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ABSTRACT

This report describes a set of interrupt servicing programs for data transfers
from a number of data acquisition stations at a Van de Graaff and an electron
linear accelerator to an IBM 1800 computer. Furthermore it contains a descrip-
tion of several test routines which can be used to check the functional character-
istics of the interface units connecting the data acquisition stations to the
computer. The data acquisition stations are equipped with fast time-of-flight
multi-channel analysers, and the source of most of the data to be collected and
transferred to the computer are neutron cross section experiments.

Besides controlling the data transfers between the analysers and the disk
storage of the computer several programs also perform data reduction procedures,
especially for total cross section measurements.

All programs are written in ASSEMBLER language for the Time-Sharing
Executive System (TSX).
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1. Introduction *)

The integrated data processing system (Fig. 1) of the Central
Bureau for Nuclear Measurements (CBNM) has mainly been
installed for neutron cross section measurements at a 90 MeV
electron linear accelerator and a 3 MV Van de Graaff, The
system is based on an IBM 1800 computer (32 K, 2 psec cycle
time, 4 disk drives: IBM 1810/A 3 and 1810/A1, 3 magnetic
tapes IBM 2401) to which seven data acquisition stations are
connected by special interface units,

Six of these data acquisition stations are equipped with fast
time -of -flight multi-channel analysers (five of them having
4096 and one 1600 channels) and one with a GA 18/30 satellite
computer,

The analyser computer interface units request computer inter-
rupts for data transfers either automatically according to preset
experimental conditions or by operator intervention. Having ac-
cepted an interrupt the computer controls the data transfer by
sending special commands to and receiving status information
from the corresponding interface unit, i.e. the computer takes
over complete control of the data transfer. Several validity
checks are made on the transferred data before they are stored
into general disk files which are used later on for interactive
data reduction and numerical analysis with respect to interesting
physical parameters,

This report describes the interrupt servicing programs controlling
the data transfers from the multi-channel analysers to the IBM
1800 computer and the subsequent data storage on disk. In several
cases the disk storage operations are preceded by data reduction
procedures, especially for neutron total cross section data.
Furthermore this report contains a description of several test
routines which can be used to check the functional characteristics
of the analyser computer interface units in case of defects., All
programs are written in ASSEMBLER language for the Time-
Sharing Executive System (TSX). Programs supporting other
features of the CBNM integrated data processing system, such

as interactive data reduction by means of the interface units,
satellite computer operation, off-line data reduction and analysis,
are reported elsewhere ((1), (2), (3), (4), (5), (6)).

*) Manuscript received on February 2, 1972



2. Functional Characteristics of the Analyser Computer Interface
Units

For a detailed description of the interface units connecting multi-
channel analysers to the IBM 1800 computer the reader is referred
to (7), (8). Only the main functional characteristics of the interface
units will be outlined here.

Each analyser computer interface unit contains a memory of four
read-only control words and nine counting resgisters (scalers),
instruction and address decoders, and control circuitry for the
supervision of the data accumulation in the analyser and for the
data transfer to the computer, This transfer is done blockwise,
each block having 256 channels. A control word, scaler word, or
an analyser channel is read by the computer in two words of 16
bits each,

The interface unit is operated by computer commands sent out
through a 16 bit digital register. The commands have the fol-
lowing format (Fig. 2b):

Bits 0 - 7: operation code

Bits 8 - 11: word address W (scaler word or control word)
or address B of an analyser block

Bits 12 - 16: address S of the data acquisition station

(interface unit)

The function of an interface unit is explained by a description of
the instruction set by which it is controlled. The bit configuration
of an instruction is given in hexadecimal representation (X = not
used), All computer commands are sent to the interface unit via
a 16 bit digital output register (DOR1), and all data to and from
the interface unit pass a 16 bit digital output register (DOR2) and
a 16 bit digital input register (DIR) respectively.

14XS PRINT ALPHAMERIC
- The computer informs the interface unit of station S
that a message is to printed on the station typewriter.
The message itself is transferred in data channel
operation,

22WS READ FIRST 16 BITS OF WORD W
The computer informs the interface unit of station S
that the first 16 bits of the interface word W (scaler
word or control word) are to be read., The interface
unit sends the required information to the input re-
gister of the computer from where it is read in direct
program control,



23WS

24WS

32BS

34BS

30BS

42XS. ..

80XS

A0XS

READ SECOND 16 BITS OF WORD W

The computer informs the interface unit of station S
that the second 16 bits of the interface word W are
to be read (cf. 22WS).

