
addresses. A real address is a logical address translated by the
manory managenent systan, and then divided by 2. The result is a
halfword address.

3.17.8.6. Control registers (manna).

Bit: Meaning:

4 Clear ITSB or 17153.
9 Start to read IWIPGU or WIPGU.

3.17.8.7. Scratch file address (ISCEA.DSCE‘A).

Two 4-bit registers, each pointing to one of the 32 scratch file
registers (16 in each set).
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3.17.8.8. Process control registers (IPRJCCJPBCDC).

Bit: Name: Meaning:

P9320 Bit 0 of prwas mmber.
m1 Bit 1 of praise mrnber.
Pm Bit 2 of prmess amber.

Paging on.
'ISBD Disable 158. 1: writing into 153, 0: reading.
338 Bitaof'l'saadaress ('ISBhastwoident.par1-s).
FASZ Enable use of sequential 'l'SB (SEE).
'SEP Select WEE-part of mm (default 0) .\l

O
‘U

Iu
B

W
N

I-
‘O

3.17.8.9. mm misters (WOW) I

Two 8-bit registers. containing the rain domain mater (0-255) .
In the NIB-500 Reference- Manual, m is calledczn (Current
mating Domain) . = .

3.17.8.10. Alternative domain registers (IAUZMJADCM).

Two 8-bit registers. containing the alternative dcnain mmber
(0-255). In the ND-SOO Reference Manual, A1124 is called GAD
(Current Alternative Dcmain) .

3.17.8.ll. current segment registers (1625,3325).

Two 8-bit registers, containing the current segment number in
bits 0-4, and the protect status in bits 5-7.

Bit: Meaning:

5 0:5haredsegmentstatus. l:Notshared
6 : Parameter mess permitted. 1: Not permitted
7 0: Write pemitted. 1: Not pennitted

In the N'D-SOO Reference Manual, csee is called CES (Current
Executing Segment). -

3.l7.8.l2. Alternative segment registers (menses) .

Similar to current segment registers, but containing alternative
segment mnber and status. In the ND-500 Reference Manual, ASH;
is called CA9 (Current Alternative Segment).
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3.17.8.l3. Translate speed-up buffer page (ITSB,DI'SB).

.Two buffers, each contains 1024 14-bit page addresses (the page
part of a real address). One is for data and one for instruction
manory. Each buffer has two parts. Bit 5 (EXS) of IPRIC/DPROCC
selects which part to use. Each part is divided into tm
sections. The lower section is addressed by a hashing algorithm,
and the upper is addressed sequentially.

The hashing algorithm computes an 8-bit index by mm 0R-
ing four numbers A, B, C, D'. In the following, if AD31-27 are
all- zero, 5364-0 cane frat: the segment register, bits 4-0. If
AD31-27 are not all zero, SES4-0 cane frcm AD31-27 (the five
most significant bits of the logical address).

A: A1322 ADll ADlG ADlS ADl4 ADl3 ADlZ A011
3 : AD20 A1321 SE4 5223 5332 SE51 SE50 ADl7
C: AD23 ADl4 ADZO AD19 ADlB Pm Pm Pm
D : ADJ.5 ADlG [IMO m ' m 1118 11144 130545

3.17.8.14. Sequential TSB address register (ISTSBJSTSB) .

Two 8-bit registers. Top of sequential buffer. 0 means that the
sequential buffer is anpty, 0377 means that it is full (255
entries) . IST'SB/IBTSB must be set and updated by software (micro
progran) . Bit 5 (3x8) in IPRDCC or DPROCC specifies which buffer
part to use.

3.l7.8.l5. Index for hashed or sequential TSB (m,m>.

The 8-bit index may be read and checked. There is one index for
instruction rnenory, and one for data. Either the computed index
for the bashed part of T53 is read, or ISTSB/DSTSB. This. depends
upon the value of bit 13 (FASZA) of the status register
(BEES/DEE) . If this bit is l, ISTSB/BS'I'SB is read. If it is
0, the catplted index for the bashed part is read.
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Title ‘ ‘ Drawing no.NORSK DATA A.S 5205, CACHE 'IERMINATION

Oslo, Norway WIRING LIST
Page 1 of3

CONNECTOR RESISTOR ‘ SIGNAL SIGNAL
PIN NETWORK PIN INSTR: CACHE DATA CACHE
(ROW A AND C (POS. 1-4) (POS. 6‘9)

