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1.

GENERAL GUIDE TO USERS

Introduction

An optical reader is being used by the NIPR to load data
directly to the computer from original test or questionnaire forms
for subsequent analysis. The purpose of this manual is to provide a
comprehensive guide to the use of the optical reader programs written

in the Computer Division.

The method used to provide the programs with information
about the data, i.e. by means of '"specification sheets'", and the
general range of facilities provided, were decided upon in consultation
with the Psychometrics Division. The progranmsdre thus specifically

designed to meet current and projected test scoring needs at the NIPR.

The general plan of the manual is as follows. Section I
contains some background information about the machine itself and the
programming environment, as well as a description of the standard
NIPR format for optical reader sheets. Section II describes the main
loading program, NDC29, and forms the bulk of the manual. Section
III describes an alternate loading system that may be useful in certain

circumstances, but is not usually used.

The 1231-N1 optical reader

This device can read marks made by an ordinary lead pencil
on paper documents. It can only detect the presence or absence of
a mark in a particular position and so cannot read alphabetic or

numeric characters as such.

The data sheets contain 1,000 mark positions arranged in
fifty rows, each containing twenty positions. The maximum reading
rate is 2,000 sheets per hour. Reading is done under control of a
computer program, and if a document is found to be unacceptable by

the program it can be selected to a special stacker.

Operator controls on the unit make provision for checking
specified fields on the page for multiple or missing marks. However,
since these facilities are not completely flexible and entail extra
work for the operator in setting up the optical reader, these controls

are always set to OFF and checking is done by the program.



Certain error conditions are detected by the unit and
indicated by flags set in channel status bytes and the device sense
byte. These fields may be printed by the program, and their meaning
may be found from Table 1 and Table 2 in Section_IM . Further details
are given in section 13, "Error handling'". For full details of the
operation of the optical reader consult the IBM reference manual form

A21-9031, "IBM 1231-N1 Component Description and Operating Procedures'".

The NIPR Programming System

The simplest type of job involving the optical reader occurs
when the only results required are test scores which are straightforward
enough to be calculated by NDC29 (sce Section 11 for details of the
scoring capabilities of NDC29). In this case the only program required
is NDC29, which reads in the sheets containing the test responses and
prints out the scores. For jobs of this nature no knowledge of other

NIPR programs or data conventions is needed.

If NDC29 cannot be used for scoring a test, or if the program
is only being used to load date prior to some further analysis, such
as tabulation or item analysis, then further programs in the NIPR system
will be used. Details of the programs available and the system conven-
tions regarding programs and data may be found in CSIR Special Report
Pers. 99 'A Description of the NIPR System Programmes, Methods of
Operation, and Intended Development' by R.S. Hall.

Data Sheet format

(i) Notation

The sheets each contain a thousand mark positions arranged
in fifty rows, each row having twenty positions printed in four

groups of five.

l = = = = = = = = = = = = = = = = = = = = \
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3 ‘; = - ?_: - . = f — - - ; - - = - gASE= - — — - E
L}» ::_‘ "’;‘:"’;:—:""—‘;":’;"“;”‘”:'“‘ = = = = :NO. = = = = = -

‘; SEGUENCE NO. =
5 , == == = = = = = = = = = = = = === = —
6 ;: == == L E R :
t —
L

fig. 1. Data sheet
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The rows are numbered from 1 to 50 starting at the top of
the sheet. The leftmost ten positions of a row form the '"left
word,! denoted by L, and the remaining ten positions from the
"right word," denoted by R. Thus, for example, the left ten

positions of the third row are referred to as word 3L.

(ii) Coding numbers on the datasheet

An integer of between 1 and 9 digits may be coded on the
sheet as a "numeric field". Each digit in a numeric field
requires ten mark positions labelled O to 9 and the digit is
coded by marking thc appropriate position. For example the digit

7 may be marked as follows:

If the number contains more than one digit, the positions
for marking succeeding digits must be directly below those for
the first digit. For example, the following is a numeric field

for coding a three digit integer. (160)

Digits corresponding to leading zeros can be left blank, but if

the entire field is blank, it is treated as missing information.

