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This manual describes the NORD-SO test: system. The NORD~50
test system is an integrated debugging system for the complete
NORD—BO CPU and memory hardware.

This manual should be read together with the. NORD—SO Reference
Manual and the N(.)1{I)—]0e——~ N()RD"5U Commurficntion System.
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lN't‘RODUC'i' [( )N

The NORD~50 computer is under complete control of a NORD—lO com~
puter. The debugging and maintenance of the NORD-BO is therefore
based on the principle of havingr a computer testing another computer.
This makes it possihle to isolate an error, and loop on this error
almost regardless of how serious the error is, This system is
used in production of the NORD—SO, starting: with the. simple tests to
Cheek data paths and ends with a complete test of the CPU and
m 0 mo ry .

The system is designed to be an efficient debugging: system. However,
it is also used for ordinary maintenance and error checking.

The system requii'esa NORD—Snto he testodh NORD~10 with preferably
16K memory and an alphanumeric display;(if this is not. available, a
Teletype may be used).

ND—oz. nos. (11
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HOW TO USE THIS MANUAL

This manual is the. reference manual for theNORD-S test system
and it should he used by:

a) The people who debug NORD~50 CPU'S,

b) NORD-SQ maintenance engineers,

C)
'

The poopio doing modifications and extensions to the
NORD —50 test system.

Readers in category :1) and h) should read Chapters 4 and 5, and then
use the Appendix when the system detects an error.

NI)~(‘»2. (108.01
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THEORY OF ()l’EltA'l‘lON

Before reading this chapter, you should have read the manual:
The NORD—tti/NORD—SO Communication System.

The NORDfiO is tested bt'suppnving,r data and instructions from the
NLRB-10 programind then reading the result from this operation into

the NORD—lo and comparing the result with u computed or stored
correct result. When an error is detected. this is displayed to the
operator. which then through the keyboard may analyze the error furthe r.

For every error detected, the system also provides a complete loop so
that the operator immediately may use the oscilloscope to locate
the error. For every test the scope triggering signal is found in the
Appendix.

Three different; types of tests are supplied with the system:

a)
'

'l‘runster 'l‘ests

This is typically a dutu pzith test. In at trnnst‘er test, the
output or correct result equals the input dzita‘ The word
length is 32 hits.

b) Two Argument ’t‘ype Tests

This test uses two input operands called Argument A, zmd
Argument it. The system compares the result of the NORD—S
with :1 correct result which is computed by the NOltD-l
The word length is 32 hits.

0) l}‘l();iting Point 'lcs_t_s_

This is ulso two argument type tests, but the word length
is (it hits.

Input Data

The system contains 21 table of dzitzi, which is used for input during the
tests. This table contains (Sit 32—bit words.

During transfer tests, both the data. and the one's complement. of data
are used, There tore ezmh trzmslcr test uses '128 different data words.

For two‘nrgument type test this table is used tor all possible combina-
tions of Argument A and Argument B, and also for (ill combinations
of data and one's complement of data. givingr :1 total of (344.34%
16384 combinations.

The floating point tests use special tables for each (,ipm‘utzion~ where
both (it hit input operands are stored and the (5-1 hit correct result.

Ni)—tiz,u08.()i



SYSTEM USAGE

The complete system is contained in a 16K NORD~10 program, which
also includes {in-ordinary NORD-lt) MAC assembler. After loading
the system either from paper tape or from mass storage, the system
is ready to be used. Select one of the preselected program tables,
see Chapter 5, or write your own, see. Section 4. 2.

A

'
A preselected program table is read by typing S to MAC, with the
correct paper tape in the paper tape reader. The system will then
display a message.

When everything is 0. K. , the message ALL AVAILABLE TESTS
COIVIPLE’l‘ED will occur after each complete cycle of the prog “ams
contained in the current test program table.

Display Commands

Messages will only be written on the display when an error has been
detected or when all programs have passed the test successfully.