-g::§:%:ENgF B-CONNECTOR A-CONNECTOR) AI (0—15) AD (0-15)

a5 '8A6 O 3

c5 8A5 _ 2 2

a6 8A4 ’ 4 9 1

c6 8A3 ' 11 0

a7 8A2 10 8

c7 8A1 8 9'

a8 8A8 I 1 10

c8 8A9 3 11

a9 8A10 15 15

C9 8A1]. l4 14

310 8A12 l3 ' 13

C10 8Al3 12 12

all 6A6 7 7

cll 6A5 6 6

312 6A4 5 5

(:12 6A3 4 4

DRAWN BY Remarks Replacementfor DateqAT 16.06.80APPROVED BY _ d”_,4____,.~._______
Replaced by Data

DATE
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Title . Drawing no.NORSK DATAIAS 5205, CACHE TERMINATION BOARD

Oslo, Norway WIRING LIST
PageZ of3

CONNECTOR RESISTOR SIGNAL SIGNAL
PIN INETWORK PIN INSTR: CACHE DATA CACHE
(ROW A AND C (POS. 1-4) (POS. 6-9)
OPPOSITE 0F B-CONNECTOR3ACKWIRING) ID (16-31) D (16-31)

a15 6A2 30 30

€15 6A1 31 31

a16 6A8 28 28

C16 6A9 29 29

817 6A10 26 26

cl7 6A13 27 27

318 6A12 24 24

€18 6A11 25 25

a19 4A6 23 23

C19 4A5 22 22

a20 4A1 21 21

c20 4A2 ‘ 20 20

321 4A3 19 19

c21 4A4 18 18

a22 4A8 17 17

€22 4A9 16 16

DRAWN BY R rk Replacement for Dan
‘ BS/AL emas 16.06.80APPROVED BY _ ._ _ . ______

Replaced by Data



NORSK DATA A.S
Oslo. Norway

Title
5205, CACHE TERMINATION BOARD
WIRING LIST

Drawing no.

Page 3 of 3

CONNECTOR RESISTOR SIGNAL SIGNALPIN NETWORK PIN INSTR: CACHE DATA CACHE(Row A AND C (POS. 1-4) (POS. 6-9)OPPOSITE 0F 'BACKNIRING) 25C?§§?E§OR g'figfifggTOR

a23 4A13 15 15
c23 4A12 14 14
a24 4A11 13 13
c24 4A10 12 12
a25 2A6 11 11
925 2A5 10 IO
a26 2A1 9 9
C26 2A2 8 8
a27 2A3 7 7
c27 2A4 6 6
a28 2A8 5 '5
c28 2A9 4 4
a29 2Al3 3 3
c29 2A12 2 2
a30 2All 1 1
C30 2A1O O O

r“.

DRAWN BY BS[AL

APPROVED BY

DATE

Remarks Replacement for Date

. V _. 1 6 .0640
Replaced by Date



Title DIawnng No.

NORSK DATA A.S INTERNAL - EXTERNAL 3 _ 9387 B
CABLE ND 500 — ND 100 1/0

EUROPLUG PLUGPANEL PLUGPANEL UROPLUG
IN N - 500 2x37 PIN 2x37 PIN N N - loo
RACK D. CON.IN D. CON. IN ckWIRING

SIGNAL POLARITY PIN No. N - 500 N - lOO
PIN. No. IN. NO.

GROUND CC 1
GROUND Ca 1 20
DB Cc 2

Ca 2
Cc
Ca 2

c
a

C

a

Aa
Ac
A
Ac
Aa
Ac
Aa
Ac
Aa
Ac

T Aa
EA 0 Cc AC

DATA 0 Ca a
GROUND Cc
GROUND c3 J 1 ~ a

I _ , ‘:34 w1re Ilat cable INTERNAL E r l ‘ INTERNAL
«I ~ ‘23 na

64 Wire flat cable‘phBLL A , CABLE
ND—SOO
H

rawn by
Replacementfor DateHO/ma

pproved

ale Replaced by



THIe ND-SOO Drawing No.
INTERNAL CABLE DATA INST. ADDRESS AND

NORSK DATA AS 5204 PCB ADAPTER 3 - 9513
MEN 2

ND-SOO ADDRESS IN 5204 PCB 5204 PCB S204 PCB
ON 5204 PCB ADAPTER ADAPTER ADAPTER

POS. ON PLUG P OUT l/l OUT 8 CACH OUT EQCACHE
SIGNAL POLARITY EUROPLUG EUROPLUG EUROPLUG EUROPLUG EUROPLUG

PIN NO PIN NO PIN NO PIN NO PIN NO
C NOT USED NOT USED
C a NOT USED ED

c2 NOT USED
a2 NOT USED D
c NOT USED
a3 NOT USED
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a4

0
W

()
O r

O
W r

W
O

W
0

W
O

W
0

W
0

W
O

W
O

m
n

W
O

W

t
r

l\

l

l‘

W

O
W

O
W

O
W

O
W

O
W

0
W

O
W

O
W

O
W

O
W

O
W

0
W

0
W

K.

