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Preface:

THE PRODUCT

This manual covers the:

NORD—SO CPU

The NORD—SO CPU is used in all ND 1400 configurations.

THE READER

This manual has been prepared for Norsk Data Service Department field
service engineers and technical personnel directly involved with
maintaining the NORD—SO CPU.

PREREQUISITE KNOWLEDGE

A general knowledge of the NORD—lO 8 hardware including the Input
Output and Memory System. A familiarity with the ND Operating System
SINTRAN.
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Maintenance information is provided in eight chapters in this manual.
Chapter
below:

Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

numbers and a brief description of their contents are listed

System architecture and physical layout of the
NORD-SO CPU.

NORD—SO hardware summary. Description of the
three racks in the NORD~50 CPU and the operators
panel.

The NORD—SO Monitor. A NORD~50 Monitor command
summary containing the commands needed for
hardware maintenance
of the NORD—SO CPU.

NORD—SO Error Messages. The error messages are
listed with hardware maintenance information.

NORD—SO Test Program Information. Test programs
for the external arithmetic and the CPU are
overviewed and described.

NORD—SO Memory System. The multiport memory in a
NORD—SO configuration is depicted. This section
also contains Memory Test Program information.

NORD—SO Memory Expansion. The hardware
implementation and the software command SET4KEM
is explained in detail.

This section covers the power system.
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RELATED MANUALS

Manuals relating to the general and functional description of the
NORD—SO are as follows:

Norsk Data Number Title

ND — 05.003 NORD—SO Reference Manual

ND ~ 30.007 NORD~50 Test Programs

ND — 05.007 NORD—SO Functional Description

ND — 06.005 NORD~10 NORD—SO Communication System

ND — 60.083 NORD—SO Loader Users Guide

ND — 60.076 NORD-SO MONITOR Users Guide and System
Documentation

ND — 60.075 NORD—SO Assembler

ND — 60.095 NORD—SO FORTRAN Reference Manual

ND — 60.098 NORD—SO BRF Editor

The manual that deals with the special systems interfaced with or
utilized with the NORD-50 is:

Norsk Data Number Title

ND — 06.007.01 BIG MULTIPORT MEMORX

These manuals are described in Appendix H, Documentation Review. In
addition special hardware and software machine books are prepared for
each computer by Norsk Data. These are on site working notebooks
containing information about that special computer hardware and
software configuration.

The Norsk Data Service Department also utilizes a Hardware Maintenance
Notebook that covers the procedures utilized by Norsk Data in Norway.
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NORD 50 HARDWARE MAINTENANCE MANUAL 1

NORD-SO COMPUTER SYSTEM ARCHITECTURE AND PHYSICAL LAYOUT

1. NORD—SO COMPUTER SYSTEW ARCHITECTURE AND PHYSICAL LAYOUT

This section starts with a short description of the Nord~50 computer
system architecture followed by the highlights and the electrical and
physical specifications for the Nord—SO cabinet.

The rest of the section deals with schematics of the physical layout
inside a Nord—SO cabinet.

To gain access to the interior of a Nord—SO the front and rear doors
have to be removed. This door removing procedure is depicted in
Figure l.
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Fig. 1. Door removing procedure

In Figure 2 the physical layout of the main components is shown. The
Mord—50 shown in Figure 2 has the multiport memory installed in the
rear of the cabinet.
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NORD-SO COVHPUI‘ER SYSTEM ARCHITECTURE AND PHYSICAL LAYOUI‘

More specific information concerning the three racks of the Nord—SO is
shown in Figure 3.

B~RACK:

. REGISTERS

. INTEGER
ARITHMETIC

. P’IEMORY
INTERFACE

. NORD lO—NORD 50
CKWUNICATION
REGISTERS

C—RACK :

. EXTERNAL PAREMAFE
ARITFMETIC FOR
FLOATING ADD/SUB
SHIFT
CONVERT

AND
BIT OPERATION~

A—RACK :

.EXTERNAL HARMRE
ARITHMETIC FOR
FLOATING AND
INTEGER MUIH‘IPLY
AND DIVIDE

BACKWIRING FLUKE
FOR
MULTIPORI‘ MEMORY
CABLES7””
BACKWIRING PLUGS
FOR
NORD 10
CABLES
PCB C29 AND (31

NORD lO—NORD 50
CONNUNICATION
MODULES

Fig. 3. NORD—SO A B AND C rack physical layout
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NORD—SO COMPUTER SYSIEK ARCHITECTURE AND PHYSICAL LAYOUT

l.l. Nord—SO Computer System Architecture

The Nord—SO Computer System consists of:

— Nord~lO/S CPU

- Nord—lO/S I/O System and Peripherals

— Nord—SO CPU

- Multiport Memory System

Figure 4 illustrates a Nord—lO/S Computer System configuration in a
Nord-SO Computer System. The Nord—lO/S has the following functions:

— Acting as the I/O System for the Mord—50 by performing I/O
transfer to/from the Nord-SO memory.

— Supervision and sychronization of the Nord—SO. See Figure 5.

— Running the operating system, SINTRAN III.

- Generating Nord—SO executable machine code via Nord~50
Assembler or FORTRAN Complier.

To control the Nord—SO, the Nord—lO/S has a Nord—lO/S — Nerd—50
communication interface for starting and stopping the Nord—SO. In
addition, different control and status information is passed between
the processors, such as specified break for overflow, underflow,
divide by zero, memory protect error, etc. The communication
interface also supports a memory examine/deposit function such that
the Nord—lO/S may reach all of Nord—SO memory even if this memory is
larger than the normal maximum Nord—lO/S addressable memory of 512K
bytes.

In addition, both processors are connected to the Multiport Memory
System and may both use the shared memory. Therefore, this area also
provides means of communication between the processors. Each processor
may also have its private memory, inaccessible to the other.

Note. with the DMA—ADDRESS—EXTENDER option installed, the disk may
access the whole memory, including the Nord—SO private memory.
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MAX. 512 K BYTES
MAX. 4 M BYTES A
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PRXVATE SHARED PRIVATE NORD-XO
NORD-SD CPU MEMORY MEMORY
MEMORY

32 BIT DATA HIGH SPEED DATA 16 BIT DATA
CHANNEL
16 BIT DATA

?
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L
VOSYSTEM

l gDOB
g
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Fig. 4. NORD—SO computer system parts
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THE NUMBER CRUNC ER
Fig. 5. Supervision and synchronization of the NORD—SO
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Some other important attributes of the Nord—SO CPU are as follows:

1.2. E19

32 bit word length.

Physical addressing range of 4Mbytes (20 address bits).

High data precision — Floating point format of 23 or 55 bit
mantissa and a 9 bit exponent plus a sign bit.

Extensive instruction set with single and double precision
floating point instructions.

Multiported shared and private memory.

Static high speed, private memory for frequently used code and
data.

Instruction look—ahead for increased performance.

Specialized arithmetic unit for floating multiply/divide and
integer multiply/subtract.

Specialized arithmetic unit for shift, bit operations and
floating add/subtract.

2 identical blocks of 64 registers, each 32 bits, to obtain
increased speed in register operations.

ctrical and Physical Specifications (Nord—SO Cabinet)

Power consumption . . . . . . . . lOOOW
Power requirements:

ND 1400 . . . . . . . . . . . 220VAC+/— 10%, 50Hz+/~2Hz
ND 2400 . . . . . . . . . . . llOVAC+/~ 10%, 60Hz+/—2Hz

Operating temperature . . . . . . + 10 degrees C to + 35 degrees C
Operating relative humidity . . . + 10% to 90% noncondensing
Physical dimensions:

Width . . . . . . . . . . 58 cm
Height . . . . . . . . . . . . 160 cm
Depth . . . . . . . . . . . . 68 cm
Weight............100kg

ND—30.010.02
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NORD~50 HARDWARE SUMMARY

2.NORD-50 HARDWARE SUMMARY

2.1.General

This section starts with some general comments about debugging the
Nord—SO. It then continues with an overview of the Nord—SO hardware
contained in the three 19—inch racks (also referred to as Rack—A,
Rack—B and Rack*C). For each of these three racks the main functions
are listed followed by a data flow and a short module description.

Figure 6 shows a Mord—lo — Nord—SO Configuration.

Section: Describes:

2.3 The B—Rack or the Nord—SO CPU rack.

2.4 The A—Rack* or the multiply/divide unit.

2.5 The C—Rack* or the floating add/
subtract and SHIFT UNIT. The C—Rack
also contains the Nord—lO/Nord—SO
communication hardware.

2.6 The Nord—SO Operator's Panel.

*The A and C—Racks are also referred
to as external arithmetic.

2.2.Nord-50 Hardware Maintenance

Of the 79 modules distributed on the A,B and C—Racks, only 27 modules
are different. This makes the Nord—SO easy to troubleshoot. All
modules with the same number are exchangeable.

If the test programs indicate a hardware error, swap modules and run
the test once more to see if the failing test pattern is changed.
Because different parts of the module are used in the different
postions, one module may work OK in one position but will fail in
another position.

NOTE THESE:

+ THE 5V DC POWER SHOULD NOT BE TURNED OFF

DURING MODULE SUBSTITUTION.

ND—30.010.02
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Note.
The Multiport Memozy can also
be located in the NORD~SO Cabinet.

1%,... MEMO??? awn:magzn“wctmmot,
53W *to
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w\ i; § fiM’MOQ
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1 g ‘

U 1t ......
3 3‘ E

/ _
/ I
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2 \ -
-» /
¥-—r/o ADUEESSmCQwW/

\WDATA+ c o NTRD L—@-+@mmw~w/

NORD-m ~ NORD‘SO
CONFIGURATION

Fig» 6e NORD~10 ~ NORD~50 configuration
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+ ERRORS ON INSTRUCTIONS BEING EXECUTED IN THE AvRACK
(MUL/DIV) COULD BE CAUSED BY A MALFUNCTION IN THE

B—RACK OR IN THE C—RACK*.

+ ERRORS ON INSTRUCTIONS BEING EXECUTED IN THE C-RACK
COULD BE CAUSED BY A MALFUNCTION IN THE B*RACK OR
IN THE ArRACK*.

* Sections 2.4 and 2.5 contain information about
disconnecting the A—Rack and the C—Rack.

2.3.The Nord—SO CPU Rack — Rack-B

The Nord~50 CPU contains the registers, integer arithmetic, the
communication registers Nord—lO — Nord~50, memory address and data
line drivers/receivers and line drivers/receivers for the external
arithmetic, and the C and A—Racks.

Figure 7 shows the data flow to and from external units in the Nerd—50
CPU (The B-Rack).

These functions are organized on three different circuit boards, each
handling four bits:

Address Arithmetic 1501
Register 1502
Arithmetic Buffer 1503

The 32 bit CPU uses eight of each boards, making a total of 24 boards.

The timing and control section of the CPU uses eight different boards:

Nord—SO I/O Control 1500
Nord-SO Controller 1504
Register Address 1505
Cycle Counter 1506
Arithmetic Control 1507
Chip Select 1508
Instrument Control 1510
Timing Control 1519

Figure 8 is the Nerd—50 CPU Module Description.

Figure 9 shows a Nord-SO CPU DATA FLOW.

Figure 10 is a Nord-SO CPU Control Module Description.

ND—30.010.02
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Fig. 10. NORD—SO CPU control module description

ND—30.010.02



l6 NORD 50 HARDWARE MAINTENANCE MANUAL
NORD—SO HARDWARE SUMMARY

2.4. Mord—50 Multiply/Divide Unit (ArRack)

2.4.1. General

—— Integer multiply/divide
and

~— Floating multiply/divide
(both single and double precision)

The A—rack can be looked upon a special processor being controlled by
the Nord—SO CPU.

The processor is activated when:

—~ the CR) fetches a floating integer, multiply or divide
instruction for execution, and

~— the operands are latched in the CPU and presented on the A and

B—operand lines to the A—rack.

For a floating double memory reference instruction, this implies that
two memory references, each reading a 32 bits operand, have to take

place before the processor is activated.

While the processor is active, the CPU waits until a READY signal is

received indicating that the SUM—bus to CPU contains an achieved
result.

The ready signal triggers a CPU — WRITE — cycle, writing the result

back to the register, specified in the destination field of the
Instruction Register.

The 64 bits result of a floating double instruction is written back to

the register block in parallel.

An integer product of 32 bits is written back to the specified
register and in parallel the 32 overflow bits is written into the
overflow register.

A quotient of 32 bits, the result of an integer division, is written
back to the specified register and in parallel the 32 bits remainder
is written into the remainder register.

The A-Rack can easily be disconnected from the CPU (B—Rack) by pulling

out all the l522 modules (l522.l — 1522.8). This will not influence
the execution of instructions in the B—Rack and in the C-Rack.

ND—30.010.02
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2.4.2. Maintenance Hints for the A—Rack

— If one or two result bits in the A—Rack are failing, suspect the
l522 modules or the 1502 or 1503 modules in the CPU (B~Rack).

~ The exponent arithmetic of floating instructions is handled on a
soecial module, the 1524 module.

— Check the 5V DC power in the ArRack.

Note! Not less than 4.9 volts.

— Check that the fans underneath the A—Rack are rotating. If the
fans are not rotating this could be the cause of sporadic errors.

Figure ll is a diagram showing the A—Rack (Mul/Div Unit) data flow.

Table 2.1 gives nodule positional information for Rack—A: A Nord—SO
Multiply/Divide Unit.

Figure 12 shows the Nord—SO Multiply/Divide Unit Modules.

ND-30.010.02
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FROM B-RACK CPU
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Fig. 11. A—RACK (MULDIV UNIT) data flow
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Position:

1 1521.1 MUL-DIV ARITHMETIC
2 1522.1 OUTPUT SELECTOR
3 1521.2 MUL—DIV ARITHMETIC
4 1522.2 OUTPUT SELECTOR
5 1523.4 B-INPUT
6 1521.3 MUL-DIV ARITHM'ETIC
7 1522.3 OUTPUT SELECTOR
8 1521.4 MUL-DIV ARITHNEETIC
9 1522.4 OUTPUT SELECTOR

10 1523.2 B-INPUT
11 1511 SHIFT MATRIX A
12 1512 SHIFT MATRIX B
13 1525 MUL-DIV TIMING
14 1526 MEL-DIV CONTROL
15 1521.5 MEL-DIV ARITHMETTC
16 1522.5 OUTPUT SELECTOR
17 1523.3 B-INPUT
18 1521.6 MUL-DIV ARITHMETIC
19 1522.6 OUTPUT SELECTOR
20 1521.7 MUL-DIV ARITHMETIC
21 1522.7 OUTPUT SELECTOR
22 1523.1 B-INPUT
23 1524 EXPONENT ARITHMETIC
24 1522.8 OUTPUT SELECTOR
25
26
27
28
29
30
31
32
Note. Refer to manual Mord—50 General Description and Module

Descriptions, ND—05.008.01, for nodule descriptions.

Table 2.1: RACK-A (MUL/DIV UNIT), POSITIONAL INFOWATION

ND~30.010.02
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Fig. 12. NORD-SO multiply divide modules

ND—30 .Ol0.02



NORD 50 HARDWARE MAINTENANCE MANUAL
NORD—SO HARDWARE SUMMARY

2.5. The Nord—SO C—Rack

In the C—Rack,
instructions are executed:

Memory
Ref.

Mnemonic: Inst.

FAD X
FADD X

RAFD

FSB X

FSBD

FIX

FIXD

FIR

FIRD

FLO

FLOD

Inter.
Register
Instr. Means:

Floating Add F+(EA)
Floating DP Add FD+
(Ea, Ea+l)

Floating Reg. Add
Floating DP Reg.Add

Floating Subtract
F—Ea
Floating DP Subtract
FD—(Ea, Ea+l)

Convert floating to
Integer
Convert DP floating
to Integer

Convert floating to
Rounded Integer
Convert DP floating
to Rounded Integer

Convert Integer to
Floating
Convert Integer to
DP Floating

Shift a 32 or 64 bit
operand up to 63
places to the right
or left with arithe
metic, logical or
rotational shift

Bit set

Bit clear

Bit complement

Bit skip on zero

Bit skip on one

ND~30.010.02
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as part of the external arithmetic, the following

No.of
operand
bits:

32

64

32
64

32

64

32/32
64/32

32/32

64/32

32/32
32/64

32
or
64

32

32

32

32

32
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As the table indicates, four of the instructions are memory reference
instructions (one operand from memory and one from a register) and the
rest are inter—register instructions (both operands, if two, are taken
from the register block).

A‘ope rand 8-OQErand

Y ,

OPERAND SELECT
. 4 x1513
I 2x1511

SHIFT RIGHT MATRIX
. 2x1512
1

F LOATING AR ITHMETIC
4x1514

' 2 x 1511
SHIFT LEFT MATRIX

. 2x1512
I

2x 1517

LINE DRIVER

@
RESU LT TO CPU

DATA PLOW

The C-rack consists of this main card set: OPERAND SELECT 4 x 1513.

Four 1513 cards select the operand to the internal bus.

QHIE‘I‘ FIGHT MATRIX

Two 1511 cards shift the operand 0, 8, 16, 24, 32, 40, 48 or

56 places. The shift can be rotational or arithmetic.

Two cards shift the operand 0, l, 2, 3, 4, 5, 6 or 7 places.

FIDATING ARIM’ETIC 4 X 1514

The floating mantissas are added or subtracted on these cards
(exponent arithmetic on card 1515.

shift operands go directly through. For bit instructions, the
specified bit should now be in O and is manipulated and checked on
card 1516.

ND—30.010.02
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SHIP]? LEFI‘ MATRIX

As right shift matrix, but shifted left.

IFF‘T DRIVER

Drives result on tri—state lines to CPU.

Figure 13 shows the C—Rack data flow.

Table 2.2 gives nodule positional information for Rack~C=
Arithmetic Unit.

2.5.1. Control Modules

15 15 SHIFT LEFT

- Right and left shift—matrix control (shiftmcount)
- Operand to shift—right matrix select
— Priority encoder (most significant "1" bit detect)
— Floating exponent arithmetic

1516 FLOATING CONTROL

— Instruction register bit from CPU decode logic (shift,
bit and convert instructions)

- Drivers for control signals back to CPU
- DATA READY decision-logic (One Shot)

23

A Nora—50

The C—Rack may easily be disconnected from the CPU by pulling out the
two 1517 modules for DATA and the 1516 module for CONTROL SIGNALS.
This will not influence the execution of instructions in the A—Rack
and in the B—Rack.

ND—30.010.02



DKDEH) 5() E1PJQEXNPURI3 D4PLIFYPEEQZXBK3E3 PEABHJPUL
PMDFK>-50 PUXRIWflAEUE SLENMPGEZ

FEOH 3-1ACI CPU
» i
I Ef i 9‘1 v ’v

Ausg-az AUJI'Q snag-32 3U31-0
! E . ei ' OPERAND EROHg z } x5303? on g

§581F1'(22 31:3 ' g 325. aLocx a.
‘ .———-——-J-————-—~ I 3g It OPERAZION g ;
icouvzat to i I i
!?L0Arzxc (FLO) i i 4

32 3115 i l ‘
{couvxnr to 3 i 5
gFLDAIIHG (3203 ; '
[55 31:3 ; ! :
icosvsar :o , ; ;
‘:313cza :321) E 1 ‘
;12 3:: i '
I , ‘

AU63~32 ' ' ‘
1 v ‘

1* l 1
; SHIFT DOUBLZ (an 31:3) 3

; couvzar :0 {STEGZR
g nouanz (P1132 as 31::

_______L___———; FLOATIXG ADD ; Aufg; i FLOAIIRG ADD § 30‘1-0: .LOATIHG sua ! ' ?LOATING 233 J
1 Y r Y I

? FLDAIISG ADD DOUBLE Ii 3LDATING ADD DOUBLE y
| PLOAIIHG sun DOUBLE 2| FLOAtfflc sus aouan: :‘ I.5 .

i i E
Y J I I

k I),2 EH
I c - 1ACX

I
2'

l
l> .{I ‘1

f !

iuss-sz ;u31—o
v

I
Q

ELOLIIHG 1£SULI .. - _
J2 31:3 g azSUL. 32 31.5

I I

azaunr 5A azrs

I V20 CPU

Fig. 13. C—rack data flow
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1
2 1513.1
3 1513.2
4 1513.3
5 1511.1
6 1511.2
7 1512.1
8 1512.2
9 1514.1
10 1514.2
11 1514.3
12 1514.4
13 1511.3
14 1511.4
15 1512.3
16 1512.4
17 1517.1
18 1517.2
19 1515
20 1518*
21 1513.4
22
23
24 1532
25 1531
26 1532
27
28
29
3O
31
32

DATA SELECTOR
DATA SELECTOR
DATA SELECTOR
SHIFT MATRIX A
SHIFT MATRIX A
SHIFT MATRIX B
SHIFT MATRIX B
FLOATING ARITHWETIC
FLOATING ARITHMETIC
FLOATING ARITHMETIC
FLOATING ARITHMETIC
SHIFT MATRIX A
SHIFT MATRIX A
SHIFT MATRIX B
SHIFT MATRIX B
DATA BUFFER OR 1520
DATA BUFFER
SHIFT CONTROL
FLOATING QINTROL
DATA SELECTOR

DATA & BUS SELECTOR
DEVICE REGISTEPS
ADDRESS BUS SELECTOR

* According to ECO 50-50 this module should be a 1518
module and not a 1516 module.

** In the F-16 configuration, this module is replaced with
a compatible 1520 module that also includes a clock.

Note. ECO 50—49 on the 1507 module in the
CPU is also necessary.

Table 2.2: RACK—C (ARIT (NIT) , POSITIONAL INFORMATION

ND~30.010.02
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2.3.2LHNord—10 — Nord—SO Communication Hardware

To control the Nord—SO, the Nord—lO/S has a Nord—lO/S - Nord—SO
communication system interface for starting and stopping the Nord—SO.
In addition, different control and status information is passed
between the processors, such as specified break for overflow,
underflow, divide by zero, memory protect error, etc. The
communication interface also supports a memory examine/deposit
function such that the Nord—lO/S may reach all of Nord—SO memory even
if this memory is larger than the normal maximum Nord—lO/S addressable
memorv of 512K bytes.

Data and instructions may be transmitted to the Nerd—50 from the Nord—
10 via the communication interface simulating the Mord—50 main nenory.
l6 hits of data are exchanged at a time. 2 IOX instructions are then
needed to transfer a 32 bit word.

The communication hardware consists of 5 modules. 3 are located in
the Nord—SO (C—Rack) and 2 in the I/O Rack of the Nord—lO/S. Note that
Q of the nodules are identical and exchangeable (1532).

ZJill.WflMesylmed60

1532 (R3RTTION C24)

~ 16 Bit Differencial Line Drivers/Receivers

l53i (POSITION C25)

— Nord—SO Modus Register (MO—l5)

~ Mord—50 Status Register (BBQ—10)

1532 (POSITION C26)

~ Receivers for Nord—lO/S IOX Addresses

— Receivers for Nord~lO/S Control Signals (START, STOP
and STROBW)

ND~30.010.02
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2.5.2.2. Modules in the Nord—lO/S

1532

— IOX Address Bit Drivers

1071

16 Bit Differencial Line Drivers/Receivers

IOX Instruction Decode

I Mord—50 Control Logic

— Nord—lO Interrupt Signal Generate

ND—30.010.02
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2.6. Nerd-50 Operator's Panel

Figure 14 shows the Active Address portion of the Nerd—50 Operator's
Panel.

! z i
a a a 3
e e e e o e e e e e e e e e e e
75 H. 73 12 77 70 9 a 7 5 5 4 3 2 1 0

ACTIVE ADDRESS (BLOCK ml

Fig. 14. Active address portion of the operators panel

The program address (PC) and data address are displayed when either
DISPLAY PC (switch No. 10) or DISPLAY DATA REF (switch No. 9) is
pushed.

The address is displayed in 4K blocks

Address from 0— 4K Light in 0, etc. —- 60—64K = Light in 15

Address from 64—68K Light in 0, etc. ~—

Figure 15 shows the Parity Check portion of the Nerd—50 Operator's
Panel.

ND—30.010.02
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Fig. 15. Parity check portion of the operators panel
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Figure 16 shows the Power Switch and the STATUS portions of the Nord~
50 Operator‘s Panel.

@\@\
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\*
\———POWER SWITCH
PANEL DISABLE KEY

WL7 WL6 WLb 5WLA SWL2 SWLI
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I
I
I
I
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I
I
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I

, I I i
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NORD—SO I
ADDRESSVIOLATION I

I

I

STOPPED
O R

INSTRUCTION HANGUP
OR I

OVERFLOW ‘ I
OR

UNDERFLOW ' '
NORD'SO
RUNNING

‘ONLY IF ENABLED FOR NORD-SO
OVERFLOW OR UNDERFLOW STOPPED

BY NORD—IO/s

Fig. 16. Power switch and status portions of operators panel

For electrical and mechanical details, refer to the Nord—lO/S
technical/mechanical drawings:

10S —- 48, 49 and 50.
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3 .NORD—SO morning

3.l. Introduction

The Nerd—50 MONITOR is a system program running in the Nord—lO/S CPU
as an extention of the SINTRAN III/VS Operating System, supervising
the execution of programs in the high speed 32 bit Nord~50 CPU.