WRITE WORD W

The computer informs the interface unit of station S
that a computer word is to be written into the first

or second group of 16 bits of the scaler with address W.
The computer word contains an indicator specifying

as destination the first or second group of 16 bits in
the scaler lrord (32 bits). Register DOR2 is used for
the transfer to the interface unit,

READ ANALYSER BLOCK B

The computer informs the interface unit of station S
that the analyser data block with address B is to be
read. The data block is transferred to the computer

in data channel operation with external synchronization.

WRITE ANALYSER BLOCK B

The computer informs the interface unit of station S
that the analyser data block with address B is to be
written by the computer, The data block is transferred
in data channel operation with external synchronization.

CLEAR ANALYSER BLOCK B

The block with address B in the analyser of station S
is cleared. If all blocks with the addresses B, through
B, are to be cleared three computer operations have
to follow each other immediately: 30BS, reset of
register DORI, 30BZS'

READ WORDS

The computer informs the interface unit of station S
that the four control words and the nine scaler words
are to be read., The words are transferred in data
channel operation with external synchronization,

CLEAR SCALERS
All scalers in the interface unit at station S are reset
to zero,

PRINT WORDS

The four control words and up to nine scaler words of
the interface unit at station S are printed on the station
typewriter. Scaler printing starts with scaler 1 and
ends with the first scaler having a 1 in bit position 16
(flag bit).



B0XS END OF INTERRUPT
The computer informs the interface unit at station S
that the interrupt has been serviced,

E8XS DISABLE STATION S
The interface unit of station S is disabled to request
computer interrupts,

F8XS ENABLE STATION S
The interface unit of station S is enabled to request
computer interrupts. ‘

A summary of computer commands for the analyser interface unit
is given in Fig. 4.
For the four control words and the nine scaler words in each inter-

face unit the following address assignment has been made:

Address

0: control word 1
1-9: scaler 1-9
" A: control word 3
" B: control word 4
" C, D, E: not used

F:

" control word 2

3. Format Specifications for Analyser Data and Control Information
of the Interface Unit

The experimental data accumulated in the core memories of the
multi-channel analysers are in BCD format, i.e. 6 binary coded
decimal digits per channel. These data are transferred to the di-
gital input register (DIR) of the computer in the format shown in
Fig, 2a. For the control words and the scaler words of the inter-
face units the same format is used,

The 24 bits of the 6 decimal digits of an analyser channel or an inter-
face word are split into two groups of 12 bits for two computer words:
BCD1, BCD2, BCD3 in the first word and BCD4, F D5, BCD6 in the
second word, The remaining 4 bits in each 16 bit word are used for
control information (Fig. 2a). Details of the format specifications
are given below (Fig. 3).

3. 1. Analyser channels and scaler words

Bit position 0 (flag bit F):

1. word:A lbitina scaler word indicates that the 6 digit scaler
value has to be multiplied by 10 before it is used in
calculations,

2, word: The last scaler (up to 9) to be transferred to the compu-
ter and the last channel in each block of analyser data
are marked by a 1 bit.



Bit position 1:

Odd parity of the 16 bit word,

Bit positions 2 and 3:

Bit 2 and 3 specify the first (00) or second (01) group of 3
decimal digits. By reserving two bits for this identification
provision has been made for the transfer of information con-
taining up to 64 bits (4 computer words). This is useful for
multiparameter experiments.,

The scaler words contain information characterising the ex-
perimental data.

Scaler 1: This counting register stops the data accumulation at
the preset monitor count defined in control word 4.
(When scaler 1 stops its content should agree with
control word 4).

Scaler 2: Total count of the analyser spectrum,
Scaler 3-9:Optionally used,
For analyser channels and scaler words BCDI1 is considered as

the high order digit of a six digit number,

3.2. Control words

For bit positions 1, 2 and 3 there is no difference as compared
to the analyser channels and scaler words. Bit position 0 (F) is
explained together with a detailed description of the control words.

The analyser memory of 4096 channels (analyser words) is read
out in 16 separately addressed blocks of 256 channels each. This
group of 16 blocks is preceded by four control words and up to
nine (flag bit !) scaler words identifying the spectrum.

The four control words contain information specifying the type of
experimental data and the desired computer treatment. The in-
formation in the control words is related to the experimental
equipment, the multichannel analyser, and several digit switches
at the interface unit.

Control word 1 (address 0)

Control word 1 specifies the spectrum identification no. (3).

1. half-word:

F = reset indicator:
1 = clear analyser memory after it has been read
(read destructiye).

0 = do not change analyser memory (read non-
destructive)
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BCDI (high order digit) ) = group no. -of spectrum identification
BCD2 (low order digit) ) no.