(iii) Sheet identification

The top five rows of the sheet are reserved for identification

and sequencing information as follows (fig. 1).

Words 1R - 5R must contain a case number of from one to five
digits. If the data for a case extends over more than one sheet,

the case number must appear on every sheet of the case.

Words 1L - 3L can contain a three digit identification
number to distinguish sheets used in different jobs. This

field may be left blank, but if it is used then all the sheets
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to be read by the optical reader in one job must have the same

identification number.

Words 4. and 5L can contain a two digit sequence number.
This can be omitted if there is only one sheet per case. To
clarify the meaning of the sequence number, if there were four
sheets per case, each case would have sheets with sequence

number 1, 2, 3 and 4.

Coding data:- Numeric and positional data fields

Data fields can be placed anywhere in rows 6 - 50 of the
shecet. A data field may be '"positional' or 'numeric'". A numeric
data field can be an integer of from 1 to 9 digits and is coded
as a numeric field as described above in the section '"Coding
numbers on the data shect'". When a largc number is involved this
is an efficient way of coding it. However, when a relatively
small number of alternative answers are possible or when multiple
responses to the same question are permissible, it is more
efficient to display the alternatives and to require the applicable

answers to be marked, as in the examplcs below.

ABCDE YES NO |
?::::u; é._z ":

Data fields of this type are callecd positional, in contrast
to the numeric fields described above. For a positional field a
mark in the first position is given a value of 1, a mark in the
second position a value of 2, and so on. Thus the examples shown

above have values of 5 and 2 respectively.

A positional data field which has not been marked can be
treated as either zero or missing information. If more than one
mark is made in the field the value of cach position marked can be
recorded in a response vector for that field. A positional field
can start in one row and continue from the beginning of the next
row for as many positions as desired, the only restriction on
maximum length being imposcd by the number of available positions
on a page (900). The minimum length of a positional field is two

positions.
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Designing and printing data sheets

If any NIPR program is to be used to read data from the optical
reader, then some restrictions are imposed on the layout of the data.
These restrictions may be found in section four, "Format of data
sheets'". To give an idea of what can be done, some examples of sheets

prepared for a variety of purposes have been included in Appendix A.

The method used for printing the sheets depends on the quality
required and the number of sheets to be printed. Three methods have

been used successfully and these are discussed below.

a) Specially printed sheets

Tolerances for paper and printing are very close and at the time
of writing there is no South African printing works prepared to under-
take this job. Printing has to be done overseas, in Germany or
America, and this involves several months delay. A large printing
order is also necessary to make this method economical. This is,
however, the only way of getting really neat looking data sheets

containing no unwanted mark positions.

Sheets for printing must be drawn up on special forms
available from IBM. The most commonly used one caters for five rows
of mark positions per inch (fifty rows per sheet) and has reference
number X20 - 8040. Sheets are also available for spacing rows three
to the inch or four to the inch. Examples of specially printed sheets

are given on pages A2 - A4 of Appendix A.

b) Overprinting by local printers

A more economical method of preparing sheets is to have the
standard IBM 551, data sheets (page Al, Appendix A) overprinted with
the desired additional information. This can be done by local printers
and produces satisfactory results, although all one-thousand mark
positions are prcsent whether they are required or not. Some examples
of locally overprinted sheets can be found in Appendix A on pages A5

and A6.

c) Overprinting by offset litho.

This may be done on an ordinary offset litho. duplicating machine
using a paper master produced by the Xerox copier. The resulting sheets

are not very attractive but are legible. If a large number of sheets

e
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is to be produced, an aluminium master can be made at small ccst. It
is usually impracticable to clean the machine and reload with o
different colour ink, so the shects are generally printed Zn black,
This has the disadvantage that inaccurate duplication may procucn
unwanted marks in areas to be rcad by the optical reader. Thus,

for sheets which are to be printed in this manner, printing ciose tc
the answer positions should be avoided. If a reflective ink such as
red or green can be used, however, printing may appear anywhere on the
sheet, even within the mark positions themselves. EIxamples of sheects
overprinted by duplicating machine are given in Appendix A on pages

A7 and AS8.