The functions of the Nord-SO MONITOR can be divided into six groups:

— Performing I/O operations and operating system functions requested
from an active program.

— Loading programs into the Nord—SO's memory, assigning files,
starting execution and providing debugging facilities to the user.

— Reporting errors during program execution.

— Examining the Nord—SO registers/memory after the program has come
to a (normal or abnormal) stop.

— System initialization and testing, assigning static, dynamic,
sharable and/or local memory to be used by programs.

- The Nord—SO MONITOR also contains a simple assembler. This makes
it possible to write small debugging loops in Nord—SO assembly
code. Refer to Appendix E for the format.

3.2. Activation of the Nord—SO MONITOR

The Nord—SO MONITOR is activated from an interactive terminal or batch
processor using the same commands:

@ N-SO 'CR' Note. 'CR' indicates Carriage Return.

In a multi Nord—SO configuration the command:

@ N-SO l ‘CR' will enter N—50.l
@ N~50 2 'CR' will enter N—50.2 , etc.

If only the command N—SO is given, the first free Nord—SO is entered.

The commands summarized here are only those necessary for performing
hardware maintenance on the Nord—SO.

ND—30.010.02
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3.3. Nord750 Monitor Commands

Commands for taking a program in executable format on a file and
placing it in Mord-50 Memory and starting it.

DLACE<file name or file number>

Moves the executable Nord—SO program file prepared by the Nord—SO
loader into the Nord—SO memory. Default file type: NORS.

Word—50 memory is allocated according to the break conditions set from
the Mord—50 Loader when the core image file is prepared. See Nord—SO
Loader and the command BREAK-CONDITIONS.

RUN

Starts execution of the Nord—SO program in the main program start
address. Continues execution after a break. Continues execution after
a program is stopped by "escape".

The RUN command will start with the save/unsave routines in location
A. Refer to Figure 17.

GOTO<address>

Starts execution of the Nord—SO program in the specified address.

The GOES command will start with the save/unsave routines in location
A. Refer to Figure 17.

LOAD<file name or file number>

Equals the command PLACE and RUN performed in one operation.

Start in location A. Refer to Figure 17.

ND—30.010.02
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HARDWARE—GOFD<address>

Starts execution of a Nord—SO program in the specified address. The
Nord—SO register block is not saved when this command is used and
therefore the register contents cannot be examined. This command is
usually used when debugging the Nord—SO hardware.

The HARDWARE433HD command will start in location B. Refer to Figure
17.

ND-30.010.02
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aFWZ‘GRAM
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STATUS
INFORMATION

NORDwSO MONITOR

Contains the following
information:

Main program start address
Break registers (BP and BQ)
Modus registers (Break
conditions)
Status Registers
Start address of the
save/unsave routines

Remaindery Overflow and

<

CODE (NOR—5)

~
..__.__.._.

ND—30.010.02

REGSTER carry registers
BLOCK BLOCK 0 Register 0—63

SAVEUNSAVE .
RQUflNES Routines that:
NSOCODE Unsave : Register (Block O)

to PHYS REG Nord~50
Save 2 PHYS REG
Nordw50 to Block 0

b\_
mTMAP Bit map table for program

-v——z/ file

NORD-SO

PROGRAM
BLOCKI

IN .

ASSEMBLY

I

Fig. 17. Executable program
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BREAK—CONDITIONS <BP address>, <BQ address>, <break conditions>

Set the Nord—SO breakpoint registers and break conditions. <Break
conditions> may be A, D, F, S, O, U, P or any combination of these
characters.

stop on any reference in BP<=BQ
stop on data reference in BP<=BQ
stop on store reference in BP<=BQ
stop on fetch reference in BP<=BQ
stop on overflow
stop on underflow
stop on parity error in memorym<3

O
dim

U
>

The BREAK-CONDITIONS command also affects the memory allocation for
Nord-SO. If B? < BQ and the condition A or S (any or store reference)
is on, some of the memory in address interval <BP,BQ> is free and
protected from any Nord—SO write operation. Otherwise all of the
Nord—SO renory is reserved for Nord—SO.
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MEI‘dORY EXAMINE/DEPOSIT

The Nord—SO memory is displayed as:

«EMORY ADDRESS>/ 'CR' % 20/ will display the
content of memory
location 20 (octal).

DISPLAYED MEMORY ADDRESS The output format may
be changed with
the FORMAT command.
Default is:
O = Octal
and
I = instruction disassemble.

By typing Carriage Return the next HEHDIY location is displayed.

NORD—SO MEMORY DEPOSIT:

<MEMORY ADDRESS>/ ‘CR'

DISPLAYED MEMORY ADDRESS xxxxx 'CR' % the xxxxx
is deposited
into the memory
address.

@ or . % return to normal command mode.

REGISTER EXAMINE/DEPOSIT:

R<register number>/ 'CR' R 10/ 'CR' will display the
content of register 10 (Octal).

DISPLAYED REGISTER

REGISTER DEPOSIT: The same as for memory.

Note. By typing R<register number>D ‘CR‘ the decimal
number is displayed.

ND—30.010.02
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BORMAT<formats>

Sets output formats to be used in the commands DUMP—ADDRESS and MEMORY
or REGISTER EXAMM DEPOSIT. Formats may be 0, D, F, S, I, A, B, T, C
or any combination of these characters.

octal
decimal
floating point (64 bits)
floating point (32 bits)
instructions (dissassembled)
ASCII (one word = 4 ASCII characters)
binary
two 16 bits octal numbers amord-SO) compatible output)
four 8 bit octal numbersnawm-fijoo

If the FORMAT command is not used formats are defaulted to OI.

STATUS

STATUS prints some information about the Nord—SO status. This command
is useful when the Nord—SO stops because of any error condition. Refer
to the example below.
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ZERO—MEMORY

This command stores zero in the Nord~50 memory in the areas outside
the BP, BQ area. If break—conditions O, U or P occur the whole memory
is zeroed.

AREA ZEROED
NOR 0-50
MEMORY 5P

80

MASTER-CLEAR

Brings the Nord—SO out of any hang—up state.

HARDWARE—STA'IUS

Prints some information about the Nord—SO hardware status: STAIUS, PC,
SA, TA, TD (actually read from hardware).

% Status Register Format in Appendix D
% Program Counter
% Start Address Register
% Last Memory Address
% Last Memory Data

CARRY

Prints the "saved" Nord—SO CARRY—flip—flop.
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REMAINDER (Integer Divide Remainder)

The contents of the "saved" Nord—SO remainder register is printed.

OVERFLOW (32 Most Significant Integer Product Bits)

The contents of the "saved" Nord—50 overflow register is printed.

TEST—MEMORY <address>,<number of blocks>

Tests the Nord—SO memory. The number of blocks is decimal default and
block size i lK words.

Refer to Section 6.3 for additional information.

LOOP—ON

Turn on the deposit/examine loop for the TEST—MEMORY command.

LOOP-OFF

Turns OFF the deposit/examine loop for the TEST~MEMORY command.

NEMORY—MAP <output file>

The command lists a map of the Nord—SO memory. The command is
especially useful for multiple Nord—SO CPUs with shared memory. In
this case a cross—reference of memory addresses as seen from all the
CPUs is listed. All addresses are given in octal page numbers (1 page
= 512 words). To get the Nord—SO address multiply the octal page
number by 10008. The command can only be issued by user system.
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4. NORD-50 ERROR MESSAGES

_;£1£3¥F§§£

This section covers the error messages given by the Nord-SO MONITOR
and also information about Nord—SO Ernrnmui error messages. General
Nord—SO MONITOR error messages are explained with appropriate
illustrations.

Only error messages that could be caused by hardware failures are
dwelt with.

Note. The error messages covered are only those error
messages from programs that have been tested
and accepted as "error free".

Refer to the following manuals for detailed error message information
for the Nord—SO LOADER and the Nord—SO FORTRAN COMPILER:

NORD-SO FORTRAN Reference Manual ND—60.09S.02 Appendix F
NORD—SO Loader Users Guide ND—60.083.0l Appendix B
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4.2. Nord—SO Monitor Error Messages

When one of the error messages listed below is printed, the Nord—SO
STATUS—REGISTER should always be checked. The STATUS~REGISTER is
displayed by printing STATUS 'CR‘.

The STATUS command will provide the following information:

— The reason for STOP
~ The program start address (SA)
~ The last memory reference address (TA)
— The last data to or from memory (TD)
— The setting of the address violation break register

(BP = Lower and BQ = Upper)
— The setting of the break conditions

A STATUS command and the resulting STATUS MESSAGE is illustrated in
Section 3.3.

A special procedure is necessary to obtain correct information when a
PARITY ERROR error message is given. This procedure is described in
the PARITY ERROR error message description that follows.
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4.2.2.Error Messages With "~NORD—50 ERROR: <Error Message>" Formats

The listed error message will be in the following format:

*NORD—SO ERROR: <Error Message>

The error message will be followed by an "Explanation:" and an
"Action:" to be taken as appropriate. '

REGISTER SAVE OR UNSAVE ROUTINE FAILED

Explanation:

The "save/unsave" routines, executed in the Nord—SO prior to the
program start, are not executed in the correct sequence.

The "save/unsave" routine of 40 Nord—SO instructions is initiated when
one of the following commands are given:

* LOAD <program name>
* RUN
* GCEO <address>

At program START:

The "unsave" routine is started when the initial values of all Nord—SO
registers are loaded into the registers.

At program STOP:

The "save" routine is started in order to save the Nord—SO register
contents in memory.

The "save/unsave" routines may be bypassed by this Nord~50 command:

* ERG <address> % Hardware GOES the specified
address.

Note. It is not possible to examine/deposit in the
Nord-SO registers when the Nord—SO stops.
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Action:

Either start a test program such as TINST, TREG or mnsw with the
hardware<3333 command,

01‘

Stop the system and run the NorduSO TEST SYSTEM. Refer to Section
5.2.1.

ILLEGAL PARAMETER POINTER IN MOINTER CALL

Explanation:

The location, after the STOP or MONILOR CALL instruction, will contain
a parameter pointer or parameter address.

This error message is given if one bit from 20~31 is set (specifying
an address >4 Mbytes).

A STOP instruction is probably executed as a MONITOR CALL instruction,
which was not the intention. This could be caused by:

~ Destroyed code
- Execute instructions in the data area

Action:

— Run CPU tests such as:
TINST, TRES

- Run memory tests such as:
TWEM, TEST—MEW

ILLEGAL MEMORY ADDRESS

Explanation:

Examine/deposit in the nenory area that is protected by the BP and BO
registers is checked in software before being accessed and the ILLEGAL
MEMORY ADDRESS error message is given.

Action:

Check the BP and BO registers. Also check the break—conditions.
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ILLEGAL PARAMETER IN MONI'IOR CALL

Egglanation:

Wrong value of the MONITOR CALL instruction.

Action:

As for ILLEGAL PARAMETER POINTER IN MONITOR CALL error message.

IIIESAL MONITOR CALL

Explanationi

The Monitor Call Number is >200 .

Action: AS for ILLPEAL PARWIER POINTER IN IVIONI'IOR CALL.

NDa30.0l0.02
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MEMORY OUT OF RANGE

Explariaiise
No memory reply (menory time—out) when the MONIBOR is performing a
EXAMINE/DEPOSIT in the Nord—SO memory, or the Nord—SO is addressing
nonexisting nenory.

Note. Both memory banks have to respond for completing
a memory access.

Action:

— Run memory test such as:
TMEM, TEST—MEW

Note. See Section 6.
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4.2.3.Error Messages With "—<ERROR MESSAGE>~AT:<octal address>" Format

The listed error message will be in the following format:

~<ERROR MESSAGE>~AT:<octal address>

The error message will be followed by an "Egplanation:" and an
"Action;" to be taken as appropriate.

Error messages with this format will be given if a bit is set in the
status—register and the corresponding modus bit is also set (enabled
for).

ADDRESS VIOLATION

Explanation:

A Nord—SO memory access was stopped. The access did not match the
break—register BP and BQ set up.

Action:

Check the STAEUS information given by the STATUS—COMMAND in the
MONITOR. Check the BQ and BP setting against the last memory address
(TA).

If the address was illegal, the break—registers must be set once more
with the B—C command.

If the address was correct, check the hardware. The address violation
hardware is located on these nodules:

(1501.1 ~ 1501.5 the 1504 and the 1519 modules)
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INSTRUCTION HANG UP

Explanation:

The Nord—SO did more than 16 indirect access operations or executed
more than 16 EXECUTE IMMEDIATE instructions.

Actifzrla
~ Run TINST instruction test program

or

~ Stop the system and run the Nord~50 TEST~SYSTEM

The "Hang—up” hardware is located on the 1510 and the 1519 modules.

ARITHMETIC OVERFLOW

ARITHMETIC UNDERFLOW

The instruction executed in the external arithmetic gave ARITHMETIC
DVERETCW or UNDERFUQN.

Note. This error message should not appear when the
the corresponding bit in the nodus register is
not set *B—C ,,O,U Enable for Overflow and
Underflow.

Action:

— Run test programs testing the external arithmetic
as follows:

HAMB MET = A and C—Racks
FTEST = C~Rack
DFTEST = C—Rack

Note. The overflow/underflow signals from the
external arithmetic are received on the
1504 nedule in the CPU.
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PARITY ERROR

Explanation:

Memory parity error has been detected. With Big multiport memory
system, only multiple errors will give this error message.

Action:

Check the address where the parity error was detected by giving the
command:

*H—S ‘CR' % Hardware status.

The TA—register should contain the failing address.

Note. The registers are not saved during
Parity Error.

The Operator‘s Panel should give information about the failing byte,
but the panel information can be destroyed by the softwaree

If the parity error was in the Nord~50 local memory and this memory
has been idle since last power ON/OFF sequence, do either of the
following:

* A ZERO—MEMORY Command
or

* A TEST—MEMORY Command

If not in the Nord—SO private memory, run a Memory test program. Refer
to Section 6.3.

Check the memory system, the 1501 modules, or the following CPU
control nodules:

1504
1519
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MEMORY OUT OF RANGE

No reply from one or both multiport memory racks.

Actioni

Check the last memory address contained in the TA~Register by giving
the STATUS~Command.

- Run memory tests such as:
swan, TEST~MEM

and specify the lower and upper address around the non—responding
address. If the error is in shared memory, also run a Nord—lO/S memory
test program, for example, MUUTI.

EXTERNAL SHOP

Belemtioria
This error message is given when the Nord—SO is stopped by a Nord-lO.
It appears when ESCAPE is printed on the terminal.

Action:

If the Nord-lO did not intend to stop the Nord~50, then:

— Stop the system and run:
TEST—SYSTEM

Note. The first tests will test the Start/Stop
sequence of the Nord—SO.

— Check the Nord—lO — Nord—SO communication hardware,
the l504 or 1519 modules in the CPU.
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4.2.4.Error Message With "*** Nord 50 IS RUNNING" Format

The error message listed below will have this format:

*** NORD 50 IS RUNNING

Explanation:

The Nord—SO was started while in CONTINUE. Bit 3 in the
Interface Status Register was ZERO.

Actioni

— Give the command:

* M—C % Master Clear.
or

* STOP

If the Nord—SO is still running, do the following:

— Stop the system and run:
TEST—SYSTEW

Note. The first tests will test the Start/Stop
sequence on the Nord—SO.

ND—30.010.02
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4.2.5. Error Messages Caused by the SEHLNEMORY Command

The following error messages are caused by the SEHLMEMORY command in
the Nord-SO MONITOR.

ERROR MESSAGE A:

MEWORY IS OUT OF RANGE ON THE UPPER ALLOCATED ADDRESS

ERROR MESSAGE B:

MAX MEMORY ADDRESS NOW.1 IN ALLOCATED AREA.

Explanation:

This command will specify for the Nord—SO memory the segments that
make up the various parts of the memory.

After this command is specified, the Nord—SO MONITOR checks the Nord—
50 physical memory to see if the memory is according to the parameters
in the SET—MEN command.

The last address, for example AA, is accessed. This address should
reply. Then the last address +1, for example AB, is accessed. This
address should only give the reply "memory out of range".

— If address AA gives no reply, ERROR MESSAGE A is
given.

~ If address AB replies, ERROR MESSAGE B is given.
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Action:

— Give the command:
*LIS'F—MEM

— Check to see if the size of the memory given by
software matches the size of the physical memory.

Note. The total sum of the size of the segments
x 512 = the number of Nord~50 words in
shared memory.

If the size specified in software looks equal to the chysical memory
and ERROR MESSAGE A is given, check the memory.

If ERROR MESSAGE B is given, check the CPU (1501, 1519, 1500 modules)
and the memory.

The SET-MEM and LIST—NEH commands are specified in Section 7.
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4.2.6. FORTRAN RUN—TIME Error Messages

Some examples of FORTRAN RUN—TIME error messages are as indicated
below:

*INTEGER OVERFUJN ON INPUT
*BAD CHARACTER ON INPUT
*TOO LARGE ARG.IN

— etc.

Explanation:

The Nord—SO is in a state such that it is not advisable to run FORTRAN
programs.

Action:

— Run assembly programs such as:
TINST, TREE, TMEM
in order to test the Nord—SO.

Of

— Stop the system and run:
TEST—SYSTEW
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5. NORD—SO TEST PROGRAM INFORMATION

This section contains the following test program information for
testing the CPU, the external arithmetic, and the communication
system:

— Test Program Groups

— Accessing Nord—SO test programs

— FORTRAN programs as test programs

— Test program overview

- The Nord—SO test system

— Nord—SO test program descriptions

— The verification programs

Appendix B contains a step—by—step procedure for the Nord—SO test
sequence.

5.1. Nord—SO Test Programs

The general information about Nord~50 test programs includes
information about the test program groups, the N50~TEST "user",
FORTRAN programs, an overview of test programs and the NordO test
system.

5.1.1. Test Program Groups

The test programs for the Nord—SO are divided into two groups:

Group I — Test Programs Running in the Nord—lO/S

Test programs in this category are the Nord—SO
TEST—SYSTEM and MEMORY TEST PROGRAMS testing
the shared memory (MULTI, MOVER, 32K MOS).
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Group II — Test Programs Running in the Nordw50

All test programs running in the Nord—SO have to
be loaded and started by the Nord—SO MONITOR.
These programs are normally available on the
disk in a Nord—SO executable format (:NORS).
The Nord—SO assembly programs have been
assembled and the FORTRAN programs have been
compiled and loaded on the disk by the NordeSO
LOADER during system integration at the factory.

5.1.2. N50~TEST N50~iEER

A special "user” has been created and designated NSOwTEST, NED—USER.
This "user" is often referred to as just TEST.

All Nerd—50 test programs running in the Nordw50 are generated under
this "user". The ”user" normally has no password.

$.l.3. FORTRAN Programs as Test Programs

The following test programs are FORTRAN test programs:

HAMB—MET, ITEST, FTEST, and DFTEST

When one of these programs is loaded with the Nord—SO MONITOR, 16K of
Formatted Input/Output (FIO) routines are also loaded into the Mord—50
memory.

These FIO routines are started when the FORTRAN programs require input
fir output from Nord—lO/S I/O devices.

The programs listed above communicate with the Console Terminal.

The FIO routines execute Nord~50 instructions for:

~ Converting the ASCII code to an internal representation

- Gmdqdm mpfiibnmt

~ Checking the number of characters

— "STORE” the input data to the program area“
The program will test against this location.
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The NordWSO hardware has to be in working condition for exchanging
these FIO routines. If the hardware is not in working Icondition an
error message from the F10 system will appear on the terminal and they
program will not be started. In event the program will not start it
is best to either run assembly test programs or to run the NordO
TEST~SYSTEM.

These FORTRAN programs serve the function of verification programs as
opposed to test programs.

5.1.4. Module Substitution

Modules (also called cards) are exchangeable during test phases. This
module exchange technique is very useful in determining whether or not
an error will "follow" the nodule, thus assisting in fault location.
It is important to realize that the TEST SYSTEM can not in fact be
destroyed by exchanging or by pulling the nodules in and out of the
Nord—SO since the test program is actually located in the other
computer (normally a Nord—lO/S).

Errors or faults are easily isolated by using the module substitution
technique» The test is repeated with the failing bit in different
combinations so that it is traced to its nodule.

5.1.5. Test Program Overview

Figure 18 contains an overview of the Nord—SO test programs. In using
this data it should be kept in mind that N50 TEST SYSTEM and TEST-MEN
are run in the Nord~lO/S. The remainder of the programs are run in the
Mord—50.
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* Note. The N50 TESTwSYSTEM and TESE4WEM run in the Nord~10/S.
The remainder of the programs run in the NordO.

Fig. 18. NORD—SO test program overview
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5.2. Nord~50 Test Program Descriptions

The following Nord~50 test programs are described:

— N50~T~SYS~1892

- TINSTfi50~184O 0‘0 Instruction Test

— TMEMw50w184l o\° Memory Test
Note. Described in

Section 6.

— TREG~50—l842 % Register Test

— SEKUND~2463
— JTIDw2468

— ITESTWZ467 % Integer Multiply/Divide
Test

— IRMD~2469

- FTEST~2466 % Floating Test

— DFTEST—2465 % Double Precision Test
- HAMB—METw2464 % Floating Test

- TCOR—NGOM2462

~ TCORWDATAM247O % Data file

~ NSOINITIALIZE-247l % Example of how to
initialize the Nord—SO

~ NSCTEST—BATCH—2472 Mode file to run all
test programs in sequence

0V3

— NSOTESTPfiASCOL—2473 o\0 Mode file to assemble,
compile and load all
programs
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5.2.1. NORD—SO TEST SYSTEM

NORD~50 TEST SYSTBW HAR-l892

Directory Name: ND-lOll2
User Name: ETOPPY—USER

Comments:

— Purpose ~ A stand—alone Hardware Test Program to test
Nord—SO communication, memory and instructions
with simulated memory.

— Function(s) — Tests all instructions.

— Highlights — Instructions and data are exchanged via the
Nord—lO/S - Nord/50 communication lines.

— The result of the test is read back to the
Nord—lO/S and compared with an "Expect Table"
located in the memory of the Nord—lO/S.

— Error reports are given on the Nord—lO/S Console
Terminal.

— Up to 16384 combinations of data may be used to
test one instruction.

- The number of data combinations for testing each
instruction can be specified. The argument in
the AAX instruction found in location 1307 will
specify the number of data combinations.

:1307/AAX<increment>

The argument in the instruction is used as an
index in the test data area. Table 5.1 indicates
the number of minutes required to run a complete
test for a given number of combinations in
Location 1307.

— The B—register of the Nord—lO/S is displaying the
test being executed.
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1 NUMBER OF I NUMBER OF MINUTES
DATA To RUN A CGMPLETE

LOCATION 1307; COMBINATIONS TEST:

173402 16384 15.
173410 4096 4.15
173420 2048 2.5
173500 512 1.10
173577 256 0.55

Table 5.1: TEST TDMES FOR DATA COMBINATIONS - LOCATION 1307

— Implementation Instructions — Refer to the NORD—SO Test
System Manual, ND—62.008.0l. Also see PD (Program
Description) Sheet in the NORD SOFTWARE LIBRARY.

LOAD and RUN Procedure —

1. Stop the Nord—lO/S.
2. Insert the Floppy Diskette with Directory

10112 into the Floppy—Drive. (This
is only for a single Nord—SO.)

3. Type 1560& on Terminal No. 1 (Console
Terminal).

4. write LO N50* on the terminal.

* In Multi Nord—SO configurations,
Write:

DO N51 % For the Test System to Nord~50.1.
LO N52 % " " " " " Nora—50.2.
LO N53 % " " " " " Nord—50.3.
LO N54 % " " " " " Nord—SO. .

Restart address = 1000.

Type: 1000!
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Except for the tests: l6, l7, and 50 the Nord~50
memory is not used.

Temporary errors will not be detected° The execution
time in simulated memory is 10 to 15 times longer than
normal execution time. The program was designed to
detect "hard" errors.

The TEST SYSTEM responds to the following single
letter commands:

D Display further information about the current
error; failing instruction with mnemonic and code.

C Continue; continues the test with the next input
data.

B Back; restarts the current test with data
taken from the beginning of the input data table.

N Next test; sometimes the same test is started but
with a different type of test data.

P Previous test.

R Reset; restarts from the first program”

When an error message is printed on the terminal
always print D. A test number is then given followed
by failing instruction and code.

Do not use the test number in the heading of the error
message.

Notes about the error print—out:

— The test system will print the A—Operand and the
B—Operand even if single operand instructions are
failing. For INST:SHIFT and bit instructions, only
the AeOperand is used.

— The 32 bit overflow after an integer multiply and
the 32 bit remainder after an integer divide will
be printed as the least result.
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Additional Information:

— 1. Additional information about the Failing Test can be
found in:

Mord—50 Test Programs
ND—30.007

- 2. The main test areas of the different tests are listed
in Table 5.2.

