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1. INTRODUCTION

During 1978 a prototype of EISCAT digital correlator has been
designed and constructed. This report gives a summary of the
correlator together with a description of test structures.
The tests include a complete dynamic check of the correlator
module at system level. It is assumed that the different
circuit cards have been "debugged" and tested separately,

preventing major logic hardware faults.

For optimum test possibilities and hardware diagnostics, several
test options have been considered, and the used test structures
are given in Chapter 2. The hardware complexity of the
correlator system requires extensive use of the radar-site
computer NORD-10 (host computer for the correlator system)
together with ordinary facilities like logic analyzers and

test probes.

The correlator testing is divided into two levels: Hardware
tests, described in Chapter 3, and system tests, Chapter 4.
Hardware tests require use of 32-channel analyzer for
measurements on output from different internal processors

of the correlator. The system tests make use of the computer
DMA-channel with hardware diagnostics by display/print.

Also computerized detection is included, particularly for
long-term stability tests. Another option which can be used
is comparison of correlator data with results from a software

simulator.

A large number of correlator test-program (microprograms in
machine language) have been constructed during the prototype
tests. These can be easily loaded into the correlator with
interactive use of the CORRSIM program (Ref. ). The created

library of the testprograms is described in Chapter 5.

The test-structures used for the prototype should also be

used for the production of correlator modules. The computerized
test measurements can also be a start-point for future
maintenance/error-detection schemes when the correlator is

an element of the EISCAT radar system.



2. MEASUREMENT SCHEMES FOR PROTOTYPE TESTING

In Figure 1 the used measurement schemes for testing the
prototype are sketched.. Several options have been included
so 1t has been possible to adapt different testing procedures
to the different internal hardware functions. In order to
make full use of the testsystem capabilities, the user must
have detailed knowledge about the construction of the
correlator and to some extent also the use of the CORRSIM

program. This can be found in ref. 1-3.

This report secribes system tests, which have been divided
into twc groups: hardware tests with use of logic state
analyzer and analog oscilloscope and system tests with
computerized handling of correlator data. By use of fixed
testprograms from the CORRSIM file system, the hardware/
system tests can be made standardized and repeteitive. The
correlator has a built-in data-memory, which simulates the
buffer-memory at the data input, and the fixed data input
enables standardized and repetetive tests of the correlator
arithemtical functions (data processing unit) and the
possibility of datatable comparison with values generated

from software simulation.

When analog/digital oscilloscope displays are given in this
report a listing of the used probing points (mainly on

correlator back-wiring) is attached.

A measurement station for testing the correlator has been
established at the Ramfjordmoen radar site. A photo of the

measurements equipment is given in Figure 2.
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FIGURE 2. TEST STATION AT RAMFJORDMOEN SITE.
During testing the following test equipment is used:

Logic state analyzer: Hewlett Packard 1600A
Hewlett Packard 1607A

32-channel display

4-channel analog oscilloscope: Hewlett Packard,
mainframe 182c, plug-in: 4-channel (50 MHz)
Logic probe set: Hewlett Packard 5021A.



3. HARDWARE TESTS

The hardware tests are divided into two groups: preparation
and subsystem tests. Preparation tests include fundamental
functions for system operation and the hardware section for
loading correlator from the CAMAC output module. Subsystem
tests include testing the different function-modules of the
correlator and testprograms have been prepared on a file-
system for loading testparameters to the correlator by the

CORESIM program.

3.1 Preparation tests.

3.1.1 System clock.

The internal 6 MHz clock-signal is generated from the crystal

clock-oscillator on card-module CMl.

Clock-signal distribution on back-wiring:

SIGNAL NAME CARD-MODULE, TERM TYPE
CLOCK CMl, 1A32 SOURCE
CLOCK CM2, 1A32 SINK

CM4, 1A32 SINK

CM5, 1A32 SINK

LCi, 1A32 SINK
CLOCK CM4, 1B31 SOURCE
CLOCK CM3, 1B31 SINK

In manuel mode of operation and clock-function CONTINUOUS
on front-panel, the clock-signals are always active when the
correlator is in stop-mode. In Figure 3, the two source-

signals for clock operation are shown.

cepirrare’,

A



iy

CLOCK
terminal CM1, 1A32

CLOCK,
terminal CM4, 1B31

Figure 3. System clock. x=50 nsec/div. y=3 v/div.

3.1.2 MASTER RESET.

Source for the signal is either the frontpanel (manuel status)
or computer through the CAMAC output register B, bit 5 (remote
status). Note that the signal on the CAMAC-bus is active at
low level, so the MASTER RESET signal is continuous active
when the power on the CAMAC create is turned off. This also
implies that when the CAMAC cables are connected on the rear
side the correlator can be made operative only when the create

power is turned on (both for manual/remote status) .
MASTER RESET SIGNAL DISTRIBUTION ON BACK-WIRING:

SIGNAL NAME CARD-MODULE, TERM TYPE ACTIVE LEVEL

MASTER RESET CM1, 1Al2 (INPUT SINK LOW
from canal)

MASTER RESET cM1l, 1A13 SOURCE LOW DISTRIB.TO
OTHER CARDS

MASTER RESET cM2, 1A31 SINK LOW
MASTER RESET CM4, 2B6 SINK LOW
MASTER RESET CM5, 1cC31 SINK LOW
ZERC PC CM4, 2B7 SOURCE LOW

ZERO PC CM3, 2B6 SINK LOW



A related signal from the MASTER RESET is the signal ZERO PC
genrated from cardmodulc CM4 and received at CM3 for resetting
the program-counter. The actual program-counter value can

be displayed at the front panel in manual by setting the
display-select to "front-panel" and the display code:

S210 = 111 (testword 2): The program-counter is displayed

by bits 14-9, ):LSB. The distributed MASTER RESET signal in

the correlator should have the following levels:

SIGNAL NAME TERMINAL STATE LEVEL (velts)
MASTER RESET CMl, 1Aa13 LOW 0.30

HIGH 3.80
ZERO PC cM4, 2B7 LOwW 0.30

HIGH 3.80

3.1.3 Input loading from frontpanel/CAMAC.

Input loading from the frontpanel (manual status/continuous
clock): Visual check on load-sequence can be obtained by

doing the following:

a) set up a valid address, subaddress on the front-panel,

b) press "address—-load" and the response should be
active LED for the front-panel as a source,

c) by setting the display-select to testword 2, the
subaddress code is given by the PC-value bits,

d) press "data-load" and the LED indicator should return

to inactive state and PC-value to zero.

This procedure tests the hardware for the following loading
on cardmodule CM2, which is also the source for the PC-value
during loading. During loading the main status "RUN" should

not be active.
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The address-load operation sets the following signals at the

backwiring:

SIGNAL NAME

SOURCE-

IT!T:"D!\.IT"\. AT
ERNET R WAL AP V0 O )

ACTIVE

LEVEL

SINK-
TERMINAL

FUNCTION

ENABLE LOAD

ENABLE LOAD CM4

ZERO PC

CARRY p-SEQUENCER

ADDRESS LOAD
INDICATION

The address-load operation activates the following

CM2, 1C23

CM2, 2C5

CM4, 2B7

CM4, 2BS8

C2, 2C6

distribution of the subaddress

BUS NAME

SOURCE-TERMINALS

HIGH

LOwW

LOW

LOwW

HIGH

(6 bits) :

CM, 1C23

CM5

CM4, 2C5

CM3, 2B6

CM3, 2BS8

CANAL A-
REG.

EXENTRAL
x—RESPONSE

SINK TERMINALS

DISCONNECT
U=SEQUENCER AS
SOURCE FOR INTERNAL
ADDRESS-BUS

RESETS ALL
INSTRUCTION-
REGISTERS AND DIS-
ABLES THE PC SHIFT-
REGISTER-CHAIN.
ENABLES THE APM
PROCESSOR FOR
LOADING ON STROBE-
SIGNAL

DISABLES "CORRELATOR
RUN" SIGNAL (2C9),
AND ENABLES LOAD
OF RAM-MODULES 0,1
AND 2.

SETS PC-VALUE TO
ZERO

DISABLES CARRY TO
MICRO SEQUENCER.

DISABLES x- RESPONSE
ON CAMAC A-REGISTER
OUTPUT FOR INDICATION
OF LOAD-ADDRESS.

buslines for

FUNCTION

ADDRESS-LOAD I CM2,1A27,28,19,20,21,
22,81 (LSB)

A DDRESS-LOAD IT (CM2,2C9,10,11,12,13,
14 (LSB)

CM3,1A27,28,19,

20,21,22(LSB)

CM5,1A27,28,19,

20,21,22 (LSB)

CM5,2C1,2,3,4,

5,6 (LSB)

CONNECT LOAD-
ADDRESS TO RAM-
MODULES 0.1 AND
2.

CONNECT LOAD-
ADDRESS TO RAM-
MODULE 3 (8LSB
BITS)

CONNECT LOAD-
ADDRESS TO RAM-
MODULE 3



BUS NAME

SOURCE-TERMINALS

SINK-TERMINALS

FUNCTION

ADDRESS-LOAD IIT

ADDRESS-LOAD IV

Cm4,2B10,11,12,13,14,
15 (LSB)

cM4,2B16,17,18,19,20,
21 (LSB)

cM5,2C¢7,8,9,10,
11,12 (LSB)

CM5,2C13,14,15,
16,17 (LSB)

TEST ON ADDRESS DECODING FOR THE DATA-FILED LOADING:

(8MSB BITS)
RAM-MODULE 4
RAM-MODULE 5

CONNECT LOAD-
ADDRESS TO

MODULE 6 AND
7 (8LSB BITS)

CONNECT LOAD-
ADDRESS TO.
RAM-MODULE 3
(8MSB BITS)
AND 7 (8MSB
BITS)

Make the following connections with the logic state analyzer:

Channel B connections

Card-terminal

Signal name

bit 0
bit 1

bit 15
qualifier Qo

clock-input (4)

Channel A connections

- CM2,1C18
CM2,1C17

CM2,1C3
pin 12 on D-H
CM2,1A32

Card-terminal

(CM2)

INTERNAL DATA-BUS,

LSB BIT

INTERNAL DATA-BUS, BIT 1

INTERNAL DATA-BUS,MSB BIT

Signal name

DATA STROBE ENABLE
SYSTEM CLOCK

bit 0
bit 1
bit 2

CM2,1C26
CM2, 1C19
CM2,1C24

SAR REGISTER STROBE,
BAR REGISTER STROBE,

strobe at+t
strobe at+t

STROBE DATA I-REGISTER,APB,

strobe at

bit
bit
bit
bit
bit
bit
bit
bit
bit

CM2,1A29
CM2,1A30

CM2,1C20
CM2,1C21
CM2,1C22
CM2,1A22
CM2, 1A21
CM2,1A20
CM2,1A19

LOAD
load
LOAD
load

STROBE LCR1,
STROBE LCR2Z,
STROBE LCR3,
SUBADDRESS,

REGISTER-STACK
on high level
REGISTER-STACK
on high level
strobe

strobe
strobe
LSB BIT
"o, bit 1
" -,bit 2
" -,bit 3

\

APB,
APM,

at 4
at 4
at 4



Channel A connections Card-terminal Signal name
bit 12 CM2,1A28 SUBADDRESS, bit 4
bit 13 CM2,1A27 = o= iMSB Bbit
qualifier Qo pin 5 on
D-ff (CM2) DATA STROBE ENABLE
clock-input CM2, 1A32 SYSTEM CLOCK

Set quliter Qo to trigger on high-level.

Test-result on loading registers in data-field:

REGISTERS IN DATAFIELD DEFINED

START-ADDR. REGISTER = 77
D-REGISTER, APB = 125252
I-REGISTER, APB = 005252
REGISTER FOR LOOP-COUNTER 1 = 0017
REGISTER FOR LOOP-COUNTER 2 = 0360
REGISTER FOR LOOP-COUNTER 3 = 7400
Display: APB-STACK: APM-STACK :
REG.05 = 052525 REG.05 = 2525
REG.12 = 125252 REG.12 = 5252

CHANNEL A LSB CHANNEL B LSB

Note that the data I-register APB should be loadéd at the

end of the loading sequence, because the lcading of the APB
processor uses the data I-register in entering data to the
register-stack, i.e. the loading of the processor requires
two-load cycles, one for loading the I-register and one for
transferring I-register content to the stack. This procedure

holds only for the APB processor.



Test-result on loading the APM-processor:

REGISTERS IN DATAFIELD DEFINED

AFE-STACK 3 AFM-STACK 3
REG.00=0000
REG.01=0001
REG.02=0002
REG.03=0004
REG.04=0010
REG.05=0020
REG.06=0040
REG.07=0100
REG.10=0200
REG.11=0400
REG.12=1000
REG,13=2000
REG.14=4000
REG.15=7777
REG.16=3252
REG.17=2523

Display output:




TEST ON ADDRESS DECODING FOR THE PROGRAM-FIELD LOADING:

Modifications on channel A connections:

Channel A Card-terminal Signal name

bit 0 CM2, 1C32 - LOAD RAM 0, active on high level
bit 1 CM2, 1cC31 LOAD RAM 1, high

bit 2 CcM2, 1C30 LOAD RAM 2, high

bit 3 CM2, 1C29 LOAD RAM 3, active on low level
bit 4 CcM2, 1c28 LOAD RAM 4, - " =

bit 5 CM2, 1B32 LOAD RAM 5, - " -

bit 6 CM2, 1B31 LOAD RAM 6, - " =
bit 7 CM2, 1B30 LOAD RAM 7, = " -

Test on loading to RAM-module O0:
FROGRAM MEMORY

MEM.ADD. RAM7 RéaMé RAME RaM4 RaM3 RaMa RaMi RAMO

00 000000 000000 000000 000000 VOOV0D DOOOOO 000000 000002
01 Q00000 000000 000000 V00000 000000 000000 000000 000004
02 Q0000G0 000000 VVO00O VOO0OO VOVOOD VOOV 000000 000010
04 000000 000000 000000 000000 COO000 GOOO00 000000 000020
10 000000 000000 000000 000000 000000 0U00N0 GO0000 00G040
20 Q00000 000000 000000 000000 00CO0D OCLOLO 000000 Q00100
40 000000 000000 000000 000000 000000 QOOODD 000000 000200
41 000000 000000 QOO0VD VOO0VO COVOOD OO0V00 C00000 000400
42 000000 000000 000000 000000 000000 000000 000000 001000
43 000000 000000 000000 000000 000000 GOO000 000000 002000
44 000000 000000 000000 000000 000000 COOOO0 DOOVOD Q04000
435 000000 COOO00 000000 QOO000 000000 000000 000000 010600
464 000000 000000 000VN0 000000 COCVO0 VOLOND 000000 020000
47 000000 000000 000000 000000 00CO00 OCO0C0 000000 Q40000
90 000000 000000 000000 000000 GOOOOD 000000 000000 100000

77 000000 COO000 000000 000000 000000 OOOV00 GOQ000 177777
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Test on loading to all RAM-modules:
FROGRAM MEMORY

MEM. AL, RAM7 RAMo RAMS RaM4 RAM3 RAM2 RaMi RAMO

25 000000 000000 000000 000000 125252 125252 125252 125252
Display, 92 V77777 177777 177777 177777 005252 0035252 003252 005252
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Note that the complement value of the data should be loaded to

the RAM memories.
3.1.4 STATUS WORD LOADING

The programmable bits of the statusword (see instruction manual)
can be tested by visual inspection of the LED indicators on the
frontpanel and in manual operation by display-code 000. The
programmable bits of the statusword activate the following

signals at the back-wiring.

BIT NO. LEVEL FUNCTION SOURCE-TERMINAL LEVEL SINK-TERMINAL
(s)
0 RAM SELECTED CMl, 1A31 INVERTED CM3, 1C25
3
1 ROM SELECTED CM5, 1C25

0  BUFFER MEM.
SELECTED CM1, 2Al TRUE CM4, 2A30
1 TEST MEM.
SELECTED

0  START EXPERIMENT
§ CM1, 2A3 TRUE CM5, 1C32
1  CONTINUE
EXPERIMENT



3.2. TESTS ON THE INTERNAL HU=-PROGRAM EXECUTION

3.2.1. TESTS ON u-PROGRAM INSTRUCTION WORD AND START SEQUENCE

Analyzer connections used:

Channel B Card terminal Signal name
bit 0 CM4,2A16 Code A, bit 0 (LSB)
1 CM4,2A15 Code A, bit 1
2 CM4,2A14 Code A, bit 2
3 CM4,2A13 Code A, bit 3(MSB)
4 CM4,2A12 Code B, bit 0 (LSB)
5 CM4,2A11 1
6 CM4,2A10 2
7 CM4,2A9 3 (MSB)
8 CM4,2A8 Condition code, bit 0 (LSB)
9 CM4,2A7 &
10 CM4, 2A6 2
11 CM4,2A5 3
12 CM4, 274 4
13 CM4,2a3 5 (MSB)
14 CM4,2C4 START COMPUTE
15 CM3,1A32 START TRANSFER
clock input (1) CM4,1A32 SYSTEM CLOCK
Channel A Card terminal Signal name
bit 0 CM3,1Aa22 Program-counter, bit 0 (LSB)
1 CM3,1A21 1
2 CM3,1A20 2
3 CM3,1A19 3
4 CM3,1A28 4
5 CM3,1A27 5 (MSB)
6 CM4,2B2 Code selected, bit 0 (LSB)
7 cM4,2B1 1
8 CcM4,2B3 2
9 CM4,2B4 3 (MSB)
10 CM4,2C9 CORRELATOR RUN
11 CM4,2B8 CARRY u-SEQUENCER
12 CM4,2B5 GOTO 77

clock input (% CM5,1A32

SYSTEM CLOCK



After the power is turned on and MASTER-RESET has been
activated, the "code selected", bits 9-6 on channel A, should
have the value 48 and "carry H-sequence" low. The test begins
with loading SAR=0, and the individual bits of "condition-code",
"code A" and "code B" can be tested in remote status by use of
the program CORRSIM (RAM-memory selected).

Test on START-COMPUTE:

Load OUT-INSTRUCTION=0 in all program-locations and load the
following p-program:

REGISTERS IN DATAFIELI DEFINED

STATUS-REGISTER = Q04000
START-ADDR. REGISTER = 01
CXLFSIFRO
GIVE LOWERyUFFERy VALUE IN MEMORY FOR DISFLAY?Z
FROGRAM-INSTRUCTIONS DEFINED
MEM-LOC. CONDLCODE CODE~-B CODE-A& ADDR. LCL LCR1LA LCE LCI RELOAD R-ALIER.