When an error has been detected, the program loops on this error
(without any further tests of the error still being,r there), so that an
oscilloscope may be used to isolate and fix the error. in this loop
the operator may use the display keyboard to guidethe tests further

All commands are single letter commands. The following commands
are used in the system:

D The command I) gives further information about the current.
error; a short description. and the name of the test program,
followed by the code [or the instruction. For example:

I)
Tlfi ARC} U MENT EXCLUSlVE OR
lNS’,l‘RUC'.l.‘lON 10000000 10000001 01011110 01110111

C The command (3, continue, continues the test with the next
input data, if or when the next error occurs, the error is
displayed again.

B The munmand l3, back, will restart the particular test pro—
gram, so that the input data is taken from the beginning of
the input data table. This command is particularly useful when
trying: to determine whether an error is permanent or transient.

ND—GZ. one. (it
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N- The command N next. will continue the tests starting with
the next prog ‘am in the prey; 721m table.

It The command It, reset, will reset the program table pointer
and the test will restart from the first program in the test table,

P The eonnnuitntl P will test the previous program in the program
tnhle.

’

Note that the commands areveehoed on the display. All other COUll’T‘tUClS
are ignored, but the echo may be used to erase the display screen it
this is desired. ’l‘ypieztlly the display will he used in ”Roll" model

'1‘ he I) re 0' r :1 m 'l‘ u l) l eb

The NCHRI‘MSO test; system is controlled by at 11)'I‘O,Q‘I721h’1 table which eoms
tains the start addresses of all the test programs which are to he run

The I.)l,‘(')g'l‘£lt'll tnhle is 21. sernlentiztl table of these start addresses. 't‘he
program tuhle has room for 2w =1 176 different test programs. The
progrznn table should always he ‘temMnuted with the termi'i'tution progrm’n
TUE), which displays the message

A. 1.11.. AVAILABLE) '1‘ES'].‘S COMPI.JE'I‘ED

and then starts from the beginning of the program tzihle again.

During the running of the NORI’) ~50 test system the contents of the NORD ~10.
B~rcgiste ' nrc n pointer to the current purigjrznn in the test table being
executed.

An error message will always start with the sequence nurnher (in oetztl)
in the test tzihlc of the current test progrmn.

All test progrnnis are \\"rittcn ns subroutines (called by the. JtJli l ,13
instruction). they have the following specifications:

Transfer test type programs:

input (litttl (1\.~l)) register
(lutput (lntn (/\~l)) register

(’1‘), (X), (1;) are lost
(ll) must he saved

’l‘u'o argument type test pregrmns:

Input (tutu: ()pet‘und A (1\—l.)) register
()perand ll (X) is n winner to t)§)(,¥l‘l.1ll(jl .13

Output r.lntn:ltesult (A—D) rcnistc‘z“
(X) is a pointer to the computed
correct result.
(’1‘), (1,) lost, (ll) n'ntst he snvctl.

ND—(il 108.01



4.3

The program table sequence should always start with the transfer type
tests followed by 0 and again followed by the two argument type tests
and terminated by T95). '

The first zero in the program table tells the system that the following pro-
grams are two argument type programs. There must be at least one
transfer type test in the program table.

Example of a correct program table:

PTAB/ T 0 _ "n 'I‘ttANSFfI‘IR TEST
0

1‘20 "/6 'l‘WO ARUUMICN'I‘ TEST
'1‘21. (70 TWO ARGUMEN'J.‘ TEST
T95)

Associated with the program table there are two other tables; one
DISPT for a pointer to the name and description string of the test, and
one IRTAB tor a pointer to the ('lll’l‘Ollt instruction being tested.

In the preselected progrmn tables, all these tables are completed. If
you are writing: your own progrzun tables, you may look into the
Appendix to find the corresponding; entries into these tables, or you
can ignore the DISPT and IRTAB it you are not using the ”D” command
(lfyour are writing your own program tables, you are supposed to
know what the programs are doing).

Bit Masking~

A special feature has been built into the system so that during
the compare test ol‘ the correct result and the achieved result, this test
may he 1')ei‘l.'()rinc(_l through a hit mask.

if for example, a test fails for one bit or a numbe r of hits contained on,
the same l’(‘ hoard, the test may he run in a mode ignoring these bits
by setting the corresponding hits in the MASK register to zero. The
MASK register is contained in location:

MASK} bit 31-](3
l\"l/\Sl\',l~l-1 hit 15— 0

Normally the MASK contains a l in all 32 bits.