— 3. The Test System accepts only even parity input. This
patch is available to accept odd parity input*

OLD: NEW:

1122/—-- 44011

1131/——— 175235
124376
044004
124001

— 4. The sequence in which instructions are executed in
the Test System is shown in Figure 19.
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TEST NUMBER TEST AREA:
(TEST NUMBER

APPEARING
AFTER D)

(RD Nord—lO/S — Nord—SO Communication

T16—T17—T50*

T 100 113
T 144 145
T 170 171
T 174 175
T 215 220
T 223 224
T 227

T 164 167
T 172 173
T 176 177
T 221 222
T 225 226

ALL OTHER 1

Nord—SO Memory
EXAMINE—DEPOSIT Via Nord~10/S

C—Rack and Receivers/Transceivers
in the B—Rack

A—Rack and Receiver/Transceivers
in the B—Rack

B—Rack

-k The address area to be tested can be specified in these
two memory locations:

6412/——— % Lower Limit
6416/——— % Upper Limit

Only the area between O—64K can be tested with the test
system.

Table 5.2: MAIN TEST AREAS
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TEST AREA

‘é~¥> vuo. 'Ta SA cunn.i
N10 A N50 ,

T10. 'Tl CYCLE COUNTER'

$20, '72 30/70:

?30. 'T3 SA/FCi

77D. '77 boa/srnl

T750: 'T7B LDR/STR’

7150. 'TID REGISTER eLocxi

2x10. 's REG ZERO'
CPU: I&-Rack Txxuo. .Txig RIO TRANSFER REG-BLOCK To/FRUM oweRFLow REGISTER!

TIICD, YT11C RIO TRANSFER REG-BLOCK TO/FROH REHAINOEQ ”EGZSTER’

7:20. I712 LDF HUST'

,130, 1715 LDF LEAST'

'140. 'T14 3TF ncsri

v 50. vs STF LEAST'
755v, ‘TéS AORESS :41
+550, ss AORESS ca'

vane, 'Tsu éTJ RETUéNL

7780, 'T76 RTJ JUHD'

TXSELO, 'TIGEL HEHORY'

7:5ULD, 'T16UL HEEURY'
____.__>_

‘A-.__.,~.__.

'16EUO, 'sfiu MEfioRYI

MEWKM?! 115uuo, 'TiGUU HEfiORY'

1'17:). '717 HEHORY AORESS IN ACRESsv

2530, vrso nanonvi

7250, 1722 RAD!

721D: 'TZl RSUO'

—-——><—-— 7220. vT22 RAND!

r230. 'T23 RORAI

7240. 'T24 REXO'

’250, 'T25 CLEAR REG'

7260, ts RAND cat

CPU: B—Rack 7270. v127 s0 CA'
7390, ITEU RORA CA CB'

7310. sx A00:

7320, 1732 suo'
7330, 'fzs AHU'

‘ $340, vTSJ AOHV
YFig. 19. Instruction execution sequence in the test system
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TEST AREA

1 135D,
‘

7350'

7370.

TAFU;

T410:

T42U¢

CPU: B—Rack ”30'
7440;

7450'

T460.

7470,

YSIOr

T520:

7530'

7540;

7670:

T730:

T710:

T7201

$730,

T740.

T750:

Y15UO,

T1510,

Tl520;

71530.
71540,

T1550,

71550!

!
1
v 71570,

'735

IT35

'T37

'Tdu

vT41

vTAZ

ITAO

ITAa

'T45

lG

ITJ7

or7n
:77;
'T72
1773
1774
|T75

NORD 50 HARDWARE MAINTENANCE MANUAL
NORD*50 TEST PROGRAM INFCBMATION

XHR RE

XHR HE

HIN'

SET AR

SET NE

ADD AR

ADU NE

CLEAR

EXCLUS

AND AR

3R ARG

ADRESS

ACRESS

AORESS

ADRESS

AORESS

AORESS

‘AORESS

ADRESS

AORESS

AORESS

AORESS

SISTER’

HURY'

5!

G ARG'

5i

G ARG’

ARG'

IVE OR ARG'

g:

i

0159'

x+0'

9*0'

v'

I‘

I DISP'

I.X*O"

I 830'

I XvB'

I I'

IIIIIIIf

!7150 JPN COUNT'

’T151 JNM

IT152 JZH

17353 JFH
17154 Jpn

IT155 JNH

IT$56 JZH

1T157 JFH

COUNT'

COUNT'

COJHT'

JUHP'

JUMP'

JUHP'

JUfiP'

Fig. 20. Instruction execution sequence in the test system
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NORD-SO TEST PROGRAM INFORMATION

TEST AREA

CPU : B-Rack

_+_

C—Rack

B—C Rack
TRANSCEIVERS

Fig. 21. Instruction execution

suo,

11510.

71529:

T1630,

T5100

T52Ur

753D.

T540:

$550;

YISUO;

T1310,

71320:

T1330:

ridwo.

714,0,

T1420;

’1430.

?1440,

‘T145O,

$1630,

r1210,

71820:

71830.

71340,

T1850,

T1380.

7:970,

T1130:

+11u0.
71110.

71120!

Irzso ac

'7151 JRN'

vrzsz a'

'T153 JPF'

’T51'CRG'

'752 ai

vrsa CREi

'T54 cRDi

'755 MIN sxzpi

'TllZ REG SKIP GRE‘

'T131 REG SKIP LESS'

'7132 REG SKIP Ear

'ss REG sxzé uaai
ITx4a ARG SKIP sasi

'7141 ARG SKIP LESS'

'T;42 ARG SKIP 50f

'1143 A96 SKIP was!

«7:44 at? SKIP 23°0'

17145 aIT SKIP cue'

'Tznw BIT SET!

'T:31 BIT CLEAR!

SHIFT L

SHIFT L

SHIFT L

SHIFT R

SHIFT R

SHIFT R

RoTi

ARITH'

LOG'

ROTi

ARITH'

LOG’

SIT COMPLEHERT‘

FIXO '

FIXD QOUNOEO'

FLOO '

sequence in the test system

ND-30.010.02
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TEST AREA RACK

NORD 50 HARDWARE MAINTENANCE MANUAL
FKflHJ-SO 15%;? E4KX§U¥4 INFYXEQ¥PION

71640,

T1550.

71660,

T1570!

71700,

T1710.

T1720:

T1730:

71740,

717500

T1760,

T1770!

“23509

T2350;

72170!

TZZUDp

T2210!

YZZZO!

T2230:

T2260,

T2250.

TZZbD:

T2270:

CU

#Vfl—

()"IV

“5“”

O
’4'

Dfi><——

O

WP‘IV

">'<'(')

9%“

ID?“

074—-

3:

+

IT176

'T177

V T215

! T216

' T217

' T229

' T221

I T222

' 7223

V T224

' 7225

' r225

‘ T227

'fl35

'T136

1Tznu

'?2n1

I7262

r7223

1T224

vfza:

'7206

'TZn?

REG orv'

REG HUL'

orvv

MUL‘

RAFO‘

RsFof

RHFD'

ROFD'

FAoo'

FSBD'

FHUD'

Fovof

FLO (SINGL

FIX (SINGL

FIX ROUNOE

FAD (SINGL

FHU (SINGL

FDV (SINGL

rsa (SINGL

RAF CF~RES

:HF (F-REG

ROV (F-REG

asr (F—REG

EXECUTE'

EXECUTE IE"

BPEAAPOINT

BREAKPOXNT

SPEAKPOINT

BREAKPOINT

BREAKPOINT
BREAKPOIHT

BREAKPDINT

BREAKPOINT

53'

E)‘

0 (SINGLE)‘

El'

53'

E)‘

53'

ADD SINGLEJ‘

MULTIPLY SINGLE)l

DIVIDE SINGLE)‘

sue SINGLE)‘

EDIATE'

ANY REF IN'

ANY REF OUT'

pC REF IN'

PC REF OUT'

DATA REF IN'

DATA REF OUT'

STORE REF IN'

STORE REF ouvf

Fig. 22. Instruction execution sequence in the test system
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5.2.2.

TINST-SO

TINST~ 50

HAR~184O

Directory Name: ND—lOllZ
User Name:

Comments:

Purpose —

Highlights

FIDPPY—USER

A Hardware Test Program for Nord—SO instruction
check°

- The following instructions are not tested:
EXECUTE, FLOATING, DOUBLE SHIFT, CONVERT

Loaded, started and examined via the Nord~50
MONITOR .

All of the instructions are fetched from the
Nord—SO main memory.

This program is equivalent to the Nord~lO/S
Instruction Check Number One (ONE~CHECK).

A "WAIT" Number appears of the terminal as
opposed to an extensive printout.

Implementation Instructions — See PD Sheet in the NORD
SOEWWARE LIBRARY .

Load procedure when the MONITOR has been
entered:

* LOAD TTNST or

* LOAD (NSC—TEST) TINST (if not logged on
as user TEST).

Start address = 27.

ND—30.010.02
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Notes:

Additional

— 1.

NORD 50 HARDWARE MAINTENANCE MANUAL
NORD—SO TEST PROGRNflIHHKHWEEION

The assembly listing is necessary for finding the
failing instruction. The program listing is given
in Appendix F.

Information:

The patch for letting the program loop by using the
Nord~50 MONITOR is:

llO7/RTJ O 27

Do this if the SAVE/UNSAVE routine is failing:

* PLACE TINST or * PLACE (N50~TEST) TINST
* H*G 27 * HFG 27

Note” The SAVE/UNSAVE routine is bypassed.

If the Nord~50 is functioning properly, the print—out
is:

~XXX END XXX — AT : 1107

If the Nord~50 is not functioning properly the
program contains the following error steps:

— STOP 0 « at230 RTJ error
— STOP 0 ~ atz33 RTJ error
— STOP 0 ~ atz21 Further information about the

error can be found in the
locations listed below:

ZLflmnem;ofrgfi$£rl man
23/Content of register 2 GMJRK)
24/Content of register 3 (RES)
25/Address plus 1 of the test causing the error
26/Content of register 21 (ACC + 208)

Additional information about MPY and DIV (Address 25 =
763 or Address 25 = 1105) can be found in:

767/Multiplier/Dividend (A operand)
770/Multipleir/Divisor (B operand)
771/Expected result — lower 32 bits
772/Expected result — upper 32 bits
773/Actual result — lower 32 bits
774/Actual result - upper 32 bits

ND—30.010.02
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5.2.3. (rim-502m)

MIX-50:8YMB HAlBQl

Directory Name: ND~10112
User Name: HOPPY~USER

Comments: This test program is covered in Section 6.

ND-30.010.02
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NORD—SO TEST PROGRAM INFORMATION

5.2.4. TREE—50:8YMB

TREG~50:SYMB EAR—1842

Directory Name: ND—lOllZ
User Name: ETOPPY~USER

Comments:

Purpose ~ A Hardware Test Program to check the Nord—SO
rafimfirbknh

Functions — Test program for the 64 registers.

~ All registers are checked with 64 different
patterns.

Highlights ~ Loaded, started and examined via the Nord—SO
MONITOR.

Implementation Instructions — See PD Sheet in the NORD
SOFTWARE LIBRARY.

— Start address = O.

— Load procedure from the MONITOR:

* LOAD TREE

— If the SAVE/UNSAVE routines are failing, use
these commands:

* PLACE TREE % Hardware GOTO address 0
* H-G O

ND—30.010.02



NORD 50 HARDWARE MAINTENANCE MANUAL 73
NORD—SO TEST PROGRAM INFCBMATION

Additional Information:

— 1. If the registers are operating normally the following
message is given on the terminal:

xxx END xxx AT: 136

— 2. If the registers are not operating normally, the
following error stops exist in the program:

1...

2-

STOP

STOP
SKE
SK?

at: l or: 4 Register 0 is different from O

at:
at:
at:

17
32
45

Register 3 in error
Register 2 in error
Register 1 in error

53/Address to expected pattern
55/Read test pattern

Note. Program listing is necessary for
point 2. The program listing is
given in Appendix G.

3 - STOP - at: 66

54/Expected test pattern
55/Test pattern read
56/Register number (octal)

Examples of Print—outs:

*LOAD TREE
- STOP 0 - AT: 000066 —
#54/
0000542 37773777777 STD 77, 7777: 17: 17,1
0000552 37777777777 FUV 77' 77777 17! 17'1
000056: 00000000052 STOP 000052
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5 . 2.11. .1. (SEKUND)

SEKUND—JTI D HAR~2463

Directory Name: ND—lOllZ
User Name: FLOPPY—USER

Comment: This test program is a part of test program
SEKUNEHJTID, HAP—2463. See description for
SEKUND—JTID.

5 . 2.4 . 2. (JTID)

SEKUND—JTID PEAR—246 8

Directory Name: ND—10112
User Name: FLOPPY—USER

Comment: This test program is a part of test program
SEKUNDafrlD, HAR—2463. See description for
SEKUND—IRMD.
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5.2.5. SEKUND—JTID

SEKUND—JTID BAR-2463

Directory Name: ND—lOllZ
User Name: FTDPPY USER

Comments:

— Purpose ~ SEKUND—JTID is a hardware test program actually
consisting of test program SEKUND used in
conjunction with test program JTID. It is (or they
are) used to measure execution times for various
instructions.

— Implementation Instructions — See PD Sheet in the NORD
SOFTWARE LIBRARY.

— Special Consideration — Execution times will be dependent
upon the type and configuration of the memory.

ND-30.010.02
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Additional Information:

Special Note. In the F—16 Flight Simulator
application, SEKUND—JTID can be run in both the
HIGH—SPEED STATIC nenory (EXEC—O) and the MULTIPORT
memory (EXEC-10) or in a combination of the two.

The following two sets of instructions were referred from the HIGH
SPEED STATIC memory (on the left), from the MULTIPORT Memory (on the
right).

rLMAU EXEC~O *LDAD (TEST)EXEC‘10

LDR 1.02 !_DR 1.45
8TH 1.06 STR 1.43
ADD 1.02 ADD 1.45
LDF 1.57 LDF 2.23
GTF 1.56 STF 2.04
FflU 1.41 FAD 1.85
FADU 1.88 FADE 2.50
RAF 0.86 RAF 0.88
RAFD 0.86 RAFD 0.88
FMU 3.?9 FMU 4.40
RMF 3.44 RHF 3.40
RMFD 6.61 RMFD 6.52
FDU 3.99 FDU 4.40
FUUU 7.63 FDUD 8.16
RDF 3.44 , RDF 3.40
RAD 0.48 RAD 0.64
ABBA 0.48 ABBA 0.64
MPY 4.97 - MPY 5.34
DIV 2.00 DIU 2.39
ADM 1.53 ADM 2.06
SLR 0.86 SLR 0.89
SLRD 0.87 SLRD 0.89
JFM~ 0.54 JFM~ 0.64
EXC’ 0.95 EXC’ 1.12
EXC' 1.43 EXC' 1.93
JFM+ 1.00 JFM+ 1.2
— XXX END *XX — AT: 0000474 - - *** END XXX — AT: 0100474 -
k ¥

HIGH SPEED STATIC WEMORY MUIEIPORT MEMORY

The Load Procedure for single Nerd—50 configurations is as follows:

*LOAD SEKUND SPACE
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5.2.5.1. (ITEST)

ITEST—IRMD EAR—2467

Directory Name: ND~10112
User Name: FLOPPY—USER

Comment: This test program is a part of test program ITESTmIRMD,
EAR—2467. See description for ITEST—IRMD.

5.2.5.2. (IRMD)

ITEST-IRMD EAR-2469

Directory Name: ND—lOllZ
User Name: FLOPPY-USER

Comment: This test program is a part of test program ITEST~IRMD,
BAR—2469. See description for ITEST-IRMD.
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5.2.6.

NORD 50 HARDWARE MAINTENANCE MANUAL
NORD-50 TEST PROGRAM INFORMATION

ITEST-IRMD

ITEST—IRMD EAR—2469

Directory Name: ND—lOllZ
User Name: FLOPPY—USER

Comments:

Notes:

Purpose — A special test program for the reliability test
of integer multiply and divide arithmetic
(A—Rack).

Highlight — The number of the test patterns is given by
the number of bits per group parameter. See
Table 5.2.

Implementation Instructions — See PD Sheet in the NORD
Software Library.

Special Consideration — The Nerd—50 must be in operating
condition.

1. Two files must be opened for WRITE prior to running the
program. They are:

* OPEN TERM 5 W

* OPEN TERM 7 W

2. Self~ documenting.
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BITS NUMBER TIME
PER OF PER
GROUP TEST DATA RUN (In Seconds)

1 33 0.191
2 49 0.420
3 71 0.882
4 121 2.562
5 187 6.120
6 316 17.475
7 509 45.339
8 1021 182.427
9 1534 411.802

10 3070 1649.358
11 4095 2934.579
12 8191 11741.182
13 16383 46970.461 % Will give memory out

of range with 32K
Nerd-50 memory.

Table 5.2: BITS PER GROUP PARAMETERS
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Additional Information:

— 1. A printaout example of the running of the ITEST is as
shown below:

ENTER TEST
PASSWORD:
OK
O~EO
NORD~50/l MONITOR — J
*OPEN TERM 5 w
*OFEN TERM 7 w
XLOAD ITEST

MEN RUN DATA? (0 OR 1): 1 x
LOOP ON ERROR? (0 OR 1): 1
NO. OF BITS PER GROUP (514)? l
EXPECTED TIME PER RUN IS 0.191 SEC. §€§e'
NO. OF RUNS : 1000
TIME NEEDED RFTER DATA READY IS 190.575 SEC.
NED RUN DATA? (0 OR 1): o ”"”%“‘

33 DATA READY
T RUN<S> COMPLETED Note.

10 RUN(S) COMPLETED (2)
100 RUN(S) COMPLETED

1000 RUN<S> COMPLETED
END.).DO YOU wéNT REBTART? (0 OR 1)$O

Note. (1) Data prepare Type 1 to new run data?

Note. (2) II Program run Type O to new run data?
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— 2. Test Information:

The integer IA multiplied with integer IB form the
Product I? l.

The integer IB multiplied with integer IA form the
Product IP 2.

There is an error print—out if IP 1 is not equal
to IP 2.

The quotient IQl = IPl/B.

There is an error print—out if IQl is not equal
to A.

The quotient IQZ = IP2/A.

There is an error print—out if IQZ is not equal
to B.

Notes . Products IPl and IP2 are printed with the
overflow register first.

Quotients IQl and IQ2 are printed with the
remainder first.

ND—30.010.02



82 NORD 50 HARDWARE MAINTENANCE MANUAL
NORD—SO TEST PROGRAM INFORMATION

milliliter

FTEST EAR-2466

Directory Name: NlOll2;
User Name: FIOPPY—USER

Comments:

— Purpose — A Test Program for reliability testing of the
single precision floating multiply and divide.
Just for SINGLE PRECISION.

Highlight — The number of test patterns is given by the
number of bits per group parameter. See
Table 5.3.

Implementation Instructions — See PD Sheet in the NORD
SOFTWARE LIBRARY.

l Special Considerations — The Nord—SO must be in operating
condition.

- The program needs more than 32K of Nord—SO menory
in order to be loaded.

Notes: **** '

— 1. See the HAMB—MET Test for the floating format.

— 2. See the ITEST Test for the method of running the program
and for the preparation of data.
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Additional Information:

_ Error message Information.

Floating product P1 = Floating A X Floating B
product P2 = B x A

— Error Print—out.1 — If Pl does not equal P2,

FLOATING QUOTIENT 0.1 = Pl/B

— Error Print—out‘g ~ If Ql does not equal A,

FLOATING QUOI'IEN‘I‘ Q2 = PZ/A

- Error Print—out §.' If 02 does not equal B,

BITS NUMBER TIME
PER OF PER
GRIN? TEST DAEA RUN (In Seconds)

1 47 5.660
2 73 13.138
3 113 32.793
4 181 81.531
5 311 214.585
6 505 731.456
7 1017 1901.221
8 1531 5865.938 % Memory out
9 3067 23549.246 of range with

10 6139 69333.359 only 64K
Nord~50 Memoryo

Table 5.3: BITS PER GROUP PARAMETERS
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5.2.8. DFTEST

DFTEST HAR~2465

Directory Name: ND—lOllZ
User Name: FLOPPY~USER

Comments:

I Purpose — This Test Program is for reliability testing of
the double precision floating point multiply
and divide arithmetic (ArRack). Just for DOUBLE
PRECISION.

— Highlight The number of test patterns is given by the
number of bits per group parameter. This data
is identical to the data for the FTEST Test.
See Table 5.3.

— Implementation Instructions — See PD Sheet in the NORD
SOFTWARE LIBRARY.

- Special Considerations — The Mord—50 must be in operating
condition.

— The program needs more than 32K of Nord—SO memory
in order to be loaded.

Notes:

- 1. One file must be opened for WRITE prior to running the
program. It is:

* OPEN TERM 5 W

— 2. See the HAMB—MET Test for the floating format.

Additional Information:

— The error message information is the same
as for the FTEST Test.
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5.2.9. HAMB-MET

HAMBwMET HAR~2464

Directory Name: ND~lOllZ
User Name: FlOPPY—USER

Comments:

— Purpose — A Test Program for floating addition and
multiplication, both for SINGLE AND DQUBLE
PRECISION.

— Highlights — Floating number: X
Result of X + X (C—Rack) compared to result
of 2X (A—Rack).

— Failing pattern repeated 10,000 times“

- Number of errors per 10,000 tries is reported.

— A random permutation of all possible patterns
is used.

- Implementation Instructions — See PD Sheet in the NORD
SOFTWARE LIBRARY.

— Special Consideration ~ The Nord—SO must be in working
condition.
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Additional Information:

— 1. Example of error printwout:

XLOAD HAMBURG
FUR HUN fiGNY HZNUTEfi $HGULD THE TEST RUN ?§ 3

X X+X ZXX FQILING/lOOOO
1076346441é 107d34é4416 llOQSdédfilé l‘ '

m XXX END XXX w Qii 000013 a

The correct answer to this problem is:
The X + Xy or the C~Rack failing 2X is obtained
by adding one to the exponent.

Note“ The number 2 which multiplies the X is
converted to floating point format in
the C~Rack. If both X + X and 2X are
failing, check the C~Rack.

— 2. Nord«50 Floating Formats:

1 4-9 Bits

S EXREENT MMWHSSA

f
Single Precision

w 22 + 1 Hidden Bit

1¢ 9 54 + 1 Hidden Bit v
I"

S EXPONENT MANTISSA
%'

Bias Bit fine Most Significant Mantissa is always A "l"

EEEFUVQDK¥MEEHRX HIEfiEEflWPUEWHIJflHN NfiENRAS:

0 l O O O l l l l 1 0 0 l l l O 0 l 1 0 l 0 O l O O O O l l l 0
E i l 1 l l B

+4... EXPONPNI‘
SIGN
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i2J0.flDRNE

TCOR‘NGO HAR—2462

Directory Name: ND~10112
User Name: FLOPPY~USER

Comments:

— Purpose — Verification program to test floating arithmetic.

— Implementation Instructions — See PD Sheet in the NORD
SOFTWARE LIBRARY.

— Special Consideration — A data file TCOR—DREA:DATA must be
present to run this program.

Additional Information:

— Figure 22 shows a TCOR print—out.
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5.2.11. TCOR—DNEA

TCOR—DHTA HAP—2470

Directory Name: ND—lOllZ
User Name: FLOPPY—USER

Comments:

— Purpose — To be used with TCOR—NGO.

- Function — TCOP-DATA is the data file that must be present
to run test program TCOR—NGO.

~ Implementation Instructions - See PD Sheet in the NORD
SCFTWAPE LIBRARY.

ND-30.010.02
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bn2.32. N50 INITIALIZE

N50 INITIALIZE HAR-2471

Directory Name: ND—lOllZ
User Name: FLOPPY—CSEP

Comments:

— Purpose — This is an example of how to initialize the
Mord—50.

— Implementation Instructions - See PD Sheet in the NORD
SOFTWARE LIBRARY.

— Special Consideration - This program must be modified
according to the actual system configuration.
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5.2.13. N50 TEST—BATCH

N50 TEST~BATCH BAR—2472

Directory Name: ND—lOllZ
User Name: FLOPPY—USER

Comments:

« Purpose — This is a node file to run all of the test
programs in sequence.

— Implementation Instructions — See PD Sheet in the NORD
SOFTWARE LIBRARY.

ND—30.010.02
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5.2.14. N50 TESTP—ASCOL

NS 0 ’I‘ESTP—AS COL FAR—24 73

Directory Name: ND—lOllZ
User Name: FLOPPY—[BER

Comments:

— Purpose ~ A mode file to assemble, compile, and load
all of the test programs.

—— Implementation Instructions - See PD Sheet in the NORD
SOFTWARE LIBRARY.
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ELNORD~50 mom SYSTEM

6.1.Agntroduction

This section contains:

— General information on the Nord«50 memory.

— The multiport memory as seen from the Nord~50.

— The test possibilities for the Nord~50 memory.

— The identification of failing memory modules.

Notes. — Sections 6.2 and 6.4 will only deal with the
multiport memory system as it is found in the
"European" version of the Nord-SO. The "F—l6"
memory configuration is not covered in these
sections.