00 70 00 04 00 4] 0 O O O 00
01 70 o) 04 (019} 0 O O O 0 Qo
02 70 00 04 00 0 O O 0 O (o19]
03 70 00 04 00 0 0 0 0 0 00
04 70 00 04 00 0 o] O O 0 Q0
0% 70 00 04 00 0 O 0 0 0 00
06 70 00 04 00 0 ¢ 0 0 0 00
07 70 1¢ 04 Q0 0 O 0] 0 0 Q0
10 70 00 04 00 0 4] 0 0 0 Q0
11 70 00 04 00 0 0 0 0 0 Q0
12 70 00 04 Q0 4] 0 0 O 0 00
13 70 00 04 00 0 0 0] 0 0] (619)
14 70 00 04 00 0 O 0 0 O Q0
15 70 00 04 00 - 0 0 O 0 0 00
16 70 00 0é 00 ¢] 0 0 0 O 00

The program starts at PC = 1 and a continue-statement is active

up to PC=16, then a direct jump to PC is given. This program-
routine should give the following display, when trigged on

active high level for bit 14, channel B (START COMPUTE) .
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Test on CONTINUE-statement:

Load all locations 0-75 with a continue-statement and location

76 with a jump to zero.

a) Trace the program-counter when SAR=1
for SAR=2,4,10,20,40,25 and 52.

b) Repeat a)

Test on JUMP-statement:

REGISTERS

CXLF

GIVE LOWER UFFLR

MEM . alile RAamM?
00 QOQaN0O
0l Q00000
02 QOOO00
04 anooo0
10 000000
20 Q00000
25 QGOGO0
40 Q00000
e QOQOOO
53 QO0000
54 000000
Gl OQO000
56 000000
uz QQ0000
74 GOOOO0

STATUS~REGISTER

START AR,

Val.UE

RéM&

000000
000000
000000
000000
QOQODO
QOQ000
Q00000
Q00000
Q00000
GOOGO0
Q00000
000000
Q00000
000000
o1ezelelele)

IN DATAFTELD

REGISTER

IN MEMORY

DHEF TNED

2 004000

Q1

FROGRAM MEMORY

RaME

QOQOGO
000000
000000
000000
QO0000
Q00000
020101¢T0T0]
GOOOOG0
Q00000
Q00000
QQQOOO
0000CO
0OQ0OD
QOOGOH
QOOBOO0

Far4
QOQRO0
QQOOGO
QG0000
QOO000
OO0000
DOOO00
QOQGO0
GQOQGH
QOQ000
QOGOO0
Q00000
QOOGOD
DOOOOO

v

OOOGO0

CGOGGHO

RaM3

Qo000
000000
QO0000
QGRQ00
OO0000
QO0000
DQQ000
Q00000
Q00000
GO0000
Q00000
QGOO00
GO0000
o00000
QOG000

FOR DISFLAYS

RAM2

000000
004000
010000
QG000
040000
1G0000
124000
174000
GOO000
Q00000
000000
Q00000
GODo00
DAGRO0
0I2000

EeETR A

070010
O70014
QFG014
070014
Q70014
Q70014
Q70014
070014
Q70010
Q70010
Q70010
Q70010
Q70010
Q70014
070014

T

QOGN0
OOOOOH
QORO00
QOOGH0
QOOO00
Qao0o0
110701010
QOOGO0
QAGOOL
GGOOGO
QOOCOG
QOOOO0
QOOOG0
GaO000

QOOOGH
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3.2.2 FIXED-FILE PROGRAM FOR TESTING THE u-PROGRAM EXECUTION

PROGRAM NAME :

TESTPROGRAM Hl: TESTS ON INTERNAL PROGRAM EXECUTION

See chapter for test-program summary for description of test-
structure. One the following page the program instructions

are listed. If the program-counter is reaching statement 67
and a direct jump to 0 is made, the tested p-program instructions

have been executed without hardware error.

The test-program has been run through the CORRSIM software
simulator for testing the mapping of the internal program
counter and the simulator listing is given on the following
pages. The program counter mapping can be found in the column
under the "program location" heading. The clock-interval

is given in the left column. Testing performed on the physical
correlator system is done at the same test-points as given in
section 3.2.1. The test-results are given on the following

pages.



Test-program H1 listing.

FROGREM - THSTRUCTIONS DEF INETD
MEM-LOC., CONDCOUE COUE-E CONE-& ADDFR. LC1 LCRL1A LC2 LC3 RELOAD R-allR.

00 70 00 04 00 0 0 0 O a QO
01 70 00 04 00 2 Q 3 2 ¥ 20
02 70 GO ¢4 Qo Q 0 1 0 00
03 P 04 06 018} 0 O 3 O QO
Q4 a4 Q4 0é Q0 0 0 0 0 Q0

05 71 0 04 00
0& 72 0& 04 Q0
07 74 06 04 Q0

<

Q 0 4] 20

0
O
0
0 0 0 0 00
0
0 O O 0 Q0

10 73 0b 04 00 Q Y] 0 O 00
11 7 0 04 00 0 G 0 O el
12 7h Qb 04 00 O 0 O 0 00
13 77 Q& 04 00 0 Q GO Q 00
14 &t 04 Q& 00 O o 0 O Q0
13 g 04 06 00 O o & 0 G0

16 0 04 06 00
17 33 07 0d Q0
20 36 07 06 00
21 30 a7 06 00
22 37 a7 0b 00
23 23 04 06 25
24 70 00 06 00
28 26 D4 06 27
26 70 00 06 00
27 17 Qb 04 31
30 70 G0 06 Q0
31 70 Q0 04 00

Q Q0
0 Q0
Q 00
0 Q0
01¢)
Q 00
0 00
O QO
Q0
0] 00
0 Q0
Q 00

CTCCOOOTTOC
= = :
SOCOCOCOOO
o <

SO T HT OO OT OO OO OO OO D000
<
D DD DO O

e 24 10 06 Q0 ) 00
33 74 10 06 37 0 0 0 Q0
34 P 10 Q1 00 Q 0 O 00
33 74 10 01 00 ¢ i Q 0 Q0
36 74 ol 01 00 0 Q 1 & 00
37 70 Q0 10 G0 9] 0 0 { 00
40 73 04 0% 00 ( Q y; o 00
41 Fae. 04 06 00 O 0 9] 0 (o10]
42 &2 06 04 Q0 0 0 Q 0 Q0
43 72 04 0é Q0 0 0 0 O aa
44 20 00 04 00 Q 00

Y
' .
=
.
“

4% 72 0& 04 00 0 G 0 0 0 00
46 70 00 10 419) 0 0 Q ( i 00
47 it Q0 04 00 1 Q 0 O v 00
50 71 Q4 3 Q0 0] Q 0 Q 0 ad
al 33 04 Gé 00 O 0 O 0 { 00
a2 13 06 0 00 G 0 0 0 G 00
93 70 00 04 00 & { 0 0 & 00
a4 1 06 04 00 & & 0 v 0 00
50 71 04 04 60 1 2 Q2 Y 0 00
G 70 Q0 10 Q0 0 1 a Y] & 20
o & 048 QG T 7 O { 9] O o0
&0 70 Q0 04 00 { 0 ] o 0 a0
&1 70 00 04 OG Q 0 0 0 v 00
&2 20 Q0 10 Q0 ( 0 Q 0 0 Qo
63 77 04 03 001 O 1 1 0 Q0
64 71 04 0& 00 o] 0 0 0 O 610)
&5 72 04 06 00 0 QO i { 0 Q0
&b 04 04 0é 00 Q Q Q 0 i Q0
47 70 00 06 Q0 0] 0 Q ! { Q0



Simulation parameters:
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REGISTERS IN DATAFIELD DEFINED

STATUS~REGISTER
STHRT-ADDR .
REGISTER FOR LOOP~COUNTER 1 = 0005

REGISTER FOR LOOFP-COUNTER 2
REGISTER FOR LOOF~COUNTER

Printout from simulation:

MULATION OF PrRUGRAM EXECUTIOUN

REGISTER

= 004000

= 01

TRIGOUER=CONUITION GIVEN

LKAM RS <51 KSZ R3S LCA
ATION

(1 gu o uuo U0 uu 0Gou
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1 v wu o 0u uu o2
1> Jo Uy uu 0o Ouu>
16 Ou uu LU0 uu Quus
1/ VIO RV I§ RV VR VIV GOUS
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55 Sk 35 56 35 JQ0US
56 5% 36 55 54 Ouu>
53 56 5 54 55 Qund
N PROGK, LOCe S7REGISTER=STACK
S S0 3> 34 23 Quu>
&0 () S0 55 S Uy

LOOP=CUUNTEK

1 18

= 0004
3 = Q001
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Printout for testprogram H1 cont:
LOOP=CUUNTE® ¢ I> UECREMENTED

Guudfu “{) 40 6 55 e Quus  Q0uU  G0DL  riios |
cheon 41 )y S6e 35 54 DOUs  wQUG  0opu  trro 4
gl g 4¢ G 20 55 S Oude  Qulu  ubu IR w3
guuufls “5 e 387 535 S« ydue«  GOulU  Quuy rrre 4o
SRV YN G L) S0 55 S« Quus  LLOG VLLOD rrre 4>
SHRBES) L5 40 36 35 s¢ Jude  uLul ritde IR 40
WARNING o IN PRUOGK, LOC, 4OREGISTEKR=STACK VALUE LOST
Gopofo 40 1) S0 55 A DUUs  wuou NN (i7o Gf
guucrr “f “fr ey 56 35 Guds  UblUL 7?7/ l((o U
JUOT LY Sy af 4 36 53 Duus Louu I (776 Y4
SIVIO R HVN G/ “f Wy S5 5% UUus  Qouu rre ({16 20
vuiIie 50 wf e« 36 55 ulive QLU0 (i 1l re “f
GuGIus of “f 4y 36 35> I TV IV IV R A A B A & SU
TR 5G Gf w0y 36 35 QOUY Q00L el rlde 4/
BICTE R NED “? “wl ey 36 55 SIION R VITTO ] R A & SR A A Y- DU
uuiglue 203 /LY 6 5> UOut)  OLUU el I E PR
o100/ 51 af &) 56 55 gouy  wouo 7l It re S5¢
VINIER Y 5id Gl 4y 56 A3 SIS IS I I 1 CT L R A A A R O o o) 23
gui1 1 55 “f 4y 36 35 GuolUu  ubulb o ‘(o 54
GUGYY<e 54 ¢ sy 36 35 Qudd  wubo i dPtto 35
GUG1YS 55 “f G 56 55 wu> LG et 7 5S¢
WARNING ¢ IN PRUGK, LOCe SOREGISTER=STACK VALUE LOST
Juutte 56 Gt 4y 35 55 Guubs  wyle 77¢t (77 >
Uuig11o 57 SE wd G 5h Utiube  ULLG (il (e 5/
LGOP=COUNTER 1 IS DECKREMENTLED
HuG1e 57 S/ wl L) S Oulu  ODuUs /(¢ (/6 335
Hun1e¢ed 55 SC &l W) Se DUUe  wlUs 7?0 (((ls bYe)
wAkNING ¢ TN PrOOk, LUCe DSOREGISTER=STACK VvALUE LUST
yibu1eés b Y] 57 of 4O  se6 UudJds  uuus INEa (lf6 bk
(EASIEN AN 5¢ 5S¢ 5 4t 4 GlUds  wults ol rire 4
LOOP=CUUNTER 1 S DECKEMENTEU
uuizret 5.7 St Sr Lt uyg DGy LLbLS et (70 35
Hut1sy I 5¢ S5 4l uy GUUS  ubUs (! rlie6 S50
WARNING ¢ N FROOK, LOUe OHREGISTER=STALK VALUE LuST
(3i1;1 31 56 S/ >f Wl W Guue  LQLe 7/t (16 b
iil113¢ b 3¢ il St 4/ Guud  Llle ((7( (7’0 3¢
LOOP=COUNTER 1T Is ODECKkEMENTED
Urix154 S/ a9l b4 S0 W&t Loul Lol frt (106 55
HUErss bo 5¢ S SO Wi ouue  Llue felv NN 56
WAKNING 3 IN OOk, LGLe SOKEOGISTER=STALK VALUE LOST
BECrse 56 5¢ >0 5S¢ wf 00Ul uuwt (et Mt h o/
e rse ST 5¢ St 5¢ 57 piul uuut e (176 >
Ul ey Sl 5 3¢ 54 - 5S¢ SIVIV IV I VI VIV (el (706 595
guu e 55 5S¢ od& SC 5S¢ gl uou rier (16 30
WARNING ¢ TN FPeQOk, LOCe SO6REGISTER=S:iAlk VALUE LUST
wllTod 56 St 50 S o Uuuy o Ll et it to 9t
Julites 5¢ 5S¢ >t >t >¢ TR e IR tiis 25
Va1 es 55 2l SxE, B0 b JUUd Ll e i ou
O es 60 S5 ur ST >¢ N VT IV VR A O O G O Y ol
OUuYes =1 >/ >¢ 5S¢ 5S¢ VIV I NIV Y A ¢ A he
WaRNING ¢ IN PNOOR, LGC, OCREGWISTER=STACK VALUE LOST
(1! oc S A Y A N A 4 VI VR Y (i(o 63
Juli1du &5 65 S SY S5 (e 0GUG Yo (776 65
LUOP=CUUNTERN PlS UeCkeMeNTERU
LOOP=CUUNTEK Z I> LeOUREMENTEU
LOCOP=(COUNTEK S IS UDbOREMENTED
Ul 4es 65 65 5S¢ 57 ¢ gudtT  LUUL 0LoY  wuy X8
Crc e/ s 65 S50 M7 >y Uty ulbu  OOue frtd 05
Drerou 65 65 S St >/ QU DULUU VU (red 06
FIG 1 66 65 St 50 ¢ SO0y LLUU wuuu el o/
R SR B ol &5  S7 57 S« Uodd o ulud uuigu frerd U

NG PROLKAM IrrUKY wiKE ODeTECTEY
LPU=TImME IN CURKELATOK (35 (el Udtl
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Test on correlator system

Trigger point PC=0 in channel A,

LS

(

bits 5-0

t. 0

iln

clock

Al

20B

int

clock

int. 408

clock

int. 608

clock

©
o
o
—
D
[
-~
A
O
(e}
—
O
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Display-output for testprogram H| Cont.

1208

Nt

clock

1408

clock int

0

10140

int.

clock




TIMING-DIAGRAM FOR PROGRAM COUNTER

3.2.3

Testing is performed with the 4-channel oscilloscope trigged

from the logic-state analyzer (trigger is a predefined value

of the program-counter) .

START-SEQUENCE FOR TEST-PROGRAM HI1:

e e e
: ‘/-~——§f/u——-—~ ) SYSTEM-CLOCK

" eratnad

PROGRAM-COUNTER,BIT 2

)
x:167 n/sec/div, y:0,5 v/div

Measured signal delay from system-clock:

Program counter bits: 50 NSeCron

Measurement of maximum carry-progation in micro-program

sequencesTrigger—-value on analyzer: PC=31.

Maximum setup-time of PC-value 40 from previous value 37:

70 nsec. (MSB bit PC).



Display for test-program HI1:

SYSTEM CLOCK

PC, bit 5 (MSB) -

PC, bit 1

PC, bit 0 (LSB)

T p——— 36 35 34 33 37 40 40 40

x:167 nsec/div, y=0,5 v/div
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3.3. TESTS ON THE ADDRESS PROCESSORS APB AND APM

Logic analyzer connections used:

Channel B Card terminal Signal name

bit 0 CM5, 2B1 Address bus APM, bit 0 (LSB)
1 CM5, 2B2 - - 1
2 CM5, 2B3 i 2
3 CM5, 2B4 sl e ] 3
4 CM5,2B5 i 4
5 CM5, 2B6 i 5
6 CM5,2B7 " 6
7 CM5,2B8 o e B 7
8 CM5, 2B9 — 8
9 CM5,2B10 il 9
10 CM5,2B11 T 10
11 CM5,2B12 1" 11 (MSB)
12 NOOP
13 NOOP
14 NOOP
15 NOOP
clock input (4) CM5,1A32 SYSTEM CLOCK
Channel A Card terminal Signal name
bit 0 CM3,1A18 Address bus APB1l, bit 0 (LSB)
1 CM3,1A17 T 1
2 CM3,1A16 I i B
3 CM3,1A15 1 3
4 CM3,1A14 T 4
5 CcM3,1A13 T 5
6 CM3,1A12 - t 6
7 CM3,1A11 1 7
8 CM3,1A10 “ 8
9 CM3,1A° 1 2
10 Cn3,1A8 ( 10
11 Cn3,1A7 a 11
12 CM3,1A6 bi 12
13 CM3,1A5 ' 13
14 CM3,1a4 i 14
15 CM3,1A3 il 15 (MSB)
clock input (f) CM4,1A32 SYSTEM CLOCK
qualifier QO CM1,1Aa3 START COMPUTE (USED AS A TRIGGER




Two fixed-file programs have been constructed for testing
the different arithmetical and reloading functions of the

address-processors APB and APM in parallel.
PROGRAM NAMES.

TESTPROGRAM H2: TESTS ON ARITMETICAL FUNCTIONS ON ADDRESS
PROCESSOR.

TESTPROGRAM H3: TESTS ON REGISTER-STACK LOADING AND ACCUMULATIONS
IN APB, APM.

TESTING WITH H2:

€ main purpose of H2 is testing that the register-stack is
loaded with correct values before start and then the different
ADD/SUB functions are tested.

The testing of the register-stack is performed with the
following data-values in the data-field:

REGISTERS IN DATAFIELD DEFINED

STATUS-REGISTER = Q04000
START-ADDR. REGISTER = 01

AFB-STACK ¢
REG Q0=000000
REGQL=177777
REG. 02=000001
REG 03=000002

REG. 0&4=000010
REG. Q7=000020
REG, 1O=000040
REG 11=000100
REG, 12=123252
REG. 13=000200
REG, L4=000400
REG . 15=001000
REG. 16=002000
FEG . 17=004000

AFM-STACK
REG . 00=0000
REG.01=7777
REG.02=0001
REG. 03=0002
REG. 04:=0004
REG . 05=2525
REG.06=0010
REG.07=0020
REG. 10=0040
REG, 11=0100
REG, 1225252
REG, 13=0200
REG 14=0400
FEG. 1521000
REG. 16=2000
REG. 1724000

*
¢

After start the program scans location 1 to 71, and the
functions tested are given on the following page. The micro-

instructions for the APM are the same, and with the test-

connections given above, the hardware testing can be done in
parallel on the two processors.
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TIONS DEFINED
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Display output:

stm 1.

stm 41.

stm 61.

R R R

i
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il

i

Delay: A-channel: 4

B-channel:5

Same values should be

shown also for delay:
A-channel: 20
B-channel:21

Delay: A-channel: 36

B-channel:37

Delay: A-channel:52
B-channel:53



Stability-test using program H2:

Disconnect bits 12-15 on A-channel and set analyzer in "HALT

IF = B » IF A = B" operation and set delays as given in

the previous test. By using the repetitive "CORRELATOR START"-
function of CORRSIM program, the address from APB and APM

(only 12 bits) can constantly be compared and the analyzer is
detecting if bit-errors at output of the processors are |

areurring.