N1)—(32.(uis_(ll
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PRESELECTED PROGRAM TABLES

A set of program tables has been made so that it is easy to do a
complete cheek-out of the machine, and also so that special pur~
pose tables exist for example for specific tasks such as floating
point debugging or memory debugging,

For most of the tests it is required that the LDR/STR instructions
operate satisfactorily, because these are used to initialize a test
and to read the results. The main arithmetic test should therefore
be run before any other tests are run. If you know there is some—
thing wrong, but do not know what, try the fast complete test.
See Section 5.10.

‘

Main Arithemetic Tests

This program table consists of the following test programs:

PTAB/TO f}? NORDsiO/NORD—SO Communication
T1 % Cycle Counter Test
T2 % Data paths
T3 % Address paths
T7 ‘7}, Lon/Sin
T713 (it Lilli/STE
THERE]? it. LDR/STR for all register numbers
T10 % Register block test
Tit ‘ 9/5 Register zero test
T1113 ‘79 Transfer to/from overflow reg.
TiiC % Transfer to/from remainder reg.
T12 (Z; LDF, Most Significant
T13 97» LDF, Least significant
T14 (it STF, Most significant
T15 '34, STF, Least significant

0 9"}? Transfer to two argument tests
TZO 9% Register add
T21 ‘34: Register subtract
T22 94 Register and

T23 ‘70 Register or

T24: ‘34 Register exclusive or
T25 9%;— Register clear
"26 9%: Register and with complement of B
T237 % Register exclusive or with complement of A

ND—62. 008, 01



U1

'1‘ 3 0

’l‘ 31

'1‘3 2

T3 3

T3 él

TL 5

T3 6

T 37

Til 0

Ti 1

T-l 2

T 51 3

TH

T4 5

'l‘zltS

T47

'l‘f) S)

Address Arithmetic

5~2

%
(7/0-

0
O

Y70
(7/o
”/0
"/0
%
(3/0
%

Register or,with complements of A and B

Add
Sub

And

ADM

XMR. register test
XMR, memory test

MIN

Set argument

Set negative argument

Add argument

Add negative argument

Logi tnl clea r argument

1.,0giczil exclusive or argument

Logical and argument

Logical or argument

I‘Jnd main arithmetic tests

’1‘ e s t s

The. address arithmetic is tested in the following special purpose test
table:

P'l‘AB/ ’1‘65
’1‘66

0

’I‘Gl

’l‘tSZ

'l‘tiil

’l‘tii

'l'ti?

(vt)

(It.
‘70
9}.

(,/{.-
II

{/t I

( 5/m

m
in

Instructitm address in (.111

Instruction address in CO

Transfer to two argun‘ient

Data reference, Displacement

Dz‘itzi reference. X -i- I)

Data reference, IS ti)

Dutzi reference. X .4. I5

Indirect mldressing, indirect address

Indirect addressing, 1)

Indirect :uldressing, X i 1)

Indirect addressing. B t 1)

Indirect addressing, X -i 13

iriulti level indirect addressing, 2 lev.

Multilevel indirect addressing. 7 lev.

'I‘ermination

NI)~(‘>2.(HI8. (it
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Jump and Skip Tests

The sequence controlling instructions are tested by means of the
following programs:

PTAB/ T60 % RTJ, Return address test
T76 % RTJ, Jump test

0

T150 ‘70 JPM, Count test

T151 ‘70 JNM. Count test

’1‘152 "n JZM, Count test

il'153 "a JFM, Count test

'l‘lSi~ % J PM, Jump test
T155 % JNM, Jump test

T156 % JZM, Jump test

'1‘157 ”/0 JFM, Jump test
’1‘160 % JRP, Jump test

'l‘lGl % JRN, Jump test
TIGZ % JRZ, Jump test

',l‘l(53 “a JRF. Jump test
'15] 0/0 CRG , Skip test

'
T52 % (31th, Skip test
"1‘53 . % CRIS, Skip test

'1‘5-t % (3R1), Skip test

'l‘55 ”/0 MIN, Skip test

T130 ’34, Register Skip, Gltltl

Tim ' ‘3’“ Register Skip, Less

37132 "/6 Register Skip , Equal

1138 (,7, Register skip, Different

'l‘llt) (,Vn Argument skip. (ERIC
’l‘lll 9’4, Argument skip. Less

17142 9%, Argument skip, ,l'luzil
'i‘l til ‘74. Argument skip. Different
’l‘litl ‘f/n llit skip zero