BCD3 = lst. experiment no.

2. half-word:

F = not used

BCD4 = 2nd. experiment no.

BCDS5 (high order digit) ) _ .

BCD6 (low order digit) ) serial no. of spectrum,

Control word 2 (address F)
1. half-word:

F = operation indicator:
1 = the interface unit is operated automatically.
0 = the interface unit is operated manually,

BCD1 = automatic type (3), always 1 (introduced for historical
reasons). :

BCD2 (high order digit) ) = operation code, which indicates desired
BCD3 (low order digit) ) computer operation for transferred data,

2, halfeword:

F = not used

BCD4 (high order digit) ) = address of analyser block.
BCD5 (low order digit) ) (octal representation)

BCD6 = sample changer sequence indicator (for automatic
sample changer operation).

Control word 3 (address A)

1. half-word:

F = not ﬁsed

BCD1 (high order digit) )
BCD2 (low order digit) )

BCD3 (high order digit) no. of 1lst block in the spectrum,

= no. of blocks in the spectrum,

2. half-word:

F = not used

BCD4 (low) )
BCD5 (order)
BCD6 (digits)

no. of lst block in the spectrum,
) (Block numbering starts with 1.)

Control word 4 (address B)

The 6 BCD's contain the monitor count, by which the accumulation
time of the analyser spectrum is defined (BCDI1 = high order digit).
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Bit positions 0 in both half-words are not used.

All scalers, control words 1, 3, 4, and the operation code of control
word 2 can manually be adjusted by the operator of the data acquisi-
tion station,

4., Description of the Interrupt Servicing Program SUMON

The interrupt servicing program SUMON which controls the data
transfers from the multi-channel analysers to the computer and
manages the reduction and disk storage of the transferred spectra
consists of three main subprograms DINPT, STORE, and SUMTO.
SUMON is written as interrupt core load for the Time Sharing
Executive System (TSX).

The description of SUMON given here outlines the main charac-
teristics of the program, for more detailed information the reader
is referred to the program listings which contain many additional
comments, The list of error messages (cf. 5) may also be of inte-
rest in this context, '

4.1. DINPT

The execution of SUMON always starts with a call or subroutine
DINPT (cf. program listing SUMON). First of all the four con-
trol words and nine scalers are read in data channel operation
(with external synchronization). Each control or scaler word is
checked for parity errors and invalid digits. If an error is de-
tected the control and scaler words are read again. If after two
repetitions the error still persists interrupt servicing is termi-
nated by error exit. The corresponding error message is printed
on the interface typewriter and on the computer typewriter.

If the control and data words are correctly read they are decoded
in order to provide DINPT with information about the type . of data
to be handled. _

Next the analyser blocks are read in data channel operation (with
external synchronization). Each analyser block is separately
addressed by the computer, and is only accepted after it has been
checked that its length is correct (flag bit on last word) and that

it had been addressed correctly. Depending on the value of the
operation code the analyser words are checked for parity errors
and invalid digits or not. When all blocks of the spectrum have
been accepted the analyser memory is cleared or not depending

on the reset indicator (cf. 3). Then STORE or SUMTO is executed
according to the value of the operation code as derived from control
word 2,
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4,2, STORE

Subroutine STORE is entered when the operation code is 1 or 3.
Operation code 1: :

STORE has to store the correctly transferred spectrum under its
identification number into a disk file which is common to all data
acquisition stations and which can be used by off-line and interac-
tive data reduction programs ( (3), (1)).

First the spectrum is converted from BCD to double word binary
format, If the operation indicator had been set to 1 (automatic
operation) the total count of the spectrum as calculated by the
program is compared to the total count read from scaler 2. In
case of disagreement interrupt servicing is terminated by error
exit.

If the total count check has had a positive result (or has been
skipped) program STORE tries to write the spectrum into the
reserved common disk file. This action can only be success-
fully completed if enough disk room is available. If this is not
the case a message is sent to the interface typewriter of the
station which initiated the interrupt and interrupt servicing is
terminated without the spectrum being stored. If enough disk
room is available the spectrum is stored and the interrupt
servicing is finished.