IT. LOADING AND SCORING DATA WITH NDC29

6. TFacilities and limitations of NDC29

NDC29 has two main functions:-

(i) To load data from the optical reader to disk in standard

NIPR format.

(ii) Where the data are test responses, to read in sheets giving

the correct responses and to use these to score the data.

The program is written to provide a good deal of flexibility
in the layout of the data sheets and the scoring of responses. The
general layout of data sheets is discussed in section 4. Information
about the data is provided on specification sheets which are read
before the data sheets. Details of these sheets are given in section

10.

The following points give an idea of the facilities provided

by NDC29:-~
(i) The maximum number of response fields for each case is 1000.

(ii) The response fields for cach case may be spread over up to
fifty pages, with the restriction that no field may be partly

on onc page and partly on another,
(iii) Multiple responses can be handled.

(iv) TUp to 20 scores can be accumulated for a test . These may be

totals for different parts of the test or alternative ways of
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scoring the same test. Test scoring facilities are

discussed in detail in section 11.

(v) Missing data.
Options are provided on the parameter card (see section
8 for details) for handling missing information. Fields
with missing information may be set to the standard NIPR
code for missing information (31E-49) or to a specified
whole number n (04n$¢9999). The options to be used for
positional and numeric fields are specified separately, and

may differ from each other.

Input and output options

Details of how to select the various options mentioned here

are given in section 8, ''cards required".

(i) Input data sets

The input to the program falls into two categories.

These are:-

(a) "Specification sheets'", which describe the data

and the scoring to be done.
(b) The actual data sheets themselves.

(a) Specification Input

For some applications the specifications may occupy twenty
or more sheets. Furthermore, information contained on the specification
sheets is specific to a particular test or questionnaire rather than
to the particular data cases being loaded, so the specifications for a
particular test may remain constant over a number of runs with
different data. For these reasons provision has been made for storing
specification information on disk so that it can be read in indepen-

dently of thc data.
(b)  Data Input
The data may come from one of three different sources:-

(1) Directly from the optical reader. (This is the normal

mode of operation).

(2) Astandard NIPR data set on disk. (This is usually used

for data previously loaded from the optical reader which
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must be re-scored with a different set of keys, although
any standard data set may be used even if was not loaded

by NDC29).

(3) Data-sheet images loaded to tape with NDC30. (This method
is only used in special circumstances. See sections 15

and 16 on loading data with NDC30).

(ii) Output data sets

In addition to the printed output which is described in
section 12, provision is made for three output data sets for

storing on disk.

(a) Specification sheets may be stored on disk for later use, as

described above.

(b) "Responses'", i.e. the data on the sheets, can be loaded to disk
in standard NIPR format. The number of variables in the response data
set is M +-%N, where M is the number of numeric data elements and Nj
is the number of responses permitted for the jth positional data
element. If fewer marks are found in a positional field than the
maximum permitted, the vector of responses is filled up with zeros,

e.g. 1if the maximum permissible no. of marks for the.field

,z%—%—é—é—é—g1'is three, then three variables with values 1, 4 and

O would be loadede.

(¢) 1If scoring is to be done, the number of correct responses for
each key used may be written to disk in standard format, one

record for each case scored.

Responses and test scores may also be added onto an existing

data set instead of being stored in a new data set.

Cards Required

(i) Job Control Cards

In order to run the program on the System/360, "job control
language'" cards are needed. Most of these cards are stored on disk

in a '"catalogued procedure' called NDC29P.

Instructions on how to preparec a deck to run NDC29 using

this procedure are contained in a '"program layout form'" for NDC29.
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For the sazke of completeness the '"data definition cards' used in the

procedure are listed below together with a description of their

function.

DDNAME PURPOSE

FT11FOO1 - disk specification input
FT12F001 - disk response input

FT13FO01 - sheet-image input from NDC 30
FT21FO01 - disk specification output
FT22F001 - disk response output

FT23F001 - disk test scores output
OPTICALR - optical reader input

(ii) Title card

This is always required and is a full card of descriptive

comment which is printed with the output.