— Appendix B contains a step—by—step procedure
for the Nord—SO test sequence.
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6.2. General Nord~50 Memory Information

The Nord—SO may be physically connected to the same memory as the
Nord~lO/S via one port in the multiport aenory system (a shared
memory) or to a separate multiport memory system as a private memory.
This is shown in Figure 24.

Max-3 Mbvus Max.512Mbvms
A

l'
A r—

1 \|

i
\

l1
PFHVATE NORC~SO

\
CPU MEMORY

SHARED PRIVAT‘E NORO‘IO/S
MEMORY MEMORY

3'2 bit Data High zoned 16 bit Data
Data charm-i
16 bit Data

WW

! NORD—lO/S CPU

I
!

Camro: ‘

54090-50 CPU

, vosvsrem

Fig. 24. The NORD—SO computer system

The Nord—SO supplies differential address lines of 20 bits + 2 control
siqnals to the port via a one—to—one cable.

Two cables with differential lines are used for carrying the 32 bit
data word. One cable is for bits 0—15 plus 2 parity bits. The other
cable is for bits 16—31 plus 2 parity bits.

In memory (the multiport memory system), the Nord—SO occupies one port
out of four. The remaining three ports are used by the UWA mass
storage devices of the Nord—lO/S. The third may be used by a second
Nord~50.
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The address area each port can utilize is set by the lower and upper
limit switches on the address nodule in the multiport system. This
provides for private and shared memory locations for both the Nord—SO
and for the NordwlO/S.

The priority for the requests of both the NordWSO and the Nord—lO/S is
fixed. The priority is determined by the physical position of the data
receiver/driver module and the address receiver module in the
multiport rack.

The 32 bit memory word is divided between two 18 bit memory banks with
identical memory addresses. The bank in the upper multiport rack takes
care of bits 0—15, while the bank in the lower rack handles bits 16.9
31.

The Nord~50 receives two sets of data ready/address ready signals from
the memory modules in the two banks. These signals are supplied to the
Nord~50 via the data module in the multiport where the signals are
latched — waiting for the last signal to appear.

In a typical Nord~50 configuration, there are two 16 bit multiport
channels (i.e., one for the CPU and the other for the DISK) and one 32
bit channel (i.e., for the Nord—SO). The address cable of the 16 bit
channels are shifted (i.e., interleaved). In this way, all odd
addresses are routed to the upper multiport rack and all even
addresses are routed to the lower multiport rack° Two 16 bit words,
stored in memory into two sequential addresses, are read by the Nord~
50 in one read operation.

Figure 25 shows an example of a memory layout in a Nord—lO/S — Nord«50
configuration.

6.3. General Precautions for Swapping Nord«50 Multiport Modules

When error messages such as:

MEMORY OUT OF RANGE

or

MEMORY PARITY ERROR

appear on the terminal screen, do not swap modules in the Ml rack with
the corresponding nodule in the M2—rack. The reason for this is that
the Nord—SO must have both racks responding when supplying a 32 bit
word.
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Fig. 25. Memory layout in a NORD—lOS — NORD—«SO configuration
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6.4. Nord—SO Configurations With Multiport Memories

Figure 26 illustrates the Nerd—50 configuration with old multiport.

97
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F—L—V WY-BANK we

I ,115 16117 18 K 25 g 31 32
(3ADDRESS RANGE—”w

m .. $ 3 gSWITCH 00 g o 0 OSETTING S .— " Y" '-
57:) W9 BlT15-O v11 %i e‘1

G: < C;o H xi g 2% mac
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NORD 50 NORD 50
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NORDSDWILL HAVE NO ACCESS PARITY 13 ® ® (3W THE XBANK. 11 IS DONE WITH ERROR 3 2 1 0SWITCH SETTING ON THE 1083 MODULE. BYTE
THE ADDRESS RANGE SWITCH SETTING
FOR THE NORD SOIN THE RACK M1 AND

JM2 ARE IDENTICAL.

Fig. 26. NORD—SO in configuration with old multiport

General information about the Old Multiport is found in the Nord~lO/S
Hardware Maintenance Manual.
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Figure 27 illustrates the Mord—50 configuration with big multiport.

i
X - BANK PORT D

f iW fl POSITION 24 FOR ADDRESS[ 1 2 8 13 17
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1 NORD 50 i

Fig. 27. NORD—SO in configurations with big multiport

Notes ! — Rack—Ml and rack—M2 receive the same Nord—SO address.

~ Nord~50 data bit 15—0 to/from rack Ml.

— Nord~50 data bit 31-16 to/from rack M2.

— Parity bits 0 and l on the Nord~50 operator‘s panel
are referring to rack—Ml, bits 2 and 3 are referring
to rack~M2.

General information about the Big Multiport is found in the Nord-lO/S
Hardware Maintenance Manual.
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6.5. Types of Tests for the Nord~50 Memory

The types of tests used for the Nerd—50 memory are covered in this
section.

6.5.1. SHARED MEMORY TESTED FROM THE NORDfllO/S

The shared memory (i.e., a memory where both the Nord—lO/S and the
Mord—50 have access) can be tested by all available Nord—lO/S memory
test programs (i.e., MOVER, MULTI, TBKMOS, and T32KMOS).Nord—lO/S test
programs are found in the Test Program Description Manual for the
Nord—lO/S and the Nerd-100.

A Nord—SO address can be converted to a Nord_l0/S address in shared
menory by using this formula:

NORD 10 ADDRESS FOR
NORD 5O ADDRESS 0

+

(NORD 50 ADDRESS)*2
+

0 if bit 31—16
01.”

1 if bit 15—0

0

NORD lO ADDRESS =

6.5.2. SHARED AND NORD-50 PRIVATE MEMORY TESTED FROM THE NORD~50

They are:

1. TEST-MEM : command in the Nord—SO MONITOR

2. TMEM : Nord—SO test program

3. Additional test possibilities
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6.5.2.1. TEST—MEfl

The command for TEST~MEM is built into the Nord—SO MONITOR. When the
command:

*TEST—MEM

is given, the Nord—SO is set in MEMORY EXAMINE/DEPOSIT MODE by the
monitor. Data and addresses are then supplied from the Nord—lO/S via
the I/O system in the Nord—lO/S and the Nord—SO CPU to the Nordw50
memory, private and shared.

The test is performed by reversing the data flow and checking the
received data.
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The following are the highlights of this program:

This memory test program is in the Nord—SO MONITOR. The
command is also in the monitor.

The Nordm50 memory is tested by depositing/examining the
memory via the Nord—lO/S Input/Output System.

The Nord—SO memory is tested in decimal increments of 1K.
Patterns: 0

—l

25252525252
1252£Z§E25
37700177400
SVTWEEUCCO
09000177i77

Address in address test (2 x 16 bits address)

See Figure 28 for an example of an Address in Address
Test.

Error print—outs:

Pattern test failing

Address test failing

Looping is possible if this conmand is given before
program start

*LOOP—ON

Program will loop, and if there is an error, the failing
pattern will be repeated

*LOOP~OFF

Note. The address protect registers BP and BQ must
be reset prior to the start of the test. Reset
BP and BQ with this command:

*B—C ' [P

ND~30.010.02
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Examples of this print~out:

G? N—so

’50 MONITOR * K

IRESSi 0

NUMBER OF 1K BLOCKS TO BE TESTED 2 32

The Address in Address Test, indicated in the highlights is used both
in TEST MEM and EWEM. NORDSO

OATABW
31 15 15 o <%

0000000000000000<fl00000000000000000 0
-

1 f 1
«o ’0 241 {is 3

700 O 4

f
f

I! i! ll (I I} Ill [1 l . Iii il Ii ii I! If II I 17777

i /\, } if‘r v

DATATomROM DATATONROM NORDSOADDRESS
MULTWORT MULTWORT
RACK-M2 RACK-M1

Fig. 28. Address in address test

The two racks in the multiport memory receive the same Nord~50
address. Data bit 15—0 is for the upper rack while data bet 31—16 is
for the lower rack.

The Address in Address Test is built up of two blocks of 16 bits each.
By using this method it is possible to detect address error both in
the M1 and M2 racks e If both racks are failing, suspect the source =
Nord—SO.
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6.5.2.2. EWEK

The Nord—SO Hemory is tested with the program THEM. This program is
loaded and started with the *lOAD command in the Nord—SO MONITOR.
Addresses are specified so that all or any part of the shared memory,
the high speed static nenory or the Nord—SO private memory can be
tested.

The highlights of this test are:

— The test program is used to test and run the Nord—SO memory.

~ The program is loaded and started via the Nord—SO MONITOR.

— The following tests may be specified:

Testl*:Store/Read O
Test2*:Store/Read — l
Test3*:Address in Address Test (2x16 bits address)
Test4*:Address in Address Test with inverse address
Test5**:Walking tests

a) writes a pattern in the test area
b) writes the pattern inverted in the first

location
c) checks that no locations are changed
d) resets inverted pattern

Fast Tests
Overnight TestH

ll
**

ND—30.010.02
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« Start address 2 O

— Exarples of Printeout:

@N~S 1
NORO~50/1 MONITOR ~ t
33‘8““: 7 v F"
*LOAD TMEM

THIS 13 YOUR N~50 MOS MEMORY TEST PROGRAM
THE PROGRAM OOCURIES LOCATIONS: 0000000 TO 0001227
LOWER TE:T ROORESSKOCTAL): 100000
UPPER TEST ROORES5<OOTRL): 117777
SPECIFY TESTS TO BE RUN BY OOTAL
NUMBERS TERM BY OR.5TOPS NHEN 0 IS TYPED

1E:77 MEANS ALE T T3
77

wANT TESTS TO LOOP? 0:NO isS
,
ERRORS RILL 8E REF ORTE: IN THE FOLLOWINO FORMAT
TEST172,:O4 "ERIE :NO HOOR.;,CROUNO OATAEVCEXF. OATalyiTEST NO}
TESTS: ”MAL? RATT AOOR . {SAME AS ABOVE},£RERO/NRITEL

6.5.2.3. Additional Testing Possibilities

The stand—alone test program

MEM—TEST—2304

is available for testing the memory shared between the universal EMA
interface and the Nord~50.

The stand—alone test program

MEMORY~MAP—23l7

is used to examine memory configurations. The program will determine
the parts of memory that are shared and indicated the manner of
program division.
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6.6. Failing Memory Module(s) Identification

105

Figures 28 and 29 will assist in identifiying failing modules.

Figure 28 should be used in conjunction with Section 6.4.

NORD 50
ADDRESS

RACK — M1 or M2
WILL DEFEND ON
THE DATA BIT
FAILING

O-15=M1
16-31=M2

3231 MI1=81T0-15
so
29 M2 BlT16-31

I I I I I I l 1 f .
19 18 17 16 15 14 13 12 O

I I I I l I I If I

l 1 I I I I I
OLD MULTPORT

0 o 0 Y-BANK PCS 32

o o I 31
o I o 30
0 I I 29
1 O O 28

1 o I 27
I I O 25
I I I 25

Fig. 29. Old multiport

Figure 27 should be used in conjunction with Section 6.5.

NORDSO --> 18 I7 16 15 BIG MULTIPORT
ADDRESS

0 O 0 X-BANKPOS I X-BANKPOS
0 0 1 2
o I O 3
0 1 1 4
1 0 0 5
I 0 1 6
1 1 O 7
1 I 1 8

WHETHER X OR Y»BANK IS USED WILL
DEFEND ON THE CENFIGURATION

Fig. 30. Big multiport
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7.NORD—50 NEMORY EXPANSION

2;}. Introduction

This section is divided into three parts. The first part contains a
description of the hardware implementation. The second part contains a
description of the software implementation. This part also gives some
general remarks about the nenory in a Nord~lO/S — Nord—SO
configuration. In the third part the software commands for changing
the memory are covered in detail.

7.2. Memory Expansion Hardware

In configurations with the BIG—MULTIPORT memory, the nenory is
expanded in 32k x 32 bit increments (2 memory nodules). This equals
64k x 16 bit increments or 100 octal pages seen from the disk or the
Nord-lO/S. In the "old" multiport with 8k (1094) memory modules, the
memory can be expanded in 8k x 32 bit or 16k x 16 bit increments.

Note. The memory expansion must always be symmetrical
in the Ml and M2 memory racks. Remember to update
the address-range switches in the address module of
the Nord~50 port of Nord—SO private memory — or all
the ports (Nord—SO, DMA and Nord—lO/S) if expanding
the SHARED memory.

7.3.Memory Expansion Software

7.3.l.Nord-SO Memory — General

The absence of a memory management system in the Nord—SO disallows a
dynamic swapping of Nord—SO memory during program execution.
Therefore, all parts of a program must be in nenory prior to its
execution, and it must remain there throughout the execution. This
also applies to the pages in shared memory. Being a part of the Nord—
lO/S memory, the .pages in shared memory are normally subject to
swapping outside the programmer‘s control.

A way to prevent SINTRAN from swapping a specified physical area is to
load a segment and "fix" it in memory using the FIXC monitor call.
This is performed automatically by the Nerd—50 MONITOR_when preparing
for the execution of a program. In Figure 31 the Nord—SO program
resides in the shaded region.
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PRIVATE } SINTRAN RESKDENT MEMORY

NORD-IO/S
MEMORY

SU BJECT TO SWAPPING

// /SHARED //j::
MEMORY mxeo<~orToaeswmppem

when the Nord—SO is active.

/////

//‘
Subject of swapping when
the Nord—SO is passive.

///
PRIVATE

0RDso

/////3EMORY// / , ,/ \\\\\

Fig. 31. Physical memory organization
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Some Nord—SO programs will not occupy the entire shared memory. In
such cases it is uneconomical to fix it all. A better utilization of
shared memory is obtained by splitting it into partitions, where each
partition is represented by a segment. See Figure 31.

F’RIVATE
NORD-‘cO/S
MEMORY

SHARED MEMORY
SPUT‘N NORD-lO/S SWTS

PRIVATE
NORD-SO
MEMORY

Fig. 32. Shared memory split in segments

When a part of memory is allocated for the Nord—SO, the SEEWEWT TABLE
is used to place the segments in the correct place in the physical
memory.

The segments may be of different sizes. Each segment is fixed
separately if the corresponding nenory space is required by a Nord—SO
program.

lmpgrtant
Note. The finer the partition (i.e., the smaller the

segments), the better the utilization of shared
memory will be. However, increased administrational
overhead is the price we have to pay.* Figure
3l illustrates how shared memory should be utilized.

* Typical size is 16k (16 bits) when 128k of
shared memory.
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\\\m::3
///fl CEQDKYE BE

:3;;::2: / NOR040 CIEUKH?EED
SHARED V// / ///A BY NORD—50(\ \ 3° “

u-.. _‘_--~

BP and BQ define break area set by:

NORD-50 Loader
*EXIT (stored in block 0 of program)
*BREAK—CONDITIONS

NORD—50 Monitor
*BREAK~CONDITIONS

Fig. 33. Shared nenDry allocation

In the discussion above, we have assumed all segments in shared memory
to be dynamic segments. A dynamic segment has the quality that it will
only be fixed when required. A static segment, however, will be fixed
the first time it is required, and will remain fixed whatever program
is being run.
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An RT common area may also be a part of shared memory

not subject to swapping and allocates no segment

memory.
Memory Segment Table. This table is illustrated in

for

Figure 34.
PHY$CALMEMORY

NORDéOMEMORY
SEGMENTTABLE

ADD so ADDR.O T0 N—SO NEMORY
FIRST PAGE NO. IN NlO=N50

ENTRY

PO TS TO THE FIRST
LOCATION IN N—SO
LOCAL MEMORY

TABLECREATEDSYTHE
SETMEMORYCOMMAND

M‘

Fig. 34. NORD—SO memory segment table
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7.3LQLEL_Software Commands
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/ \
a

1
_fi/ Expanding the shared memory? \

I

I1
\ , /

YES NO1 es»
"*“‘Wm"w“"wwww”flflqmwl Turn to Command

SET~MEW

/ \
_"_/ Expanding existing segments \ -_I “\ or creating new? /

i
\ /

EXPANDING CREATING NEW

l@ RT-IDADER @ R’I‘wLOADER!___.,--s._,.-.__ * LI-«FR—sm
% List free segments1

I1
Free segments

numbers(s) is (are)
selected.

1

ND-30.010.02
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NORD-SO NEMORY EXPANSION

Check if RTwcore common area
by this command:

* WRITE—SEEWENT O,,,

Then specify these commands:
7%

* N-S % New segments
‘ % Only in creating
\ a new segment

* SET—P—T l
*

* A—A % Allocate area

* FORMAT NEXT PAGE

ND—30.010.02
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7.3.2.2. RT—Loader Commands

* DH§¢—SEE%QRWF

<segment w>

<ring>

<segment type>

<protect bits>

<WP/NP>

Example:

NORD 50 HARDWARE MAINTENANCE MANUAL
NORD~50 MEWORY EXPANSION

% SPECIFY A NEW SEEWEWT

Number of the segment(s) to
be expanded or segment number(s)
from LI—FRI-SEE

Protect ring 0,1,2 or 3
Default = 0

ND = Non demand
DM Demand

Permit bits:

F = fetch permitted
R = read permitted
W = write permitted or

any combination

Default = RFW

Written in page bit set

WP = SET
NP Not SET (default)

N—S 204 2 ND RW WP

ND—30.010.02
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NORD~50 NEMDRY EXPANSION

A—A % ALLOCATE AREA

<segment numbers> Segment number of the
segment currently being built

(area size> Number of 16 bit words
in Octal

20 000
40 000
60 000

100 000

8 K
16 K
24 K
32 K II

H
II

<lower address> First address of the area
to be allocated.

Note. ~ 2 pages in Nerd—10 = 1 page in Nord—SO

— The area size in RT-LOADER is converted to

SET—MEW size in N50 MONITOR as indicated
be1ow:

RflLLOADER = SET-MEN in N50 MONITOR

area size size

<AREA SIZE>/2.1000 = <SIZE>

Example:

AREA SIZE : 40 000 = SET—MEM SIZE : 20
60 000 = " " : 30

100 000 = " " : 40

The RT ccnnon area is not specified here.

ND~30.010.02
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NORD—SO MEMORY EXPANSION

7.3.2.3. Nord—SO MONITOR Commands

SET-MEN Command for generating the Nord—SO
Segment Table. It indicates which
segment should make which part
of physical nenory.

<N~1O page no.) Nord—lO page number for Nerd—50
address 0

40 = 32K
100 = 64K
200 = 128K
300 2 192K
400 = 256K

This parameter is found by the
CONFIGURATION-INVESTIGA’IOR test
program.

<segment No.>* Allocated segment number with ArA
command in RTLloader

-1 = no segment defined in this
part of memory

Used when:
l. RT—common
2. Nord—SO private memory

0 = Denotes end of table

<size>* Size in Nord—SO pages

10 = 4K N50 = 8K N10
20 = 8K N50 = 16K N10
40 = 16K N50 = 32K N10

100 = 32K N50 = 64K N10
200 = 64K N50 = l28K N10
400 = 128K N50 = 256K N10

ND-30.010.02
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NORD—SO MEMORY EXPANSION

<type>* 0 = DYNAMC
l = STATIC
2 = FUF£XI®KI§
3 = LOCAL N50 NEMORY
4 = I! H !I

With WA

access
5 = HOLE

Note. * means repeated until segment number is zero.

When the SET—ME“ conmand is given, the size parameters are added
together and tested against the physical memory, If a mismatch, the
error messages listed in Section 4 are given. Figure 35 shows an
example of a SEP4WEW conmand.

ND-30.010.02
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RN
fiwoflwwio 3
«U

KN
SET~MEM 100 ~1 100

NORD 50 HARDWARE MAINTENANCE MANUAL
NORD-SO MEMORY EXPANSION

"KU
kN
EX

Size
in Segment

Type Pages No.

100 - 1
N50 PRIVATE
WITH
DMA ACCESS

100 — l

HOLE 400 - l u

4O 71
samum ._

4O 70

N50 PRIVATE lO — l

64K N~10

ND—30.010.02

3 70 40 1 71 40 1 ~1 400 5 m1 100 4 —1

256K

196K

128K

64K

32K

<-- Nord—SO Address 0
= Nord—lO Page
No. 100 Octal

<—— Nord—lO Address 0

Fig. 35. Example of SET—MEM command
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LIST-MEMORY <output file>

This command lists the segment table.

Example:

“LIST-MEMORY? ‘4
SEGMENT NO.

NONE

FIR ST AD D R.
CCIIIZCO
moo
CACCCO
OECOO
102033
120800
148000
IECGCO
ZCOCCO
”$980
2430(1)
250300
350500

32?. IN USE

003

NORD-IO PAGENO. FOR NCfiD-SO ADDRESS 0:

ND-30.010.02

X

XXXXX

TYPE
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
DYNAMIC
LDCALME‘AORY
FDR NCRD-E'fl

0100
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ND—30.010.02



NORD 50 HARDWARE MAINTENANCE MANUAL 121

NORD-SO POWER SYSTEW

8.NORD~50 POWER SYSTEM

8.1.‘gntroduction

This section covers three topics:

— AC distribution (an example)

— DC distribution (an example)

— DC voltage measurement

For a description of the power supplies in use, refer to the Nord—lO/S

Hardware Maintenance Manual.

For details of the AC and DC power distribution in the Nerd—50, refer

to the Nord—lO/S technical/mechanical drawings numbers lO/S—26—29 and

10/8 44—65.

ND-30.010.02
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NORD—SO POWER SYSTEM

8.2. AC Distrubution

8.2.1. Nord—SO Power Sequence

To turn ON the Nord—SO, the following conditions should be fulfilled:

— The Nord—lO/S must be turned on. (220 V AC to solid state
relay for AC sequence control.)

— The power in the Nord—SO operators panel must be pushed.
(The key must be released.)

~ The main switch in the Nord-SO power supply must be ON.

Note. The additional multiport Henory supply , in some
configurations is located in the bottom of the
Nord—lO/S cabinet.

The Nerd-50 is automatically turned OFF when powered down.

Turning OFF the Nerd-50 will not affect the Nord—lO/S, but the
multiport memory power will be turned OFF.

8.2.2.AC Distribution in the Nord—SO

Figure 36 illustrates the AC power distribution in the Nord—SO.

ND—30.010.02
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NORD-SO WEIR SYSTEM

AC
,p: FUSE 10A 1

Elco Flag

éIIM F/uhp:
SWLtch powcr

905W© supply
FANS & HUX L,»Powcr ConimL

ff

Opcmiorb [o 04’) e1.

FANS Lil!!!)

an

flflflflgu

FANS IE1
\

Vain NORDYWS term 571133 AC scant/3c: corn'rvL

‘ Scrum: contagi‘ 220V

\\_MW ‘ Féfll

l

is Addil‘éonal
Malta/Dora".

Po war
sup/74w i

_________‘L_J
Swatch N

\
1

Relax; mumce cof‘

AC
4—Terminal

Strip no. 3

a?

Fig. 36. AC power distribution in the NORD-BO

ND—30.010.02
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NORD‘SO POWER SYSEEH

8.3.DC Power Distribution

8.3.1.DC Power Distribution General

Standby voltage to the second multiport rack—M2 is supplied from a
second multipower supply unit. This may be located in the Nord—SO or
in the Nord—lO/S cabinet.

In configurations with TRIOLAB 100A 5V power supply this supply is
duplicated. One supply distributes 5V to the Nord—SO A and B—racks,
while the other supplies the C—rack, and the multiport racks—Ml and
M2.

8.3.2.DC Power Distribution in the Nord—SO

Figure 37 illustrates the DC power distribution in the Nerd-50.

ND—30.010.02
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NORD~50 POWER SYSTEM

ELCO PLUG M1

; EM! POWER 5/

OR PHHJPS 150A
/

P

TRIOLAB ASV or LH
100 150A

T RMINAL STRIP =1

5V to NOHD

A-B AND C—RACK

BMPM memory

BMPM memory +12V

Standby
Voltage
STE

‘ ELCO PLUG M 2

(Nerd-50, rear View.)

Fig. 37. DC power distribution in the NORD-SO

ND-30.010.02



126 NORD 50 HARDWARE MAINTENANCE MANUAL
NORD-SO PCWQER SYSTEM

8.4.DC voltage Measurements

All DC voltages should be verified on a board extender module.

— Only 5 volts DC is connected to the Nord—SO racks.

— All nodules in use in the Nord—SO should be inserted.

— The voltage should be checked in the middle of the rack.

— Check the multiport memory voltage in
position 8. If Old multiport and if Big with the X—bank,
use position 29 if Big multiport with only Y—bank.

Table 8.1 indicates the various voltages and voltage tolerances.

ND—30.010.02



NORD 50 HARDWARE MAINTIWANCE MANUAL 127
NORD—SO POWER SYSTEM

VOLTAGE TERMINAL GROUND TERM TOLERANCE

+5V 0,1,98,99 2,3,96,97 4.95 ~ 5.05 VOLT

~5V 58,59 56,57 —4.9 — *5.l VOLT

+12V * 90,91,92,93 96,97 8k nodules = 11.8 VOLT
(Standby) 32k modules = 12.0 VOLT

—12V * 94,95 96,97 Not Critical
(Standby)

+5V * 88,89 96,97 4.95~5.05 VOLT
(Standby)

* The STANDBY voltage is used by the MOS memory systems
(local, multiport, and Big multiport) to "refres "

the memory.