Operation code 3:

Spectra transferred to the computer with the same identification
no, are summed up. The summing procedure is started with a
spectrum stored on disk with operation code 1, All spectra with
the same identification no. sent subsequently to the computer
with the operation code 3 will be added to the first spectrum,

4,3. SUMTO

Subroutine SUMTO is executed after DINPT if the operation code
is 0, In this case the operator of the data acquisition station
wants to measure a series of spectra with automatic sample chan-
ger operation. In this mode of operation spectra (4096 channels)
belonging to different sample changer positions are transferred
to the computer and added to the sums of previously transferred
spectra for corresponding sample changer positions, SUMTO
accepts 2, 3 or 4 different run types (spectra) in one sample
changer sequence. The user specifies the number of run types
in the sample changer sequence by the sample changer sequence
indicator in control word 2:
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Sample changer Number of Run type identification
sequence indicator run types by 2nd exper. no.
2 2 0, 1
3 3 0,1,2
4 4 0,1,2,3

Spectra belonging to different sample changer positions are
identified by 0, 1,2, 3 in the position of the 2nd experiment no.
of the identification number.

When SUMTO is called the first time for a new identification
number disk roomis reserved in the file SPZNE(3) for as many
runs as there are run types in the sample changer sequence
specified. In addition to this a save area is reserved in SPZNE
for each run type (see below ! ).

Control information which characterizes the experiment under
consideration (identification no., sample changer sequence
indicator, etc.) and which is necessary for the procedure of
summing up all spectra of the same run type are stored in
control sector CONSC (cf. 4, 6,) on disk.

During each execution of SUMTO it is checked if the run type
under consideration belongs to the specified sample changer
sequence or not., If not the spectrum is suppressed, SUMTO
also checks if the different run types of a sample changer se-
quence follow each other correctly, e.g. run type 1 may not
directly be followed by run type 3. Spectra of the same run type
may follow each other. This can occur when the count capacity
of an analyser channel is exhausted before the preset count

for the total spectrum has been reached. If the run types are
out of sequence they are suppressed until the sample changer
starts again with run type 0. During one sample changer se-
quence each correctly transferred spectrum is stored in a
temporary area on disk.

If all spectra belonging to one sample changer sequence are
stored in the temporary area run types 0 and 1 are checked

for a correct "IN/OUT" ratio before all spectra of the se-
quence are added to the sums of the corresponding run types.
This check is performed in the following way: The total count
of the spectrum of run type 0 (called IN run) is divided by the
total count of the spectrum of run type 1 (called OUT run).

This ratio is then compared to the mean value of the IN/OUT
ratios of all preceding sequences, In case the difference is
greater than + p % of the mean value the sequence under consi-
deration is suppressed. The IN/OUT check itself can be sup -
pressed for the first n sequences of an experiment., In this way
a reasonable IN/OUT mean value can be calculated. n and p are
specified by the operator of the interface unit (1).
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Every fifth correct sequence the sums for the different run types
are stored twice: in the normal way as after each correct sequence
and into a save area. Therefore only up to five sequences may be
lost if something goes wrong in a summing procedure, The iden-
tification numbers of the sums in the save area are defined by the
computer by adding 50 to the serial no. in the identification no.
which has been specified by the operator of the interface unit.

4.4, SUMON Error Messages

All error messages of SUMON which may be printed on an interface
typewriter are listed below. Most of these messages are also printed
on the IBM 1816 in the computer room (cf. program listings !).

A. DINPT and STORE

1) error word..: Call electronics engineer !

2) block numbers incorrect: The total number of blocks to be
transferred and the no. of the analyser block to start with
disagree.

3) no. of blocks greater 16: Spectra with more than 16 blocks
cannot be transferred.

4) check interrupt assignment: The group no. of the spectrum to be
transferred must be equal to the interrupt assignment no.

Analyser Interrupt Assignment No.
TMC-Linac ; ' 01
TMC-Vd4AG ' ' 10
INTERTECHN, I, Linac 02
INTERTECHN. II, Linac .09
INTERTECHN., III, Linac 04
SKIP, radioisotopes group 12

block.. cannot be addressed: Call electronics engineer !

word error block.., channel...: Call electronics engineer !

)

6) length of block.. incorrect: Call electronics engineer .
)
)

control word 4 and preset count disagree: This check is only
made for automatic sample changer operation. Call electronics
engineer |

9) incorrect automatic type: Call electronics engineer !

10) incorrect sample changer indicator: This check is only made
for automatic sample changer operation. Call electronics engineer!

11) Check op. code: OP, CODE and position of level switch do not
agree or OP, CODE is incorrect {1).

12) same id already used: The spectrum is not stored on disk. Repeat
operation with other identification number.
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13) no storage for this spectrum: In this case a spectrum with
less overflow channels (= channels with a count higher than
65535) or with less blocks can still be stored, Use OP, CODE
18 to get information about available disk room (1).

14) total count difference greater 20: This check is made by
STORE if automatic operation is specified. Call electronics

engineer !