The module was started 377778 times for all given delays and

no bit-errors were detected.

TESTING WITH H3:

The program has three subroutines for checking processor-
accumulation, register-stack internal reloading and special

functions of the APB-processor.

Subroutine 1 has startaddress at location 1 and has the
program—-field 1—128. The testing uses the same test-connections

as for Hl1 with the following corrections:

Channel b Card-terminal Signal name
bit 12 CM5, 1A22 Prcgram-counter,bit 0
(LSB)
13 CM5, 1A21 - " - bit 1
14 CM5, 1A20 _ " B 2
15 CcM5, 1A19 - " - 3

Channel A: Disable the qualifier Qo trigger.



In subroutine 1 the register accumulation mode is tested.

The program operates on both address-processors in parallel.

30 -

The following function is done:

The program is looping on the last operation, and the number

REGISTER O

>

REGISTER 17

REGISTER 17 + REGISTER 1 -

(loading of start value)

REGISTER 17

with incrementvalue in reg. 1).

(accumulaticn

of loops is determined by the product of values in loop-counter
i, 2 and 3.

is given.

The subroutine instructions for program-control

At micro-instruction no.

12 the accumulation result

and APB-operation (same for APM) are the following:

MEM-1L.0C.
00
01
02
03
04
G
06
Q7
10
11
12

MEM~L.0C .
Q0
01
02
03
04
Qh
06
o7
10
11
12

FROGRAM~INSTRUCTIONS DEFINED

CONDCODE CODE-R COUE-A ADDR .

70
70
70
70
70
70
70
71
72
74
70

AFB-INSTRUCTIONS DEFINED
ALU-SOURCE ALU-FUNCTION aALU-DESTIN, &

7
4

Gd ENE R o N NN

00
Q0
00
00
00
Q0
Q0
Q0
00
00
00

4
0O
4

L A L T A N N

04
10
04
10
04
04
10
05
035
Q8

06

00
00
00
00
010
Q0
00

LG

el e T I N N RS O

S B0 D O DD

<D

1

LORLA LC2 LCE RELOAD R-aAalIR.

0
O
Q

) 0
0 2
0 1
3 O
1 O
O 0O
O 0
O O
0 {
0 O
O O
AR,
o0
Q0
Q0
O
¢1¢)
00
0]¢]
01
OO
[019]
Q0

0
ICD
0
0
0
Q
O
&
0
O
O

00
o0
00
00
00
00
00
00
00
00

B-alillk . SELECT

Q0
17
Q0
Q0
00
Q0
QG
7
Q0
18]

QG

L
&
0
0
O
G
(&
0
O

-

l\_.l
0



Test-results with subroutine 1:

I. Testing max. counting of APM:

Parameter setup:

REGISTERS IN DATAFIELD DEFINED

STATUS-REGISTER = 004000
START-ADDR, REGISTER = 01
REGISTER FOR LOOF-COUNTER 1 = 7?7277
REGISTER FOR LOOF-COUNTER 2 = 0001
REGISTER FOR LOOF-COUNTER 3 = OOOi
AFE-HTHCRK 3
REG.00=000000
REG.Q1=000001

AFM-8TACK
REG . 00=0000
REG. 0120001

Display: end-triggered on PC=12, ch A: no delay, ch B:
1 delay (display APB, APM equal).

1
!
1
|
!
!
!
!
|
{

Display: end-triggered on PC=12, ch A: no delay, ch B: 1 delay
(display APB, APM equal).

REGISTERS IN DATAFIELD DEFINET

STATUS~REGISTER = 004000

START-ADNK, REGISTER = 01

REGISTER FOR LOOF-COUNTER 1 = 1000

REGISTER FOR LOOP-COUNTER 2 = 0200

REGISTER FOR LOOF-COUNTER 3 = 0001

AFB-STACK 3§ AFM-STACK 3

REG . 00=000000 REG . 00=0000
REG.01=000001 REG.01=0001



Display (same trigger-conditions as before):

i
i
1
1t
1t
i1
t
8
11
i1
e
i1
1
"

e

Subroutine 2 is designed for checking the processor register-
stack loading in parallel for APB and APM. Subroutine 2 has
startaddress at 13 and uses the memory-locations 13—528. The
program-counter is moving continuous from 13 to 62 and back

to zero. During this execution the loading of the register- stacks

are address-reverses, that is:

reg. 0 » reg 178 and reg 178 > reg 0
reg. 1 » reg 16 and reg 16 -~ reg 1

After After 2. start the register loading should be the same

as at. the start.
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Subroutine listing for APB (same instructions are used for APM) :

AFE-TRETROCTTIONS  GEFTNED o
i ML AL SOURCE Al U-FUNCTION SlLU-TESTIN, Ge-alDi, B-Aallf,  SELECT

13 3 0 i G O i
14 & { 3 1¥ 0
i o i 3 00 0
T 3 Q O 00 'f:.‘J
17 X { 3 1 o8 .
gl = 0 A G0 14 ¥
a 6 0O (i b i

4 0 3 1 (72 S0

- 0 3 0 10 0

A 0 O gy DA 0

4 0 3 14} O3 i

2 v 3 Q0 1 9]

A 0 O O i i)

4 ¥ 3 1.3 04 G

e o 3 00 1A 0

3 O GO i) Ol O

. G K 12 O i

= o A i 12 Q

z 0 oc 06 0

4 0 3 1l O 0

2 i 3 ety (! (O

3 O O ) 07 0O

4 0 A Y] a7 (

2 0O A O 10 O

4 (O (i [81¢] Y

4 3 G GO 0

el O a0 ]

4 0 3 00 0

4 QO g O 3

4 O 0O 00 (

D0 0

<y
e
e RN

~

-

5 7l

~

-~

-
R
~d
-
-~
&
~
-

A O ! 18] {
4 O 11 O G
2 O ? OO Q
4 0 3 o1y o
4 G 4 OO 0

Lt

T et ol e e B

S
e e
R

S

Test-results using subroutine 2:

Same test-connections as for subroutine 1. The display
triggered on program-counter eq. to 3 (only 4 LSB bits used)
and delay=19 in channel A, delay=20 in channel B.
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Subroutine 3, with start at 63 (uses 63—708), is a test-
program only for the APB. At locations 65 the loop-counter 1
is reloaded from APB, reg. 17 with the function LCR1=RSAPB (17)
=208. At location 708, the register stack registers are
displayed by the special function "SELECT", which connects
B-address input on APB to loop-counter 1, and this counter is

decremented in location 70.

Subroutine listing:

FROGRAM-TINSTRUCTIONS DEFINED
MEM~L.OC . CONDN CODE CODE-F W-d ADDR . LCL LORLS LOC2 LOT RELOAD R-SDDR,
&3 70 03¢} 04 00 { 0 0 0 00
64 A0 00 04 Q0 0 O G 0 Qa0
&G 70 016} 04 00 0 0 Q 1 23
aé 70 00 04 Q0 0 0 0 O 00
&7 70 QG 1G 00 0 Q O 0 Q0
70 a1 Od 0% Q0 Q 0 0 3 0

AFE-THETRUCTIONS DEFINED
MEM-1.002, ALU-GOURCE ALU-FUNCTION ALU-DESTIN, A-allk, BE-allR. SELECT
&3 Py 4 ] 040 o) O
&4 00 OO 0
&Y ¥
&é 7
&7 7
70 3
Datafield setup:

SO0

= Ry O D

I

17 30 O
00 00 0
00 Q0 Q
Q0 Q0 1

3 e
%
2

D

.

i i e e et

REGISTERS IN DATAFITELD DEFINED

STHTUE-REGLISTER s Q04000
START-ATDR e REGISTER = &3
REGISTER FOR LOOF-COUNTER
Rk ROFORLOOP-COLUNTER
REGISTER FOR LOOF-COUNTER

AFE-STHEK 2 AFM-STACK 2
RELG: GO 20 000001

QG000 REG .00

-y
e

01
2002000
=Q04000
=Q10000
Q20000
000
FuQOO020




Test-result: same connections as before, trigger on PC=3

(4LSB bits). Delay ch A: 9, delay ch. B: 6

3.4 TESTS ON MULTIPLIERS AND PARTIAL ACCUMULATORS

Testprogram H4 is designed for testing the 4 hardware
multipliers and the subsequent add/subtract-function. The

test is performed by probing on the correlator data-channels

in parallel, and the test-function "HALT IF A = B" on the logic
state analyzer is used for detecting possible hardware errors.
This is done while generating the same data-input to the
channels (from test-memory) and making the same channel
micro-operations. If data-output from the channels are the

same, no errors have occurred.
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Test—-connections used:

38 -

Channle B Card terminal Signal name
bit 0 LC2,2A17 Data-channel 2, bit 0 (LSB)
1 LC2,2A16 e - 1
2 LC2,2A15 i - 2
3 LC2,2A14 R — 3
4 LC2,2n13 - ——= E— 4
5 LC2,2A12 - i —— 5
6 LC2,2A11 o -6
7 LC2,2A10 s - 7
8 LC2,2A9 Tl | — 8
9 LC2,2A8 el S 9
10 LC2,2A7 SENGRS—— . 10
11 LC2,2A6 T | Ie———————— 11
12 LC3,2a5 S—— | S — 12
13 LC2,2A4 S PR 13
14 LC2 ,283 - S— ~ 14
15 LC2,2A2 e s s = 15 (MSB)
clock input (1) CM5,1A32 System clock
Channel A Card terminal Signal name
bit 0 LC2,1A19 Data-channel 1, bit 0 (LSB)
1 LC2,1A18 T 1
2 LC2,1A17 T 2
3 LC2,1Al6 - " - 3
4 LC2,1A15 = B Eosem 4
5 LC2,1A14 - — 1 5
6 LC2,1A13 s, Y e 6
7 LC2,1A12 — 1 7
8 LC2,1a11 el | 8
9 LC2,1A10 —— 9
10 LC2,1A9 o | [ 10
11 LC2,1A8 A N - 11
12 Lc2,1A7 e § IS 12
13 LC2,1A6 T—— e 13
14 LC2, 1A5 e 14
15 LC2,1A4 — TR - .5 (MSB)
clock-input (M) CM4,1A32 SYATEM CLOCK
dqualifier Qo CM1,2A12 CORRELATOR BUSY

The display is triggered on active high

qualifier Qo.



Display function:

Delay from 6-517 show testdata X (from loc.0-511) ,test loading B-reg.Ml,M3
: Delay from 519-1030, test loading Y data to registers B on Ml,M3
: Delay from 1032-1543,test loading X data to B-reg. on M2,M4
: Delay from 1545-2056,test loading Y data to B-reg. on M2,M4
: Delay from 2059-2570,test loading X data to A-reg. on M1,M3
: Delay from 2573-3084,test loading Y data to A-reg. on Ml,M3
: Delay from 3087-3598,test loading X data to A-reg. on M2,M4
: Delay from 3601-4112,test loading Y data to A-reg. on M2,M4
: Delay from 4114-4625,test loading x2 = x2 =20
: Delay from 4627-7186,test-sequence:

test a: X°Y
test b: 0

test ¢c: 2X-Y
test d: X-Y
test e: 2Y2

Data-field for test:

REGISTERS IN DATAFLIELD DEFINED
STATUS-REGISTER = 004020

START-a00R, REGLISTER = 01
REGLISTER FOR LOOP-COUNTER 1 = 0777
AFBE-STA0R 3 AF TS TALR 3
FEG, 00=000001
REG . 1T 000 15




Display-output:

Delay = 6: Simulation-result from CORRSIM:

177705

177742

1777214

nON0&S

177736

177776

17774614 .
nO6073 X-loading
0nononéé

000070

non13é

177647

177725

nopo7é

noonns

177745

177734
177644
177766
000076
177765
177701
177714
000052
it U 000047
UL P ' o 177751
LIE b o L nnotae
i T £ 177705  y-loading
177770
000006
noogo3s
nnNooss




Delay = 4627:

Mixed loading.

3.5 TESTS ON 32-BITS ACCUMULATORS

The accumulators are tested with the testprogram H5 which

consists of 4 separate subroutines:

Subroutine 1: Isolated test on the accumulator function with
generation of-1 from the data-channels without
any computations on the data. This routine

checks only the accumulator function.

Subroutine 2: Test of loading values directly from the test-
data memory at input for testing the loading
operation of the accumulators.

Subroutine 3: Test on the function

Subroutine 4: Test on the function

o {

|

. Xty

n
The same processing is performed on both data-channels, except
for subroutine 2 where x-value is generated on datapchannel 1,

and y-value at the other.



Test—-connections used:

The logic analyzer is connected to the data-channels on
accumulator card LC2 (front-panel flat-cable connectors).

It is recommended that the analyzer clock-bits are connected
to the memory-write signal to the result-memory (terminals
2A12 on memory cards) and the digital scope 1s trigged on
high-to-low transition of the clock-signal. The testing must
be performed in two steps. (Note that when performing this
test, the correlator memory card should be disconnected, due

to noise injection on the power lines).

32 .
TESTPROGRAM 1: ACCUMULATION WITH - 1 2°° TIMES (SUBROUTINE 1)

Programlisting:
FRdGr e - DS TRUC T TONS DEF TRE T

FEM-LOC . CORDLCOOE CODE-RF CODE-& alnR. LCL LCRLA LC2 LC3E RE?D&U fe B LG .

iy 4 n \ 6
OO 3 N e O I8 8] % {1 iy e
A T T e o £ J‘ o . o
1 A e 18 Oy ) 1 Iy i $18
o P iy 14 Qi 9 2 ]
o > . o S Ry A Lo 4 o ey ‘?‘»‘ '—"-|
o e e & O ) O A 1 0 (14
& Aee P T R A PR o
s " o~ o oy i y 2 A iy
O S0 NIy Ol Q0 e 0 1 (0
- : " o Al o 2y L o~ . 3 'a\' |.‘\.
Ol I 1 [eTe] i ' i ] (i I
i e B NS -
A3 ) . i’
. P o . o - - &
[ e (0 e 1 o ] 0 )
; o g 5 oon ” - ” o~ “
e [§1¢] 03] (i Iy i i O {
3 I J .
i F & N o
» O O OO ¥ 4] 0 i e

AU ATOR  TNSTRUCT IO LT _
PR LG STROBE T/70 WRTTE RESD CLEART SETL CLEARD SﬁTE

i [ ) ( :l | "x [ L [
A i Y f 2, o o Y
i i i (1

{1 1 0 1 QO ] o 3

" , g - o

% ¥ b il i
OO { 0 0 0 ) X g
- ~ -

Y ] 9] O 4] i % i)
- > 2 f g 1 ) ) -
\ o g . \ O

g 0 i 0 G & 3 ;

- o - i, “ “

X [} N [

1 0 O o () % g

" - - - .

. o o O

1 iy i ] ] ‘ :

by oo d ,s, - 4 - oy

e 0 1 (i 0 o 0 i

With the following data-field defined, the accumulator counts
down from -1 (all ones) to 0.

FEGTSTERS IN DATAFTELD DEFLNED
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The last 16 values on the diplay are:

0 000 008 100 000 000 0000 00O 000 000 000

TESTPROGRAM 2. Direct transfer from test-memory to accumulators

The program is equal to the testprogram from file 4 of CORRSIM

(start at 16). Data-channel 1: (first 16 x~values)
1777277 177705
177777 177742
177777 1777214
noaoonn nNN0GS
177777 177736
177777 177776
177777 17774619
noonon nnpovs
aonnon nonnéé
‘ nonnan noon7o
PRI T e nonann non13é6
FEE Y L N 177 177617
SN g 177777 177725
L gy nonaco nonn7a
nonnoe anenns
177777 177715

Data-channel 2: (first 16 y-values)

1772777 177734
i i 1?7777 177644
P T o e 177777 177766
AR R N '{”'}'H,ii 000000 noon7é
' i 1772777 177765
G i 177777 177701
1 = 177777 177744
. S gk nonooon nonnse
AT 11 itk T ey j ey 000000 nanNQ4a?
AR DAY M EbE o ke i ;S;;g; ;;;:2;
xnxlu)lgn}{” - e 177777 177705
177777 177770
oonnon nonnné
nonnno nonna3s

onnono nOnNOosSsS

14



TESTPROGRAM 3: TESTS ON ACCUMULATION OF } X2 + y2

The program is equal to the testprogram from file 2 of
CORRSIM (power-profile) with the exception that both data-

channels process ¥ x2 + yz. Program starts at loc. 21

Test parameters (max. value in LCl):

REGISTERS IN DATAFIELD DEFINED

STATUS-REGISTER =004020
START-A00R. REGISTER = 21
ke STER FOR LOOFP-COUNTER 1 = 7377

REGISTER FOR LOOF-COUNTER 2 = 0017
FFE-STACK ¢ AFM-STACK §
REG 12000177 REG: 13=0001
REG, 13=000001 REG: 140000
REG: 14=000000
nonN&sSs 033321
N00&SS N23041
0 000 000 100 04 0 018 011 011 040 o0 000655 753132
e 000455 025765
nonNess N32372
noné4ss n37352
00N4Ss 022118
no0&SsS N26011
nN00&ssSs 064451
nNOO&SS N55614
000455 026754
0on&sss 023601
nonsss 025201
000455 027660
NnoN&45S n2seéze

nop&s5s’ 023235



TESTPROGRAM 4 (SUBROUTINE 4): TESTS ON ACCUMULATION OF I X + y:

The subroutine is equal to testprogram from file 2 of CORRSIM,
both data-channels are processing I x + y. Same test-parameters
as for testprogram 3 with the exception that the program starts

at 27.

000000 005151

i : 000000 005325
0 000 000 000 000 000 O 000 10§ 008 104 QO4 00no0o N05516
oo00n00 005211

0onnno 005400

000000 005452

000000 005317

000000 005223

000000 005137

000000 005552

000000 005372

000000 005247

000000 005223

000000 0052146

oconon 0psave

000000 005273



3.6 RESULT-MEMORY TIMING

A small testprogram (H6) has been constructed for testing

the basic memory-cycle. This includes the following functions:

- move content from memory to accumulators
- accumulate with data from the hardware multipliers

- move modified value back to memory

The program does the following for each instruction cycle:

Program-memory location Function
0 Idle
1 Load value from loop-counter
register 1 into loop-counter 1.
2 Load-value + 1 into result-memory
locations 17778.
3 Read value from memory location

0 (on first loop execution reset
accumulator register), accumulate
with -1 and load back to mem. loc.O0.

4 Read value from mem. location 1777,
accumulate with +1 and load back
to loc. 1777.

5 Read value from mem. location 7777,
accumulate with +1 and load back
to loc. 7777.

Decrement loop-counter 1.

If loop-counter 1 equals O
continue to staement 6, otherwise
return to statement 3.

6 ‘Go to statement 1.