W
0

W
0

W
0

W
0

W
O

W
0

W
0

0

W
O

W
O

W
O

W
O

W
O

W
O

W
0

U

C

a

C
a

C

a

C
a

C
a

C

a

C

a

C

a

C

a

C
C
C
C
C
C
C
C
C
C
C
C

J Jp
O

W
0

W
0

W
0

W
O

W
O

W
O

W
O

W
O

W
O

W
O

t
,

O
W

O
W

O
W

0
W

O
W

O
W

O
W

O

. INTERNAL
64 WIRE CABLE ‘ ND 500 ADDRESS ADAPTER ON
FLAT CABLE PLUG PANEL

EXTEPNRL

rawn by Remarks ICONNECTED FROM RACK POS Cll Re” “em“ '°' Da‘e
pproved AND C12 TO PCB 5204 ON PLUG PANEL

Re laced bate D Y



THle ND-SOO Drawvng No.

INTERNAL CAELE DATA - INST. DATA AND
NORSK DATA A-5 5203 PCB ADAPTER MEN 2 3 ‘ 95“

SIGNAL

BOL
50L
BlL
BlL

CD
UJ

UJ
CD

h
r
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t
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r
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r

W
ID
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U
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w

Drawn by
HO/ma

Approved

Date

EURCPLUG IN DATA NDSOO 5203 PCB 5203 PCB
IN ND 500 ON 5203 PCB ADAPTER ADAPTER
RACK ON PLUG DATA LEAST DATA MOST

EUROPLUGPOLARITY PIN NO PIN NO PIN NO PIN NO

cl
a

CL
a4-
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0(
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m
fim
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64 WIRE INTERNAL ND—SOO DATA ADAPTER
‘: FLAT CABLE CABLE 5203 ON PLUG PANEL

NB! See drawing 3—9515

Remarks Replacementfor Date
CONNECTED FROM RACK POS. C9,C8,C7,

C6 and C4,C3,C2,Cl TO PLUG ND—SOO DATA ON
5203 PCB ON PLUG PANEL

Replaced by



Tnle . ND-SOO DfaWIHQ No.

INTERNAL CABLE DATA — INST.‘
ORSK DATA A.S AND 5203 pca ADAPTER OUTPUT gggTROL 3'9515

MEMORY 2

OPLUG ONT. PLUG 5203 PCB ’ 5203 pca
N ND-500 IN 5 20 3 PCB ADAPTER ADAPTER

CK PLUG P OUTPUT OUTPUT

SIGNAL LARITY PLUG DATA LEAST DATA MOST
IN NO IN NO PIN NO PIN

‘I

G
O

O
D

0 (NOT US

D
D
D
D
D
D
D
D
D
D
D
D
D
D

32 WIRE
FLAT CABLE INTERNAL CONNECTED

CABLE ON PC?

1

CONNECTED ON PCB

Dvawn by Remarks Replacement for Date

CONNECTED FROM RACK POS D9,D8,D7,D6

Approved AND D4,D3,D2,Dl, TO PLUG CONTROL ON
PCB 5203 ON PLUG PANEL Replaced by

Date



Drawing No.

BMPM CONN - ND 500
ABLE TA-INST .NORSK DATA A-S EgsTeEClmgsa MAM

MEM.2

BMPM POS PLUG ADDRES 1976 PCB 1976 PCB PLUG ON
EUROPLUG TO 1976 PCB PLUG ADDRES PLUG DATA EXT. PLUG

SOLDRING IN/OUT DATA TERM PANEL (EP)
POLARITY PIN NO SIDE PLUG SIDE PLUG SIDE

' PIN NO. PIN NO. PIN NO. PIN NO.