15) incorrect automatic type: For the transfer of spectra the

automatic type must be 1. For change of automatic type

call electronics engineer !

B. SUMTO

16) incorrect serial no.: The last two digits of the identification
no. must be between 0 and 49.

17) total count difference greater 100: The total count for a
spectrum as given in SCALER 1 does not agree with the
total count calculated by the computer. The sequence in
which this spectrum occurs is suppressed.

18) no disk storage for sums: The experiment cannot be started
because there is not enough disk roomavailable.
Delete spectra which are no more used,

19) incorrect in/out ratio, total no. of suppressed seq. = ....,
total no. of correct seq. = ....: A sequence with incorrect
IN/OUT ratio is suppressed.

20) incorrect sample changer start: The run type under consi-
deration is suppressed. Each new sequence must start with
run type O,

21) run type incorrect: The run type of this spectrum does not
belong to those specified for this experiment.

22) sample changer error: The run types do not follow each
other correctly. The sequence in which this error occurs
is suppressed.

23) no summing for small spectra: Check if block numbers are
correct,

24) restart: You are using the identification number of the
preceding experiment whilst the corresponding sums on
disk have already been deleted., Use other identification no,

25) no more storage for sums: The experiment is stopped by the
computer because the actual sums can no more be stored on
disk, At this time only the sums in the save area are correct.
Delete spectra which are no more used (including the incor-
rect actual sums) and restart with a new identification no.
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26) no more storage to save sums: The experiment is stopped by
the computer because the disk save area for the sums is too
small, Delete spectra which are no more used and continue
with same identification no.

4, 5, Subroutine Set of SUMON

The user written subroutines of the three main subroutines
DINPT, STORE, and SUMTO of program SUMON (except those
already published elsewhere) are described below. They may
only be used in ASSEMBLER language calling programmes.

Subroutines published elsewhere:
DISKM, MDISK, MFLT, SPSRC, SUMT (3)
BLANK, CHIF, MOVE, MOVEI (4)

Subroutines described here: BIDEC
DECBY
DEBYS8
FORMT
MOVEF
PER
RESET
TICON

BIDEC

Entry points with calling sequence:

CALL BIDEC

DC ADDR1
DC ADDR?2

Subroutines called by BIDEC: None

Core locations used: 150 (96 hexadec, )

Description:

BIDEC converts a double binary word at address ADDRI to
10 binary coded decimals and a sign which are stored into
11 memory locations starting at address ADDR2, The 10
BDC's are in words 1 to 10, word 1 containing the BCD of
highest order. The sign is stored in word 11 : 0 = positive,
1 = negative,
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DECBY

Entry point with calling sequence:

CALL DECBY
DC ADDR

DC N

Subroutines called by DECBY: None

Core locations used: 214 (D6 hexadec. )
Description:

DECBY converts a table of N double words in analyser format
(cf. 3) to double word binary numbers. ADDR is the address
of the first double word in the table,

DEBYS§

Entry point with calling sequence:

CALL DECBY
DC ADDR

DC N

Subroutines called by DEBYS8: None

Core locations used: 84 (54 hexadec. )
Description:

DEBYS8 converts a table of N half-words in analyser format (3)
to 16 bit binary numbers, ADDR is the address of the first half-
word in the table, Each half-word contains the decimal digits
BCD1l, BCD2, and BCD3, BCDI1 being the high-order digit

(cf. Fig. 2a).
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FORMT

Entry point with calling sequence:

CALL FORMT
DC ADDR

DC N

Subroutines called by FORMT: . FBIDEC

Core locations used: | 64 (40 hexadec. )
Description:

FORMT converts a table of N double word binary numbers to
analyser format (cf. 3). ADDR is the address of the first
double word in the table. :

MOVEF
Entry point with calling sequence:
CALL MOVEF

DC  ORG
DC  DEST
DC N

Subroutines called by MOVEF": none
Core locations used: 32 (20 hexadec.)

Description:

MOVEF transfers N words from an area starting at ORG to
an area starting at DEST. The address ORG must be greater
than the address DEST in case the two areas overlap.
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PER

Entry point with calling Sequence:
CALL PER

DC ADDR

DC N

DC I

DC NO

CALL+5 ERROR EXIT
CALL+6 NO-ERROR EXIT

Subroutines called by PER: None
Core locations used: 122 (6E hexadec. )
Description:

PER checks a table of N double words in analyser format (cf. 3)
for parity errors and invalid digits. ADDR is the address of the
first word in the table. I is 0 for a parity error and 1 for an in-
valid digit. NO is the number of the erroneous double word in
the table., PER branches to CALL+5 if an error is found and to
CALL+6 if no error has been detected.