(iii) Parameter card

This is always required and specifies which program options are

to be used.

COLS 1 - not used
5 - 8 O = read specifications from OMPR
1l = read specifications from disk
9 - 12 O = specifications not written to disk
1 = specifications written to disk
(must be O if previous parameter is 1)
13 - 16 O = read rcsponses from COMPR
1l = read responses from disk
2 = read sheet images loaded by NDC30
17 - 20 0 = responses not written to disk
1l = responses written to disk
2 = responses added to existing data set
(must be O if previous parameter is 1)
21 - 24 No. of cases expected (only rcquired if previous
or next parameter is 1)
25 - 28 O = test scores not written to disk

1l = test scores written to disk

2 = test scores added to existing data set
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0 =
1 =

COLS 29 - 32 some positional fields may be blank

all positional fields must contain marks

36

33 - n() 0) = missing data for positional fields to be
coded as n

-1 =
(31E-49)
n(30) =

as n

missing data given standard NIPR code

40 fields coded

37 -

missing data for numeric.

-1 = missing data for numeric fields given

standard NIPR code (zl1E-49).

The program control sheet

This sheet controls the data transfer from the optical
reader and must always be the first sheet in any batch to be processed
by the computer. It can be used to specify which words on the data
sheets are to be read. In order to standardize operating procedures,
however, this facility is not used by the NIPR and the entire data
shect is always read. A standard program control sheet is thus used
for all types of data sheet and any selection of fields from the sheets

is done by the computer program itself.

The program control sheet must be filled in by marking

position nine of every word on the sheet.

01234 567809

The marked sheet will thus consist of two columns of marks,

with fifty marks in each column.

Specification Sheets

These shecets

contain information

about the

data sheets and, if scoring is to be done, provide

the correct responses.

are loaded from a data set on the disk.

of the four types of specification sheet are described in the following

.. 4

!

§
i
]
!
i
i
|
i

layout of the

the keys giving

The sheets either precede the data sheets or

The purpose, use and layout
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paragraphs. The notation used to describe positions of fields on

the sheets is explained in section 4.

(i) Parameter sheet

This sheet is always required and supplies general informa-
tion about the data and the scoring keys to be used, if any. The

following fields are used.

Position of Field Contents of field

1L - 3L 3 digit test identification (This may be blank,

but if used it must appear on every sheet)

1R - 4R No. of data elements i.e. number of numeric

and positional fields- on sheets for one case.

5R = 1 if (i) multiple responses are allowed for

any positional data elements or

(ii) any numeric elements are used

= O otherwise.

6R - 7R No. of data sheets for each case (default 1)
8rR - 9R No. of scoring keys to be used (may be O)
10R - 11R No. of sheets for key 1 )
'
5 E § (default 1)
L8R - LoR No. of sheets for key 20§

(ii) Format sheets

These describe the layout of the individual data sheets.
As many format sheets are required as there are data sheets in a case.

The format sheets are set out as follows.

Position of field. Contents of field
1L - 3L 3 digit test identification
1R Marks in the first three positions, to identify

this sheet as a specification sheet.
LR -~ SR Sequence no. of format sheet.

lines 6 to 50 Identification of data clement.
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Each positional data element is identified by marking the first and

last positions of the field containing it.

1 2 3 4 5 6

€.ge = = = = = =

Each numeric data element is identified by marking the extreme

positions for the first digit of the number

(The number of digits in a numeric element is specified

on the multiresponse sheet.)

(iii) Multiresponse sheets

These are required if multiple responscs are allowed for
any positional data elements or if any numeric data elements are
present. For positional data elements they specify the maximum
number of responscs allowed, and for numeric elements they specify
the number of digits in the fields. As many multiresponse sheets
are recquired as there are data sheets in a case. The sheets are

set out as follows.

Position of field- Contents of field
1L - 3L 3 digit test identification.
1R Marks in first three positions, to identify this

as a specification sheet.