50
PIN

PL
UG

MA
IL

ON
19

76
1’0

3

50
PI

N
PL

UG
3M

33
07

ED
5

"x91\
ONH
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E
in

3 50
PIN

PL
UG

MA
LE

ON
19

76
PC

B

50
PIN

MA
LE

ON
PL

UG
PA

NE
L

nLE :1 46 WIRE INTERNAL CONNECTION
INTERJAL CABLE 2; 50 WIRE CABLE FROM SAME PLUG ON 1976 pca

LOCAL PANEL ON 1976EXTERNAL :iaL: Y" TO BACKWIRING pca INTERNAL CABLE BETWEEN
EXTERNEL CABLE I'-_ 1976 PCB AND Ext. PLUGA PANEL. CABLE TYPE 2EXTERNAL CLBLE CABLE TYPE 1

Drawn by _ Remarks Replacement for Da‘e
HO/ma

Approved

Re laced b
Date p y



Drawing No.
BMPM CONN. - ND 500
INTERNAL CABLE(DATA - INST§.
DATA LEAST - DATA MOST VIA
1976 PCB BMPM N-SOO MEN 2

EMPM POS PLUG DATA 1976 PCB 1976 PCB PLUG ON
TO 1976 PCB PLUG ADDR. PLUG DATA EXT. PLUG

EUROPLUG SgLDRING IN/OUT DATA TERM PANEL (EP)
SIGNAL POLARITY 3 DE

PIN NO. PIN‘NO. PIN NO. PIN NO. PIN NO.

1

MA
LE

PL
UG

ON
19

76
[W

1

50
PI

N
PL

UG
31

‘13
30

7

50
PIN

PL
UG

MA
LE
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UG

ON
19

76
PC

B(1}
U
Cu
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H

5
SL
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E
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0
L0

50
PIN

PL
UG

MA
LE

0N
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UG

PA
NE

L

50
PI

N
PL

LK

71 1:40 WIRE INTERNAL
_ CABLE LOCAL2: 30 WIRE PANEL TO

BACKWIRING

CONNECTION INTERNAL
ON 1976 PCB CABLE

BETWEEN 1976
PCB AND EXT.

DATA PLUG IS SAME PLUG pLUG PANEL
CABLE TYPE 1 N 1976 PCB CABLE TYPE 2

Drawn by Replacement Io! Date

Approved

Replaced by
Dale



Drawnng No.
BMPM CONN - ND 500

NORSK DATA A.S EXT. CABLE (DATA - INSTR).
ADDRESS AND (DATA — INSTR). DATA

ND 500 PLUG DUAL BMPM
PANEL EXT.PLUG

EUROPLUG PANEL

PIN NO PIN NO

1
2

SIGNAL POLARITY

Q
W

O
W

O
W

O
W

O
W

O
W

W
£1

10
£1

10
0!

a
C
a

C
a

C

a
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64
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LE

50
‘

PIN
PL

UG
FE
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EU
RO
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UG

50 WIRE FLAT

Dra b Rw" y ema'KsFOR ND 500 PLUG PANEL/ 3:133320000 Rep'acemem ’0' :03”
FOR BMPM EXT. PLUG PANEL ANSLEY/609-
5001

R IDate ep aced by

Appvoved



Drawing No.
BMPM CONN. ND-lOO

LE ND-lOO MA
NORSK DATA A's igggggniDDRESS VIA C1288) PCB

MEM 2

PLUG ADDRESS 0 WAY 2 WAY 4 WAY 8 WAY
SIGNAL FROM 1988 PCB INTERLEAVE INTERLEAVE INTERLEAVE INTERLEAVE
ND 100 TO EXT. ON EXT- PLUG
PLUG PANEL BMPM POLARITY PANEL 1988 POS 1988 POS 1988 POS 1988
IN ON 1985 PCB PLUG IN PCB PCB PCB PCB

' 2l: 50 WIRE FLAT CABLE BETWEEN EXTERNAL PLUG PANEL AND LOCAL PANEL 1:].
46 WIRE FLAT CABLE BETWEEN LOCAL PLUG PANEL AND BACKWIRING lzl

Drawn by Remarks

ALL BMPM POS. AS A SAME BMPM POS.
Approved 50 PIN 3M3307

Replacement lor Date

Replaced by
Dale



Title
BMPM CONN. ND—lOO INTERNAL CABLE

NORSK DATA A‘s ND-IOO AND DMA DATA
MEMZ.

Drawing No.