THS ‘34» Bit skip one
T .9 S) (in To 1‘ m i nat ion

‘ND—(SZ. 008.01
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Single Shift and Bit Instructions Test

The single length shift and bit instructions are tested by this test
table:

PTA 13/ T0

0

T1 ()0

’1‘1 GORE P

'1‘1 01

TWORE p

'f‘102

".l‘l OOREP

'1‘] ()3

T1 GORE P

~'1‘104.
T't 00113 p

’1‘] 05')

’i‘] OOREP

Ti] 06

’1‘] GORE P

T107

Ti 00111:) P

’l‘l l 3

’l,‘ ,l 0 OR E P

T99

Double Precision

T
(0

%
(T’/o

%
(Z)

‘7},
‘70
%
(Z!

(Z.

%
"/0
%

Shift

()ne transfer test required

Bit set

Repeat for all hit numbers

Bit clear

Repeat for all hit numbers

Left rotate

Repeat for all shift counts

Left arithmetic

Repeat

Left logical

Repeat

Right rotate

Repeat

Right arithmetic

Repeat

Right logical

Repeat

Bit complement

Repeat

'l‘e rm inate ‘

Tests

These programs require the NORD~50 interpreter to compute the correct
results. The test table also uses two special purpose programs
FLPTNN and li‘lil’ll'l‘ to modify the test system in order to handle (34 bit
numhers. lf this program has been run without completion. reset the
system by means of this program table:

PTAB/ To

0
l“ l ,l’ UT

'10?)

ND—(iz. 008. ()1



5~5

The double length shift table is:

PTAB/ '1‘0 "/0
0 "/o

FLPINN % Change mode
T120 Wn Double left rotate
71‘120REP ‘74; Repeat for all shift counts

’.l‘12] "/0 Double left arithmetic
’1‘1 20 RE P ”n Repeal

'1‘122 ‘70 Double left logical
TIZOREP ‘70 Repeat

T123 ‘70 Double right rotate

Tl ZOREP "0 Repeat

T124 % Double right arithmetic
’1‘] 20 RE P ‘70 Repeat
'l‘125 % Double right logical
’1‘] 20 RE P 9% Repeat
li‘liPUT ‘X; Change to norm 211 morle
B I? C IN (7n STUP S

5.6
>

Floating Point; Tests

5. 6a This program table tests’ all the double (64 bits) floating point operations.

PTAB/ TO
0

T110 , ‘74. FI XI) (convert to integer) without rounding

. ’1‘11 1, (III) FIXD without rounding

T112 ‘34; FLOD (convert to floating)

’1'] 6-1» (Yr; Register DIV

’l‘llif‘) ‘5?- Register Mill;

T l {it} 9’}; DI V

Tl (37 % MU L

'1‘170 9’2 Register WW1)
'l‘i7l ‘J/r Register RSBD
THE ‘2; Register RMFD
T173 “n Register RDFD

ND-UZ-“(m‘m



’1‘17-1 % FAD
T175 "/0 Ii‘SB
'1‘17 (5 % FMU
’1‘177 ‘70 FDV
T99 % Terminate

5. 6. b This program table tests all the single (32 bits) floating point
operations.

PTAB/TO
0

T215 % FLO
“£216 % FIX

17217 Wp FIX Rounded

T220 0/0 FA!)
'I‘221 “/0 FMU

T222 % 1?v
T223 % FSB 4
T224 (7r; RAF (floating reg. add.)
T225 % .RMF (floating reg. multiply.)

T226 "0 RDV (floating reg. divide.)
T227

’
‘70 R81" (floating reg. sub.)