2R - 3R Must be 99.
4R - 5R Sequence no. of multiresponse sheet.
lines 6 - 50 Multiresponse information as explaincd below.

Positional elements

For cach positional field on the data shcets, a maximum
number of permissible responses may be specified. This is done by

marking the multiresponse sheet, in the position corresponding to the
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response field for that element, as follows. If not more than N
marks may be made in the field at the same time, then position N of
the field must be marked e.g. if, in a six-position positional field,
it could happen that all six positions could be marked at the same
time, the corresponding field on the multiresponse sheet would be

marked in position six as shown.

If at most one response is allowed the field may be left blank.

Numeric elements

For each numeric element, the multiresponse sheet entry is
used to identify the element as numeric and to specify how many digits
it contains. This is done by marking the field corresponding to the
first digit of the number in the following way. Position 10 of the
field (i.e. the position corresponding to the digit 9) must be
marked to indicate a numeric field. In addition, for an N-digit number

(14N €9), position N in the field must be marked.

The example shows the multireponse sheet field for a two-

digit numeric element.

(iv) Key shcets

If scoring of tests is to be done by NDC29 a set of key sheets
is requircd for cach total that is being accumulated. These sheets
define which data elements are to be uscd in getting the test score
and also give the correct responses. If a page of the test is not
used in accumulating a particular test score the key sheet corresponding
to that page may be left out of the set of key-sheets for that test

score. See section 11 for details of test-scoring facilities.

The key sheets are set out as follows.
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Position of field Contents of field
1L - 3L 3 digit test identification.
1R Marks in first three positions to identify

this as specification sheet.

2R - 3R Number of test-score for which this set of
key-sheets provides correct responses.

LR -~ 5R Sequence no. of key sheet (within its own set
of key sheets, ignoring omitted sheets).

4L - 5L Sequence no. of the format sheet to which this
key sheet corresponds.

lines 6 - 50 Correct responses for this test-score must be

marked on the sheet. If a data element is not
included when accumulating this test-score the

corresponding field should be left blank.

Test-scoring facilities

As the data cases are loaded they may be scored according to
scoring keys provided on sets of key sheets (see section 10 (iv)).
Since the data may consist of several sub-tests which should be scored
separately, provision has been made for up to twenty scoring keys.
Fach set of key sheets specifics the correct rcsponses for one sub-test,
those fields which are not used for this particular sub-test being left
blank on the key. The program counts the correct responses for each
sub-test and the output for each case consists of totals of correct
responses for cach sub-test. If multiple responses are permissible
for a positional field all the responses are checked, and if one of

them is correct the total is increased by one.

The following points about the method of scoring should be

noted.

(i) The same response field may appear in several sub-tests,
with different '"correct' responses on the corresponding key

sheets.

(ii) Uncqual weights cannot be allocated to response fields. The
scoring is always simply ''one'" for correct and 'zero'" for

incorrect.

(iii) It is not possible to specify two different '"corrcct"
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responses for the same field on the same subtest and to

score '"one'" if either of the two responses is given.

If scoring beyond the scope of what is described here is

desired, then NDC29 may be used just to load the data, and a special

scoring subroutine may be written for use with the loaded data.

12, Description of printout

(i)

(ii)

(iii)

(iv)

tv)

The program identification, date and time are printed,

followed by the title card and the parameters from the

parameter card.

When the parameter sheet has been decoded the parameters

on the sheet are printed.

When all the other specification sheets have been read in

the information contained on them is printed out. This

may be used to check that the sheets have been filled out

and read in correctly.

a)

b)

Format sheet

For each of the data sheets, starting with the left-

most field in the row nearest the top of the first

sheet and working from left to right down successive

sheets, three numbers are printed.

(1) No. of page on which the field appears.

(2) The mark-position on page at which field begins.
The mark-positions are numbered from 1 to 1000
starting at the top left hand corner and going from
left to right along successive rows.

(3) No. of positions in field.

Multiresponse sheets

For each field, taken in the same order as above, a
numeric code is printed. For a positional field this
code is the maximum number of marks which may appear in
the field at the same time, and for numeric fields the

code is 100n where n is the number of digits in the field.