Note. Should also be present during normal operation.
Lasts for approximately 20 minutes after the
AC input drops.

Table 8.1: VOltage Locations and Tolerances

ND—30.010.02
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— Definitions

- Acronyms

— Abbreviations

Note. See Section 2.5 for a MNEMONIC List.
This list contains the Mnemonics and
their meanings associated with the
Nord—SO C—Rack.

ND~30.010.02
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GLOSSARY

Definitions

CCMPUTER TERMS AS USED IN THIS MANUAL

ASC code: ASCII code

assembly test programs: Test programs in Nord—SO assembly language

Block: (As in B—Block.) A group of information units handled as a
single group.

board: Circuit board.

board extender module: For extending modules

card: A module.

Central Processing Unit: (CPU) The part of the computer that controls
the interpretation and execution of the
processing instructions.

Console Terminal: Terminal connected to Nord—lO/S

debugging: The removing of a mistake, malfunction, or a fault; for
example, removing a mistake in a program, removing a
malfunction in a computer, or removing a fault in a power
line. disk: A revolving plate upon which data and programs
are stored.

dynamic segment: Swapable segment

ND—30.0l0.02
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GLOSSARY

EUHD Plug: Plug connection in power supply

"European" version of Nord~50= All Nord-SO except F16 Nerd—50's

fetch: Same as retrieve.

flip-flop: A circuit or device, usually containing active elements,
capable of assuming either one of two stable states.

"hard" error: Repeatable hardware error

high speed static memory: Memory made of flipkflops

latch: As in "to latch" or "the operands are latched in the
CPU . . 3%

memory, private: A memory in which only one CPU has access.

memory, shared: A memory where both the Nord—lO/S and, the DMA and the
Nord—SO have access.

Monitor, Nord~50z Program in Nord—lO/S, supervising Nord~50

multiport memory: Memory system with 4 access ports

port: (As in PORT D ADDRESS) Communication modules between source and

memory modules

ND—30.010.02
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RP common area: Area in memory where RT—programs can exchange data

shared memory: See memory, shared.

RINTRAN III Operating System:

static segment: Segments permanent in memory during execution

TMOMsmaswmflynwm fine)

X—Bank: Part of multiport memory

Y—Bank: Part of multiport memory

ND—30.010.02
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GLOSSARY
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AC

ALU

BD

pMPM

8P

RQ

CA

:PU

Appendix A
GLOSSARY

Acronyms

A register.

AAX instruction. See Section 5.2.1.

Alternating current.

Arithmetic Logic Unit

Address Ready.

Data Bus.

(As in "EWEM memory".)

A communication register. (As in <BP address>) (As in BP
area.) RP = Lower. BP register.

A Communication register. (As in <BQ address>) (As in BQ
area.) BQ = Upper. BO register.

Calculated memory address.

Central Processing Unit.

Carriage Return.

ND—30.0l0.02
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Y)l\7

DMA

DR

FMI

FDVD

FIO

Fifi]

ETRH)

HAR

I/O

IOX

Direct Current.

Divide.

Direct Memory Access.

Data Ready.

Engineering Change Order

(As in "EMI power".

Floating Divide.

Floating Divide Double Precision

Formated Input/Output. A routine.

Floating Multiply.

Floating Multiply Double Precision.

Hardware Test Programs

Input/Output.

Input/Output Execute°

IRleast Least Significant Bit of Instruction Register.

LBP

LEO

EL

Breakpoint Register.

Breakpoint Register.

Lower Limit.

ND—30.010.02
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MILL

MPY

NC

PD

PISO

DOS

Appendix A
GLOSSARY

Memory Address

Machine Assembly Code.

Memory Data

(As in ARITHMETIC MILL.) Instruction Processing.

Multiply.

Not Connected.

Norsk Data, A.S

(As in RESULT P.) Result from Arrack.

A communication register. (Program address ???)

Program Description.

(As in PISO REG.) Parallel input, serial output

Position

Random Access Memory.

(As in "RT common area".) Real—time.

A communication register. Start address.

A communication register.

Name of operating system.

Standby. (As in "Standby voltage STB".)

(As in "SUM—bus".) Result bus.

ND—30.010.02
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GLOSSARY

TA A communication register. The last memory reference
address” Last memory address.

TD A communication register. The last data to or from
memory.

UL Upper Limit.

V Volt.

VS (AS in SINTRAN III/VS“) Virtual .S’COIfagYe.o

ND—BO £10.02
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o\°

ADD/SIB

ADR

arith

AUX

ED

CA

cm

ext.

FIXD

Hz

instr.

Kg

Kw

Abbreviations

"That means."

Add/Subtract

Address (Also ADDR.)

arithmetic (Also ARITHM., ARIT)

auxiliary

BUS Data

Centigrade

Calculated Address

centimeter

extension

fixed

floating

Hertz

instruction (also INSTR.)

Kilogram

Kilowatt

ND~30.010.02
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MAX.

WEE/DIV

PHYS

SD

SWL

W

141

Memory Address

maximum

Memory Data Bus

Multiply/Divide

(As in "MAX 2 Mw if ADDR. EXT.") Megaword

Program Counter

(As in PHYS REG N—SO.) Physical

Reference

(Also reg.) Register.

Simulated Data Register

(As in SE10, SW9)

(As in SWLlO, SWL9,. . . SWLZ, SWL 1)

watt

(As in W15, W14, . . .W1, W0) LED Indicator

(As in WLS, WL4, . . . WLl, WLO) Operator panel light
number indicator

ND—30.010.02
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NORD—SO TEST SEQUENCE

I
1

Call me NORD-SO men-(or by qw-nq a
N~50 command on (no mnmnal

NOR0~50 manner
Prooevlv .n-(uud. . e

N-SO mommv READY N07<—————-—-————— —-——-————————> =v v I
Test N-SO memory Run “OVER memory In:
mm ml TEST-MEM program «n NORDIC/S I

command In th- (-‘or tesnnq :rurtd memorv

'nonlmr w-m SXNTRAN uo) I' + —- —- - “1
V5“ NO'... If mil menial-m mm:

V l
4......“— Slou SINTRAN-

Y Run N-SO TEST SYSTEM
I

Load TMEM
‘_ — —' '1

Mammy tut H sml oroolem: (hen.

Y
I Run “and non: muoroqrarm I
I maxing NORO‘SO memovy

Loaded OK? >40 I m ummu: OMA- Ivnmvzcu
YES

I

_J '
NO‘ l! mu oronlqms mm

C)“ NO
VES

L—__ » ‘___.__—._______.,
Y Y

Then run: Rm wnfiauon
.w Diagrams u:
”MST
"(REG . SECUND
I.:.S'I . TCOR—NGO
HAM-MEI
(“TEST
OF ”.51“

I

‘ ‘, r-~° -

ES
OK? NO‘

‘
YES

i

NO =CALL NO or CHA‘JGE FAILING MODULE iF NEW MODULE AVAILABLE
AND REPEAT THE TEST

ND~30.010.02
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Appendix C
DATA FORMAT SUMMARY

i

Range: m2,“H to 251—4

Floating Point Word —— Single Precision

+ 9-bit e»

ponsn't N
22 +1 . bit mentim M

Range: ‘10—‘76 to 1076 = 7 decimal digits.
Bit 31 is sign of mantissa. Bias is 4008.

O 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 only used in the arithmetic and is re-

moved in the result.

Floating Point Word - Double Precision
53 32 31 Q

+ ._ WORD, WOHDH.‘

63 62 513 53 0

+ g'm‘w' 54+1’blt‘— ponam N montlmM

Flange: 10—75 to 1075 = 16.3 decimal digits.
Bit 63 is sign of mantissa. Bias is 4008.

C 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 only used in the arithmetic and is re-
moved in the result.

ND—30.010.02
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Memory Reference instruction Word
313:: 27 25 2322 1817 1211 o

‘
‘

612/
l X 3 FC FRI D

l Goa

where
l - indirect addrassing flag
X —-« lndexregistsr—iofls
B -— Bass register—1 of‘ls
FC —- Function code -— l of 32 instructions
GR —- General register number
FR -— Single precision, floating register number

FDR —- Double precision, floating register number

0 - Disolawmemo g D < 4096

Memory Addressing
31 30 27 25 23 22 20 19 0

‘ a3 0 oI
Jl

lndiraa address word —- lAWi at level j.

Lox;-
(PL.1

_, Indirect addressing flag at level 1
index register for IAW.
Base register for IAW.
Displacement for 1i o < o < 1048576

I

Argument Instructions
31 no 29 213 23 22 18171615 0

[1
Arc; sa/on 0 L83 ARGUMENT 4

#1
when
AFC/ - Argument function and subfunczion coda —-

ASF direct logical/arithmetical operations, direct
test and direct skip

SR/DR —— Source register/Destination register

interoRegister instructions
31 so 2725 232219113 1211 65 o

0 mic as; a 3‘2; 322/0 sns
pro

when
RFC/ -— inter-register instruction and subfunction code

RSC shift, arithmatic. tat md skip, logical open
ations. miscellaneous operations

DR —- Destination register
DF — Destination floating register
DFD —- Destination double precision floating register

SRA — Sauna register A
SRAD — Double precision source register A
SRB - Source registar 8

ND—30.010.02
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DATA FORMAT SUMMARY

3130 2726 2322 1817 12,” 5.5 0

0:0 0 0 0:10 0 0 030 0 0 0 0 MONITOR CODE $530930!t
0 ‘10 0 0110 0 0 w§0 0 o 0 0 DR SEA EXT.REG.NO.§ mo

o§0<1101LER§smi00000 DB. SRA smmcomism

0 1'0 01101221311110 0 o 0 01 DFD SRAD smFTCOUNTisHD
030100111 01c1000001 DR SBA BITNO QBST,BCM
10:0101‘511003000001 DR SRA EBITNO EBCL
301011091100:00000!1 DR . SRA BITNO $1352
10101111110ol00000§ 1311 ‘5 SRA iBI’I‘NO 11330
i . a , i I FIX‘RIR
10100011000:00000= DR 1SRA/SRAD 00000011120.a
i0100150010100000i DF/DFD I SRA IOOOOOOiFLOJ‘LOD
1,0 10101 11.03000001 DR i SRA iSRB i130

:0 1011 l000001; : : {Nocused

‘0 1100110173000001 DR ‘? SRA isms *mo

‘0 11 010 01.11" ‘0 0 o o o: DF/DFD { SRA/SRAD 313:113/311513 4‘30
:0 1110,RL¥AF‘00000; DR 2 SRA isms $1115

0 1 1 1 l‘RL AF '0 0 0 o 0 DF/DFD 1 51017510113 {SdB/SdBD IRS
‘11 x

,
5 100001; R i D RTJ

‘I x B 100010i R 5 D i'zzxc
I X B 00011? R D firm

:I x. 13 300100; R 1 D .CRG
31 x B }00101' R i D ZCRL
I X i B 3’00110 R ' D ‘ICRE
I x '1 B 300111i a D ECRD
I x B 01000! R ' D Imp
I x 't B ‘01001' a ‘ D JEN
I x B 01010 R 1 D m2
I x B 01011 a 1 D JRF

ND~3O .010 .02
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DATA FORMAT SUMMARY

1229,22,: BB B: $33.22 :22: afizimwwvmw
E1 x E B E01100 R D 'JPM

E1 x; B E01101E R D JNM

E1 x B E01110E B D JZM

it x E B E0 11 1 1E R I D JEM

E1 x EB E10000E R E D ADD

1 X EB E10001E R E D SUB

1 x B E10010E R E D AND

1 x: B E10011E R E D mm

,1 x B ~10100E R E D ADM

E1 X B 5.10 1 0 1E R E D Notused

1 X B .10110E R D m

1 x B 10111E R E D #Es'm

1 x B 11000E. R E D MPY

1 x B £11001E a E D DIV

1 x B 1110105; FD E. D L131)

1 x B f11o11E FD E D STD

1 r B 31 1 1 0 0E F/FD E D FAD/FADE

1 X E B E1 1 1 0 1E F/FD E D FSB/FSBD
1 x E E1 1 1 1 0E F/FD E D FBHVFMUD

1 x B E1 1 1 1 1 F/FD E D FDV/FDVD

1. X1 BS E000E Maddi-
. E E

E
‘ ‘

word

1:00 DR foooooELFi pm

101: DR E0 0 0 0 OEAFE DAR
i: 1

1 ElECIEE DR E0 0 0 0 OEBLE EDSK

ND—30.010.02
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NORD—SO STATUS REGISTER FORMAT

Status Register Meaning
Bit Number

0 Program STOP

1 Address Violation

2 Instruction hang—up

3 Overflow

4 Underflow

5 Memory Request Only valid when
————— running in

6 Memory WRITE/READ simulated
memory node

7 Parity Error (used by the
TEST SYSTEM).

8 Memory hang—up

ND—30.010.02
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The NORD~50 Assembler is documented in a separate manual (ND-60.07501).

The NORD-SO Reference Manual (ND-05.011301) may 3150 be hebful when

writing assembrv programs.

The same format is used in the assembler in the Nord—SO—MONITOR.

A summaw of a1) instmcu'oms, with the relevant operands (or each of them

(ollows.

Summary of/nsrrucnons

Memow Reference Instructions:

Mnemcnic:

RTJ
EXC
M)N
CRG
CRL
CRE
CRD
JRP
JRN
JRZ
JRF
JPM
JNM
JZM
JFM
ADD
SUB
AND
LDR
ADM
XMR
STR
MPY
DIV
LDD
FTD
FAD
FADD
F53
F580
FMU
FMUD
FDV
FDVD

ID

3”
E"

><_><><><
PE“

Upopopoo mmmpwcnmm

xxxxxx

mmmwmwmwtntnpu.

UUOPPPPUP
xxxxx

mmmeww????9

><><x_><><><

Pa?”

ooooppoop

mmmm

CD

mmmmgnzngapgu
5"

00530

_ F“

.

xxxxxx

mmmtnmmmm ><><><_><><><><opopmympmm;

Action:
I

Return iumo
Remote execute
Memory increment
Skipif (R) > (E3)
Skip’d (R)< (Ea)
SkioiflR) = (Ea)
Skip ‘rf (R) #- (Ea)
Jumo if (R) )0
Jump if (R) <0
Jumpif (R) =- 0
Jump if (R) #0
Modifv(R)andiumpif(R) >0
Modifymmndiumoit (R)<O
Modify(R)andiumpif (R) = 0
Modify(R) and iump'rf (R) 9‘0
Add (E3) to (R)
Subtract(Ea) from (R)
Logical AND between (Ea) and (R)

Load (R) with (E3)
Add (R) to (En)
Exchange (E8) and (R)
Stote(R) 1n (Ea)
Mu)tip1y(R)bv(Ea)
Divide (R) bv(Ea)
Load(FD)with(Ea, Ea + 1)
Stom(FD)in(Ea. En + 1)
Add (Ea) to(F)
Add(Ea. Ea + 1)to(FD)
Subtract (Ea) from (F)
SubmcflEa, En + ”from (FD)
Multiply (F) by (En)
Multiply (FD)bv(Ea. Ea + 1)
DividMF) by(Ea)
Divido(FD)by(Ea. Ea + 1)
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N regtster
t!

N

If

R
D
B
X
l “:2 Sndirecta

displacmm
base ragismr
$ndex register

ddressing

Appendix E
NORD — 50 INSTRUCTIONS

Memory Reference Instructions Format:

INSTR REG NR DISPLACEWEWT B X I

ASSEWBLER:

MONITOR

NORD—SO address calculation:

10 0—4 K

8 0~4 K

Ca = (X) + (B) + D

Calculated = Content of + Content of
address reg. 0-15 reg. OwlS

X—field B—field

y’nmr Register Operauon:

Shift Instructions:

Mnemonéc: Action:

SLR DR, SR, SC Leftrotau‘onalshift
SRR DR, SR, SC Right rotational shift
SLA DR, SR, SC Lott arithmetical shift
SRA DH, SR, SC Right atithmatical shift
SLL DR, SR, SC Left logical shift
SRL DR, SR. SC Rightiogicalahift
SLRD DR, SR, SC Left rotational double register shift
SRRD DR, SR, SC Right rotations! double register shift
SLAD DR, SR, SC Left arithmetical double register shift
SRAD DR, SR. SC Right aflthmn‘cal double register
SLLD DR, SR, SC Lott Iogicad double register shift
SRLD DR, SR. SC Rightiogicaldoubla regismsh‘rft

DR = destination registaf
SR == source register
SC = sh‘rft count

O< SC < 3110:31a regime: opemtiom
0 < SC 4 63 fat double mgistoropemtiom

ND—30.010.02
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Miscellaneous Operations:

Mnemonic:

BST
BCM
BCL
852
850
FIX
FIR
FlXD
FlRD

FLO
FLOD
RIN
ROUT

DR,SR,BN
DR,SR.8N
DR,SR,BN
DR,SR;8N
DR,SR,BN
DR,SR
DR.SR
DR,SR
DR,SR

DR, SR
DR, SR
DR,, ER
.SR, ER

EN = bit number
0 < 8N <31

ER = external register
2 —— OR (overflow register!
3 —— RR (remainder registerl

Arithmetic Operations:

Mnemonic:

RAD
RSB
RMU
RDV
RAF
RSF
RMF
RDF
RAFD
RSFD
RMFD
RDFD
RAS
RAA
RASA
RSS
RSA
RSSA

DR.SRA,SRB
DR,SHA,SRB
DR,SRA,SRB
DR,SRA.SRB
DR.SRA,SRB
DR,SRA.SRB
DR.SRA.SRB
DR,SRA,SRB
DR.SRA,SRB
DR,SRA,SRB
DR,SRA,SRB
DR,SRA,SRB
DR,SRA,SRB
DR,SRA.SR8
DR,SRA.SRB
DR,SRA,SRB
DR,SRA,SRB
DR,SRA.SR8

SRA - sourceregieterA
SRB a source register B

Action:

Bit set
Bit complement
Bit clear
Bit skip on zero
Bit skin in one
Convert floating to integer
Convert floating to rounded integer
Convert double precision floating to integer
Convert double precision floating to rounded
integer
Convert integer to floating
Convert integer to double prec'eion floating
Register inout
Register output

Acnon:

Register add
Register subtract
Register multiply
Register divide
Floating register add
Floating reg’mer subtract
Floating register multiply
Floating register div-do
Double precision floating register add

Double precision floating register subtract

Double precision floating register multiply

Double precision floating register divide

Register add set carry
Register add add carry
Register add add and set carry
Register subtract 3m carry

Register subtract add carry

Register subtract add and set carry

ND—30.010.02
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Tw and Skip:

Mnemonm:

SGR DR,SRA,SRB
ASG DR,SRA,SRB
SLE DR.SRA,SRB
ASL DR,SRA,SRB
SEQ DR,SRA,SRB
ASE DR,SRA,SRB
SUE DR,SRA,SRB
ASU DR,SRA,SRB
SGF DR,SRA,SRB

ASGF DR,SRA,SRB
SLF DR,SRA.SRB

ASLF DR,SRA,SRB
SEF DR.SRA,SRB

ASEF DR,SRA,SRB
SUF DR,SRA,SRB

ASUF DR.SRA,SRB
SGD DR,SRA.SRB

AGFD DR,SRA.SRB
SLD DR,SRA,SRB

ALFD DR,SRA.SRB
SED DR,SRA,SRB

AEFD DR,SRA,SRB
SUD DR,SRA,SRB

AUFD DR,SRA,SRB

Logical Operations:

Mnomonic:

RND DR, SRA, SRB
RNDA DR, SRA. SRB
RNDB DR. SRA, SRB
RXO DR, SRA, SRB
RXOA DR, SRA, SR8

RXOB DR, SRA, SR8

ROR DR, SRA, SRB
RORA DR, SRA, SR8
RORB DR, SRA, SR8
SZR DR, SRA, SR8
RNAB DR, SRA, SR8

ROAB DR. SRA, SR8

RXAB DR, SRA, SRB

Appendix E
NORD — 50 INSTRUCTIONS

Action:

Subtract registers and skip if result 9 0
Add registers and skip ii rasurt > 0
Subtract registers and skip it result < 0
Add registers and skip if result < 0
Subtract registers and skip if result = 0
Add registers and skip it result a 0
Subtract registers and skip if result 1* 0
Add registers and skip if result it 0
Subtract floating registers and skip ii result >
0
Add floating registers and skip if result it 0
Subtract floating registers and skip if result
< 0
Add floating registers and skip i‘l result < O
Subtract floating registers and skip it rmlt =
0
Add floating registers and skip if result a 0
Subtract floating registrars and skip if result rt
0
Add floating registers and skip 'rf rault #- 0
Subtract double precision and skip it result >
0
Add double precision and skip 'rf result a 0
Subtract double precision and skip ii result
< 0
Add double precision and skip if result < 0
Subtract double precision and skip if result =
0
Add double precision and skip it result = 0
Subtract double precision and skip it result #-
0
Add double precision and skip if result at 0

Action:

Register AND
Register AND, use complement of lSRAl
Register AND, use complsmant of (SR8)
Rogistar exclusive OR
Register exclusiva OR, use complement of
(SRA)
Register exclusive OR, use complement or
lSRBl
RegistarOR
Register OR, use complement of (SRA)
Ragiatsr OR, use complement of (SR8)
Small zeros
Register AND, use complement of SRA and
SR8
Register DR, use complement of ERA and
SR8
Rog‘ntor exclusive OR, use complament of
SRA and SR8

ND-30.010.02
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Argument Instructions:

Mnemonic:

XORA
ANDA
ORA
SETA
SEGA
ADDA
ADCA
DDP
DON
DDZ
DDF
USP
DSN
DSZ
DSF

DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR, ARG
DR. ARG
DR, ARG
DR, ARG

ARG = argument

Action:

Exclusive OR
AND
OH
Set regime!
Set register to complement
Add
Add complement
Skip if (DR) > ARG
Skip if (DR) <ARG
Skip if (OR) = ARG
Skip if (DR) 1'! ARG
Skip if (DR) > —ARG
Skip if (DR) < ~ARG
Skip if (DH) = «ARG
Skip if (DH) 3‘ ~ARG

ND-30 .010.02
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160 Appendix F
ASSEMBLY LISTING FOR INSTRUCTION CHECK PROGRAM (TINST HAR 1840)

HALN START -,,,,,

eouoeaeuwx ACC {Cu 1
2380929602 uORK tau 2
2920:33363 RES EGU 5
9053039094 LINK £09 2

:avan 25252525253 HIPOS GCN “'12525252325
“0701 12525252525 P05 GCN '12525252525
$4742 25252525252 NEG GCN ’25252525252
lava] aneeaaaonae ZRO GEN a
32624 37777777777 ONES GCN wt
39995 aaaaaaaouo: ONE GCN g
zaua5 acaoaaeuaaa STORE GEN fl
3%067 37777777774 INCR GEN .4
22913 avaezauezl7 7 GB :9 a: :3 3217 REHOT RTJ a.Extc»2
aen11 aneoxaacaea CORTJ SEN 'Luebaee

FORM 16:&6
aaaxz 86238177777 3980177777 HALF} FDA? 8"!77777
32513 37777662900 aDBBQBBBBB HALFZ FOAT '177777,a

33614 2d627313822 6 36 d9 27 01 2622 ERROR STR ACE.DUHP
732:5 30327323223 a 0U 36 27 32 3623 379 n0RK;DUMP~;
?anx5 auaz7330824 a 30 as 27 63 @624 STR RES.0UHF*2
22517 20227346025 6 20 39 27 34 3225 STR LINK'DUHP03.
zaazg 3b6272i8626 a nu a0 27 2; 8626 SYR ACCn‘ZBvQUHP*4 \”
2202: 22806292006 2 26 8 DB 2% 068260 STD? a
agazz aaeuzaeeeaa Dunn cc» 9
PeaZJ anaeaaueaaa GEN 8
aaa24 anaeaoaeeea GEN a
7:325 anacceaevae GCN 3
Zbazn auaaaaaeaee GCN a

33927 aa961330931 a BB 36 01 ad 8831 START RYJ 39062
Euwla aaaoaaaaaca 3 36 39 05 36 663368 STOP 3
avi 36081329352 3 63 09 31 32 3932 CHRTJ RTJ WORKI°¢1
2&732 20886021226 3 63 ufi 06 62 1226 CHE HORK7¥CHH1J°X
13733 32600690669 3 on 38 03 an 088860 STQP a
33534 au023312003 9 an 83 23 at 3323 LDR ACC¢ZPO
aunss 22232316637 2 an au L2 vi 8337 JRZ ACC;'°2
22956 av961342014 6 EU 30 U! 64‘ 3214