PLUG DATA PLUG DATA
SIGNAL FROM ' ON EXT. PLU ON LOCAL
ND-lOO TO EXT. PANEL ON PLUG PANEL
PLUG PANEL BMPM ON EMPM

3MP“ PIN NO PIN NO

PI
N

PL
UG

MA
LE

ON2
0
LL}
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U
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q
{14

Z
H
(34
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m PL

UG
PA

NE
L
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N
PL

UG
3M

33
07
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50 WIRE FIAT CABLE INTERNAL INTERNAL
4O WIRE FLAT CABLE CABLE TYPE VABLE TYPE
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Title Drawing No.

BMPM CONN. ND-lOO
NORSK DATA A.S EXT. CABLE ERROR LOG 3 — 9522
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MEMORY & CACHE SIZE

COMBINATIONS ND-lOO — ND—5OO

DEFINED CONFIGURATIONS INTERLEAVE
MPM MPM MPM MPM CACHE MPM MAX—MINCRATE SIZE MPM SIZEOTHER ND CAB ND-1OO ND-SOO SIZE BANK BANK

MIN 128 KB 0K
LOCAL — — YES 32 KB 1/4 SINGLE MAX 512 KB

MIN 128 KB
LOCAL - — YES 32 KB 1/4 DOUBLE MAX 1 MB ~ OK

MIN 256 KB
LOCAL - — YES 64 KB 1/2 DOUBLE MAX, 1 MB GK

MIN 256 KB
LOCAL - YES YES 64 KB 1/2 DOUBLE MAX 2 MB GK

MIN 512 KB
LOCAL - YES YES 128 KB 1/1 DOUBLE MAx 2 MB OK

MIN 1 MB
LOCAL YES YES YES 128 KB 1/1 DOUBLE MAX 4 MB OK
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NORSK DATA A.S
Oslo, Norway

Till.

DUAL BMPM LAYOUT

Drawing no.

"{

% fl]

POWER DISTgI %=—==— —:5:
—

I LEAVE 8w IADD IN :DADD IN
4w IADD OUT [DADD OUT
2w IDATA o EDDATA 0
0w IDATA 1 {DDATA 1

, N100ADD IN IDATA 2 EDDATA 2
LNlOOA OUT {LIDATA 3 :DDATA 3

PLUG PANEL >_ {LNlooD IN I ,‘
lNlOOD OUT {__ I_ >
{ERR LOG IN I _ ;__-:",
IERR LOG OUT' I A
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DATE
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Title Drawing no.
NORSK DATA A.S ERN L W RING

Oslo, Norway DUAL BMPM INT A I

A B C D E F G H I J K L M
I I I I I I I I I I I I I: I I I : I I I ' ' ' I 'I I I A B A B I B A B A I
I I I I I I I I I II I I A A D D L9G D D A A I LP
I I I D D A A I A A D D

lI I I D D F T I T T D D I
I I I | I
I I | 11 IR IA I 1A AI 15 1E I M

1976 1976 1976 1976

CX DX DY CY

N 0 P Q R S T U V W X Y Z

I I I r I f V I I I I II I I I I I I I II I I I I I I : I : I I I
I I I ‘ I ' II I I I I I I I I I I I I LP
I I I I I ' I I I I I I I

I I I I ' I ' I I I I II I I I I I I I ' I I I II I I I I I I I I I I I I
I I I I I I
I I I I I I I I I I I I I M

Internal wiring from BMPM card rack M to local plug panel LP .
Same wiring beeween each rack M and panel LP.

M10 - LP:D M12 — LP:R
M1 1 - LP : E M1 3 - L P: T
M14 ‘ LP:F M16 - LPzQ
M15 - LP:G M17 ‘ LP:S
Ml8 - LP:H M20 - LP:U
M22 - Ll M21 ‘ LP:W
M23 - LP:J M24 - LP:V
MZé - LP:R M25 - LP:X
MZ 7 - LP : L

DRAWN BY TS /em1 Remarks Replacement for Date

'APPROVED BY ,, ,,,_
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TMe

NORSK DATA A.S
Oflo,Non~ay

DUAL
LOCAL PANgéS

BMPM WIRING

TO EXTERNAL PANELS

Dtawing no.

Local glug panel LP

APPROVED BY

DATE 25/05/81
Replaced

A B c D E F G H I J K L M ..
i f } A B A B I B A B A }

l I 1 l I '{ } l A A D D L D D A A : --LOG Ext cabl
. eI w I D D A A O A A. D D I Epz - L0G

: 1 1 D D T T G T T I) D | EP:B2 - LPlzGl
I 1 1 R R. A A l A A R R ! LP1:G2- LP2:G2

LP2zGl- EPzBl
1976 1976 1976 1976

CX DX DY DX

N 0 P Q R s T U v w X Y 2

Port A, allocated for DMA, is not wired.