RESET
Entry point with calling sequence:
CALL RESET

DC ADDRI1
DC ADDR2

Subroutines called by RESET: DAOP (TSX System)
TYPEN (TSX System)

Core locations used: 52 (34 hexadec. )

Description:

RESET checks if a digital or analog output data channel operation
is terminated after a preset time or not, If the data channel ope-
ration is not terminated it is reset. Independent from the result

of the check ADDRZ is the address for main program continuation.
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ADDRY1 is the address of the number of the data acquisition
station (interface unit) involved in the data channel operation.
This number must be in IBM 1053 typewriter code.

TICON

Entry point with calling sequence:
CALL TICON

DC ADDR

Subroutined called by TICON: BINDC (TSX System)
CLOCK (TSX System)
HOLPR (TSX System)

Core locations used: 18 (22 hexadec. )

De scription:

TICON converts the day-time to IBM 1053 typewriter code
in the format XX, XXX hours and stores the converted time
into three memory locations starting at ADDR.

4, 6. Disk Files for SUMON

The disk files used by DINPT, STORE, and SUMTO are
described here. For the disk files belonging to the sub-
routines of DINPT, STORE, and SUMTO the reader is re-
ferred to the descriptions of the subroutines.

CONDI (1 sector)

CONDI is a control sector for DINPT and STORE, It contains
the identification number of the spectrum being handled by
DINPT or STORE and status information about the progress

of work done by these programs, In case of a computer failure
during the execution of DINPT or STORE CONDI delivers
valuable information.
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CONSC (1 sector)

CONSC is used by SUMTO to transfer information from one
interrupt to the next one during automatic sample changer
operation, CONSC contains the identification numbers for

the spectra of the sample changer sequence, the sample chan-
ger sequence indicator, the total counts for the spectra of one
sequence, indicators for the control of the sample changer,
counters for the number of correct and the number of suppres-
sed sequences, the numbers for the IN/OUT check, addresses
for intermediate disk storage of spectra, etc., For each data
acquisition station using SUMTO a disk file of this type (with
a different name) is needed.

INSUM (104 sectors)

INSUM is used by SUMTO as intermediate storage for the spectra
of one sample changer sequence (maximum 4 run types 0, 1, 2, 3).
This storage is necessary because the single spectra can only

be added to the sums of all previous spectra of the same run

type when a sequence is terminated, It is only then when it can

be checked if all spectra of a sequence are correct., For each

data acquisition station using SUMTO a disk file of this type

(with a different name) is needed.

SAVSP (26 sectors)

SAVSP is used by SUMTO as intermediate storage for the first
run type of a sample changer sequence during the time the
spectra of the preceding sequence are added to the corres-
ponding sums on disk.

5. Test and Utility Programs

5. 1. On-Line Interface Test Programs

The response of the interface units to computer commands
(Fig. 4) and the exchange of data between the computer and
the interface stations can be checked with a set of test rou-
tines, Together with a common header program these routines
form the interrupt core-load ATEST which is called into exe-
cution through a programmed interrupt edited from the inter-
rupt servicing routine IDOP (1), The different routines can
be selected by specifying a certain operation code (OP, CODE
91-96) on the interface unit and sending a manual interrupt
request on LEVEL II. All error messages are printed on the
interface typewriter and the computer system printer.
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The main test possibilities are:

- Read control words, read-write operation for scalers and
analyser channels with any wanted bit combination contained
in a pattern (cf. 5.1.7.).

- A continuous execution of tests to allow convenient on-line
control of the interface hardware by the electronicsengineers.

- Check interface typewriter, print out loaded pattern or write
pattern blocks into multi-channel analyser memory.

5. 1. 1. Interface Typewriter Test - ORCODE 91 (PRAL1)

All characters in use are printed on the interface typewritgr.
A-Z, 0-9, /., +SPACE - # = and line feed, shift to black
and shift to red.

5.1.2. Read Write WORD Test - ORCODE 92 (WORD2)

This test comprises four steps

Step 1: The control word 1 (Fig., 3) and all scalers in use (up
' to flag bit) are read in direct program control and com-
pared to the pattern stored on disk (cf. 5.1.7.). The user
has therefore to introduce the pattern values in correct
sequence in control word 1 and in the scalers. In case the
read words and the pattern words disagree, both words
are printed (see error messages).

Step 2: All pattern words are written into each scaler and read
back in direct program control. Written and read words
are compared and printed if an error is detected.

Step 3: Identical to step 2 except that transfers are done in
data channel operation with external synchronization,

Finally the command PRINT WORDS is delivered.