'
RTJ LINKvERROR JRZ Na JUN? Agc$a

30n37 au619339241 a 32 36 £3 3 364! JRP ACC:'°2
7an4a 22891846634 3 02 JD 31 C4 6614 RTJ LINK;ERROR JRD NO Jump Accae
aunnx aaaxlaiveds a a2 g6 13 3 and: JRF ACC99*&
aeaaz adaexaavaAA 0 06 no 1 d0 aaa4 RTJ Bp~¢2
BBaAJ ad801346614 3 ea 80 61 DA 3914 RTJ LINKvERROR JRF JUHP ACEBB
99344 avetzazaeae a 30 00 11 01 3946 JRN ACC.¢°2
2aa45 aaauxaaeaa7 a 66 6% 61 a3 3647 RTJ a.w«2
cegae ada81346314 a CD a D: 34 8014 RTJ LINKaERROR JRN JUMP Acc-a
aoua7 auaa7axaaas a ca 30 C a: awe: CRD ACCaONE
Zerfiq 32661348014 6 6% an 01 ad 8914 RTJ kINKaERROR CRO N0 SKIP ACC<>(£,
avaaz 38866613665 a BB 63 66 a: 3985 CRE ACCoONE *"

aansz ZdUBXJBBQSA S 60 ab 01 20 3654 RTJ fll°¢2
26753 aueaxeteaxA a an 60 01 04 6614 RTJ LlNKIERRDR CRE SKIP Accivtfifl3
68954 ZdGCEBIDGDS 6 30 33 05 01 3085 CRL. ACC¢ONE
aaasa 28901346014 0 ea 39 61 fl4 8014 RYJ LlNKoERROR CRL no 8K1? ACC‘ééAB
avnfib 86304615304 0 60 ad 04 81 6384 CR3 ACC'ONEB
88857 aueoxaneaxa fl ca 39 31 a4 6614 RTJ LINKvERRUR CR6 N0 SKIP Acc>(EA)
60569 36323a£6961 a an 66 23 61 6331 LDR ACC'POS
39961 eaaxaetaeos a as 36 la 21 3963 JR? ACC.~62
35gb: aaagggdaax& @ 20 ea 01 BA 3814 RTJ L1NK7ERR09 JRP NO-JUHQ ACC>9
@8n63 92612316865 a an 39 L2 at 3865 JRZ Act...g
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auwo4
waaéfi
acacé
J3M7
86373
90571
3297?
36073
2Ja74
2Ba75
@3075
99977
33199
36'61
931a?
38123
28184
86225
20136
a9167
dB1lD
33111
89112
39113
23114
¢v115
28:15
39117
88129
3B121
33122
28123
88124
38125
30126
28127
60136
66131
28132
38233
:fitll
89135
20136
38137
aczde
au141
3&142
00143
23:44
36145
66146
60147
3%15G
£8151
a6152
39153
38:54
39155
aegss
@9157
6016“
39161
ae162
28163
29164
36165
20166
33167
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adaalidadéd
aaaaxaduaxn
2u61331c073
eaautadeaxd
auextazae72
aueczoaee73
aaae1540314
aueeoaxaeox
auauxaéazxd
euaadateaex
90391343914
aaeQSaxaaas
euzaxaaoxcz
avan1348314
au32381d362
9v91131d135
aceczaéaaia
aaexlaxaiu7
auao1a43314
26612613111
3n861262112
aaaaxadeaxn
36212219114
36961098115
anaaaadeeza
aoaefiaiaevd
anae1340314
94907319332
aaectaeaxzz
$6001348014
aaaadazuaafi
aaaalencxzs
aaa21348914
32623310394
aaaz7213386
oaaoeaxeeao
64601349814
auazsazauox
3&327316996
dueobazwaaa
86661348214
36823319332
6&927313366
aaeaaaxoaea
3&902340314
60323312663
3562731a096
33966619926
66201348014
aw823316625
BuzZBOlbOBd
aaaxzaiux51
9:681040014
33623618001
96321618831
36912319155
34901349614
89623613061
aeazzaxaael
aueeaeteeai
6U891840614
GUGZSBIaEZZ
aaazzaieeat
Gu21231d165
aa8b1846U14
9&623312605
aaa23320963
Bd624019994

(SickfilmoSDSQQNB'Z’SC2SEJONUNS133998801103TJNQ83’963680‘JOO

DQIPZSO

30$QOOQU®$30C§GQGOID$

CS
36
29 ’
20
63
90
no
60
30
GB
49 '
66
SD
99
33
90
06
62
33
9%
66
30
80
EU
CU
6C
23
66

nu
38.
U

33
CH
39
a
L'
60
ES
60
09
38
Nf‘nu
8G
69
30
28
20
00
83
SB
36
GB ‘
SO
29
35‘
EB
30
06
BB
32
08
80
CO
30
89
60
69
63
BS

01
01
13
31

b

81
UL
36
J3
94
01
D5
01
US
5

12
01
13
n

18
U1
31
12
61
UL
05

1

B7
03
31
34
bl
U!
23
27
U6
91
23
27
36
01
23
27
96
31
23
27
36

- n
U

23
20
12
01
23
21

QA
31
23
22
66
Hi

22

at
23
23
24

66
94
61
ad

a!
aa
a4
a1
04
c1
94
91
JD
94
3
31
04
31
34
a:
30
34
a:
68
ad
31
a4
a:
v8
a4

aA
89
84
a
di
81
36

J1
61
31
36
31
1
U
:1u
04
at
81
61
34
31
61
61
a4
61
d1
61
34
31
31
31
at
31
El
31
ad
31
d2
31

3966
3914
a978
3814
2972
e673
6614
6061
3314
369$
0914
3805
3122
6314
6382
3185
69:4
6137
3814
3111
3112
3614
6114
6115
2914
9864
6314
3332
3122
3314
6365
$125
2914
6864
3086
aaee
3814
0331
0626
6996
361‘
3662
3996
6386
a214
3963
8606
3386
3314
aces
3364
3151
8614
6931
@061
3135
8914
aaax
8881
6661
3614
6292
3801
3165
3214
3885
6963
$984

RTJ
RTJ
JRF
RTJ
JRN
RTJ
RTJ
CRE
RTJ
CR6
RTJ
CRL
RTJ
RTJ
LDR
JRN
RTJ
JRF
RTJ
JRP
RTJ
RTJ
JRZ
RTJ
RTJ
CRL
RTJ
can
RTJ
RTJ
CRG
RYJ
RTJ
LDR
STR
CRE
RTJ
LDR
,STR
CRE
RYJ
LDR
STa
caE
RTJ
LDR
STR
CR5
RTJ
LDR
ADD
JRL
RTJ
LDR
SUB
JRZ
RTJ
LDR
AND
CRE
RTJ
LDR
AND
JRZ
RTJ
LDR
LDR
LON

3,002
LINKoERROR
ACCI"2
L1NK;ERRGR
ACC...2
30.02

LINKoERRDR
ACCIPUS
LINKIERROR
ACCIPOS
LINK'ERROR
ACC'ONE
3"‘2
LIN‘OERROR
ACCINCG
ACC,¢¢2
LINK'ERROR
ACC:"2
LINKIERROR
AC:0'¢2
2.-¢2
LINKIERRDR
ACCI'*2
BQC‘Z
LINKOERROR
ACCvUNES
LINKIERRDR
ACC.NEG
a:-¢2
LINKIERROR
ACEoONE
a.t¢2
LINKIERRUR
ACCoONES
ACCISTORE
ACCaSTQRE
LINKIERRCR
ACCvPOS
ACCISTORE
ACCISTDRE
LINKoERROR
ACC'NEG
ACCvSTORE
ACCoSTORE
LINKIERROR
ACCIZRO
ACCoSTDRE
ACCoSTORE
LINKIERROR
ACCoONC
ACCIONES
AC54'*2
LINKICRRUR
ACCo?03
ACCoPUS
ACClR‘Z
LINKyERROR
ACCIPOS
ACCoPOS
ACCvPOS
LINKoERROR
ACCpNCG
ACC:P03
ACCI'.2
LINKIERROR
ACCIONE
NORKOZRO
ACCaONES

ND-30.010.02

JRZ

JRF

JRN

CR6

CR6

CRL

JRN

JRF

JRP

JRZ

CRL

CRO

CR6

STR

STE

BYR

STR

£00

SUB

AND

AND

JUMP ACC’E

N0 JUMP ACCDG

Jun? ACC>e

N0 SKIP ACCII£EA)

N0 SKlP ACCI(EA)

SKI? ACC>(EA)

N0 JUMP ACC<8

N0 JUHP ACC‘G

JUMP ACC‘U

JUMP ACCIQ

N0 3K1? AcC<<iAJ

SKIP ACC'(EA)

SKIP ACC‘KEAJ

ERROR

ERROR

ERROR

ERROR

ERROR 10('l)

ERROR POSaPOS

ERROR POS AND P03

ERROR P03 AND NEG
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701?fl
.“5(7!.

?2:?2
.1917]

2U17d
0&175
28375
bat77

3223“
”3291
?a?c2
“8283
db?fi4
32285
23236
36937
“BPIE
”QQ11
L821
30?l3
08214
aa?15
2u216
?a¢17
32229
80221
96222
24223
c3224
aBPZfi
?8226
88227
“6238
68231
88232
80233
?2?34
d8?35
36256
P€2J7
aazda
aaadt
53242
86?43
36264
aa245
#9246
28947

36?58
28251
33252
aazé:
?3254
39255
38256
66257
23268
3696!
aazoz
39263
30264
38265
68266
26267

38279
80271

ASSIBQKLY

aqaaéczséas
3d0€1648U14
aoa23utxczr
ao627azeaad
auealaxcaaz
au927aisad7
aa3236x1ase
36323023351
2692631wdu7
azalzatazns
auebxaduaid
aoaaéazaae7
adaala4uuia
aa®23811832
34327318367
aUGZJQICGBS
aoaasciaea7
anaemaaaZx:
30031340314
6d9§36ld697
aoflflxadaaxé
aaeazaeeaie
anacxadualé
angelataatz
auaaeaxazzz
30091848614
avazszzzaa4
av623813625
88615823225
ab001386227
aaac1adaAt4
3001531623;
auaezaaoaxd
fivfliéfllJl
ad60136u2J4
auanaa¢oa14
Bd623013U85
30823212865
aw615'2224a
an301346314
33216013242
86801696243
auuaxadoaza
au315812245
auaaxaaezno
aueexedoeia
aaexsaxazsa
aneoxBAGBXA
an82L311333
auezlziaaaa
30614613254
a6361346614
avataexezsc
aaaaxaauzs7
aneoxaéanta
auez7313261
30861346614
auazaaiaaas
avazszlades
au3t7ald265
aaaaxaeczoe
aaeex34a614
aaet7ax027a
66681048334

30923619661
1499801880!

SO?)QJ®CJN¢JD:)§3"J®C)33NQCJCJOCAV)C)T)§3CJSC’EAC)?“J§!3§OCJDCZ¢‘.CJ

$1061$

'SAOGBUBJQM'JSGJMK'D

N'IACJF‘JQC.‘"§PJ

(3

£5.)

111(3)

5;

C)

:6

86

69
36
an

39
83
80
6%
86
3%
66
EB
aa
83
89
3%
63
GS
89
I?u
38aa’
26
2a
6%
60
66
65
69
26 “
69

ea
L4

LISTING FOR INSTRUCTION CHECK PROGRAM

;2 35 32 8334
a“ Cl ‘4 3314
63 23 31 1027
32 27 a: 6364
JD 23 ul 3063
5a 27 81 6637
*9 23 a1 1330
aa 25 a? 1331
39 26 ul 3327
3% L2 31 3233
w? 82 ad 6914
Ba 95 32 aae?
61 u: 34 aaxa
g3 23 31 1332
QB 27 91 ans?
Us 23 a: aaus
39 93 a1 aaa?
39 3 ac 6213
38 G; 34 6614
9% a; di 3887
36 6 34 6314
96 92 06 aaxa
Q8 9: DA 9914
86 23 31 3011

L 62 31 3222
3% b$ ad 3914
SW 23 2k 3334
09 23 31 3365
ad 15 61 3226
58 UL $3 8227
6% 3L 34 2814
as L5 31 a231
JG 3: 04 6914
3% L5 a1 3233
33 a; as 3234
a” 3; ad aaxd
afi 23 a: 2685
36 23 21 3985
3’ :5 31 3240

9 9L 84 3914
an 15 31 6242
38 at an 3243
aa 31 04 3014
33 15 d 3245
a? a; 39 2246
5% @X 04 3014
ad $¢ 61 6250
86 01 34 3914
da 2; 31 1a33
3Q 23 21 3664
30 £4 a: 9254
39 us 34 3314
30 $4 61 3256
a? a; 30 0257
dfi 31 34 3914
33 L7 3; 326k
30 01 d4 3814
3a 26 31 3365
36 23 21 3635
36 1 3! 8265
3% UK 09 3256
3a El 64 2314
aa 17 31 327%
39 at 84 6614

3% 2 61 Beat
38 83 31 ea 31

cRE
RTJ
LDR
STR
LCR
STR
LDR
L5H
XHR
JRZ
RTJ
CRE
RTJ
Lon
STR
LDR
MIN
RTJ
RTJ
MIN
RTJ
EX:
RTJ
LDR
EXC
RTJ
LDR
LDR
JNn
RTJ
RTJ
JNH
RTJ
JZH
RTJ
RTJ
ADD
LDR

EXEC

RTJ
JZH
RTJ

JNH
RTJ
RTJ
JP!
RYJ
sua
LDR
Jpn
RTJ
JP!
RTJ
RTJ
JF'
RTJ
ADD
LDR
JFH
RTJ
RYJ
JF“
RTJ

LDR
RAD
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IORKIONES
LINKrERRQR
‘C:o‘°l
ACCoQNES
ACCIZRO
ACCaINCR
ACCI"X
HORK'IVS

ACC;INCR
AC500‘2
LINKIERROR
IORK,INCR
LINKIERROR
ACC9lu4
ACCIINCR
ACCvONE
ACCIINCR
3.0-2
LINKIERROR
ACoNCR
LINKtERROR
apHEHUT
LINKIERRUR
ACCvCDRTJ
li"2¢ACC
LINKIERROR
ACCO'ZEoONES
LCEOQNE
ACCI"2
3.002
LINKIERRGR
ACCI'iZ
LINKIERRDR
AC599‘2
a,oo2
LINKaERROR
ACCIGNE
ACCO‘ZBoONE
ACCI“2
LINKIERROR
ACC!"2
3,I02
LINKIERRQR
ACCI"2
a:"2
LINKiiRRUR
ACCIO¢2
LINKOERRUR'
ACC;‘2
ACC¢'23:0N£S
ACCI'°2
LINKIERPUR
ACC:"2
31°‘2
LINKIERROR
lCEa'02
LXNKlERROR
ACCoONE
ACC‘IZEIONE
ACCI“2
”'092
LINKIERRCR
ACC¢002
LINKIERROR

ACCIPUS
ACCIQOACC

Appendix F
(TINST HAR 1840)

AD" ERROR 1o{~g)

la ERRGR at; FAILED

XHR

MIN

JN"

JNH

J2"

JZM

JZH

JNH

JPu

JP"

JPN

JFN

JF-

ERROR (EA) fALLiD

saxpveo (EA)|-2
N0 SKIP (E‘J'B

JJMP ACC'B

N0 JUMP ACC<G

JJNP ACC‘B

NO JUMP ACCIW

JUMP Acc>v

JUMP ACC>6

N0 Jun? ACC>6

NO JUMP ACCIG

JUHP ACC‘d

N0 JUMP ACC‘Q

JUMP ACCIQ

N0 JUHP ACC>6



72272
583‘}
85974
00775
28275
411277
5632?
38381
33382
38303
66304
20365
22336
29367
33312
an3x1
?3322
32313
63314
9U315
02315
ausx7
22329
82321
39322
80323
86324
36325
72326
23327
3:330
7633\
22312
36333
98334
92335
?2136
B9337
(236?
3614!
38342
32343
P3344
69345
73346
32347
3d359
38351
{U352
22353
88354
66355
32356
78357
36362
3616!
32362
88363
28354
98365
22356
38357
€637fl
P9371
d0372
36373
38374
20375

Appendix F
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84826632321
aaaaxa4aaxa
aaczsax¢eu2
xaeneclaxsx
24212226300
Gaflaifi‘uixa
66223312261
1oedaaewxa:
Zuefiliévfild
aeezsuzcao‘
16646362362
29961646014
10946300691
eoaexaaosti
ausexadaax4
10623030382
aazzzaduexa
aaazsaxuuos
l06022921d2
auauxaaeaXA
xoaoaaaazaw
3460138012:
3n621340014
10248622822
24201502324
anaexadaaxa
1524932923:
aaeuxadeexa
£324069UX4X
aaaaxaeessz
avaszadaaza
xozzaaaaxaz
34321300334
aaaaxcacat4
:azeaaaaaa:
36321222337
Pdaala4v014
15202636230
nueoxaaeeza
30823618822
15440329101
auaaxaaeeta
10440332361
aaeexaeus47
20601344614
15446696102
aaaaxsaassz
anecxaéaaxa
auazsaxauax
auazzazaeza
15406633122
auafllddaeia
1540934213”
auea1aaasag
an6U3346814
oeaewazae
annexaaa364
36681346314
1&646330202
aueaxaaesa7
aaaexateatd
:ooaaaaazaa
30601646614
15646862108
evaeiadeax4
ioeaeaeeiaz
62691222376
86201342314

"JUC’éJuFJNutADR‘JVS

BUQNQOvtlacJ’S’JODOK‘ILO

QQOQ§.V~C)QJNQFQOCJQNQNNE)QVSOYUCJDNNflIOFJOI‘JOJCCJ

BC

39

30

81
ad
41
31
30
34
0X
90

92
36
at
as
93
ad

34
at
aa
34
an
an
34
ea
39
34
DU
34
as
32
34
aa
36
34
a9
66
a:
82
a4
a
II

69
a4
60
Ba
d4
H6
30
24
31
42
68
d4
60
38
34
38
38
24
30
86
d4
39
BA
38
34
08
36
64

369:
43x4
0802

81 a:
3386
30:4
3981

91 a:
6814
6064

an 32
6014

39 81
6311
96:4

a: a2
2214
3995

a: 22
36x4

62 an
332$
9314

Be a:
3324
$814

ea as
68:4

61 31
3331
3914

a: a2
03:4
3314

ea 33
3337
3814

32 32
3314
2282

a: 61
3314

30 a:
3347
6214

at an
6352
3214
one;
0268

91 32
6214

01 as
3361
3014

oz as
2354
9914

62 32
2367
3814

32 as
2614

61 an
3614

a: 32
637a
0984

CRE
RTJ
gDR
R36
JRZ
RYJ
LDR
SGR
RTJ
LDR
38R
RTJ
SGR
RTJ
RTJ
A35
RTJ
LDR
A36
RTJ
ASS
RTJ
RTJ
SLE
RTJ
RTJ
SLE
RTJ
SLE
RTJ
RTJ
ASL
RYJ
RTJ
Aak
RTJ
RTJ
ASL
RTJ
LOR
SE:
RTJ
SE9
RTJ
RTJ
sin
RTJ
RTJ
LDR
LDa
ASE
RTJ
A32
RTJ
RTJ
ASE
RTJ
RTJ
SUE
RTJ
RTJ
SUE
RTJ
SUE
RYJ
ASU
RYJ
RTJ

ACCIPOS
LINKOERRQR
ACCINEG
ACCrACCaACC
5".2
LINK'ERROR
ACCIPOS
aIACCIACC
LINKIERROR
bDRKIONES
B'agHORK
LINKOERRUR
WraoACC
3,002
LINKQERRUR
H'ACCIHGRK
LXNK'ERRUR
ACCIUNE
B.ACCQNORK
LINKIERRQR
3.NORK,G
31.02
LINK(ERROQ
6.3.w0RK
3'0‘2
LINKOERRCE
B'IORK,3
LINKIERROR
3oACCvACC
30":
LIN‘cERROR
aaACCINQRK
3".2
LINKIERRQR
2.6.ACC
3,002
LINKOERROR
a'uGRK.3
LXNK¢ERROR
ACCINEG
39ACCoACC
LINKIERROR
3.6.Acc
300.2
LINKIERROa
B'ACCoa
2"‘2

LINKIEHRCR
ACCaPOS
N0RK:“IPUS
3.ACC:AORK
LI"KIERROR
3pACCIJ
31“:

LINKIERROR
BoNORK'a
300.2
LINKoCRRUR
UoRORKluoRK
$00.2
LINKoERROR
BIHORK,9
LINKJERRUR
39ACCIE
LINK'ERROR
fialCClRK
900.2
LINKIERROR

ND-30.010.02

RAD

R38

362

858

SGR

A86

A35

A56

SLE

3L5

ASL

ASL

ASL

3&2

3E0

Sta

ASE

ASE

ASE

SUE

SUE

SUE

ASU

163
CHIEIIK PRGSRAM (TINST EAR 1840)

ERROR 903¢a<>oos

ERROR NEG-NEG<>9

NO SKIP RESULT'fl

N0 BKIP RtSULT>6

SKIP kESULT<B

N0 SKIP RESULI’G

NO SKIP RESULT'd

SKIP RESULT<9

SKIP RESULI)B

NO SKIP qESULT‘d

SKIP RESULTIG

SKIP RESULTIQ

SKIP RESULT>6

NO SKIP iiSULT‘d

NO SKIP RESULT'U

SKIP RESULT>B

SKIP REBULT<8

N0 SKIP RESULT-U

SKIP RESULT>9

SKIP RESULT‘E

SKIP RESULT-0

N0 SKIP RESULT‘O

N0 SKIP RESULT>H

SKIP RESULTIG



164

Y6376
33377

vdddfl
36A61
26462
66463
66434
66465
36466
d6467
26416
36411
36412
66413
66412
36515
66416
66417
2642a
66621
$6422
96423
63324
36225
26426
26427
36430
66431
86432
66433
26434
36435
26436
a0437
26446
29141
(2,0442
26443
66444
26445
36446
66:47
26456
P6451
66452
66453
46454
66455
26456
66457
66466
66461
66602
66363
62404
66665
63466
33467
26476
69471
66472
66473
66474
26175
26476
66477
66566
66561

ASSEMBLY

10606366166
66661646614
15666363266
66661346614
60623616661
66323222662
12648232132
66666636663
66661343614
12446636162
266u6236662
66661646614
12246632132
66666636661
66661646614
12166636162
66666036664
66661646614
12166638161
66666636663
66661646614
12566636262
66666636664
66661346614
12366636132
66666636633
06661642614
12146636162
66666336664
666613d6614
12136636232
66666636662
66661646214
12546636261
66666636661
auaa1a46614
12340632221
26666636662
66661646614
12666616666
66606616663
66661646614
36623816661
26646266666
66666616661
66661666614
26623616662
26646525252
66666611634
66661640614
66623616661
26646652525
36666616661
60661616614
24646666666
66666616663
66661346614
24646266661
66666616664
66661646614
24646466662
66666616665
666616‘6614
24646666662
66666616664
66661646614
66623611635
36946666377

3)";190‘(I'JaUNEJQ‘IuflufiJwfl‘SCJSF)

NYDNFJQFJSQVF)

3C]Q(1€Jfl)

:J":

”(AGO-*0DP$5)"wN>‘QN”DP)NWOQ&*'CJOC)

:6
CD
ié
86
n,v
66
12
66
66
12
CE
66
12
66
66
12
66
66
12
66
66
12

n
U

66

66
EC
12
60
66
,a
$4.
60
66
Ib
66
66
b

36
66
12

n6»
66
36
66
29
66
a

66
4
y
1u

n
I)

60
66
a
D

61
66
60
61
66
66
B1
66
66
21
66
66
36
62

LISTING FOR INSTRUCTION CHECK PROGRAM

14 33
36 d1
14 36

36 23
an 23
g 63
a6 66
be 31
«1 66
36 66
g6 01
65 66
36 66
66 U1
u2 66

an 61
62 66
60 66
66 61

66 66
66 61
as 3
36 66
ac U1

d,B u
30 36
66 01
63 D
60 3

13 66
36 66
36 61
67 66
66 66
36 1
as 66
a 35
a 31
3 23
31 66
66 05

36 23
62 62
3H 3

a6 01
36 23
33 66
60 66
36 D1
6 66
66 66
36 61
a1 66
36 06
36 61
32 66
36 66
a6 61
33 66
a6 66
66 61
36 23
a6 66

Q4
66
34
U

32
63
63
an
63
63
64
63
a3
64
23
33
64
63
63
34
23
63
34
63
as
dd
63
63
34
63
63
34
63
63
.\
U