Ext.cable Ext.cablePORT B: EP:B6 B—ADDR PORT c: EP:ClO C-ADDR
EPzB7/lO- LP1:D1 EP:ClO - LPl:Xl
LPlzDZ — LP2:D2 LP1:X2 - LP2:X1
LP2:D1 — LP2:J2 LP2:X2 - LP2:R1
LP2l — LPll LP2:R2 - LPll
LPlzJZ - EP:BS LPll - EP:C9

EPzB4 — LPll B-DATA EP:C8 - LPll c-DATAO
LP1:F2 - LP2zF2 LPl:Q2 - T
LP2zFl — LP2:H2
LP2:H1 — LPl:Hl EP:C7 - LP1:w1 C-DATAl
LPlZ - EPzB3 LPlzw2 — T

Ex.cable EP:C6 - LP2: 1 c—DATAz‘ZPORT Dz] EP:DlO D-ADDR ‘ LP2,Q2 _ T Q
EPlO — LPl:Vl '
LPlfVZ ‘ LPZ‘Vl EP:C5 - LP2:Wl c-DATA3
LP2.V2 “ LPZSTI LP22W2 _ T
LP2:T2 - LP1:T1
LPlzTZ - EP:D9

EP:D8 - LPl:Sl D—DATAO
LPl:SZ - T

EP:D7 - LPll D—DATAl
LPl2 - T

EP:D6 — LP2:Sl D-DATA2 A B C D
P2: - 'L 82 T l.LEAVE 8w IADD TN DADD IN 19d

I.LEAVE 4w IADD OUT DADD OUT 9EPzDS — LP2 U1 D—DATA -—LP2_U2 _ T 3 I.LEAVE av IDATA O DDATA 0 3L
' I.LEAVE 0w IDATA 1 DDATA 1 j;

N100 ADD IN IDATA 2 DDATA 2 5L
NlOO ADD OUT TDATA 3 DDATA 3 jL
N100 DATA IN _ ‘ A;
N100 DATA OUT ___ §_
ERR.LOG IN _~7 g;
ERR.LOG OUT 1

DRAWN BY TS/eml Remarks Replacementfor Date
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NORSK DATA A.S
Oslo, Norway

Title

ND-SOO PLUG PANEL

1/1 CACHE

Dtawing no.

Plug panel as it will be viewed from the back side of
the ND-SOO cabinet.

DDATA LEAST
DDATA MOST R ND-500 IF 2D6[‘:::=-=::j'] :;;>~:::j ND-SOO IF 1

CONTROL IN DDATA IN C135203 ‘

DDATA LEAST P IDATA LEASTH
DDATA MOST— ‘ ‘ IDATA MOSTD7l4_:::flfl::; :] ‘::;;.;:;~ D1 ’_:;.::;‘~:] __::‘<::_‘ c1

CONTROL IN DDATA IN CONTROL IN IDATA IN
5203 5203

DDATA LEAST 0 IDATA LEAS G
DDATA MOST‘ ‘ _- IpATA MOSTD8 L‘.Z:—-—~:ZZJ -:::—=::-- D2 [-.1‘-‘-=<'~‘~j ’3’“; ClCONTROL IN DDATA IN CONTROL IN IDATA IN

5203 5203

DDATA LEAST IDATA LEAST F
DDATA MOST N IDATA MOSTD9 [::;:~<::j:] jlrv~=ttf; D3 L;Z:>~:::;_] ,:::~<:::, C3

CONTROL IN DDATA IN CONTROL IN IDATA IN
5203 5203

U DADD 1/4 C IADD 1/4 C K IDATA LEAST E
T DADD 1/2 C IADD 1/2 C J IDATA MOST
s DADD 1/1 C IADD 1/1 C 1 D4 [j::=-=:ZZ ,Z?:>*:ZZL C4

C12 fiADUTTNZZf 1355:1nr::: €11 CONTROL IN IDATA IN
5204 5203

All plugs mounted on PCB 5203 and 5204 are flat cable
type, 2x32 pins.

Plugs marked are mounted on the rear side of
the print and connected to ND-SOO backwiring, the other
from the front and connected to BMPM plug panels.