5.7 Execute and Brealqmint 'J‘est

PTA B/ ’l‘ 0

0

'1‘] 35 ‘7“ lu‘xeeule
T136 ‘22) Execute immediate
’1‘200 '75 Any rei'erzmce. inside
T201 ‘4' Any mfcrcmce, outside
’1‘202 “,5? PC reference, inside
T208 ’2 PC reference, outside. _
T201- ‘Ili Data reference, inside
’1‘205 ‘74. Data reference, outside
T206 (34'. Store reference. inside
'1‘20’7 ‘27. Store re i‘e rence, outside
TBS) ‘74 Terminate

ND-GZ. 008. 01



5.9

Memory Test

5—7

TheNORDJ-SO memory may be tested with the following test table:

PTA B/ PMRT
'1‘ 1 (SE L
'1‘] (so 1.
'11 61C U
’l‘l (sou

' '1‘1 7
0

TM
'rsm

Complete Test

"/0
()1
/’n

(It
“/0
0

(l

(7,4)

(7/
/()

A complete thorough check of
following test table:

PTAB/ T0

T1

T2

T3

T7

'1‘713

T7BRI'JP

TM)

'1‘] 1

T1 113

T1 1 C
T1 2

Ti 3

'1‘] 4
I
T15

T64

'1‘65

'I‘GO

T76

PMR'l‘

'1‘] (ill) I,

(Y
(J

"/0
'70

u
(i

l
(/4)

(l
n

“/n
r7!;
{I}
[(1

(I
ll

%
‘Z;

Prepare memory test. initialize

Data path, equal low addresses

Data path. unequal low addresses

Data path, equal upper addresses

Data, puth, unequal upper addresses

Address in address test

'l‘wo argument memory tests

Terminate

the NORD—50 CPU uses the

N(.)RD~10/N0l{l)—SU Communication
Cycle Counter Test

Data paths

Address paths

Lon/8TH
l...I)R/S'I‘R

LDR/S’l‘lt for all register numbers

Register hloek test

Register zero test

Transfer to/lrom overflow reg,
. 'l‘rzmsf er to/lrom remainder reg.

1.1)F, most. signifiez‘tnt

LDIF, lenst signil‘iennt.

S'J‘l"; most signifieunt

S'l‘l“, least significant
Dzitn reference, X I I3

instruction address in (311
RTJ, return address test

It’l‘J, jump test.

Prepare memory test, initialize

Data pnth, equal low addresses

Nn-GZ. mm, (H
Revision A



TIGU L.

T16EU

TltiUU

T17

0

T20

T21

T22

T23

T24

T25

T26

T27

T30

T31,

T32

T33

’l‘ 134:
V‘!,35
* ‘3 (5
T37
T40
T 41
T42
T 4 3
T44
T 45
T 46
T 47
T61
T 6 2
T 6 3
T (s 4
T 67
T 7 0
T7 1
T7 2

%
‘70
(7
.l)

%

‘70
0/0

‘70
%
(7/
l0

0./0

‘7n
‘77,
(VA,

(y(;

c;
/(i

n
{i

(3/
:0

t 3,4,
(i/
In

(1/
In

Data path, unequal low addresses

Data path, equal upper addresses
Data path, unequal upper addresses

Address in address test

Register add

Register subtract

Register and

Register or

Register exclusive or

Register clear

Register and with complement of 13

Register exclusive or with complement of A

Register or, with complements of A and 13

Add

Sub

And

ADM

XMR, memory test

XMR, register test

MIN

Set argument

Set negative argument

Add argument

Add negative argument

Logical clear argument

Logical exclusive or argument

Logical and argument

Logical or argument

Data I‘CTCH‘CIWCC, displacement

Data reference, X 4- D

Data reference, B + 1)

Data reference, X -l B

lndireet addressing, indirect address

indirect addressing, 1)

Indirect addressing, X + l)

indirect addressing, B —I~ l)

N1)*62. 008. 01



T73
T74
T75
T150
T151
T152
T153
T154
T155
T155
T157
T150
T151
T152
T153
T51
T52
T53
T54
T55
T130
T131

_ T132
T133
T140

. T141
'T142
T143
T144
T145
T100
TIOOREl3
T101
T10m1sp

%
%
0/0
%
rif.
(Z,

%

0/3
7-.