As given in microinstruction 6, the program has no end-
statement and this makes it possible to analyze the waveterms
with analog oscilloscope. A listing of the program can be

found in Chapter 5.

The program uses the following defined parameters:

REGISTERS IN DATAFTELD DEFINED

SETATUS-REGLISTER = Q04020
START-AGLIR . R g s Q]
EGLETER FOR LOOF-COUNTER 1 = 0010

AFR-STACK 3§ AFM-STACK 3
REG QQ=000160 REG QO=0000
REG QL=000221 f  LO=1TFT
REG 02=000154 REG LL=Z37F7




For the APB-stack the register 0 gives buffer-memory address
for loading -1 to the accumulators. Registers 1 and 2 give
address-reference to data value +1. Register 0 in the APM
gives the result-memory location for testing accumulation
with -1. Accumulation with /1 is tested on location given

by REG. 10 - REG. 0. REGISTER 11 gives the address to the
result-memory for the second +1 accumulation. With the given

data-values the address generation to the result-memory is:

instruction 3 instruction 4 instruction 5

. l | ’ ’ i : system-clock
_ | | o
read write read write read write read write function

o . 7777.1777 0 7777 1777 0 7777 address

T T

The program is constructed for making bit-inversion (address
0 address 1777) within a memory module, at the same time

the data bits are inverted. (+1 to -1).
Test-results:
I. MEMORY-WRITE PULSE AND ADDRESS SETUP-TIMES

Testpoints: upper channel, write-pulse (active low) on

data-channel 1 module.

Lower channel, LSB-bit for result-memory address,

same memory module.



write-pulse

LSB-bit address

x: 100 nsec/div.

write write write y: 2 v/div.
0 1777 7777

WRITE-PULSE WIDTH: 75 nsec (at 2 volts)

ADDRESS SETUP-TIME FOR WRITE: 10 nsec 0 nsec

TYP' MIN

ADDRESS HOLD-TIME FROM WRITE: 20 nsecTYP

IT. DATA-RESPONSE ON READ/WRITE CYCLE:

1. channel: write-pulse
2. channel: LSB-bit memory address

3. channel: LSB-bit on data-out bus from memory .

Note that data-bus is in 3-state inhibit during memory write.

write-pulse

LSB-bit address

LSB-bit data out

x: 100 nsec/div.
Read Read Read y: 5 volts/div.
0 1777 7777



WRITE RECOVERY TIME: 20 nsecTYP

READ ACCESS TIME (ADDRESS TO DATA): 30 nsecTYP

ITI. DATA SETUP-TIME FOR WRITE

1. channel: write-pulse
2. channel: LSB-bit address
3. channel: LSB-bit data input-bus to memory

write-pulse

LSB-bit address

LSB-bit data

x: 200 nsec/div.
y: 5 volts/div.

DATA SETUP-TIME INACTIVE WRITE-PULSE: 90 nseCTYP

DATA HOLD-TIME: 100 nsecTYP



IV. DATA SETUP-TIME FOR TRANSFER TO ACCUMULATOR

1. channel: write-pulse

2. channel: LSB-bit address

3. channel: LSB-bit data output-bus to accumulator

4. channel: strobe-signal (high-to-low transition) on

card-terminal (1B12) of accumulator.

write-pulse
LSB-bit address

LSB-bit data

Accumulator strobe-
signal

x: 50 nsec/div.

y: 5 volts/div.
Read Read
0 1777
DATA SETUP-TIME: 15 SmmOZHZ
DATA HOLD-TIME: 25 nsec

TYP



4. SYSTEM TESTS

A set of CORRSIM files have been created for complete system
tests. These tests include the complete correlator system
with data transfer over the NORD-10 DMA-channel. For each
test diagnostics on the correlator system can be made by
visual inspection of data on display/listing or directly by
table-comparison controlled by computer software. The data-
table can be produced by the first DMA-transfer and all
subsequent correlator-runs can be tested with this table. It
is also possible to have automatic starts of the correlator
with table-comparison for long-term stability tests of the
correlator. For certain files it is also possible to produce
the data-table from direct arithmetical simulation inside
CORRSIM.

4.1 SYSTEM-TEST Sl: TEST ON MICROPROGRAM EXECUTION

The program is stored on file (CORR)S1: data and test-
preparation is only to load the program into the correlator
before execution. Number of 16-bits words transferred on the
DMA-channel is 161. The microprogram produces a mapping of
the correlator program-counter and all typical program-
instructions are tested. For detailed description of micro-
program, see Appendix A. The program uses a fixed setupe

of parameters in the data-field and this is stored on the
file S1.

The test-program has been tested in the CORRSIM simulator

for program execution, and a comparison table was created for
test against data output from the correlator (testword 2 which
contains the program-counter). Number of program-.statements
under test is 1638 (equal to no. of executed clock-intervals) .
If the program-counter reaches location 76 after 16 clock-

8
intervals, no program errors have been occurring.



Print from simulation of program S1.

_52 -

Comparison with

correlator output is PROGRAM LOCATION in the second column.

TIME

nnonnon
nnono1
nonno2
0non03
0nonoé
nonnos
noonoé
nnonov7
oonnin
noont
nonoie
nnoni3
nnnnie
noon1s
00nNn1é
nooni7
nnonoen
nopn2
nonnee
nnonn23
000n26
oonne2s
nonn2é
000027
nnpni3n
0oopn3ig
nonn32
nnnn33
OLLETA
000n35s
nnnNn3é

WARNING

npnn37
nonn&n

SIMULATION OF PROGRAM EXECUTION

NO TRIGGER=CONDITION GIVEN

PROGRAM
LOCATION

01
02
03
né
05
06
07
10
11
12
13
16
15
16
17
20
21
22
23
25
27
31
32
33
34
35
36
36
35
36
33

¢ IN PROGR,

37
40

RSO RS1 RS2 RS3

00 00 00 o0
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 o0
00 00 00 o0
00 00 00 00
00 00 00 00
00 00 00 00
0o 00 00 00
no 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
o0 00 00 00
00 00 00 00
00 00 00 00
0o 00 00 00
00 00 00 00
0o 00 00 00
on 060 00 00
00 00 00 00
00 00 00 00
33 0o 00 o0
3¢ 33 o0 o00
3s 34 33 00
36 35 34 33
35 34 33 34
34 33 36 35
33 36 35 34
36 35 34 33
LOGCs
36 35 34 33
40 36 35 34

LOOP=COUNTER

LcH

0noo
0005
nons
0005
noons
0005
nons
0005
nons
0005
0nNos
0005
0005
no0s
0oans
noos
0005
nans
0005
nons
0005
nons
0nons
0nos
0005
onos
0005
noos
0005
nonos
0005

S37REGISTER=STACK

no0os
noos
1

LCRYA

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
nnoo
g0oo
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
VALUE
0000
0000

LCce

0000
nooé
00046
N00&
0006
0004
no0é
nooé
0004
00046
0006
0004
0006
0006
0006
0006
0004
0004
noos
00064
0006
0004
0006
0006
nooé
n00é
0006
noné

0006

0004
0004
LOST
No0&
0006

IS DECREMENTED

Lc3

0000
0001
onno
0001
0nn
0001
0noi
0001
0001
0001
0001
oon1
nont
0001
non
0001
0no1
0001
0001
0001
0001
0001
0000
onno
onnn
onnn
onnn
7
7776
7776
7776

T276
7776

NEXT
PC

02
03
04
05
06
07
10
11
12
13
146
15
16
17
20
21
22
23
25
27
39
32
33
34
35
36
36
35
346
33
37

40
40
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Simulation of program Sl,cont,

000070
000071
000072
000073
poon7e
000075
WARNING
nooon7eé
oooo77
000100
000101
000102
000103
000104
000105
000106
000107
000110
000111
000112
000113
WARNING
000116
000115

000121
o0on122
WARNING
000123
000124

000127
000130
WARNING
000131
000132

000134
000135
WARNING
000136
000137
000140
000161
WARNING
000162
000163
000144
000145
000146
000167
000150
000151
N000152
000153
000156
000155
N00156
000157
noni60
000161
000162
000163

LOOP=COUNTER 2 IS DECREMENTED
40 40 36 35 3 0n00sS 0000 0000 7776
41 40 36 35 34 0004 0000 0000 7776
42 40 36 35 3¢ n004 0000 0000 7776
43 40 36 35 3¢ 0004 0000 0000 7776
Lb 40 36 35 34 0004 0000 0000 7776
45 40 36 35 34 0004 0000 7777 7776
IN PROGR, LOC. LOREGISTER=STACK VALUE LOST
) 40 36 35 34 0006 0000 7777 7776
67 47 40 36 35 0004 0000 7777 7776
50 47 40 36 35 0003 0000 7777 7?76
47 47 40 36 35 po03 0000 7777 7776
50 &7 40 36 35 0002 0000 7777 1776
67 47 40 36 35§ 0002 0000 7777 7776
50 47 40 36 35 0001 0000 7777 7776
47 L7 40 36 35 0001 0000 7?7?7776
50 47 40 36 35 0000 0000 7777 7776
51 47 40 346 35 0000 0000 7777 7776
52 47 40 36 35 0n0o 0000 7777 7774
53 67 40 36 35 0noo 0000 7777 7776
56 47 40 36 35 0005 0000 7777 7776
5§ 47 40 36 35 000S 0000 7777 7776
IN PROGR, LOC. SGREGISTER=STACK VALUE LOST
56 47 40 36 35 0004 Q00& 7777 7776
57 57 47 40 36 0004 000& 7777 7776
LOOP=COUNTER 1 IS DECREMENTED
57 57 47 40 36 0000 0006 7777 7776
56 57 47 40 36 nO0& 0004 7777 7776
IN PROGR, LOC. SOREGISTER=STACK VALUE LOST
56 57 47 4D 36 0003 0003 7777 7776
57 57 S7 47 4O 0n03 0003 7777 7776
LOOP=COUNTER 1 1S DECREMENTED
57 57 57 47 40 0000 0003 7777 7776
55 §7 57 47 4O 0003 0003 7777 7776
IN PROGR, LOC, SOREGISTER=STACK VALUE LOST
56 §7 57 47 40O nonz 0002 7777 7776
57 57 ST 57 47 0002 0002 7777 7776
LOOP=COUNTER 1 1S DECREMENTED
57° 57 ST 57 47 0000 0002 7777 7776
S5 s?7 ST ST 47 0002 0002 7777 7776
IN PROGR, LOC, S6REGISTER=STACK VALUE LOST
56 S7 S?7 ST 47 0001 0001 7777 7776
57 57 57 57 57 0001 0001 7777 7776
57 57 S7 57 57 0no0 0001 7777 7776
55 57 57 57 57 00NY 0001 7777 7776
IN PROGR, LOC, SOREGISTER=STACK VALUE LOST
) §7 S? 57 57 nooo  0oon 777 7776
S7 s7 S?7 S7 S7 0noo 0000 7777 7776
55 57 57 57 S7 0000 0000 7777 7776
60 s?7 57 57 57 7777 0000 7777 7776
61 s7 57 S7 57 7777 0000 7777 7776
62 57 'S7 57 57 7777 0000 7777 7776
63 57 S?7 57 57 7777 0000 7777 7776
b6 57 5?7 57 57 7777 0000 7777 7776
65 57 S? ST S7 7777 0000 7?77 7776
66 57 S§7 S? 57 7777 o000 7777 7776
67 57 S7 57 S7 7777 0000 7777 7776
70 §s7 S7 S7 57 7777 0000 7?77 7776
71 §s? S7 S? S7 7777 0000 7777 7776
72 57 57 S7 S7 7777 0000 77T 7776
73 57 S7 57 57 7777 0000 7777 7776
74 s? S?7 S7 S7 7777 0000 7?77 7776
75 57 S§? 57 S7 7777 o000 7717 7776
76 57 57 ST S7 7777 0000 71T 776
NO PROGRAM ERRORS WERE DETECTED
20,50 USEC

CPU=TIME IN CORRELATOR IS

1
42
L3
XA

L6

47

50
7

50
67
50
L7
50
51
52
53
Sb
55
56

57
57

S5
56

57
57

55
56

57
57

55
56

57
57
55
56

57
55
60
61
62
63
b4
65
66
67
70
71
72
73
74
75
76
00

g
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4.2 SYSTEM-TEST S2: BASIC LOADING OF THE RESULT-MEMORY

The testprogram S2 is constructed for separate test of the
write-memory operation with data-values from the 32-bit
accumulators. Both data-channels are operated in parallel
and the main purpose of the testprogram is to detect possible
errors in the generation of the write-address from processor
APM or bit-errors in the result-memory itself. For each |
test-run of the program, all available memory-addresses and
locations are referenced. With intension, a "worst-case"
write mode is selected for also testing possible "cross-talk"

loading, i.e. loading to memory locations not referenced.

The following time-diagram is selected for the write-operation

(only one memory-write operation is sketched) :

167 nsec
s ]
SYSTEM : S R o
CLOCK ( — |' - _“"“J e _,_L:;'.,.::‘;___ et !..,,Zi;-__'.‘",’_l s e
T4 > 1< K P
WRITE-OPERATION READ-OPER. READ-OPER:
TO OF OF
LOCATION A SEL. MEM¥\LOC. MEM., LOC.
A A A

b
READ WRITE READ

Bit-reversed address is selected at each side of the write-

function.

The testprogram S2 consists of the following subroutines:

SUBROUTINE 1: (SAR=1l) TEST OF LOADING -1 TO RESULT MEMORY
SUBROUTINE 2: (SAR=7) TEST OF LOADING 0 TO RESULT MEMORY
SUBROUTINE &: (SAR=15)TEST OF LOADING THE TEST-SEQUENCE
TO THE RESULT MEMORY:
DATA-CHANNEL 1: x-values
DATA-CHANNEL 2: y-values
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All subroutines use the following registers i data-field:

REGISTER NAME

INTERNAL ADDRESS

FUNCTION

STATUS-WORD=004020

SAR=1
LCR1

LCR3

APM-STACK REG.

APM-STACK REG.

APM-STACK REG.
APM-STACK REG.

APB-STACK REG.

APB-STACK REG.

APB-STACK REG.

APB-STACK REG.

17

16

1

24

21,0

21,1

21,4
21,17

20,0

20,1

20,17

20,16

SELECTS COMPUTER FOR
STARTING THE CORRELATOR,
AND TEST-SEQUENCE AT
DATA INPUT

SELECT TEST OPTION

NO OF RESULT-MEMORY
LOCATIONS TO BE TESTED

NO OF RESULT-MEMORY
LOCATIONS TO BE
TRANSFERRED TO COMPUTER

START-ADDRESS IN RES.
MEMORY FOR TEST

ADDRESS-INCREMENT FOR
WRITE
= 1777

START-ADDRESS IN RES.
MEMORY FOR TRANSFER

START-ADDRESS IN TEST-
MEMORY FOR TRANSFER TO
RESULT MEMORY (ONLY
SUB. 3)

ADDRESS-INCREMENT IN
TEST-MEMORY

=154 - CONTAINING THE
X-VALUE +1

=45 > CONTAINING THE
y-VALUE 0

When LCR = 0, the selected subroutine is executed without

DMA—transfer.

On the following pages the test-results are

presented, and for subroutine 3 also simulation results.

Long term stability tests:

Subroutine 1 started 1 002250 times
Subroutine 2 started 1 106453 times

(subroutine 1
included at start)

Subroutine 3 started 3 201 483 times.

No errors were detected.

On the following pages, the listings results are shown.
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0onn:
0003¢
00né:
0019:
00142
0017:
00z2:
00e2s:
0030
0033:
0036:
0064
0064 ¢
00647
0052:
0055:
00603
0063
0066:
0079:
00742
0077:
0102
n105:
0110¢
0113:
0116
0121:
D126
0127:
0132:
0135:
0140
01432
0146
0151
01564:
0157:
0162:
0165
0170
0173:

177777
177777
17?7777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777

1777727
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
127727
177777
177777
177777
177777
177777
177777
1772777
177777
177777
177777
170777
177777
177777
Yer1er
177777
177777
177777
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
177777
177777
177777
177777
177777
1777277
177777
177777
177777
177777
1772777
1777277
177777
1777277
17?2777
177777
\7eve7
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
1777277
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177727
177777
1772777
177777
177777
1777277
177777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
1777277
1772777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
172777
177777
177777
177777
177777
127277
177777

177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
1777277
1777797
177777
177777
1777277
177777
177777
177777
177777
177777
177777
1777277
172777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
\r7777
177777
177777
177777
177777
1777277
1777277
177777
A01777
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777727
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
127777
177777
177777
17?2777
27707
177777
177777
177777
177777
177777
17772727
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777

noope:
npos:
nn10:
0nn13:
nnié:
nees e
nnees
nnev:
on32:s
0035:
nneo:
nnas3:
LY
onsq
nnsSe:
n0s7:
nné2:
00653
na70:
0a73:
0076
01013
01064
0107:
n112:
n115:
ni2o:
0123:
01263
0131:
N34
n137:
n142:
n16S:
0150
053¢
0156:
0161
016643
0167:
ni72:
0175:

177777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1772777
177777
1rrrre?
177777
177777
177777
177777
177777
177777
177777
177777
177777
1772777
1772777
177777
177777
177777
Elrg & o
177777
177777

177777
177777
177777
177777
1772777
177777
177777
177777
177777
177777
177777
177777
177777
172777
177777
177777
177777
177777
1772777
177777
177777
177777
177777
177777
177777
172777
177777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
177777
V72777
177777
177777
177777

177777
1727777
1777797
177777
177777
1777277
177777
177777
177777
1772777
\77777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
177777
17727277
177777
177777
177777
177777
177777
1777277
177777
177777
177777
177777
1777277
177777
1777177
177777
177777
177777
177777

17?7777
1727777
1777277
17?7777
177777
1777277
177777
177777
177777
177777
177777
177777
127777
177777
177777
177777
177777
V2777
177777
177777
177777
177777
177777
177777
177777
1772777
177777
12727277
177777
177777
177777
177777
1777277
1777277
177777
177777
177777
177777
1772777
177777
177777
1772777



0176
0201:
0204
0207:
0212:
0215¢
0220:
0223:
0226
0231:
0234:
0237:
0242
0245
0250:¢
0253¢
02sé:
0261:
0264
0267
p272:
0275:
0300:
0303:
0306:
0311:
03142
0317:
p322:
p325:
0330:
0333:
0336
0361
0344
0347:
0352:
0355:
0360:
0363:
0366
0371:
0374
0377:

177777
177777
1727777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
172777
177777
177777
177777
177777
177777
1777277
1772777
1772777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
177777
177777
177777
177777
7Y
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
77777
177777
177777
177777
177777
177777
177777
177777
177777
177777
127777
177277
177777
177777
177777
177777
177777
177777
177777
1777727
177777
177777
177777
177777
177777
177777
177777
177777
177777

177777
1772777
1777727
177777
1772777
1777277
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
177777
177277
177777
177777

177777
177777

177777
1T
177777
1777277
177777
177777
177777
177777
177777
177777
177777
1777277
177777
177777
177277
177777
177777
177777
177777
177777
177777
177777
177777
177777
177277
1777727
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177777
1772777
177777
1772777
177777
177777
177777
177777
1777177
177777
177777
1777277
177777
177777
177777
177777
1777277
177777
177777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
17727727
177777
177777
177777
177777
1777277
177777
177777
177777
177777

177777
177777
177evv
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1772777
177777
177777
177777
177777
177777
17?7727
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
172777
177777
177777
177777
177777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
17727277
177777
1777277
177777
1777277
177707
177777
177777
177777
177777
177777
177777
177777
177777
1727777
177777
Vrezrer
1772777
177777
177777
1772777
177777
177777
1e7e77
177777
177777
177777
1777277
127777
177777
177777
177777

177777
177777
177777
177777
177777
177777
177777
1777727
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
1777277
177777
177777
177777
177777
177777
177777
177777
1777727
177777
177777
1777277
177777
177777
1777277
177777
177777
171777
177777
1777772

n200¢
na2o3:
0206¢
0211
0216
02173
n22e:
n225:
0230:
0n233:
n236:
0264
n264:
0247
na2se:
n2ss:
0260+
n2é63:
0266:
0271:
0274:
n277:
n3p2:
0305:
03103
0313:
0316
0321:
n324:
n3e7:
n33z:
0335:
A340:
0343
0346
0359
0354:
0357:
n36e2:
0365:
0370
n373:
0376
06012

172777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
17?7777
177777
177777
177777
177777
177277
177777
1rrrv?
177777
177777
177777
117t
177777
172777
177777
177777
1772777
177777
177777
1777727
177727
102077
177777
177777
177777
177777
1772777
177777
1ITP07
172977
177777
177777

177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177777
177?277
177777
177777
177777
177777
177777
177777
177777
177777

1772777
177777
177777
77777
irrre?
177777
177777
1777277
177777
1777277
177777
177777
177977
177777
177777
17?7777
177777
177777
177777
177777
177777
177777
i
177777
177777
177777
127777
177777
177777
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Subroutine 3 is executed with the CORRSIM arithmetical
simulator (program 4) and on the following pages the simulation
results are shown. A fully lk memory-test is performed and

the correlator data print is given afterwards.