A message is provided at the beginning and at the end of the test.

The test is interrupted if more than 5 errors are detected.

Error messages:

STEP 1 -3

WRONG WORD No. (0 -9)

PW = /CHEX/CHEX (Pattern word)
IW = /CHEX/CHEX , (Interfage word)
CHEX are 4 hexadecimal digits (Fig. 3)

C = Control bits (FPOO0 or FPO1)

HEX = BCD1 - BCD3 and BCD4 - BCD6 respectively.
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5. 1.3, Transfer of Pattern Blocks - OP, CODE 93 (WBLC3)

The 16 (10)* double word pattern is used 16 (10) times to form
a block of 256 (100)™ channels. All 16 analyser blocks are fed
with the same pattern block.

*SKIPP analyser with 16 blocks of 100 channels

5.1.4. Prlnt Loaded Pattern - OP, CODE 94 (PATP4)

The pattern actually stored on disk is printed out on the inter-
face typewriter.

5. 1. 5, Analyser Block Test - OP, CODE 95 (BLOCS5)

This test comprises three steps.

Step 1: The 16 possible block addresses are delivered conse-
cutively and the control word 2 block address indica-
tion is checked, In case of disagreement the addressed
and the read block numbers are printed.

Step 2: A pattern block (cf. 5.1, 3.) is written into each analyser
block, read back and compared. The flag bit on the second
word of the last double word in each block is also checked,

Step 3: The analyser is reset from block 3 to block 12 with two
consecutive block reset commands.

The beginning and the end of the test are indicated on the printer.
The test is interrupted if more than 5 errors are detected.

Error messages:

- Block addressing error:
BLOCK No. 0 - 15 '
BLOCK No. 0 - 15 (in red)

- Flag bit error:
BLOCK No. 0 - 15
INCORRECT BLOCK LENGTH

- Analyser channel error:
BLOCK No. 0 - 15
WRONG WORD NR 0 - 256 (100)
PW = /CHEX/CHEX
IW = /CHEX/CHEX

The INTERTECHNIQUE and TMC analysers are fed with a
pattern of 5 decimal digits per channel.
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5.1, 6, Continuous Block Test - OP, CODE 96 (COBA®6)

No error messages are provided in this routine but a desired
test cycle is executed continuously, The user has several test
options to be selected with the group no. contained in control

word 1.

Step 1: The control word 1 is read and a test block of 256
(100) channels is formed, each channel containing
5 (6) decimal digits of the control word 1 as channel
count,

Step 2:- Group no. < 10:
The test block is transmitted to the 16 analyser blocks
and the program continues with step 3.

- 10 < group no. < 20:
All 16 analyser blocks are read into the computer
and the program proceeds to step 3.

- Group no. > 20:
The program goes immediately to step 3,
Group no. and 1. experiment no. = 0 : all blocks of
the analyser are reset to zero.

Step 3: If the group no, is negative, the test is terminated
and the interrupt level is given free, otherwise the
program returns to step 1.

5.1.7. Program to Load the Test Pattern on Disk (PATRN)

The test pattern is stored on disk by means of the non-process
program PATRN, The 6 decimal digits of the 16 pattern double
words have to be punched on 16 cards in the following format.

FIRST WORD SECOND WORD WORD No.

CARD COLUMN 10 11 12 20 21 22 79 80
0-9 0-9 0-9 0-9 0-9 0-9 1-16

The control bits (flag bit, parity bit, first or second word bits)
are added by the loading program PATRN before the values are
stored on disk.

5.2, Off-Line Interface Test Programs

The non-process programs WORDT and FEAT make continuous
interface tests to enable convenient hardware control by the
electronics engineers. Error messages are printed on the com-
puter printers,
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The four control and the nine scaler double words are read in
data channel operation with external synchronization. The first
data block is memorized and printed. Any subsequently read
data block differing from the first block is printed on the 1443
printer, After 16 errors have been detected, the program
continuous to read without printing.

The number of the station to be tested is introduced via the
DATA SWITCHES.

The computer can only get information from a station which

is on-line i.e. the user must first request an interrupt on
LEVEL II with OP, CODE 99 : The interrupt level is immediately
left without giving an end-of-interrupt command to the station,
leaving the unit on-line.

The interrupt program ENDIN (5, 3. 2. ) is used to set the unit
off-line after the test.