DRAWN BY TS/eml Remarks Replacement for Data
APPROVED BY

DATE 25/05/81
Replaced by Date



G.P. SELECT CUSTOMER CONFIGURATION BY X IN NINDON
ll/l, l/// ’ 7,

RIBBON CABLE CONFIGURATION LIST. PRINT No. 5203 /////////////////// ,§% g 243;;
@//C///Ii)l:////D%/ CACHE HoDuLE '57-”51323

1/1 CACHE L_ 1/1 CACHE 1/2 CACHE I._ 1/2 CACHE l._ 1/4 CACHE L 1/1. CACHE L_ ///////R/}/M/P/ , 7/? g;

I + 2 + 1 1 + l 1 * 1 1 1 ”2 v,///////////$///////0/0 // ///3%

H2.c00 H2.coa H2.coa H2.Coa H2.C08 H2.coa EH - HOST INSTR.® %Z//7/
H2.c06 a, H2.C07 a, H2.C06 b H2.co7 D H2.c06 ~' H2.co7 N EL — LEAsT INSTR. , 1 ///
H2.D08 = H2.DOB t H2.DOB *1 H2.D08 = H2.Doa 1: H2.D08 8 NH - HOST DATA ///
I~|2.D06 H2.D07 M2_D06 )I2.D07 H2.D06 H2.D07 NI. f LEAST DATA %//

75 It 75 w W m

HA.COB 3; M2.(‘,06 ; Ha.coa g H2.c06 3; g ; FM - HOST INSTR- ///
'H4.C06 o 7‘ H2.Cos o N M4.C06 o K H2.c05 N K 7‘ FL ’ LEAST ”5““ I. z ///
HI..DOB c ; H2.D06 :: ; HI..DOB a: ;« Hz.D06 ; E 2 OH - HOST DATA ///
H4.D06 g H2.Dos g H1..D06 g H2.Dos g g :3 0L — LEAST DATA ///

H6.Cos E H4.C08 E E E E E c“ ' “DST INSTR' ///
“Leos a» “(“507 a» > :9 > a» GI. - LEAST INSTR.‘ ///

o <: o < <: < < <: o 3
H6.DOB 1: m H4.DOB 2: m m m m m PM - MOST DATA ///

U U U U U U

. M6..D06 H4.D07 PL — LEAST DATA //%

M3,cog H4.C06 HH - HOST INSTR. V. ///
M8.C06 .3 I Ha.c05 2 HL - LEAST INSTR. , a ///
H8.DOB HI..D06 RH - HOST DATA ///
H8.D06 HI..D05 ///

H2 ): HD-soo H2 ): ND-soo H2 ): ND-SOO H2 ): ND-SOO H2 ): ND-500 H2 ): ND-SOO W “Dunc“ /%
H10 ): MPH CAB H4 ): ND—IOO M10 ): ND~100 ASSY /

M6 ): HPH CAB CODING //
H8 ): ND-lOO //
H2.CO9 — Ha.C10 H2.c05 — H1..C10 H2.CO9 — HI..C10 H2.C09 —® H2.co9 ~® H2.C09 -® K IADDR.1/4 //

H2.C10 - I ' M2.Clo — I H2.C10 - .J MZ.ClO - J p42_c1o - K M2.C10 — K 1] — DADDR 1/1. Eggaggslgfigk' //

H2.DO9 - MLDIO M2.D09 - M4.D10 M2.D09 - 1110.010 ”2.009 -® M2.D09 —® M2.D09 —®. J — IADDR 1/2 //

H2.DIO - s H2.DIO — s H2.D10 — T H2.DIO — T H2.D10 — u M2.DlO - u T - DADDR 1/2 ”I“ 52"" /
’HA.co9 - M6.Clo Ht..CO9 -® H4.CO9 —® I — TADDR 1/1 /

HA.D09 - H6.D10 HI..D09 —® Mlo.D09 -® 5 — DADDR w.1/1 /
H6.c09 - HB.C10 " “‘500 “N“ /

‘ H6.DO9 — HB.OIO /
HB.co9 - ® /
HB.DO9 — ® /

_V Same as 1/1 1+1 H2.B10—HPH CRATE M2.B09-MPH CRATE H2.B09—HPH CRATE HZ.BOfl-MPH CRATE H2.BOB-HPH CRATE B10 — Bw ADDR ® /
H4.305—M6.806 _ M2.306-ND-100 ADD‘N 142.506-ND-100 ADDR M2.306—ND-100 ADDR "Laos—W100 Am) M2.BO6-ND-100 ADD 309 - 4w ADDR /