76

."'Il'-"l"'l"'l'--'-l'l"-"Illl-"l'-lllll'll'-ll-'"lllll-'l!'llll-l-ll-"I-l."ll'll"-ll.

43SSS3J0dd SINTVA U0U? & INILNO38NS 2S5 L1S3IL WILSAS ¥ # 4 &8

(YWQ VIA AdUW3IW 23LNdW0I FHL OL 201vi3yvdld 3wl w034 JdI¥¥IISNYal Svm viva 3IHL)
WY3904d NOILVINWIS=¥0Lv134400 JHL Ad d32NQA0¥d SvM INILSTT SIHL

# % % o» HOLVIIYA0D IHL NI wvd90dd=LSIL Vv w044 dwNG=974Vva v 40 9NILSIT v » » x =«



<4 =

270000
960000
2.0000
S9LLLL
240000
VLL2Lh
LLLinL
VLLLLL
020000
201000
250000
210000
LiLinL
250000
0LLooo
€0U000
290000
0L2221
LLU00U
190000
2L
201000
0sL000
220020
024000
VLl
210000
L0222
202224
$1LU000
SLS§LL
7992241
LLU00U
7920224
220000
gLl
VeLlLL
sgU000
s0z221
270000
L0222
994224

000000
000000
000000
2Ll
Qouuoo
2LV
LLLLLN
LLLLLL
000000
000000
0ououo
000000
2Ll
0000V0
000000
000000
000000
L2LLLh
000000
000000
LLLLLL
000000
0ooouoo
IYYYYA*
000000
LiLrLn
000000
2200
220020
000000
922620
12l
0000VL
200000
000uL00
IXYYA
2222204
000000
200080
000000
L22L20
IYYYNAY

LS0000
000000
05L000
VeLLLL
9¢0000
092220
021000
924220
00000
9492210
¢20000
250000
2L9L¢LL
020000
L71000
L4920
»9L000
999221
¢00000
692220
190000
194)24
2LL220
n9222L
Oneiyeb
99¢LL2L
201000
220000
€9222410
0g¢000U
9Ll
99L)L0V
¢20000
s2lLet
9922210
0g2z220
Si7L90
<00000
L9220
990000
QLLLLL
b2l

000000
00uu0o0
0Quuoo
L0020
000v00
IRV
000000
LLLL20
00uooo0
L2l
000000
000000
Ll
0ouuoo0
oouuoo
LLLLl
0ouuoo
LiLLLL
oovooo
2420420
000000
LLLLt
XXX
L2020
LLLih
LLLLLL
ooouoo
00uuoo
LLLLLL
000uoo0
LLLin
LLLL)L
0ouuoo
Ll
LiLllt
2Ll
0Lzv0t
000000
INYYYN
gooooo
LLlLLy
Ll

1G240
244U
294U
39940
A%
19640

:0st0
LAY
2940
L840
2ebU
Lgu
19211V
tg2b0
02140
tGLbU
ANyt

2040
Lot
19200
tg200
10200
1g9UU
12900

760U
Lsuu
tgnUU
A AY]
0900
HEX YOIV}
t2¢0U
L2000
%200
L1200
9100
tgLuu
t0L0U
$600U
12000

224000
nllllt
LgeddlL
2242410
glLLLl
L9LLLL
L20000
2¢0000
020000
010000
2422010
InLLeL
95UL0U
s0L000
¢¢0000
§20000
LeQU0O0
SS2LL0L
bgdlLlLt
2€0000
LSLLLL
220000
220000
neL9LLL
9.0000
00uu0o0
900000
220000
cLulun
000000
§5 1000
270000
7992414
S7LLLL
SS90
%6u000
95u000
90uuL0
254200
2Ss0000
S9LLLL
799040

0ouuoo
LrL)Ly
LLLL)h
QLLLLL
LLLlLt
LLLLeLl
000u00
000u00
000000
000000
2244020
LLLLLL
000300
000u00
000u00
0ouvaooao
0Q90u00
LlLLLt
LLLLl
0Q0uov
LLLlLL
0000Q0
0Qovoo
LiL22)
000000
000uo0
0Qouoo
0Quuao
00vua0
0QUL00
000000
00uvao
LLLLLd
LLiLLL L
Ll
0Quuoo
000uQ0
000VQ0
070201
0u0000
224020
LLLiLLL

¢g20000
220000
¢¢000U
2LLLLl
2042000
990000
LAY YA
0%s2lt
9Ll
%4 L00U
22LLLb
¢9000U
VL9l L
900000
960000
099221
200000
uoouoo
2¢0000
n9Y9LLL
€LLLl
0¢0000
g2LLLV
021000
150000
2+0000
evLlid
Q2ulLu
2L0000
0% 1000
2¢1L00U
$4000V
bl
LLiouu
099221
%/,0000
90000Y
»¢,0000
9¢Luuu
¢20000
9¢llLL
2LLedL

000000
000000
000000
2220000
LLLLLl
000000
22020200
L4420
2L0L00
000uo0
LLLLL0
000000
Ll
000000
000000
LLLL00
0000060
000000
000000
LLLLLL
LLL0220
000000
LLlllL
0oocoo
0Quuaoo
000400
20002010
Q00uuo
000u00
0Quaooo
00Qu00
000000
LLLLLL
00v000v
LeLLEL
000000
Q00000
000000
00ouuo
000000
2220020
LLLLLL

L2000
SLooou
950000
Q20000
9490000
20000
220000
n€LLLL
291000
¢¢0000
gbiLLn
¢£60000
SLl2L0
L922)L
G9LL0
Uil
900000
SLLLL
¢£LuV0u
s»0000
9ellLllL
Qoouou
Q¢LLlL
»¢0000
Lg0000
J2iLLn
7992210
¢20000
2¢lLlL
og0ULQU
0gl22t
2491000
2GdLLLt
Lu9z2t
279000
0guUOL
s¢00Qu
Q22)00
LsLeLln
20L)20
90000
78LLLL

0uAuoo
uoouoo
uoouooo
Vuouoo
0o0voo
00uV00
oouuoo
24202240
0uouoo
Luouoo
244024210
uuovoo
L4200
LLlLLL
LldiL
LLLLLN
uuuuoo
2Ll
000000
vu0000
200420
000000
22202200
00000
ouuuoo
422220
2002200
000u00
IyYyywyt
QuJduoo
LLLL 0V
vuuuoo
L22LL0
Ll
uuuuoo
uuouoo
Quuuoo
Ll
LLLLlY
LLLlLL
ulUuoo
LeLliLn

120000
72,0000
LLLo0o
010000
¢00000
Louaouo
29LLLL
¢ououo
beslLt
LLLoou
va22LLt
29LLLL
22LLLh
2520210
guLuuo
20uooo
L0000
S¢L000
Q21220
gLiLLn
SELlLL
960000
SU0000
9guULlU
200000
220000
ULdLiL
2qLlLLL
Undlli
20,240
sOuluo
901000
ebLLLl
9¢00LO
29l
bolllh
SLLLLL
S2LLLY
0ZuUuuo
Vol
S9uuUu0
sO2221

00000U
000000
000000
0QUUOO
000000
000U00
LLLLLL
000000
LiLLLL
00uu00
L2l
LLLLLL
LLLLLL
LLLLLL
oouuuo
U000uUY
000U00
U00UUU
Yy
LLLln
LilLLL
000000
000000
000000
000060
000000
vy
LLliLn
dLLLlL
2222200
000000
000VUL
L2220
000U0U
LeLiLL
1Ll
Iyt
oyt
00000UY
LLLLLL
0ouuoou
LeLLe

1210
0210
PS9Llu
1291LU
14540
7G6LU
LSLo
9740
tgn L0
t0%L0
tSgLU
12U
22tu
7240
L2Lu
YLl
gLl
HIVAN AT
1SULU
120V
22200
19200
WA
:9900
sg9uU0
:09u0
:6S0U
12500
$2700
t99u0
sL700
t9e00
1Y)
TUgLO
16200
12200
HY A Y VIY)
i L00
ufpcc

t¢u00
HVIVIoTe]



=78

720000
L5 L00U
050000
4992214
0972220
gelllL
LallLt

SLlleLt
202224
SE§U000
052224
2900Q0
072220
9s0LQ0O0L
2ellLt
LSu0oQu
2LLL
bgslt
§29221L
LedLlny
L9u00u
UgL2en

000000
000000
000u00
IR YRR
222020010
LLLLLL
2Ll
20020
ooQoaQu
0000u0
LLLLLL
000000
000000
IR RAN
000000
000U00
000000
000U00
0Qouoo
000000
00o0uo0
000000
0000L0
YY"
200202010
000000
000000
000000
LLLlLin
L2400
2Ll
000000
22202200
00ouoo
2042200
000000
INYYUNS
000000
2Ll
YT VRN
2202010
22422010
000000
2Ll

0922214
22000V
Q9L 4
2£0000
9292214
220000
s00000
2£0000
QLLLLb
S9LLLL
062241
0292214
LnlLin
091000
240000
1292214
LL0000
220000
290200
690000
LAY
LglLt
»¢0000
0ovooo0
»70000
9Ll
neLLit
Qs
¢et000
050000
£20000
Ogeze
L9924
£¢0000
Sl
279LLL
SgLu0o
¢02221L
260000
£50000
920000V
SlLiLh
¢00000V
260000

LLLLL)
0ouuoo
LLLLy)
000000
LLLLlL
000uuao
uoouoo
0000Q0
LoLLLL
LLLiLL
LLLLL
LLLLLL
dLLLLL
0ouuoo
0ooooo
LoLLLL
000000
0owooo0
2LLL20
gouuoo
2LLL20
LlLLlL
00o00aoo
0ouuoo0
Qouuvoo
LLLieL
Ll
LiLLLV
00uuoo
ooouuoo
00Quoo0
L2l
LeLLey
0ouuao
LLLLLL
LLLLLL
00uuoo
LLLLLL
0oouoo
000000
000000
INYNNA"
000000
000000

2220220
SLl2lt
900U00U
790000
SnLlLt
7692t
gelll
OLezen
LGLLLL
Ledoet
7L9LLL
2¢LLLV
¢gt000
200000
120000
0QLu00
9lLU000
LS2241L
S9LLLL
Onsiln
SLuu0v
L 20000
LLLLeLL
9¢dll
0su0u0o
2ellit
200000
¢0u000
249220
22LL2L0V
062221
2eLLLL
SLeLeLL
LoolLL
V2Ll
Q22000
2¢0000
t0uwu0o0
99LLLL
S9Ju00
062220
9¢u000
220000
02dLLt

L2222
L2200
000u0o0
0000v0
220220
L2V
L222210
LLLLLL
LLLL )
it
L2E2LN
LLdLLt
000V00
0000Q0
uouuoo
00Quuuo
00uuno
240220140
222240
L2l b
0ouooe
upo0oao
2LV
LiLyL
000u00
22202000
0QQuo0
0QUu00
INYYNN"
INRYNA
L2200
LLLLLn
LL2L20
LLLL
220000
LLLlLL
000U00
000000
LLLLLL
00Quuao
L2021
000000
000uuU
22022020

2942020
LgOuuu
Looouaou
92LLLt
9992214
UsLlet
§9LLLL
§GL240
Lgu00u
92L2LL
222224
9000V
969221
g2LLLV
Z2LiLoou
069221
¢000LL
U2LLLL
n99LLL
200U
Q00000
090000
X ryyat
220000
2¢ 1000
S22
L9LLLYL
¢su0lu
LLLLLn
Quuuouv
LeLeLl
799LLL
2LLiLn
QU LL0OQ
9S8l
GedlLlLL
7S8LLLL
L0t00uv
2ellll
G994/
S79LL0
2Ll

9LL2L0L
$2U00v

Ll
000vLo
000000
L2040
LLLieLL
LLLLLL
LLLLLL
LLLLLL
000000
LLLLLL
LLLLLL
000000
2LL020
LLLLLL
000V00
LLLLLL
000000
L0400
LiLiLL
000000
00oouvoo
000000
L2L4LL
000000
000000
LLLLLL
L2L02L
Q00000
LLLLLL
000000
LLLLLL
LLLLLL
LLLLLV
000000
LLLLLL
LLLLLL
L0
00uaGuo
LLLLLL
L0400
LLLLLL
LLLLLL

LLLLLL
000000

£9L4L1L
201000
¢20000
290000
99420
£GL22L0
CAY YY"
SL9L221L
Lgu000
99LLL1L
9S8l
220000
€420
c0uuoo
»20000
090000
»00000
7vLLLL
910000
g02221L
022200
99L274
»¢0Q00U
L¢0000
»20000
OgezeL
70202210
Sn9LL1L
L7000
Lu9 et
§21000
LLUuou
L9QGQU
L20000
SLLLid
$74000
g9LLL0L
090000
LLLLLl
020000
LelllL
092221
Q2LLL%
b9LLLL

LLLLLnL
0uouoo
0uuu0oo
uouuoo
LL2L20
LLiLlL
L2t
Ll
uoouoo
LLLLLnL
LLeLlL
uoooo
LLLd )
Uoouoo
0ouLoo
uuuuoo
0Quu00
LLLLL
Uuuuoo
LiLLlb
YYYNAt
Ll
uuluoo
ouuoo0
uouvuL0oo
2222008
LLLLLL
L2000
uuoLoo
LAl
vuouoo
LoUVo0
Juudoo
Luuuoo
LLLLLL
uouuoou
INRYYAN
uuuuoo
LLLiL
uouuoo
LLLlin
LLLiLl
Ll
LLLLlL

S¢00u0
LolllL
9qLULL
000u0o
27000
9LL00U
7400u0
9¢000L0
¢»0000
LelL
LSLLLL
290000
779LL1L
LL9LLL
9L9LLL
U9l
LpuQu0
0gUQuO
LLlLiL
QLuuou
2900u0
L»00U0
s200uU
200uLo
OyLLLL
usezel
S9LLLL
Ue9uLlL
LlLLLL
SULJul
29LLLL
§9LLLL
J92LLLL
gn9LLl
L2LLLL
»4U00U
LSl
LgdLdl
YY"
LOLuou
L700U0
L9924
w0222t
L2LLL0V

000VU00
LLLLLn
000000
00000
00uULLY
000V0UL
000000
aGouu
000U00
LLLLLL
LeLLLL
000000
LLLLLL
LLLLen
LiLLLL
v
000V00
000VUY
LLLLLL
000000
U0uLL0
00U0V0
00VL00
000V0U
Ll
Ll
LLLLsn
LLLLLL
LLLLLL
000U
LLLLLn
LLLLen
LLLLLn
LLLLLn
LeLLey
00UV
Ll
LLLLen
LLLLen
000000
00ULUU
LLLLL
LLLLLy
LLLLLy



=T 0

9UuU000
¢00000
220000
UGl
L9lLLL
L9l
£2L2410
92L22LL
¢Lu000
s02221
L0922
9LL220
L1000
020000
020000
VS22t
999214
gel2ll
001000
9¢llL
29928
2Ll
IAFYNA}
SLL000
gUL220
200000
2etidLh
964000
224000
s0Lc0o0
22uQou
95UC00
Qcqu00u
£EL20L
79U000
gLl
LLL000
QLLllL
L2u000
2t0000
9LLLLL
L2U000
29U000
ZLU00uv

0oo0uoo
[SJe]e)b] e ]s]
000000
L2220
LLLpLt
2Ll
Ll
LLLLLL
oouuvoo
IYYR YA
LLL2LL
LLLLLL
000000
0Quooo
000000
LLLLLL
2204020
2Ll
000000
220020
LLLeLL
2LLrLh
200000
000000
LLLLLL
000000
LLLiLL
000000
000000
00douv
000000
000uao
000000
2LLLLL
000u0o
Ll
000000
LLlLh
0Qooaoo
0000Q0
Q0L
00ouuo
000000
0o0vo0

SGlLiLL
¢00000
99LlLLL
LsiLoou
w2l
2022210
99LLLL
792220
220000
20000
221000
SS2L20L
[T
094000
29220
SL0000
091000
00000uv
9¢0000
LL0000
950000
2LLiLL
SeYLLL
010000
g2l
¢60000
0g2e210
ViLlin
SS22LL
0ogLoou
IAYYNA"
s¢0000
2992t
2Lt
€224
221000
¢00000
¢20000
¢c0000
210000
210000
¢20000
»n0000
201000V