Messages are printed for each data set that is used, giving

the data set number and the file parameters.

If scoring is being done the case number and the test scores

are printed for each case.
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(vi) Various error messages may be printed. See section

13 "Error handling', for details.

Error handling

The error messages produced during program execution may
be divided into two main groups, those printed by the operating system
(0S) and those printed by NDC29 itself. These two groups are discussed
separately below, with information on how to recognise the different
kinds of messages, some possible causes of the errors, and where

further details may be found.

(i) 0S Error messages

An OS error message may take the form of ecither a numbered

error message or a hexadecimal system completion code.

For a FORTRAN program such as NDC29, numbered error messages
are usually produced by the FCRTRAN error detecting routines. These
messages start with the identification code IHC and may be produced for
errors such as a missing parameter card or an invalid character in an

input record.

The system completion codes are issued by the supervisor
program for errors such as missing data sets, insufficient core storage

specification, or a branch beyond the limits of the program storage.

Both the numbered error messages and the completion codes
are listed with explanations in the IBM manual "IBM System/360

Operating System, Messages and Codes', reference number C28-6631.

(ii) NDC29 Error messages

These error messages may be subdivided into three groups:

(a) Non-terminal error messages, which are printed when an error is
detected but execution can nevertheless continue.

(b) Terminal error messages, which are printed for errors which force
the program to stop immediately.

(c) Optical reader input errors, which may be either terminal or non-

terminal, depending on where the error occurs.

(a) Non-terminal error messages

These occur when the data sheets for a particular case are in
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error after the specifications have been correctly read in. The
wrong case 1s then ignored and normal processing can be resumed
with the next case. An error message 1s printed and the sheets
for the case containing the error are selected to the alternate

stacker.

Some examples of errors of this type are, wrong sequence number
on a sheet, different case numbers on two sheets of the same case,
or too many marks in an answer field. If there are errors in
more than one answer field in the same case, a message is printed

for each error.

Terminal error messages

These messages are produced for serious errors such as incorrect
specification information or an error in writing the output to
disk, and cause the program to terminate. They are known as
UNCLE messages, because the program is actually terminated by a
standard NIPR error subroutinc called UNCLE. An UNCLE message
can be recognised by the following printout.

% %k >k %k %k %k ok %k %k ok %k Xk ck sk %k ok %k 5k %k %k ok %k %k 3k ok %k %k ok %k %k ok %k ok %k %k K %k %k Kk %k k %k Xk k % k Xk

$ N.I.P.R. ERRCR MESSAGE. UNCIE NUMBER XX.YY §

ok %k ok ok 3k ok ok %k ok Kok ok k ok ok ok %k ok ok %k ok ok k k ok ok % ok K % ok K % ok %k % %k %k % k kK % * k % k

The code number XX.YY indicates the source of the error message

as follows.

If XX.YY is replaced by 0.0 then the error occurred in the main
program and the UNCLE printout will be preceded by an error
message printed by NDC29. This message should be self-explanatory,
but in addition all such messages are listed in alphabetical

order in Appendix B, together with a more detailed explanation

where this might be helpful in finding the cause of the error.

If XX.YY is not 0.0 but some such number as 32.06, this indicates
that the program terminated in an NIPR system subroutine. This
might be caused by an uncorrectable input error when reading the
specifications or responses from disk in which case XX.YY would,
in fact, be 32.06. If any other number occurs, a programmer from

the computer division should be consulted.

Optical reader input error

This error terminates the program if it occurs while reading the
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specification sheets, otherwise execution continues.
The following message is printed.
INPUT ERROR WHILE READING FROM OMPR - 41CCCCSS RETURNED.

The return code consists of eight hexadecimal digits
representing four bytes of status information and may be used
to determine the cause of the input error. The first byte

will always be 41, indicating an unsuccessful read.

The characters CCCC represent the status bytes of the channel
status word. If these hexadecimal digits are converted to
binary (see table 3) and the resulting binary digits are
numbered from 1 to 16, then the meaning of a "1'" in any

position may be found from table 1.