H6.Bo7—HPH CRATE 112.B05—H1..Bos H2.Bos—H4.Boa H2.Bos—® H2.Bos—® HZ.BOS-® ] BOB - 2w ADDR /

H6.Bos—H8.B06 H1..BO7—HpH CRATE H1..307—HTH CRATE 112.304-ND-100 DATA H2.Boa—ND-100 DATA H2.B04-ND-Ioo DAT B07 - 0w ADDR /
HB.Bos—® III..Bos-® HI..Bos—® M2.BOJ-® - H2.Boa-® M2.BO3-® B06 — ADDR IN 3- PORT
M8.BO7-MPH CRATE H2.BO3-M4.BOA M2.B03-M1I.BOIT H2.BOZ-ND-100 LOG 112.302-ND-100 Loc M2.BOZ-ND—-100 LOG 305 — ADDR OUT ND-loo MEMORY

HI..B03-H6.Boz. Ha.B03—® H4.Bo3-@ H2.BOI—® H2.BOI-® H2.BOI-® Boz. — DATA 1N
.H6.BO3-H8.BOA H2.BOl-Hl¢.302 M2.BOl-M4.B02 303 _ DATA our

. H8.BO3-® HI..BOI-® HI..BOI-® Boz — LOG IN
HA.BOI-H6.noz H2LB04—ND-Ioo DATA H2.B04—ND—IOO DATA B01 - Loc our

.H6.BOI—Ha.noz H2.Boz-ND—Ioo LocL Hz.Boz-ND—100 LOG ‘



ND‘lOO/ND-SOO PLUG PANEL INTERCONNECTION

1/4 cache 2 way bank interleave BMPMIwnel 10

Max. 0,5 Mbyte
1“ ND‘SOO 9

'

8

7
6
5
4

3
2
1

C)flPermin.
plq.

NB:
Im)cziLi()n ()f [)1U(]S in

NDIUO pluq panel may

be di ffement
than shown here

ND-IOO Plug Panel



ND-lOO/ND‘SOO PLUG PANEL INTERCONNECTION

1/4 cache 2 way rack intefleave BMPMIwflEI 10
in ND-SOO 9

'Max. 1 Mbyte 8
- 7

6
5
l;

3
2
l

():TermiIL
pluq.

NB:
L(M:at 10:} of [)1U(}S in
NDIOO pluq panel may
be different
than shown here

ND-lOO Plug Panel



ND-lOO/ND-SOO PLUG PANEL INTERCONNECTION

p—
l O

1/2 cache 4 way bank interleave
Max. 1 Mbyte BPMP Panel

in ND-SOO

H
N

W
b
U

‘I
O

‘N
k

ccrmin.
pluq.

NB:
Location of pluqs in
ND]()() pluq panel may
be different
than 5|u>w11 hsare

ND-lOO Plug Panel



ND-lOO/ -500 PLUG PANEL
INTERCONNECTION

A

p—
I O H OBMPM Panel

in ND-IOO
BMPM Panel
in ND-SOO

M2

D
—

‘N
U

J
-
m
fl
m

m

H
N

L
Q

D
M

O
‘N

Q
O

1/2 cache 4 way rack
interleave

Max. 2 Mbyte

@Te rmj n .
p1 uq .

NB:
Location of pluqs in
NDIUO pluq panel may
be different
than shown here

ND-lOO Plug Panel



ND-lOO‘ )-SOO PLUG PANEL

INTERCONNECTION
A

BMPM Panel
in ND-lOO

BMPM Panel
in ND-SOO

H
N

U
J
b

L
fl
©

N
m

©
O

b
-‘
N

L
O

J
-‘
U

IO
‘V

C
D

O
O

1/1 cache 8 way bank
interleave

Max. 2 Mbyte

@‘l‘e rm 1' n .
pluq.

NB:
Location of plugs in

NDIOO pluq panel may
be different

hereshownthan

ND-lOO Plug Panel



l/l cache 8 w. rack interleave
ND-lU‘ lD-SOO PLUG PANEL INTERCONNECTION Max. 4 Mb te

DC

H O
r
-
‘N

U
J
-
L
‘U

'I
O

N
V

G
K

J

r
—

iN
L
O

-
b
U

'I
O

‘N
O

D
O

O

r
-
‘N

U
J
L
‘U

I
O

‘N
Q

O
O

C}Termin.
plug.

BMPM
panel
in MPM
cabine

NB:

Location of pluqs in
NDlOO plug panel may
be different
than ehown here Back

M6ND-lOO
plug
panel

1
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