LLLL2)
000000
2LLLLL
00uuoo
Ll
2LLL20
LLLLlL
2Ll
000Quoo
000000
0ovooo
2Ll
LLLiyn
oouuoo
2022210
uoouoo
0ovooo
0oouuQ0
0ouuoo
0oouvoo
voovoo
Ll
LLLlLL
oowuyoo
LLLLlL
000V00
200020
LLLL2L
LLLLlL
0oovoo
LLLLLL
oovooo0
LLLLey
L2400
LLLLLL
oouuoo
0ou000
ooouuao
0ouQoo
000u00
ooouQo0
000000
000000
0Quuoo

2244000
9guUUUU
7 U000
V2Ll
21000
£222L0
201000
el
SgdLLl
000000
020000
Qw2224
020000
0»u000
o9uooo
022221
LLeLLl
7 LULV00
LAXYYNY
120000
St
921000
L0922\
120000
2Lu000
¢20000
€222 0
250000
2794240\
0%0uU00
76924
2.4000
0¢0QO0
229000
300000
210000
SSl2lt
$0U000
220000
Qe
S22l
§022210
Lgu000
Lt9uu00

000000
00uuoo0
000Va0
LLLLL0L
0ouooo
LLLLeLL
000Quo0
Ll
LLLL)L
000090
000000
L0L020
00uuau
00Qu00V
00Juuu
LLLLLL
Ll
voovoo
LiLLLL
0Qovaoo
LLLL20
00vooo0
LLLLLL
0QuuQo
000vQo0
000000
L0
000000
LeLLlt
00aQuoo
LiLlLLl
000000
0Quuao
u00000
000000
0ouuoo
2LLLL0
gouoao
000000
LiLyL
LLL2LL
LLL)Ly
0Quuo0
00uJuLo

0gQ00U
g2000V
29000U
L2L00V
¢g000U
nLLLLL
210000
710000
2§92
09000V
gLLLLL
§S22¢21L
0LL00u
sg000u
§220L10
270000
¢eL00v
200000
¢21000
970000
sQ0000
000000
VoLl
20000
endLLLl
£692421L
952221
GELLLL
2¢0000
00000
qUL00UV
240000
20000
L0922
¢2000U
2UL0uu
LE9221
s000LLO
) ) L0000
2, ¢0000
V222l
9LL00QU
202220
q2LlLtd

000000
000000
000000
00000V
00QuuL
L0200
000000
000000
L)L
000000
22LLLL
LLLLLL
000000
000000
LLLLLY
000uvo0
000000
000000
000000
000000
000000
0oovoo
LLLLLL
0Qoouo
LLLLeLL
LLLLLL
LLLLiLy
LLLLLL
0ouuoo
000000
000000
000Qu00
000u00
2LLLLL
000000
00ouoo0
2LLLL0L
000000V
000vo00
000000
LLLLLL
000000
LL)LLh
L)Lt

2090
LU90
19250
1ge2s0
10260
16950
:12950
$12560
%ss0
1550
9960
t1g9s0
:0950
16gS0
:2¢s0
£2250
72s0
L2540
HEARA]
1gLso
10Ls0
15080
12060
L2090
92¢70
L2720
199490
1990
:0970
159U
12690
VR ALY
19990
L2790
9¢70

s se

tugv0
$6290
12290
HYAS IV
21%0
Lin0
19090
tgUn0

UGl
920000
9¢LLL
900000
¢20000
760000
VSdL2LL
Sgl2Ll
0zLuQu
L9 100U
¢¢000U
LoLzLtL
L%0000
QLezzt
990G00U
CAYPYAN
L00000
229224
Sg9LLt
25u000
AT
201000
SUL22\
V9Lt
921000
0g2224
Ls000U
210000
9UL24L
200000
921000
240000
¢0000Qu
QLLLLL
LE9LLL
lelliL
g2LL2LL
022220
¢00000
200000
se000uU
L20000
u0uooo
gUUULL

2204200
uguuoo
L2020\
ouuuoo
00uaoo
0uouoo
2Ll
LLLLLL
ouuuoLo
(SJR0XV10]0]
Uuuuoo0
LLLlLlV
Qouuuoo
204202410
Quuvoo
LLLLlL
Quouoo
LLLLLL
Ll
0uouoo
L8210
ouuuoo
LLLLLL
LLLelL
uluuoo
LLLLen
00uUuOo0
vouauoo
LLLL2L
guuuvoo
0Quuoo
woouoo
uuuuoo
L0220
LLLLln
LiLLn
LLlLLiL
LLLLLb
ouuooo
Quuuuo
ouooo
yuuuou
vuuuvoo
uuuuoo

099221
240000
enllLll
bglllL
201000
2»000u
2Lu0uo
Ji92LL
uLtoouo
220000
240000
LLuOuo
LouOUUV
2grlLl
SbiLzLt
279LLLL
LL0ouo
S¢tuuo
9LL00u
799221
£29221
2€9LLL
994220
20000
geLLLt
g20000
220000
¢¢000L
uodzLt
220240
¢nu000
Ug 00O
Lggedlt
992220
¢LL000
9922410
Ub2Llt
SQ2LLL
9¢0000
7¢92LL
292221
Uglleit
s¢00u0
LoUuul

Ll
000000
LLLLLL
LiLLeL
000V00
0000V0
00Qu00
LLLLiy
00ULLY
000000
000V LU
Q0L
00VL0Y
LLLLey
2Ll
ym:
00UUOU
000000
0V0U0U
LLeL
LeLLLy
ot
LLLLi
000UUU
LLLLy
000000
000000
0000VU
LLLLiL
LLLLey
000000
00UULO
LLLLi
LLLLLn
00UULG
LLLLL
LLLLen
vt
00Uu00
LLLLey
LLLLLL
2LLLen
00UVLOU
00VLLL

igU9U
HVIVIETV]
$16250
12250
$2950
79Su
1950
19SSu
feSSu
:0gg0
16750
127SuU
LESU
7¢S50
LgSu
92su
g26u
U250
PSLSU
124WS0
Lusu
LAVEY(]
Lugou

1el70
1Un0
15990
12990
12570
ing70
11570
HEL ALY
tg770
tu79U
iS¢0
12¢20
L2970
7290
L2720
9LV
HE YAV
HYAS2Y]
tSU9U
i2U90



-80-

beyllb
7ildidL
920000
8Ll
% 6U00U
79920
AT VNAN
IS Y YVAS
0%0000
29u00u
20000
L0921
st0000
O0gstoou
£924000
2Li000
90000
029221
L0220
96lzLh
790000
Sguo0U
2elL L
9%U00U
£99221
2LL2240
0L0QoU
S2L22\
SLu0GCY
L200C0
L8l)L
999LLL
S +0000
SdLLlt
Lelin
SE92214
QLuo0u
SL000U
£9L2¢21L
240000
2blz2L
99LLLL
LLUQouo
¢0L000

248200
LLLLLL
0Q0u0o
20420200
0Qou00
200000
200000
QL0210
QQuuoo
000000
000000
LLLLLL
000000
000000
LLLLLL
000000
000000
2Ll
VXYY"
L7000
Qouuoo
000000
LLLLLL
000000
2Ll
2242020
oQuuoo
LLLlLL
agouao
Q00o0u0
QL
LLlLLy
0Qoooo
LLLLLL
LLLLLY
LLLLLL
Qooouoo
00uauo0
2Ll
000000
L)LV
LLLLLL
Qoouuo
opoouoo

G20000
V72220
$%000v
sU2z2¢21
901000
U%9221
20L00u
092221
SSLLLL
2%0000
§627210
¢01L000
o L0000V
LeQUOU
LL00Qu
040000
0gu000
§2000V
200000
090000
S€9221L
29t
EnLLLL
SlLlLLL
§79LLL
¢00000
» 1000V
99927214
200000
ug000U
990000
Umezt
» 0000
melLLL
6¢00Q0
LV L0000
LSLLL
Q0% 24
L2LLLL
Ond2iL
120000
§792L0

§94221L
241000

oouuoo
LLLLLL
00uu0oou
LLLLLL
000vu00
LLLLLL
uouuoo
2002210
LLLLLn
oouuoo
LLLL0
00uwu0o0
00u000
00ouo00
00uu00
00uu00
00uuoo0
000000
0ouuoo
0ouuoo
LLLLL
24020
L2020\
2Ll
200040
0uuuoo
oQuuoo
LLLLLt
00Quoo0
00QuLa0o
Uouuoo
IXYYYA"
uQuuoo
L2l
000uwO00
oouuoo
204000
224200
LLLLeL
200800
000000
XYY YN"
LLLLLL
oouuoo

sLLol
190U
1g00L
: 000
6LV
12020
HYACFAY)
794U
L9LU
96U
HEYPAY]
HOAPAY]
1690
1290
HYAWAY
AWAS
Lgs0
92U
geiu
0220
1YY
HrAWAS
L0L0
2020
L0Lu

1§90
10290
15990
299U
LSYU
"59U
Lg9u

tg99V
10990
S¢g9uU
2¢90
12290
19290
11290
1919V
R
:0L9U

4»0000
1022210
9922¢L1
29222010
L9LLLL
Sg2lLt
gLLLLnL
290000
7¢9L2 L
gLLLLL
QLJuou
022220
730000
OLuuuu
gLl
240000
s0u000
gLLlLL
202220
720000
9LLLLL
2L9¢LLL
£00000
290000
£52241
220000
70u0u0
L0uuoO0
20l
Liddin
LoellLL
§SUUV0
6Ll
QL9241
20Lu00
9LLLLL
990000
LLu000
£S24L0L
£9LLL0L
02000u
7¢V00U

§LL2021
29u000

GOouuoo
LLLL20
2oLl
L4020
2LL) 0
LLLLiL
LLLELY
00uJo0o0
LLLLLL
Ll
UouJuo
Ll
GQuu0o
00uUuJUuo
LLLLLL
00Vu0o
000uJ0o0
LLLLiL
LL22L2L
0oovoo
LLLLLn
LLLLLL
0QQuoo
000u00
INYYRAN
uQuuoo
00000
QQuuoo
INYRTA"
LLLt
L2220
00u900
228700
2LLLLL
0Quuuo
22200
0Quu00
0gouou
LA LLLN
INR YR
000000
00Quuo

LLLLLL
uouuoo

$0000UV
QLLLLL
L2LLLt
S9LLLL
LULuo0
elLLLl
2L100u
gellLl
LeLoou
2LLLLY
»¢ULO0Q
022220
£0llLl)
200202010
nLLLLL
o¢0000
sn0000
EnLLLL
£€9241L
L 20000
22L42LL
Q79224
92L00U
£9922L14
s2Liuu
96220
Oqllil
Ltoouuo
QglLliLL
vouuud
squU0O0U
92000V
culouu
920000
IS XYY
920000
Uguo0ou
S2LlLlb
sU0U00U
IAYYYR*
otLoo0Qu
999241\
02100u
260000

000060
LLLLLL
2LLLLL
LLLLLL
000000
L2LLiLL
000000
LLLLLL
00QuaQo
LLLlln
000000
LLLLLL
LL)Lll
LLLLLY
LLLLLL
oooooo
000000
2LLLLL
Ll
000000
LLL2020
LLLLlt
0Q0vu0
LLLLLL
000u00
LLLLLY
L)Ll
000000
LLLLLL
000uvauo
000000
000uoo
0ouaoLu
oguuuo
LLLiLL
000000
000000
LLLLLy
oouooo
LLLLLL
000Quoo0
LLLlLL
ooovoauo
0oauuL

00t
15u0L
2udltL
2420
2L20
L1220

ce s se eu

1940
10920
16520

HYR FA¢
%7.0
L2720
PANAY
WAt
:0g20
16220
12220
HY R WAL
12120
tL120
:9020
tgue0
0020
15290
12290
12990
£7990
11990
196v0
XAV
tUs90
1S90
:2990
2¢90
7§90
L£90
19290
12290
:0290
SLyu
2190
LU9U

25000uU
S92l
279241
S%LLLL
X410 o]V}
Q22020
020000
LS9LLL
SLLLLL
290000
020000
$90000
uoaouou
2bL2it
2Ll
S§0000
e Loov
n2LLLL
L9LLLV
224000
220000
2LlLiLL
LoLLlL
282t
290000
LAY YN
[RS8 Lo ]¥]
LAYY A"
§9LLL0
A PO ¥EY
20000
uoouov
/200000
LLLilLL
0922210
QLeLLit
LgLuou
299240
SLlLLt
2LUuul
¢9000U
S2lLLLL
ATYYAY
29924

UuuUL00
LLL20LL
LLLLlL
LLLLLL
uuuuno
LLLLlL
0Quuoo
LLLLLL
LLLld
Quuuoo
00uu0o0
ououoQ
0u0voo
LELLLL
LLLLLL
uuuuoo
uoouuoo0
LLLLLt
LLLeLL
uovo00
Uuuuoao
LLLLLL
LLLLLL
LL2L00
uuuuoo
LLLL2L
uuuuvoLo
LLLLlb
LLLLL
LLLLLL
QLULUO0
vuuuoo
vuuuoo
LLLiLt
LLLLlL
LLLL2L
uu0Loo
LLLLLt
LLLLLN
uuuuoo
uuluo0
Ll
LLLLlL
Ll

¢20000
veLLLL
2LilLn
221000
250000
LE9LLY
gelLLl
Jg2LLLL
L2020
LguOu0
29.2LL1L
7¢LLL)
92000V
L992L0
LE922L0
25U0V0
20Luo0
Lguouu
L8220
SL0000
9522l
22u00u
geLLLL
SSL221L
200000
229220
s20000
L200u0
¢uuQuO
Loluu0
202220
AP FAN
96224214
7¢00uU0
72LLL0
LL9LL0V
2glllt
SSd2LL
9970000
702240
L9l
98l
g70uu0
0z24LL

000000
LLLLLL
L2022\
00uduo
00u00u
LLLLLL
2L\
LLLlLL
2LLL000
00uuuu
22020010
LLLLlLL
00QuuLu
LLLLL)
2LLLLL
0ou0oL
00ouL0
0QuuLo
L2222
oQuuoo
2222010
0Quaoou
LLLLLL
il
00vuouU
22220010
0ouuo00
00uuoo0
uQuuoo
Q0ul0uU
2Ll
22420
2Ll
00ulouo
LLLLLL
INYYRAS
2Ll
L2010
UyQuuou
LLLLLL
2LLLLL
Ll
uluuvuy
LLLLLY

t7790
t L9790
19g90
R EAY)
1Ugg0
16290
t22vy0
12190
i7L90
LLSU
1GU90




1712
1015
1n2n:
1023:
1026
1n31:
10246
1037:
1n62:
104S:
105n:
1nS3:
1n56:
1061:
1n64:
1N67:
1n72:
1075:
1100:
1103
19D6¢
1111
11148
1117
1122
1125:
11303
1133:
1136
11461
1164
1147
1152¢
1155
1160
1163:
1166
1171
11746
1477
1202
1205
1210:
1213:

onnnoo
npoNoo
a0n000
nonnoo
177777
onnoon
177777
oonono
nonooo
nonooo
nonnnon
neanoo
177777
(elolalalele]
(elo]alalelo]
annpon
177777
0onnoon
177777
177777
000000
000000
0oc000
177777
000000
00no0o
177777
000000
1777277
nnnpoon
177777
177777
177777
oon00n
177777
177777
0nnnoo
el elefele]
00o0n0o
0nnnonn
177777
177777
177777
177777

nNN13e6
nnnn7a
o0noNé
000074
177660
000111
177711
noonNg 3
n0N134
000140
nonnna2
nonn2é
177762
000012
onons?
ooni2n
177723
onon3é
177743
177664
nnop32
000000
onnnos
177660
000056
0onnNnNoé
177671
oneneé3
177722
non16L
177764
177740
177714
onnné6
177777
177712
0non33
000Nn2é
nnon23
oonnes
177776
177772
177645
177665

nnnnnn
0onnon
oonnnn
oonnnn
177777
177777
177777
0onponn
oonnnn
nonono
0onnnn
0o0nnnNn
nonnnn
oonnnn
oonnnn
177777
oonnon
oononn
177777
oonnnn
177777
177777
oononn
noonon
oonnnon
0onnnn
0onnnn
177777
177777
oonpnn
oonnnn
onnoon
oonpnn
177777
177777
1772777
127777
177777
000000
177777
oononn
000000
177777
onnpnn

nON1GL?2
00nopo
nononse
nonnsa
177655
177745
177664
nonos?
non1ss
nonnon
000013
nooneé
nonnoe
nonnonon
noon7oe
177674
nonn2e
noonze
177757
nnno37
177731
177755
000031
nonoe3
noon33
non105
nnonseé
177746
177727
noonin
nonnan
nonn32
non0&1
177767
177713
177772
177731
170774
000177
177770
nonn74
000036
177750
nnonss

1N13:
1N16:
1021:
1026
1027:
1032
1035:
iné4n:
1043
1066
1051:
insSa:
1nS7:
1062
10652
1070:
1073:
1076:
11019
1106
1107:
1112
1145
1120:
11233
1126
1131
1134
1437 ¢
1142
1145
1150
1153:
1156:
1161:
11642
1167:
1172:
1175:
1200:
1203:
1206
1211
1214

177777
000000
onnnoo
177777
127702
177777
000000
177777
1720777
000000
177777
000000
onnoon
177777
172777
177777
177277
177777
Nnoo00
177777
000000
177777
00n000
177777
000000
000000
177777
nnnooo
000000
Y2217
000N00
177777
00n000
177777
000000
177777
000000
000000
nnnnoo
000000
000000
177777
000000
0nnrn00

177617
nnnno>
nonn7>
177730
177766
177725
nnonz23
177764
17774664
000n3n
177763
noonz2é
nnn102
1777606
177740
177764
177772
177767
nnnnéI
177765
noono3
177666
nontés
177677
noo141
000020
177672
nnon32
nooon23
177676
000007
177726
no0120
177740
0onn3eé
177771
non150
000000
0n00s1
nonns?
0onnon3
177775
npon26
noonns3

177777
000000
177777
177777
no0n000
177777
000000
177777
177777
noenon
177777
117777
000000
177777
ooon0o
177777
oo0onon
0oonno0
107297
o0nno0
000000
177777
000000
oconcn
00nnoo
00nnoon
177777
oonnon
000000
neoooo
oonn0n
177777
YTLTTT
177777
000000
177777
000000
000000
nonnoo
177777
00nn00
177777
177777
177777

177705
0nnnss
177765
177773
000077
177764
0nonii
1776646
177765
nonnts
177702
177707
nonni?
177716
noo12o
177772
000n50
00n104
177712
000061
000N
177710
0onnn«2
noono3
000000
noons?
177777
0non17
00nns?
000107
000020
177770
177777
177771
000012
177765
000072
noonse6
onpnee
177730
nonnnél
177731
177625
177731

AIGREAH
1017
1022:
1025:
1030:
1n33:
1036
106
10642
1067
1052:
1nS55:
1n60:
1n63:
1066
1071
1076
1077
11028
1905
1110:
1913
1116:
1921
1924
1127:
1432:
1135
1140
1163:
1966
1151:
1156
1157:
1162:
1165:
1170:
1473
14976
1201:
1206:
1207
1212
12153%