If the error occurs on the first sheet recad, it is quite likely
that the program control sheet (see section 9) has been
incorrectly loaded. If this is the case then bit 10, "incorrect
length" will be "1", and the program control sheet should be

rewritten.

Other bit combinations prectably indicate a machine malfunction
and the job should be resubmitted. If bit 7, "unit check', is
MM, then the secnse byte SS will give more details. This byte
should then be converted to binary and the meaning of its bits

are given in table 2.

More detailed information on the meaning of the status bytes
is given in the IBM manual, form A24-9031, "IBM 1231-N1

Component Description and Operating Proccdures."

PRELOADING DATA WITH NDC30 AND NDC31

General Remarks

Before being scored or loaded to disk in standard NIPR format,
data sheets may be spooled onto tape with the program NDC3O0.

Since the output from this program is not in standard format,
further processing may be done only with one of the programs NDC31l

or NDC29, as follows.

NDC29 may be used to read the sheet images on tapc and load
them to disk in standard NIPR format and, if desired to score

the datae.
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2e If some error in the data sheets is detected during loading
or scoring with NDC29, then the file of sheet-images on

tape may be updated with NDC31.

The programs NDC30 and NDC31 were written primarily for
a computing environment where costs are proportional to the real
time taken by a job. Since NDC30 does very little computation it
can operate at the maximum speed of the optical reader, namely,
2000 sheets per hour. If any considerable amount of processing is
done during rcading, however, as is the case with NDC29, the clutch
on the reader disengages between reading sheets, which reduces the
rate of reading to about 700 sheets per hour. Since the introduction
of a multiprogramming system at the computer centre, however, there

is little point in using NDC30.

Use of NDC30

This program reads sheets from the optical reader and
loads images of the sheets to a data set, usually on tape. The
sheets are not checked as they are read in, but any errors in the
physical transfer of data from the optical reader are reported.
Reading is done at the full speed of the reader (2000 sheets per hour)
using an assembler subroutine ROMP which is a buffered version of the
subroutine of the same name supplied by the computing centre. The
program does not use any subroutines from the NIPR subroutine package

and no title or parameter card is required.

Data definition cards required

FTO6F001 - printer output
FT21F001 - tape output
OPTICALR - UNIT = 017 (optical reader input)

Note: If NDC31 will be used to update the file produced by NDC30
then the sheets should be loaded in ascending order of case

number.

Use of NDC31

This program produces an updated version of a file loaded
by NDC30. Sheet images may be added, replaced or removed. If sheets

are not in ascending order of case number an error will be reported
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and the program will stop. The program does not use any subroutines
from the NIPR subroutine package. No title card is required and the

parameter card differs slightly from standard, as described below.

Input to the program

There are three sources of input. These are the tape to
be corrected, new sheets to be loaded on the optical reader and a
parameter card specifying the position in the file of sheet images to
be deleted. If there exists in the file a sheet-image with the same
case number and page number as a sheet read in from the optical reader,
this sheet-image is mplaced by the new sheet. If no such corresponding
sheet exists in the file the new sheet is added in its correct place

in the file.,

Deleting ecxisting sheet images

If any sheets are out of position in the tape file or have
invalid case or sequence numbers, they must be deleted or the update.
will not function correctly. The positions of sheets to be deleted

are specified on a parameter card, as follows.

Parameter card

All parameters must be punched as integers and right

adjusted within their fields.

Columns Contents of field

1 - 4 No. of data sheets in each case

5 - 8 No. of sheets to be deleted

9 =12 Position in file. of first shect to be deleted

13 - 16 Position in file of second sheet to be deleted
1
'
'
'

69 - 72 Position in file of sixtecenth sheet to be deleted.

Data definition cards required

FTO5F001 - card input
FTO6F001 ~ printer output
FT13FO001 - tape-input
FT23F001 - tape-output

OPTICALR DD UNIT = 017 (optical reader input)



- 2] -

Note that data set numbers 13 and 2% rather that 11 and 21
have been used, in order to tie in with conventions for program

NDC29.
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APPENDIX A

Specimen data sheets
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APPENDIX B

Error messages for NDC29

The following is an alphabetical list of the error
messagcs which may be produced by NDC29. Most of them are self-
explanatory, but an explanation has been included where this may
clarify the message. The letters i and j represent integer values

which appear in the messages.