63
33
dd
61
61
64
21
61
01
34
61
31
61
a4
1.
I)
61
31

n
v
61
64
a1
a1
34
61
61
34
a1
61
64
a:
61

31 66
6614

62 66
0614
6661
6622

61 62
6663
6614

61 62
2662
6614

21 62
6661
661d

61 62
6664
6614

61 61
6663
661‘

62 62
6664
6614

21 a2
6663
3614

61 32
6664
6614

62 62
6662
661‘

62 21
6661
361A

62 61
6662
6614

as 66
3663
6614
6661

666666
6661
0214
6262

125252
1634
6614
6661

652525
6661
661‘

666666
6663
6614

666661
666‘
6614

666662
6665
2614

666662
6664
6614
1635

666377

133
RYJ
ASu
RTJ
L06
L02
RNO
CRE
RTJ
RNDA
CRE
RYJ
RN08
a
RTJ
RXO
CRE
RTJ
axe
cRE
RTJ
RXDA
cRE
RTJ
RXDB
CR2
RTJ
RDR
CR5
RTJ
RDR
CRE
RTJ
RORA
cRE
RTJ
Rona
cRE
RTJ
32R
CRE
RYJ
LDR
XORA
cRE
R13
LDR
ANOA
CRE
RTJ
LDR
ORA
CRE
RTJ
SETA
CRE
RTJ
SECA
CRE
RTJ
ADDA
CRE
RTJ
ADCA
CRE
RTJ
LOR
DOP

aplCCIB
LINK:£RROR
B,IORK,B
LINKuERRDR
ACCOFOS
NORK'NEF
RESrACC'IORK
RE$;ZRO
LINKIERROR
RES'ACCOICRK
RESpNEG
LINK15RRUR
RESyACtORK
RE51703
LINKIERRUR
RES'ACCcuORK
RESOONES
LINKaERNOR
RESIACCI‘CC
RESIZRU
LIN‘IERQUR
RES.u0RK.~ORK
RES.0NE8
LINKcERROR
RESoACCIHORK
RESOZRD
LINKIERRUR
RESvACCcIORK
RESIONES
LINK'ERROR
Ras.aoax.~onx
RESONEG
LZNflIERQUR
RES.~ORK.AGC
RESIPOS
LINKOERROR
RES:~0RK,ACC
RaNEE
LzNKOERflUR
ACC
ACCOZRO
LIN‘OERROR
ACCOPOS
ACCI”
ACCcPOS ,
LINK'ERRUR
ACC'NCG
ACCo'125252
ACCJ‘1125252
LINKIERROR
ACC'POS
ACCo'52525
ACCoPOS
LINKIERRUR
ACCIB
ACEvZRO
LINKIERRUR
LCCtl
ACCIONES
LINKoERRCR
ACCoZ
ACCcONE
LINK'ERROR
ACCoZ
ACCOONES
LINKIERRCR
ACCII‘J75
ACC9'377

ND-30.010.02

Appendix F
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ASU N0 SKlP RESULT<6

RND eRRuR 903 AND NEG<>6

RNOA ERROR NEG AND POS'<>NEG

RN03 ERROK 908 AND NEG!‘>PO$

Rxo ERROR P03 EXOR NEG<aONES

RXD ERROR 903 EXOR PO$<>ZRD

RXOA ERROR NEG' EXOR NEG‘30NE3

9X06 ERROR P05 EXOR NEG'<’ZRO

ROR ERROR PUS OR NEG <>0NLS

RUR ERROR NEG OR NEG ¢3NEG

RORA ERROR NEG' DR POS‘>PQS

6696 ERROR NiG OR POS‘<’~EG

SZR ERROR

XURA ERROR P03 EXOR 61’905

ANOA ERROR NEG AND ’125252

ORA ERROR PCS ORA ‘52:25<>PO3

8LTA ERROR ACC‘ba

SECA.ERROR ACC<>-1

A004 ERROR ACC"1

AOCA ERROR ACC‘>'1
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ru‘gg n.231202544 n ‘u g" u; 3: 3524 RTJ o,-~2
”3‘43 soa21340014 u Au on a: d4 3014 RT: LINKIERROR DOP SKIP ACC<ARG
gazac Aua4aazu375 1 a :0 ya a1 339376 309 ACCI'376
zdfies HcCOXJ‘Jflld 0 as )3 U1 84 @014 RTJ LINK'ERRDR 009 ND SKIP ACCIAHG
F2575 3u243J€d375 x C ;n c L: 333375 509 ACCO'375
“vsg7 vuaczc4eax4 e QJ cu 31 J4 3414 RTJ LINKyERROR on? NO 3K1? ACC>ARG
@2522 34843232377 1 32 J: U 3 322377 DON ACCI'377
r2511 3&3610‘0614 a an 30 0k 04 33:4 RTJ LINKIERRDR DON N0 SKIP ACC‘ARG
”35:2 302A0238375 1 32 a: G Di 633376 DON ACC.‘376
22513 86601336515 2 08 a0 01 BB 6515 RTJ B.O02
2a514 acacxadaaxa u a: 33 G: 34 6614 RTJ LINKyiRROR DON 3K? ACCIARG
UCFIF 36%4628u375 1 ”a 31 03 3 660375 DON AcC.!375
«3516 noaLXJGZSZQ C c. :0 U: 89 6529 RTJ 31-02
M85k7 auaexaaeeza a 60 a0 a: 04 3614 RTJ LINKoERROR DON sfiIP ACC>ARS
3&520 3&840403376 l 82 32 BO 81 036576 002 ACC.'376
7&521 aueoxadaeza 3 33 a6 l 64 EZIG RTJ LINK:ERRDR 002 N0 SKIP ACCBARG
F3522 lueaaaJ77 1 C 32 EU a: PBBJ77 DGZ ACC,'377
22523 anaczaeuszs 2 so an a: JD 3525 RTJ a.~~2
(c524 @KGULDAQOIA L as an U1 34 3314 RTJ LINKIERROR DDZ SKIP ACC<ARG
25525 suenaaaa375 1 £2 02 U3 31 368375 002 ACE.’375
roses 80%U160E530 C as an 0; an 6530 RTJ a,co2
ausz7 auGUIaAQflia 3 aa aa 31 an 9614 RTJ LINKrERRDR ooz SKIP ACC>ARG
99512 3o34353a375 x 32 a3 a6 31 663376 00F Acc.’376
08‘}: aoaexcuuSJE c as 39 3k 2% 8533 RTJ a.-oa
?vs§2 RbBC1b48314 3 ac as a: 34 aDX4 . RTJ LINKIERROR ouF SKIP ACC'ARG
38533 sua40633377 : 32 a: as 3 686377 ODF Acc,!377
66534 300 134:3:4 2 so as 3 o4 3914 RT; LINK'ERRUR DDF Nu 3K1? ACE<ARG
33535 30646630375 1 DZ u3 d9 as 869175 DDF ACC.'375
3:53 Baaulfl‘ualc a 66 30 '1 a4 3614 RTJ LINK,ERR0R car No SKIP ACE>ARG
58537 au82331;636 a DB 96 2 Di kalb LDR ACC.I°'1776
casdr Jaaaaaux776 1 03 an »a 31 301776 35? Acc.'177b
32541 auaflx0403£d a 3% 3% 31 94 3314 RTJ LINKIERROR DSP NO SKIP ACCn-ARS
£3542 3A3¢aaaz777 1 33 a C 3: a01777 DSP Acc,|1777
V6643 aoau1348634 3 ac a a: 34 6814 RTJ LINK.ERRQR 03? no SKIP ACC>¢ARG
Cdgad 3a04vszi775 1 33 an a: 31 361775 93? Acc.'1775
naR45 aa001J06547 a 9% an ax an 3547 RTJ u.-o2
36546 ¢oGBlG4waia 0 3E 80 a1 34 @314 RYJ LINK,ERROR 08F SKIP Acst-ARG
33547 3494623; 75 1 J3 a 96 at 681776 can ACE-'1776
2355‘ 30801330552 3 BC 3' a; 3% 3552 RYJ altt2
:ass: auaoxanuaza 3 aa an J; 34 5814 RTJ LINK.ERROR osn SKXP Acc-.ARG
43552 Baadazex777 ; :3 2: as ax 361777 98w AC57'1777
JGESJ auaaxancsss 8 GB 3% 61 an 555 RTJ a.--2
225:4 30681840314 5 :u :6 U1 ad 3914 RTJ LINK;ERROR DSN SKIP AC$>-ARG
Nasss 3°643221775 1 as 31 ea 21 891775 can ACC"1775
2:555 angeicdaaxd o 95 an 31 34 a614 RTJ LINKIERRUR can N0 SKIP ALc‘-.ag
#3957 34346431775 1 C 3 d3 31 631776 051 ACCa'1776
?356r 2o0u1340914 2 CC :0 3L 64 3014 RTJ LINK;ERROR 032 N0 3K2? ACCl-ARG
23561 34048401777 1 23 u2 GB at 961777 052 ACCo‘1777
23562 30661803564 3 an au u: JU 3564 RTJ a.-.2
2:563 auaazadaaIA a an an ax uA 33x4 RTJ LINKcERROR osz 3K1? ACC>¢ARG
awSod 34646d01775 t C 32 03 01 361775 082 ACCI’1775
#3565 aaeaxaad567 a as an 01 36 3567 RTJ alvtz
duséé aaeola48914 a an a“ 01 34 8214 RTJ LINKpERROR Dsz SKIP AC£‘-ARG
>vsc7 34640661776 1 93 as so 31 aax77e 03F ACC.'&776 4
33573 24301aa3572 a as 36 a: as 3572 RTJ a.v~2
3057{ aoe€2346314 a so J9 01 34 aax4 RTJ LINKvERROR 03F SKIP ACCI-ARG
63572 34v40601777 k 33 33 30 a: 861777 93F ACC4'1777
au‘73 aaaaiadau1a a no 30 31 a4 3824 RTJ LIpfiRROR 03! No SKIP ACC>¢;RG
au57d 34848661775 ‘ 33 d3 03 2 a31775 93F ACC.‘X775
93‘75 aveaxadaexA 0 as 3% u an 63X“ RTJ LXNKlfiflflofl DSF N0 SKIP ACCt-ARG

83575 auflZSBlBGGS E 33 20 23 31 3805 LDR ACC;0NE
23677 acecaaxa137 7 ab :4 03 a: 31 37 931. ACCaACC¢31
cabso ea601340814 a as ac UL at 8314 RTJ LINKIERROR 882 NO SKIP BXT'Q
9656! 30663313130 a 36 14 06 31 61 88 534 ACCI‘CCIB
fiaflwz auaazavuéaA a SC 30 Si 88 _ 3664 RTJ 810*2
auéeJ 8&301343914 a 09 36 8L #4 6914 RTJ LINKpERROR aaz SKIP BIT'I

ND—30.010.02
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?36ud a7écaazazaa a m/ z$ a; 2: at an 330 ACC,ACC:5
#2435 808313‘9014 a 25 33 a; $4 9614 RTJ LINKaERROR 850 NO SKIP szrus
«oavs 3768631~137 fi 27 ;4 03 a: a: 37 350 ACCIAC£:JI
78637 aaaalaseézx fl 30 3% 9; d2 H611 RTJ a.a.a
Pasta oouoxaéaaza a 50 a: 04 3314 RTJ LINKIERRDR 530 3&1? s-w
aesxi 30823611837 fi gfl 23 0x 1337 LDR Acc.s7
@3619 adboaaxaiax a 1% 03 a: 61 33 BST ACC;ACC43
£0613 fi066661134e Q JO 06 31 x349 CRE ACCaEtS
euA14 anacxaduelé g as a: $4 0814 RTJ LINKILRROR SST ERROR
“@615 39923311941 % gfi 2; 31 x94: Lon acc.a7
33636 aAéfissluzua a 1% as a; a1 60 SCH ACCeACC,a
é"9M7 99886911642 fl 3% 96 61 1942 CHE ACCyfie
HBAEO euauxadeaxé 2 8614 RTJ LINKIERROR OCH ERROR
V6521 anédeesszaw 9 at 60 SCH ACfioACa
”6622 ”080561L3A3 Q 1fi43 CRL ACCo37
eg523 gaggladaeld 3 9614 RTJ LINKoERQOQ SCH ERROR
23524 3932331104d a 2244 LDR ACC4$‘i7777
69625 fibéeflfiifillé a 91 14 BCL ACC.ACC¢LZ
fib525 Guzfléallaéfi ? * 1945 CRE ACE48’7777
@9627 auaexadaaza fi QO afi L aé 9614 RTJ LINK;£RROR BCL ERROR

3933a auez3a18901 @ 3661 LDR ACCaPUS
86§31 3246381815; E 31 31 SLR ACC.AC£¢1
$9632 auaoéaxaaaa a 8832 CR: Actymfig
28633 auaalddvfild D ~ 9914 RTJ LINKaERROR SLR ERROR
“8&34 aZADBOXOIJ7 S a: 37 SLR Acc.Accosx
23635 aueeéaxzaaz a 6881 SEE AC£5PO$ * ‘

aa6J6 eaeaiaaezxd ? > . 991A RTJ LINK'ERROR SLR ERROR *W

30637 aaazsaibazz a Q 39 23 BL 8612 LOR ACCIHAgFl
386‘s aaaoeazan fi 82 13 $5 31 a: 29 SLR ACC:ACC;16
89641 EOOOOQLOGXQ S 33 gfl 96 a; 3013 CRE Acc.nA;F2
Vaaaz aueuxadeex& 9 SE 0% %L BA aata RTJ LlNKaERROR SLR ERROR
38643 aMOEJBLUGOZ 6 5% 36 23 81 3662 LDR ACCINEG
a3544 32288818181 0 32 64 30 a; 81 31 SRR ACEeACCoL ,
36645 64966813661 9 fig ga 86 61 BOO! CR5 ACCIPQS
Qagdg 2&331366614 a fig aa a 64 6614 RTJ INKaERROR SRR ERROR
33547 azzaaeza137 a 32 3% Q al a: 37 sRR ACC.ACC.31
aansa aaaasaxaaaz 3 36 aa 36 a: aaaz cRE ACCcNEG
23651 3v60194331$ n 99 Q9 92 as 3614 RTJ LINKaERROR SRR ERROR
2655? aaazsaxaezs a 39 3Q 23 32 3013 LDR ACtALFZ
4d553 62286613129 3 52 C$ Q3 d1 31 2O SRR ACE.ACC.16
$9654 auOObalUOXZ w am 3Q 36 a; aaxz CRE ACC.HALF1
36655 OOBOXBAOQLA 3 mu 3% fig aa @014 RTJ LINK.ERROR ' SRR ERRoR
89656 36623816612 3 $9 $6 23 a: 38L2 LDR ACC.HALF:
60557 62563613129 8 22 g2 US a: 33 29 SL1 ACCIACC’lfi
3956a adadéaxaaiz a 36 39 36 a: 6313 CRE ACConALFZ
Avast 30301342314 a 98 33 a; 34 961d RTJ LINKoERROR SLA ERRDR
3660? 306236133L3 3 SO 96 35 i aax: LDR ACCaHALFZ
@9563 32308013129 2 a; “5 09 a as 29 SRA ACC:ACC;15
50664 aaaaéaleeaa a £5 39 Dé $1 aaa4 CRE ACCIQNES
”6665 auBBIEAOOXA 8 38 4% 0L 64 3814 RTJ LINKaERROR SRA ERROR
60666 auazzazaais @ ya a9 23 a; sax: LDR AccanALFZ
36607 02546613129 0 32 ;3 ad U1 81 20 SLL Acc,Acc.sd
33673 36836019663 % a3 56 06 31 3863 CRE ACCIZRO .
28571 adfifltcéafila 9 fig 3 UL 34 3614 RTJ LINKIERROR SLL ERROR
36872 38623619913 3 $9 3% 23 a; aux: LDR ACCpfiAgFZ ‘4
86573 OZSAOOXBXZO 9 3E a7 aa a: a: 20 aRL Ac£.Acc,Lé
38574 OOBOGOXBBLZ 3 66 39 9% 61 aaxa CRE ACC;HALF1
69575 88961346014 6 BO 55 OX 34 3014 RTJ LINKIERROR 38L ERROfl
86576 BVOJZOXOOO: O 8% 3O 32 61 2391 LDF AccOS
68677 abaaéc1vaaz Q 69 afi 36 El 8663 CRE ACC¢POS

‘

867GB auaaxsdeaLA O O 30 DL EA 631‘ RTJ LINKafiRROR L00 ERROR
au7al aweeézxeeaz z 8% 9% 86 21 aaaz a ACCD’ZBoNEG
38782 GBOOIO400iA O 66 EO BL 84 9914 RTJ LXNKoERROR LDO ERRoR
30733 3&932319933 3 6Q 96 32 a: aaas L0! Acc,zRo
83994 86896013363 9 5% a9 96 9; 9663 CRE ACC¢ZRO
86785 auaoiaécaga W 68 3% 61 AA 3814 RTJ LINKuERROR LDD ERROR
80796 6696621268& @ 6% 33 Q6 21 aaa4 ‘ cRE ACC¢|2$,0NES

ND—30 .010 .02



Appendix F 167
ASSEMBLY LISTING FOR INSTRUCTION CHECK PRQSRAM (TINST HAR 1840)

au22321u332
a0033310806
zaoaeaxcnas
anaexadaax4
doa96210637
avavladvflx4
auazsazcaaz
BuGZJZlOflflA
avasavxceca
au606016606
aaeaxodcaxd
aoamézanna7
84001342014
3d023021366
00835023347
eueotaae765
an6230£3304
aua27axa756
94123310200
06827316767
24xaa4auea1
au1236iaaoa
2u927axu772
24188480031
arxzzamzaae
au92701377x
24190466031
auxzsateaae
au02731d772
24133609333
aaxzzaxuqae
24xae¢aaaax
nuxsaaxaaaa

awe27als773
auauéaxu77:
Hv327380756
31888313632
fia62731€774
38825316772
80027333756
3u6033u0766
aaoaxadeox4
24133460693
fluafilbfl3727
noaaxaaxabg

. 37777777777

88600000000
38698608980
@UQUDDGfidJU
20609906990
HJDEBDEEBBG
aoaoaaaaaee

36069030801
30906363091
Hflfififlfifiafifll
60699300999

37777777777
auaaaaaanax
37777777777
37777777777

37777777777

QVCJVQO"ONW&$MSICDQ909U9L&030C)C)$OF)OTJ(l

Ufilw-SICJC.‘

6149(9630?)

fin

d3
“U
8w
HQ
00
3U
09
90
PU
CC
79
DU
“0
ca
60
39
89 ’
39
00
80
DU
01
60
EC
01
30
30
1v
at

66
EU
31
30
81
33

6%
39
36
a:
EU
EU
38
BB
30
31
30
80

dd
31
2x
61

04
21
34
ul
21
a1
a1
84
21
34
d2
\a
n
U

61
31
d1
31
62
81
fli
02
d1
81
32
6X
:1
02
31
32
31

31
31
38
21
31
31
60
83
34

.a2
BC
30

Data
3381
3062
3306
Bfieb
3814
3067
0814
3003
860‘
6036
6836
6314
8887
6314
1046
1047
@765

— @334
8766
3086
0767

396001
8308
@770

GOBOGX
3398
0771

388901
6389
B772

BBBBB}
3860

838981
3030

6773
3771
3766

38 32
B774
8772
3756
3766
3914

383305
6727

‘1353

LOOP!

MPFIN
ERRFL

DATA

EXP

RESUL

HUDAT

RTJ
LDR
LDK
STF
CRE
RTJ
CRE
RTJ
LOR
LOR
STF
CHE
RTJ
CRE
RTJ
LDK
CRL
RTJ
LDR
STR
LDR
STR
ADDA
LDR
STR
ADDA
LDR
STR
AOOA
LDR
37R
AOCA
LDR
ADOA
HPY

3T?
CRE
STR
RIO
STR
CRE
STR
KIN
RTJ
ADDA
QTJ
RTJ
GCN

GCN
GCN
GCV
GEN
GCN
ccw

GCN
GCN
GCN
GCN

GEN
GCN
GCN
GEN

GCM

LINKIERROP
ACCIPOS
ACC"23:NEG
ACCISTORE
ACCtSTORE
LINKciRROR
ACC*'2301NCR
LINKIERROR
ACCIZRO
ACC¢'2daUNES
ACCoSTORE
ACCISTORE
LINKIERROR
ACC‘IZQpINCR
LINKpERROR
NORKpBHUDAT
NORKplFINOA
QQHPFIN
ACCIONES
ACCOLRRFL
ACC'alIORK
ACCnDATA
HORKIX
ACC:3:NORK
ACCcDAThtl
NORKII
ACCInINORK
ACCoEXP
HORKIX
ACCnflaIORK
ACC,EXP‘1
WORKI3
ACCIdINORK
IORKai
ACC.3odORK

ACCIRESUL
ACCIEXP
BIERRFL
ACC03I2
ACCIRESUL'X
ACEIEXP'X
aqERRFL
BoERRFL
LINKIERQQR
IORKIJ

,icLDUPl
a.ozv10
*!

GGNGQO

u.—»-y

‘1
'1

'1

ND—30 .010 .02

L00 ERROQ

STD ERROR

STD ERROR

870 ERROR

510 ERROR

'ULTIPLY ERROR

TfiO NORDS
To BE NULTIPLKED
EXPECTED RtSULT LEAST SIG.
EXPECTED RESULT HOST SIG,
ACTUAL RhSULT LEAST 319'
ACTUAL RESULT 503? 313.



168

12336
”1707
r1313

«1

filly

1
‘1
l
o5331):; “UN"

1
1
in

€x~15
317:5
91717
81327

21721
?1"22
9:723
31724
31325
”1526
t1327
31236
Gin}:

35

DhlALa-l r‘SIV)

0.;

a
a
a
n
h

QVQUALAM

umwmuuurafiun‘gflxut‘nuu‘auunsmu \IOLflKXGN"

21761
61762
?1763
aiaed
91265
21766
”lad?
61977
31771
61872
71073
31574
”1275
31776
21:77
ai‘aa
V1161
$1182
”1333
81134
61‘35
91186

BUQUBUUJUdd
FdBCSBQGSUB
SGQJZCBQBdB

17777777777
:aacoanczaa
Juaaaaaocze
73777777777
17777777777
sceaacnoaan
xaaeaoaeaoe
saanaaacaaa

Zuzcaaooaa:
Juanaaaaaoe
scaaeaucauc
35777777777
auauaomonua
7v6b8602532
17777777777
37777777777
37777777777
3777777 774
aoaeaaaoaez
auacaxzszfie
auauacuos75
37777775332
aaaoeaeoaa7
38863082617
anewaancac7
aueuauauaas
34623322957
aa203317777
2d363337777
aaeaaaaa775
abBGBE31325
au321321135
60685321135
anafixaalia7
70623010034
8&827316756
auxzsaiuaaa
60027319767
anxaaaaaoaz
abizlaxunev
auaz 313778
241394nwoax
30123318306
uua27axv77;
24123433321
aaxzsexauaa
auez7axz772
zdtaaoeoeus
autZJa 3860
2416843U031
au131312389
88827013773
80066613771
9&827690766
31993310683
an627316774
aoacsaza772
30627366766
evaalaae766
38601340614
2‘108480063
36601381051

Z0539.)