177777
7t
17777
177777
00nNNOo0
177777
000000
0onnon
177777
177377
177777
177777
00nnN0o
00nnoN
00nn0N0
000000
00n000
177777
177777
177777
000000
00nnoo
00nno0
00nnon
177777
177777
177777
177777
000000
177777
000000
177777
000n00
000000
000n0o0
000000
0onn0o
000000
177777
177777
177777
00nno0o
00n000

177777

177725
177745
1777241
177762
000036
177713
000106
000005
177702
177740
177752
177770
nonne2
[eXeJoloJor4
noooplo
000005
nooonse
177735
177713
177720
n00135
nooné7?
000002
000103
177752
177722
177762
177726
000111

177734

noono3
177762
000001

000003
000010
non111

000074
000021

177727
177700
177661

000067
Nn00101

177770

177777
000000
0nnponoo
000000
177777
177777
000000
177777
000000
1774077
000000
177777
177277
000000
0nnonoo
177777
00np00
177777
noonoo
00n0N00
177777
onnoo0n
177777
177777
177777
10777
00n000
177777

000000
0onooo
127777

000000
000000
000000
000000
000000
00n000

000000

177777

YULTTT

1727777

AT

000000

177777

177770
po0NsSs
000n30
noons3
177601
177752
000142
177750
0noonseé
177732
nnonez3
177664
177770
noon3i
0non3s
177736
000n0n
177736
000nss
000013
177745
000006
177740
177765
177761
177775
noons3
177713
noon33
N00162
177734
noon7e
noonee
noons«é
000020
noonsé
n0nonits
000121
177761
177726
177760
177737
noon2o
1777727



12196
1221
1224
1227:
1232:
1235
124n:
12463
1266
1251:
1254
1257
1262
1265
1270
1273
1276
1301:
13p4:
1307
1312°%
1315:
1320
1323:
1326
1331:
1334
1337:
1342
1345
135n:
1353:
13542
1361
1364
1367
1372:
1375:
140N
1403
1406
14611
1616
1617

1777277
onnnon
177777
172777
1777277
noononn
177777
1777277
177777
000000
177777
noONN00
V2127
177777
0oonnoon
000000
177777
nonnoo
000000
000000
177777
1er207
000000
177777
000000
177777
177777
ooeeon
177777
1272277
onnoon
177777
177777
1727277
177777
177777
anneon
00nnon
172722772
1777277
Qe
000000
Lid il d
nnpooo

177732
000101
177754
177735
177756
000106
177792
177644
VI3
ononnn
177777
nnnons3
177764
177745
onn132
nonne?
177767
000n6N
060nN06é
neo177
177644
177770
000003
177650
000112
177723
177656
00nnNs6
177722
177726
0non3i
177755
177763
177750
177646
177726
0nnnnA
nonn31
177767
177725
177707
000116
V779772
onnn37

177777
oooonn
onoenn
V27777
122277
V22777
177777
177777
Yezer?
1777277
177777
oonnnn
oonnnn
177777
oonnon
177777
177777
ooneon
0onn00
177777
177777
177777
oono0n
ooo0nn
000000
0o0nnno
oonOnNo
177777
127777
177777
V27727
LAy
1277277
109777
177777
oonenn
oononn
177777
Vvt
0onoon
oonnnnN
177777
177777
177777

177766
nnnnos
0onnn3z
177727
122720
177661
177715
177722
177750
177722
177677
nonnon3
nooon?
177732
00005n
177736
12727
nooo71
noon1>
177740
1727765
127759
nooonio
noN100
n00021
000002
non133
177732
177674
1777314
127957
177710
177733
177654
177745
nonn&&
00noo6
177775
17727717
000061
no0031
177703
177725
177770

1217
1222:
1225
1230
1233:
1236
1261
12464
1247
1252:
1255
1260
1263:
12663
1271
1274
12772
1302:
1365
1310
T313%
1316:
1321
13241
1327
1332
$335:
1340
1343:
1346
1351:
135¢:
1357:
1362:
1365:
1370
13732
13763
1401
1406
1407
1412:
1415
1420:

0nnooo
177977
000000
177777
177777
00n000
177777
177777
noonoo
ononon
onpooo
172277
177777
127277
onnoono
0nnooo
nonooo
177777
177777
000000
1777277
0n0000
000000
177277
000000
0onnooo
177777
1772777
177777
177777
177777
Noonoo
000000
000000
177777
000000
177777
000000
177777
0nnooo
nnoooo
000000
0nonoo
000000

nnnnsSé
177703
noo13s
177642
177735
nooo33
177641
177730
nooo73
noonsn
non133
177750
177774
177716
noonés
onnnon
nonn3e
177131
17774606
nonneés
177744
000n24
000011
177621
nooni2
non160
177747
177670
17775n
177765
177776
nooo3?
00nnns
000027
177626
nonn3e
177760
0oooe’?
177760
00n1n2
0000s4
000023
npona?
nooo1te

177777
000000
177777
000000
177777
oonnoo
127
n0onnoo
177777
177777
177777
ooonco
oen000
oonn0o
170777
1777277
oocnoon
0o0ono0
oepN00
ocnoeo
nocnon
oore00
000000
olelalelele]
oocoon
1777277
0ocno0n
noenon
V\CF?R7
aoco0n
oocn000
177777
177777
177777
177777
177777
000000
000000
nocooo
0000Co
0000060
oonooo
Yy
000000

177712
on0onsI
177732
noonsé
177740
ooonse
177750
onon3s
177702
177775
177723
oonne?
onnoos
nnon27
177715
1777746
nontee
0onon27
0onno1
0000ns0
N00106
000132
000001
000021
0o0n10
177763
000177
0nnni3
1777466
onan7z?
nooni1o
177601
177721
177733
177740
177667
0noneso
000157
nnnn2a
ononi?
00o0né2
0onon71
177776
ononite

1220
12235
1226:
1231:
12346
1237:
1262
9245
1250:
1253:
1256:
1261
1264
1267
1274
1275:
1300
1303:
1306:
131 ¢
1314
1317:
1322:
1325:
1330:
1333:
1336
13461
13448
1347
1352%
1355:
1360
1363:
1366
1371
13764
1377
1402
16405:
1610:
1613
14616
1421

177777
177777
oonoon
177777
177777
177777
177777
177777
oonnoo
177777
V2207
177777
177777
177777
00nnN00
00n000
0onnoo
00nN0OO
000000
177777
0onnoNn
000000
17?2777
177777
107777
177777
000000
177777
177777
000000
000000
000000
000000
000000
000000
000000
Ve9217
000000
000000
00nnoo
1727227
177777
177777
000n00

177731
177759
noo076
177727
177643
177760
177763
177762
no010s
177772
177640
177765
177750
177770
000002
nonozs
0000641
000067
000010
127727
000050
000041
177660
177676
177617
177644
000062
177757
177737
000043
noon3é
noon16
000116
000167
000000
000066
177747
000035
000061
000035
177750
177762
177634
000036

00nnoo
1rete?
000000
122177
000000
0nonoo
0pnnoo
0onnoo
177777
0nnnoo
177777
197777
177777
000000
00nnN0O0O
000000
177777
177777
177777
000000
177777
000000
000000
000000
0nnooo
177777
000000
177777
177777
000000
177777
VO T
177777
177777

000000

000000
000000
120727
000000
000000
000000
000000
00nnoo
00n000

000060
177763
000145
177775
000n21
noone1
000011
000175
177601
000141
177645
177704
177730
0000246
000n31
000n34
177766
177770
177703
000n16
1777224
000007
000060
000024
noonos
177773
noonze
177756
177766
000051

177675
177736
177753
177746
000né2
000ne3
000107
177743
000003
000000
000N

000n35
0o0onne
0nonn3



-83~

SdLit
ZL000u
$70000
S220L1%
7¢L220
299221
uczel
$20000
9¢LlLL
$0U00Q
¢20000
750000
LSl
SELLL
021000
L71000
£50000
L9224
L0000
Otez224
990000
CAYYRAN
Luuo0o
249221
SE92L1L
250000
7522214
201000
s0l220
V9L
924000

AYY YRS

LSU000
240000
902221
200000
924L000
240000
¢uu000
9LLleL
L8940
L8220
g2L2214
Qzr224

PRYYYAY
000uVo0

‘00000

L1LLLL
LLLLdL
202020
L2200
000000
LiLLLL
000000
00uuou
00Guoo0
L2LLLL
LiLLL0
0000C0
000000
000000
2202040
000000
2Ll
000000
It
000000
LiLLLn
ot
000000
Ll
000000
oy
LilLLn
000000
LLLLLn
000000
00UL00

IR

Q00uu0
00u0Q0
000000
gouuoo
LL2LLL
Ll
dLLeLy
LLLLLy
L2t

990000

2QL220
IAXYYR"
9Ll
¢9000u
QU222
099,14
» 10000
EnLLLL
LSt
201000
220000
210000
0292214
010000
220000
210000
LLao0ou
t90000
[A YN V"
Stz
79LLLL
L1000u
seL000
9LL00U
799221
£29221L
289244
9922210
21000u
g2L221L
£20000
220000
¢s000u
0924214
elLLt
¢%0000
094000
LeER22L
CARY VAT
gLL000
99LL2L0
0Lzt
L2214

00uu0oo0
tLLLdl
LiELL)
LLLLLY
Cuuuoo
LeiLLlt
24202210
009000
LLLLl
IRy YA
Gouuoo
00uUu00
Q0dQuoo
LLlLlL
0QuuQo
000u00
00Vu0o
0guooo
000000
LLLLLt
L0220
LLLLLL
0ouu0o0
00vuoo
00oaoo
LLLLLL
LLLLLL

LelLln

L2200
ugouoo
L2000
ogouoo
00uu0o
Qouuoo
L2l
LLLLN
goouao
0ocuoo
LELLLL
L2420
00uuoo
Ll
L4020
242420

210000
2h izl
992224
L1L0U00
§0L0GOC
300u00
¢Qu0oo
420000
0Gl221L
L9LL20L
A XV YAN
§24220
92LLLL
¢Luuou
c0L24t
1092214
QL2200
LLituou
020000
o.ul00
LS2221
99922414
seLLLL
00L000
9¢elLt
29292L1L
2ndL2Lt
IAFYYAY
SLLO00
§Q2220
20uLuL0
2eLlid
9¢L000
224v000
s0Lu00
220000
9guLLL
0guO0OU
e€elllL
290000
gLL0410
tLLoou
9Ll
L20000

0Quuoo
222221
Lilled
uQouao
¢ouuao
ggouoo
000u0oo
000000
L4220
Ll
220020
2204221
L2220
GOQuau
LLLi)b
LLLLlL
2220220
Gaououo
000000
Qoooao
LLiLet
INY YN RS
LLLL)L
ooQouoo
2042021
2242020
2202020
LLLLLL
oQuuao
Lellet
000uuo
LLLLLL
Guuung
0ooQuao
000000
000000
0QooQQ
00uuao
LLLLll
0ouuoo
LLLLLl
00Quao
LLlLLL
uoouoo

Qv
120000
£794L10
£€9LL2L1L
2L L0000
§gSeLLLL
¢00uuLU
andllL
Lstouu
n2LlLLL
2ULLéL
9924221
77LLL0
2200uu
¢, uluu
22100uU
SS2LLV
244420
09100V
L29LLt
s+00uU
09 tL0uuY
000000
9¢0000
LL000uU
95000V
LLLLLNV

L9240

0000V
eLllLt
¢s00U0
gLl
V2Lt
SGgLLlt
O0gtO0U
LLLLLL
[ XY
259420
27LLLL
gnLLLt
221000
g000uU
¢n000V
gsLULOU

LLLLLL
000000
2LLLLL
LLLLLL
0000V00
Lilidy
000000
IRPENA"
0uQuuo
IVPY YNy
LLLLlL
LLLLi
LLLLLn
0000u0
0000u0
Q000uo
22204000
LLLLLL
000000
LLLeLL
000000
QuQuo0
000000
000000
0000600

000000 .

LLLLLL
LLLLlN
000000
LLLLLV
Q00000
QLLLLL
QLLLLY
LLLLLL
000uuo
LLLLLY
Q00000
LL1LLL
Ll
LLLLLY
000000
000000
uoouLo
Quouuu

£9LLL0
J2000u
7¢000U
g2l
2%0000
L2L00U
950u0u
210000
L2zLLt
2Li000
gLl
20Luou
n2LLLL
SgLLlt
uQuuou
02000u
ULl
U2uugu
0»0000
U9uouQU
0z2eLen
9LLLeLL
%0000
n7LLLL
t20000
steLl
92100u
L0922t
L2u0duu
2Luuou
§20000
£7LL21L
LSuUL0U
279242
U%0000
7692424
) 21000
0guuQu
220000
9uuuLau
210000
SSLLLL
9UUL0oV
220000

LoV
uuuuoao
uvLuoo
LLLeLt
00UU00
0ouuoo
u0uuoo
0ovoo00
LLLLL
QuUuU00
LLLLLL
QULVUOO0
L4020
LLLiLt
uoouoo
Uuoudo
2oLV
vuuuoo
uuuuoo
ououag
L2000
LLLiLL
uouooo
2242020
vouu0oo
LiLlLL
uou000
LLLLlL
vuuudoo
GLuuduo
uoouuo
LLLLLV
uuuu0oo
LLLLL L
ovuuoo
Ldddil b
[SIVIVIN o]0}
Juuuoo
uuuluuuv
vuuuou
uoUuOoo
LLLLLt
uouuao
QuUUJOOo

LELLLL
gLoocuu
9992241
02L0u0
260000
Q¢0000
520000
290000
L2L000
9¢00U0
LV
L LUQUOU
210000
2g92LL
JgouLQOOU
gLl
SSL2LL
gtiovu
s¢0000
eLLlLL
270000
€eu000
200000
¢2Lu00
9490000
s0u000
uouuuo
w2t
220000
2742200
£692L1L
vSLLLL
SelLLl
2¢00UL
200000
SUL0LO
LLU0VU
20000
LU9 2L
g20000
201000
289220
SuUUUL
4 ) vO0uu

LLLLLr
0Quauu
L0200
00Quuoo
(S]] 1V]o]0]
00Quuo
00ouo0
000U00
CUuyuu
00uuou
LLLLLL
O0o0uulu
00uuGL
LiLLild
UOuuuu
QL4200
LLLLlL
UQuouu
000000
LLLLLL
000000
0Quuou
00Qu000
0ououo
000000
00uuoo
uouooo
L4000
000000
Ll
LiLLLn
2Ll
LLLLLL
00uUuLoU
GQuuuou
00uuoo
000uoy
0ouLoo
LilLen
00uuoo
oQuuua
Ll
UQuuuo
00QuUOU



-84 —

S9LlLt
9¢0000
Dreaen
ueuoao
L5920
StL2L
490000
uz0000
S9UO00
00L0o00
[AYYIAN
2llily
sguaou
s2Loau
7eLleLL
2922210
421000
£2u000
dLLiLL
L7420
ésizit
49U0CU
Y YYAY
ge00CU
7SdLLL
£€924424
A VPNt
4106000
gouogu
200000
AT VYL
Unezen
Udzien
Lgtoou
2892414

LiteLn
000000
Ll
Qouuoo
2222210
LidiLy
0gooooo0
00000V
000000
0gaoooo
XYY IAN
LLrLLL
Qouooo
000000
224220
2402201
0ouLoo
0Qouuo
L2LE2N
LLLLLL
I YIAL
0Quuoo
Ll
0Q0uaQo
Ll
422220
il
gQuugo
0Qouou
gouuuo
2LLLi
24480
L2l
000000
224220

/21000
2¢000u
L8920
£€22210
u2zen
INYVIN"
Lg000VL
2942214
ngldLiL
020000
L9790t
4§92\
2¢0000
201000
Lg0uou
LS4t
St0000
952240
220000
£ell21
§5SL221L
200000
LL9020
§2000uU
120000
¢0000U
L90000
(02220
L0222
964244
2¢0000
72LL20
9L
254240
S§SdLit

coouoo
gouuoo
L4241t
LLLLLL
222200
L4480
Ouuuoo
224420
LLLLLL
0ouvoo
LLLiLl
LLLLlt
0g0ouoo
vuuwuoa
ouudoo
Ll
00uuoo
LLLLin
oguugo
LLLLlL
LidLLn
coouoo
LiLLeL
000000
ouuwuoo
000vuao
oouuao
Ll
LiLLLy
INNYYAL
oouuoo
L4820
INYYYAS

4Ly
IXYYYEY

®s 80 5o ae oe

7SULQU
77920
29422t
eed2lt
Q07uu00
29Uulul
200Ul
Lu9zet
SLuuou
GgtuQu
€9LL2L1L
2Ltu00
¢2UU00
029¢41
202220
9G24
290000
Sgu000
2220
99uUU0
£99241L
LeLLln
Otduuu
G2L21¢
SLuUuoU
L20000
LedlLL
999421
Stuuou
SLLLLn
L2424
SE9L4t
gLuu0o
SLUUUY
€L

0Quuoo
L2222
Libizn
LLLLin
000uUL0
00vuoo
00Ju00
2022210
00000
00uuoaQ
LL2l2iL
Qguuoo
0Quuuo
LLdiLt
Lt
LLLLIR
00Quoo
Jguouoo
L
¢oauoo
2002210
LLLLeLL
000uuo
LidLidt
uououag
0auuao
LLLiLn
LLLiLLt
000uun
LilLit
422224
LLLLnL
00ouuUuUo
QQuLeo
QLLLLt

s0Lu00
Un9sLstL
2ULuou
'Yy AN
SSlLiL
27000u
ggldLt
¢uL00uU
3L000uU
Lguuou
LL0000
020000
0¢c0000
S2000u
200000
09u00V
SE9L21
249241
endLLdt
SdiLit
£E79LL%
¢u0uuU
LASVIVIV 0]
99922t
¢0000U
0¢00Qu
99U000
092202t
7400U0U
9éLLinL
$4000U
LeLouo
IAYYya"
002221
L2212

0Qouoo
220221
JCuouu
L2400
2422021
0d00vo
LliLlL
000uuQ
Gooouo
gooooo
ugouoo
000G00
J0ouou
00000
Gooooo
Qoouoo
LiLiit
L2221
LLLLLL
L2440
Ll
Qoouoo
gouooa
L4020
0oouoo
Guuuuo
0ououo
2Ll
Q000600
INYNVRY
voouoo
0o0ooao
Ledidn
LLLLLL
222224

16221
2Lt

79¢L1L
Lot

fEGlt
HVAYAY
Gt
29l
tlell
gLt
tg2t
2924t
gLt
0224
PSLL
2Lt
LUlL
70 L
(AVPNE
Y9l
gL9L
102914
15991
12991
14598
$7S591L
TLS9L
$9n9L
LE99L

e ee aq

SEYL

2¢91L
4291

L9220
29272210
SgLl2L
€Ll
29200040
749221
£22220
UiLuoou
022221
290000
giLuoou
£2L22201
240000
c000UL0
£L2421L
UL
720000
QLLLet
2evLenL
gJdQuou
ZYyuugu
gellLt
420000
2QUUOL
LOQUOov
2bLLLn
LLdyet
b2llln
¢5000u
982240
Ot9221
201000
FLLLL
290000V
LLouou
£§S2220

Ll
LLLLL
L2220
LLLL20
uduuoo
242220
LLLL2n
uluuoo
224244
Guauoo
00ouvao
LLLiLn
0ouuoo
Quuuoa
IR Y XYAY
LidLelL
guuuoo
dLLLLn
dLLdLL
uuuuaoo
vuyuao
it i
uuvuug
[VISIAVIRTE]
Guuuoo
LLLii
LLLLly
LLLdLn
(VSIS IV 1]
L4220
dLLeLt
Luuvuo
XX YYAN
QUUuU00
uluuo
I YVAY

S9LLLL
LtULuoo
gLl
000
€821
Lgiouo
LLLl L
76UQUO
U2l
£92¢441L
LidLLeLn
744220
Jeu0u0
¥y»0000
€9d2Lt
£e9421L
L20QuU0
2aLzi
Un9z21L
921000
£€99241L
S2Lulu
IGlLLL
LYY VAL
LOuLuu
YelLLeLt
Juuugo
SSUQUU
920000
sGuouo
92uuuU
IAYY IS
J2000U
Jguuoo

S22l
sUuuo

22040
0Quuuo
L2221
0oouoo
LLLL2L
090uuo
LLLiL
0o0uQuU
LLL2210
INRYVN!
LLLLLL
IXY YN
0Qudou
Q0uouo
LLLlen
LLLiLL
Vouuuou
2LLliL
200240
Qcudou
LiLLin
00U0uLu
L2420
Lidlen
00U000
LiLiLn
00Quuo
oouuooe
0ouuou
000u0u
0QuUuLu
Ll
uouaoo
0000uL

LLiLet
0Quulu



4.3 SYSTEM TEST S3:

85 -

POWER PROFILE PROGRAM

The testprogram makes use of the main processing functions

of the correlator. A listing of the testprogram can be found

in Chapter 5. The program includes a subroutine for

transferring data to the computer for comparison with a data-

table generated from the simulator.