CASE i HAS INVALID NUMBER FOR QUESTION j
Response j was a numeric data field that contained an invalid

number.

CASE i HAS NO RESPONSE TO QUESTION j
This message applies to positional data fields when the option

to check all such fields for marks has been used.

CASE i HAS TOO MANY RESPONSES TO QUESTION j
A positional data element has more marks in the field than

specified on the multiresponse sheet.
CASE i HAS WRONG TEST 1ID

END OF FILE ON OMPR -~ SPECIFICATIONS INCOMPLETE
The specifications were still incomplete after the last sheet

had been read by the optical reader.

ERROR IN FILLING OUT FORMAT SHEET i

An unpaired mark occurred in the body of the format sheet.

FORMAT SHEETS CCNTAIN MORE THAN i FIELDS

i is the number of fields specified on the parameter sheet.

FORMAT GHEETS DEFINE ONLY i FIELDS
The number of fields specified on the parameter sheet exceeded

the number i found on the format sheets.

FORMAT SHEET i HAS INVALID FIRST LINE
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FORMAT SHEET i HAS INVALID MARKS IN LINES 2 OR 3

FORMAT SHEET i HAS WRONG SEQUENCE NO.

FORMAT SHEET HAS WRCNG TEST 1D

INPUT ERRCR WHILE READING FROM OMPR - 41CCCCSS RETURNED
The meaning of the return code is explained in section 13
and can bc lcoked up in tables 1 and 2.CCCC are the bits of
the status bytes of the CSW, and SS is the 1231-N1 sense byte.

KEY SHEET HAS WRONG TEST 1ID

KEY SHEET i OF SUBTEST j HAS AN INVALID RESPONSE
For a positional field, more than one correct response has
been specified. For a numeric field, an invalid number has
been specified.

KEY SHEET i OF SUBTEST j HAS INVALID FIRST LINE

KEY SHEET i OF SUBTEST j HAS WRONG SEZUENCE NO.

LAST CASE INCOMPLETE

MULTIRESFONSE SHEET i DOES NOT HAVE 99 IN LINES 2 & 3

MULTIRESPONSE SHEET i HAS INVALID FIELD
A positional field has more than one mark on the multiresponse
sheet, or a numeric element either does not have the required
mark in position ter or has more than one additional mark.

MULTIRESPCNSE SHEET i HAS INVALID FIRST LINE

MULTIRESPONSE SHEET i HAS WRONG SEQUENCE NO.

MULTIRESPCNSE SHEET i HAS WRONG TEST 1ID

NO. OF FCRMAT SHEETS .NE. NO. OF PAGES IN TEST
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PARAMETER SHEET CONTAINS INVALID NUMBER

SHEET HAS INVALID CASE NUMBER

The first sheet of a case has an invalid case number.

SHEET 1 OF CASE j HAS WRONG CASE NUMBER
Sheet 2 or a subsequent sheet of the case does not have the

same case number as the first sheet.

SHEET 1 OF CASE j HAS WRONG SEQUENCE NUMBER
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E 1: STaTUS BITS OF CHANNEL STATUS

WORD

Bit Noe é Meaning
1 Attention
2 Status modifier
3 Control unit end
4 Busy
5 Channel end
6 Device end
7 Unit check
8 Unit exception
9 Program-controlled interuption
10 Incorrect length
11 Program check
12 Protection check
13 Channel data check
14 Channel control check
15 Interface check
16 Chaining check
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TABLE 2: 1231 & N1 SENSE BYTE

Bit No. Meaning
1 Command reject
2 Intervention required
3 Bus out check
4 Equipment check
5 Data check
6 Over-run
7 Timing mark check
8 Master Mark Sheet
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TABLE 3: HEXADECIMAL TO BINARY CONVERSION TABLE

Hexadecimal Binary

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111
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