'3.»

b)r“$)0"¢.)31""$l"al

T)

SHW'JQC}L‘JNE‘9UNHQ‘V‘

EU
83
30
an
ad
3U
30
nv.
30

4
U

01
30
30
21
80‘
3U
3
BO
81
33
90
SD
00
61
an
EU
89
80
EU
01
30

23
05
..
U

23
27

27
03
23
27
DJ
23
27
an
23
27
an
23
ca
31
27
36
27
33
27
06
27
DJ
91

81

32
32
1
U
4u
31
8
61
D2
31
31
32
d1
01
32
31
01
92
31
32
31
61
61
36
61
31
01

36
at
82
30

1135
1136
1167
36nd
3766
3609
8757

360991
0230
8776:

036381
3380
6771

239231
8396
3772

ZBEGBJ
6989

686861
“36%
0773
8771
3750

BB 33
3774
8772
$766
3766
3014

980%63
1351

FINDA

Ozvro
LODPZ

ND~30.010.02

GCV
GEN
SCH

GCV
GEM
GCN
GCN

GCN
GEN
GCN
GCN

GCV
GCN
GCN
GCN
GEN
LOR

LDR
CRL
RTJ
LDR
STR
LDR
STR
AODA
LDR
STR
ADDA
LDR
STR
ADOA
LOR
STR
AOCA
LDR
ADOA
01v
STR
CR:
STR
RID
STR
cRL
STR
MIN
RTJ
AODA
RTJ

O
a
6

'17777777777
'1aaaeeeuaau
'369BfldBuGBB
'BJ777777777

117777777777
'33988963368
’IEGUGBBBGGB
’34686a66399

124030689831
136383664269
tsoaeaaaaaau
133777777777
9

~0Rxltclvoa
NORKI'UAFIN
ByDIFIN
ACCIONES'
ACCaERRFL
ACCoBINORK
ACCIO‘TL
NORK'1.
ACCoalflORK
ACCIDATAOl
NORKI1
ACCaU/NORK
ACCILXP
HORK'1
ACCaaoWORK
ACCILXP‘1
WORKIJ
ACC¢aalORK
NCRKOX
ACCIQadORK
ACCIRESUL
ACCaEXP
QoERRFL
ACME.)
ACCIRESUL‘l
ACCIEXPOX
QIERRFL
B'ERRFL
LINK'ERRQR
KO‘RK(3
avLOOPZ

Appendix F
ASSEKBLY LISTING FOR INSTRUCTION CHECK PROGRAM (TINST HAR 1840)

DIVIDE'ERRDR



Appendix F 169
ASSEMBLY LISTING FDR INSTRUCTION CHECK PROGRAM (TINST BAR 1840)

7x137 anecaeac134 u 3% 30 ul ac 008134 OIFIN STOP '154

23:17 aaaeaaaaaue DIVDA GEN a
fixxxx 37777777777 6 k °1
?1112 aoaaeewoaaa GCN a
@1113 Muaaaaaaaaa GCN a

"1‘14 37777777777 GEN -1
31115 abaoaoaenax GEN X

Clizé 37777777777 GEN a:
9X1l7 uaaaaaaeaeu GCN d

2x12a 37777777777 GEN us
31121 37777777777 acw .;
9:122 @Jaaaaaanax GCN L
@1123 20069306666 GCN a

ax‘zd IUQBGBBGOOB GCN Ixaaaaaegaaa
21325 17777777777 GCV '17777777777
31126 aaeaeaaaaaa GCN B
6X127 zueeaaaeaea GCN 'xuaaaoaeaua

31139 36883680865 GCN 5
31131 anaaezaaoaz SCH 2
21x32 30663060002 GEN 2
61x33 auaoaaaaeax 5:3 1
31134 auaaaaacaaa DAFIN GCN a

31135 aaeaaaelxxa LGR
@1136 ZUGQGBBIIJ4

END
EOF

ND—30.010.02
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ASSEMBLY LISTING FOR NORD—SO REGISTER TEST PROGRAM (TREE -HAR1842)
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53380
34331
naauz
33323
33634
daaus
33026
23907

again
?u311
Weaxz
aun13

33914
9aax5
36916
33017
”0222
33921
93922
33923
23924
93925
aaaza
Jaq27
eogsa
8393!
23532
33a33
33934
33035
39036
33037
33346
Aen‘!
93942
35943
napad
3wa45
33a¢6
69:47
33353
33n51

3305?
H3a53
88354
33355
3dl56
*3357
33363

Appendix G 171
ASSEMBLY LISTING FOR NORD-SO REGISTER TEST PROGRAM (TREG —HAR1842)

93386333037
auaaaafluedu
00327330336
343363C3336
33338333033
euacxaaoaiz
31777777777
3a330333333

aaazsasaxas
au327:33053
30323333146
aoe27alaa57

23323333353
34327333355
23336333353
aaaooaaaeda
30333333353
33383303357
30331333314
33323332147
anaz7332253
33323333153
aua27alcab7
2u223323353
34327323355
23336323353
39683333383
36303330353
33333333357
33331333327
33623623151
au627323353
33323323152
au227329357
23323323353
36327313355
23336313353
33333333333
3630338U653
23333330357
36331333342
23333303376

33363686251
33089693168
36866038986
33608038068
33683360306
33606933669
34366388099

(9626)“)

(JG-V

{3936)

Ociafidub’av'Q‘BUCJOCJDtflv-‘CGHQQN(J‘JOYJ&>~f)-

39

vu

Ba

39
39
G;
3%
63
3d

33
av
30
CC
33
30
33

30
36
38
36
DH
33
3“
SU
63
33
JG
3“

33
39

30
38

06
33
27

63
UL

23
27
23
27

23
27
66
06
nu
33
a:
23
27
23
27
23
27
36
so
33
93
Q:
23
27
23
27
23
27
36
33
03
33
01
31

33 @387
09 330033
39 3336
GD 3336
39 333333
33 3830

33 8145
33 3653
33 8:46
33 0357

a: 3653
33 3355
63 3353
33 333333
33 3353
33 3357
JB 3314
33 3L4?
33 0053
33 3:53
33 3357
32 3353
22 3355
32 3353
33 203039
33 3353
33 3357
39 3327
32 3151
32 3353
32 3152
32 3357
3k 3353
31 3355
31 0353
83 333333
39 3353
30 3357
03 3342
33 3376

33333254
30393163

H00... REG

STORE
ZRO

0"...

TST

LOOPA

LOOPS

LOOPC

FIN
IP‘TT
EXP
FOUND
RCOUN
PCNTl
SAVE

HAlN 7REG

CHECAS 6R3

CRE 9.120
STOP 3
STR 3.5TORE
CRh 3.5TORE
8T0? u
RTJ 3.TST
OCH 01
GEN a

6R3 NONZhRU

STR <GH3> NONZERD (EA)

G? 14233 ARE USED A3 IORKXNG REGISTERS INTHE TEST
AND SHOULD GE TESTED FIRST

LDR
3T2
LDR
ST?

LDR
STR
CRE
STOP
«IN
HIN
RTJ
LDR
sTR
LDR
STR
LOR
STR
CR5
sToP
HIV
fiIN

LOX
STR
LDR
STR
LG
STR
cRE
STOP
HIM
HIM
RTJ
RTJ

ACN
ACV
GCN
GCV
GCN
GCN
GCN

JpVPATTS
Jalp‘TT
3.0-6!
JoFCNTl

J'IP‘TTIdlaIl
J'FOUNO
3.13ATT,3.3ox
a
B'XPATT
3.PCNTl
aaLOOPA
3.:PATT3
3OXPATT
31"63
JIPCNT1
ZoIPATT'doaol
21F0UN0
ZoIPATTaaoall
a
aolPATT
aoPCNTI
aoLQQPS
ZI‘FATTS
ZILPATT
2,1'63
24PCNT1
{IIPATTIQIfioK
XIFOUNO
1.1?”T.a.a.1
3
aolPlTT
94PCNTI
doLDOPC
aaTSTRG

PATTSooB
PATTS

536

616

E

ND-30.010.02

GR 3 ERROR

622 ERROR

88 t ERROR



172 Appendix G
ASSEKBLY LISTING FOR NORD-SO REGISTER.TEST PROGRAM (TRES ~HAR1842)

2a~e1 3n827Jiifiéa ? cs 30 27 31 3263 ERROR STE 1,31ve
osns? auaaaén2777 1 as 42 02 31 327777 ANJA 1,'7777
93763 36363613736 8 as 31 23 31 3602 LDR 1,3,1
Pbaéd 32627:12354 3 Fa as 27 B1 3054 STR L.EXP
ranvs angela‘sabe 0 an as 23 d1 auéa LDR 1.31vE
nancé 2ocaabauzsa a as 3 ca 0% 233303 STOP 2

FORM 26.12
?0957 262232122§a 6000630254 FXNI FDAT 723349PATTS¢69

aaaya adagvaauxaa auuaeaa1éa LDREG FOAT 12424,9Ar73
r297: 22627342255 3203960255 STREG FOAT 127ad,Fuu~o
36:72 avaaéaéczée aaoaoaalba CHREG FDAT 'fifldppATTS
23973 60633316691 INCRX GEN ’12991
aaa7a aoeaaaioaaa Inca: GEN ’18625
23u75 36262223320 ROUND GCN a

36576 aaeafiafiazfi 9 32 an 23 23 6153 TSTRG LOR 2,3a56
aua77 96227632357 2 fig 30 27 C 6057 STR JpPCNTL
9a1en 3&223232154 a an 26 23 as 2154 Lon 30»:
23101 aa027333356 a a 30 27 33 8056 sTR 3uRCUUN
28102 au027322675 2 60 ad 27 as 0675 ST? fivRGUND
36123 2 c- 39 23 c aa7u LDR 3.LaREG x
29394 " a 00 as 23 32 3271 L02 2,5795; '_,\\\\\
23295 - 1 a as 30 2 a1 3072 L09 LJGMREG
aasa6 32221232273 3 36 09 21 23 6673 LOOP SUd 3,LNCRI
86127 ad622333373 C 26 30 22 33 3373 LOOP: AGO 341NCRZ
38113 adLéZflzaaao a an as 02 21 3623 5x3. 1.3.3
66111 36823393157 0 30 D QJ as 6357 fiIN a.PCNT1
39312 auafizaae1a7 a 32 as 1 an 3127 RTJ 3.23091
32113 aoaasasssfi5 0 Ow 26 23 3 3155 gQR 3.3-06
aa11¢ 2u627332857 a 30 an 27 a3 3657 3TH 3.?CNT1
26115 60623030156 2 62 av 23 33 3156 gDR 3,33
22115 #2827330055 3 we 32 27 3 3356 STR 3,2COUN

29117 3022132387é 3 2% d0 1 :2 3374 SUB 2:1NCRZ
fia12a 23321014373 a 30 an 21 a1 3873 SUB 1.1NC21
9B12: auaaZue7a a as 36 23 02 6374 LaDPZ 100 2.1NCR2
36122 60132312966 3 23 a2 32 a1 3850 Ex: 1.3.2
auxZJ 36663223356 2 BO :0 03 30 3356 «IN 3.2COUN
20124 22722313273 2 20 so 23 31 3873 A00 XIIVCRL
«212: 32242:;asae 2 ue a: uz a: aaae axc 1,3,1
33125 au93156§961 a 29 an 31 on 3861 273 ficERRUR
@8127 anaeszaaas7 a an 39 33 08 3357 MIN aCNTL
28132 22691302121 n au as 61 ea . 8121 RTJ 6.500P2
BU131 aoaaaaa75 a 93 ea 33 a9 6075 xxx a.Rou~o
32132 aa62333067g a 3 aa 23 23 3079 _ LDR 3.LOREG
23133 30629233275 2 an ac 23 23 3375 100 3.R0u~0
fiwgJA au385632267 a 30 36 ab 93 2367 CRE 3.FIN£
36135 auaa1sau157 3 an an 01 as 2137 RTJ a.«e2
78136 aoazaaaa134 a as ea 63 26 693134 sraP 1134
36137 20223313372 3 3 av 23 31 3072 LDR 1,6HREG .

29149 30220912675 3 06 36 an a1 3375 A00 1.ROUND .2
33‘4; 80623823157 3 20 an 23 32 3157 LDR 2.8-66
36142 32627322657 3 an as 27 22 3357 sTR 2,9CNr1
“0143 30623829271 3 36 z 23 32 2971 LDR 2.3TREG
”3‘44 amemtaaaxaa a 6% 36 31 38 2136 RTJ BuLOOP

26145 92923232159 Lax
20345 3777777773;
aa{47 32392362169
3615a 3/7777777g1
aaisa 26296663166

ND-30.010.02



Appendix G
ASSEMBLY LISTING FOR NORD~50 REGISTER TEST PROGRAM (TREE —HAR1842)

001 52
70153
110154
”0155
33156
26157

30167
na161
30‘62
ua163
20164
30:65
a0166
33167
39177
20171
30172
30173
00174
60\75
00176
00177
30200
30201
30292
60203
70294
00705
30206
002%?
30217
96211
30212
60213
63214
2321:
332:5
68217
3022a
30221
30222
d0223
00925
60225
00226
60227
00930
00231
22232
70233
00234
00235
00236
60237
00240
202‘1
00242
29243
392.1
00245
002‘6
29247
00750
39251
00252

3777777773;
37777777734
auacaoeuoul
377777777a4
24333333333
37777777704

70000000000
02104210421
a‘213421342
05314631463
1:42:342194
12525252525
x4631463166
\c735673567
21042104212
23146314631
25252525252
27356735573
31463146314
33567356735
35673567356
37777777777
37777777775
37777777775
37777777773
37777777757
37777777757
37777777737
37777777677
37777777757
37777777737
37777777577
37777777377
37777775777
37777775777
37777773777
37777757777
37777757777
37777737777
37777577777
37777577777
37777377777
37776777777
37775777777
37773777777
37757777777
37737777777
37677777777
37577777777
37377777777
35777777777
33777777777
33777777777
27777777777
17777777777
aaaaaaaz017
00000000365
«0000007l00
00000170000
00003600000
30074300000
01700000000
36000000000
00000000001
60000000020

0000000000
0000000001
0000000002
0000000003
0000000004
0000000005
0000000006
0000000007
0000000010
0000000011
0000000012
0000000013
0000000014
0000000015
0000000016
0000000017
0000000016
0000000015
0000000013
0000000007
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
3000000017
0000000017
3000000017
0000000017
0000000017
0000000017
0000000317
0000000017
0000000017
0000000017
3000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000017
0000000000
0000000000
0000000000
0000000000
0000000003
0000000000
0000000000
0000000001
0000000000

FATTS

ND—30.010.02

FORM
FDAT
FDAT
FDA?
FDAT
FOAT
FDAT
FOAT
FDAT
FDAT
FDAT
FDAT
FDAT
FDAT
FOAY
FDAT
FDAT
FOAT
FDAT
FDAT
FOAT
FDAT
FOAT
FOAT
FOAT
FOAT
FDAT
FOAT
FOAT
FOAT
FDA?
FDAT
FDAT
FDAI
FDLT
FDAT
FDAT
FDA?
FDA?
FOAT
FDAT
FDAT
FDA?
FDAT
FDAT
FDA?
FOAT
FOAT
FOAT
FOAT
FDAT
FDA?
FOAT
FDA?
FDAT
FOAY
FOAT
FOAT
FDAT
FDA?

7474:474'404
lavalaa310y0
711171717101
’2’2’2'2'2'2

93754575'353
74(‘v414v474
15u5c5¢5obib
Iblévévbvbyfi

7:717:7177717
0.3:8r805v305I8
9:919:9r9a979y9
10:10v10v10913916719713
11(11111511111311111l13

12(12olzv12012'12112012
13715113g13'13'15713715
14'14v14'1‘ul‘y1‘v1"1‘
15:15:15,15ll5'15715713
15:15-15715715'15v15v1‘
15ll§ll5y10¢13¢15o15115
15115.15'15015p15015711

15:15:15ul5c15o15a15v7
15415015y15o15p15v1‘715
15:15:15v15115110013715
13.15715115015'15111o15
15715115715115.15014715
13015015015715.15a10¢15
15715.15olfio15'1507015
15715915915015'1‘01501:
10715015915: 0.10415415
15:15115c15085c11415'13
15I15715'1501517'15713

15015415c1571‘115415015
15015115115913a15715010
15rl5¢15715411415115515
15715¢15v1577115710'15
15(1501501‘I15'15a15I15
15115915115015115o15115
15115715411115'15015yté
15:15:15,7110115115015
1551571‘915115'15a15'15
15:15:13115clfivl5015'15
15:15p7a15'15115513515
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15113ol5o15o15015l15315
15711515015715'15115015
1517015715315915115715
1‘715I15'lflylfi'15015p10
13:15:15o15015y15115115
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7715015115010015y15915
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0030373031371573
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0o0vanl5oaoaoava
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0:15.0l0pap0'0'0
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0.0,0431003'091
0.0.090o0039170
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anafil
A0254
$3255
00256
”02:7
7626“

“32¢!
30762
36763
”@904
20265
36965
23267
“097%
6627‘
36272
30273
23974
23275
aa276
ca???
0636a
deaax
dasaz
70303
00364
00365
00366
30337
aasin
aalll
30312
d3313
aa314
06315
33316
83317
38328
d6321
68322
36323
60324
30325
38326
30327
UdJJD
30331
23332
30333
00334
66335
30336
00337
3334a
30341
303‘2
80343
60344
33345
33346
80357
00350
30351
30352
@0353
69354

auaaacnadaa
auacaciaeua
aadguaauasa
80664060006
aoxaaacuasa
aaaeaaauaaa

33600308000
32104218421
34213421342
9031d631463
14421342104
12525252525
1‘631463146
15735673567
21842124210
23146314531
23252525252
27356735673
314631‘6314
3J567356735
33673567356
37777777777
57777777775
37777777775
37777777773
37777777757
37777777757
37777777737
37777777577
37777777757
37777777737
37777777577
37777777377
37777776777
37777775777
37777773777
37777767777
37777757777
37777737777
37777677777
37777577777
37777377777
37776777777
37775777777
37773777777
37767777777
37737777777
37577777777
37577777777
37377777777
30777777777
35777777777
33777777777
27777777777
17777777777
30000006017
00000660369
aaaaaaeldea
30000173066
auaassaeaae
00074060666
01709000000
3°006066666
50066000601
30000062326
98000060‘60

3600626606
0000600300
0006003d60
2000066366
3000600036
3660060660

3066666660
6666606661
3660006002
6606666063
6006666634
6600066365
0600066066
0066066607
6000666016
6006606611
3600660612
0066066613
6606606614
6660666015
6660606016
0606000617
0606666616
0666666615
6060066313
6066660667
6060066617
6636606617
3666666017
0060666617
3606606617
6600606617
0666606617
3666060617
0066666617
3666606317
0066606617
6066696617
0660606617
3666666617
3666606017
3606606617
0606666617
3606606617
3366666617
6060600617
0600666617
0060066317
0600606617
0666666617
6606666617
0060666617
6660666017
6660606617
6000666617
0060066017
0666000666
3600066606
0006000060
6666066666
0006606660
0006006660
6660060306
6666806661
6600000666
6696006300
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FDA?
FDA?
FOAT
FOAT
FO‘Y
FOAT

FORM
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
:DAT
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDAT
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FOA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDAT
FDAT
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDA?
FDAT
FDA?
FDA?
FDA?
FDAT
FDA?
FDA?
FDA?
FOAT
FDA?

alayaobodallara
BparUIaa1ialava
auaaaullaldrdvd
6:691Idaapacnn6
3,110.3.d.8.a.a
1.4.6.3oa'floaya
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flcfl¢aad:d.d,d,a
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3:315054343o50J
4:41‘04a‘o‘r4v4
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15015115915'15y15115o15
15a15;15;15a15115l1511‘
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15115115915715115o15a7
15015115115;15715514y15
15115015il5015'15113015
15y15;15;15;15115711;15
15:15:15'15a15.1551‘y15
15:15:15I15115115713115
15¢15v15;15v15y1517;15
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15a15o15'15715u14a15I15
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ASSEMBLY LISTING FOR NORD-SO REGISTER TEST PROGRNM (TREG ~HAR1842)

99355 aaaaaaxaaua €333.10?)a FDAT a,a,o.a.z.a.u.a
$3356 Udai‘dzd'dwefl auOBE‘a’WOJ FDAT uraoavlodldléoa

?;.:xs7 ameuaaaua accuoaaaaa FDAT Lawmakcw
rasoa Minaaaudeg 3000:3990“ FOAT u.L,d.a,a,a.u.a
62361 anwaaueua uaauucaoaa FOAT X.a.U.dadod,ma

END
EDF
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DOCUMENTATION REVIEW

Descriptions of manual content within functional groups are as
follows:

NORD—SO RELATED MANUALS

NORD-SO FUNCTIONAL DESCRIPTION ND~05.007

This manual describes the main building blocks of the Nord~50
and their functions, from a hardware point of view.

It is written for technical and maintenance personnel requiring
detailed information about the Nord—SO, and should also be of
be of interest to software personnel.

Some knowledge of digital techniques and computer systems in
general is recommended. Knowledge of the Nord—50 instruction set
found in the Nord—SO Reference Manual is necessary.

NORD—SO TEST PROGRAMS ND-30.007

This manual contains the descriptions of the test programs used
with the Nerd—50.

It is written for field service engineers and technical
personnel directly involved with testing or maintaining the
Nord—SO CPU. It contains detailed information on the contents
and structure of each test program and the procedure for their
implementation. The manual is the centralized reference
document on these test programs.

In—depth knowledge of the functioning of the Nord—SO CPU is
required.

ND-30.010.02
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DOCUMENTATION REVIEW

NORD—lO/NORD—SO CGWMUNICATION SYSTEfi ND-06.005

This manual describes the operation of the communication
hardware in the Nord—lO/Nord—SO system. It gives a general
description of nemory communication, and describes
communication instructions and simulated memory programming.
It is written for technical and maintenance personnel and
communication system programmers.

Familiarity with the Nord—lO/S and the Nord~50 at the level
described in the Nord—lO/S and Nord—SO Functional Descriptions
is required, also knowledge of the Nord~lO/S and Nord~50
instruction sets, which can be found in the Nord—lO/S and
Nord—SO Reference Manuals.

NORD—SO REFERENCE MANUAL ND-05.003

This manual gives a detailed description of the Nord—SO
registers and instructions set. It is intended for programmers
and operators. The part concerning registers should be of
interest to technical and maintenance personnel.

NORD—SO LOADER USER‘S GUIDE ND-60.083

This manual gives a brief introduction to the loading process.
It describes how to use the Nord—SO Loader, how to load an
overlaid program, and how to define the communication between
the Nord—SO and the Nord—lO. The relocatable code (BRFS)
format and the error messages produced by the loader are also
described.

it is written for all programmers using the Nord—SO. It is also
recommended for system supervisors who maintain a library of
relocatable modules for the Nord—SO with the Norde50 BRF Editor.
No previous knowledge of losders is required. Familiarity with
the Nord-lO/S—Nord—SO system is of great advantage for
understanding the nore advanced use of the Loader.

ND—30.010.02
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DOCUMENTATION REVIEW

6. NORD~50 MONITOR USER'S GUIDE AND ND~60.076
SYSTEM mCUMENTATION

The first three chapters of this manual describe the method
to be used to run Nord-SO programs, All available commands
are explained, including those reserved for the system
supervisor. File access and the use of monitor calls from the
Nord—SO are described.

Chapters four to six contain the Monitor system architecture
and describe how to implement monitor and system documentation.

This manual should be read by all Nord~50 users. The first
three chapters are intended for users who execute programs
on the Nord-SO. A working knowledge of SINTRAN III and with
Nord—SO Fortran are required. These can be obtained from the
SINTRAN III Timesharing/Batch Guide, ND~60.132 and the Nord—SO
Fortran Reference Manual, ND—60.095.

Chapters four to six are not required reading in order to use
the Monitor, but should be read by system programmers and
analysts and by system supervisors installing the Monitor.
Thorough knowledge of the internal operation of SINTRAN III
and/or the underlying hardware is required. Less detailed
information is required by users reading these chapters as
a general description of the Monitor.

7. NORD—SO ASSEMBLER ND-60.075

This manual describes the Nord—SO assembler operating
procedure, the assembler directives, macro usage and
external program representation. The appendicies contain
tables of instructions, BRF directives generated by the
assembler and numeric opcodes. It is written for any
user of the Nord~50 assembler. Familiarity with assembler
programming and sufficient SINTRAN III experience to run
the assembler is required. Details of the instruction
set are given in the Nord—SO Reference Manual, ND—05.003.

ND—30.010.02
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NORD—SO BRF Editor ND—60.098
This manual describes the commands available in the NORD—SO
BRF editor to maintain and modify NORD-SO BRF files and to
disassemble the BRF directives and machine instructions.
It is written for those maintaining libraries of relocatable
NORD—SO modules, including system supervisors, advanced
programmers and system programmers. Some knowledge of the
internal BRF format (BRFS) is required. This can be found in
the NORD~50 Loader User's Guide, ND~60.083, which also gives
the required background information about loading NORD—SO
segments.

NORD—SO FORTRAN REFERENCE MANUAL ND~60.095

This is a reference manual describing the NordO
implementation of Fortran. It also describes external program
representation, complier operating procedure and file access
under the SINTRAN III Operating System. Appendicies include
error message explanations, summaries of loader and nonitor
commands and a short description of internal data
representation and procedure call conventions for interfacing
to other languages.

The manual is written for Fortran programmers of the Nerd—50.
Familiarity with elementary Fortran and SINTRAN III usage are
recommended, but the manual contains all the information
required to write, compile, load and execute a Fortran program
on the Nord~50.

MANUALS FOR THE SPECIAL SYSTEMS INTERFACED OR USED WITH THE NORD~50

1. BIG MULTIPORT MEMORY SYSEEM ND-06.007

This manual gives a general and detailed description of the Big
Multiport Memory System architecture, including memory, service
and control channel specifications, and installation.

It is written for technical and maintenance personnel requiring
a good understanding of this system, and also for installation
personnel. Familiarity with the Nord—lO/S and the Norde50 and
the Nord—lOO CPUs at the level described in their respective
functional descriptions is required.

ND-30.010.02
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modules . . . . . . . . . . ......... . . 95, 107.
multiport . . . . . . . . . ......... . 2, 94, 122, 126.
Nord~lO/S . . . . ................ 107.
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* *.* * * 9c * * * * SENDUSYOURCOMMENTS!!! 9: * 9e * 9e * at at at v:

D 4 ; Are you frustrated because of unclear information
. in this manual? Do you have trouble finding

s . . .
things? Why don’t you Jom the Reader’s Club and

a send us a note? You will receive a membership
‘ ) card - and an answer to your comments.

c 0
I

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

Do you think we could improve the manual by rearranging

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

* * a: * * * 1: 1: * HELPYOURSELFBYHEL/PINGUSU * * * * * 9: v: * 9:

Manual name: NORD — 50 Hardware Maintenance Manual number: ND—30.010.02
Manual

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

Do you have suggestions for improving thismanual?

Your name; , Date:
Company: Position:
Address:

What are you using this manual for?

Send to: Norsk Data A.S. ~

Documentation Department
PO. Box 4, Lindeberg Gelrd _ ‘——"
Oslo 10, Norway

I

Norsk Data’s answer will be found on reverse side



Answer from Norsk Data

Answered by Date

Norsk Data A.S.

Documentation Department

P.O. Box 4, Lindeberg Gard

Oslo 10, Norway



— we make bits for the future

NORSK DATA A.S BOX 4 LINDEBERG GARD OSLO 1OVNORWAY PHONE: 30 90 30 TELEX: 1866‘