The following data-processing is tested:

Data-channel 1: K

Data-channel 2: L

The following correlator definitions are used:

REGISTER NAME

INTERNAL ADDRESS

FUNCTION

STATUS-WOkKD= 004020

SAR=1
LCR1
LCR2
LCR3

APB-STACK REG. 12

APM-STACK REG. 13

1

22
23
24

20,12,
20,13,
20,14,

21,13,

21,14,

SELECTS COMPUTER FOR
STARTING THE CORRELATOR,
AND TEST-SEQUENCE AT
DATA INPUT

START POINTER FOR PROGRAM
NO OF SAMPIES -2 IN RANGEGATE
NO OF RANGEGATES -1

NO OF 64-BITS WORDS
TRANSFERRED TO COMPUTER
AFTER EXECUTION

RANGEGATE INCREMENT
SAMPLE INCREMENT

START-ADDRESS IN INPUT-
MEMORY

DATA INCREMENT IN RESULT-
MEMORY

START-ADDRESS IN RESULT-
MEMORY



Parameters for loop-counters (LCR1, LCR2 and LCR3) together
with address references in APB, APM can be set optionally
by the programmer in a given test. In order to create the
correct values for test-comparison, this can easily be done
by using the ARITEST-option of the CORRSIM program. Power
profile execution is simulated by using file no 2 and
dependant on the actual definition of register, the program

creates the correct values.

On the following pages this is shown for a simple example.
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4.4 SYSTEM TEST S4: AUTOCORRELATION

The following data-processing is tested:

Data-channel 1:

N-1-%

Roor = (L) (i%i 4 g F Yi¥igg)
N-1-2

To,r = iiO (X¥349 = ¥3,07;)

2: lag index, %=0,1,...,N-1

r: rangeg.index, r=0,1...,R

The following correlator definitions are used:

REGISTER NAME INTERNAL ADDRESS FUNCTION

STATUS-WORD=004020 1 SELECTS COMPUTER FOR
STARTING THE CORRELATOR,
AND TEST-SEQUENCE AT

DATA INPUT
SAR=1 4 START POINTER FOR PROGRAM
LCR1 22 NO OF SAMPLES -1 IN
RANGEGATE
LCR2 23 NO OF RANGEGATES -1
LCR3 24 NO OF 64-BITS WORDS TO
BE DMA-TRANSFERRED
APB-STQCK REG 15 20,15 RANGEGATE INCREMENT AT
. INPUT
- n - 16 20,16 SAMPLE-INCREMENT AT INPUT
- " - 17 20,17 START-ADDRESS IN INPUT
MEMORY
APM-STACK REG 13 21,13 DATA-INCREMENT FOR DMA-
TRANSFER
_ " - 14 21,14 START-ADDRESS IN RESULT
MEM FOR DMA
- u - 15 21,15 MUST BE LCR 1+1 ALWAYS
- . - 16 21,16 DATA INCREMENT IN RES.

MEM. DURING EXECUTION
= " = 17 21,47 START-ADDRESS IN RES.MEM.



Parameters can be set optionally by the programmer and values
in a comaprison test can be generated from ARITEST simulation

using file 3.

On the following pages a test setup is shown. Values are
first generated by the simulator and hext the transferred

values from the correlator are shown.

The parameters for the test are:

FEEGTETERS I DaTaF TELID DEF TNELD
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4.5 EXTENDED TESTS

The given system tests can, by use of the CORRSIM program,

be repeatedly executed and automatically tested against a
fixed simulation-table. 1In order to achieve this, each
execution of the microprogram must be ended with a reset of
the internal flip-flops controlling the accumulation function
of the arithmetical module. This step must be done by the
programmer.

The simulator can also produce comparison-data for a fixed
number of accumulation periods. By modification of the micro-
programs, using a loop-counter for counting the number of
accumulations before the DMA-part of the program is started,
the CORRSIM test can include testing the correlator in

accumulation mode.
The following example will illustrate this:
EX. A. TEST OF AUTOCORRELATION IN ACCUMULATING MODE

System test S4 is modified by using loop-counter 3 for counting
the number of program-executions. This is done by making the

following program-modifications on S4:

I) Change program instruction 0 to 40,0,4,4,4,4,4,2,0,0,
ITI) Change program instruction 23 to 70,0,4,0,0,0,0,1,0,0,
ITII) Change program instruction 24 to 74,4,6,7,0,0,0,0,0,0,
IV) Change accum. instruction 25 to 1,0,0,1,0,1,0,

With these corrections loop-counter 3 restarts the autocorrelation
program until the value 0 is reached, then the DMA-cycle is

initiated and the accumulation mode is reset.

On the following pages an example is given. The number of

restarts is 1777.
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5. AVAILABLE CORRSIM FILES FOR CORRELATOR TESTING

The following files are available:

HARDWARE TESTS Hl:
H2:

H3:

H4:

H5:
H6:

SYSTEM TESTS Sl:
S2:
S3:

TESTS ON INTERNAL PROGRAM EXECUTION
TESTS OF ARITHEMTICAL FUNCTIONS ON
ADDRESS PROCESSORS APM, APM.

TESTS ON REGISTER STACK LOADING AND
ACCUMULATION IN APB, APM

TESTS ON MULTIPLIERS AND PARTIAL
ACCUMULATORS

TESTS ON 32-BITS ACCUMULATORS

TESTS ON INTERNAL OPERATIONS

TESTS ON INTERNAL EXECUTION
TESTS ON LOADING THE RESULT MEMORY
POWER PROFILE TESTING
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MICRO~-PROGRAM FOR DIGITAL CORRELATOR

Axitbeag: H.j. Alker

Date: August 1978

Hl: TESTS ON INTERNAL File~-
PROGRAM EXECUTION

Program version: IT (modified microprogram from system test S1)

Program name: name (NORD-10): (CORR)HL: DATA

Functional description:

The program-counter is mapped through the program memory and
during execution, commonly used program instructions are tested.
If the program—-counter reached location 67 after 10152 statement-
cycles, no errors have been occurring.

Start-address for program : 1
Program-memory locations used: 1 — 67
Parameters stored: (fixed setup)
Register name Register address Parameter
STATUS-REG. 1, 004000 for
‘computer control
of start-signal
SAR-REG. 4, 1
LOOP-COUNTER| 1 22, 5
— u - 2 23; 4
- " = 3 24, 1

Flag operation: NOOP
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MICRO-PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker
Date: August 1978

Program name: H2: TESTS OF ARITHMETI"F"e_ e No - . .
NS, FUNCTION ON ADDRESS-PROCEGoSime (NORD-10): (CORR)H2: DATA

Program version:

Functional description:

DISPLAY OF REGISTER-STACK LOADING AND PROCESSOR
ADD/SUBTRACT FUNCTIONS ARE EXECUTED.

THE TWO ADDRESS PROCESSORS APB AND APM ARE OPERATED IN PARALLEL

Start-address for program : L

Program-memory locations used: 1-71.

Parameters stored:

Register name Register address Parameter

STATUS—-REG. , 1, : 004000

SAR-REG. 4, 1

APB-STACK 20,1, to 20,17, OPTIONAL VALUES
FOR TEST

APM-STACK 21,1, to 21.17, OPTIONAL VALUES
FOR TEST

Flag operation: NOOP
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MICRO-PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker

Date: August 1978

H3: TESTS ON STACK-LOAD
P a : ile= - . .
rogram name AND ACC. IN APB,APM File-name (NORD-10): H3: DATA

Program version:

Functional description:

SUBROUTINE l: TEST OF ACCUMULATION
SUBROUTINE 2: TEST OF INTERNAL STACK-LOADING
SUBROUTINE 3: (APB ONLY) LOOP-COUNTER REFERENCE FOR STACK:

Start-address for program: SUBl: 1,,SUB2:13, SUB3:63.

Program-memory locations used: SUBl:1-12

SUB2:13-62
SUB3:63-70

Parameters stored:

Register name Register address Parameter
STATUS-REG. 1, 004000
SAR-REG. ‘ 4, 1,13 or 63
SUB1l:
LOOP-COUNTER :
1,2;3 22,23,24 NO OF ACCUMULATIONS
STACK-REG. 0 20,0,and 21,0 STARTVALUE FOR ACC.
STACK-REG. 1 20,1,and 21,1 INCREMENT VALUE FOR
ACC.
SUB2:
STACK-REG. 20,0,-20,17, and| OPTIONAIL VALUES FOR
21;0,=21,;17; INTERNAL LOAD TEST
SUB3:
APB-STACK 17 20,17 20: VALUE LOADED
TO LCR1.
APB-STACK O-lé -20,0,-20,17, " OPTIONAL VALUES FOR
DISPLAY

Flag operation: NOOP
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MICRO-PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker

Date: August 1978

Program name: H4: TESTS ON MULTIPLIER% CORR)H4 : DATA

AND PARTIAL ACCUMULATORS

Program version:
IT (modified microprogram from system test)

ile-name (NORD-10): '

Functional description:

TESTS THE FOUR HARDWARE MULTIPLIERS AND ADD/SUBTRACT-FUNCTIONS
OF THE OUTPUT, SEE SEC. 3.4 FOR DESCRIPTION.

Start-address for program : L

Program-memory locations used: 1732

Parameters stored: (fixed)

Register name Register address Parameter
STATUS-REG. 1, 004020
(SELECT TEST DATA
INPUT)
SAR 4, 1
LOOP-COUNTER 22, 777,PARAMETER TFOR

SCANNING THE TEST
DATA MEMORY

APB-STACK 1 20,1, INCREMENT FOR
ADDRESS ACCUMULATIQN
APB-STACK 17 20,17, 154 ,LOCATION IN

TEST DATA MEMORY
FOR GENERATING x=1

Flag operation: NOOP
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MICRO-PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker

Date: August 1978

Program name: H5: TESTS ON 32-BITS File-name (NORD-10): (CORR)H5: DATA

ACCUMULATORS
Program version:

Functional description:
SUBROUTINE 1: TEST OF FUNCTION I (-1)
SUBROUTINE 2: TEST OF LOADING TSE ACCUMULATORS
SUBROUTINE 3: TEST OF % X2+y2

SUBROUTINE 4: TEST OF I x+y
n

Start-address for program: SUB 1:1,SUB2:16,SUB3:21,SUB4:27

Program-memory locations used: SUB1:1-7
SUB2:16-20
SUB3:21-26

SUB4:27-34
Parameters stored:

Register name Register address Parameter

STATUS REG. " 1, 004020

SAR 4, 1,16,21 OR 27

(OPTIONAL)

SUB1:

LOOP-COUNTER 1 23 7777)  CONTROLLING

_ =2 23, 1000) 1 o0p1NG

- " - 3 24, 1000)

SUB2:

LOOP-COUNTER 1 22, 777
APB-STACK 14 20,14, 0 :STARTADDR.IN TEST-M.
e B = 13 20,13, 1l: INCREMENT

SUB 3 AND 4:

LOOP-COUNTER 1 ' 22, NO OF VALUES-2 FOR

ACCUMULATION

LOOP-COUNTER 2 23, NO OF ACCUMULATIONS-1,
APB-STACK 14 20,14 STARTADDRESS IN TEST-M

= Nl 13 ) 20,13 1 INCREMENT

= " = 12 20,12 START PRINT FOR NEW

' ACCUMULATION RELATIVE TO
Flag operation: NOOP LAST VALUE IN PRECEDING

ACCUMULATION
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MICRO-PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker

Date: August 1978

Program name: H6: TESTS-ON RESULT-MEMORYe-name (NORD-10): (CORR)H6: DATA

Program version:

Functional description:

Program with no end, and is used for generating oscilloscope-
display. The program repeats execution on location 0., 1777
and lOOO8 in result-memory. The test-function is accumulatidn

with +1,-1.

Start-address for program: ]

Program-memory locations used: 1-6

Parameters stored: (fixed setup)
Register name Register address Parameter
STATUS-REG. 1, 004020,
SAR-REGISTER 4, 1;
LCR1 22 4 10,
LCR3 24, 0,
APB-STACK 0 20,0, 160, ) USED AS
APB-STACK 1 20,1 221, )ADDRESS POINTERS
APB-STACK 2 20,2, 154,)FOR VALUE H AND
APM-STACK 0 21,0, g =L N PROM
APM-STACK 1 21;1; 1777) LOCATIONS TO
APM-STACK 2 21,2, 1000) BE TESTED

Flag operation: NOOP
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MICRO~-PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker

Date: August 1978

S1:TEST ON PROGRAM

EXECUTTON File=name (NORD-10): (CORR)S1: DATA

Program name:

Program version:

Same as p-program H1l but with DMA-transfer of program-counter
from correlator to computer.

Functional description:

See description of H1.

Start-address for program : 1
Program-memory locations used: 1-67
Parameters stored: (fixed setup)
Register name Register address Parameter

Same as program HI

Flag operation: NOOP
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MICRO-PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker

Date: August 1978

Program name:S?2°:

Program version: ¥

Functional description:

See text

Start-address for program :

Program-memory locations used:
l_

Register name

TEST ON LOADING THE
RESULT-MEMORY

55

w N+

File-name (NORD-10): (CORR)S2:DATA

TEST ON LOADING -1 TO RESULT-MEMORY
TEST ON LOADING 0 TO RESULT-MEMORY
TEST ON LOADING THE TEST-SEQUENCE
TO THE RESULT-MEMORY

Parameters stored:

Register address

Parameter

See Ch. 4.2

Flag operation: NOOP
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MICRO-PROGRAM FOR DIGITAL CORRELATOR

Author:

Date:

Program name: S3: POWER PROFILE

Program version: IIT

Functional description:

H.J. Alker

August 1978

Nl )
DATA"CHANNEL l: Kr = by xl + yl ’ ¥ = O,l, ,R
i=0
N-1
DATA-CHANNEL 2: L = I X, + vy. , r=20,1, 'R
r ; i i
i=0
Start-address for program: 1
Program-memory locations used: 1-15, 40-53
Parameters stored:
Register name Register address Parameter
STATUS-WORD 1, 004020
SAR 4, 1
LCR1 22, NO OF SAMPLES -2
IN RANGE-GATE
LCR2 23, NO OF RANGEGATES -1
LCR3 24, NO OF 64-BITS WORDS
: FOR A DMA-TRANSFER
APB-STACK
REG. 12 20 ; 12, RANGEGATE INCREMENT
ON INPUT
L e 20,13, SAMPLE INCREMENT
ON INPUT
- 20,14, START-ADDRESS ON
INPUT
APM-STACK REGJ13 21,13, INCREMENT IN RESULT
" = 21,14, START-ADDRESS IN RH

Flag operation: NOOP

File~-name (NORD-10): (CORR)S3:DATA

~MREMORY
SULT-MEMORY
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MICRO~PROGRAM FOR DIGITAL CORRELATOR

Author: H.J. Alker

Date: August 1978

Program name: S4: AUTOCORRELATION  Fije~name (NORD-10): (CORR)S4 :DATA

Program version: I

Functional description:

N<«I-=%
ALGORITHM: Rer = izo (xixi+2+yiyi+z) g = 0,1, N1
N~1-%
Yo, r T iio (%5197 %1 4973 2 = lag index
r = rangegate index
Start-address for program : 7

Program-memory locations used: 7-25, 40-53,

Parameters stored:

Register name Register address Parameter
STATUS WORD 1., 004020
SAR 4, 7
LCR1 22, NO OF LAGS -1 (%)
LCR2 23, NO OF RANGEGATES ~1 |(r)
LCR3 24, DMA
APB-STACK REG 15 20,15, RANGE-GATE INCREMENT
AT INPUT
- "= 1]6 20,16, SAMPLE INCREMENT
- "o U7 20,17, STARTADDRESS AT INPUI
APM-STACK REG.13 2Y.13, SAMPLE INCREMENT FOR
DMA
= - 14 21,14, STARTADDRESS FOR DMA
- o= 15 21,15, MUST BE » LCR1+1,
’ RANGE-GATE INCR.
FOR RES. MEMORY
- " - 16 21,16, DATA INCREMENT IN RES.MEM.
- "o- i i#7) 2117, START-ADDRESS IN RES|. MEM.
NOOP

Flag operation:



REGISTERS IN DATAFIELD DEFINED

STATUS-REGISTER = 004020
START—-ADNDR. REGISTER = 01
REGISTER FOR LOOF-COUNTER 1 =

= 0010
AFB-STACK @ AFM-STACK 1§
REG.00=000140 REG.00=0000
REG.01=000221 REG.10=1777
REG.02=000154

REG.11=7777
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