5.2,2. Front-End Adapter Test (FEAT)

The front-end adapter, which links the interface units to the
computer, seperates the different ground potentials and
enables two-way data exchange. The digital output register
DOR2 (cf, 2) is switched via the front-end adapter to the
digital input register DIR, The program writes into DOR2
special bit configurations in direct program control, reads
back the DIR and compares the two registers. Both configu-
rations are printed on the system printer if any discrepancy
is found, All DATA SWITCHES in OFF position suppress the
printing,

The test stops if 16 errors have been printed. To continue
the test, press CONSOLE START,

5. 3. General Utility Programs

The computer operator can prevent or enable any interface unit

to request interrupts or can turn "off-line' an interface unit which,
due to erroneous operation or due to tests (5.2, 1.) did not re-
cognize the "end-of-interrupt' command. Both programs are
interrupt core loads to be called into execution by a CONSOLE
INTERRUPT with a certain position of the SENSE SWITCHES.
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5. 3. 1. Program to Enable or Disable Interface Stations (IFOP)

Press CONSOLE INTERRUPT with SENSE SWITCH 1 ON.

To enable interface units 1 - 15, set ON the corresponding
DATA SWITCHES. All OFF-DATA SWITCHES mask the cor-
responding units, The current status of the '""masked-unmasked"
units is printed on the system printer.

5.3.2. Manual End-of-Interrupt Command (ENDIN)

- s e mn e e o em e e e e A e e e e e o e e e e e e e e e e M G S e e e e e e e

Press CONSOLE INTERRUPT with SENSE SWITCH 0 ON and

1 ON. Set ON the DATA SWITCH corresponding to the inter-
face unit to be addressed (1 - 15).

A message on the system printer specifies the executed opera-
tion and the unit number.
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15

Flp|o|o| BcCD!1 BCD 2 BCD 3
FIRST WORD
15
Flp|o|1]| BCD4 BCDS BCD6

SECOND WORD

F=FLAG BIT
P = ODD PARITY OF 16 BIT WORD

BCD1-BCD6 = BINARY CODED DECIMALS

Fig.2a General data format for digital input

7

8

1112

15

OPERATION CODE

WOR B

W = WORD ADDRESS
B = BLOCK ADDRESS
S = STATION ADDRESS

Fig.2b Format of control command for

interface unit




GENERAL FORMAT

Fi1j{Pjojo BCOY BCD2 B8C03 F2 BCD4 BCDS BCDe
ANALYSER CHANNEL OR SCALER WORD
mielo]o w8 nt 13 F2 w? 0’ w?
CONTROL WORD 1 {ADDRESS O)
falelolo OGroup number 1. experiment no. 2 expeciment no Serial number
0! w° w° w? w! | 0
CONTROL WORD 2 (ADDRESS F)
Saemple changer
fle N 4 Operation code Address of analyser block Fuqmncn
! ofo ot use ﬂ' 1% indicator
| 8! I 0
CONTROL WORD 3 (ADDRESS A)
Number of blocks No. of first
plolo in the spectrum block in the Number of first block In the spectrum
spectrum 1
w0’ l 100 103 w? | ° I w0
CONTROL WORD & (ADDRESS B)
plolo Moniter count Monitor count
05 I w0t | 0’ w2 l 0’ ] w°

Fig.3 Format of analyser and interface words

F1,F2: Flag bits
P: ODD parity ot 18 bit word
BCO1-BCDE:Binary coded decimals

F121:Scaler value to be
multiptied by 10

F2s1: Last scaler or last
channel in analyser biock

F1s1: Read destructive

-09-

F1=1: Automatic operation
F120: Manual operation
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Instruction Code

Function

14XS
22WS
23WS
24WS
32BS
34BS
30BS
42XS
80XS
AO0XS
BOXS
E8XS
F8XS

PRINT ALPHAMERIC

READ FIRST 16 BITS OF WORD W
READ SECOND 16 BITS OF WORD W
WRITE WORD W

READ ANALYSER BLOCK B
WRITE ANALYSER BLOCK B
CLEAR ANALYSER BLOCK B
READ WORDS

CLEAR SCALERS

PRINT WORDS

END OF INTERRUPT

DISABLE STATION S

ENABLE STATION S

S = station address
W = word address
B = block address

X = not used

Fig.4 Instruction set for the interface unit.
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009A END PATP4124
NO ERRORS IN ABOVE ASSEMBLY.
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0130 0000 MES6 BES 0
0130 0000 BSS E O
0130 0 0021 TABLE DC 33
0131 0 0043 DC 67
0132 0020 BSS 32
0152 0 0001 TABL1 DC 1 TABL1 MUST NOT BE ALL ZERD
0153 0 0002 DC 2
0154 001lE BSS 30
0172 0008 END WORDT
NO ERRORS IN ABOVE ASSEMBLY.
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