I95
(.Z)
a;
If)

(1i;
%
(‘Iif
()4/n

‘70

ND ~62

indirect addressing, X + I3
Multilevel indirect addressing, 2 lev.

Multilevel indirect addressing, '7 lev.

JPM, count test
'

JNM, count test

JZM, count. test

J FM, count test

JPM, jump test

JNM, jump test

JZM, jump test

JFM, jump test

JRP, jump test

JRN, jump test

JRZ, jump test.

JR F, jump test

(ERG, skip test

CRL, skip test

CRIS, skip test

(3RD, skip test

MIN, skip test

Register skip, GRIC

Register skip, less

Register skip. equal

Register skip, different

Argument skip. ORE

Argument skip, less

Argument skip. equal

Argument skip, different

llit skip zero
'

lit skip one

Bit set

Repeat for all bit numbers

Bit. clear

Repeat for all bit numbers

. 008. 01



T102

THOOREP

T103

TUDOREP

T104

TJOOREIJ

T105

T1 GORE P

T106

T1 OOltE'P

T107

TIOOREU?

T113

TlOOREl’

T110

'Illl

’Fll2

T164

T165

T166

T167

T170

T171

T172

T173

T174

T175

T176

T177

T215

T216

T217

T220

T221

T222

T223

T224

T225

5~10

(7
(J

[7
0

w
/( )

(,1It
"I
I! ,3

n;

0/Ill"

Le ft rotate
Repeat for 2111 shift counts

Left arithmetic

Repeat

Leftlogieal

Repeat

Right rotate

[{Cpeat
I

Itiglfl,£1rith111€tic

Jtepeut

liuflItlogieul

Repeat

Bit commement

Repeat

FIX without rounding

FIX wiulroundinu

FIX)

Itegister DIV

Itegister RHLJL

l)1\/

NHJL

ltegistex‘lFAl)

Itegister FSIt

Itegister FRTU

Register FDV
FADD

I?SI3I)

AFNHJD

l?l)‘!l)

BVLC)(singte)

FEK

FIX ROUNDED

IFZXI)

. FhiU

1?I)X!

FSB

m JUXF

TUWF

bH)—62.008.01



T226 % RDV

T227 0/0 RSF

T135 "/n Execute
'1‘136 % Execute immediately
’1‘200 % Any reference, inside

T201 % Any reference, outside

’1‘202 % PC reference, inside
I

’1‘203 "‘1, PC reference, outside

TZOJz % Data reference, inside

'1‘205 (370 Data reference, outside

T206 ”/0 Store reference. inside
‘
'l‘207' ‘74; Store reference, outside

TS!) ‘a Terminate

5.10 Fast Complete Test

The completed test in Section 5. 5) may be speeded up by reducing the
number of input data combinations for two argument type tests with the
following modifications to the system:

SPEED/AAX 20

This modification from AAX 2 until AAX 20 reduces the number of
input data, combinations from 16384 until 4'64'8 “ 2048.

ND—GZ. 008. Of



APPENDIX

This appendix gives a short description of each program supplied by
the NORD—5” test system. The appendix should be used whenever-an
error has been detected. It is organized sequentially by '1‘ number
and gives information about:

'

. a) Scope triggering signaus)

1)) Actions during the test loop

c) Special hints so that the user may isolate the error fast

(1) Entries in the DiSI’T and Ilt'l‘AB for those who are writing
their own test program tables.

The appendix does not supply the information about which registers
are used during the test. This information is available through the
display keyboard by typing D and looking at the instructions.

For further information the user should consult the program listing, or
even contact the designer of the NORD— 00 test system, Mr. Rolf Skar,
A/S Norsk Data—Elektronikk. '

Note: The scope triggering signal is a logic signal which only occurs
once during the test loop and therefore gives stable triggering.
it is tried to specify this signal so that it is active when the
action tested takes place. However, this is not true in every
case, The scope triggering signals marked by *, identifying
those cases where the triggering signal is not active during the
most interested part of the scope picture.
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